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PREFACE.
o^Ho

In adding to existing technical literature by the issue of this Encyclopaedia,

the publishers believe that they are supplying a long-felt want, both in the range

of subjects dealt with, and in the manner of dealing with them.

The most notable and important feature is undoubtedly represcnte^i by the

Raw Commercial Products. These may be said to have a three-fold interest for

Englishmen,—firstly as being mostly derived from our colonial and other

possessions, secondly as forming a very large item of our carrying trade and

indirect commerce, and thu-dly as constituting the basis and mainstay of nearly

all our great manufacturing industries. Yet singularly enough, all antecedent

and contemporaneous encyclopaedias have failed to treat this extensive subject in

a worthy and comprehensive manner. Single articles certainly have appeared on

the most prominent staples, such as cotton, indiiirnbber, tobacco, cinchona, olive-

oil, copal; but even these have been discussed from the liistorical and purely

scientific point of view, rather than as objects of trade and manufacture, whilp

the thousand and one less known (though perhaps no less valuable) allied

substances are totally omitted.

One of the greatest aims of this Encyclopaedia is to remedy this defect, and to

afford the producer, the merchant, the manufacturer, and everyone having an

interest in such materials, the fullest information as to where and how they are

grown and prepared, what qualifications they are required to posscBs, what uses

they are or may be applied to, and how their adulteration and falsification may

be detected.

There is manifestly great advantage in arranging these Raw Commercial

Products in groups, according to their similarity of origin, character, and

application, placing them in alphabetical order for facility of reference. Such is

the plan followed with the important classes indicated by Drugs, Dyestuffs

[organic]. Fibrous Substances [from plants]. Narcotics, Oils and Fatty Sub-

stances, Picsiuous and Gummy Substances, Spices, Starches, Sugar, Tannin,

Timber, and with many smaller families. While the recognized staples of each

group necessarily claim the largest space, no rnember, however small or

apparently insignificant, has been omitted, when reliable statements concerning

it could be procured ; and it may be said without hesitation, that greater diligence

in collecting information, and more careful accuracy in revising it, would have

been difficult. For this reason alone, if for no other, this Encyclopaedia must

for many years remain a standard work of reference. Other subjects which do

not admit of convenient grouping, such as Cofiee, Cocoa, Tea, are written witli

similar care and minuteness. And altogether it will be found that the articles ol
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this order, constituting the very nucleus and foundation of our great commerce

and industry, are dealt with more clearly, practically, and comprehensively than

has ever before been attempted in any general work, or indeed, in the majority of

special treatises.

Manufactures and industries- may he roughly divided into two classes, those in

which chemistry plays a part, and those which are essentially mechanical. The

former class embraces Acids, Alcohol, Alcoholic Liquors, Alkalies, Alum,

Beverages, Bleaching Powder, Bleaching, Candles, Celluloid, Coal-tar Products,

Dyeing and Cahco-printing, Electro-metallurgy, Explosives, Floorcloth, Coal Gas,

Glass, Indiarubber Manufactures, Leather, Manures, Matches, Mordants, Paper,

Photography, Pigments and Paint, Pottery, Salt, Soap and Glycerine, Varnish,

Vinegar, and many smaller articles. The mechanical industries are mainly

represented by the textile arts,—Cotton Manufactures, Hair Manufac^tures,

Hats, Jute Manufactures, Knitted Fabrics, Lace, Linen Manufactures, Eope,

Silk Manufactures, Smallwares, and Woollen Manufactures.

The whole of these articles are from the pens of specialists. No pains have

been spared to secure the assistance of men possessing a thorough knowledge of

scientific principles, combined with the invaluable experience of actual working.

Hence it will be found that the articles, instead of being mere compilations by

professional writers, contain not only a critical account of the theory and practice

of the modern processes, but indicate existing shortcomings, and suggest directions

in which improvements should be essayed, thus having a future as well as a

present value.

In the chemical articles, besides exhaustive accounts of the manufactures,

illustrated by numerous diagrams, special attention is given to three subsidiary

considerations which are daily assuming greater importance. The first of these

is the utilization of waste. While trade is brisk and profits are large, there is too

often a disposition to neglect the bye-products which are formed more or less in

every works ; but with dull times and keen competition has come a necessity for

utilizing those accumulations of " waste," which really represent buried money.

It may be said that each chemical industry forms a complement to some other
;

one manufacturer builds an expensive works with the object of producing the

very article which another is allowing to pour from his chimney or into the

drains as worthless. This evil undoubtedly arises in great measure from that

neglect of high-class technical literature which marks the average British manu-
facturer, whence it follows that he is ignorant of the needs of every industry but

his own ; and it is just one of the great advantages of this Encyclopaedia that it

embraces all important industries, and that cross-references are given wherever

two or more overlap or bear upon each other.

The second consideration, which is inseparably connected with the foregoing,

is the prevention of nuisance. The legislation of the past few months has
brought many more industries under penalties for creating objectionable odours

and waste liquors, and the immediate future will probably witness a further

extension. In this Encyclopaedia, prominent attention is given to methods of
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ascertaining the character of escaping gases, and to means of rendering them

innocuous or even useful. When manufacturers realize that every escaping

vapour means money deliberately thrown away, there will be more general

disposition to regard Acts for their prevention as blessings instead of evils.

The third consideration is adulteration, which may be said to have now

attained to the dignity of a modern science. This subject is dealt with from both

points of view, how it is done and how it may be detected.

The textile articles form a very complete review of this extensive branch of

our manufacturing industry. They treat not only of the objects aimed at in the

various processes, and the results produced on the fibre or fabric, but also with

the construction and development of the intricate and ingenious machinery

employed, the utmost impartiality being shown in describing the productions of

both British and American engineering firms.

In conclusion, the publishers and editor gratefully acknowledge their in-

debtedness to the persons and firms enumerated in the subjoined list, adding

that more than ordinary thanks are due to Wm. Lant Carpenter, B.A., B.Sc,

E. M. Holmes, F.L.S., E. Marsden, F. Maxwell-Lyte, F.C.S., and A. Eobottom,

whose help has been invaluable in many ways.

Allen, A. H., F.C.S., F.I.C., Public

Analyst.

Ames, G. A., Sugar Planter, West

Indies.

Andrd, G. G., Editor to p. 640.

Arnoux, L.

Barnett, Samson, Junr.

Bevan, E. J., F.C.S., F.I.C.

Binns, E. W., Worcester.

Blackburn & Attenborough, Notting-

ham.

Blashfield, J. M.

Boulton & Co., Burslem.

Burt, Boulton, & Heywood.

Calderwood, J. (Price's Candle Co.).

Carpenter, W. Lant, B.A., B.Sc, &c.

(C. Thomas & Bros., Bristol).

Chance Bros., Oldbury.

Chapman, J. G„ M.I.C.E. (Fawcett,

Preston & Co.).

CJhristy, T., F.L.S., Fenchurch Street.

Copeland A: Co., Stoke.

Crooke,?, W., M.A., F.E.S.

Dobson & Barlow, Bolton.

Evans, ^^'. N., Taunton.

Evans, Cant & Co., Stratford.

Fielding, E., Consulting Chemist.

Fisher, J., Mincing Lane and Singa-

pore.

Fleming, W., Barrow Jute Works.

Foster, E. Le Neve, F.CS. (Calvert

& Co., Manchester).

Greville, H. L., F.CS. (Commercial

Gas Co.).

Harland, E. H., F.C.S., F.I.C, Public

Analyst.

Holmes, E. M., F.L.S., Curator Mu-

seums Pharm. Soc.

Howard & Bullough, Accrington.

Hummel, J. J., F.C.S., Professor of

Dyeing, Yorkshire College.

Jackson, J. E, A.L.S., Curator Mu-

seums, Kew Gardens.

Kathreiner, F., Worms.

Keighley, G, Burnley.

Leask, H., Glasgow.

Livesey, H., Blackburn.

Lomas, J. L., Alkali Manufacturer.

McNaught, J. & T., Eochdale.

Marsden, E, Editor-Associate ' Textile

Manufacturer.'

MaxweU-Lyte, F., F.C.S., F.I.C.
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May, Col. T. P., Louisiana.

Messel, Dr. E., Silvertown.

Milton, H., Norwich.

Minton, T., Stoke.

Morgan, W., Hat Manufacturer.

Muter, J.,M.A., Ph.D., Public Analyst.

Newlands, B. E. R, F.C.S., F.I.G.,

Clyde Wharf Sugar Eefinery.

Parr, Curtis & Co., Manchester.

Pete, A. (Plumbago Crucible Co.).

Piatt Bros., Oldham.

Pope, T. A., B.Sc. (Tyne Chemical

Co.).

Powell, H. J., B.A., Whitefriars Glass

Works.

Procter, H. R, F.C.S., Lowlights

Tanneries.

Eeid, W. F., F.C.S., Stowmarket Ex-

plosives Co.

Eobottom, A., Mincing Lane.

Sagar, T., Burnley.

Sibson, A., F.C.S., F.LO.

Smith, E., Glasgow.

Spon, E., C.E., Stowmarket Explosives

Co.

Stiff, E., London Pottery.

Stott, A. H., & Sons, Mill Architects.

Tatham, J., Eochdale.

Thomson, J., Photographer.

Unsworth, T., Manchester.

Walls, W., Glasgow.

Warren, T. T. P. B., F.C.S.

Webb, E., & Sons, Worcester.

Wedgwood, C, Etruria.

Westhead & Moore.

Wigner, G. W., F.C.S., F.I.G, Public

Analyst.

A full and complete Index will he found at the end of the second volume.
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glass bath containing (iOO gr. silver nitrate, and 20 oz. distilled water. This first plate should l.e

allowed to rt-maia in the bath for 12 hours, after wliich, it should be withdrawn, when the nitrate

batli will bo ready for use.

Prepare another plate, and consign it to the bath, where it should remain until tlie greasy
appearance has left the surface of the collodion film.

Tlie plate may now be placed in the dark slide of the

camera, and carried to the studio, where exposure in the

camera is efiected.

Devulopmcnt.—After exposure in the camera, the plate

is carried to the dark room, and there taken out of the

slide. No visible change will be observed on the plate.

The image is impressed, but it is latent, and may be
evoked by pouring over the film a solution containing

I oz. iron protosulphate, 1 dr. copper sulphate, 1 oz.

baryta nitrate, ^ oz. glacial acetic acid, 20 oz. water.

Filter out the white precipitate, and it is ready for u.-e.

Another formula is

—

\ oz. iron protosulphate, i oz.

glacial acetic acid, ^ oz. alcohol, 8 oz. water.

Either of the above solutions may be successfully em-

ployed, but the proportions can be varied, and different

reagents used in developing tlie latent image. After

washing off all trace of the developing solution, the

negative may be intensified by flowing over the plate 3 gr.

pyrogallio acid, 3 gr. citric acid, 1 oz. water. To this

is added, just before using, one or two drops of a mixture

of 80 gr. silver nitrate and 1 oz. distilled water.

The object of intensifying is to confer the degree of

opacity upon the lights necessary to yield a biilliaut

positive print.

If the subject be a portrait, the extreme high-lighta

should appear quite opaque when the plate is held up

and viewed by transmitted light. When fully intensified, the plate may be washed under the

tap, and fixed either by lowering into a bath containing a nearly saturated solution of sodium

hyposulphite in water, or pouring over the film a solution of 100 gr. potassium cyanide to 10 oz.

water.

In any case, after the negative has been cleared of the unaltered opalescent bromo-iodide ot

silver, it must be thoroughly washed under the tap, and reared up to dry. When dry, the

negative should be slightly heated, and the following varnish (which has been filtered) applied :

—

1 oz. sandarao, 4 dr. seed-lac, 1 dr. castor-oil, 9 oz. alcohol. The varnish must be poured over the

collodion film, and drained off at one corner of the plate, which must again be heated to drive off

the alcohol, and harden the surface.

In this wet collodion process, there are distinctly marked stages of progress. The bromo-

iodized collodion is in itself insensitive to light, and may be exposed to sunshine without detriment.

So indeed is the silver nitrate solution. But a great transition takes place when the coUodionized

plate is plunged into the silver bath. The iodide and bromide In the collodion form a union with

the silver salt, and produce a highly sensitive film of bromo-iodide of silver. On the successful

formation of this powerful compound, hinges the entire result of the process. Should the silver bath

prove too acid, the negative will be hard black and white. On the other hand, if the bath is

alkaline, the negative will fog over, and lack contrast. Should white light fall upon the plate

when it is sensitized, and before it is developed, the negative will fog hopelessly. If the glass plate

has not been thoroughly cleaned before coating with collodion, stains will show after development.

Dust flying about in the dark room and settling on the plate will cause pinholes in the

negative. These may also be caused by sediments in the collodion, or in the silver bath.

Dry Collodion Processes.—The dry collodion processes are falling into disuse before their

formidable rival dry gelatine emulsion. Even were they not destined to become processes of the

past, they are too numerous to catalogue.

Plates prepared in the way described under the head of Collodion Process may be dried and

preserved for an indefinite length of time. After leaving the silver bath, it is only needful to wash
them thoroughly under the tap, and flow over them 20 gr. tannin in 1 oz. water, after which, they

may be dried in a dark place, and preserved for use.

Preservatives other than tannin may be used without number, but one will serve as a type of

all the others. Washing, preserving, and drying greatly reduce the sensitiveness of wet collodion

plates. But this defect is to some slight extent counteracted by employing an alkaline developer :

5 F
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—(a) 3 gr. pyrogallic aoiil, 1 oz. water; (6) 30 gr. potassium bromide, 1 oz., water ;
(c) 30 gr.

ammonium carbonate, 1 oz. water.

To J oz. of pyrogallic solution, add 2 minims of h, and three of c. Should the image come out

slowly, and be wanting in detail, add 2-8 min. of ammonia carbonate. The alkali will also add to

the vigour of the negative when the image has been fully developed.

Collodion Emulsion Process.—Collodion emulsion ia a mixture of iodized or bromo-iodized

collodion and silver nitrate.

Washed Collodion Emulsion.—Collodion made as already described with the iodizer added should

be canitd to the dark room, and mixed with 1 oz. collodion, 2 min. acelic acid, 1 dr. glycerine,

4 dr. alcohol. Shake up, and set aside in the dark to settle for two days. Add 2 min. of

hydrochloric acid, shake up, and again allow to digest for 24 hours. Now pour the emulsion into

a shallow porcelain tray to set. When thoroughly set, cover with distilled water for one or two

hours. Pour off the water, and flood with 5 gr. tannin, 2 gr. gallic acid, 2 dr. acetic acid, and

1 oz. water.

The emulsion should remain submerged for three hours. It may then be placed in flowing

water until no trace of acid remains. It should afterwards be consigned to folds of clean linen,

and worked about until the water has been expressed. It may now be dried at a low temperature,

and preserved in a light-proof bottle.

Pellicle so made may be dissolved for use in a mixture of 1 oz. ether and 1 oz. alcohol. Plates

coated with this emulsion, and dried in a warm dark room, are ready for use, and should be

developed with alkaline pyrogallic acid as in the tannin process, and fixed with soda hyposulphite.

Collodion-emulsion plates are more sensitive than dry collodion plates that have been washed and

coated with a preservative. Intensification may be effected as with the wet process.

Gelatine Emulsion Process.—The manufacture of gelatine emulsion is one of the most recent

advances in photography, and marks » new era in its history. Its introduction has rendered it

possible to obtain portraits and views in the fraction of a second. Pedestrians in the streets,

trains at express speed, birds on the wing, may be caught on the gelatine dry plate.

In making gelatine emulsion, the reagents required are the same as those employed in the

collodion process, with this difference, that gelatine takes the place of collodion.

The manufacture of this emulsion ia hedged round with difficulties, arising out of the instability

and impurity of gelatine, and the rapidity witli which it is decomposed by atmospheric conditions

over which the chemist has no control.

It is imperative that great care be observed in selecting a suitable gelatine. Cognet's gelatine

is in many respects best fitted for the purpose, but it has one great defect, small particles of grease

are locked up in its flakes. These make tlieir presence known in opaque spots in the finished

plates. Nelson's " No. 1 photogi-aphio gelatine " is, on the whole, the safest to employ. Having
fixed upon this gelatine, the next operation is working out the combining proportions of the lialoid

salts and silver nitrate, so as to leave the bromo-iodide in excess. Free silver nitrate is fatal to the

process. The following is a reliable formula :—(a) 600 gr. gelatine, 330 gr. ammonium bromide, 10

gr. ammonium iodide, 7 oz. water ; (6) 600 gr, silver nitrate, 7 oz. distilled water.

Of the above gelatine, take 500 gr. only, add to this the bromo-iodide salts and 7 oz. of water.

Allow the gelatine to swell for 15 minutes, after which, place the jar containing the gelatine and
salts in a hot-water bath at 71° (160° F.). Dissolve the silver nitrate in its allotted water, and
raise to 82° (180° F.). Add the silver drop by drop to the gelatine solution, stirring vigorously

until the last drop ia taken up. Place the emulsion thus formed with its porcelain jar in a light-

proof pan (an ordinary tin saucepan) half full of water, and boil for 20 minutes. Allow to cool

down to about 38° (100° F.), and after swelling the remaining gelatine, add it to the boiled

emulsion. Place the whole in a cool place to set. When thoroughly set, the jelly may be turned

out of the jar on to a square of strong netting (preferably silk), having meshes about | in. in

diameter. SprMid a piece of fine white muslin over a wide basin filled with water. Gather up
the netting, and force the emulsion through its folds into the water, beneath which is the sheet of

muslin. This will part the jelly into thin shreds, and aid washing. The object of washing the

emulsion is to get quit of the free salts in its composition, which would injure the process were they
left in. It is best to employ a wooden washing-trough, Fig. 1093 : a represents the trough ; b, a

light-proof lid ; c, a funnel, with gas-pipe worm beneath to prevent light entering the tank ; d, a.

water-tap to keep up a constant stream of water ; e, a second outflow-tap to carry off the soluble salts

which fall to the bottom of the water in the tank
; /, a light frame, with muslin stretched across, in

which the shreds of jelly rest while washing. Six or eight hours' flow of water is all that is

required to fit the emulsion for use. During warm weather, ice should be placed in the water,

and the feeding-funnel should be packed with ice, bo as to keep the temperature below 10°

(50° F.). After washing, run off' the water through the lower tap, and allow the emulsion to

drain for an hour or two.

The emulsion may now be scooped up with a glass spoon, and melted in a porcelain jar at 32°
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(9r F.). This is best effected in a water-bath. The emulsion ia now ready for coating the plates
;

1 oz. of fluid should coat 1 doz. plates 4i x 3J in. All the operations described after mixing the
BHlto with the silver must be conducted in the dark room. As a furtlier security against light, the
dark room should be illuminated by a paraffin lamp, enclosed in panels of ruby glass, covered
outside with orange paper.

In coating the plates, it is necessary to employ a table of plate-glass (Fig. 1094) carefully levelled.
The emulsion, when dissolved, should be passed through a sieve of fine muslin, to remove grit
and mechanical impurities. It should then be de-
canted into a wide-mouthed bottle, half covered at

""^-

the mouth with a membrane of muslin, which inter-

cepts eir-bells in pouring on to the plate. The
addition of 2 oz. of alcohol to the pint of emulsion
will cause it to flow more freely over the plate, and
the plate to dry more rapidly when set. When the
emulsion has been poured over the plate, spread with
a glass rod, and the excess drained oflf, the plate may
be placed upon the level table to set. When set, it

should be reared up in a rack to dry. Under favour-
able conditions, drying will be completed in 8 hours.

Plates made by this process are so rapid as to

render the use of the " drop shutter " necessary for

out-door work. It must be understood, however,
that what is termed " instantaneous photography "

is only possible under favourable conditions of light

and atmosphere. It is impossible to set down any
arbitrary rules to guide photographers in timing exposure of gelatine or any other plates. So
much depends on the conditions under which photographs are taken. For instance, plates pre-

pared by the above formula may prove at one time more rapid than at another, owing to the

emulsion being boiled for a longer or a shorter time, or to the salts being mixed at a higher or

a lower temperature. The focal length of the
objective, and the size of the diaphragm em- ""*

ployed, as well as the light under which the

photograph is obtained, are all factors to be

taken into account in determining duration of

exposure.

Assuming that the plate has been properly

timed in the camera, it may be developed with

the following alkaline pyro-solution .'—(a) 6 gr.

pyrogallio acid, 2 oz. water; (6) 1 oz. ammonia
liq., 2 oz. distilled water, 60 gr. potassium bro-

mide. Place the exposed plate in a shallow

ebonite or porcelain tray, film uppermost, pour over solution a, and see that the plate is quite sub-

merged. Drop into a glass measure four to six drops of 6 ;
pour back a into the measure, and again

flood the plate by pouring bock the developer. The negative will soon appear, and should be fully

developed in half a minute. Wash oflf the developer, and fix in 5 oz. soda hyposulphite, and
1 oz. water. After fixing, wash thoroughly with water, and then consign the negative to a

saturated bath of common alum, which should remain for 5 minutes. Again wash and rear up to

dry. Heat must not be applied in drying, otherwise the gelatine will run. Drying may be

greatly aided by pouring methylated spirit over the plate; when draining, it carries the water

with it.

Intensify the negative, if necessary, with 20 gr. pyrogallio acid, 25 gr. citric acid, 6 oz. water.

When required for use, to I oz. of this, add 4 min. nitric acid, and 20 of a mixture of 30 gr.

silver nitrate, \ oz. distilled water. This is best eflfeoted after the negative is dry, and thoroughly

freed from hyposulphite, when it must be moistened in a tray of water, and the solution be poured

over. The operation must be conducted in the dark room. When fully intensified, wash ofl', dry,

and varnish, as in the wet collodion process. The gelatine plate, when dry, may be heated without

risk of injury.

Retouching Negatives.—Although retouching is a sort of pseudo-art, and has nothing to do with

the scientific phase of photography, it is nevertheless important, seeing that a poor negative by

dint of pencilling, may be made to produce fair prints. A really good negative may also be

improved by a few well-placed touches of the retoucher's pencil.

The negative to be dealt with should be set upon a table-easel, furnished with a white reflector,

which throws the light up through the negative, revealing its flaws and defects. The varnish on

5 r 2
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the negative should be perfectly hard and dry. The portion to be retouched should be rubbed

with the soft point of the finger, and a little finely-powdered pumice, so as to impart a tooth to the

surface. The pencils used, HB and BB, should be sharply pointed. With the first, if i*^f
f'

portrait-negative that is on the easel, touch out freckles or transparent spots on the face. With

the BB, come lightly over the hard shadows about the mouth, nose, and eyes. But above all

things, care must be taken not to overdo retouching, as it is apt to interfere with the true character

of the face. Artistic perception, and a kindly appreciation of character, are valuable attributes m
the professional retoucher.

_

Printing-processes.—Piiniing of positives from negatives may be divided into two classes. Ihe

first, which still finds many adherents, is based on the blackening of silver salts by the aid of light.

Prints produced by this method are liable to fade. The second class includes all the modern pro^

cesses, which secure permanency in the finished prints.

In ordinary silver-printing, the paper required is generally albuminized and salted ready for

the silver-bath. This paper is best procured from a dealer. It may even be purchased sensitized,

ready for the printing-frame.

To prepare the ordinary albuminized salted paper, pour into a flat dish a solution of 50 gr. silver

nitrate, and 1 oz. distilled water. The sheet of paper to be sensitized is lifted, face downwards, by

the two diagonal comers, and lowered on to the solution, beginning at the bend in the centre, and

steadily lowering until the sheet lies flat on the surface. By this means, air-bubbles are expressed.

About four minutes is sufficient to impregnate the salted surface, after which, lift a corner of the

paper, and pass a glass rod beneath. Draw the paper over the rod, to get rid of superfluous

moisture, and pin up to dry in the dark room. When dry, the paper is placed in contact with the

negative in the printing-frame, film to film. Perfect contact is established by the pressure-frame.

Figs. 1095, 1096. Now expose to light
,„„^ ,„,„

until the print is somewhat darker

than required when finished. The
print should be taken out and trimmed

to size round the edges, the cuttings

being preserved to recover the silver.

Toning the Print.—Place the print

in water, to wash out the free silver;

change the water several times, until

no trace of milkiness is observed. Immerse the print in a bath of 1 gr. gold chloride, 4 gr. soda

bicarbonate, and 8 oz. water, to be used immediately after being made up ; or 1 gr. gold chloride

25 gr. soda acetate, and 8 oz. water, to be made 24 hours before being used. The red colour of

the washed prints will speedily give place to a darker purpled hue, which must be a trifle darker

than what is required for the finished print. Remove from the toning-bath, and wash ; then

immerse the print in 1 oz. soda hyposulphite, and 6 oz. water. The print should remain for

20 minutes in the fixing-solution, after which, it should be washed in running water for several

hours.

The positive, after washing, may be pressed between folds of blotting-paper, and, while damp,

brushed over with a paste made of ordinary starch. Place the picture on its card mount, cover

with a sheet of clean paper, and press down.

Yellow stains on the prints are caused by touching the albuminized surface with fingers soiled

with soda hyposulphite. When the bath contains too little silver, it will dissolve the albumen.

When the bath becomes brown, add 1 dr. powdered kaolin, shake up, and filter. The hyposul-

phite bath should be used only once.

Albuminized Sensitive Paper.—After salted albuminized paper has been sensitized, it tnay be
preserved in its sensitive state, without discolouring, for several months by rendering the paper acid

with citric acid. When the silver solution has been applied, and while the paper is still damp, float

on a bath composed of 6 gr. citric acid and 1 oz. water. The paper should be taken from the acid

bath as soon as possible, and hung up to dry. By increasing the proportion of acid, the keeping

qualities are improved, but the paper should be neutralized by ammonia fumes before placing in the

printing-frame.

Permanent Positive Printing.—Carbon Printing.—Theoretically, the process of carbon printing

is simple ; practically, it is diflBoult, and demands technical knowledge, and careful treatment

in all its details. A principle, extremely rudimentary in itself, underlies all printing processes

in which carbon or permanent pigment is used. It is that gelatine charged with potassium

bichromate, when dried and exposed to white light, becomes insoluble. In addition to the bichro-

mate in the photographic film of gelatine, it carries a powdered pigment in a fine state of division.

This film, when exposed to light under a negative, is rendered insoluble, in a ratio corresponding

with the lights and shadows of the negative. The deep shadows of the picture become quite in-

soluble while the high lights remain unchanged and perfectly soluble. Fig. 1097 represents a
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traiiavcrau section of the carlxm film. The light paasing through the clear parts of the negative
hfta poDotrated through the film at A. This point represents the deepest shadow, and most in-
soluble position of the film. At B, the light has pierced midway through the fihn, where the half
tones of the negative havo interposed. The film at C remains in its normal condition, no light
having passed through. This point answers to the high lights of the negative. By immersing
the film, so printed, in warm water, the gela-

tine and pigment will dissolve out at C, 1097.

partly at B, and remain intact at A. In this

manner, a positive print is obtained in low
relief, the deepest shadow being represented

at A, and highest light at C. But the pig-

mented film when supported on a white

ground, by virtue of its semi-transparency, discloses a visible picture, having all the gradations
of light and shadow of the negative from which it has been printed. The quantity of pigment
held by the gelatine is so adjusted as to yield perfect opacity in the parts only where it has been
most afiected by the light.

Carbon-tissue, like albuminized paper, has become an article of commerce, and may be procured
of almost any colour. Its preparation involves technical difBculties so grave as to render it inad-
visable for photographers to attempt to make the tissue for themselves. It will be sulBcieut in the
present instance, therefore, simply to outline the method by which it is manufactured.

The paper designed to carry the tissue must be tough, smooth, and not too heavily sized.

Suitable paper is made in rolls by Kives, Stienback, and other manufacturers. The gelatine should
neither be too soluble, nor too hard. It must be free from fat, chalk, acid, and alum. The gelatine
should be rendered flexible by the addition of soap and sugar. Indian-ink, or other suitable
colouring matter in a fine state of division, is next provided. All colours whose permanency is

doubtful should be avoided. The basis must be carbon. This may be mingled with Indian red,

oxide of iron, alizarine, purpurine, umber, indigo, Vandyke brown, Venetian red, bone-black, and sa

on. The gelatine and pigment, when mixed in proportions suitable for the sort of tissue required

are consigned to a tank, and kept at a given temperature. The roll of paper to be coated is passed
over the surface of the fluid at an accurately adjusted speed. The paper thus takes on a uniform
coating. The speed at which this operation is carried through regulates the thickness of the
coating. The roll with its film is passed into a drying-chamber, kept at a uniform temperature,

and scrupulously free from noxious fumes. When dry, the tissue has the appearance of American
cloth, or patent leather.

Sensitieing Carbon- Tissue.—The dry tissue cut the required size, is immersed in 1 oz. of potas-

sium bichromate and 50 oz. distilled water. This may be done in a metallic tray, several sheets

being immersed at a time, and care taken to remove air-bubbles from the surface of the tissue.

The sheets should remain until they have become limp and flat, after which, they may be removed
with wooden or bone forceps, as the potassium bichromote is poisonous. Each sheet, as it is

brought out, should be placed face down on a plate of clean glass, and an indiarubber squeefee

passed over the back, to remove superfluous moisture. This done, the tissue may be fixed to

wooden clips, and hung up to dry in a dark room, free from dust.

The proportion of potassium bichromate should be varied to suit the season of the year, and the

character of the negative to be printed. In warm weather, a weak bath should be used. When the

negative is hard, the bath should be strengthened. A strong solution yields soft prints, whereas
with a weak hath, satisfactory results are obtained from a weak negative.

In timing the exposure of a carbon print, it is necessary to use a photometer, as the tissue

undergoes no visible change during the process of printing. The photometer consists of a square

box, having a lid with a slit, and beneath, a ribbon of sensitized albuminized paper. The slit is

formed in a coating of brown paint on a disc of glass set into the lid. When in use, the end of the
ribbon is brought beneath the slit, and the box is closed. The photometer is then placed beside

the printing-frame. The sensitized paper will speedily darken in the light, and assume the tone

of the brown paint. Thus one tint is registered, and the ribbon is moved, so as to present a new
surface in the slit.

By dint of practice, the number of tints required to print a negative is ascertained to a nicety,

so that the process may be repeated successfully.

The ordinary printing-frame may be used in this process, although special frames are constructed

for printing ovals and tinted margins to " card " and " cabinet " photographs.

It is essential in printing carbon-tissue to attach a narrow mask of blank or orange paper to the

edges of the negative, so as to leave a margin all round the print unafiected by light.

Single Transfer.—Carbon prints by single traixsfer require reversed negatives; with ordinary

negatives, the prints wUl be reversed. Reversed negatives are made in a variety of ways. By the

aid of a mirror in front of the camera-objective, reversed negatives may be taken direct. They
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may also be obtained by the " dusting-on " process. Obernetter's formula is 1 dr. dextrine,

IJ dr. white sugar, } dr. ammonium bichromate, and 3 oz. water. A glass plate is coated with this

solution, drained, and dried over a spirit-lamp. It is then placed in contact with the negative, and

printed in diffused light in 15-20 minutes. The plate is then laid on a sheet of white paper, and

dusted over with a broad soft brush, charged with finely-powdered graphite. The print develops

gradually with repeated dusting. Should the image develop at once, and indistinctly, the ex-

posure has been too short ; if on the other hand, the image is thin and full of detail, exposure has

been unduly prolonged. After development, the reversed negative is coated with tliin collodion,

and may be placed in the printing-frame.

Another method of multiplying and reversing negatives is first to print, from the negative,

a carbon positive on glass, and from this, print reversed negatives with carbon-tissue. Negatives

may also be enlarged and reversed by taking a transparency from the original negative, through

the camera, using either wet collodion or a gelatine dry plate. When a print is obtained on

carbon-tissue from a reversed negative, it is damped in cold water, and laid face downwards on

a sheet of thin transfer-paper. The paper is first laid upon a sheet of glass, the squeegee is

then passed over the back of the tissue, and perfect contact is effected between tissue and paper.

When squeegeeing, it is well first to cover the b^ck of the tissue with a sheet of waterproof

cloth. In about 20 minutes, the tissue and its support may be transferred to a tank of water,

heated to about 35° (95° F.). The original paper on which the tissue was made will soon lift at

the edges, and come away, leaving the film on the transfer-paper. All the parts unaffected by
light will dissolve off, and by moving the print abont, the picture will soon appear. Development

must be continued until all the details of the picture are fully out, when the print may be finally

washed by changing the water, and plunged into a bath of 1 oz. alum and 4 oz. water. It may
then be hung up to dry. The object of placing a safe edge round the negative is to secure the

perfect adhesion of the film to its support when developing. Were there no such margin, and the

picture printed up to the edge of the negative, the tissue would curl up, and leave the transfer-

paper. Should the print be over-exposed, warmer water should be used in development ; if under-

exposed, colder water.

Bimhle Transfer Process.—Ordinary—not reversed—negatives are required for the double-transfer

process. Here a waxed and collodionized glass plate takes the place of the transfer-paper employed
in the method just described. A plate of glass of the finest quality should be selected, and coated
with a solution of 20 gr. pure bees'-wax and 30 oz. pure benzol. The plate is levelled, and the
solution is spread over the surface with a broad soft brush ; then drained off, and polished with a
piece of old silk, taking care not to remove too much of the wax.

Coat the plate with plain collodion, and when the film has set, plunge into a bath of cold water,
and wash until the film is uniformly wet. The exposed tissue having been damped and rendered
pliable, may be squeegeed down to the collodion. When this is being done, the plate should be well
covered with water, and the tissue, bent up at the ends, be laid down first in the middle, and steadily

lowered to the sides. After the lapse of 15 minutes, the print may be developed on its glass
support.

Suitable transfer-paper is easily procured from the Autotype Co., of London, or other makers.
This paper (which is enamelled) should be soaked in cold water for J hour, or until it becomes soft.

Transfer the paper to a bath of water heated to 49° (120° F.). When the surface becomes slimy
the glass transparency and support are dipped into cold water, and the transfer-paper is laid down
on its surface. It is next covered with waterproof cloth, and squeegeed into close contact. When
dry, by passing a knife round the edge, the picture may be lifted from the glass, and will have a
highly polished surface. In order to retain the full brilliancy of the print, it should be mounted
by first trimming the edges of the picture on the glass plate, coated with warm starch or dextrine.
Thin cardboard or white paper, after being damped, is laid over the back, and squeegeed down
Two or three thicknesses may be superposed, each being coated with starch. The print with its
backing is then allowed to dry, after which, it may be removed from the glass support. The glaze
may be retained by trimming the print after it has left the glass plate, and coating its edges only
with hot starch, and, after mounting, placing it under pressure until dry.

Double transfer may be effected by u&ing zinc plates, or ground-glass plates, by coating with
wax, and omitting the collodion film.

Polished zinc imparts a glazed surface to the print, whereas ground-glass yields mat prints
A fiexible support for double transfer has been patented by J. K. Sawyer, and is supplied bv the

Autotype Co., of London. It is coated with gelatine rendered insoluble by means of alum.
The support requires to be waxed, and the prints dealt with in detail, in much the same way as

in the methods already described.

The Woodbury Trocess.—The Woodbury process, like the carbon process, is based upon the action
of light upon gelatine charged with potassium bichromate.

A solution of gelatine, prepared with a slight admixture of Indian-ink and potassium bichromate
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is spread upon a plate of glass, and dried. When dry, the gelatine film is removed from the glass,

printed, and dcvelofiod, as in the carbon process. By this means, a relief is obtained. This is laid

>i]x)n a perfectly ilat, polished, and hard-tempered plate of steel. A plate of type-metal is then

liiiil upon the relief, and the whole is passed between tlie parallel jaws of a hydraulic engine.

When taken from the press, it will be found that the type-metal is impressed witli a perfect reverse,

or intaglio, of the relief. In other words, the leaden plate has taken the true level of the steel,

the diverge nee from the level surface is caused by the relief, the liglits of the picture being

represented by the highest relief, and the shadows by the depressions in the plate.

The success of the process hinges upon the steel plate being perfectly level, and on the same

conditions being obseiTed in the construction of the press for subsequent printing. In the Wood-
bury photographic press, a sheet of thick plate-glass is laid upon the leaden intaglio, and the upper

iron plate of the press, covered with hot cement, is let down upon the glass, which adheres to the

cement.

In this manner, two parallel plains are obtained, the lower one formed by the intaglio, and
the upper by the plate-glass. The next stage in printing requires that tlie intaglio should be
slightly greased, and covered in the centre with a warm solution of semi-transparent gelatine and
Indian-ink. A sheet of hard-pressed, smooth, white paper, is next laid on the ink, and the upper

lid of the press is brought down, and locked. The superfluous gelatine is thus expressed, the

portion left in the mould fets in 2-3 minutes, and the resulting proof is a permanent pictorial

relief in Indian-ink. The high lights of the photograph have been pressed out by the projections

in the intaglio, leaving the white paper exposed; wliile the semi-transparent jelly ascends in

beautiful gradations, attaining its highest relief, and therefore its greatest opacity, in the deepest

shadows. The relief is low, and when dry, the siuface of the print appears to be perfectly flat. As
in carbon printing, so in this process, a wide range of colour may be employed in preparing the

printing-ink.

It is a purely mechanical process after the relief has been printed from the negative, and, on

that account, is extremely useful in producing large numbers of prints without the aid of light.

Thousands nf copies may be pulled from one impresoion, and the number obtainable from a single

gelatine relief ia almost incredible.

Collotype Printing.—Collotype printing also owes its origin to the mingling of chromium salts

with gelatine, but it differs from kindred processes in the principle upon which it is based. Hero
it ia not a question of the solubility or insolubility of tlie gelatine film, so much as of chemical

affinity. Tho collotype plate, after exposure in the printing-frame, is treated much in the same
way as a lithographic stone. Wlicn damped over with a wet sponge, the parts unaffected by light

absorb water, while the parts affected repel water, and have an affinity for fatty ink. To enter

into the process more fully, two squares of plate-glass are ground together with fine emery until

they are obscured. Take ono of the plates, wash, and coat with 4 oz. albumen and 20 gr. ammonium
bichromate. The albumen must first be beaten into a froth, and allowed to settle. Test the solu-

tion, and neutralize with dilute ammonia ; coat the plate, and dry by heat at 35° ('J.5° P.). Expose

tho plate to daylij,'lit long enough to print an ordinary silver positive. Wash the plate in water

for ten minutes, and again dry. Coat with 1 oz. gelatine, 1 dr. potassium bichromate, and 20 oz.

water. Dry by heat as before, and apply a. third coating of 1 oz. gelatine (hard), 20 oz. water,

3 oz. alcohol, 100 gr. ammonium bichromate, and 15 gr. calcined magnesium. Add to this solution,

just before using, 5 gr. chrome alum and § oz. water. Coat on n levelling-stand, and dry by
heat not exceeding 38° (100° F.).

After the plate thus prepared has been printed under the negative, sponge over with water,

blot oft" excess of moisture, and ink with a roller as in the lithographic process.

The pigment in the ink must be in a fine state of division, and rendered fluid by the addition

of oil of turpentine. If the exposure of the plate has been properly timed, a positive impression in

printing-ink will develop under the roller, and may be pulled off on paper in a collotype press.

The plate, indeed, should yield some hundreds of proofs of uniform quality.

There are a number of methods of utilizing the properties developed by the exposiue to light

of bichromatized gelatine. By some methods, reliefs are obtained, and eleotrotyped in metal, or

cast in type-metal. Copies of line engravings and drawings are thus made on a reduced or an
enlarged aealo, and worked with the text in ordinary printing. Some examples of this process may
be seen in Tissandier's ' History and Handbook of Photography.'

Ceramic Photographs.—lS,Xioa\\siia photographs may be produced in a variety of ways. A secret

method is practiced, and excellent results obtained, by using carbon-tiasue. The tissue is prepared

by a special process, which obviates any risk of the gelatine cracking up during the baking of the

enamel.

Another method is the " duating-on " procesa, previously alluded to. But in place of employing

graphite in dcvelnping the image, u finely-powdered encaustic colour is used. An exhaustive

account of Ihia process is given in the ' Photographic News Almanac ' for ISSl.
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The substitution process is one by which the finest results are obtained. It consists in copying

a negative through the camera on a wet collodion plate. But the silver of which this positive is

made up, were it left in the film where burnt in, would yield a sickly-yellow picture. It is, there-

fore, necessary to treat the silver positive with a solution of salts of platinum or iridium, until the

silver has been transformed into chloride and replaced by metallic platinum or iridium. After the

chloride of silver has been removed in the fixing-butt, the picture may be transferred to its support

and fired.

The collodion positive must be developed with protosulphate of iron ; the image must be dense,

approaching opacity in the shadows, and perfect transparency in the highest lights. Wlien washed

after fixing,- it is detached from the edges of the plate by a penknife, and placed in water acidulated

with sulphuric acid. This hardens the film, and it may then be floated off the glass. It is next

washed free from acid in several changes of water. The film is then transferred to a solution of

2 dr. platinum chloride, and 1 oz. water. Neutralize with soda bicarbonate, then acidulate with

one or two drops of nitric acid. Here the film should repose until the image is black, after which,

it is fixed in 3 dr. soda hyposulphite and 1 oz. water. Again wash, and transfer the film to a basin

of clean water. Place the enamelled plate beneath the film, with the collodion side next the

enamel ; float into position, and lay down with a fine camel-hair brush, excluding air-bubbles.

After burning in, the enamel is glazed with a flux made up of 8 parts powdered glass, 5 nitre,

and 6 flint. A thin solution of indiarubber in benzol should be used as a varnish to the enamel,

and the flux dusted over this, and burned in.

Platinotype Printing.—Permanent prints are obtained on paper by this process. A sheet of paper

is coated with a solution of platinum chloride and iron oxalate. After the paper has been dried

and exposed under a negative, a faint image is observed. This image develops into a rich blsick,

by immersing the print in a solution of oxalate of potash, heated to 77° (170° P.). An acid water-

bath is all that is required for flxing the image.

Applications of Photo&baphy.—A number of the ordinary applications of photography have
already been incidentally noticed ; but, in conclusion, it is necessary to catalogue other important

uses to which photography has been applied. Its widest and most popular range of usefulness is

found in ministering to the wants of all classes of society, and even providing the poorest families

with picture galleries in miniature. But its sphere is ever widening, and its utility being
demonstrated in a thousand different ways.

Apart from portrait and landscape work, the following are among the principal applications of

photography :

—

Reproducing works of art in permanent pigments ; reproducing maps, plans, architectural and
mechanical drawings, engravings, and manuscripts, by photo-engraving, photo-lithography, and
collotype printing

;
photographs for book illustration, printed in permanent ink by Woodbury-type

collotype, and carbon process ; encaustic photograph.-', Woodbury-type, and carbon transparencies

for art and decorative purposes; micro-photography, by means of which, microscopic objects are
enlarged for book illustration, and for educational purposes in class-rooms

; photo-micrography has
been successfully employed in reducing official despatches, charts, newspapers, &c., to dimensions
BO small as to admit of their being placed in a quill, and transported by carrier pigeons to besieged
cities in time of war

;
photographing columns of water raised by torpedoes ; balloon-photography

by which photo-surveys are obtained of an enemy's country ; astronomical photography, employed
in photographing sun, moon, stars, and their spectra

; photography in the hands of chemists has
proved of the greatest service in spectrum analysis, and in investigating the phenomena of inter-
ference of the rays of the spectrum.

Photography in colour remains to be discovertd, little or no progress having yet been made in
this direction. It has been proved that certain colours of the solar spectrum may be reproduced
ou a sensitive photographic plate, and that certain other colours make no impression on the film
Having got thus far, there can be no reasonable doubt that a polychrome system of photography
will be ere long discovered—a system which shall admit of the photographing of natural objects in
all their varied hues. Development may be looked for in other directions as well, in the extended
application of the art-science to the requirements of art education, and in its application to science.
The day, indeed, may not be distant when photo-telegraphy may become an accomplished fact
when it will be possible to telegraph a portrait from one continent to another.

'

(See Printing and Engraving.) j rp

PHOTOMETRY (Fb., Phoiometrie ; Ger., Lichtmessung).

" Photometry " (light-measurement), or the comparison of the visible intensities of different
lights among each other, is a term usually restricted to the intensity of the light in question as it
affects the eye of the observer, and does not include a determination of the chemical intensity of
light, which, as is well known, does not coincide with what may be called its luminosity; nor does it
embrace any measurement of the intensity of the heat accompanying the light under examination.
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mounted vertically upon a stand or foot, and of a white screen upon which to receive the shadows

of the rod. The lights to be compared (all others should be put out) are placed about until the

respective shadows cast by the rod are of equal depth. The distances of the lights from the screen

are then carefully measured, and each number thus obtained is multiplied by itself. The propor-

tion between these products represents the relative intensities of the lights under examination.

For example, suppose lamp A at 21 in. and lamp B at 30 in. from the screen gave equally deep

shadows, then, since 21 X 21 = 441, and 30 X 30 = 900, lamp A is to lamp B as 441 to 900, or

nearly as 1 to 2, or, in other words, lamp B gives twice as much light as lamp A. As a similar

calculation has to be made in all photometric tests (though it is frequently assisted by previously

constructed tables suited to each instrument), it will not be repeated.

Bunsen's photometer depends on the equal illumination of two surfaces, and is much more exact

than the preceding. Tlie principle of it, with very slight modifications, is adopted in the delicate

photometers used in gas-testing. The essential part of it is a piece of thin paper stretched in a

frame, and the paper is rendered semi-transparent by being saturated with a solution of spermaceti

in turpentine-oil, with the exception of a central spot about 0-75 in. in diameter, which is allowed

to remain opaque. In using it (in a dark room), the standard light is placed behind tlie spot, and

the variable one in front. When the two surfaces are equally illuminated, the opaque spot dis-

appears, and the whole surface of the disc is perfectly homogeneous in appearance.

Wheatstone's photometer consists of a small silvered polished bead, mounted upon a stem to

which a looped motion is given by appropriate clockwork. When it is placed between two sources

of light, and the clockwork is set in motion, two looped curves of different briglitness are seen, so

very close together that their intensities can readily be compared ; the lights are then adjusted to

give curves of equal brightness, and their respective distances are read off. The formation of a

luminous curve by a moving bright bead, depends, of course, upon the well-known principle of

" persistence of vision," the simplest illustration of which is the circle of fire traced by a lighted

stick whirled round by hand.

Letheby's and Evans's photometers are similar in construction, and both depend upon the prin-

ciple of Bunsen's. Letheby's consists essentially of a long bar, at each end of which are supports

for a light, one being the standard candle upon a Keates's candle-balance. Upon the rod, slides

a box, with holes on each side and in front ; it contains the semi-transparent paper with the

opaque spot. The box is moved until the spot disappears, when a, pointer attached to the box

indicates on a scale the intensity of the unknown light in terms of the standard. Evans's is a similar

instrument, but the box is fixed, and the liglits move along the bar.

In gas-testing, one or other of these instruments is usually employed, with a great number of

adjuncts, sucli as gas-meters, pressure-gauges, &c., &c. The gas is burnt at the rate of 5 cub. ft.

an hour in a No. 1 Sugg's London Argand for 14- to 16-candle gas, and in a Sugg's No. 7 steatite

bat's-wing, for cannel gas. Many precautions have to be taken to correct the meter as to the rate

of burning. Observations are taken every minute for ten minutes, and an average of the whole

is taken as the result. A " jet photometer " is used as » rough and ready test in gas-works ; it

depends on the fact that, to maintain a flame or jet at a constant height (from a given circular orifice),

the poorer the gas in quality, the greater is the pressure of gas required. This pressure can be

delicately measured, and, with the aid of tables, can be translated into illuminating power in candles,

Sugg's new "patent illuminating-power meter" depends upon an extension of this principle.

The Dispersion Photometer.—When very intense lights, such as the oxy-hydrogen, the magne-
sium, or the electric, have to be compared with gas or candles, it would be very inconvenient to

remove the stronger light to the necessary distance (50 ft. or more) from the screen. This difBoulty

has been ingeniously overcome by passing the intense light through a concave lens, thus dispersing

it, and lessening its intensity. The curvature and focal length of the lens being known, the amount
of dispersion is easily calculated, and this dispersed light, with its intensity thus diminished to a
known extent, is employed in the photometer. In the case of the electric light, it is usual to make
two observations, one through green, the other through red glass.

Jansen has just constructed a photographic photometer, consisting of a frame with a sensitized

plate, before which, and in the path of the light-rays to be measured, a screen with triangulur
perforations is made to pass. A gradation of shade, decreasing from the base of the triangles

towards the apex, is thus obtained, and points of equal shade indicate equal intensity. It is stated
that he has in this way been able to express the illuminating power of some of the stars in terms
of that of the sun, and it is expected that he will be able to construct a definite solar scale to

which all artificial lights may be referred.

The recent wonderful researches of Alex. Graham Bell, assisted by Tainter, upon sounds pro-

duced when beams of light, interrupted rapidly by perforated discs revolving at high speed, fall

upon various substances, seem to point to the possibility of constructing an instrument in which
the different intensities of two lights will make themselves evident in differences of audible tones
when the rays from each of them fall upon suitably constructed receivers containing lamp-black
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BDil provided with hearing tubes to convey to the ear the sounds produced by the successive impact
of interrupted light-rays.

niuminating Value.—In order to arrive at a true estimate of the actual money-value of any
illuminating material, it is necessary to take into account not merely its light-intensity, as deter-
mined by the photometer, but also the rate at which it burns, and its price (per lb.). There are
therefore three variable elements, each one of which must be duly considered. If, for example,
paraffin and stearine (or composite) candles give equal light photometrically, and 1 lb. of stearine
candles lasts 48 hours, wlille 1 lb. of puraffin lasts 54 hours (146 gr. and 129 gr. per hour respec-
tively), it is obvious that if the stearine candles cost M. a lb., and the paraffin cost 8}d., the
paraffin is really the cheaper of the two, and at 9d. would cost the same.

Some writers tlirow this calculation into the form of "cost per 100 of light," where the 100, or

standard, la taken from a standard " hot-oil " lamp, burning every hour 815 gr. of oil, or • 1 164 lb.

at lid. a lb. Henco in this case, the cost per 100 of light is 0'1164 x 11 = l-2804<i. Com-
paring this with a wax candle, burning 125 gr. an hour, giving only ^^ the light of the lamp, and
costing 2s. 6d. or 30d. a lb., we have as the cost per 100 of light,

—

125 X 11 = 1375 gr., or 1964 lb. x 30 = 5-892d.

Proceeding in this manner, Dr. Frankland has drawn up the following tables of illuminating

equivalents, or the quantities of different illuminating materials necessary to produce the same
amount of light :

—

Young's parafEn-oll ..

American petroleum, No. 1

No. 2

Paraffin candles

1-00 gal.

1 26 „

1-30 „

18-60 lb.

Sperm candles 22-90 lb.

Wax 2640 „
Composite,, 2950 „
Tallow „ 36-00 „

Taking into account the market prices of these various materials, he concludes the comparative

cost of the light, equal to that of 20 sperm candles (each burning for 10 hours at 120 gr. an hour),

to be :

—

Wax .. .

Spermaceti

Paraffin

Tallow

d.

^
8

10

8

10

American petroleum

Young's parafifiu-oil

Coal-gas

Cannel-gas

d.

6}

5

4i
3

Sperm-oil 1

It may be remarked, in passing, tliat the difference in favour of gas, as against candles, is

very much reduced in practice, since users of gas always habituate themselves to a much more

intense light than when they employ candles. Probably the same thing will obtain, mutatis

mutandis, when domestic electric lamps are substituted for gas.

Taking into account the cost of material, its rate of consumption, its market price per lb., and

its light-power, Peclet gives the following valuable table, upon the data that :— 1 pint of oil costs

5rf. ; 1 lb. tallow candles, Id. ; 1 lb. wax candles, 2<. 2 /. ; 1 lb. stearine candles, Is. id. ; 100 ft. coal-

gas. Id. ; 100 ft. oil-gas, 2s. id. ; and that 1000 ft. coal-gas = 44J lb. sperm, or 51 lb. stearic acid,

or 6J gal. colza-oil, or 5-9 gal. sperm-oil.

Means of Illumination.
Intensity of
the Ligbt.

Consumption
of Illu-

minating
Material per

Hour.

Illuminating ^"^
Power : ^°J

«^-
rnrwl-a ofllUl-

Lamp = 100.
i,jj^^^»

Cost of
the Ligbt
per Hour.

Cost of a
Light of
the sumo
Intensity
per Hour.

Tallow candles, 6 to the lb.

Wax „ 6

Stearine „ 5 „

Kitchen lamp
Flat-wick lamp
Astral lamp
Sinumbra lamp
Inverted reservoir lamp
Hydrostatic lamp
Carcel's lamp
Vapour „

Coal-gas

Oil-gas

10-66
14-60
14-40
6-65

12-50
81-00
56-00
90 00
45-00
100-00
130-70

127 00
127-00

8-5
9-6
9-3
8-0
11-0
26-7
37-1
43-0
17-26
42-00
151-00

cub. ft.

8-70
2-43

d.

1-5
5-0
3-2

1-4

1-3

Per 1000
cub. ft.

7-0
19-2

d.

0-125
0-461
0-298
0-083
0114
280
-385
•446

179
•435

013

d.

1-169
3-155

066
246
912
893
687
495
398
435
207

0-5S0
0-630

0-456
0-307

(See Candles ; Gas [Coal] ; Oils—Illuminating Values.) W. L. C.
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PIGMENTS AND PAINT.
Pigments (Fr., Pigments ; Gee., Farben').—T:he term " pigments" is applied to those colouring

matters which are mixed in a powdery form with oil or other vehicle for the purpose of painting.

They diifer in this respect from the dyestuffs (see Coal-tar Products, pp. 641-684, and Dyestuflfs,

pp. 854-869). Their preparation for use and their application are described hereafter in the section

on Paint (see pp. 1552-1556) ; the present article embraces only their origin and production.

A very large proportion of the pigments are derived from the mineral kingdom. Organic

colouring matters for use as pigments are mostly made in the form of " lakes," by one of the

three following metliods :—(a) To a filtered solution of the colouring matter, is added a solu-

tion of alum ; the whole is agitated, and the colour is precipitated by a solution of carbonate of

potash, (b) A solution of the colouring matter ia made in a weak alkaline lye, and precipitated by

adding a solution of alum, (c) Eecently-preoipitated alumina is agitated with a solution of the

colouring matter as before, until the liquid is nearly decolorized, or the alumina assumes a suffi-

ciently deep tint. The first method is generally adopted for acidulous solutions of colouring

matter, or those injured by alkalies ; the second, for' those not injured by alkalies; the third, for

those whose affinity for gelatinous alumina enables them to combine with it by mere agitation. (See

Alumina, p. 333.)

It will be convenient to describe pigments under the heads of the chief colours, in alphabetic

order—blacks, blues, greens, reds, whites, and yellows.

Blacks.—See article Blacks, pp. 452-456.

Blues. Cobalt Blue.—A mixture of 8-10 parts alumina, freshly precipitated and freed from

water, and 1 part arseniate or phosphate of cobalt, slowly dried, and heated to dull redness.

Paris Blue.—(a) A thorough mixture of 2 parts sulphur and 1 part dry carbonate of soda is

gradually heated in a covered crucible to redness or till fused ; a mixture of silicate of soda and

aluminate of soda is then sprinkled in, and the heat is continued for an hour ; the little free sulphur

present may be washed out by water, (b) An intimate mixture of 37 parts China-clay, 15 parts

sulphate of soda, 22 parts carbonate of soda, 18 parts sulphur, and 8 parts charcoal, is heated in

large crucibles for 24-30 hours ; the mass is re-heated in cast-iron boxes at a moderate temperature

till the desired tint appears, and is finally pulverized, washed, and dried, (o) Gently fuse 1075 oz.

crystallized carbonate of soda in its water of crystallization ; shake in 5 oz. finely-pulverized orpi-

ment, and, when partly decomposed, as much gelatinous alumina hydrate as contains 7 oz. anhy-

drous alumina; add 100 oz. finely-sifted clay, and 221 oz. flowers of sulphur; place the whole in a

covered crucible, and heat gently till the water is driven oiF, then to redness, so that the ingredients

sinter together without fusing ; the mass is then cooled, finely pulverized, suspended in river-water,

and filtered. The product is heated in a covered dish to dull redness for 1-2 hours, with occasional

stirring. Colourless or brownish patches may occur, and must be removed.

Prussian Blue.—(a) A solution of 2 parts alum and 1 part sulphate of iron is made in water ; a

solution of yellow prussiate of potash is then acidulated with sulphuric acid, and some of the first

solution is dropped in till the precipitate falls slowly ; the latter is well washed on a filter, and
dried. (6) Mix a solution of protosulphate of iron with one of red prussiate of potash ; wash
and dry.

Saxon Blue.—Dissolve 1 oz. sulphate of iron and 8 oz. alum in 1 gal. water; add separate

solutions of prussiate of potash and pearl ash, until the precipitation ceases ; collect the precipitate

after some time ; wash thoroughly, and dry.

Ultramarine.—The preparation of ultramarine from the gem lapis lazuli (see Gems, p. 1042) no
longer survives. Artificial ultramarine, of which, some 10,000 tons are made annually, is composed
approximately of 46 '60 per cent, silica, 23 "30 alumina, 3-83 sulphuric acid, 21 '48 soda, 1-06 per-

oxide of iron, and traces of lime, sulphur, and magnesia. The ingredients employed are sometimes
China-clay, sulphate of soda, charcoal or pit-coal, and rosin ; or China-clay, soda, silica, sulphur
and rosin. Their proportions are a matter of secrecy, but may be deduced pretty accurately from
the percentage composition just given. The raw materials are ground very fine, well mixed, pressed
into muffle-furnaces, and calcined at a red heat for 12-36 hours, or until the sulphur is nearly burnt
off. When the firing is complete, the furnaces are closed tightly, and the material is allowed to cool
requiring 5-6 days. The product is green ultramarine, which is then roasted with finely-powdered
sulphur in pans under the influence of the air. After washing, it is ground in wet mills for
2-5 days, settled under the action of heat, repeatedly washed, classified, dried, bolted, and
packed.

Geeens. Baryta Green.—MiiL 2 parts caustic soda and 1 part chlorate of potash, and gradually
add 2 parts very finely powdered manganese

; heat gradually up to dull redness, then allow to cool
powder, and exhaust with water

;
filter and cool, and add a solution of nitrate of baryta to the fil-

trate. A violet-coloured baryta precipitate forms ; this is carefully washed, dried, and treated with
i-1 part of caustic baryta, hydrated, and gradually heated up to redness, with constant stirring.
The cooled mass is powdered, and finally washed to remove any excess of baryta.
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Brighton Qrecn.—Separately dissolve 7 lb. sulphate of copper and 3 lb. sngar of lead, each iu

5 pints nater ; mix the solutions, stir in 21 lb. whiting, and when the mass is dry, grind to

powder.

Brwmnck Qrcen.—(o) Pour 3 parts saturated solution of sal ammoniac over 2 parts copper-

filings, contained in a vessel capable of being closed, and keep the mixture in a warm place fur

some weeks, when the newly-formed pigment is separated from the inoxidized copper by washing on
a sieve ; it is then washed with water, and slowly dried in the shade. (6) A solution of crude car-

bonate of ammonia is added to a mixed solution of alum and blue vitriol, as long as it affects it ; in

a short time, the precipitate is collected, washed, and dried, (c) Lighter shades are produced by
the addition of sulpliate of baryta, or alum.

Chrome or Quignet'a Green.—Fuse together 3 parts boracic acid and 1 part bichromate of potash

at a dull-red heat on the hearth of a flame-furnace. This forms a borate of chromium and potash,

with evolution of oxygen. The mass is repeatedly washed with boiling water, which causes decom-
position, and consequent separation of hydrated oxide of chromium and a soluble borate of potash.

The oxide is washed, and ground very fine.

Emerald Qrecn.—Form a paste with 1 part verdigris in sufficient boiling water, pass it through

a sieve to remove lumps, and gradually add it to a boiling solution of 1 part arsenioua acid in

10 parts water, the mixture being constantly stirred until the precipitate becomes a heavy granular

powder, when it is filtered through calico, and dried.

Manganese ffreen.—Intimately mix 3-4 parts caustic baryta moistened with water, 2 parts nitrate

of baryta, and 2 parts oxide of manganese ; place in a crucible heated to dull redness, fuse, pour
out, pulverize, digest in boiling water, wash in cold water, and dry in an atmosphere free from
carbonic acid.

Mountain Qreen.— (a) Native green carbonate or bicarbonate of copper is ground to powder,
either with or without addition of a little orpiment or chrome yellow. (6) Add a solution of car-

bonate of soda or potash to a hot mixed solution of alum and sulphate of copper.

Prussian Oreen.—A mixture of Prussian blue and gamboge.
Sap Qreen.—(a) The juice of buckthorn berries (see Drugs, p. 795) is extracted by allowing

them to ferment in wooden tubs for 7-8 days, and pressing and straining ; a little alum is added
to the juioe, which is evaporated down to a suitable consistence, and run into bladders to dry and
harden. (6) Mix 11 oz. powdered arsenious acid, IJ lb. carbonate of potash, and I gal. boiling water

;

dissolve, filter, and add to another solution of 2 lb. crystallized sulphate of copper in 3 gal. water,

producing 1 J lb. of pigment.

Scheele's Oreen.—Dissolve 1 part powdered white arsenic and 2 parts commercial potash in

35 parts boiling water ; filter, and add the solution gradually, while still warm, to a filtered solution

of 2 parts sulphate of copper, as long as a precipitate falls ; wasli with warm water, and dry.

Vienna or Schweinfurth Qreen.—(a) Dissolve 8 lb. arsenious acid in the least possible quantity

of boiling water, and add it to 9-10 lb. verdigris in water at 48i° (120° P.) passed through a sieve ;

Bet aside the mixed Ingredients till the mutual reaction produces the desired shade. (6) Dissolve

50 lb. sulphate of copper and 10 lb. lime In 20 gal. good vinegar, and add a boiling-hot solution

of 50 lb. white arsenic as quickly as possible ; stir several times, allow to subside, collect on
filter, dry, and powder. The supernatant liquid is employed to dissolve the arsenic for the next lot.

Douglas' Qreen.—Barium chromate is precipitated by adding to a solution of barium chloride a
suflSclenoy of a soluble chromate to effect complete separation ; to the lemon-yellow chromate, is

added 20 per cent, of strong sulphurio acid, which produces a deep-red by the liberation of

chromic acid ; the mass Is then ground, and heated to redness, when it becomes green.

Eeds. Brazil-wood Lake.—(a) Digest 1 lb. ground Brazil-wood in 4 gal. water for 24 hours,

boil ^ hour, and add 1 J lb. alum dissolved in a little water ; mix, decant, strain, add J lb. tin

solution, again mix well, and filter ; to the clear liquid, cautiously add a solution of carbonate of

soda while a precipitate forms, avoiding excess; collect, wash, and dry. The shade will vary

according as the precipitate Is collected.
(J>) Add washed and recently precipitated alumina to a

strong filtered decoction of Brazil-wood.

Carminated Lake.—(a) The cochineal residue left in making carmine is boiled with repeated

portions of water till exhausted ; the liquor is mixed with that decanted off the carmine, and at

once filtered ; some recently precipitated alumina Is added, and the whole is gently heated, and

well agitated for a short time ; as soon as the alumina has absorbed enough colour, the mixture is

allowed to settle, the clear portion is decanted, and the lake Is collected on a filter, washed, and

dried. The decanted liquor, if still coloured, is treated with fresh alumina till exhausted, and thus

a lake of second quality Is obtained. (6) To the coloured liquor obtained from the carmine and

cochineal as just stated, a solution of alum is added, the filtered liquor Is precipitated with a

solution of carbonate of potash, and the lake is collected and treated as before. The colour is

brightened by addition of tin solution.

Carmine.—Boil 1 lb. cochineal and 4 dr. carbonate of potash in 7 J gal. water for } hour. Remove
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from the fire, and stir in 8 dr. powdered alum, and allow to Bettle for 20-30 minutes. Pour the

liquid into another vessel, and mix in a strained solution of 4 dr. isinglass in 1 pint water ; when a

skin has formed upon the surface, remove from the fire, stir rapidly, and allow to settle for J hour,

when the deposited carmine is carefully collected, drained, and dried.

Coohineal Lake.—(a) Digest 1 oz. coarsely powdered cochineal in 2J oz. each water and rectified

alcohol for a week ; filter, and precipitate by adding a few drops of tin solution every 2 hours, till

the whole of the colouring matter is thrown down; wash the precipitate in distilled water, and dry.

(b) Digest powdered coohineal in ammonia water for a week ; dilute with a little water, and add

the liquid to a solution of alum as long as any precipitate (lake) falls, (c) Boil 1 lb. coarsely

powdered cochineal in 2 gal. water for 1 hour; decant, strain, add solution of 1 lb. cream of tartar,

and precipitate with solution of alum. By adding the alum first and precipitating the lake with the

tartar, the colour is slightly changed.

Indian Red.—(a) Sulphate of iron is calcined until the water of crystallization is expelled, then

roasted by a fierce fire until acid vapours cease to arise, cooled, washed with water till the latter

has no acid reaction, and dried. (6) Calcine 11 parts common salt with 25 parts green sulphate of

iron ; well wash with water, dry, and powder, (c) The finest Indian red or " crocus " usually

undergoes a second calcination at a higher temperature.

Madder Lalce.— (a) Tie 2 oz. madder in a cloth, beat it well in a pint of water in a stone mortar,

and repeat the process with about 5 pints of fresh water till it ceases to yield colour ; boil the mixed

liquor in an earthen vessel, pour into a large basin, and add 1 oz. alum dissolved in 1 pint boiling

water ; stir well, and gradually pour in 1 J oz. of strong solution of carbonate of potash ; let stand

until cold, pour off the yellow liquor from the top, drain, agitate the residue repeatedly in 1 qt.

boiling water, decant, drain, and dry. Qt) Add a little solution of acetate of lead to a decoction of

madder, to throw down the brown colouiing matter ; filter, add solution of tin or alum, precipitate

with solution of carbonate of soda or potash, and proceed as before, (c) Macerate 2 lb. ground
madder in 1 gal. water for 10 minutes; strain and press quite dry; repeat a second and third time,

and add to the mixed liquors J lb. alum dissolved in 3 qt. water ; heat in water-bath for 3-4 hours,

adding water as it evaporates ; filter first through flannel, and when cold enough through paper

;

add solution of carbonate of soda as long as precipitate falls ; wash the latter till the water comes
off colourless, and dry.

Red Chalk or Reddle.—An earthy red haematite, found in all countries and most geological

formations.

Red-lead.—This is prepared on the large scale by the oxidation of metallic lead in a reverberatory

furnace with two fire hearths covered by an arched roof, situated at the extreme end, separated
from the middle hearth, in which the lead lies, by fire-bridges, and fed with coke. The lead, about
10 per cent, being hard, is worked about by an iron tool as soon as melted, the "massicot" or

protoxide formed being constantly pushed to the side. The temperature must be kept at low
redness, or the oxide will melt. The treatment is sustained for 24 hours ; the massicot is then
removed, ground, and levigated, and again exposed in the furnace to the same heat for 48 hours, or
till it exhibits a bright-red colour on cooling. The furnace is then closed, and allowed to cool as
slowly as it will. The product is " minium " or " red-lead."

Vermilion.—(a) Melt 1 part sulphur, and gradually add 5-6 parts mercury, continuing the heat
till the mixture swells up ; then cover the vessel, remove it from the fire, and when the contents
are cold, reduce to powder, and sublime in a closed vessel, so placed in a furnace that the flames
reach about half the height. Gradually increase the heat till the lower part of the subliming-vessel
becomes red-hot ; break the cold sublimate, grind in water to flue powder, sift, and dry. It is a
black sulphide of mercury. This, reduced to powder, and sublimed, gives a filamentous mass of
violet hue, appearing scarlet on trituration. (6) Grind together 300 parts mercury and 114 parts
flowers of sulphur for some hours, and gradually add 75 parts caustic potash dissolved in 450 parts
water

;
continue the grinding for some time longer, and gently heat the mixture in an iron vessel,

fiist stirring constantly, afterwards at intervals, keeping the temperature as nearly as possible at
46° (115° F.), and renewing the water as evaporated. When reddening commences", increased care
is needed, and when the colour is nearly fine, the heat must be maintained at a lower degree till a
rich colour is produced. Every precaution must be taken against inhaling the vapours, (c) To a
mixture of 4 parts hyposulphite of soda and 4 parts sulphate of zinc in dilute solution, add drop by
drop a solution containing 1 part corrosive sublimate. Heat the whole gently for' 60 hours nt
45°-55° (112°-1B0° P.).

'

Whites Alum WAife.-Dry mix 2 lb. powdered alum, 1 lb. honey
; powder; calcine to white-

ness in a shallow dish, cool, wash, and dry^

Chinese WAiic-Mix finely-ground zinc white into a cream with mucilage of gum tragacanth
grinding with a glass muller. '

Permanent Mfe-Precipitate sulphate of barium from the chloride by adding dilute sulphuric
acid.
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SpinM WTii'le.—Tlio softcat and jnirost wliite clinlk, elutriated, balled, and dried.

Suljihtle of Lead.—I'ltcipitiite tlie pigment by adding dilute sulphuric acid to on acetic or nitric

acid solution of litharge ; wnsh and dry. The clear liquid may be used indefinitely.

irAid'/ijf.—Ground chalk, balled and dried.

White-lead.—White-lead or carbonate of lead is made by placing metallic lead in contact with

acetic acid in open eartlienware vessels, and covered with tan, a number of these vessels forming a

"stack," and the whole remaining thus for about 11 weeks, when the lead becomes completely

carbonized. Tlje stack id then pulled down, and the carbonate of Irad is ground and dried. Many
mixtures of white-lead and chalk are sold under fanciful and misleading names.

Wtl/tinson's ]]Tiitc.—Litharge is ground with sea-water till it ceases to whiten, and is then washed
and dried.

ZiVic White (Griffitljs').—Chloride or sulphate of zinc is precipitated by means of a soluble

sulphide—sodium, barium, and calcium sulphides have been used—and precautions are take n that

no iron present is precipitated. The precipitate is collected, dried, and calcined for some time at

cherry-red heat, with careful stirring. It is raked out while hot into vats of cold water, then

levigated and dried. It is an oxysulphide of zinc.

Yellows. Chrome Yellow.—(a) Add a filtered solution of nitrate or acetate of lead to a filtered

solution of neutral chromate of potash so long as a precipitate fulls ; collect tliis, wash with soft

water, and dry in security from sulphur-tainted air. ('•) Dissolve acetate of had in warm water,

and add sufficient sulphuric acid to convert it into sulphate ; decant the clear liquid, wash the

residue with soft water, and digest with agitation in a hot solution of yellow (neutral) chromate of

potash, containing 1 part of this salt for every 3 parts sulphate of lead ; decant the liquid, ond
drain, wash, and dry the precipitate.

(-lamboijc (Fn., Qomme Gutte ; Gbb., Gxitti, (?umniyw»).— Gamboge is a product of t-cvcral trees of

K. Asia: viz., Garcinia MorclUi var. 0, pediccllata [(?. tiaiilmryil, a native of Camljoclia, the province

of Chantibun in Siam, the islands on the E. coast of the Gulf of Siam, and the S. parts of Cooliin

China
; G. Morella, growing in the moist forests of Ceylon and S. India ; and G. pictont, of S. ludin,

by some considered identical with G. Morella. G. Imvancvrica, of the southern forests of Travancore

and the Tinnovelly Ghats, is capable of affording small supplies of the pigment for local use, hut

not for export. (See also Resinous and Gummy Substances—Gamboge.)
When the rainy season has set in, parties of natives start in search of gamboge-trees, and select

those which are sufficiently matured. A spiral incision is made in the bark on two sides of the tree,

and joints of bamboo are placed at the base of the incision so as to catch the gum-resin as it exudes
with extreme slowness during a period of several months. It issues as a yellowish fluid, but

gradually assumes a viscous and finally a solid state in the bamboo receptacle. It is very commonly
adulterated with rice-flour, and the powdered bark of the tree, but the latter imparts a greenish

tint. Sand is occasionally added. The product from a good tree may fill three bamboo joints,

each 18-20 in. long and 1 J in. in diameter. The trees flourish on both high and low land. Annual
tapping is said to shorten their lives, but if the gup-resin is only drawn in alternate years, the

trees do not seem to suffer, and last for many years. Dr. Jamie, of Singapore, who has gamboge-
trees growing on his estate, says that they flourish most luxuriantly in the dense jungles. He
considers the best time for cutting to be February-April. The filled bamboos are rotated near a

fire till the moisture in the gamboge has evaporated sufficiently to permit the bamboo to be stripped

from the hardened gum-resin. The gamboge is secreted by the tree chiefly in numerous ducts in

the middle layer of the bark, bejiides a little in the dotted vessels of the outermost layer of the

wood, and in the pith. It arrives in commerce in the form of cylinders, 4-8 in. long and l-2§ in. in

diameter, often more or less rendered shapeless. When good, it is dense, homogeneous, brittle,

showing conchoidal fracture, scarcely translucent, and of rich brownish-orange colour. Inferior

qualities show rough, granular fracture, and brownish hue, and are sometimes stiU soft. The
pigment consists of a mixture of 15-20 per cent, gum with 85-80 per cent, resin. It reaches

Europe from Cambodia by way of Bangkok, Saigon, and Singapore. The exports from

Singapore in 1877 were 240 piculs (of 133^ lb.); from Bangkok in 1875, 346 piculs; from

Saigon annually, 30-40 piculs. Saigon, in 1879, received 27 piculs, valued at 12'. a cwt., from

Cambodio.

Naples Yellow.—(a) Mix 3 lb. powdered metallic antimony, 1 lb. oxide of zinc, and 2 lb. red-lead ;

calcine, grind fine, and fuse in a closed crucible ; griud the fused mass to fine powder, and wash
well. (6) Grind 1 part washed antimony with 2 parts red-lead to a stiff paste with water, and

expose to red heat for 4-5 hours.

Orpiment or Kinij's Yellow and Realgar.—See pp. 339-340.

Yellow Lakes.~(a) Boil 1 lb. Persian berries, quercitron-bark, or turmeric, and 1 oz. cream of

tartar, in 1 gal. water till reduced to half; strain the decoction, and precipitate by solution of alum.

(6) Boil 1 lb. of the dyestuff with J lb. alum in 1 gal. water, and precipitate by solution of carbonate

of potash, (c) Boil 4 oz. unnatto and 12 oz. pearlash in 1 gal. water for i hour ; strain, precipitate
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by adding 1 lb. alum dissolved in 1 gal. water till it ceases to produce effervescence or a precipitate ;

strain, and dry.

Paint (Fb., Peinture; Geb., Anstrichfarbe).—" Paint" consists essentially of two parts, (1) the

vehicle or medium, and (2) the pigment (see Pigments). In the case of oil-paints, a third substanM

becomes necessary, to facilitate the drying or solidification of the vehicle ; this is termed a " drier.

A perfect vehicle should mix readily with the pigment, forming a mass of about the consistency of

treacle. It should itself be colourless, and have no chemical action upon the pigments with vfhich

it is mixed. When spread out in a thin layer upon » non-porous substance, it should solidify,

and form a film not liable to subsequent disintegration or decay, and suflSciently elastic to resist a

slight concussion.

Unfortunately, we possess no vehicle which complies with all these conditions ;
those which

most nearly approach them are the drying oils (see Oils and Fatty Substances, p. 1*67). The use

of oil in painting is said to have been invented in the 14th century, and, in a short time, it reached

a considerable degree of perfection. We have only to compare a van Eyck with a painting by a

modern master, Turner, for instance, to see that even the best of recent painters have not succeeded

in giving to their works that durability which the originators of the method attained. All organic

substances are liable to a more or less rapid oxidation, especially if exposed to light and heat. Oil

is no exception to this rule ; but it seems that, in its pure state, it is much more durable than when

mixed with other substances. Although ground-nut- and poppy-oils (see pp. 1391, 1409) are

sometimes employed by artists where freedom from colour is essential, yet linseed-oil (see p. 1393)

is the vehicle of by far the larger proportion of paint used both for artistic and general purposes.

Oil-paint appears to have been unknown to the ancients, who used various vehicles, chiefly of

animal origin. One of these, which was in high repute at Bome, was the white of eggs beaten with

twigs of the fig-tree. No doubt the indiarubber contained in the milky juice exuding from the

twigs contributed to the elasticity of the film resulting from the drying of this vehicle. Pliny was

aware of the fact that when glue is dissolved in vinegar and allowed to dry, it is less soluble than

in its original state. Many suggestions have been made in modern times for vehicles in which glue

or size plays an important part. In order to render it insoluble, various chemicals have been added

to its solution, such as tannin, alum, and a chromic salt. None of these vehicles, however useful

for special purposes, has become sufSciently well known to warrant description here.

Linseed-oil, to be suitable for painting, must dry well. The test described in the article on

Floorcloth (see p. 1002) will indicate whether this be the case or not. Another reliable test is to cover

a piece of glass with a film of the raw oil, and to expose it to a temperature of about 38° (100° F.).

The time which the film requires to solidify is a measure of the quality of the oil. If the oil has

been extracted from unripe or impure seed, the surface of the test-glass will remain " tacky "

or sticky for some time, and the same will happen if the oil under examination has been adulterated

with either an animal or vegetable non-drying oil.

Until recently, linseed-oil was frequently adulterated with cotton-seed-oil (see p. 1885), extracted

from the waste seeds of the cotton-plant. Where the admixture was considerable, it could easily be

detected by the sharp, acrid taste of the cotton-seed-oil. Now, however, means have been found for

removing this disagreeable taste, and the consequence has been that cotton-seed-oil is so largely

used for adulterating olive-oil, or as a substitute for it, that its price has risen above that of linseed-

oil. Another adulterant which is rather difBoult to detect is rosin. Oil containing this substance

is thick, and darker in colour than pure oil. When the proportion of rosin is considerable, its

presence may be ascertained by heating a film of the oil upon a metallic plate, when the charac-

teristic smell of burning rosin will be perceptible. When the percentage of rosin is loo small for

detection in this manner, a film of the oil should be spread upon glass and allowed to dry. When
quite hard, the film should be scraped off, and treated with cold turpentine, which will dissolve any
rosin which may be present, without materially affecting the oxidized oil. The presence of rosin

may also be detected by the following simple chemical test. The oil is boiled for a few
minutes with a small quantity of alcohol (sp. gr. 0'9), and is allowed to stand until the alcohol

becomes clear. The supernatant liquid is then poured off, and treated with an alcoholic solution
of acetate of lead. If the oil be pure, there will be but a very slight turbidity, while the presence
of rosin causes a dense flocculent precipitate. Should linseed-oil be adulterated with a non-drying
oil, it will remain sticky for months, when spread out in a thin film upon glass or any other non-
absorbent substance.

The sp. gr. of linseed-oil is, in some cases, of value in estimating its quality ; but, as the varia-
tions are slight, it would be diificult to detect them in so thick a liquid by means of an ordinary
hydrometer. A simple method of obtaining an approximate result is to procure a sample of oil of
known good quality, and to colour it with an aniline dye. A drop of this tinted oil will, when
placed in the oil to be tested, indicate, by its sinking or swimming, the relative density of the liquid
under examination. Freshly-extracted linseed-oil is unfit for making paint. It contains water and
organic impurities, respecting the composition of which little is known, and which are generally
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termed " macilage." By Btoring the oil in tanks for a long time, the water and the greater part of

the impurities are precipitated, forming at the bottom of the cistern a pasty mass known as " foots."

To accelerate the purification of the oil, and to remove at least a portion of the colouring matter,

various methods are in use. The action of sulphuric acid upon linseed-oil is not so favourable as

apon other oils. It is, however, sometimes employed, in the proportion of 2 parts of a mixtnre of

equal volumes of commercial sulphuric acid and water to 100 parts of oil. The dilute acid is

poured gradually into the oil, and the mixture is violently agitated for several hours. It is then

run into tanks, and allowed to settle. A concentrated solution of chloride of zinc has been

substituted for sulphuric acid in the proportion of about 1 J per cent, of the weight of the oil. When
the reaction is complete, steam or warm water is admitted into the liquid, in order to clarify it.

Oil treated in this way loses a considerable proportion of the colouring matter which it originally

contained. When the oil is to be used for white paint, it is sometimes bleached by exposing it to

the action of light. On a large scale, this is done by placing it in shallow troughs, lined with lead

and covered with glass. The lead itself appears to have some influence upon the bleaching of the

oil, for the decoloration is not so rapid if the troughs be lined with zinc. For small quantities, a

shallow tray of white porcelain or earthenware, similar to those in use for photographic purposes,

gives very good results, the white surface increasing the photo-chemical action. It is not quite

clear whether the presence of water accelerates the bleaching of oil by this method ; some manu-

facturers consider its presence necessary, others omit it. Various salts are added to the water, the

one most in use being copperas. (See also Oils and Fatty Substances, p. 1461.) However the oil

may have been prepared, it will, if kept for a long time, deposit a sediment. At first, this contains

mucilage ; but the sediment from old oil consists chiefly of the products of decomposition of the oil

itself. The presence of oxygen is not necessary for this decomposition ; but it is increased by the

action of light. Baw linseed-oil dries more slowly than boiled ; but the resulting film is more

brilliant and durable. Baw and boiled oil are therefore usually mixed in proportions varying

according to the time which can be allowed for the paint to dry, or to the properties required of the

film. For the ordinary kinds of paint, equal parts of boiled and raw oils are customary. Linseed-

oil heated to a temperature of 176J°-204J° (350°-400° F.) dries much more rapidly than in its raw
state. The maximum of drying power is, however, obtained by the addition of certain metallic

oxides, which not only part with some of their own oxygen to the oil, but also act as carriers

between the atmospheric oxygen and the heated liquid. This heating of tlie oil with oxides is

known as boiling, although the liquid is not volatilized without decomposition, as is the case with

water. At about 260° (500° F.), bubbles begin to rise in the oil, producing acrid, white fumes on

coming into contact with the air. The gas thus given off consists chiefly of vapour of acrolein

mingled with carbonic oxide. There is no advantage in heating the oil to a higher temperature

than 176i° (350° F.). Accurate experiments have shown that the drying properties of the oil are

not increased by heating it beyond this point, while its colour is considerably darkened. For the

finer qualities of boiled oils, it is essential that the raw oil should have been stored for some time, so

that it may be free from mucilage. This mucilage ia the chief source of the dark colour of some
boiled oils ; when heated, it forms a brown substance, which is soluble in the oil itself, and
extremely difficult to remove. The oxides usually added to the oil during boiling are litharge or

red-lead, the former being prefeiTed on account of its lower price. About 2-5 per cent, by weight

of the oxides or driers is gradually stirred into the oil after it has been slowly raised to a temperature

of obout 149° (300° F.). The stirring should be continued until the litharge is dissolved, or it would

cake on the bottom of the pan, and cause the oil to burn. Litharge may even be reduced to a

cake of metallic lead when the fire is brisk. Some pans are furnished with stirrers and gearing by

which the latter can be worked, either by hand or steam. The material of which the pans are

mode is either wrought- or cast-iron. Copper pans are sometimes used with the object of improving

the colour of the oil. Little is known respecting the chemical reactions which take place during the

boiling of oil. Even when the air is excluded during the process, the drying properties are greatly

increased, and, if boiled long enough, the oil is converted into a solid substance. The loss of weight

which ensues is dependent upon the temperature, and the time during which the operation continues.

It is less when the air is freely admitted than if the pan is covered with a hood. The vapours

given off by the oil are of an extremely irritating character, and should be destroyed by passing

them through a furnace. As their mixture with air in certain proportions is explosive, this furnace

should be situated at some distance, and the gases be conducted into it by means of an earthenware

pipe. (See also Oils and Fatty Substances, p. 1449.)

T. Holmes' apparatus for giinding pigments is shown in Figs. 1099 and 1100. The granite

roller A revolves against a feed-roller B, travelling in the opposite direction, and at a lower speed,

by which means, A feeds itself with the material to be ground. The roller A also works against a

concave granite block D, to which is communicated a slow reciprocating motion in a direction

parallel with the axis of the roller, thus assisting the grinding and equalizing the wear. A
"doctor" cleans the surface of A as the pigment accumulates upon it. Brinjes and Goodwin's

5
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machine ia shown in Figs. 1101, 1102, and 1103. The oil and pigments having been measured or

weighed, are placed in the trough h. This is provided with stirrers, similar to those in a pug-

mill, which are driven by means of the pulley I, m being a loose pulley ; by shifting the strap

on to this, the machine can be stopped at once. When the oil has been thoroughly incorporated

with the pigment, the mixture is allowed to run through the spout g on the roller a. Working

. against a, is a second roller h, and this in its turn bears upon a third roller c. In order to prevent

the grooving of the faces of the rollers, which always takes place when they revolve in the same

plane, there is an arrangement by which a slight lateral motion is communicated to 6, in addition

to the rotary motion. A pin fixed upon the rigid bracket k works in the grooved cam i, which is

keyed on the shaft of the roller 6. The grinding power of the machine is considerably increased

by this modification. The rollers are worked from the pulley d; the loose pulley e receives the

strap when a pause in the working of the machine becomes necessary. The details of the oon-
Btruotion of the grinding-machine are given in Fig. 1103. The rollers a 6 c are constructed of
granite or porcelain ; for fine grinding, the latter substance is preferable. They are adjusted by
means of the screws g h. These are furnished with spii-al springs, so that should a nail or other
hard substance get between the rollers, these can rise in their bearings, letting the nail fall

down at the back. The " doctor " or scraper / removes the paint from the surface of the roller c

:
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a b are also provided with smaller scrapers, which remove any paint that may cake upon tbeir

surfacea. Where extreme fineness is requisite, the paint is again passed through tlie machine, and
tills operation is sometimes repeated several times.

In working these or any other form of grinding-roUers, great care must be taken to clean them
thnroaglily immediately after use. If the paint be allowed to dry upon the surface of the rollers

it is difBcult of removal, and

interferes with the perfect 1103.

action of the machine. Should
the woikiog parts become
clogged with solidified oil, a
strong solution of caustic soda

or pdtanli will remove it. By
means of the same solutions,

porcelain rollers may be kept

quite white, even if used for

mixing coloured paints. Al-

though tlie colour of most pig-

ments is improved by grinding

them finely in oil, yet there are

some which suflTer in intensity

when their size of grain is re-

duced. Chrome red, for in-

stance, owes its deep colour to

the crystals of which it is

composed, and when these are

reduced to extremely fine frag-

ments, the colour is consider-

ably modiAed.

When paint is not intended for immediate use, it is packed in metallic kegs. The construction

of these, us made by B. Noakes & Co., is shown in Fig. 1104. For exportation to hot climates, the

rim of the lid is sometimes soldered down, a practice which effectually prevents access of atmo-

spheric oxygen. White-lead paint is frequently packed in wooden kegs; these prevent the dia-

ooloratiim sometimes caused by the metal of iron kegs. When paint is

mixed ready for use, it will, if exposed to the air, become covered with a

skin, which soon attains sufficient thickness to exclude the atmospheric

oxygon, and prevent any further solidification of the oil. The paint may be

still better protected by pouring water over it, or it may be placed in air-

tight cans. If it has been allowed to stand for some time, it must be well

stirred before using, as the pigments have a tendency not only to separate

from the oil, but also to settle down according to their specific gravity.

Of whatever nature the surface may be to which the paint is to be applied,

great care must be taken that it is perfectly dry. Wood especially, even

when apparently dry, may on a damp day contain as much as 20 per cent,

of moisture. A film of paint applied to the surface of wood in this condition

prevents the moisture from escaping, and it remains enclosed until a warm
sun or artificial heat converts it into vapour, which raises the paint and causes blisters. Moisture

enclosed between two coats of paint has the same effect. Paint rarely blisters when applied to

wood from which old paint has been burnt off; this is probably due to the drying of the wood

during the operation of burning. The first coat of paint applied to any surface is termed the

"priming-coat." It usually consists of red-lead and boiled and raw linseed-oil. Experience has

shown that such a priming not only dries quickly itself, but also accelerates the drying of the next

coat. The latter action must be attributed to the oxygen contained in the red-lead, only a small

portion of which is absorbed by the oil with which it is mixed. The drying of paint is to a great

extent dependent upon the temperature. At a temperature below the freezing-point of water

paint will remain wet for weeks, even when mixed with a considerable proportion of driers ; while

if exposed to a heat of 49° (120° F.), the same paint will become solid in a few hours. The drying

of paint being a process of oxidation, and not evaporation, it is essential that a good supply of fresh

air should be provided. When a film of fresh paint is placed with a certain quantity of air in a

closed vessel, it does not absorb the whole of the oxygen present ; but after a time, the drying

process is arrested, and the remaining oxygen appears to have become inert. Considerable

quantities of volatile vapours are given off during the drying of paint; these are due to the

decomposition of the oil. When the paint has been thinned down by means of turpentine, the

whole of this liquid evaporates on exposure to the air. There must, therefore, be a plentiful access

5 '! 2



1556 POTTEEY.

of air, both to remove the vapours formed, and to afford a fresh supply of active oxygen.^ The

presence of moisture in the air is rather beneficial than injurious at this stage. Especially in the

case of paints mixed with varnish, moist air appears to counteract the tendency to crack or shrink.

Under the erroneous impression that the drying of paint is a species of evaporation, open fires are

sometimes kept up in freshly-painted rooms. It is only when the temperature is very low, that

any benefit can result from this practice ; as a rule, it rather retards than hastens the solidification

of the oil, which cannot take place rapidly in an atmosphere laden with carbonic acid. The first

coat of paint should be thoroughly dry before the second is applied. Acrylic acid is formed during

the oxidation of linseed-oil, and unless this be allowed to evaporate, it may subsequently liberate

carbonic acid from the white-lead present in most paints, and give rise to blisters. Sometimes a

second priming-coat is given ; but usually the second coat applied contains the pigment. This,

as soon as dry, is again covered by another coat, and subsequently by two or more finishing-coats,

according to the nature of the work. Before the first coat is applied to wood, all holes should

be filled up. The filling usually employed is ordinary putty. This, however, sometimes consists

of whiting ground up with oil foots of a non-drying character. When the films of paint are dry,

the oil from the putty exudes to tlie surface, causing a stain. The best filling for ordinary

purposes is whiting ground to a paste with boiled linseed-oil. For finer work, and for filling

cracks, red-lead mixed with the same vehicle may be employed. There is no advantage in laying

on the paint too thickly. A thick film takes longer to dry thoroughly than two thin films of the

same aggregate thickness. Paint is thinned down or diluted with linseed-oil or turpentine. The
latter liquid, when used in excess, causes the paint to dry with a dull surface, and has an injurious

cifect upon its stability. Sometimes the last coat of paint is mixed with varnish, in order to give

it greater brilliancy. In this case, special care must be taken that the previous coats have

thoroughly solidified, or cracks in the final coat may subsequently appear. The same remark

applies when the surface of the paint is varnished. The turpentine with which the varnish is

mixed has a powerful action upon the oil contained in the paint, if the latter is not thoroughly

oxidized. The exterior of the paint is thus softened, and the varnish is enabled to shrink and

crack, especially in warm weather.

The method of applying paint by means of brushes is too well known to need description
;

but a few words as to the proper treatment of the brushes may not be superfluous. The bristles

are frequently fastened together by means of glue or size, which is not perceptibly acted upon
by oil, and if brought into contact with this liquid alone, there would be no complaints of loose

hairs coming out and spoiling the work. It is a common practice to leave the brushes in a paint-

pot, in which the paint is covered with water to keep it from drying. The brushes are certainly

kept soft and pliant in this way ; but at the same time the glue is softened, and the bristles come
out as soon as the brush is used. After use, brushes should be cleaned, and placed in linseed-oil

until again required, when they will be found in good condition. Treated in this way, they will

wear so much better that the little additional trouble entailed is amply repaid.

W. P. K.

POTTERY (Fk., Poterie ; Ger., Tiipfericaare).

The order in which the branches of the subject will be treated is as follows :—Definition and
General principles ; Raw Materials and their Preparation ; ThrowingTwheels and Lathes

; Kilns or

Ovens, and Muffles ; the various Wares—Fire-ware, Stone-ware, Earthen-ware, Terra-cotta, Tiles,

Porcelain, and China ; Processes of Decoration.

Definition and General Principles.—Every ware made of clay, or of a mixture iu which clay

is the chief ingredient, and hardened by heat, may be regarded as a species of " pottery." There
are many varieties of clay (see Clay, pp. 635-40), all of which have been formed by the disintegration

of felspathio and silicious rocks, and consist of hydrous aluminic silicate mixed with small and
varying proportions of other materials derived from the same sources. A clay adapted to the
manufacture of pottery must be plastic, and must become hard under the influence of heat.

Plasticity is an attribute of hydrous aluminic silicate, and is developed by the mechanical mixture
of this body with a limited quantity of water. Clay is insoluble in water, but may be diffused
through it in a state of extreme subdivision, and regains plasticity when the excess of water is

removed. If a clay be exposed to a high temperature, artificially produced, and be rendered
anhydrous by the removal of water previously held in chemical combination, it can never regain
plasticity by mechanical mixture with water.

Hardening is produced (1) by the removal of water mechanically mixed with the clay, (2) by the
removal of water, and sometimes of carbonic acid, chemically combined with the clay, (3) by the
closer juxtaposition of the particles ot the cl-ay, due to the fusion of a part of the ingredients. Some
clays, when exposed to the full heat of a pottery-kiln, fuse readily throughout their substance, owing
to the presence of other materials in addition to the aluminic silicate. Aluminic silicate is by itself
practically infusible, but when exposed to an intense heat in the presence of free silica, tcether
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with calcic, Bodio, potasaio, magncsio, ferric, or fenous oxiiles, it uuitea, wholly or in part, with the
silicates formod from theau iuRrcdicnts, to create a readily fusible glass. Most natural clays
ciintain frur hydrona silica, together with one or more of the oxides mentioned, and the quantity of
aluminio silicate whic'li can be rendered fusible is determined by the quantity of silicate-forming

ingredients incorporated with it. Felspar, which is a natural glass, and from whose decomposition,
certain clnys are formed, is built up of equivalent parts of aluminic silicate and of potassic, sodic, or

calcic silicate. The fusibility of a clay is greater or leas as its composition approaches or recedes
from the proportions observable in felspar.

Solidiflcation necessarily implies contraction. Pure aluminic silicate, when artificially heated,
shrinks excessively, and splits into fragments. The purest clays are the most infusible, and at the

same time are the moat liable to fracture and distortion nnder the influence of heat. Very few clays

in their natural state are free from intermixture with iron. The form in which iron commonly
appears is that of tho yellow or brown hydrous ferric oxide. The presence of iron in an unburnt
clay is often concealed by organic colouring matter ; but exposure to a moderate heat destroys the

organic matter, and discovers the pink or red colour of the anhydrous ferric oxide.

Certain impure natural clays may be employed in the manufacture of the coarsest descriptions

of pottery, coherency being produced either by tie plasticity of the clay and the simple removal of

mechanically mixed water, as is the case in oriental sun-baked ware ; or by the removal of both

mechaniouUy and chemically mixed water, together with the incipient fusion of part of the

ingredients, provided tliose results are attained at a low temperature. Resistance to high tempera-

tures, regularity of form, impermeability, purity of colour, and translucency can only be gained by
the use of mixtures so constituted that the qualities, which are not supplied by the natural clayi

are yielded by materials artificially introduced. A perfect mixture must be sufficiently plastic,

when water is added, to facilitate manipulation ; sulBoiently infusible to resist collapse by fusion,

when exposed to the heat requisite to produce hardness; sufficiently stable to resist excessive

shrinkage and distortion ; sufficiently fusible to become impermeable, and, in some cises, trans-

lucent ; and sufficiently free from iron when the colour obtained from iron is not wanted, to be

colourless or almost colourlsss after burning. A mixture for pottery is at the best a well-balanced

mechanical arrangement, and cannot be regarded or represented as a chemical compound.

The value of the separate materials depends as much upon physical aggregation as upon

chemical composition, and their qualities must be determined both by analysia and by direct

experiment. Analyses and experiments must be constantly repeated, inasmuch as the materials

consist principally of natural products, and not of artificially produced chemicals. As tho mixtures

for different wares must vary according as the physical or chemical natures of the raw materials

vary, recipes and even analyses of wares are of little practical use. For white or light coloured

goods, as well as for those intended to withstand high temperatures, pure clays are used. The
distortion and fracture, due to excessive or irregular shrinkage, to which wares made from pure

clays are especially liable, may be considerably reduced by the introduction of an infusible

anhydrous substance, in such proportion as not to interfere materially with the plasticity of the clay.

The substances employed are, for common ware, sand or a proportion of a grittier and less fusible

clay ; for fire-ware, graphite or burnt fire-clay ; for domestic and sanitary ware, calcined flint ; and

for ornamental ware, bario sulphate or calcic phosphate. If a mixture be manipulated in a state of

liquidity, and the resultant ware be brought to a vitreous condition by heat, the total shrinkage

may amount to as much as 30 per cent. If wares are required to be impermeable or translucent,

the infiisibility of a pure clay, and the increase of infusibility caused by the introduction of an
infusible foreign substance, must be compensated by the addition of a proportion of a glass-forming

material of felspathio nature. By varying the proportion of this ingredient, wares may be obtained

in every stage between porosity and translucency, and proportionately differing from or resembling

glass in their physical properties.

The nature of wares depends in a great measure upon the temperature to which they are

exposed. With a gradually increasing temperature, the same mixture may successively assume

the texture and character of sun-baked ware, terra-cotta, stone-ware, porcelain, and glass. Intense

and prolonged heat will convert the external crust of a Stourbridge-clay (see Clay) crucible into

translucent porcelain. In artificial mixtures, the proportion of glass-forming ingredients is

purposely kept so low that the surface of the ware, even after exposure to the full heat of the kiln,

remains rough and absorbent. For most decorative, domestic, and sanitary purposes, it is necessary

to cover this surface with a smooth, non-absorbent film ; this result is practically gained by covering

the surface of the ware with an extremely thin layer of glass. For certain common wares, whose

composition renders them unfitted to resist a high temperature, and which would otherwise remain

porous and incoherent, a film of glass serves the double purpose of a glaze and a bond.

Wares are coloured by metallic oxides. The common red, brown, and yellow tints are due to

ferric oxide, whether naturally present or artificially introduced. The colours which may be

obtained by the use of iron compounds depend upon the temperature to which the wares are
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exposed, the atmosphere in which they are burnt, and the constituents of the ware. If the

temperature be low, and free access of air be permitted, the ware is tinted by the natural colour of

the anhydrous ferric oxide ; if, however, there be present an excess of calcic or magnesio oxides, the

tints are greatly modified. If organic matter be present in large quantity, or if the ware be exposed

to a strongly reducing atmosphere, the ware may be tinted black or grey, owing to the conversion

of the ferric into magnetic oxide. At a high temperature, in an oxidizing atmosphere, and in the

presence of glass-forming materials, the substance of the ware will be tinted yellow by the colour of

the glass with which the ferric oxide has combined. If, however, the ferric oxide be reduced to the

ferrous condition, the ware will be tinted green. All the metallic oxides which are used for colouring

glass (see Glass, pp. 1083-4) may be used for pottery. If the temperature be low, or if no glass be

formed in the ware, it will be coloured by the natural colour of the anhydrous oxide ; if, on the

otljer hand, the temperature be high, and if a glass be formed, the ware will receive the same

colour as a glass would receive under similar circumstances. Advantage is taken of this fact to

neutralize, by the addition of a minute trace of cobaltio oxide, the tints produced by ferric or ferrous

oxides. The infusible substances introduced into mixtures in order to reduce shrinkage, being

generally of a white colour, heighten the whiteness of the wares produced.

For all manipulative processes, it is necessary to reduce the raw materials to a fine state of sub-

division, either by grinding, or by diflusion in water. Wares whose difi'erent ingredients have been

reduced to different degrees of fineness, even though the difference be imperceptible, are rendered

more solid, and are better fitted to resist the temperature of the kiln, as well as the changes of

temperature to which they may be afterwards exposed. Wares are produced from suitable mixtures

(1) in the state of dry or slightly moistened powder, (2) in a plastic condition, (3) in a liquid state.

In all processes of manipulation, care must be taken that the body of the ware be homogeneous

throughout. Inequality of pressure, by disturbing the homogeneity of the substance, is a fruitful

source of disfigurement and fracture. Although no trace of irregularity may be apparent in the

unburnt ware, it will, if present, be discovered by the ordeal of fire. After manipulation, wares are

gradually dried, and solidified by exposure to heat in suitably-constructed kilns. Glazing and the
different processes of decoration generally require one or more additional firings.

The average proportion of fusible to infusible ingredients in different wares is approximately
illustrated in the following table of the results of analyses :

—
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Table op Besults op Analtses op Samples op Different Clays.

Kaolin
Comisb.

Kaolin
S. Yrleta.

Stourbridgel Dorsetshire ' Devonshire
FireKilay. ' CUiy. CUy.

Silica

Alumina
Iron

Calcic oxide
MBgnesic oxide
Sodic and potaseic oxides'!

Water /

46-32
39-74
0-27
0-36
0-44

12-67

48-37
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blungers driven from the centre. The pans are so arranged that the mixture is forced to pass

successively from one to the other, by which means, friction and agitation of the mixture are

increased.

Class If. Glass-forming Materials.—Felspar, which maybe regarded as a natural type ofa glass

(the potassium felspar being represented approximately by the formula K^O, AljO,, 6 SiOj), is

used both as a glaze and as a glass-forming ingredient in the body of porcelain. It is generally

obtained from Sweden, in masses of a salmon-red colour. It becomes white when calcined.

Cornish stone is used for almost all English wares, both in the body and the glaze; it is «.

granite, in which the constituent felspar has been partially decomposed, but which retains sufficient

alkaline silicate to render the mass

fusible. It is quarried at St.
jj^Y

Stephen's, in Cornwall, whence

some of the best English kaolin is

also derived. Pegmatite is a form

of the same rock, but in a more

advanced stage of disintegration ;

whereas granite consists of inter-

mixed crystals of quartz, mica, and

felspar, pegmatite retains no mica,

and but a trifling proportion of

quartz. Felspar, Cornish stone, and
pegmatite are exceedingly hard, and

are ground and diffused in water by
mills of peculiar construction, illus-

trated in Figs. 1107-8. Fig. 1107

is a vertical, and Fig. 1108 a hori-

zontal section of the mUl ; the ex-

ternal wrought-iron case or pan A is

protected from injury from the grind-

ing stones by an internal ring ; B is

the floor-level, and P is the shaft

driven from below. The base of the

pan is paved with blocks of chert,

and the pavement slopes from the

circumference towards the central

shaft. To the shaft, are bolted, by
the bolts E, the curved arms S. The
shape of the arms F G is shown in

Fig. 1107 ; to these, and to a con-

necting-bar M, the boards C are

fastened, as shown at K. Blocks of

chert H are chained to these boards,

and are carried round by the arms.

When the substance to be ground
and the water have been introduced

into the pan, and motion has been
communicated to the shaft, grinding

takes place between the contiguous

surfaces of the blocks and the pave-

ment.

To the glass-forming ingredients

already mentioned, must be added the

carbonate and oxide of lead, sand,

borax, and the carbonates of sodium
and potassium.

Class III. Indifferent Substances which do not contribute Plasticity or Translucency —Flint
are obtained from the upper strata of the chalk. Those nodules are preferred which are black
compact, and free from iron and incrustation. When exposed to an intense heat flint burns to a
pure white. The whiteness and stability of the calcined flint are availed offer neutralizing the
colour and contraction inherent to clay. Calcination is effected in a kiln similar to that represented
in section in Fig. 1109: A is the ground level, with the chimney or cone rising from it- P the
charging-door

;
B, the grate for supporting the layers of coal and flint introduced through the doorP

;
E^the stoke-hole. The calcined flints are removed by withdrawing the bars of the grate B
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The masses of calcined flint are reduced to powder in a " stamping-mill " or a " crusher." The former
consists of a row of vertical, heavily-weighted, iron clubs or stamps, with projections on their upper
extremities. These projections are successively caught and released by cogs fixed at intervals upon
the surface of a horizontally-revolving cylinder ; each stamp is raised and allowed to fall as its

projection is caught by or released from a cog, and the flint introduced beneath is gradually pul-
verized by its descent. The crusher shown in section in Fig. 1110

grinds successive charges of flint between its iron jaws H J. nog.
The jaws are opened and shut by mechanism represented in

the figure. The flint, reduced to a coarse powder, requires to

be reground and mixed with water in a mill with stone runners,

whence the mixture issues as a pure white creamy liquid.

Bone-ash (calcic phosphate) is obtained by the calcination of

bones, those being preferred which contain the smallest pro-

portion of oxide of iron. The bones are generally freed from
grease by boiling (see p. 1449), and calcined in the same manner
aa flint. In some cases, however, the grease is allowed to re-

main in the bones, and to act as an auxiliary fuel. Calcination

is considered complete when the bones are perfectly white, and
adhere to the tongue. They are crushed and ground with

water. Bone-ash is the characteristic ingredient of English

china.

Graphite is used in combination with fire-clay, for the

manufacture of crucibles, and other apparatus employed in

metallurgical operations (see Graphite, pp. 1087-93).

Class IV. Colouring Agents.—These are exclusively me-
tallic oxides and metals (see under Decorative Processes,

p. 1597).

Thbowing-wheels and Lathes.—The essential part of a throwing-wheel is a horizontal disc,

rigidly fixed to a vertical spindle. Rotary motion may be conminnicated to the spindle in a variety

of ways. Fig. 1111 represents probably the oldest form of throwing-wheel not turned actually by
the thrower's hand. The large wheel a is turned by an assistant, and communicates a vertical

motion to the driving-

band 6. By turning
*""'

the band, vertical

motion is converted

into horizontal motion

for driving the pulley

d rigidly attached to

the lower part of the

spindle. A pedal c is

shown, which is under

the control of the

thrower's foot, and

which impends over the

driving - band. The
pulley is conical, and

by depressing the

pedal, and conse-

quently the band, the

thrower can, to a cer-

tain extent, regulate

thespeedof the spindle,

and can stop it alto-

gether by throwing the

band oS the pulley.

The speed, however, is

mainly regulated by signs and words addressed by the thrower to his assistant. Fig. 1112 shows a

wheel which is turned by the pressure of the thrower's foot upon a large horizontal wheel, rigidly

attached to the lower part of the spindle.

Figs. 1113, 1114 show respectively a throwing-wheel, and a moulding-wheel or jigger-head,

both driven by steam power, and in both of which the speed is regulated on the same principle.

In Fig. 1113, motion is communicated to the pulley G by a band running upon an overhead drum,

which is driven by a steam-engine placed in any convenient position ; G revolves in a perpendicular
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plane, and communicates similar motion to the large solid wheel D through the axle E; His a

friction-wheel, which is in contact with the wheel D, and rigidly attached to tlie spindle «, wmcli

turns the disc C. H can be vertically raised or lowered over the face of the wheel D, by tl^e rod ±t,

turning on the axis L, and counterpoised by the weight S. The thrower sits on the frame A
;
tne

motion of the wheel D in contact with the friction-wheel H causes the spindle and disc to revolve.

By depressing the weight S, the friction-wheel can be raised into a position opposite to tlie centre of

the wheel D, and inasmuch as the speed in the centre of a wheel is less than at its circumference, the

speed of the disc may be reduced. In the same manner, by raising the weight, the speed of the disc

can be increased. In Fig. 1114, C is the jigger-head, and M is a stirrup, into which the operator can

insert his foot, and depress or raise the rod R. The other letters represent the same parts as in

Fig. 1113. In Fig. 1115, a throwing-wheel is shown without any seat for tlie thrower; but liia
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by menus of a largo treadle worked by an assistant, who is usually a young woman. lu modern

potteries, the wheels, lathes, and jiggers are, as far as possible, so arranged that they can all be

driven by one endless band, passing round the whole building in which thty are placed, and driven

by steam power. The band may be either above or below the floor.

KiLKs OB Ovens, and Muffles.—The two important processes for which ovens are required

are (1) the hardening of ware, and (2) the fixing of glaze upon its surface. Wares, afttr manipu-

lation, and a preparatory course of

drying, are inserted in deep fire-

clay trays (" saggers "), which are

piled up in columns on the floor of

the oven. After exposure to the

heat of the oven, the ware is found

to be hard, but, at the same time,

porous in greater or less degree,

and possessing a surface which is

rough and usually absorbent. An
absorptive or rough surface is well

suited to receive certain forms of

decoration, and especially the

glaze which is applied in a liquid

state. The arrangement of an

oven for firing the glaze is similar

to that used for hardeuing the

ware, and differs only in size, the

hardening-oven being consider-

ably larger. The latter is techni-

cally termed the " biscuit-oven,"

and the ware after burning is said

to be " biscuit-ware ; " whereas the oven for firing tlie glaze is generally called the " glost-oven."

In the glost-oven, the interstices between the saggers are luted with plastic clay. The old-

fashioned biscuit- or glost-oven consists mainly of a dome, situated within a large conical chimney

or " hovel." Round tlie base of the dome, or oven proper, project 8-12 fire-places, with ash-pits

sunk below the level of the ground-line. The fire-places arc charged from above, and the open-

ings for charging can be closed at will. The flame and heat from each fire-place enter the oven by

two flues, tlio one vertical, the other horizontal ; dampers inserted in the outside walls of the vertical

flues regulate the introduction of air. The horizontal flues pass under the floor of the oven, and

converge to a vertical common central flue, by which the heat enters the oven. The smoke and

producU of combustion pass througb openings in the upper part of the dome, into the chimney or

hovel which surrounds it. In Kobeys oven, the flame and heat enter by horizontal flues con-

verging to a central opening in the floor, but the dome beicg closed during the prucess of firing,

they are reflected back upon the eaggers, and the products of combustion pass away by apertures
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in the floor between the central opening and the wall of the oven, these apertures communicating

with a circular flue, which discharges itself into an external chimney-shaft.

Pigs. 1117 to 1119 illustrate the construction of Minton's patent oven. The figures represent

respectively a vertical section of the oven, a horizontal section through the fire-places and the under-

ground horizontal flues, and a section of an upright flue where it meets the trial-holes. The grate-

bars a have temporary brick partitions to prevent the fuel falling into the ash-pit e; bare the doors by

which the fuel is introduced ; c, the fire-places and vertical

flues by which the flame is directed towards tlie upper part

of the oven/. The vent m being closed, the heat is re-

flected to the floor g, and the products of combustion,

passing through several openings in the floor h, into the

horizontal flues i, escape through the vertical flues ^', into

an upper chamber n, and tlience into the atmosphere

by the chimney k. The small openings m above the

cliarging-doors act as dampers for regulating the ad-

mission of air, necessary to ensure complete combustion.

/kl

i :.]

The upper vent m, as well as the flue communicating with central vent A, is opened when the
firing has been completed, to assist in cooling the ware. The upper chamber helps to equalize
the draughts of the different fire-places. The advantages claimed for this oven are (1) saving of
space by doing away with the external hovel, as weU as the projecting fire-places, (2) saving of fuel
(3) complete combustion of the fuel, and consequent prevention of nuisance.

'

For ware which is hardened and glazed in one firing, the glaze being produced by the combina-
tion of volatilized salt with the material of the surface of the ware, ovens are constructed with ports
which can be opened or closed at will, or the openings in the crown of the oven are utilized as well
as the fire-places for the introduction of the salt. Wares glazed by this process are exposed with
out saggers to the full heat and flame of the fires. Coal with a small proportion of coke is used as
fuel. Figs. 1120 to 1123 represent respectively the exterior, vertical section, and horizontal sections
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through the flre-placos, and throagh the crown of the oven, showing the apertures or ports, of an
ordinary np-<1rauglit salt-gloze oven. In Figs. 1124 to 1126, arrangements are shown by which an
up-draught oven may bo converted into a down-draught oven. The burning-chamber a ia enclosed
at the top by the arch 6, the apertures in which liave been closed by tiles, but may be opened for

tlic introduction of salt ; c are the fire-places, the flume entering the oven indirectly through the

m 1,JU_XJLJL_1U 1]

small apertures in the vertical flues c. Fire-clay blocks, placed on end on the floor of the oven to

support tlio ware, are so arranged as to leave intervals for the escape of the reflected gases into the

underground horizontal flues /, whence they escape through the two horizontal flues g intc p the flue i,

wliich enters the chimney above a valve e, so as to allow the space D to be used for a drying-room

or for burning terra-ootta.

Fi^s. 1127, 1128, and 1129 illustrate the application of the principle of Siemens' gas-furnaces to

the burning of pottery. Fig. 1 127 shows a longitudinal teclion through four connected ovens ; Fig.

1128, a sectional plan of the same; and Fig. 1129, a transverse section of the fourth oven. The
objects represented in the ovens are bricks, but pottery can be burnt with equal facility. The four

ovens A' A'' A' A' are connected with the gas-generator, the air, and the chimney, in the following

manner. The bottom of A' communicates with tlie top of A' through the passage a' ; the bottom

of A^ with the top of A' by a' ; the bottom of A' with the top of A* through the passage a' ; and
the bottom of A' with top of A' by passages x and a*. Slides c^-c* for dampers are provided

in each of the passages a^-a*, but there is only one damper for all the four passages, and it is

consecutively placed in each. An underground flue B* (Fig. 1129) passes from the gas-generator

olong the front of all four ovens, before each of which it opens into the vertical shafts D'-D*,

which are closed at the top, and from which, branch the pipes E'-E*. These pipes enter the

centre of the side of each oven, and branches e'-e* on the snme also enter into the passages

already mentioned. All these branches are provided with valves, actuated by the levers 6'-6*,

by means of which, the gas can either be admitted through the passages a'-a* into the top of

the oven, or through the branches E'-E* into the middle of the ovens, or the gas can be shut

off altogether. When the ovens are filled with ware to be burnt, tubes F'-F'', with perforations,

are placed in them, in such a position that the gas, when entering the ovens through the pipes

E'-E', passes into these tubes, and is thus more equally distributed. Each of the ovens is also

provided with an aperture G'-G* at the bottom, connecting it, by means of a branch, with the

flue H conducting to the chimney-shnft ; each of the openings can be closed by dampers g^-g*.

A large opening I'-I* is provided at the top of each oven, for the purpose of filling and

emptying it ; each of these is temporarily bricked up when the oven is at work, but the one being

open where the oven is being charged, admits air to assist combustion of gas in the oven that is

being fired. If ware in A' is being fired, and A' has been recently filled, and is being heated pre-

paratory to firing, and A' is being emptied and filled afresh, and A' has been fired and is cooling,

then the action throughout is as follows. All the passages from the gas-generator to the ovens

are closed, except e' ; the dumper will be placed in passage a', and all communications with the
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flue H leading to the chimney will be closed except G' ;
gas enters at the t»p of A' through a*

;
at

the same time air enters through tlie open oven A', passes through A', and becomes considerably

heated ; then passing through the passage X to the oven A', it mixes with the gas, and causes com-

jpmtata

bustion. The products of combustion pass

through a' to the top of oven A', thence

through opening G into flue H conducting

to the chimney. Each oven is charged,

fired, and cooled in rotation. To facilitate

the circulation of the heat, the wares or

saggers are placed upon fire-clay blocks /,

separated by suitable spaces.

Continxious firing may be attained by

causing the base of an oven to pass through

fixed zones, in which the ware on the base

of the oven is successively warmed, fired,

and cooled. For this purpose, the oven is

annular in form, and is heated by gas on

the regenerative principle. Fig. 1130 is a

vertical section, and Fig. 1131 a plan, of

the annular oven. In Fig. 1130, T^ is the

annular floor or table, having a refractory

facing, and being mounted on wheels t,

which run on circular rails. On the

under side of the table T, is a rack, gearing with a wheel on a shaft W, by turning which,
the table is caused to revolve in the direction of the arrow (Pig. 1131). The wheels and
axles of the table are protected from excessive heat by flanges attached to the sides of the table,
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and dipping into troughs of sand a. The annular chamber in which the table revolves is

divided into four zones, namely, one for introducing or removing the ware, one for warming, one

for burning, and one for cooling the ware before removal. The warming and cooling zones are

interchangeable by means of two sets of apertures p, through either of which the gas and air can be

1127.

introduced at will. If Uio gas find nir enter by tlie npcrtures on the rifrht, the flame swopp9

through tlio heating zone X, anil the products of combustion fscape through tlie apcrturfs on the

left, and heat the regenerator witli wliich they are connected. When tlie left regenerator is

heated, and the right regenerator connected with the apertures on the right ia cooled, tlie gas is

^sm

introduced by the apertures on the left, and the products of combustion pass into the right

regenerator. Whilst the flame passes from right to left in the zone X, the adjacent zone is heated

by opening the flue Z, and drawing part of the flame in that direction, the adjacent zone being

in this way converted. into a wanning zone; wliereaa when the flame passes in an opposite direc-
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tion, and the flue Y is opened, the zone about Y is converted into the warming zone, and the zone

about Z into the cooling zone. The warming and cooling zones are separated from the cold zone

O by means of sliding valves M. Ware to be burnt is placed upon the part of the table O, the

valves M are raised, and the table conveys the ware away from O. As the table is caused gradually

to revolve, fresh wares are introduced, and burnt wares are removed at O. At each movement of the

table, both the valves M require to be raised.

Closed Kilns or Muffles.—Biscuit-ware is very commonly printed with a colour mixed with a

medium of a dense oily nature. This oil must be removed from the ware before the liquid glaze can

be evenly spread upon its surface. The removal is effected by placing the ware in a closed chamber

or muffle, beneath and around which, heat is du-ected by flues suitably disposed. This process is

known technically as " hardening on," and the kiln used for this purpose as a " hardening-on

kiln." A smaller muffle and kiln constructed on the same principle is used for fixing enamel,

painting, gilding, silvering, and other forms of applied

decoration to the surface of a glazed ware. The wares

in either case are placed in the muffles without saggers

or other protection, the fronts of the muffles, which are

removable, are replaced, and all openings are luted with

fire-clay, except such as are necessary for observing the

course of the fire.

The manager of the Royal Worcester China-works

has patented an arrangement for heating a small muffle by means of the ordinary town gas supply.
A series of tubes c (Fig. 1132) is connected with the main, and terminates in groups ofburners • the
heat from each group is received into a separate compartment e, formed under the bed of the
muffle b, a being the outer wall of the kiln. The heat from the separate compartments e is

conducted by separate flues, passing in various directions about the muffle, into a common chimney
above.

Fig. 1133 shows two or more kilns containing muffles connected with a central chimney-stalk

:

A is a muffle built of overlapped tiles
;
B, the kiln in which the muffle rests, showing the ports

for directing the flame and heat from tlie fire-place beneath to play upon various parts of the
muffle ; D, auxiliary flues ; E, the main flue passing into the central shaft H ; F Y, dampers •

I, the entrance to the shaft for the stokers, as the fire-places are charged from within the shaft.
Although it is impossible to divide pottery into accurately distinct species, it will be convenient

to classify the different kinds of ware in the following manner :

—

I. Wares rendered coherent by the removal of the water mechanically combined—Sun-baked
wares.

II. Wares hardened and rendered anhydrous by artificial heat, but the porosity of which is
unaffected, owing to the infusibility of the ingredients—Crucibles, Sagfers.

III. Wares fii-ed at a comparatively low temperature, and porous in texture—Bricks, Majolica
Teria-cotta, Drain-pipes.

IV. Wares fired at a high temperature, and dense in texture, but perfectly opaque—Stone-ware,
Earthenware.

V. Wares rendered translucent by the fusion of an incorporated felspathic glass—English china
Parian ware, true Porcelain.

'
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Fire-ware.—In selecting olays for the manufacture of iire-ware, particular attention must be
piiil both to their chemical nature and to their physical aggregation. Fire-wares are required
mainly for three purposes:—(1) To withstand great altemationB of temperature, as in the cases of
saggers

; (2) to resist intenseheat, without shrinkage or fusion, and, at the same time, to retain heat
with as little loss as possible, as in the case of furnace-bricks

; (3) to resist an intense external heat,

aooompaiiied by the internaj corrosion of metals or other substances in a state of fusion, as in the

case of crucibles. The refractoriness of a fire-clay may be estimated by the result of an analysis.

If the proportion of foreign matter, that is to say of the alkaline, calcic, mngnesio, and ferric oxides,

exceed 4J per cent., the clay is unsuitable for furnace-bricks or crucibles. No faith must be placed

in the colour of a fireclay, as the appearance of whiteness may be due to an excess of calcic oxide.

The relative shrinkage of a sample of fire-clay, whether by withdrawal of moisture or by fusion, is a

point demanding particular consideration in the selection of clay for the manufacture of furnace-

bricks and crucibles ; it is best determined by making a brioli of the clay under examination,

breaking it in half, and burning one half whilst retaining the other for comparison. If the burnt

and unburnt halves fit together exactly, the sample may be pronounced satisfactory. The liability

to corrosion is best determined by making small experimental crucibles of the clay, and fusing in

them such substances as borax and plumbic oxide. If the corrosion in a given time be excessive,

the clay must be condemned as unfit for metallurgical purposes. The importance of physical

aggregation rests upon the fact that a coarse, porous, brittle ware withstands changes of tempera-

ture better than a dense one ; whereas a smooth, dense ware is better fitted to withstand corrosion,

and to retain heat. A clay is rendered naturally porous by the presence of an excess of sand

;

the same result, however, may be attained or increased artificially by coarse grinding, and by the

addition of the coarse powder of burnt, broken, fire-clay ware, or of a foreign refractory or infusible

substance, such as graphite.

Saggers.—Saggirs are not required to withstand a very intense temperature for prolonged

periods, nor tlie coiTosive action of fused material ; the economy, however, of a manufactory depends

in some measure upon the possibility of using them several times, and upon their withstanding,

without breaking, repeated heating, cooling, and reheating. As the saggers in a kiln are pUed in

columns, the result of the breakage of one sagger during firing may be disastrous. Considerable

core is therefore expended upon the selection and preparation of fire-clays for sagger-making,

but their purity is inferior to the fire-clay used for crucibles and fire-bricks. The mixture

generally employed consists of inferior fire-clays, together with a proportion of the powder of

broken burnt saggers.

Tlie fire-clays, after arriving at the works, are exposed in heaps to '' weather " for as long a time

as possible (see Clay— Fire-clay, p. 639). When required for use, the clay and broken saggers are

coarsely ground under iron wheels working upon an iron revolving base. The mixture is then

thrown through a grating into a circular underground tank containing water, and is crushed and

mixed with the water by the revolution of a horizontal-bladed wheel. When the liquid mixture

has been tested, and found to be sufficiently dense, it is run through a long imperceptibly-sloping

trough, in order that the coarser grit and particles of iron may be precipitated by gravitation, and
5 u
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be intercepted by depresBions arranged in the trough at regular intervals. From the trough, the

mixture passes into a steam-jacketed iron tank, in which it is reduced by evaporation to a suitable

consistency for manipulation. The surplus heat from the tank is utilized in the drying-rooms.

The plastic clay is removed from the evaporating-tank, and, in order to ensure a close-grained

and tenacious mass, is either repeatedly rolled and beaten by manual labour, or passed through a

mill (" pug-mill "), in which it is mixed, pressed, and kneaded by the revolution of a cylinder

armed with splayed knives, and from which it is finally driven in a continuous compact stream of

the exact form of the orifice from which it issues. The stream of clay is cut into blocks, which are

carried wherever they are needed for manipulation.

Saggers are manufactured in different ways, according to the different purposes for which they

are intended. They may be moulded by hand on large potters' wheels, or whirling-tables, in the

same manner as deep hollow ware is formed, or the bases and sides may be formed separately. The
bases are formed by beating the plastic clay into iron rings of the same shape, but of larger

circumference than that of the saggers of which they are to form part.

The sides of small saggers may be made from lengths cut from » cylinder issuing from the

annular opening of an expressing-machine (compare Stone-ware), and may be cemented by liquid

slip on to bases formed as described. The sides of large saggers are formed from strips of the clay

mixture which have passed under a roller-press. The press consists of three parallel iron cylinders,

supported so as to impend over a movable iron table. The blocks of clay are placed in shallow

troughs of varying width, resting upon the iron table. The table can be moved backwards and

forwards beneath the cylinders, and carries with it the troughs and their contents. The cylinders

are caused to revolve by the resistance offered by the clay, which, at the same time, is evenly

spread and compressed. The depth of the troughs forms a gauge for the thickness of the clay.

The strips of compressed clay are now removed, and wound round wooden drums, which rest upon
the sagger bases, but in such a manner as to leave a margin to which the sides can be attached.

The side is attached to the base by kneading with liquid slip, and the edges are united in the same
manner. The saggers thus formed are dried and baked.

Fire-bricks.—The consideration of the manufacture of fire-bricks and shaped blocks for the con-

struction of furnaces hardly falls within the scope of this article. Suffice it to say, that the im-

portance of non-liability to shrinkage in ware of this description rests upon the fact that the

greater part, and especially the crowns and beds, of furnaces intended to resist intense and pro-

longed heat, are built of green or unbaked material. (See Glass, p. 1049 ; also Spons' Dictionary

of Engineering, article Brick.)

Crucibles.—Crucibles are generally formed from a mixture of almost pure fire-clay (compare
analyses, p. 1559), with a greater or less proportion of fire-clay specially burned for the purpose,

or of the powder of ground broken crucibles. The burnt clay is always coarser than the raw,
fire-clay. Crucibles, and especially large crucibles for melting glass, are built up layer by layer
by hand (see Glass, p. 1046). Crucibles of various sizes are made on the wheel, and by machinery.
Machinery is largely used at the works of the Battersea Plumbago Crucible C/o. The processes
there employed are as follow. A graphite is selected which is as free from foreign matter as
possible. The fire-clay and graphite are dried and ground separately ; they are then weighed
and mixed in nearly equal proportions. The mixture, incorporated with a small quantity of water
is passed through a pug-mill, and the stream of compressed and plastic material, as it issues from
the mill, is cut into blocks and stored for future use.

When required for use, it is again passed through the pug-mill, and the blocks are kneaded
and weighed, preparatory to working up in the machine represented in Fig. 1134, which is used
in the manufacture of open crucibles for metallurgical operations. A heap of prepared clay is

weighed, and inserted in a plaster mould o, which rests in, and is caused to revolve by, an iron
cup p, attached, to a spindle, to which, motion is communicated from beneath. A gimlet-shaped
tool a, fitted to a block b, can be depressed into the clay by means of a horizontal frame, balanced
by weights K. The block b, together with the tool a, can be moved horizontally in the frames by
means of a handle g and threaded rod. The frame can be maintamed in any desired position by
a catch n. When the frame is fixed, and the mould is caused to rotate, the tool a, by turning the
handle g, is moved horizontally, and spreads tlie clay against the wall of the mould ; by this
means, the form of the interior of the vessel is given by the tool, whilst that of the exterior is pro-
duced by pressure against the internal surface of the mould. By varying the forms of the tool and
mould, variously shaped vessels may be produced. When the vessel has been fashioned, and the
motion checked, the tool is moved into the centre of the vessel by turning the handle g, the
frame with the tool is raised, and the mould with the vessel inside it is removed to a drying-room
by means of a suitably-constructed crane. The crucibles are burnt in saggers or muffles. In order
to prevent absorption of moisture and dirt during storage, they are often coated with a waterproof
paint, or with an enamel which is permanently fixed by firing.

Stone-ware.—There are two very distinct species of stone-ware, the type of the one being



STONE-WARE. 1571

an ordinary glazed drain-pipe, whilst the type of the other ia a vase of decorated Doulton ware.

The materials and treatment of both at« similar, althoagh not identical ; and both types may

generally be seen in coarse of manufactore at the same works. Stone-ware ia always dense,

refraotory, and opaque ; the finer qualities resist corrosion by acids, and extreme changes of tempe-

rature, and, in some cases, are semi-vitreous, and capable of receiving coloured decoration. The

basis of all stone-ware is the grey-coloured ball-clay from Dorsetshire and Devonshire, and espe-

cially those qualities containing a considerable proportion of sand. For common ware, a mixture

is made of the ground

ball-clay, with the pow- 1134.

der of burnt broken

goods ; for fine and deco-

rative purposes, a supe-

rior quality of the ball-

clay is mixed with sand

or flint and Cornish

stone. The colour of the

ordinary stone-ware, after

burning, is buff passing

into brown ; whereas that

of superior stone-ware is

almost white. The ma-

jority of stone-ware is

glazed by the indirect

reaction of the vapour of

sodic chloride with the

constituents of tlie sur-

face of the ware. The
exceptions ore Bristol

ware, glazed with a mix-

ture of felspar, borax,

and plumbic oxide ; cer-

tain common goods,

whioh are glazed with

mixtures of the oxides or

sulphides of lead and

iron, or with the oxide of

manganese ; wares glazed

over by means of a

" smear " (compare De-

coration) ; and Wedg-
wood'sjasper ware, which

is vitreous, and possesses

a natiuaJly crystalline

surface.

By the term "stone-

ware," salt-glazed ware

is generally understood.

Salt-glazed stone-ware is

fired for biscuit, glaze,

and decoration, when

decoration is applied, at

one time. All forms of

decoration must be ap-

plied to the ware before

burning (see Decoration).

For a description of stone-ware kilns, see pp. 1565-6. The fuel generally used is coal, and the

ware is exposed to the naked flame, without any protection. The difficulty of preparing colours for

stone-ware decoration, which ai'e stable enough to withstand this ordeal, can readily be understood.

The heat of a stone-ware kiln is intense, and it is cnstomary to bum terra-cotta, which is made
from the same materials as stone-ware, on the roof or crown of the stone-ware kiln. Terra-cotta

differs fW>m stone-ware in its condition of solidification, which is less perfect, on account of the

comparatively low temperature to which it is exposed. The unbaked stone-ware, preparatory to

being exposed to the sodic chloride vapour in a salt-glaze kiln, is dipped in a mixture of sand and

5 H 2

"'lur
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water. After the ware has been arranged, the fires are raised gradually. The salt (sodic

chloride) is not introduced until 2J-4 days from first lighting, when the ware has nearly attained

its highest temperature. Salt is thrown into the kiln with shovels at the fire-places, and through

openings in the crown arranged for the purpose. The total charge of salt for an average-sized

kiln is about 2 cwt. When half the cliarge lias been thrown in, the fires are increased for a

time, specimens of the ware are then examined, and if the inspection be satisfactory, the residue

is aJded. Tlie openings in tlie crown are now closed, and the ware is left to cool for 4-6 days.

The injection of the salt causes dense white fumes of salt vapour tainted with hydrochloric acid to

issue from the cone of the kiln. At Doulton's works, the fumes from all the kilns are gathered

into and discharged from a chimney some 300 ft. high. By this means, all real nuisance is

obviated.

The theory of salt-glazing rests upon the decomposition of salt vapour by water vapour. As

the salt is volatilized, it unites with the water vapour arising from the combustion of the fuel,

to form hydrochloric acid and sodic hydrate ; the latter unites with the free silica in and on the

surface of the ware, to form sodic silicate. The sodic silicate renders fusible a small proportion

of the aluminio silicate of the body of the ware, and unites with it to produce a glass or glaze

built up of the sodic and aluminic silicates. This glaze answers in composition to the glaze of

Chinese and Sfevres porcelain; but it is more evenly spread, and, if possible, more thoroughly

incorporated. If ferric oxide be present in the body of the ware, or if, as sometimes happens, red-

lead be introduced into the kiln with the salt, ferric and plumbic silicates wiU respectively be

formed, and will contribute to the fusibility of the glaze. A pure clay body is less readily glazed

by the salt-glaze process than one containing free silica, alkalies, and ferric oxide ; by the latter,

if an appreciable quantity be present, the glaze will be tinted buff or brown. The scorched

appearance, which may sometimes be observed on pieces of stone-ware, is due to the reaction of the

salt vapour being in some way accidentally interrupted.

Manufacture of Common Stone-ware by " Hxpression."— Drain-pipes, roofing-tiles, perforated

bricks, and similar articles, are produced by mechanical pressure. Tlie processes are as follow.

The ball-clay and burnt broken ware are separately ground under pairs of iron edge-runners. A
scraper follows the runners, and drags the ground clay over an iron grating, through which the

fine powder falls, the coarser particles being thrown back for regrinding. From the receptacle

beneath the grating, the ground ball-clay is removed, aud cariied upwards in open pockets

attached to an endless band moved by machinery. As the pockets turn to descend, the powder
is thrown into a blunger, where it is incorporated with a small quantity of water, and a measured

proportion of the ground burnt clay. The mixture is removed from the blunger, and supplied to

a vertical pug-mill, by the knives of which, it is compressed, and forced downwards and outwards.

The stream of prepared mixture is cut into blocks, aud the blocks are carried by an endless band,

fitted with slielves, to an upper floor, where they are stored for use. The expressing-machine
occupies two floors, and the feeder is upon the upper floor, to which the blocks of clay are carried

direct from the pug-mill. The principle

of an expressing-machine in its simplest
^^^^'

form is illustrated by Fig. 1135. The
^

plunger and part of the cylinder in which
it moves are represented. The clay can
be introduced into the cylinder immedi-
ately below the plunger, and the door by
which it is inserted can be securely closed

;

as the plunger, which moves airtight in

the cylinder, is caused to descend, it com-
pels the clay beneath it to assume the

form of any resisting environment ; and,

if there be an opening, to assume its out-

line, and to stream through it so that a
section of any part of the stream has the

same outline as that of the aperture

through which it has passed. If the

aperture be a simple slit, the clay issues

as a ribbon. Roofing-tiles are made by cutting into lengths a ribbon produced as described,
placing the separate lengths whilst still plastic upon plaster moulds of the form which the tiles
are requu-ed to possess, and baking them when dry. If the aperture be annular, the clay issues
from it as a continuous hollow pipe. In order to form a perfect annular opening, it is necessary
to support a core in the centre of the main opening, and in such a way that the supports shall not
interfere with the continuity of the resultant pipe. The core e is attached to the base of the
cylinder by the supports a. The cylinder is enlarged below the attachment of the supports in
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order to nllow the reconaolidalion of the clay after having been cut by the supports, and before
issuing from the annular space 6. As the pipe issues from 6, it is cut by wire into any required
lengths.

Additional apparatus is necessary to form pipes with flanges or sockets attached. A movable
iron mould or core of the shape of the in>irlB of the socket is placed by hand in contact with the
base of the core «, so timt the pipe, if the pressure be continuous, must be forced over it, and be
enliirged in its passage. Tliis intem.'jl mould is supported in position by a rim attached to the base
of an iron collar, formed of two jointed halves. The internal form of the collar is the same as that
which the exterior of tlie socket is intended to receive, and its interjial surface forms a continuation
of the outer edge of the annular aperture 6. When the two lialves of the collar are united, there
remains no aperture for the escape of the clay, and it ii therefore forced to adapt itself to the
internal form of the socket-mould. Conical pin-holes are, however, provided in the collar, to permit
the escape of imprisoned air, and the consequent perfect adaptation of the clay to the mould. The
exudation of clay through these pin-holes marks the time when the socket has been formed, and
when the collar and internal mould must be removed, in order to allow the simple pipe to follow
after the socket. Wooden "forms" are used to rectify any inaccuracies in the shape of the sockets
or barrels of the pipes. Expression may, in a similar manner, be applied to the production of a
great variety of wares, as, for instance, in the manufacture of perforated and damp-course bricks.

Stone-ware jars, bottles, and jugs are fashioned on the wheel, which, in large manufactories, is

generally driven by power. The more delicate specimens of decorative stone-ware, which are

known as Lambeth ware, are formed on the hand-driven wheel. For the different decorative

processes applied to stone-ware, see that section.

Tall chimney-pots are at times made up of as mnny as three lengths, fashioned separately on
the wheel, and built up one upon the other. V-shaped pipes are made by the union of two sepa-

rately formed pipes. Siphon-pipes are made by moulding. Fi;,'. 1136 represents the half of a
plaster mould for this purpose : a are the studs or depressions by
which the two halves of the mould are fastened to(,'ellier. ii36.

"Bats" or thin sheets of clny are spread carefully by haml over

the entire surface of the two half-moulds. The two parts of

the mould are then united, and the division between the two

halves of the pipe is cari^fully closed by the insertion of strips

of plastic clay. Large filters are similarly fashioned ; but in

this case, external decoration is produced at the same time as

the actual form of the ware.

Earthen-ware.—Earthen-ware possesses a dense, opaque,

and generally white body, with a rough fracture. The white-

ness, opacity, and stability of earthen-ware are in a great

measure due to the presence of a considerable proportion of

calcined flint. There are many species of earthen-ware, distinguished by their fracture, or by
the tints of their body or glaze. The ingredients of which earthen-ware is composed are

ball-clay, kaolin, flint, and Cornish stone; and the glaze with which earthen-ware is Kcnerally

coated is soft, containing plumbic oxide and borax. The blue or ball-clay and the kaolin or

China clay, after their arrival at the works, are exposed to the action of the weather. It is

convenient if the cluy-banks can be so placed as to be above or on the same level with the

sheds in which tlie clays are " blunged," that is broken up with water. When tlie clays are

ripe, a certain quantity of each is moved to the blunging-shed, and subjected to the process of

blunging. The clays are thrown into tanks containing pure water, and are mixed with the water,

either by the mechanical action of blades attached to a horizontally-moving wheel driven by steam-

power (see p. 1559), or by a laborious process of manual stirring with a wooilen instrument resem-

bling a large paddle. Separate tanks are provided for blunging the ball-clay, the kaolin, and scraps

and shavings of broken unburnt ware. The density of the contents of each blunger is tested by weigh-

ing one pint of each in a standard pint measure. If the liquid in either case be too dense, more water

is added ; if not dense enough, the proportijn of clay is increased. The weight of the standard

mixture of ball-clay is 24 oz. a pint, that of kaolin being 26 oz. If the density be correct, each

liquid mixture, or slip, is run separately by gravitation, the blungers being purposely erected on an

elevation, either through a series of sieves, or into a horizontal, rotatory, cylindrical sifter.

Figs. 1137, 1138 show an arrangement of sieves. Fig. 1137 is a vertical, and Fig. 1138 is a

horizontal section of the apparatus. A series of sieves, with "lawns" of increasing fineness

(two only are shown in the figure), are placed one above another, in such a way that the material

can pass from one into tlie next. A backward and forward motion is communicated to each sieve

by a hooked rod, loosely attached to a point on the circumference of a wheel which revolves in a

vertical plane. The bases of the sieves rest upon narrow slabs of plate-glass, by which means,

friction is reduced.
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The actual form of the rotatory sifter is octagonal rather than cylindrical, and It receives a

shaking motion in addition to rotation, through a strap driven by power. The sifting medium of

the sieves and of the cylindrical sifting-machines is silk lawn, brass gauze having been tried without

success. It is customary for potters to contract with the makers of the silk sifting-machines to keep

their sieves in working order, as, owing to the great delicacy of the material, they are constantly

liable to damage. The sediment retained by the sieves or sifting-cylinders is emptied from time

1137.

to time into convenient receptacles, and returned to be reblunged. After sifting, the clay slips are

run separately into the mixing-tank, in which, a measure fixed to one side indicates in inches

the quantity of each material received, the density of each liquid having already been determined

by weight. The relative quantities of the clays, as of the other substances, vary according to the

nature of the ware it is intended to produce. The mixing-tank is generally of stone, measuring

about 6 ft. sq. The flints, after calcination and crushing (see p. 1561), and the Cornish stone, after

crushing, are ground separately with water. In the mills used for this purpose, the necessary fric-

tion is obtained between two surfaces of differently-grained chert. A cast-iron bed is evenly paved

with blocks of carefully selected stone, but in such a manner that the circumference of the bed shall

be at a higher level than the centre ; the bed is surrounded by sides of wrought-iron, and the centre

is pierced by an opening, in which, revolves an iron vertical shaft, driven by gearing from below.

To the shaft, are attached four curved projecting arms, each provided with vertical, wooden, iron-

tipped bars, which reach almost to the bottom of the pan, and propel heavy masses or "runners" of

the chert rock.

Pure water is first run into the pans formed by the beds and sides of the mills, and the mate-

rials to be ground are then added. As the " runners " are forced round and round, the flint or

Cornish stone is respectively ground to an impalpable powder, and worked with the water so as to

form a compound of a thick creamy consistency. The mixture in either case is allowed to settle

for a short time, and is then drawn off through plugs at different heights in the sides of the pans.

From the top plug, water is drawn off ; from the second, the slip or mixture which is to be used
;

and from the bottom plug, a sediment which requires to be reground. The flint and Cornish stone

slips are thence conducted into circular tanks, where water is gradually added, and where the

material is mixed with the water by the revolution of an agitator or spindle with arms and paddles,

until such time as the mixtures respectively attain a standard density. The density is determined,

as in the case of the clays, by weighing a fixed quantity. The standard weight of a pint of flint

slip is 32 oz., and that of Cornish stone is generally the same. The creamy liquids are run through

pipes into store-tanks in the clay blunging-shed, the inlet to the pipes being slightly above the level

of the bottom of the agitating-tanks, in order that any coarse sediment still present may be retained

for regrinding. The flint and Cornish stone slips are now under the same roof with the clay-

blungers and mixing-tank, and are introduced into the mixing-tank, the quantity of each being

regulated by the measure attached to the side of the tank. At this point, also, any colouring

mixture that may be required is introduced. In the mixing-tank, the clay slips, together with the

flint, Cornish stone, and any colour that may be present, are thoroughly mixed by agitation, either

by hand or by power. The mixture is then passed through three sifting-machines or three sets of

sieves, each sifting-machine or set of sieves being covered with lawn of increasing fineness. The
coarsest lawn contains 50 threads in an in. ; the finest, 120 threads. After mechanical sifting, the

mixture is subjected to magnetic or electrical sifting, in order that it may be purified from minute

particles of iron. For this purpose, the trough through which the fluid is conducted is furnished

with a series of horse-shoe or electro-magnets, and the fluid passes through their field of action.

After this double process of purification, the liquid mixture or slip reaches an underground store-

tank or "ark," whence it is raised by pumps to be partially solidified by pressure and filtration.
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The fi>llowiiig table shows the number of inohea of each liquid material of standard density

required to make up 100 in. of the different cnrthen-wnre mixtures in a liquid condition.
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is Btm retained in its pores, and to be rendered close-grained and tenacious. This result as oj'tained

partly by a mechanical and partly by a manual process. The mechanical process is performed by the

" pug-mill," Fig. 1140. It consists externally of a conical, cast-iron, horizontal case, with a hopper

on the upper part of the large end of the cone, and with a comparatively small square or octagonal

orifice on one side of the small end. A shaft passes through the length of the cone, having iron

splayed blades fixtd spirally round it. Tlie shaft is driven by power, and the clay, which is thrown

into the hopper, is mangled and driven forwards

by the revolving blades. The shape of the mill

causes the clay to be more and more compressed,

until it issues from the orifice in a compact

stream. The stream of clay is cut into blocks by

a tightened wire, and the blocks are conveyed to

the different workshops. The manual process of

compression is only necessary for clay which is

intended for the finest work. It consists in placing

the block of clay, as it comes from the pug-mill,

on a bed of plaster, and repeatedly cutting it hoii-

zontally with a wire, and hurling one half upon the

other with all the power the operator can muster.

Processes op MANiPtrLATioN.— I7,ro«)s«5f.—The process of " throwing" is the application of the

principle of " turning " to a plastic material, the turner's tools being replaced by the more delicate

fingers of the " thrower." The main apparatus, or " wheel," consists of a horizontal disc, rigidly

fixed on the top of a vertical spindle, to which, rotatory motion can be communicated. In

addition to the wheel, the thrower has a balance, in which the pattern to be reproduced is

counterpoised by the lump of clay from which the reproduction is to be made. The pattern generally

only bears a very slight resemblance to the finished article, as ware is now seldom finished on the

wheel, but subsequently passes through the turner's hands, by whom it is sometimes reduced to

one-half its original substance. As a rule, except in the case of fine stone-ware, the " thrower

gives the inside form only, and leaves the outside to be fashioned by the " turner."

A box to sit upon, a basin full of water, a movable gauge, with a horizontally-revolving needle

or pointer conveniently placed for comparison with ware during manipulation, together with a few

pieces of thin horn or wood, complete a thrower's equipment. The weighed mass of clay is

dipped into the basin of water, and thrown upon the disc, which is sometimes made of copper, some-

times of wood. The disc revolves, and the clay, hollowed by the pressure of the thrower's fingers,

rises and falls, contracts and expands, according to the velocity of the wheel and the touch of the

thrower. When the vessel attains the height indicated by his gauge, and the requisite form, and

has been smoothed from ridges within and without by the pressure of yielding fragments of horn

or wood, the wheel is checked, and the vessel, severed from the disc by a fine tightly-dravm wire, is

removed by an assistant to the drying-room, where it is partially dried previous to being finished

by the turner.

Turning.—The turner's lathe in many respects resembles that employed for turning wood or

metal. The vessel to be turned is fixed by a small rim of moist clay upon a wooden block, fitting

the interior of the vessel, and projecting from a horizontal spindle, to which, motion can be com-

municated. The tools employed are thin slips of metal or horn, and a polisher consisting of a piece

of Parian ware ; sometimes a metallic profile is used, and pressed against the revolving vessel.

The turner reduces the superfluous substance of the vessel, and finishes the exterior, the bottom,

and the rim ; he also, when necessary, polishes the surface. After turning, the ware is replaced in

the drying-room, previous to being fitted with handles, spouts, or applied decoration. Before

removal, liowever, the internal form of small open ware, as, for instance, cups, is corrected by

pressure upon a wooden cone.

Drying.—The drying-room, to which reference has been made, was originally a 10-ft. brick

chamber, with a central stove, and shelves upon the walls for the reception of ware. For the

placing and removal of ware, boys had to be repeatedly entering this cbaraber, a practice which

was both laborious and unhealthy. Many contrivances have been devised to do away with the

necessity of entering the drying-room, by causing a movable frame to cany the ware from the

entrance of the room through the heated atmosphere, and back to the entrance for removal. The

best known drying-apparatus is that invented by Colin Miuton Campbell, and represented in Figs.

1141, 1142. The heat is supplied to the drying-chamber by the waste or exhaust steam from a

steam-engine through the flues V, W, and X. In the centre of the chamber, is a vertical axis E,

from which, project horizontal arms D, attached below to the collar P, and above, by the sloping

rods G, to the collar F ; they carry at their outer ends a circular rack H I, whose outer edge comes

within a short distance of the outer wall of the drying-chamber. In this wall is an opening,

covered by a sliding-door A B, through which the ware can be placed upon or removed from the
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rack. The rock is made with several shelves one above another, and each shelf is made of two

concentric strips of wond, with space between, to facilitate the circulation of the heat. The shelves

are ilividcd into compartments, by vertical partitions running from top to bottom. The machine

moves easily on lis axis, ami a touch of tlie hand will canse it to revolve, and expose one compart-

ment after another. Fig. 1143 shows another arrangement, in vfhich, pans supporting the ware are

liKisfly suspended, in

the same manner as
''**•

8cale-pan8,from trans-

vri.-.o biirs fixed to the

transverse ciroum-

ference of a large,

revolving, perpen-

dicular wheel. The
wheel is wide, and

the pans hang be-

tween its two sides

;

the bases of the pans

remain horizontal by

force of gravitation

during the entire

revolution of the

wheel.

Handles.—Handles

are always formed

separately from the

ware to which they

are to be attiiohed,

and may be made in

several ways. Those

which have the same

section throughout

are out from a long

strip of clay, which

has been forced

tlirough a mctallio

template of the re-

quisite shape, placed

at the Imse of a coni-

cal case, in which,

works a plunger

driven by a screw

and fly-wheel (Fig.

1 144). Ornamental

decorated handles are

formed by pressing

tlie plastic clay into

moulds of plaster of

Paris ; and light

hollow handles, by

the injection of a

liquid clay mixture into a mould of plaster, and by the deposition of the clay upon the porous

surface of the moxdd (compare Casting, p. 1596). Handle, spout, or whatever is applied to ware in

this stage, is fixed by liquid slip, every trace of the joint being carefully removed. At this stage,

also, any holes that may be required, as, for instance, in the strainers of tea-pots, are pierced. In

the latter case, all the holes are pierced at one blow, by a tool with an equivalent number of

points.

Moulds.—Reference has already been made to plaster of Paris moulds. Few, except the smallest

vessels, are made by the thrower, tlie great majority being formed in moulds. The moulds there-

fore form the most valuable and, at the same time, the most cumbrous element in the potter's plant.

The material of which the moulds are made is plaster of Paris, which is preferred on account of its

power, when dry, of absorbing moisture from the clay in contact with it, also on account of the

case with which it can be manipulated. Any number of moulds can be made successively from

one model prepared iu clay or plaster of Paris, by simply pouring the plaster, rendered liquid by
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admixture with water, over the model, and allowing it to set. If the surface of the model be

covered with a pattern in relief, the mould will have the same pattern impressed, and the clay ware

will have the same pattern in relief. In this way, the raised basket-ware, fluted, and flower and

leaf patterns on common ware are produced.

Batting.—The process of moulding or " pressing " consists first in forming thin layers or bats of

clay, and then inserting and pressing them into moulds, which are generally in two pieces, to

facilitate the insertion of the " bats," and the removal of the moulded ware. Bats of clay are

formed by hammering out blocks

of clay on a bed of plaster of Paris,

with a wooden 10-lb. mallet, of

the shape represented in Fig. 1145,

or by machinery. The employ-

ment of machinery is desirable, as

the process of hand-batting is both

slow and laborious. In the bat-

ting-machiue represented in Fig.

1146, the clay is pressed between

two iron discs with surfaces of

plaster of Paris. The upper disc

rises from and falls upon the lower

stationary disc by means of cranks

driven by power. The thickness

of the resultant "bat" can be

regulated by set-screws; the clay

is fed into the small hopper

shown in the figure, which opens

automatically, to allow the clay to

fall upon the lower disc when the

upper disc is at its highest point.

A modified form of this machine

has been introduced, in which are

three stationary discs, fixed upon

a revolving table, in such a manner

that they are successively carried by the table under an upper disc, to which an up-and-down

motion is supplied, as in the single batting-machine, already described.

Pressing.—The simplest form of pressing is that employed in the manufacture of plates, and is

known as " flat-pressing." The mould is an exact reproduction in plaster of Paris of the inside of

the plate to be produced. It is placed upon a block of plaster of Paris, held by four bent wrought-

iron arras attached to a vertical spindle, to which, motion

is supplied either by hand connected with a large ver- ^^**'

tical wheel turned by a handle, or by the friction of an

endless band driven by power. In the latter case, a

pulley is fixed to the lower end of the spindle, to which

the band can be transferred from another free pulley, on

which the band travels when the spindle is not in use.

This band is transferred by the pressure of the operator's

knee upon a lever connected with the free pulley. The
spindle with the iron frame and plaster head is known
as a "jigger." The old process was to place upon the plaster mould a bat of clay, to press it

with the hand until its internal surface assumed the form of the mould, that is the form of the
inside of the plate, and then to press upon the upper surface of the clay a template or profile

having the exact form of the bottom of the plate, the pressure and profile being applied whUst the
spindle was in motion.

If the spindle be driven by power, the whole operation can be accomplished at once. The
profile (Fig. 1147) is fixed to the end of a movable arm, carried by an upright support screwed
to the bench through which the spindle works. The arm and the profile can be adjusted at any
required height above the mould, and the profile can be pressed upon the clay as it revolves on the
"jigger " head, by the handle shown in the figure. After the plate has been formed, it is removed
with the mould to the drying-room, and another mould is substituted. Figs. 1148, 1149 show
another case of a profile for shaping the inside respectively of a simple and an under-cut vessel.
In each, a bat of clay is carefully placed inside a plaster mould fixed on a jigger-head. The profile
A (Fig. 1148), attached to the rod B, counterpoised by the weight D, is controlled by the handle
C. The jigger-head P, turning upon the spindle L, supports an apparatus for fixing the mould M

V
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By means of screws passing through the blocks G H, and pressing upon the rubbers I, the mould

can be placed in any desired position upon the jigger-head, and eccentrically to the profile. In

Fig. 1 149, the profile 8 turns upon an axis, and can be forced into the clay, or withdrawn, as required.

If the jigger be set in motion, and the handle be pressed so that the profile be driven into the clay,

the vessel will have

on its outside the il*6.

form of the mould,

and on its inside the

form given by the

profile. The mould

is made in two pieces,

so as to permit the

delivery of the vessel.

A machine has been

introduced for apply-

ing an automatic

profile to a succession

ofvessels carried upon

a revolving table,

each vessel being

held in a separate

mould and jigger-

bead. The moulds

for ewers, and other

vessels of similar

shape, are made in

two halves ; bats of

clay are skilfully laid

in both halves, and

adapted to the form

by means of a sponge

and scraper ; the two

halves of the mould

are then united (see

Fig. 1150) and fast-

ened by a strap, and

the complete mould is

placed upon a horizontal wheel moved by hand. The seams furmed by thejunction of the sides of the

two bats of clay in the two halves are scraped down by the workman's thumb, there being free access

to the interior botli fi-om the top and bottom of the mould. The depressions thus made are filled

up with rolls of plastic clay, and the internal surface is made perfectly smooth by the application
of a moistened sponge. The base of the ewer is made separately on a mould fixed upon a jigger-
head, and has n ring r,f plastic clay placed on its surface, which exactly fits into the bottom opening
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^z:^

of the body of the ewer. The body of the ewer in its mould is placed upon the base, and the

junction is made smooth and secure by welding the raised ridge on the base into the internal surface

of the body. In forming tureens, and other "deep open vessels (see Fig. 1151), whether round or

oval, the bats of clay are adjusted upon a plaster block, covered with coarse flannel, of the form of

the interior of Jjhe vessel to be produced ; upon this

block, they are inserted into the mould which gives l^^"-

the external form of the vessel. For oval vessels,

specially-oonstructed jiggers and wheels are required.

Their motion is adapted to this purpose by the intro-

duction of an eccentric.

Burning.—When the goods are partially dried,

they are trimmed, and when thoroughly dry, are

packed in deep round or oval saggers (compare Fire-

ware) to be burnt. At the bottom of each sagger,

is spread a layer of calcined flint or pure sand, and

the goods are packed with the greatest care. For

plates, a burnt plate is placed at the bottom, and

others are piled upon it. Wide-mouthed and handled

wares have burnt rings of the required shape inserted

in them, to prevent distortion. The saggers, thus

packed, are piled one above another, the interstices

being filled by rolls of clay expressed by a small

screw-press, until the kiln is full (compare Kilns, p. 1563). The progress of the burning is

ascertained by the periodical withdrawal of test-pieces. The flring lasts 48-50 hours. When
the firing is complete, and the kiln is sufficiently cooled, the saggers are unpacked, and the

ware is rubbed over with saml-paper, preparatory to

printing or glazing.

Printing.— See section on Decoration, p. 1597.

Glazing.— For the glaze, a mixture of borax,

CJornish stone, calcic carbonate, flint, and kaolin, is

first fused in a small reverberatory furnace, shown

in section in Fig. 1152 : A is the stoke-hole ; M,
fire-place ; N, grate ; K, damper ; H S B, bed on

which the mixture rests, having been thrown in

at V ; P, chimney ; K, opening by which the mix-
ture, when thoroughly fused, ia run out into an iron

vessel containing water. The molten mass is broken up by the cold water, and is transferred

to small mills, similar to those employed for grinding flint and Cornish stone. After prolonged

grinding with water, and passing through sieves of great fineness, it is purified by agitation in a

blunger armed with horse-shoe magnets, Figs. 1153, 115i : B is a vertical axis driven from the
pulley H

;
C, four arms projecting from the axis ; E, bars fastened by the bolts D to the arms C,

and holding the magnets, as shown. A proportion of this slip is mixed with a slip consisting of
Cornish stone and plumbic carbonate, or an equivalent of plumbic oxide. Into this liquid mixture
contained m convenient tanks, the wares rendered porous by burning are dipped: the mixture is
kept in constant agitation, and the porosity of the ware ensures enough being taken up to produce
a sufficient glaze. Considerable skill is required to dip the diff'erent forms of ware in such a manner
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that the glaze may be equally distributed, ami ae little surface as poBsible be covered by the

dijipcr's hand. Fig. 1155 shows an arrangement, consiating of a thimble with a hook attached, for

ennl^lina; the dipper to handle with facility plates and other vc-blIs of large diameter. When the

parts that have been rubbed, or insufBciently covered with the liquid glaze, have been retouched,

and the ware has been thoroughly dried, it is replaced in saggers, preparatory to the fusion of the

gluzf.

The ware can no longer be packed one piece upon another, as in the previous firing, for the

fusion of the glaze would cause the pieces to adhere, and great damage would ensue. The ware is

therefore separated by the insertion of

props of refractory clay, made in such ^'**- ''^'•

form that as small a part of the ware as

possible shall be touched. Fig. 1156

shows a pile of plates, tiles, or saucers,

supported and separated by hollow

thimbles with pointed arms. The

saggers with their contents are built

up in a kiln similar to the one employed

for the first firing, only somewhat smaller. The saggers, as in the previous case, are made airtight

by the insertion of rolls of plaatio clay. The firing lasts some 18 hours, and its progress is tested

by the removal of pieces of ware, similar to that being fired, and previously dipped in the same

glaze. The test-pieces are usually made on purpose, and pierced in the centre to facilitate

removal.

Supports.—Great ingenuity has been expended in devising and manufacturing the supports for

ware undergoing the firing for glaze. Fig. 1157 represents a press for forming the supports of

stilts A B. The arm and handle z

turn rigidly upon their axis. If the

handle be depressed, the vertical rod u

is also depressed. When pressure is

removed from the handle, the rod ?i is

raised once more by the action of a

counterpoise. When u is in the posi-

tion shown in the figure, a strip of

plastic refractory clay is placed upon

tlie die or mould, and is forced to adapt

itself to the form of the mould and

plunger, by the pressure of the de-

scending rod «, to which tlie plunger

is attached. When tlie pressure is re-

moved by the action of the counter-

poise, the formed support may be raised

from the mould by depressing the

treadle. Minute apertures are pierced

both in the mould and plunger, to

permit tlie escape of imprisoned airi

and consequently to ensure tlie sharp-

ness of outline of the support or cock-

spur. Machines are now in use which

produce 100 supports in one action.

The moulds, as in the press already

described, are in two halves, one being

attached to a plunger, and the other

movable. The moulds contain the

number of impressions sufiicient to pro-

duce the required number of supports.

There are several duplicates of the

lower movable half of the mould, and

in this alone are the apertures for the

escape of the air. The clay is supplied

in u continuous stream from a minia-

ture expressing-machine. After the clay has been inserted, and pressure applied, the lower

part of the mould, which contains the supports, is removed, and another is substituted. The
mould and supports are heated, and the supports are readily extracted as soon as the clay begins

to contract.
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After the supports are removed, the apertures in the depressions are cleared by pressing the

mould upon a, tool containing an equivalent number of points. The mould is then rubbed with

mineral oil, and replaced under the plunger. Supports require to be burnt in the same manner

as ordinary earthen-ware.

Terra-ootta and Architectural Pottery.—Terra-cotta is a term commonly applied to

works having an artistic character, made of clay, and burnt, sometimes painted and glazed,

but more frequently unglazed. The fabrication of fictile works known by this name was

common to all the great nations of antiquity ; and of late years, much progress has been made

in England, France, Germany, Italy, and other countries, in reviving the manufacture of useful,

ornamental, and domestic articles in terra-ootta, and in applying this material to architectural

purposes.

The clay anciently used in the small vessels and ornaments is fine in texture ; the larger pieces

are made of rather coarser clay, combined with pulverized lava, pumice, or potsherds. They are

generally much lighter than modern works of a like size. Some of the ancient pottery commonly

called " Samian ware," of a beautiful coralline red, we have never perfectly imitated ; there is much
yet to discover relating to ancient pottery of this class. Vauquelin made analyses of fragments of

Greek terra-cotta, and gives the following as some of the constituents :—Silica, 53 per cent. ;

alumina, 15 ; lime, 8 ; oxide of iron, &c., 24.

Between the 12th and llth centuries, large and sumptuous edifices were erected in N. Italy

of brick and terra-cotta, the latter taking the place of stone and marble for cornices, panels, string

courses, and brackets. Many examples of brick buildings with terra-cotta mouldings and orna-

ments exist in England, having been erected mostly between the 13th and 16th centuries. Generally

the use of terra-cotta died out in this country with the Tudors, and except a slight revival of

moulded brickwork about the 17th and beginning of tlie 18th century, architectural terra-cotta was

not practised until the time of George III. Towards the close of the 18th century, coeval with the

great improvements made by Wedgwood in pottery, a most important advance for reviving the use

of terra-cotta was established in Pedlar's Acre, Lambeth, by a lady named Coade. At these works,

capitals and bases of columns, coats-of-arms, pedestals, i'riezes, bases, statues, balustrades, archivolts,

and terminals, were made ; and at the commencement of the present century, terra-cottas from

Coade's works were to be met with in all the best parts of London and the provincial towns.

Sculptors were employed upon models for this pottery, some of whom afterwards took to manufac-

turing terra-cotta on their own account. Among them was Eossi, who executed statues, capitals,

and other ornaments in terra-cotta for St. Pancras church ; and Bubb, who modelled and made the

frieze in front of Her Majesty's Theatre, and most of the statues on the cornices, and in the
tympani of pediments in Eegent's Park.

Early in the present century, a manufactory was also opened at Bow, to make church-yard
monuments and architectural details in terra-cotta, by Van Spangen and Powell ; but it was soon

closed. Some small works were opened also in various country places, but with little success. A
few years prior to the International Exhibition of 1851, an inquiry sprang up for architectr.ral

details and garden ornaments, which caused the production of many excellent examples for the
Exhibition. These came from many places in England, and some from Ireland and Scotland;
nearly every class and variety of terra-cotta then manufactured found a place, and the specimens
from France, Germany, Italy, and Switzerland were numerous.

Very little terra-cotta was painted and enamelled in the 18th century, and we are only now
beginning to imitate the enamelled terracotta of the 14th, 15th, and 16th centuries. Since 1851
the use of terra-ootta has very largely increased in England, and it has now become a staple
building-material, besides branching out in innumerable directions for ornamental and useful
purposes. Considerable quantities of English terra-cotta have been exported during the past
25 years to India, Australia, New Zealand, and the United States. Within the past 10 years, the
Americans have established several manufactories for this ware.

Bed terra-cotta mouldings are now used in combination with red brick-work in all parts of
England, and the making of moulded bricks of this class is a special business. Machinery is
employed in this work, but the more ornamental and artistic pieces are pressed into plaster moulds

;

so also are buff and white bricks, which are coloured and enamelled for string courses and dados!
White, buff, brown, red, and other clays of various tones are now used for ornamental works, and for
busts, statuettes, relievi, and architectural details. The painting, gilding and enamelling of terra-
cotta is rapidly improving, and thus employment of a highly artistic character is afforded to women.
Busts and statuettes are to be seen in the Royal Academy Exhibitions modelled in terra-ootta clay'
and fine as original works fresh from the touch of the sculptor, without the process of moulding!
Architects and sculptors are paying much attention to this subject of original modelling in terra-cotta"
and we may hope very soon to rival the works of Lucca della Eobbia, Bernard Pallissy, and other old
masters. It may be interesting here to. introduce Broguiart's analysis of the clay bodies of the two
great modellers just named, before giving a statement of analyses of Englisli clays used in terra-
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cotta, and a list or clayB especially fitted for this material. Brogniart gives the following as the

elements of the wares of:

—

Lucca della Bobbia. Pallissy.

Silica 49-65 67

Alumina 15-50 28

Lime 22-40 1

Magnesia 17

Oxide of Iron .. .. .3-70 2

Loss 8-58

100 00 100

50

51

52

05

42

00

Table of Analyses of some Clays csed for Tebra-Cotta and Tu.es.
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desire with it, and then pug

the whole, occasionally pass-

ing it twice tlirougli the pug-

mill. When different clays

are combined in the dry state

to make one body, it is im-

portant this should be done.

Clays used for mouldings are

often pugged as taken from

the pit, and at once trans-

ferred to a moulder's or

machine-worker's charge. It

is not safe, however, to make
very large pieces by ma-

chinery.

The material chiefly used

in large terra-ootta to check

warping, unequal shrinkage,

and cracking, is ground burnt

clay, old ware, or potsherds.

This material is sometimes

called by the workmen
" grog," at other times " grit."

It is ground and passed

through sieves of various

meshes to suit the character

of the work in point of magni-

tude and delicacy of orna-

mentation. Clay is some-

times mixed, kneaded, and

burned especially for this

use. The proportions to be

used vary according to the

size of the pieces to be made,

the quantity of other sub-

stances (if any) to be com-

bined, and the fatness of the

clay. After the clay is

mixed and prepared by the

mill, it should for all artistic

works be well beaten with

an iron bar, and what is

termed " wedged," which

consists in cutting a lump of

clay with a wire, and slap-

ping it together repeatedly to

remove the air.

The other materials used

beaides clay and potsherds

vary according to the clay,

and the class of terra-cotta it

is desired to make. Among
these, sand is an important

substance. Ground glass,

china stone, and flint are

often used. Generally clay

itself forms, in liglit-coloured

ware, about | of the composi-

tion, and for good red clays,

sand or flint is commonly all

that is required to be added,

unless the pieces are large.

Kilns. — Before entering

llis.
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upon the subject of modeUing, or moulding, it will probably be best to speak of the kilns for

burning the ware (Figs. 1158, 1159). These are usually round in plan, with an internal dome
and a conical chimney. They are lined with fire-bricks, and banded with iron, which is arranged

to fold, and fastiu over the door of the kiln, when the firing goes on. The number of fur-

nncu-holes around the kiln is determined by its size. Flues pass from the lower parts of the

furnaces, under the floor of tlie kiln, and are commonly in connection with a fire-clay pipe-flue

in the centre, as shown in Fig. 1158, which represents the section of a kiln with a continuous

muffle, or inner lining, for the prevention of discoloration of the articles burned by vapours from

the ooftlB, also for the better protection of coloured and glazed articles. For all ordinary terra-cotta,

this inner casing of brick or muffle throughout is not necessary. Small delicate models, whether

plain or painted, enamelled or gilt, should be placed in saggers, if burnt in a kiln without a muffle.

Articles beautifully wrought are made of stone-ware clay, painted, fired, and glazed with the vapours

from salt, as iii the manufacture of stone-ware. It has been found that burning by wood produces

different results from firing salt-glaze with coal. Furnace-holes are constructed to cheek or prevent

the formation of smoke. When a large volume of smoke is formed in the furnaces, it will pass

through the kiln in full fire and red hot, and come out black at the top.

Modelling.—Before commencing any architectural work, full-size drawings should be made of all

the details, and, to save errors, this had better be done to the terra-cotta scale of the wet clay, allowing

for shrinkage in drying and burning ; this with bufi' clays, is about 1 in. to 1 ft., but the extent of

contraction after careful firing should be determined exactly, at the outset, before any work is set

out, or model made. From the drawings, sections of the mouldings may be traced on wood or

metal, for forming templates or running moulds, similar to those used in working plaster coi-nices.

Such templates, worked against the edge of a rule fixed to a board or bench, can be used to form

mouldings in clay, and, worked from a centre, for describing arches and circular forms. Tlie clay

used may be the terra-cotta clay itself, and this mode of working is the cheapest when a small

quantity is wanted of a given moulding, as the whole may be described at one time. When the

clay has become stilf, it can be cut into various lengths, and fitted with angles if necessary, and so

left to dry for burning. If tho mouldings are large, they should be hollowed out. A thickness of

2 in. is usually sufficient for the largest mouldings. Considerable attention should bo paid to the

drying of the mouldings, or they will warp, or get out of shape. By turning them about, face, and

sides downwards, and then reversing tlieir position, until they are dry, they may be kept true.

The clay used in running mouldings in this way should not be coarser than would pass through a

sieve of 20 meshes to the lineal inch, or the arrises will not be brought out sharply. Mouldings

may be dried before burning, until they are hard enough to be rubbed true with a piece of burnt

terra-cotta, as masons rub the surface of Bath and other stones. They seldom twist in the fire after

perfect drying and rubbing, and the mitres and junctions can be delicately finished by the chisel, so

as to fit with accuracy. This operation of perfect drying and rubbing applies to all plain terra-

cotta sm'faoes, whether prepared by the process of running moulds, or by machines similar to

brick-machines, or from plaster moulds.

Plaster of Paris models prepared by templates should be made to the required scale when a

large repetition of the same object is likely to be required, and more than one plaster mould wanted

for making clay impressions. Plaster is the best ground or framework for clay models of enrichments

and bassi relievl, when more than one piece of the same ornamental design is required. Tlie com-

bined clay and plaster model are readily moulded with plaster in the ordinary way. If the model

is entirely in clay, and full of undercut foliated work, say in alto relievo, or a statue, many pieces

would be required in such a mould, and an experienced plaster-moulder only should be employed,

or the clay model may be spoilt. It is best to make as few pieces as possible, and arrange to got,

whenever practicable, all the small pieces into two outside cases, the back of a statue in one case,

and tho front in anotlier case. Grease or oil should not be used in making plaster moulds for

terra-cotta, as is done in the common way of making plaster piece-moulds for casting. A little clay

and water, mixed about as thick as good milk, will answer all purposes for the prevention of one

piece of plaster slicking to another in piece-moulding.

Original, life-size, terra-cotta statues are modelled and burned, without the process of moulding,

by building up the clay in a cellular form, and working with the fingers and modelling-tools on

the surface. Extended limbs should be made solid in the first instance, and when the clay is stiff,

hollowed out, jointed with soft clay to the body of the figure, propped up with clay supports of the

same stiffness and age as the mass of the statue, and slowly dried for the firing. Some difficulties

and dangers arise in moving large statues into a kiln, and frequently they are finished by the sculptor

in the kiln, whieh is for the time illuminated by gas.

Very large fountain-basins and vases are made by forming on a bench, with a trap-door in the

middle, tlie core, or inside, with clay worked by a template from the centre. When the core is

turned in this way, it should be covered with thin sheets of paper, and upon this paper the outer

surface of the basin is turned with another template from the centre, by laying sheets of clay over

5 I
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the prepared surface of fairly uniform thickness, pressing and uniting this outer clay which form*

the basin well together. The template will now turn the outside of the basin. When the clay has

stift'ened, ornament may be modelled on the surface, or pieces of enrichment, made from plaster

moulds, may be luted on with clay slip. It will be observed that, during this process, the basin

is upside down, and is resting partly on the clay core. After the clay has become tough, the trap-

door in the centre of the bench may be removed from beneath, and the clay core pulled away in

pieces, leaving the basin gradually to dry alone ; when dry, it should be turned over very carefully,

examined as to finisli and truth of surface, and removed to the kiln, resting only on a roll or disc of

clay at the bottom, leaving the rim and upper portion quite free for equal contraction in burning.

Basins, vases, and other articles, 12-20 ft. in circumference, have been made sound and true in

every respect in the way described.

Many persons have a just objection to the piracy of architectural details especially modelled

for their own use. Working such details out originally in terra-cotta is a check to this piracy.

If an artistic work is executed in marble or stone, a model in common clay is made and moulded,

and a plaster cast is taken to guide the carver, and this rough model is often used for all sorts of

cement and composition castings. But the terra-cotta clay model is wrought out, undercut, and
finished at once by the sculptor and burned, and when only one or two designs alike are required,

it is in a money sense the cheapest and best method of working. The following are a few of the

forms which can be safely and economically made as original terra-cottas :—Altars, arches,

architraves, balconies, brackets, bassi relievi, bosses, busts, columns, capitals, chimneys, crosses,

cornices, coats-of-arms, iinials, fire-places, friezes, park seats, key-stones, medalUons, tracery, per-

forated panels, rustic work, tablets, tombs, animals, canopies, caryatides, festoons, statues, trophies,

scrolls, corbels, date tablets, terminals.

When much repetition is required, the use of plaster moulds is common ; now and then, for flat

surfaces, metallic and wooden moulds aie used. The workmen employed in making impressions

in moulds are called " moulders." The plaster mould is usually dusted with a little finely-ground

flint, grit, or sand, and the clay, having been properly prepared, is beaten out on a very thick block
of plaster of Paris, to the required thickness, and then firmly pressed by hand on to the surface of

the mould. If the mould is in two parts, or cases, both pieces are partially filled with impressed
clay, the edges of such clay are scratched with a tool, moistened with water, and a little soft

clay is placed over the edges, when one portion of the mould is lifted over the other, and squeezed
down so that the luted edges join perfectly. The clay and the plaster mould remain undisturbed
until the porosity of the plaster has absorbed a portion of the water from the clay, when the outside
casings and the smaller pieces of the mould are removed, and the article pressed appears showing
the joints or seams of the mould on the surface. These are in due time removed by a modeller or
careful finisher. If the pieces to be made are large, struts or cells are formed to strengthen them,
as nearly all terra-cotta works are hollow. The hollow parts of architectural details are generally
filled up with good stiff mortar, selenitic, Portland, or Eoman cement, with fragments of brick or

tile. Great care should be taken if Portland cement is used that it does not expand, which it is apt
to do, sometimes cracking the terra-cotta.

A very large proportion of the articles made of terra-cotta are dried imperfectly, or in drauglity
sheds, and hence there are many twisted and unsightly pieces. A good drying-chamber or shed
properly heated, and in proximity to the kilns, is a desideratum. More ordinary terra-cotta ware is

injured in drying than is spoiled in the firing.

Employment of Machinery.—Terra-cotta mouldings or moulded bricks are sometimes made in a
machine acting vertically with a die at the bottom, and as the clay passes from this die, it is caught
by a board or palette, and cut off in given lengths, as drain-pipes are. At other times, mouldings
and ashlar pieces are driven through dies, out of a brick-machine, cut off by wires and removed on
palettes. The mouldings and the ashlar work, when stiff, are trimmed clean at the edges.
Ornament pressed out of plaster moulds is sometimes luted or slipped on to the plain mouldings.
The completeness of machine-work depends much upon careful drying. All these machine-made
mouldings and ashlar work, if dried thoroughly, may be rubbed true, the same as Bath and other
stones are treated, as before mentioned. Terra-cotta tiles 12 in. sq. have been made in great
quantities by machinery, and rubbed as true as marble.

Fire-proof Terra-cotta.—'&y the aid of machinery, fire-proof terra-cotta for casing iron columns,
girders, and for general construction of walls and floors, may be economically produced. Gas and
other stoves, hearths, and backs for fire-places are made of fire-clay, coloured, and glazed. Stove-
backs, ornamented with crests and coats-of-arms, have been made of fire-clay in which black oxide of
manganese has been introduced, so as to produce, after burning and rubbing with black-lead, the
appearance of cast-iron.

Some fire-clays are of a nice pale-buff colour, and free from specks of iron, from which, columns
pilasters, sofSts, facias, and slabs could be made by machinery. Such work should be of greater
thickness than ordinary terra-cotta, and should be contrived to fit together by mortise and tenon



TESSELATED AND TILE PAVEMENTS. 1587

with Inp-joints luted with flrc-proof cement, and filled in with fire-proof materials, so ns to prevent

t he sudden deatructiou by Are and water of iron girders and columns, which almost always ensues

in largo fires.

All the buff clays used in ordinary terra-cotta are to a certain extent fire-clay, and will stand

a temperature at which most of the red clays run down into a vitreous mass. Columns made hollow,

of buff terra-cotta clay combined with fire-clay, were used by bir Digby Wyatt to support girders,

and at the same time to act as warming-fluea through a building of three floors.

Strength of Terra-cottn.—The results of experiments made to ascertain the resistance of terra-cotta

to a thrusting stress, comparatively with Portland and Bath stones and common stock brick, show
that, as a building-material, it greatly exceeds all in ordinary use. A table recording these

experiments, prepaied by David Kirkaldy for J. M. Blasbfield, and laid before the Eoyal

Institute of British Architects by Charles Barry, is given on pp. 1588-9. (The specimens were

bediled between pieces of pine J in. thick.)

Among the public edifices where terra-cotta has been very largely used during the post

30 years, are the following:—S. Kensington Museum, Duchy of Cornwall Office, Royal Mausoleum
(Windsor), Victoria and Albert Museum, Sassoon Tower, Elphinstone Circle, and National Bank of

India (Bombay), London & N. W. Station, Broad St. (Londnn), Buckingham Palace, Sandringham

House, Royal Albert Hall, Wedgwood Institute, India Office, Rolls and Record Office, Dulwich

Now College, Natural History Museum (S. Kensington), Law Chambers in Carey St , Fine Art

Museum (Boston, U.S.A.), New Libraries (S. Kensington), Life Guards Barracks (Knightsbridge).

Tesselated and Tile Pavements.—Such pavements are frequently called mosaic, en-

caustic, and inlaid. Floors of tesselated work made of common clays are of great antiquity. The
mosaic pavements so frequently met with in Roman remains in England are composed of fragments

of tile and stones of various hues ; the larger tessoraj for the outside margins are commonly clay,

and the red invariably so. These pavements, from the inequality of hardness of the materials, luivo

not worn uniformly in all cases.

A speeiul feature in Mauresque mosaics, is the interlacing of one colour with another in the

same device. A stanniferous glaze was commonly used by the Moors in the 13th century. Tlie

pieces forming their mosaic works, also tlieir tiles with raised ornament, appear to have been pressed

into plaster moulds. Glass mosaic, having a Miinreaque type of design and colour, is commonly
met wilh in the churches of Italy, and frequently in combination with porphyry. There nro

examples of this and marble mosaic in Westminster Abbey. Florentine mosaic is composed

entirely of marbles, agates, and gems ; tho materials are costly, and tlie process of working it slow,

but most beautiful pictures are produced at the studios for tliis art at Florence.

Several attempts were made in England in the beginning of this century to form tesselated

pavements by combining marble and stone with coloured cements ; Wyatt, Carter, Benasconi,

Felix Austen, and Croggon, made attempts in this form, but with no great success. In 183C,

Blasbfield made ornamental pavements by combining Aspdin's and Parker's cements with mineral

colours. This pavement wore well, and stood frost, but it looked dingy. The cements were

mixed with water, pliieed in iron moulds, and screwed down to drive off part of tlie water from

the cement, and so get the edges of the forms perfect. Inlaid tiles after patterns of encaustic clny

tiles were so produced, and subsequently Blasbfield tried coloured bitumen, but this material did

not wear or look so well as the cement. Painted tiles were made in clay by Copeland & Co. at

this time for Blasbfield for terrace-steps. The tiles were so designed and made that, when com-

bined, they formed a pattern 6 ft. in length. The colours were red and black. In 1839, an

elaborate mosaic floor was made by Blasbfield at Deepdene, combining the features of the aucient

"opus incertum," the Venetian " pise," and the common Italian " trazzo" floors. It is the largest

floor of this character in England. The mosaic features were placed face downwards on a true

bench, and backed with thin red tiles and cement, and thus formed into large slabs, which, when

all properly bedded on a concrete floor, were rubbed down and polished.

In 1838, Routledge and Greenwood made buff terra-cotta pavement and tiles. The latter were

inlaid with scagliola, and polished. lu 1839, Singer of Vauxhall, assisted by Pether, made

tesserffi for slabs and pavements, copying Moorish and Roman examples. Singer's process was to

place clay, well kneaded and of various colours, and as near as practicable of uuiform stiffness, in a

machine, where, by means of levers, it was subjected to pressure, and made to exude from an aper-

ture 6 in. by \ in. As it protruded, it was cut into lengths of 3 in., and these small pieces were

left for some days to dry. Fifteen or more were then laid one upon another, and a frame of cor-

responding size (across which were strained wires, crossing one another at regular intervals), sliding

vertically on two uprights, was made to pass through them, cutting out by this motion 100 or more

tessertB. When any curved forms were required, the tesserae were placed angle-wise in a groove,

ami a piece of curved metal was made to pass through » number of them placed together, which

gave a coiacidence of form in the parts divided. The tesserse were then burnt, and put togetlier

on slabs of slate. The great hall of the Reform CInb was executed by Singer with te.ospraj tlius

5 I 2
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made, and ground down to a true surface. He also made a pavement for the court of the present

Koyal Exchange of similar tesserse, but being laid down during winter, the cement gave way, and

the whole was taken up and removed. Some of the pieces used for dados and Mauresque slabs

were made out of plaster moulds, and these were often coloured and enamelled. These pieces of

tesserse were affixed to slabs of slate with plaster, and were much used for sides of stoves. About

1830, S. Wright of Shelton took a patent for making inlaid tiles after the fashion of the medissval

tiles ; he sold his riglits to Herbert Minton, who, assisted by the advice of Welby Pugin, produced

the tiles so well known in connection with the name of Minton.

Inlaid tiles were largely made in England in the 13th, 14th, and 15th centuries, some later oa
The oldest tiles are of red or brown colours, some few black, having ornaments painted on them

with white or buff clays, and glazed. Other tiles have ornaments impressed on them in relief,

possibly pressed in carved wooden or planter moulds. This impress of ornament may have sug-

gested the inlay of other coloured clays in an indented surface, and led to the running-in of slip,

or thin clays of white, buff, black, or green, into the indented surface of the tile. The superfluous

slip would have been scraped off when stiff, and the tile brought to a perfect face, and glazed and

burnt. All these tiles seem to have been coated with a plombiferous glaze. They were made of

various sizes, but are not often found more than 6 in. sq., and frequently are so designed that i, 9,

and 16 tiles are required in combination to form one pattern. Some of the best pavements of this

sort were found at Salisbury, Winchester, Exeter, Bristol, Chichester, Oxford, and Gloucester

Cathedrals ; and in numerous old churches and otlier places in England they exist in great number.

One of the most perfect old examples is the floor of the Chapter House, Westminster Abbey. They
are frequently laid with marginal tiles quite plain, and sometimes with an inlaid border at the

verge. The inlaid ornament usually affords a clue to the date of the tiles, as the type of the

architecture of the age is seen in these fictile records. There is an artistic effect about the free

sketchy way in which the designs are drawn, and tlie mottled appearance of the colour, which

gives them a great charm, and over-rides the more precise outline and uniform tone of modern
tiles.

The revival of this branch of the ceramic art has given rise to a purer taste in all that concerns

domestic decoration, and induced ideas of cleanliness unknown before.

The modem mode of making encaustic or inlaid tiles is first by modelling the design from a

drawing on a thin film of clay on a plaster ground, or by incising the ornament on a block of clay

or plaster, and then pouring over the model, plaster of Paris to form a mould. Moulds from a hard

plaster or a carved wooden model are sometimes made in brass, and a metallic frame is often the

boundary of the plaster mould. Metallic moulds for patterns which are to be much repeated are

the best and most economical. The clay for the body of the tile is pressed into a mould by a small

screw-press ; and the mould produces the outer form of the tile, and the ornament on the surface,

at the same turn of the screw. After the tile has been pressed, and removed from the mould, it is

allowed to become tough in dryness, before the operation of filling in the indented ornamental sur-

face takes place. When the tile is thus far dry, a thin mixture of white, buff, or coloured clay is

carefully poured over the indented parts ; if two or more colours are to be poured in, stops of clay,

or coverings, are used to check the running of one colour into another, and the respective colours

are thus filled in one after the other. After filling in, the tile is placed again to dry, and when
very stiff, it is carefully scraped over with a thin piece of steel, and all the coloured clay lying

unevenly on the surface is removed. The ornamental features are then seen in sharp outline, and
the tile is thoroughly dried for firing. There is a disposition in some clays, when so treated, to

round on the face in drying and burning ; this is checked by placing a thin layer of clay of a

different refractory character on the back of the tile when it is first formed, and piercing holes

through this layer of clay, to admit of the free egress of steam and fixed air. The modern practice

is to glaze such tiles as are required to have an enamelled surface, by a second fijing, after burning
them first in the biscuit state.

Without trespassing upon the subject of porcelain buttons (see Buttons, p. 559), it may here

be mentioned that, in 1840, E. Prosser, of Birmingham, obtained a patent for tiie manufacture
of buttons by reducing the material of porcelain to a dry powder, and subjecting it to strong

pressure between steel dies ; the powder, being compressed into about a fourth of its bulk, becomes
a compact substance, and can be at once placed in a kiln and fired. Prosser disposed of part of

his interest in this patent to Herbert Minton, who then made some very beautiful china buttons and
studs. In 1841, Blashfield saw them and learnt how they were made, and conceived that the button-
making process might be extended to the manufacture of tesserse and small tiles for pavements.
A correspondence ensued between Blashfield and Minton on this subject, and the latter made some
experiments, and sent Blashfield some 1-in. cubes, having a blue colour on one face and a white
body. The blue colour was crazed and cracked. Minton made further trials, and succeeded in
producing some very good blue and some white tesserse, f in. thick and | in. sq. ; these Blashfield

placed together in the form of a Greek fret on a drawing-board face downwards, and poured Roman
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cement over them, pressing some flut roofing-tiles into the cement, ami thus formed tliem into a

siiiull sldb. When the cement had ttt, the face of the mosaic was washed, and this first piece of

Minton'a mosaic work was exposed to the weather during the whole winter, and received no injury

from the fmat.

Pressor enlarged his patent to cover the making of tesseris and tiles, and began to make
machines for Minton's mo in this way, and entered freely into Blashfield's views. The latter sug-

gested sizes of tesserce and tiles, and colours, and the importance of gilt and enamelled tosseroi,

and gratuitously provided Minton with designs of mosaic pavements and tiles, and copies of those

in Westminster Abbey, subsequently calling to his aid Onen Jones, H. Kendall, and Digby Wyatt,

and commencing with them a series of publications of designs. In 1843, the process of manufac-

ture was exhibited by Prosser and Bla^hfield at a meeting of the Eoyal Society, when tlie late

Prince Consort took great interest in the making of the tesserae, and desired an account of the

whole subject to be sent to him.

Minton hesitated to order machines for forming tesserje and tiles beyond the sizes of 1 in., J in.,

and J in. ; but Proster made the necessary tools, and in 1844-18-45, tiles of large size and various

shnpts, and slabs 3 ft. long, were fabricated. Michael HoUius, the present proprietor of the tilo

works, laboured most zealously from thu first in the fabrication of the raw material and colours.

Having related something of the early history of this important improvement in the ceramic art,

which has brought about such vast changes in arcbiti.ctural decoration, and whieh is making

every day fresh strides, we will enter upon u. description of the machine first employed to make
tessersB, and whioli, with a few modifications, is still used for tesserie and small thin files, a more

powerful machine and hydraulic presses being used for large and thick tiles, and other flat surfaces,

and for making bricks from powdered clay. The preparation of the powdered material may be

explained in a few words. For tesserfe, it frequently consists of alumina, silica, and baryta, mixed

with some metallic oxide for colouring matter. The difference between the new process and the

old ia lliat the clay or earthy material for making the tesserae, tiles, or other articles, instead of

being used in a plastic state, ia used in dry powder. Tlie materials may be of the same character,

and, up to a certain stage in their combination, they undergo a like preparation. For example,

they are mixed with water, and ground by machinery, to thoroughly incorporate them, and, in a

semi-liquid state, are passed through fine sieves, to remove all coarse particles; and when this is

done, the clayey paste is partially dried by the heat of a slip-kiln, and made up into balls, which,

when perfectly dry, are ground in a mill ; and the dry ground material, for fine surfaces, ia passed

through sieves, to prevent the risk of any coarse particle or dirt getting into the articles which are

to be moulded.

Tiles must bo classified rather by the processes of their manufacture, than by the materials

of which they are composed. Tiles may be made by the same process, and yet may present

as great a difference in texture as fire-ware on the one hand and vitreous stone-ware on the

other. The body most commonly used is that of ordinary white earthen-ware ; but for coloured

tiles, and for a backing to a surface of superior quality, mixtures of local marls and fire-clays

are largely employed. There are two principal processes, which may be distinguished as the

wet process and the dry process. By the former, tiles can be made by hand, or by mechanical

pressure ; by the latter, by mechanical pressure only. In making plain tiles by the wet process

" bats " of plastic clay are prepared in the ordinary way by manual or mechanical " batting," and are

either cut to any required dimensions, or are beaten into a meiallie moidd. Tiks made as desciibed

are burnt in saggers, and reburnt after dipping in white or coloured glazes. The baclcs of tiles,

whilst still plastic, are always impressed with small holes or depressions, which may form a key

for the cement when they are applied to walls or other surfaces. So-called "Palissy" and
" majolica" tiles are made from plastic clay " bats," which have received a raised pattmn on their

surfaces from a depressed pattern sunk into the mould in which they have been pressed. After

first burning, the Palissy tiles are dipped into transparent coloured glazes, and the majolica tiles

into opaque enamel slips.

The dry process consists in consolidating clay powder by mechanical pressure. The clay powder,

having been damped, is placed upon a metallic block of the size of the tile to be produced,

surrounded by a movable collar, and is compressed by the descent of a plunger into the mould

so formed. The pressure is communicated to the plunger by a vertical screw, and the ujomentum

ia obtained from a horizontal fly-wheel or weighted arm. The compressed powder is removed by

means of a pedal, which lowers the collar or edge of the mould. The tiles thus produced may

be either large or small, according to the power of the presses employed. Small tiles and tesserie

are made by girls in small hand-presses. The moidds can bo so made that several tesserie can be

pressed at one motion. The compressed tiles are burnt for biscuit and glaze in the same manner

aa those made by the wet process. The compression of powder as a means of manufacture is nut

now limited to the production of tiles ; at the present time, plates and gallipots are being made by

an application of the same process. Coloured patterns may be inlaid in tiles by either plO(e^^.
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The colours employed are clays coloured iiBturally, or by the artificial admixture of the oxides of

iron, nickel, manganese, or cobalt.

The wet process consists in forming a pattern in relief in plaster, and framing and backing it in

a metallic support. Into the mould thus formed a, thin bat of white plastic clay, backed with a

clay of inferior quality, ia pressed, and receives from the plaster mould » depressed pattern. A
layer of white clay is then spread upon the common clay in order to counteract any contortion

arising during firing from a disagreement between the common cluy and the white clay on the

face. The tile is heated until it can readily be removed from the mould. Into the depressed

pattern on the surface, coloured clay slips are instilled from suitable vessels, and when the excess

has been removed by scraping, the pattern is discovered.

The dry proctes is a further application of that already described. Upon the central block, a,

pattern is dusted with powdered clay through a thin metallic stencil-plate ;
the collar is then

raised, and a layer of clay is in-

serted, and compressed by the de-

scent of the plunger; a layer of

inferior clay is next added and

compressed ; and finally a layer of

the same clay as that used for the

surface, the collar being raised to

receive each fresh layer. The
removal of the tile is facilitated

by the depression of the collar.

The same results may be obtained

botli for plain and inlaid tiles, by

raising or depressing by a pedal a

movable base working inside an
immovable collar.

One of the earliest machines and

moulds used for moulding articles

of a small size in powdered clay is

represented in Fig. 1160: A is the

wooden bench on which the whole

is fixed, the bench being sustained

on legs standing on the floor ; BD E,

the frame, formed in one piece of

cast-iron, the base B being fixed on

the bench by screw-bolts, the up-

right standard D sustaining at its

upper end the boss E, wherein the

nut or box lis fixed for the reception

of the vertical screw F ; the screw

P works through the box a, and has

a handle Ggh applied on the upper

end of the screw ; the handle is bent

downwards at g, to bring the actual

handle A to a suitable height for

the person who works the machine

;

by pulling the handle h towards

him, the screw F is turned round

in its box a, and descends. The
lower end of the screw F is con-

nected with a square vertical slider

H, which is fitted into a socket I,

fixed to the upright part D of the

frame, and the slider H is thus

confined to move up or down with

an exactly vertical motion, when it

is actuated by the screw. Thus far, the machine is an ordinary screw-press, such as is commonly
used for cutting and compressing metals for various purposes.

The tools with which the press is furnished consist of a hollow mould e, formed of steel, the
interior cavity being the exact size of the article to be moulded. The mould is firmly fixed on the
base B of the frame, so as to be exactly beneath the lower end of a piston or plug /, which is

fastened to the lower end of the square slider H, and the plug / is adapted to descend into the



TES8ELATED AND TILE PAVEMENTS. 1593

LmUow of the mould, when the slider H is forced downwards by action of the screw F, the ping

/ being cxnctl; fitted to the interior of the mould. The bottom of the mould is a movable piece n,

which ig exactly fitted into the interior of tlie mould, but which lies at rest in the bottom of the

mould during the operation of moulding ; but afterwards, the movable bottom can be ruised by
pressing the foot upon one end R of a pedal-lever B S, the fulcrum of which is a centro-pin r,

supported in a standiird resting upon the floor ; the end S of the lever operates on an upright rod

m, which is attached at its upper end to the movable bottom of the mould. A small horizontal

table T is fixed around the mould, and on that table, a quantity of powdered clay is laid in a heap
in readiness for filling the mould.

The operation is very simple ; the operator holding the handle A with his right hand, puts it

back from hira, so as to turn back the screw F, and raise the slider H and plug / quite out of the

mould e, and clear above the orifice of the mould, as shown in Fig. 1160. Then, with a bone

spatula held in the left hand, a small quantity of the powder is moved laterally from the heap,

along the surface of the table T, towards the mould e, and gathered into the hollow of the mould
with a quiet motion, so as to fill that hollow very completely ; and by scraping the spatula evenly

across the top of the mould, the superfious powder will be removed, leaving the hollow cavity of the

mould exactly filled with the powder in a loose state. The handle A being drawn forwards, with a

gentle movement of the right hand, it turns the screw F, so as to bring down the slider H and
plug / into the mould upon the loose powder, and begins to press the powder with a gentle motion,

without any jerk, in order to allow the air contained in the loose powder to make its escape ; but the

pressure, after having been commenced gradually, is continued and augmented to a great force, by

pulling the handle strongly at the last, so as to compress the earthy material upon the bottom n of

the mould, into about one-third of the space it had occupied when it was in a state of loose

powder.

Tlie handle A is put back again, so as to turn the screw F, and raise the slider H and plug /
until the latter is drawn up out of the mould e, and clear above the orifice of the mould

;

and immediately afterwards, by pressure of the foot upon the pedal K of the pedal-lever R S,

and by action of tlie upright rod m, the movable bottom n of the mould is raised in the mould e,

so as to elevate the compressed material which is resting upon the bottom n, and carry it upwards
out of the mould c, and above tire orifice of the mould, when the compressed material can be
removed by the finger and thumb. The compressed material so withdrawn is a solid body,

retaining the exact sliape and size of the interior cavity of the mould, and possessing suflScient

coherence to enable it to endure as much handling as is requisite for putting a number of them
into an earthenware case or pan, called a sagger, in which they are to be enclosed, according

to the usual practice of potters, in preparation for putting them into tlie potter's kiln for firing.

After the firing, the articles made are in what is called the " biscuit " state, and such as are

required to be glazed are dipped into the fluid glazing-compound, and are again fired. All

small pieces made by this dry-powder process may be glazed at the first fire by introducing a
glazing-composition within the saggers. The materials forming small articles may be so prepared

that the articles become partially vitrefied by the heat of the kiln.

All articles made from powdered clay contreict less than those made from wet clay, and are more
even on the surface; and time is saved by using a dry instead of a wet material. Articles of the

same form are more uniform in size, and join and fit at edges and angles with greater exactness.

Encaustic tiles, as well as plain flat tiles, are made from dry powder. A thin piece of metal,

with the pattern cut out, and fitting exactly over the indents pressed in the tile, is laid carefully

over it, and then some coloured powder is spread over the metallic pattern, and pressed by a

screw into the indented parts. The thin metallic plate is removed, and tlie superfluous clay lying

about the surface of the tile is scraped off with a piece of steel, to fully bring out the design, as ia

done in making these tiles in the wet state. Tiles may be made in this way of half the thickness

of those formerly made from wet clay, and of every geometrical form. It would have been im-

practicable to produce tiles at small cost for covering walls, as is now commonly done, by the old

way of working.

Tiles only Jin. thick of special forms are made for paintings, and are laid together ; and figures

of life size are drawn on them in a free spirited manner, and painted. These tiles are then fired

again to fix the colours on the glaze. Sometimes colours are printed or painted on the biscuit tile,

and it is then fired to harden on the colour, and is afterwards glazed. Every kind of fiat ornament

in bas-relief can be pressed in powdered clay and enamelled. There are fine examples of mosaic

and tile flooring, and of tile wall decoration, in the South Kensington Museum, suggestive of the

use of this art in many ways; and in several of the new restaurants and hotels, are special

examples of its use.

In this coimtry, where we have every variety of clay, and all the other materials necessary to

make semi-vitreous forms of all colours, fitted for the use of the architect and civil engineer, and

known to resist the severities of this climate better than granite, marble, or stone, it is remarkable
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that greater attention is not given to the use of architectural pottery. By the aid of machinery,

are produced bricks, of good shape and witli true surface ; also plain moulded bricks, for string

courses and cornices ; and from plaster moulds, foliated mouldings and enrichments to combine
with such bricks ; and as the description of the new mode of making flat surfaces from dry powder,

shows that mosaic and inlaid decoration, either in biscuit or enamelled ware, can be made to aid

decoration at moderate cost, it is to be hoped that the example set by a few architects who have

freely used these materials may be generally followed, and that the costly material, stone, which

soon becomes dingy, and gives way to fjost and the atmosphere of large towns, will be less in

fashion.

Wares rendered Translucent by tlie fusion of an Incorporated Felspathic
Glass.—The origin of the manufacture, in England and on tlie Continent, ofevery sort of translucent

ware, was the wish to produce a facsimile of Chinese porcelain. The desired transluoenoy has been

attained witli greater or less success in a variety of ways. The pdte tendre of Sevres was in reality a

glass, rendered sufficiently plastic by artificial admixture to be manipulated as clay, and fired at a

temperature high enough to fuse the glass, but not so high as to injure the form of the ware. The
resultant ware was so fragile, and the difBculties of manipulating the mixture, of supporting the

ware during firing, and of adjusting the temperature of the kilns, were so great, tliat the manufac-

ture otpdte tendre was gladly abandoned on the discovery of kaolin at St. Yrieix. English china

is rendered translucent by the addition to a pure plastic clay of a considerable proportion of glass-

forming materials, but tlie proportion is so regulated that, although tbe ware does not require

excessive heat for its firing, its plasticity is sufficient to facilitate manipulation ; moreover, the

balance of fusibility and plasticity is so adjusted as to allow the introduction of sufficient calcic

phosphate to reduce the shrinkage of the ware to a minimum, and at the same time greatly to add
to its brilliancy. English cliina is easily worked, easily fired, and easily decorated. The hard
porcelains of Berlin, Sevres, and other European manufactories, resemble true Chinese porcelain in

being produced from purely granitic materials. They differ from English china in being more
difficult to manipulate, in requiring a higher temperature for firing, and in being less susceptible of

receiving colour and other forms of decoration. Tliey are superior, however, in their power of

resisting corrosion, and of withstanding extreme changes of temperature.

The physical structure of translucent wares may be described as that of a transparent glass,

holding opaque infusible particles of kaolin or other substances in suspension. Microscopic

examination of a thin plate of hard porcelain reveals opaque rods, granules, and fragments of

quartz, and spherical bubbles, bound together by a vitreous cement. The want of tiansparency is

caused by the repeated reflection and refraction of light by these obstructive particles. The chemical
nature of the different translucent wares is best illustrated by reference to the table of analyses

(p. 1558). The proportions of alkalies, and of calcic, ferric, and magnesio oxides reckoned
together are, approximately, in English china, 12 ; in Parian, 8 ; in Sfevres, 8 ; in Chinese, 7 ; and
in Berlin and Japanese, 4. Of the alkaline constituents of Japanese porcelain, the sodio oxide is

in excess ; whereas in the case of Chinese porcelain, potassic oxide preponderates.

The raw materials used in the manufacture of hard porcelains are kaolin and felspar, or a
felspathic mineral. The felspathic constituent or petuntze of the Chinese potters is potassium
felspar, the orthoclaae or adularia of mineralogists. The general processes of manufacture and
manipulation in China and Japan are similar to those employed in Europe, although of a
rougher character. Homogeneity is procured in the prepared mixture by repeated treading,
and the mixture is always stored fur a considerable time before being worked into ware.
Hand-driven throwing-wheels are employed, and dried clay is used for moulds in the place of
plaster of Paris. The glaze, which is made of felspar and lime, requii-es an intense heat for its

fusion. There are few metallic oxides, except that of cobalt, which can withstand the requisite
temperature, and it is therefore necessary to apply tlie less stable colours in the form of enamels
upon tlie glaze, and to fuse them at a lower heat. The wares are generally subjected to a
moderate fire before the application of the under-glaze colour and the glaze, although it is possible
to fire at one time for biscuit, under-glaze colour, and glaze.

Sevres hard Porcelain.—The raw materials used at S&vres are kaolin from St. Yrieix and chalk
The kaolin in its natural condition contains a considerable but varying proportion of felspathic
sand. If the raw kaolin be exposed to an intense lieat, it fuses to an opaline glass. In order to
regulate the fusibility of the resultant ware, it is necessary first to separate the felspathic sand
from the kaolin, and then to remix it in proper proportions. Separation is effected by agitating
the raw kaolin with water in a, suitable receptacle, allowing the heavy felspathic material to
deposit, and drawing off the suspended kaolin into a second or series of receptacles, where it is

gradually deposited, and from which the water, together with the floating and soluble impurities
may be run off from above. The felspathic sand is collected and ground with water in a mill with
stone runners. The chalk is also ground, and the kaolin, felspar, and chalk, after passing a suc-
cession of sieves, are mixed together by measure in a liquid condition. The liquid mixture is
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ronsoli.lfttcJ partly by the expression of the water through a filtering medium of prepnrcd linen,

nnd partly by uljsorption of the water by plaster of Paris. The paste so formed is kneaded and
beaten upon slabs iif plaster of Paris, moulded into lumps, and stored in cellars for future use.

The average proportion in which the tlirce ingredients are mixed is : kaolin, 48 ; felspathio sand,

48 ; and chalk, 40. The comparatively large proportion of felspar and lime renders the mass
defieient in plasticity. To partially counteract this defect, parings of nnburnt ware are mixed with

tlio dried and pulverized paste. This mixture is again carefully kneaded, and incorporated with

euffleient water to produce the amount of plasticity requisite for manipulation. The processes of

throwing, pressing, moulding, and casting, are similar to those already described, although modified

ill ccrtiiiu respects to suit the nature of the mixture. The mixture is less plastic, and more liable

to defects from deficient homogeneity, than is the case with the mixture for English earthen-ware

and china. In throwing, it is customary to subject the mass of paste, after being kneaded, to a

j)reliminary moidding on the wheel, in order to ensure the regular aggregatiun of the constituent

particles ; it is also usual to allow the substance of the article in the rough greatly to exceed that

of the finished pattern, provided the internal diameter remains the same, so that the exterior may
be pared away by turning, and signs of unequal pressure be removed. The paste is prepared

for pressing and moulding, by the passage over it of a wooden roller running upon guides; and

tlio bat of panto is raised from the bed of plaster of Paris upon which it has been rolled, by means
of an underlying film of skin or other material. In casting, the liquid paste is allowed to remain

in tlie mould for a considerable time.

After manipulation, the wares are gradually dried, preparatory to burning. The ovens em-

ployed at Sevres are each divided into two kilns, an upper kiln for burning biscuit ware, and u

lower kiln for burning the ware which has been dipped in glaze. The biscuit- and glaze-kilns

are separated by a perforated floor, through which, the surplus heat from the glaze-kiln passes into

the kiln above. Tlio lieat and draught of the kiln are very intense ; there is little smoke, and the

Bsh is entirely dissipated. The fuel principally used is wood, and every precaution is taken to

prevent dust.

The wares, whetlier for the biscuit- or glaze-kiln, are placed in saggers, and rest within the

saggers upon flat ground slabs, made of a refractory clay dusted over with flint or fire-clay slip,

and bedded evenly in sand. The saggers are built up by plumb line, with every precaution to

secure tlio wares resting perpendicularly. The firing is regulated by the removal at stated intervals

of small ttsl-pieces of both biscuit and glazed ware, of the same composition as that used throughout

the kiln, which liave been previously placed in saggers from which they can be readily withdrawn

from the outside. Thero aro three stages in the management of the kiln : the gradual heating for

the removal of moisture held by the body or glaze ; the actual baking of the body, and fusion of

the glaze; and the annealing of the glass in the body of the ware, as well as in the glaze. The
firing may last 30-45 hours, and the kilns may remain closed after the firing, to allow of the gradual

cooling of the ware, for a period of 5-8 days. The entire shrinkage of hard porcelain amounts to

about 17 per cent.

Glaze.—The material used for the glaze is a natural mixture of felspar and quartz, and is

known as pegmatite. Its average composition is silica, 74 '3; alumina, 183; potassio oxide, 6 5 ;

oaloio oxide, 0'4
; magnesio oxide, 0'2

; water, 0-3
; and it may be approximately represented by

the formula 2(Al20„3SiOj)-l-KjO,3SiOj. It is therefore an ordinary glass, to which a second

equivalent of aluminio silicate has been added, and the transparency of which is destroyed by the

excoss of infusible material.

Each fresh supply of pegmatite is tested in order to ensure a constant result. For use, the

pegmatite is first crushed under vortical grinding-wheels turning upon a revolving base. It is then

ground with water in a mill with stone runners, and when reduced to a sufficient degree of fineness,

is drawn off", sifted, agitated in the presence of magnets, in order to remove particles of iron, passed

into a receptacle, and maintained in suspension by constant agitation.

During the long process of grinding with water, great care must be taken to prevent a sudden

precipitation of the material, either through the slackening or sudden stoppage of the stones. The
tendency to precipitation may be retarded by mixing a small quantity of acetic acid with the water.

The various mills at the Sevres works are moved by wafer-power. Into the suspended pegmatite,

the biscuit ware is dipped, care being taken that no part of one piece remains in the glaze longer

than another, and that the thick wares shall be dipped in a thin glaze, and the thin in a thick.

The parts of ware which have been held in the dipper's hand are retouched with a brush dipped

in the glaze. The wares are replaced in saggers, and the saggers are placed in the lower division

of the oven, the heat of which is more intense than in the biscuit-kiln. The entire absence of

lead renders the glaze when fused exceedingly hard and durable; it is bluish in tint, and cold to

handle. The grey tint of the body and glaze is due to the reducing action of the atmosphere of the

kiln. The glaze is transparent, and rather more fusible than the body, but becomes thoroughly

incorporated with it, and, from its similarity of composition, expands and contracts uniformly with
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the paste. The bases of ware when removed from the saggers are rubbed smooth with sandstone.

Owing to the difficulty of manipulating the paste, it is customary to build up elaborate vases

from distinct pieces, which are joined together by metallic fittings ; this especially applies to feet

and handles.

Farian and Belleek.—The nearest British representatives of true porcelain are Parian and Belleek.

The materials generally used for Parian are kaolin, felspar, and small quantities of Cornish stone

and ball-clay: the analysis of an average sample of Parian gives—silica, 54-8
; alumina, 36'21

;

alkalies, iron, and other ingredients, 8-8. In some cases, the composition and preparation of Parian

approaches closely to that formerly employed at Sfevres in the production of the pate tendre. A
glass is first formed by the fusion of a mixture of sand, felspar, Cornish stone, and potassic car-

bonate ; this is run into water whilst still hot, broken up by the action of the water, and ground

with water in a mill with stone runners. One part of the glass is mixed with about three parts of

ground felspar and three parts of kaolin. A hard Parian may be made from a mixture composed

of 60 parts felspar, 30 kaolin or china-clay, and 10 ball-clay. The Parian mixture is used in the

liquid state, and the ware is fashioned by the absorption of the water from the mixture, and the

consequent deposition of the paste upon the inner surface of dry plaster of Paris moulds. Vases

and statuettes of the greatest delicacy may be produced by these means. The contraction of

Parian in the process of solidification by heat is greater than in any other ware, and amounts to

J-^ of the entire mass. It is worked in a state of perfect liquidity, and is rendered quite

vitreous by fusion. The shrinkage is greater in the height of the ware than in the width, owing

to the influence of gravitation. In making models for the moulds in which the wares are cast,

provision must be made to counteract the inequality of contraction, and to bring the contraction to

a common centre.

In reproducing a human figure, or group of figures, every limb is cast singly in a. separate

mould, and the whole is built up piece by piece, and cemented together in the green state by the

interposition of liquid slip. Each mould is in two pieces, fitting closely together, and fixed by

projections on one side protruding into corresponding depressions on the other. An opening is

left in the middle of the upper part of the junction of the two sides, through which the liquid

mixture can be instilled from a suitable vessel. The cavity of the united mould is filled and re-

filled as the water is absorbed, and until a sufficient thickness of paste has been deposited. So

soon as the paste has become solid by absorption, the moulds readily deliver. The wares are

burnt in specially-prepared saggers, and are supported in every direction by carefully arranged

props made of refractory clay. The drapery of figures may be reproduced by spreading lace, or

some fine textile, upon a slab of plaster, covering it with a layer of liquid paste, wrapping as

required upon the figure, and simultaneously solidifying the paste and destroying the fabric by the

fire to which the figure is exposed.

The creamy tint of English Parian is due to the formation in the body of the ware of a glass

fused in an oxidizing atmosphere, and tinted by the ferric oxide naturally incorporated with the

constituent materials. Foreign Parian has generally a greyish tint, owing to the reductive atmo-

sphere of the kilns in which it is fired. The name of Belleek is commonly given to a species of

glazed and lustred Parian, but the genuine ware is made from a mixture of kaolin and felspar

artificially prepared from red orthoclase granite, and which has the property of assuming when
fired a natural enamel or egg-shell film.

Artificial Porous Ware.—Porous ware is required for several purposes, especially for water-

coolers and the inner cells of galvanic batteries. The principle upon which this manufacture is

based is the introduction into the clay mixture of a proportion of some organic substance which
will be destroyed by heat. The substance generally used is saw-dust. As the battery-cells are

required to be exceedingly regular and thin, they are formed by the process of absorption or
" casting " which has been already described (compare Parian). A clay containing an appreciable

quantity of calcic oxide is unsuited for the manufacture of battery-cells. The moulds employed
in the process of casting have constantly to be replaced, as they are subject to damage, by reason

of the repeated absorption and evaporation of large quantities of moisture.

Engliah China.—English china is generally of a dead or creamy-white colour, is translucent,

and is apparently less cold to the touch than hard porcelain. The glaze is soft, and the ware will

not resist extreme variations of temperature. The mixture for English china is manipulated and
fired with greater facility and certainty than would be possible with simple granitic materials,

and the resultant ware is adapted to a greater range and brilliancy of decoration than is applicable

to a harder and less manageable composition. The materials employed are China-clay, or kaolin,

ball-clay, Cornish stone, flint, and calcic phosphate, together with, in some cases, a small proportion

of steatite, which consists of 63 silica, 33 magnesic oxide, and 4 water. The translucency of

English china is due to the fusion of the felspar contained in the Cornish stone. The calcic phos-

phate performs many useful functions. In addition to reducing shrinkage, and enhancing the

whiteness of the ware, it enables it by its infusibility to stand the fire requisite for the vitrification
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of tbe felspar, nnd arlds lightness without materially affecting translncency. An analysis of a
sample of Worcester china gives: silica, 38-88; alumina, 21-48; calcic oxide, 10-06; sodio and
potassio oxides, 2-14; calcic phosphate, 26-44. Every rimnufactory has a different mixture for

china, but the following maybe taken as an average specimen: kaolin, 31-00 ; Cornish stone,
26-00

; calcic phosphate, 40-50; flint, 2-50. The glaze is composed of a fused glass, ground and
added to a mixture of Cornish stone, or felspar and plumbic carbonate. A glaze for a body com-
posed as described might consist of 60 parts of a glass formed of^Coniish stone, 48 ; borax, 24

;

calcic carbonate, 20; potassic nitrate, 4; and sand, 4; added to plumbic carbonate, 16; and
Cornish stone, 24.

In selecting materials both for the body and the glaze, the greatest attention is paid to their

purity, and freedom from iron.

The processes employed in preparing the materials and manipulating the paste are similar to

those already described under the head of Earthen-ware (p. 1573), but carried out on a smaller

scale. The plastic clays are broken up by agitation with water, and the Comisli stone, calcic

phosphate, and flint are ground with water under stone runners. The grinding-pans measure
10 ft. in diameter and 3 ft. in depth, and are paved with small blocks of chert-stone. Tiie different

materinls, suspended in water, are sifted, and run by measure into a large receptacle, in which they
are mixed and kept in agitation by revolving arms, carrying magnets, which attract and withdraw
from the mixture any particles of metallic iron that may be present. The mixture is thence
pumped into a filter-press, which is generally of a lighter and simpler construction than that used
for earthen-ware. Pressure is applied by a hand pump, and, the sacks are connected by central

fittings, which, when united, form a single central tube through the entire series of sacks. When
the paste is taken from the sacks, it is subjected to repeated beating, turning, and kneading, before

it is considered to be in a propor working condition.

Another method of procedure is to dry the liquid materials separately by evaporation on u
long shallow stone reservoir heated from beneath, and to mix the separate ingredients in the dry
state by weight, to remix them with water, then to pump the liquid mixture first through u seiies

of sieves, next through a series of stationary ckctro-maguets, and finally into the filter-press.

The ingredients of the glass, which forma the largest constituent of the glaze, are mixed and in-

troduced into the furnace represented in Fig. 115'2. Wlien melted, it is run from the furnace into

water, broken up, dried, ground, and mixed by weight with the plumbic carbonate and ground
Cornish stone. The mixture is then ground with water in a mill similar to, but smaller than,

that used for grinding the hard ingredients of the body, until such time as the liquid glaze will

pass a silk lawn containing 4000 meshes in 1 sq. in. The ovens and saggers are similar to those

used for earthen-ware. The wares are bedded in the saggers in calcined flint, and the saggers are

built up in airtight columns by the insertion of rolls of moist clay. The kiln for biscuit-firing

takes 40-50 hours to fire, and about 48 hours to cool ; the glaze-kiln takes 15-20 houra to fire,

and about 36 hours to cool, and to allow the glaze to become annealed.

Decorative Processes.—The decorative effect of pottery is due to form, surface, or colour.

Decorative form may be due to the taste and manual skill of the thrower, or, if the ware be

moulded, pressed, or east, it may originate with the art of the designer of the model fur the

mould. Ware, after receiving its outline from the thrower, and whilst still retaining plasticity,

may have its form compressed, or indented, and its edges waved or crimped by the fingers, and
according to the fancy of the artist. Ware may also be built up of detached pieces, as in the case

of tine basket-work, and of imitation flowers. In the former, threads of clay, expressed through

a stencil fixed in the base of a cylindrical screw-press, are twisted and cemented together, laid

upon a plaster block of the shape which the interior of the basket-ware is intended to possess, and
hardened by burning ; in the latter, each petal is made separately by hand, and cemented together

by liquid slip. The mouths of vessels may be artistically shaped by the insertion of " forms " made

of burnt stone-ware or china.

The colour in the body of a ware may be natural or artificial, and may be mechanically or

chemically combined. It is due to tbe presence of a metallic oxide, and the colour may either

be the actual tint of the anhydrous oxide, or the tint which a glass assumes when fused with the

oxide. The red of terra-cotta is caused by the presence in the natural clay of ferric oxide ; and

the buff and paler tints, by a smaller proportion, amounting to 1-3 per cent., of the same oxide, or

by a larger proportion intermixed with lime or magnesia. Tlie tint of ivory and cream-coloured

ware is due to a glass coloured yellow by a minute trace of ferric oxide, and intimately mixed

throughout the body. The mixtmes for cream-colour and ivory are respectively the same as those

used for earthen-ware and china, with the difference that clays are used containing naturally a

slightly higher proportion of ferric oxide, and that sand is sometimes substituted for flint.

In order to facilitate the colouring of stone-ware by the presence of artificially coloured glass,

as for instance in making a blue ware by the addition of cobaltic oxide, it is necessary to add

Cornish stone to the clay, so as to render the body vitreous, and to supply a flux for the colouring
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oxide. Wedgwood's 6ne "jasper" ware is an artificial mixture of the same character, but con--

taining a large proportion of baric sulphate. This substance serves the double purpose of resisting

fusion, and of reflecting any colour that may be incorporated in the body of the ware. An average

mixture is, baric sulphate, 57 ' 1 ; baric carbonate, 4 • 8 ; flint, 9
' 5 ; clay, 28 • 6. The ware is

unglazed, has a crystalline surface, is vitreous throughout, and may be coloured in the same

manner as a glass. The sage-colour is due to chromic and cobaltio oxides ; the drab, to nickel

oxide ; and the dove-colour, to cobaltic and manganic oxides. Stone-ware may be tinted by

mechanical mixture with certain oxides. Thus ferric oxide gives a, red, brown, or chocolate;

manganic oxide, a black ; and uranie oxide, a yellow. Differently coloured clays may be so

kneaded and worked together as to present a good imitation of the grain and colours of marble.

The costly Henri-Deux ware may be reproduced by inlaying coloured clays in patterns, stamped or

engraved in separate bats of plastic clay, adjusting the separate bats in a mould, and uniting them
by a common backing of clay, so that they are made to combine, and assume the form of the

mould. The body is generally white ; the inlaid ornament, brown and black ; and the glaze, a warm
cream-colour.

A decorative surface may be produced by impression, incision, or application. Impressed

decoration may be transferred from tlie surface of a mould, or may be directly produced by a stamp

or seal, or by a pattern cut in relief upon the edge of a small revolving wheel ; by the repetition

of tlie impression of a stamp, the eiifect of a diapered background may be obtained. A moulded

pattern may be cut through with a, knife, so as to imitate coarse basket-ware ; and the delicate

tracery of perforated ware may be produced in the same way, but with finer implements and

greater skill. Lattice-work, executed in a similar munner, may be applied over depressions, or

upon the surface of vessels which still retain their plasticity. A coloured clay is sometimes intro-

duced into moulded depressions, and the surplus is removed on the lathe.

After a vessel has been thrown, patterns may be scratched upon it with a graver ; if the clay be

still moist, a ridge will be left by the tool on each side of the incision ; the ridge, however, will not

be formed if the clay be already dry. If colour be afterwards applied, the ridge, when present,

forms an outline to the colour. Rings may be left upon the surface of ware by the thrower, and

may be carved by the artist. Etching and carving as described are generally applied to fine stone-

ware. This ware may also be decorated by the following processes :—By dipping a dark ware in

a light-coloured clay slip, and etching through the latter so as to disclose the dark background
;

by modelling the borders of patterns out of strips of clay laid upon the vessel whilst still plastic

;

by painting upon a dark body with light-coloured clay pigments, in certain cases, using a vitrifiable.

pigment, so as to become semi-transparent, and to disclose tlie background ; by applying to the

surface of ware, dots, rosettes, gems, or patterns, previously moulded in plaster moulds, or modelled

ornaments in the form of dragons or faces. The decoration known as pate sur pate, and generally

applied upon china or porcelain, and covered with glaze, is produced by modelling in a porcelainous

paste spread upon the surface of the ware. The surface of the ware is generally of a dull-grey or

green colour, applied to the ware by dipping in a coloured slip or glaze. The colour shows through

the thinner parts of the sculptured ornament, the paste employed being of a semi-vitreous character.

The bas-reliefs applied to Wedgwood's jasper ware are formed in moulds, and are made to adhere
to the unbaked ware, by means of liquid slip. The ware, if it be not already coloured in its sub-

stance, is generally dipped in a coloured slip, before the application of the bas-reliefs. Certain

wares are decorated with flowers and delicate sprays of foliage, to the manufacture of which, refer-

ence has already been made.

The glaze is a simple form of applied decoration. It is, as has already been stated, a glass
built up of two or more silicates. The normal felspathic glaze consists of sodic or potassio and
aluminic silicates ; salt glaze, of sodio and aluminic silicates ; lead glazes are mixtures of plumbic
with aluminic silicate, and small quantities of sodic and potaseic silicates. There are also glazes
containing zincio silicate, and ferric silicate, and, in some cases, one silicate is replaced by a borate.
Glazes may be rendered white and opaque by the addition of an infusible excess of stannic and
arsenic oxides, and may be coloured by metallic oxides, in the same manner as glasses. Glnzes
are applied by dipping, and by volatilization. The difficulty in preparing a glaze is the regulation
of the mixture, so that the contraction of the glaze after fusion shall not be unequal to that of the
body to which it is applied.

The well-known decorative effect of " crackle-glaze " is obtained by an adjusted disagreement
between the body and the glaze. If the disagreement be allowed to go too far, the glaze chips
away from the body. The requirements of a glaze are (1) agreement with body, (2) power of
resisting solution and corrosion, (3) purity of colour, (4) power of developing applied colours. The
felspathic and sodic silicate glazes are the most durable ; the plumbic silicate glaze is liable to
gradual decay, which is indicated by the appearance of a beautiful iridescent film. " Smears " and
"flows" are glazes applied by volatilization. In the former process, the snggers are washed
inside with a mixture of one or more of the following substances : salt, red-lead or litharge,
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potnssio nitrftte, pntassio cnrbonntc, and china stone. The ware, generally fine etonc-ware, is

expiisid in these snggers, and receives a gloss by the deposition and combination of the volatilized

mixture. The object of the use of " flows " is to soften or blur the outline of under-glaze painting

or printing. Amnionic chloride, alum, and chalk, together with one or more of the materials used
for " smears," are placed in small biscuit-cups in the saggers, together with the ware. The glass

which is formed by the deposition of the mixture on the ware partially dissolves the colouring

oxide, and softens the general effect Plumbic silicate glazes are coloured by metallic oxides, and
are used for colouring ware. In this way, imitation " crown " ware is often manufactured. A
mottled or marbled surface is sometimes produced on ware by instilling differently coloured glazes

from a vessel containing several chambers communicating with a composite neck. Opaque glazes

or enamels are used to conceal a coloured body. Majolica is generally made of common fire-

clay or marl, and is coated with opaque white enamels, upon which, whilst still moist, coloured

enamel decoration is applied. Limoges ware is a clay body decorated by the aid of coloured

enamels.

In Cloissonn(! ware, the outline is marked out by metallic threads soldered to a metallic body,

and the interstices are filled up with enamels. Imitation Cloissonn^ is pr(iduced by painting on a
white clay body with coloured enamels, or by forming a raised outline by painting with a mixture of

iron and copper dust, hardening the same by fire, and filling in with colour. Palissy ware has a
white or coloured body, covered with transparent coloured glazes. Bristol ware is coloured by
coloured felspathic glazes. A curious lustrous or glistening efiect may be caused by applying coarse ly-

powdered mica to the surface of ware. Genuine lustre or iridescence is produced by the irre-

gularity of a glazed surface, caused either by decay, or by the adhesion of an almost imperceptible

metallic film. Bismuth, gold, silver, copper, zinc, iron, and platinum are used for this purpose.

The metallic salt is generally mixed with some strong reducing agent, and applied to the ware as a

paint. The ware is then fired in a reducing atmosplierc, the salt is reduced, and the metal is

fixed upon the glaze of the ware by heat.

For Brianchon's lustre, which is similar to that used at Belleek and Worcester, a mixture is

used of bismuth nitrate, resin, and essence of lavender. If ferric or uranic nitrate he added to this

mixture, the glaze of the ware will be tinted by the ferric or uranic oxide, and the effect of the

lustre will be lKif;htened. Instead of applying tlie reducing ngent together with the metallic salt

a reducing vapour may be directed upon a pigment rich in copper, silver, or other m( tals, with

siiiiilar results. The red lustre of Gubbio ware is due to the action of smoke upon cupreous
oxide; it is usually Applied to a coloured body. Gilding and silvering are performed by fixing

metallic gold and platinum upon glazed ware by partially fusing the glaze in small muffles or

kilns adapted to the purpose. The metals may be used in leaf, as amalgams, in powder, or as pre-
cipitates from solutions. When used as an amalgam or in powder, a small quantity of flux is

added.

Gold may be precipitated from solution by ferrous sulphate ; the precipitate, after washinn-

and drying, is mixed with bismuth oxide, and mixed as a pigment with thickened oil of turpentine.

Platinum sponge may be similarly treated. A bright silver may be obtained by using as a pigment
a mixture of platiuio chloride and essence of lavender. The gold powder and amalgams require
prolonged and careful grinding before they are fitted for use as pigments.

The metal, after firing, is generally dull, and if a bright gold is needed, it must be burnished
by rubbing over with an agate or bloodstone. " Chasing " is marking with a burnisher a bright

pattern upon a dull unburnished ground. The gold pigment m;iy be applied over raised bosses of

paste, or over depressed patterns eaten into the glaze by hydrofluoric acid. Patterns may be
painted with the brush, and lines may be accurately described upon the edge or sides of ware by
applying the brush, and causing the vessel to turn upon the operator's hand, or upon a hori-

zontally revolving wheel. Patterns may also be stencilled on the ware with charcoal, and gilded

over.

By mixing gold with silver in various proportions, and using the mixtures as pigments, a large

number of tinted golds and bronzes may be obtained. Coloured decoration upon the surface of

ware is produced by metallic oxides dissolved in or covered by the glaze, or by the application of

opaque coloured glasses. Metallic oxides applied on the body of ware and under the glaze, as well

as those mixed with the glaze, obtain the glass necessary for their development from the glaze.

Metallic oxides applied on the glaze are used in the form of coloured glasses or enamels. The
latter may always be detected by the touch, as they are raised above the level of the glaze. Colours

produced by certain oxides are developed by special media, and certain colours are able to with-

stand a much higher temperature than others. To the latter class, belong the oxides of cobalt,

chromium, iron, titanium, and uranium ; these are adapted to English underglaze decoration ; but

tlie blue pnxiuoed by cobaltic oxide is the only colour able to resist the intense heat required to

fuse the glaze of Oriental and Continental hard porcelains.

Zincic oxide tends to brighten a large number of colours ; others cannot be developed without
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the addition of stannio or sodic oxides ; and others, especially the pinks produced by gold, deteri-.

orate in the presence of plumbic oxide. The subjoined oxides when mixed with a glass give the

following results :—Ferric oxide, yellow ; ferrous oxide, green ; manganic oxide with sodic oxide,

violet, passing to grey and black ; chromic oxide, yellow ; a trace of chromic oxide with stannic

oxide, pink ;
pink, crimson, brown, black, and green are obtained for underglaze printing colours

from various combinations of chromic oxides ; all kinds of overglaze greens, and some yellows, are

due to the same oxide ; cobaltic oxide, blue, deepening to black, and brightened by zincio oxide,

but injured by the presence of manganese or nickel as impurities ; cuprio oxide with sodic

oxide, turquoise-blue, passing to green ; cupreous oxide, red ; auric oxide with stannio oxide, pink to

purple ; luanic oxide, yellow to orange ; titanic oxide, yellow ; antimonic oxide, yellow
;
plumbic

oxide, pale-yellow ; iridic oxide, black or opacity. All intermediate tints may be obtained by
mixing the oxides.

Certain colours cannot withstand a high temperature, and other colours vary in tint with

variations of temperature. Upon this fact, pyrometrical tests for burning-in coloured glasses and
enamels are basfid. The heat of a mufBe is ascertained by withdrawing from time to time a piece

of china or porcelain marked with a glaze containing auric and stannic oxides. As the temperature

rises, the tint changes from brown to brick-red, from brick-red to rose, from rose to purple, from

purple to violet, from violet to pale-rose, and from pale-rose to a colourless stain. Wedgwood's
pyrometer, which has been sometimes used for the same purpose, is based upon the regular con-

traction under the influence of heat of an unbumt clay mixture of known composition. Small

cylinders of this clay mixture are expressed through a gauge, and after being dried, but before

being placed in the kiln or muffle, are tested in a gradually tapering groove cut in copper or gun-

metal. They are then placed in the muffle, and withdrawn when the temperature is to be deter-

mined. The temperature can be rougldy estimated according to the position in the groove to

which the contracted cylinder can be advanced, by reference to a scale determined by previous

experiment.

Underglaze coloured decoration may be placed upon biscuit ware by the brush, or by a process

of transfer printing. Only those oxides can be used for producing colour which are sufficiently

stable to resist the heat of the glaze-kiln, namely those of chromium and cobalt. The pattern to

be transferred is etched upon copper plates with steel gravers. When in use, the plates are kept

warm by placing them on the top of a covered stove heated by steam, gas, or coal. The printing

medium containing the colouring oxide is made up of a mixture of thickened linseed-oil, rosin, tar,

and other ingredients, and is kept in a semi-liquid glutinous condition by exposure to heat. The
ink is applied to the plate, and all the superfluity is dexterously removed by a scraper. A sheet of

unsized linen tissue-paper, saturated with soft soap and well damped, is next spread upon the
plate, and passed through the printing-machine.

The printing-machine. Fig. 1161, consists of an iron framework supporting two rollers, the upper
one of which is partly wrapped with thick flannel. Between the two rollers, is a planed iron table,

upon which, the copper plate is placed. By depressing

the handle, the upper roller revolves, and causes the ^i^i-

table to carry the plate between the two rollers. The
resultant pressure transfers the ink from the copper

plate to the paper. The printed paper is removed

from the plate, and the margins are cut away. The
paper pattern is applied to the absorptive surface of the

biscuit ware, and is rubbed over witli a roll of flannel.

The ware is then placed in water, the paper is removed,

and the pattern is found to be accurately printed. The
printed ware is now dried, placed upon shelves in a

kiln, and exposed to a red heat, in order to burn off the

oily ingredients with which the metallic oxide was
mixed. If the oily matter be not removed, the parts of

the ware so covered will be non-absorptive, and unable

to receive the glaze. After the ware has been gradually

cooled, it is ready for dipping in the liquid glaze. By
this process, outlines to be filled in by hand-painting,

or patterns in one tint, can be printed. In order to print

different shades of colour, a process known as " block-printing" must be adopted. In printing a
leaf by this process, the different colours of tlie shadow, fibre, and ground are successively applied
by separate plates upon the same paper, but care is taken that no two colours shall overlap. The
pattern is transferred to the ware in the same manner as already described. The highest form of
coloured decoration upon the glaze is hand-painting. Transparent coloured glasses and opaque
enamels are used by the artist in the same manner as ordinary pigments, with the exception
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that all have to bo fired by heat, and allowance must be made for the cbaDges in tint which the

firing may produce. So gi-cat skill has liitely been devoted to the preparation of these colours,

that almost every known tint may bo satibfactorily represented.

Raiseil fiflfccts and ornaments in relief may be executed in colour by modelling with a clay

paste upon the surface of the ware, exposing to heat, and then painting with coloured enamels.

Photogrnphy has not as yet been employed directly as a decorative process. There are two
nioehanical processes, in addition to ordinary printing, for producing coloured decoration upon the

glaze, namely " ground laying " and " bat printing." The first is employed when an even coloured

surface is required. The parts to remain white are painted by hand with a mixture of potassio

carbimatu and some adhesive vehicle, and the whole is then coated with oil. The coloured glass,

or mixture of metallic oxide and flux in an exceedingly fine powder, is dusted over the whole
surface, and adlieros to the oil. The ware is then dipped into water, and the alkaline stencil reacts

with the oil immediately in contact with it, causes it to saponify and peel off', carrying the colour

witli it, and leaving the space white. The ware is then dried and fired. " Bat printing" is used

when exceedingly sharp outlines are required, as for instance for crests and monograms. The
pattern is very finely etched on a copper plate, to which oil is applied, but almost entirely removed
by friction from the operator's palm. Films of gelatine or glue are applied to the copper plate,

and absorb the residue of the oil remaining in the lines of the engraving. The gelatine is applied

to tlje ware, and transfers the pattern in oil to its surface. Powdered enamel is dusted on, and
adheres to the lines printed in oil by the gelatine film. Printing may bo executed on the glaze in

the same manner as on biscuit, by incorporating a fiux with the ink, and moistening the paper

with essence of turpentine before its removal ; or by removing the paper by heat, and dusting on

enamel colour upon the adhesive outline which remains. In the latter ease, the ink contains no

colouring oxide, but is only an adhesive mixture. The construction of small mills, for the reduc-

tion of gold and other colouring ingredients to the state of fineness required for painting or

printing, is of considerable importance. The following are descriptions of two wliich are considered

servieeable. In one, a number of glass " muUers " fixed in a frame, to which a horizontal eccentric

motion is communicated, press by means of springs upon a slowly revolving glass table. In the

second, a single oval glass muller moves over a 2-ft. ground-glass slab, which is caused to revolve

in an opposite direction to the muller. The motion of both is so arranged that the muller shall

successively pass over the entire surface of stab. The muller is grooved on itji base, to prevent

suction, and carries a scraper, which directs the substance to be ground between the grinding

surfaces.

The author desires to express his acknowledgments for special assistance rendered by the

following well-known practical authorities:—T. Mintnn, C.Wedgwood, R. W. Binns, E. Stiff,

Oopeland, L. Arnoux, Abrahams, Brown, Westhead & Moore, Boulton, and A. Peto.

Bihlioijrajihi/.—A, Beokwith, ' Pottery ' (New York : 1872) ; P. Bonneville and A. & L. Jaunez,

' Les Arts et les Produits Cdramiques ' (Paris : 1873) ;
' Modern Pottery Machinery ' (London :

1876) ; ' Artizans' Reports on the Paris Exhibition ' (London : 1878). H. J. P.

(See Clay ; Glass).

PEiINTING and ENGRAVING (Fr., Lnprimerie et Gravure; Geb., Buchdruckerkitnst und

Stechcrci).

In the present article, the terms "printing" and "engraving" will be extended to embrace the

following subjects :—Letter-press printing ; printing in colours, and cliromo-lithography ; type-

writing; autographic processes (manifold writers); engraving on wood, copper, steel, stone, and

zinc ;
photographic processes (e. g. heliotype, Woodbury-type, Dallas-type, &c., &c.).

Letter-press Printing.—So little change has taken place of late years in the ordinary

routine of letter-press printing, that there is no ground for an exhaustive essay on the subject.

Progress is to be noted exclusively in the perfection of machinery for accomplishing the various

objects, and to this branch, attention will be confined. It may be conveniently divided into four

sections—composing-machines, printing-presses, finishing-machines, and cutting-machines.

Composing-machines,—One of the most remarkable inventions in connection with printing in

modern times is the Clowes composing-machine, shown in Fig. 1162. It is the invention of John

Hooker, a compositor in the employ of Wm. Clowes & Sons, Limiteil, of London and Beccles,

and is in a certain degree based upon Mitchell's composing-machine exhibited in 1862. The

machine is triangular, the sides measuring 5 ft., 5 ft., and 7 ft., the base forming the front. The

table a is about 3 ft. above the floor ; over it, travel a number (48) of endless tapes b, from the

back towards a collecting-tape o passing from left to right. Over each of the tapes b, is a trough d

filled with types lying on their sides, feet foremost. At the bottom of each trough d, is a little

stop, on which the types rest ; and just above it, on one side, is a knife or striker in communication

with an armatnre. Electricity is provided by a couple of Grove's cells, or otherwise, and a series

of wires connects the electro-magnet of each armature with the " setting-board,'' to be presently

5 K
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described. When the electric circuit is complete, the armature is attracted to its electro-magnet,

and the striker pushes the lowermost type out of the trough upon the tape 5 immediately below it,

by which it is conveyed to the collecting-tape c. The tapes b are driven by power at the rate of

7 in. a second, and the tape c at 21J in. ; the relative positions and speeds of the tapes 6 and c are

so adjusted that each type shall unerringly assume the position corresponding to the order required

by the matter to be printed. The setting-board e is placed in a convenient position for the

compositor. It is divided into a series of copper discs describing the form of the receptacles of an

ordinary lower case; each disc is connected by a wire with the electro-magnet of the letter

indicated, while a second wire from the opposite pole of the battery terminates in a copper stylus,

which is held by the compositor. Composition is effected by tapping with the stylus upon each

disc in succession, according to the letters required ; and as contact with any portion of a disc

sufBces to establish the circuit and bring down a type, while the area of the setting-board is only

about 12 in. by 6 in., the process is exceedingly rapid. The setting-board does not embrace every

letter and sign ; those of rare occurrence are omitted, and a supply of them is kept in a small case

/ at the compositor's left hand, so that he can readily select them and get them into place by
means of a little spout provided for the purpose over a spare tape. The composed matter forms

one continuous line, which is removed at intervals and justified. Into this line, only one type can

enter at a time ; in case of any derangement or obstruction, a lever breaks the connection, and the

machine is arrested till it has been rectified. The effective capacity of this machine amounts to

10,000 types hourly set up in page form, employing four lads setting, justifying, and replenishing

the type-troughs. Only one fount can be used at a time, but the machine is adapted to take 4 or 5

different founts by simply exchanging the types.

Printing-Presses.—In the article " Press " in ' Spons' Dictionary of Engineering,' pp. 2660-2670,

will be found detailed descriptions and Ulustrations of the most notable improvements in printing-

presses up to that date. Since then, the following has been introduced :

—

Ingram's.—This is a web rotary machine, invented for printing illustrated newspapers, and
used for the Illustrated London News and other papers issued from the same office. It is the

invention of W. J. Ingram, and is made by Middleton & Co., Loman Street, Southwark. It is

illustrated in section in Fig. 1163 : A is the roll of paper, containing a length of 2-3 miles ; B, the

type- and impression-cylinders for printing the inner forme, or type-side of the paper ; C,

calendering- or smoothing-rollers, to remove the indentations produced by the impression of B, so

that a smooth surface is preserved to receive the outer forme, or illustrated side of the paper, which
is printed by D; E, cylinders, one provided with a saw-toothed knife, and the other with a
corresponding indentation, to perforate the paper between each impression ; F, rollers for holding

the paper securely, to resist the effect of G, which are called snatching-rollers, and, being driven at

a rather higher surface-speed than the holding-rollers, snatch or break the paper at the places
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wliore it has been perfomtcd, and form it Into separate sheets. As it is found that machinery for

folding newspapers works much better at a moderate speed, in this case, it has been arranged in

duplicate, so that each folder only works at half the speed of the printing-machine. The vibrating

arm H delivcru the sheets alternately to K and J, which are carrying-tapes leading to the two
folding-machines. If the sheets are wanted unfolded, the arm H is moved to its highest position,

and there fixed ; it then delivers the sheets to the roller L, and, by means of a blast of air and a

flier, they are laid in a pile on a table provided for them. This change can be made without

stopping the machine. The dotted line from A to L indicates the course of the paper throngh the

machine. The effective capacity is 6500 copies printed and folded per hour. This machine has

proved so superior for all illustrated work that it is coming into use among first-class general printers.

Fiiiixking^machines.—Gill's rolling- and finishing-machine, made by Furnival & Co., Manchester,

is in almost universal use among English printers. The latest improved form is shown in

Fig. 1IG4. Tho printed sheets are fed from the table a by means of endless carrying-tapes 6,

between two rolls c, which are hollow, so as to receive steam, when it is desired to hot-roll tlie

paper. The passage between the rolls gives a polished surface to each side of the paper. The

finished sheets are delivered by another endless tape d io & table. An indiarubber " doctor " or

scraper cleanses the faces of the rolls from any possible adhesion of ink after each sheet has passed

through.

Cutting-machines.—One of the most improved " guillotines," or paper-cutting machines is that

invented by Salmon & Capper, Manchester, and shown in Figs. 1165-6: A is the side frames;

a, wheel with crank forgiving motion to the knife-bar; b, knife-bar, with diagonal slots, to give

the lateral movement as it descends ; V, parts of tho rods between the knife-bar and beam

;

c, slotted link, jointed to the upper edge of 6 ; d, clamping-plate, bearing a bowl d' upon a stud,

and a second bowl cP at the back. One end of the screwed rod e is jointed to a projection c' from the

S K 2
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link 0, the other end sliding through a hole in a swivel-pieoe e', having pivots carried by brackets

bolted to the end of the knife-bar. A steel spring e' is placed upon the screwed bar, abutting

against the swivel-piece at one end, and against screw-nuts e' at the other. When the knife-bar h

descends, and the clamp d comes upon the paper to be cut, its descent is arrested, and as the knife-

lies, i^^'-

/ ^ "^—

bar continues its downward movement, the bowl d' in the clamp remains stationary, acts upon the

slotted link o, and causes it to assume a greater or less angle, according to the thickness of the paper

being cut.

Printing in Colours, and Chromo-litliography.—Printing in colours as usually effected

requires a separate impression to be taken for each colour, as great difficulty is experienced in

combining the pigments for a polychrome print so as to complete the operation by one impression,

on account of their varying densities and consistencies. W. G. White claims to have overcome the

obstacle, and to have developed a process which is said to be in use on an extensive scale in Paris.

His method, so far as divulged, is as follows. The prepared pigment chosen for the ground of the

design is first run into a mould, so as to form a solid block about 3 in. thick. The pattern is traced

with a steel point upon a sheet of " artificial talc," made from a mixture of collodion and oil, and this

is pressed upon the block, so as to leave an impression of the lines upon its surface. The pattern

is then cut out of the block by a sharp steel knife mounted on the end of an articulated parallelo-

gram, so as to be maintained in a vertical position, while at the same time having a perfectly free

horizontal motion. The various pigments forming the designs are then poured into the spaces cut

out, a kind of mould being formed temporarily by a portion of the ground colour, supplemented

by strips of wood soaked in water. The paint is poured in hot and liquid, and, as soon as it has

cooled, another is added, and so on, until the whole design is finished, thus forming a complete

mosaic. In the case of a large subject, various portions of the block may be executed by diflferent

operators at once, and then joined together ; the method is also being tried of cutting out the whole

pattern in wood or metal, by means of a band-saw, and then forcing the die so formed into the block

of ground colour, so as to stamp out the colour therefrom. The mosaic, or " type," as it is called,

is put into a powerful press, resembling that used by lithographers, and is first shaved by a heavy
steel knife, so as to render the surface perfectly even and smooth. The material to be printed upon
is then laid face downwards on the slightly moistened block, and a series of rollers are passed
aver it once or twice, when the impression is found to have completely penetrated its substance.
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Tho print is exposed for a few seconds to the heat of a hot plate, for driving off the solvents

employed, and perhaps fixing the colours, which are printed so permanently as to withstand

exposure to tlic buu, and when a piece of velvet printed in this manner was boiled for 8 hours in

strong potash solutiim, the colour did not entirely disappesir. Water-colour drawings and oil-

paintiugs may be reproduced by this process, so as to present the appearance of chromo-lithographs

and olcoRraphs respectively. But it is stated to have a far more extended application, in printing

upon textile fabrics tho designs of Gobelins and Arbosson tapestry, to form curtains, portieres, &c.

The range of materials capable of being treated appears to be extensive, as the same design has

been reproduced upon fine silk and the coarsest jute sacking, both impressions, it is said, presenting

all tho necessary sharpness of outline.

Bacon's multicolour printing-press, shown at the recent fair of the American Institute, will print

in 8 colours at a single impression. This is attained by a special arrangement of the inking-tablo,

which, instead of being in a single piece, is composed of a number of narrow cast-iron plates held

in a frame. These plates are formed of four distinct parts, and are wide in the centre and taper

oonically toward the extremities. This mode of construction allows them to move easily on each

aide at every revolution of the table, and has nearly the effect of an articulated joint. Tlie end

piece near the ink-trough is stationary. The various coloured inks are placed in the ink-trough,

which is divide d into cells by metallic partitions. Directly over the trougli, is an iron firame

carrying a set of screws and nuts. By tightening these screws, which are placed over the metallic

partitions, the inks as they flow beneath are prevented from mixing. The inking-roUers, instead of

being fixed at a certain angle relative to the table, are arranged so as to run perfectly straight, the

distribution being effected by the plates. The inks are spread on the multiple table in the usual

way. As a consequence of the motion of the articulated joiut, the inking-table is caused to movo

slightly at every revolution of the table, and the ink is thus as well distributed as if sevtnil

rollers wore used. The movable plates which cunstituto the inking-table are of different widths,

so that the uppermost or tho lowest line in a page can be printed in a colour selected beforehand.

Motion is communicated to the movable plates by a small lever which hangs under the table, and

which rests on a small vertical iron plate affixed to a cross-stay of the machine.

Chromo-lithogruphy varies from simple colour work to tinted lithography and oleography. All

coloured lithographs reiiuiro a separate stone for each colour ; hence toensnro the correct position of

each impression, it is necessary to have a " key-stone," on which the limits of eaeli colour are

distinctly and accurately laid down, the key-stone itself being omitted in tho printing, except for

comuion work. Tho "sot-off" or "faint," which is the " trace " produced by an impression from

the key-st(5ne in an ordinary press (as describeil under Engraving on Stmie), must have the exact

dimensions of the original, to ensure whieh, it is best to use good, stout, cream-wove note-paper,

taking care that it Is dry and well rolled, and the key-stone quite dry, and performing the operation

without delay. The impression may be dusted over with red chalk, and snapped with the finger-

nail to remove excess, and may then be laid upon another stone, and passed through a press to

communicate the image. As to the order in which the colours should be printed, this depends

somewhat upon the effect desired, but the general rules are that » dust-colour should always

precede (not follow), and that transparent colours should succeed opaque ones, the common order

being (1) dust-colours, (2) blues, (3) reds, (4) yellows, (5) outline- and finishing-colours.

" Ecgistering," or adjusting an alreiidy-printed sheet to the stone for further additions, is a delicate

operation, which may be performed in three separate ways. The most simple is the " lay." The
paper should possess well-defined corners and edges, and its size is determined before making a

set-off. This done, a " lay " corresponding to the edge of the paper is made on tlie stone, and the

subject is thus brought into position on the sheet, the lay being then drawn in fine lines of litho-

graphic ink, so as to print on the set-offs throughout. A set-off is made for each colour, and the

layi-mark is permanent. When printing a light colour, tho lay-mark may bo rendered permanent

by covering the place with gum, and making scratches through it when dry to coincide with the

marks replaced, marking with common writing-ink, and washing the gum away when dry. The
second method is by needles, taking advantage of permanent lines in the picture, or making tiny

marks at the edges. The needles consist of slips of wood or cane IJ in. long and I in. thick,

penetrated by a sewing-needle so that about 1 in. projects. The set-off on the stone is perforated

by the needles at two opposite corners, and the sheet is pricked at the corresponding corners. The
needles are passed through the sheet from the back, and the sheet is thus dropped into its place on

the stone, while the operator withdraws the needles and his fingers. This method is simple when
tho paper exceeds the size of the stone. A third plan differs from the last only in having the

needles fixed in a lath. These three methods (particularly the two first), though in very general

use, present some objections, the removal of which is sought to be accomplished by two more recent

plans. The first of these consists in letting leaden plugs about f in. long and J in. diameter into

tho stono for the rcecption of fixed wire pegs at the centre of each end of the stone, which are

made to project about ^'^ in., and to puncture each set-off. When the stone much exceeds tho size
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of the paper, one peg may be soldered to a strip of brass tinned at tbe back, and fixed to the stone

by blowing on a piece of shellac. The second improved method is to fasten two brass strips,

shaped respectively like the letters
| L> to the key-stone by means of shellac, and placing identical

marks on each stone. Registering-machines have been devised, but are not in general use.

The paper for colour-printing must be thoroughly stretched by rolling after it comes into the

lithographer's hands. The temperature and degree of moisture of the room must be kept as constant

as possible, to prevent stretching and shrinking in the paper. When printing on damp paper, it must

be kept damp by covering it, and placing it out of draughts. The drying of the ink after each

impression is best done in a special apartment at a sufficiently high temperature ; in this case, the

paper should be similarly dried before making the first impression. The surface of the stone

used is polished when pen or brush is to be employed, but grained for chalk and tints, the

graining being coarser for colour than for black. The "setting-off" of colours may be avoided by

dusting the printed sheets with a powder of chalk, talc, or magnesia, but this is liable to deaden

the colours.

The tints for imitating the light washes of colour in water-colour drawings and similar work,

are produced in various ways, on the principle of covering the stone with a fatty substance in such

a manner that it would roll up of full strength all over, except where part had been removed.

When chalk is to be imitated in the tints, the stone must be coarse, but very sharp-grained,

and the set-off must be made clearly visible throughout the operation. The set-off being made
on the grained stone, the margin and high lights are stopped out with gum and acid, and the ground

is laid. Should the set-off be too weak, an impression dusted with red chalk or vermiKon may be

registered upon it, and lightly pressed. The ground forming the tint must be hard enough to bear

scraping without smearing, must roll up solidly after etching, and must be removable by solvents

of fats. Of the several substances that may be used, preference is given to Brunswick-black and

copal-varnish. The evenly laid ground is left to dry, and the lights are put in by the scraper

and preserved by etching. In producing tints of various gradations, the ground must not be laid

on with the roller, as in the preceding case, but by warming the stone, and applying " rubbing-in
"

ink till the grain is filled in, then removing the excess of ink by a piece of woollen. The whole

subject of tints, and the pigments and driers employed to produce them, is one of great intricacy,

and demands unusual care and experience. The best works on the subject will be found quoted in

the bibliography at the end of this article.

Mention may here be made of a machine and process designed by Arthur Rigg for doing
away with the necessity for having a separate stone for each colour, at least in the case of such
work as map-outlines. These outlines are laid down on a thin sheet of brass, and the various

colours, placed side by side in cakes in an iron frame, are cut apart by scissors. Each piece of

brass is then laid upon a cake of the required colour, and made to adhere to it, and the colour

is cut to the exact form of the plate by a small wire-band saw. When all the pieces are furnished
with colour, the whole is put together in the chase, and welded into homogeneity by warmth and
pressure. The coloured ground-work being printed, an impression from the black "key-stone" la

made on the top.

The chromo-Uthographio machine made by G. Mann & Co., Leeds, and in most general use in

this country, as well as largely on the Continent, is shown in Fig. 1167.

Type-writing.—During the last 25 years, a great number of machines have been introduced
for writing by means of type-letters. The following are the most notable examples.

J. Pratt's (of Alabama) has the type fitted on the face of a small plate, about f in. sq. This is

supported vertically before a frame carrying the paper by an arrangement of levers capable of
giving it both vertical and horizontal motion. The plate is thus shifted into any position, and any
type required can be brought opposite the point where the impression is taken. As this is done,
the same mechanism which moves the plate sets in motion a small hammer, which strikes the
paper on the opposite side to the plate, and forces it against the type, thus producing an impression.
When the carbon paper is used, several copies can be taken. In order to limit the number of keys
required to operate the levers for shifting the type-plate, there is one set of keys for giving the
vertical movements, and another for giving the horizontal movements. Thus, for each letter it is

required to move two keys ; but as each key of one set could be used with each key of the other
set, a much smaller number of keys is necessary than if one key were requisite for every letter.

It may make it appear clearer to say that the depression of one key brings into position the
vertical line containing the type wanted, and the horizontal line containing the same type

;

consequently the intervention of the two lines, where the special letter needed is to be found,
is brought into the proper place for the impression. The paper is carried in a small frame,
traversed after each letter by a rachet-wheel and pall. At the end of a line, the frame is raised
by a rack worked by a separate key, and at the same time thrown back to the proper side of the
machine for commencing a fresh line.

Bit 0. Wheatstone invented several type-writing machines. No. 1 is in its main features some-
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what like Prutt's. The paper is held in a vertical firame sliding in guides across the machine, and
the impression iB produced by the blow of a small hammer on the type, the paper being interposed

between the hammer and the type, and the type moved to its proper place each time. The
difft-rencca, however, in the methods of mounting the types and actuating the mechanism are very

great. The type is set in three rows on the periphery of a small wheel on a vertical spindle.

Tlius, by shifting the wheel up or down (in the direction of its axis) the line containing the letter

required is brought to the pjoper point on a level with the hammer, and by rotating the wheel, the

letter itself is brought round. Both these motions are effected by depressing the same key, there

being a key corresponding to each letter on the type-wheel. The spindle of the type-wheel is

rotated by a spring, which gives the traverse to the paper, and which therefore is wound up by

drawing the frame bock to its original position after the completion of each line. The depression

of the key, acting through an arrangement of lovers, raises the type-wheel to the required height,

and, at the same time, sets free a oatch, so that the wheel is turned round by the spring till it is

caught by the second catch, the position of which corresponds with that ofthe letter required. The
hammer is worked by an arrangement something like that used in the piano, and so mounted that

the blow is given after the type has been brought into position. The action is somewhat heavy,

and unless the key is depressed sharply, and with a little jerk, the hammer is not operated, and
consequently no impression results. But the machine as it stands is capable of very satisfactory

work. The other three forms are on a different principle, but much alike among themselves. The
types are set each on the end of a small lever, and these levers are arranged side by side in the form

of a quadrant, each lever being pivoted freely. The whole set of levers is connected with a

sliding plate, by shifting which to the right or left a suitable distance, any one of the levers is

brought over the point where the impression is to be taken. The type being thus held over the

proper spot, a small hammer strikes it down on the paper below. The sliding plate extends along

the front of the instrument parallel with the row of keys, which resemble piano-keys. It has in it

a number of slots, into each of which a pin slides, the arrangement being such that each pin and
slot moves the plate a certain distance, differing from that to which any other pin moves it, and

corresponding with the distance necessary to bring the letter required into action. Each pin is

actuated by one of the keys of the key-board. Thus, by depressing the proper key, any required

letter is brought under the hammer. The types are charged with ink by being brought against

an iiiking-pad at each side, as they move. The paper on which the impression is to be received is

fitted on a cylinder, which is revolved continuously. The writing is consequently carried round

and round the cylinder. As soon as it reaches the spot where it began, the cylinder is shifted

longitudinally, so that a fresh line is commenced. There seems no reason why ft reciprocating

plato, with suitable means for shifting it at the end of the line, should not be substituted for the

obviously inconvenient cylinder. With this improvement, perhaps, a machine of this character

might be brought into practical uso. In its present form, the arrangement which prevents the use

uf paper of any other than a curtain size and shape is a considerable drawback.



1608 FEINTING AND ENGEAVING.

In E. M. Hansen's " writing ball," the chief peculiarity ia that the keys are all arranged oyer

a semi-spherical surface, which, to a certain extent, conforms to the shape of the hands. The
keys are formed of pistons, set as radii of the sphere, so that each key strikes at the same spot.

The keys are depressed directly by the fingers, and are raised by small springs. The paper

(carbonized and white) is carried either by a cylinder or a plate under the " ball." In the original

machine, the paper was moved continuously by clockwork, or a small electrical motor ; but in the

more recent forms, the paper is traversed by a movement derived from the key which is depressed.

This slightly depresses the bed on which the paper is supported, and by suitable apparatus, this

movement is caused to carry the paper forward a single space. It is stated that with practice,

great rapidity can be attained by the machine, and the direct action of the keys on the paper

enables considerable force to be applied, and consequently a large number of " manifolded " copies

to be obtained.

The "Eemington" machine has in front a key-board holding the letters and numerals; on

pressing any one of the keys, a small lever bearing the corresponding letter is made to strike

against a ribbon saturated with prepared ink (presumably glycerine and an aniline violet), over

which, the paper is held on a roller. Bach letter strikes at the same spot, but the roller and paper

move one space forward after each letter, so that each letter falls into its proper place. The
mechanism is very simple, the levers carrying the letters being actuated by an arrangement

similar to that of a piano, and strung on a circular wire, so that they all strike into the centre of

the circle. As soon as a line is finished, the roller is taken back to its original position by a
treadle, and is at the same time revolved one tooth of a rachet-wheel, so as to bring a fresh line

under operation. The type is all " small capitals," and the printing is regular and even. It is

said to be easy to attain twice the speed of ordinary writing. The machine will " manifold " about

20 legible copies with carbon-paper.

In A. Barlow's machine, a vertical cylinder carries the types, and is raised or lowered to bring

the required letter opposite the place on the paper where it is to be impressed. This raising or

lowering is effected through the action of one key, which, being raised or lowered to a certain

height, acts through suitable mechanism to raise or lower the type-cylinder likewise. Tlie key is

slotted with a number of slots corresponding to the number of letters ; the finger being placed

over the slot, and the key depressed, it descends until it reaches the level of a pin which enters

tlje slot and is stopped by the finger. All tlie other pins pass freely through tlieir slots.

The " Crandall " type-writer (Caldwell, New York), is a small machine costing lOk, weighing

9 lb., mechanical and automatic in action, self-contained, and manipulated by 27 keys. It writes

capitals, small letters, script, niunerals, and all the various stops and signs. The keys are grouped

to facilitate the writing of oft-recurring small words. Each letter is written in front of the

operator, and can be seen as soon as written ; 60-70 words a minute can be written after short

practice, and over 100 by experts. It manifolds readily. Circulars written by it go as " printed

matter " by post.

Autographic Processes—Manifold Writers.—Perhaps the most simple and efiFective

methods of obtaining a very limited number of copies of a document by one operation of writing

are the ordinary pencil and carbon-paper, and the familiar copying-ink and tissue-paper. For
obtaining a large number of copies, however, while too few for a lithographic press, several

methods have been recently introduced.

In Zucoato's "papyrograph," a sheet of fine paper is saturated with a resinous varnish, and
dried. On it, writing is made with an ink consisting of a strong solution of caustic soda, slightly

coloured in order to be more obvious to the eye. The soda immediately attacks the resinous

preparation of the paper, converting it into a soap. The sheet is iloated on water, the written side

being upwards ; the water soon penetrates the softened parts, making the written lines stand up
in bold relief as ridges of fluid. The paper is now removed from the surface of the water, and
pressed between folds of blotting-paper, after which it is once more floatea on the surface of the

water, and again blotted off, in order to remove the remainder of the resin soap. The sheet thus

prepared forms a stencil, of which the general ground is impervious to moisture, while the written

lines, being denuded of varnish, are quite porous, and afford an easy passage to an aqueous liquid.

In the early days of papyrograph printing, a pad, saturated with persulphate of iron, was placed

at the back of the stencil, while the paper to be printed on was moistened with a solution of

ferrocyanide of potassium. The iron salt being forced through the porous lines by a gentle

pressure, reacted on the ferrocyanide ; a blue impression was the result. It is now, however, found

to be more convenient to print from the stencil by means of an aniline colour dissolved in

glycerine, and the colouring power of this kind of ink is so great that dry paper may be used for

receiving the impression. On a velvet pad which has been moistened with a solution of aniline

blue in glycerine, is laid the paper stencil, this having been previously brushed over at the back
with a little of the ink. It is now merely necessary to place sheets of paper on the upper face of

the stencil, and to apply gentle pressure by means of an ordinary copying-press, in order to obtain
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copies rapidly and easily. The copies can be printed off more quickly by this process than by
typo^'niphy or lithography. About 600 copies cnn generally be taken from one stencil.

Another cla.ss of printing Btenoil is made by the mechanical perforation of suitable paper or

tissue. Stencils perforated by a rapidly rising and falling needle-point, actuated by a treadle,

have long been used for the printing of embroidery patterns. In such a case, powdered colour,

mixed with rosin, is dusted through the stencil, after which the device is fixed by the application

of sufficient heat to soften the resin. Kdison proposes to use such perforated stencils for ordinary

autographic printing purposes, and replaces the complex treadle perforating-maohine by a kind of

pen, in which a needle-point is made to move rapidly up and down by means of a small electric

motor attached to the instrument. When Edison's electric pen is connected with a battery of two
elements, the needle rapidly passes in and out of the perforated point of the instrument. If written

with on a piece of blank paper, the paper becomes perforated. The sheet of ink-proof paper having
been written on with the electric pen, can be used as a printing stencil by merely laying it down on
a sheet of white paper and passing an inking-roUer over its back. The operation of printing is very
rapid, so that many copies can be produced in a short time. Other perforating pens have followed

in the wako of Edison's electric instrument, among which may be mentiomd the "horograph," a
very convenient and portable clockwork pen, manufactured by Newton, Wilson, & Co.,of Cheapside.

A pneumatic pen, in which the motive power is a stream of air supplied from a foot-bellows, has
also been introduced into the market. A still more complex and expensive arrangement than either

of the preceding, for producing perforated stencils, consists of an induction coil, capable of giving a

sufBciently powerful spark to perforate the stencil -jiaper ; and this spark is made to continually pass

between a partially insulated metallic pen and a metallic plate, on which the stencil-poper is laid.

All these perforating arrangements have the disadvantages of being expensive, complex in

construction, and liable to get out of order when used by unskilled persons, while the perpendicular

position in which the mechanical perforating pens must be held, necessarily hampers the freedom

of the writer. In a new perforating method recently introduced by Zuccato, the impervious

stencil-paper is laid on a hardened steel plate, cut on the face like a fine file, and the writing is

executed by means of a point or style of hardened steel. Under these circumstances, the teeth

of the file-like plate perforate the paper wherever the point of the style exerts pressure, and »
stencil eminently adapted for priatiug from is the result. This kind of printing is called "trypo-

gruph." A sheet of the prepared paper is laid on the file-like plate and written upon with tho

hardened steel pencil, the operation of writing being as easy as if a pencil were employed. By
fixing the stencil on the frame of a desk-like pres.n, placing a sheet of white paper underneath,

and then pushing over the upper surface of the stencil an indiarubber scraper or squeegee charged

with printing-ink, the ink passing through the jierforation produces a copy of the original writing.

As mnuy as 6000 copies can be obtained from one stencil. Thin metallic plates are readily

perforated by Zuccato's method, and calico receives the trypographic impression admirably.

Puniphrey's "coUograph" depends on the fact that when a film of moist bichromated gelatine

is brought into contact with ferrous salts, tannin, or certain other substances, the gelatine is so far

altered as to acquire the property of attracting a fatty ink. Pumphrey supplies plates of slate or

glass covered on one side with a thin film of gelatine, and these ai-e prepared for use by being

soaked in a weak solution of potassium bichromate, all excess of moisture being then removed by
first wiping with a cloth, and afterwards rolling paper on the damp surface. A drawing or

writing, which has been made with either an ordinary iron and gall-nut ink, or with a special ink,

is tjansferred to the prepared plate, just as in the case of the transfer to zinc. The original being

removed, the plate is inked by means of a roller, moistened by a sponge, in order to remove any

trace of ink from the ground, and then printed from, much as if it were a lithographic stone, or a

zincographic plate.

There aro some methods, which are rather copying than printing processes, as they depend on

the writing of an original with a very intense ink, and then dividing the ink, so as to obtain a

number of feebler copies. The ordinary method of obtaining one or two reverse copies of a letter

on thin paper is of this nature ; but these processes, which are capable of yielding 30-60 fairly

good copies, depend on the use of a solution of an aniline colour for writing. In the case of

copying processes introduced by Pumphrey and Byford, the writing is executed with a strong

solution of an aniline colour on thin, and tolerably hard, paper. The writing quite penetrates the

tlun paper, and on pressing a sheet of moistened paper against the back of the original, some of

the aniline colour will set off on the damp paper, giving a direct copy of the original writing. In

the same way, numerous copies may be produced ; but processes of this kind cannot reproduce very

fine lines with distinctness. A somewhat analogous arrangement for obtaining numerous copies is

afforded by Waterlow's " multiplex copying portfolio " and its contents. The writing is done with

the aniline ink, and a damp sheet of very soft and porous paper is pressed down on the writing.

This soft paper absorbs a large proportion of the aniline ink, and itself forms a reverted printing-

Borface, capable of yielding a considerable number of direct copies to damp sheets of paper.
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The juet-described copying processes labour under the disadvantage of requiring the use of

damp paper for receiving the impression ; but this difficulty has been overcome in an arrangement

which has been introduced under the names of " hectograph " and " chromograph," these differing

from each other rather as regards detail than kind. The writing is executed on ordinary writing-

paper with an aniline ink, and when the lines have dried, the original is transferred to the surface

of a slab of soft gelatinous composition, analogous to that used for making printers' rollers, contact

being established by a gentle rubbing with the hand. The original, after being allowed to remain

in contact with the gelatine slab for about two minutes, is stripped off, leaving the greater part

of the ink on the gelatine. To obtain the copies, it is now merely necessary to lay paper on the

slab, and either rub down with the hand, or establish contact by means of a soft roUer. The

requisite number of copies having been obtained, or the colour on the lines being exhausted, the

slab can be cleaned by means of a damp sponge, when it is again ready for use. A composition for

making the slab may be prepared as follows :—1 lb. of gelatine is soaked in water until it becomes

flaccid, after which it is melted, in a water-bath, with 6 lb. of common glycerine, the heat being

maintained for a few hours so as to drive off all excess of water. The mixture is then poured out

into zinc trays J in. deep, and allowed to set. The ink may be prepared by dissolving one part of

aniline violet (blue shade) in a mixture of seven parts of water and one of alcohol. Letters written

in coloured inks will give l.'JO copies, and in special black ink, 50 copies. The process is also

known as the " Vienna multicopyist." Another composition for the slab consists of 130 parts

water, 75 sulphate of baryta, 30 gelatine, 30 sugar, 180 glycerine.

Engravingf. On Wood. The Block.—The best wood for the purposes of the engraver is box
(see Timber), whether English, American, or Levantine ; it should be light straw-yellow in colour,

and free from black or white spots and red streaks, which indicate a soft wood. Small wood is

generally pretty free from blemishes. The supply of good box-wood is by no means plentiful, and
several other kinds of wood have been proposed or adopted as substitutes, the principal being

sycamore and pear (much used for large coarse cuts, but too soft and irregular for fine work), piacha,

persimmon, and American dog-wood ; all these are described in the article on Timber. A sub-

stance deserving careful trial for this purpose is celluloid (see pp. 610-8), which might be obtained

in sheets of any desired size. When wood is used, a large cut often necessitates the bolting together

of several small ones. Wood blocks are about 1 in. high, and are then planed down to the exact

height of type, and brought to a very smooth surface. They require keeping for some months
to become seasoned.

Drawing on the Block.—Before any drawing can be made on the polished surface of the block,

the latter must receive a slight wash. This is made with water and Chinese white, or very fine

Bath-brick dust, or the scrapings of glazed cardboard ; it is gently rubbed off when dry, leaving

a surface on which the pencil will take. A tracing of the outline of the subject is made, and placed
on the block with a piece of transfer-paper between, remembering that the picture will be reversed

in printing. Every line is gone over with a sharp point. The outlines are then corrected and
completed by a sharp-pointed HHHH pencil, the tints being afterwards filled in by a softer pencil,

or thin washes of Indian-ink, to show the effects of light and shade. All washes must be used
with such care as not to affect the wood by their moisture. The portions of the block not under
immediate operation are kept covered with smooth, blue, glazed paper, to preserve them from
injury, and reduce the glare from the lamp.

Proofing.—When the drawing is finished, a proof may be taken in the following manner,
before blocking out the cut, that is, before the superfluous wood is cleared away:—Eub dovm
a little prioting-ink on a slab till it is fine and smooth; take some of this on a sUk dabber,
and carefully dab the block until sufficient ink is left upon the surface, without allowing any to

sink below it. Lay a piece of India paper on the block, with about 2 in. margin all round ; on
this, place a thin smooth card ; rub this over with the burnisher, taking care not to shift the card
or paper.

The Lamp.—A clear and steady light, directed immediately upon the block to be cut, is a most
important point, and in working by lamplight, it is necessary to protect the eyes from the heat and
glare. The lamp shown at A, Fig. 1168, can be raised or lowered at pleasure, by sliding the bracket
up or down the standard, it being fixed in the desired position by means of the small set-screw.
A large globe of transparent glass, filled with clean water, placed between the lamp and the block,
causes the light to fall directly upon the latter. The dotted line shows the direction of the light

;

by lowering the lamp, this light would take a more horizontal direction, thus enabling the engraver
to work farther from the lamp. A shade over the eyes is occasionally used as a protection from
the light of the lamp.

The Tools.—The tools consist of gravers, tint-tools, gouges or scoopers, flat-tools or chisels, and
a sharp-edged scraper, something like a copper-plate engraver's burnisher, which is used for
lowering the block. Of each of these tools, several sizes are required.

The "outline-tool," B, Fig. 1168, is chiefly used for separating one figure from another, and for
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outlines : a ia tho back of the tool ; b, the face ; c, the point ; d is teohnioally termed the belly.

The horizoDtal line 1-2 shows the surface of the block. All the handles when received from the

turner are circular, but as soon as the tool has been inserted, a segment is cut away from the lower
part, 80 that llio tool may clear the block. The blade should be very fine at the point, so that tho
lino it cuts may not be visible when the block is printed, its chief duty being to form a termination

to a number of lines running in another direction. Although the point should be fine, the blade
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must not be too thin, for it would then only make a small opening, which would probably close up
when the block was put in the press. When the tool becomes too thin at the point, the lower part

must be rubbed on a hone to enable it to cut out the wood instead of sinking into it. Nine
" gravers " of different sizes, starting from the outline-tool, are sufficient for ordinary work. The
blades as made are very similar to those used in copper-plate engraving ; the necessary shape for

wood engraving is obtained by rubbing the points on a Turkey stone. The faces, and part of the

backs, of nine gravers are shown at C, Fig. 1168; the dotted line a-c shows the extent to which the

tool is sometimes ground down to broaden the point. This grinding rounds the point of the tool,

instead of leaving it straight, as shown at a-h. Except for the parallel lines, called " tints," these

gravers are used for nearly all kinds of work. The width of the line out out ia regulated by the

thickness of the graver near the point, and the pressure of the engraver's hand.

The parallel lines forming an even and uniform tint, as in the representation of a clear sky, are

obtained by what is called the " tint-tool," which is thinner at the back, but deeper at the side,

than the graver, and the angle of the face at the point is much more acute, as shown at D, Fig. 1168 :

a is a side view of the blade ; b shows the faces of nine tint-tools of varying fineness. The handle

is of the same form as that used for the graver. The graver should not be used in place of the tint-

tool, as, from the greater width of its point, a very slight inclination of the hand will cause a per-

ceptible irregularity in the distance of the lines, besides tending to undercut the line left, which

must bo carefully avoided. E, Fig. 1168, shows the points and faces of the two tools, from a

comparison of which, this statement will be readily understood. As the width of the tint-tool at

6 is little more than at a, it causes only a very slight dififerenoe in the distances of the lines cut, if
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inclined to the right or the left, as compared with the use of the graver. Tint-tools that are strong

in the back are to be preferred, as less likely to bend, and giving greater freedom of execution than

weak ones. A tint-tool that is thicker at the back than at the lower part, leaves the black raised

lines solid at their base, as at P, Pig. 1168, the block being less liable to damage than in the case of

G, Pig. 1168, in which the lines are no thicker at their base than at the surface. The face of both

gravers and tint-tools should be kept long rather than short ; though if the point be ground too

fine, it will be very liable to break. When, as at H, Fig. 1168, the face is long,—or, strictly speaking,

when the angle formed by the plane of the face and the lower line of the blade is comparatively

acute,—a line is cut with much greater clearness than when the face is comparatively obtuse, and the

small shaving cut out turns gently over towards the hand. When, however, the face of the tool

approaches to the shape seen at J, Fig. 1168, the reverse happens ; the small shaving is ploughed

out rather than cleanly cut out, and the force necessary to push the tool forward frequently

causes small pieces to fly out at each side of the hollowed line, more especially if the wood is dry.

The shaving, also, iastead of turning aside over the face of the tool, turns over before the point, and

hinders the engraver from seeing that part of the pencilled line which is directly under it. A short-

faced tool of itself prevents the engraver from distinctly seeing the point. When the face of a tool

has become obtuse, it ought to be ground to a proper form ; for instance, from the shape of the

figure K to that of L, Fig. 1168.

Gravers and tint-tools, when first received from the makers, are generally too hard—a defect

that is soon discovered by the point breaking off short as soon as it enters the wood. To remedy

this, the blade of the tool must be tempered to a straw-colour, and either dipped in sweet oil, or

allowed to cool gradually. If removed from the iron while it is still straw-coloured, it wUl have

been softened no more than sufficient ; but should it have acquired a purple tint, it will have been

softened too much, and instead of breaking at the point, as before, it will bend. A small grindstone

is of great service in grinding down the faces of tools that have become obtuse. A Turkey stone is a

very good substitute, as, besides reducing the face, the tool receives a point at the same time ; but

this requires more time. Some engravers use only a Turkey stone for sharpening their tools ; a

hone in addition is of great service. A graver that has received a final polish on a hone cuts a

clearer line than one which has only been sharpened on a Turkey stone ; it also cuts more pleasantly,

gliding smoothly through the wood, if it be of good quality, without stirring a particle on either

side of the line. The gravers and tint-tools used for engraving on a plane surface are straight at

the point, as represented atM, Fig. 1168 ; but for engraving on a block rendered concave in certain

parts by lowering, it is necessary that the point should incline slightly upwards, as at N, Fig. 1168.

The dotted line shows the direction of the point used for plane-surface engraving. There is no

difficulty in getting a tool to descend on one side of a part hollowed out or lowered ; but unless the

point is slightly inclined upwards, as shown, it is extremely difficult to make it ascend on the

opposite side, without getting too much hold, and thus producing a wider white line than

intended.

Gouges 0, Fig. 1168, of different sizes are used for scooping out the wood towards the centre of

the block ; whilst flat tools, or chisels, are chiefly employed in cutting away the wood towards the

edges, about i in. below the subject. The gouge is similar to an ordinary carpenter's gouge,

except that it is soUd, being a roimd bar, with the end ground off at an angle. The other articles

requii'ed are a sand-bag, on which to rest the block whilst engraving it ; an agate burnisher and
a dabber, which are used for taking proof-impressions of the woodcut ; an oil-stone, and eye-glass

with shade.

Holding the Graver.—Engravers on copper and steel, who have much harder substances than

wood to cut, hold the graver with the forefinger extended on the blade beyond the thumb, as at

P, so that by its pressure the point may be pressed into the plate. As boxwood, however, is much
softer than these materials, and as it is seldom of perfectly equal hardness throughout, it is neces-

sary to employ the thumb at once as a stay or rest for the blade, and as a check upon the force

exerted by the palm of the hand, the motion being chiefly guided by the forefinger, as shown at Q,
Fig. 1168. The thumb, with the end resting against the side of the block, in the manner repre-

sented, allows the blade to move backwards and forwards with a slight degree of pressure against

it, and in case of a slip, it is ever ready to check the graver's progress. This mode of resting the

thumb against the edge of the block is, however, only applicable when the cuts are so small as to

allow the graver, when thus guided and controlled, to reach every part of the subject. When
tlie cut is too large to admit of this, the thumb rests upon the surface of the block, as at K,

Fig. 1168, still forming a stay to the blade of the graver, and checking at once any accidental slip.

Plugging.—If a slip or mistake occurs in a woodcut, it may be remedied by the insertion of a

plug into a hole drilled in the block. If the error is a small one, the hole need not be deep ; but if

a large piece has to be inserted, it must be deeper in proportion. A plug is cut, of a round, taper

shape ; the small end is inserted in the hole, and the plug is driven down, without, however, using

too much force. The top of the plug must then be cut off, and carefully brought to a smooth
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Borriice, lovcl with the rest of the block ; if this is not done, the ping will be visible on the print.

If the error to be remedied happens to be in a long line, » hole must be drilled at each end, and
the wood between the two holes removud by small chisels, the hollow space being filled up in a

similar way to that dosoribed.

On Copper.—Engraving on copper is performed by cutting lines representing the subject on a

plate of Clipper by means of a steel graver or " burin.

"

The Plate.—The plate must be perfectly polished, quite level, and free from imperfection ; to

this, must be transferred an exact copy of the outlines of the drawing. To do this, the plate is

uniformly heated in an oven or otherwise, till it is sufficiently hot to melt white wax, a piece of

which is then rubbed over it and allowed to spread, so as to form a thin coat over the whole

surface, after which, it is left in a horizontal position till the wax and plate are cold. A tracing

having been taken of the original design with a graphite pencil on a piece of thin traoing-pnper,

it is spread over the face of the prepared plate, vrith the lines downwards, and, being secured from

slipping, a strong pressure is applied, by which operation the lines are nearly removed from the

paper, being transferred to the white wax on the plate. The pencil-marks on the wax are now
traced with a fine steel point, so as just to touch the copper ; the wax is then melted oif, and a

perfect outline will be found on the copper, on which the engravur proceeds to execute his work.

The Tools.—Besides the graver, ending in an unequal-sided pyramidal point, the other instru-

ments used in the process are a scraper, a burnisher, an oil-stone, and a cushion for supporting the

plate. In cutting the lines on the copper, the graver is pushed forward in the direction requiied,

being held at a slight inclination to the plane of the copper. The use of the burnisher is to softeu

down the lines that are cut too deeply, and for burnishing out scratches in the copper ; it is about

3 in. long. The scraper, like the burnisher, is of stei 1, with three sharp edgps to it ; it is about

6 in. long, tapering towards the end. Its use is to scrape off the burr raised by the action of the

graver. To show the appearance of tlie work during its progress, and to polish off the burr,

engravers use a roll of woollen, or felt, cnlkd a rubber, which is used with a little olive-oil. The
cushion, which is a leather bag about 9 in. in diameter, filled with sand, for laying the plate upon,

is now rarely used except by writing engravers. For architectural subjucts, or for skies, where a

series of parallel lines is wanted, a ruling-machine is used, which is exceedingly accurate. This

is made to act on an etching ground by a point or knife connected with the apparatus, and bit-in

with aquafortis (commercial nitric acid) in the ordinary way.

Facing with Iron.—The relative hardness of iron and copper fui'nishes a means of greatly

increasing the number of impressions that may be taken from a copper plate. Ordinary copper

plates will not afford more than 800 good impressions without re-touching. This may be success-

fully increased to 2000 by electro-depositing a surface of iron upon the plate, and tliis surface may
bo renewed indefinitely. The necessary apparatus consists of a Bunsen's battery (20 elements) and

a guttapercha-lined trough (45 in. long, 22 in. wide, 32 in. deep) filled with a solution of 100 lb.

sal ammoniac to 1000 lb. water ; to the positive pole of the battery, is attached a sheet of iron of tlie

dimensions of the trough, and immersed in the liquid, while another plate of half the size is simi-

larly fixed to the negative pole. After several days, the bath should be fit for use, the battery

having meantime received necessary attention. The iron sheet at the negative pole is now replaced

by the copper sheet to be coated, and momentary immersion should sufiice to cover it with an iron

deposit ; if not, the bath is not yet ready. The copper plate must not remain in the bath after the

bright iron coating appears blackish at the edges. Immediately the coated copper plate is removed

from the bath, it is carefully waslied under a water-jet of some force ; when dry, it is again washed

with spirit of turpentine, and is ready for printing from. Before re-coating the plate, the residue

from the former coat must be removed by washing in nitric acid diluted with 8 parts of water,

taking care to cleanse the plate from this acid liquid the moment the iron has disappeared, or the

copper will begin to undergo similar destruction.

On Steel.—Engraving on steel is the same as copper-plate engraving, except in certain modifi-

cations in the use of the acids ; therefore, so far as the process itself is concerned, no particular

description is necessary ; but the means employed for first decarbonizing and recarbonizing the

steel plate, so as to reduce it to a proper state for being acted upon by the graving tool, must be

explained. In order to decarbonate the suifaces of cast-steel plates, by which they are rendered

much softer and fitter for receiving either transferred or engraved designs, fine iron-filings,

divested of all foreign matters, are used. The stratum of decarbonated steel should not be too

thick for transferring fine and delicate engravings ; for instance, not more than three times the

depth of the engraving ; but for other purposes, the surface of the steel may be decarbonated to

any required thickness. To decarbonate it to a proper thickness for a fine engraving, it is exposed

for four hours to a white heat, enclosed in a cast-iron box with a tight lid. The sides of the box

must be at least j in. thick, and at least a thickness of J in. of pure iron-filings should cover or

surround the cast-steel surface to be decarbonated. The box is allowed to cool very slowly, by

shutting off all access of air to the furnace, and covering it with a layer of 6-7 in. of fine cinders.
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Each side of the steel plate must be equally decarbonated, to prevent it from springing or warping

in hardening. The safest way to heat the plates is to place them in a vertical position. The best

steel is preferred to any other for the purpose of maMng plates, and more especially when such

plates are intended to be decarbonated. The steel is decarbonated solely to render it sufficiently

soft for receiving any impression intended to be made thereon ; it is, therefore, necessary that,

after a piece of steel has been so decarbonated, it should, previously to being printed from, be

again carbonated, or reconverted into steel capable of being hardened. In order to effect this

reoarbonization, or reconversion into steel, the following process is employed. A quantity of

leather is converted into charcoal, by exposing it to a red heat in an iron retort until most of the

vaporizable matter is driven off. The charcoal is reduced to a very fine powder ; a box made of

cast-iron of sufBcient dimensions to receive the plate which is to be reconverted into steel, so that

the intermediate space between the sides of the box and the plate may be about 1 in., is filled

with the powdered charcoal. Having covered it with a well-fitting lid, it is placed in a furnace

similar to those used for melting brass, where the heat is gradually increased until the box is

somewhat above a red heat ; it is allowed to remain in that state till all the vaporizable matter

is driven off from the charcoal. The lid is removed from the box, and the plate is immersed in

the powdered charcoal, taking care to place it so that it may be surrounded on all sides by a

stratum of the powder of a nearly uniform thickness. The lid being replaced, the box, with the

plate, remains in the degree of heat before described for 3-4 hours, according to the thickness of

the plate so exposed ; 3 hours are sufBcient for a plate | in. thick, and 5 hours when the steel is

1J in. After the plate has been exposed to the fire for the proper length of time, it is taken from

the box, and immediately plunged into cold water. It is found by experience that the plates,

when plunged into cold water, are least liable to be warped or bent when they are held in a

vertical position, and made to enter the water in the direction of their length. If a piece of steel,

heated to a proper degree for hardening, be plunged into water, and suffered to remain there until

it becomes cold, it is very liable to crack or break, and, in many cases, it would be found too hard

for the purposes for which it was intended. If the steel cracks, it is spoiled. Therefore, to fit it

for use, should it not be broken in hardening, it is the common practice to heat the steel again,

in order to reduce or lower its temper. The degree of heat to which it is now exposed determines

the future degree of hardness, or temper, and this is indicated by a change of colour upon the

surface of the steel. During this heating, a succession of shades is produced, from a very pale

straw-colour to a very deep blue. It is found that, on plunging the steel into cold water, and

allowing it to remain there no longer than is sufficient to lower the temperature of the steel to the

same degree as that to which a piece of hard steel must be raised to temper it in the common way-,

it not only produces the same degree of hardness in the steel, but, what is of much more import-

ance, almost entirely does away with the risk of its cracking. The proper temperature arrived

at, after being plunged into cold water, can only be learned by actual observation, as the workman
must be guided entirely by the kind of hissing noise which the heated steel produces in the water

while cooling. From the moment of its first being plunged into the water, the varying sound

will be observed ; and it is at a certain tone, before the noise ceases, that the effect to be produced

is known. As a guide, take a piece of steel which has already been hardened by remaining in the

water till cold, and by the common method of again heating it, let it be brought to the pale-

yellow or straw-colour, which indicates the desired temper of the steel plate to be hardened. By
this experiment, as soon as the workman discovers the colour to be produced, he will be able to

judge of the precise time at which the steel should be taken out. Immediately on withdrawing

it from the water, the steel plate must be laid upon or held over a fire, and heated uniformly until

its temperature is raised to that degree at which a smoke is perceived to arise from the surface of

the steel plate after having been rubbed with tallow ; the steel plate must then be again plunged

into water, and kept there until the sound becomes somewhat weaker than before. It is taken

out, heated a second time to the same degree as before, a third time plunged into water tUl the

sound becomes again weaker than the last, exposed a third time to the fire as before, and for the

last time returned into the water and cooled. After it is cooled, the surface of the steel plate is

cleaned by heating it over the fire. The temper must be finally reduced by bringing on a brown,

or such colour as may suit the purpose required. The engraving is effected by graving and etching

like copper ; for biting-in, a mixture of 1 part pyroligneous acid, 1 nitric acid, and 3 water is used

;

it is run off from the plate in less than a minute ; the plate is rinsed in running water, and dried

quickly. Stronger acid is used when a deeper tint is required.

Engraving Steel Cylinders.—A cylinder of very soft or decarbonized steel is made to roll, under

great pressure, backward and forward on the hardened engraved plate, till the entire impression

from the engraving is seen on the cylinder in alto-relievo. The cylinder is then hardened, and
made to roll again backward and forward on a copper or soft steel plate, whereby a perfect fac-

simile of the original is produced of equal sharpness.

On Stone.—Lithography, or engraving on stone, depends upon the following principles :

—
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(1) The facility with which calcaroous stones imhibe water ; (2) the great disposition they have to

adhere to resinous and oily substances; (3) and the affinity between oily and resinous substances,

and their power of repelling water. Hence, when drawings are made on a polished surface of

calcareous stone, with a resinous or oily medium, their adhesion is so great that only mechanical

means can eSeot their separation ; and while the other parts of the stone take up the water poured
upon them, the resinous or oily parts repel it. When, therefore, a coloureid oily or resinous

substance is passed over a stone prepared in this manner, it will adhere to the drawings, but not
to those parts of the stone which have been watered.

The Stones.—The stones used in lithography come principally from Germany, but it is said that

the Bavarian quarries are exhausted of the best kind, and that the finest stones are now obtained

from Bruniquel, Tarn, and Garonne, in France, and a somewhat inferior quality from Vigtm.

A bed of lithographic stone 12 yd. thick has recently been discovered at Longinowka, in Galicia,

Stones are prepared for chalk drawings by rubbing two together, with a little silver sand and
water between them, taking care to sift the sand from large grains, by which the surface would

be scratched. The upper stone is moved in small circles over the under one, till the surface of

each is sufficiently even, when they are washed, and common yellow sand is substituted for the

silver sand, and produces a finer grain. They are then again washed clean, and wiped dry. It

will be found that the upper stone is always of a finer grain than the under one. To prepare

stones for writing or ink drawings, they are rubbed with brown sand, washed, and rubbed with

powdered pumice ; the stones are again washed, and each polished separately with a fine

piece of pumice, or water Ayr-stone. Chalk can never be used on stones prepared in this manner.

The same process is followed in order to clean a stone that has already been used.

The Ink and Chalk.—Besides the inks described on p. 1172, the following may be used :

—

Tallow, 2 oz. ; virgin wax, 2 oz. ; shellac, 2 oz. ; common soap, 2 oz. ; lamp-black, J oz. The wax
and tallow are first put in an iron saucepan with a cover, and heated till they ignite ; whilst they

are burning, the soap is thrown in in small pieces, one at a time, taking care that the first is

melted before a second is put in. When all the soap is melted, the ingredients are allowed to

continue burning till they are reduced one-third in volume. The shellac is now added, and as

soon as it is melted, the flame is extinguished. It is often necessary in the course of the operation

to extinguish the flame, and take the saucepan from the fire, to prevent the contents from boiling

over
J
but if any parts are not completely melted, they must be dissolved over the fire without

being again ignited. The black is next added. When it is completely mixed, the whole mass is

poured out on a marble slab, and a heavy weight is laid upon it to render its texture fine. The
utmost care and experience are required in tlio making both the ink and chalk. Sometimes it is

not sufficiently burned, and, when mixed with water, appears slimy : it must then be remelted,

and burned a little more. Sometimes it is too much burned, by which the greasy particles are

more or less destroyed ; in this case, it must be remelted, and a little more soap and wax be added.

This ink is for writing or pen-drawing on the stone. The ink for transfers should have a little

more wax in it. The challc consists of 1 J oz. common soap, 2 oz. tallow, 2J oz. virgin wax, 1 oz.

shellac, J oz. lamp-black, mixed in the same way as the ink.

The Transfer.—Transfer-paper for lithographic purposes is made in the following way:—J oz.

gum tragacanth is dissolved in water, strained, and added to I oz. glue and J oz. gamboge ; 4 oz.

French chalk, i oz. old plaster of Paris, and 1 oz. starch are powdered, sifted through a fine sieve,

and ground up with the gum, glue, and gamboge; sufficient water is then added to give an oily

consistence, and the compound is brushed on to thin sized paper. The drawing or writing, made

on the prepared side of the transfer paper, is wetted on the back, and placed, face downwards, on

the stone, which must previously be slightly warmed, say to about 52° (125° F.). The stone is

passed through the press four or five times ; the paper is then damped, and carefully removed.

Drawing on the Stone.—The subject is first traced on the stone in red, great care being taken

not to touch the stone with the fingers. Or the drawing may be done by means of a black pencU
;

but this is objectionable, as it is difficult to distinguish the line from that made by the chalk or

ink. Then, having a rest to steady the hand, the drawing is gone over with the chalk, pressing it

with sufficient firmness to make it adhere to the stone. For flat tints, considerable practice is

necessary to secui'e an even appearance, which is only to be obtained by making a great many

faint strokes over the required ground. Lights may either be left, or, if very fine, can be scraped

through the chalk with a scraper. If any part is made too dark, the chalk must be picked off

with a needle down to the required strength.

Preparing for Printing.—After the drawing on the stone has been executed, and is perfectly

dry, a very weak solution of nitric acid (1 part in 100 of water) is poured upon the stone, which

not only takes up the alkali from the chalk or ink, as the case may be, leaving an insoluble

substance behind it, but lowers, to a small extent, that part of the surface of the stone not drawn

upon, thus preparing it to absorb water with greater freedom. Place the stone in a sloping

position, then jwur tlie solution over it, letting it run to and fro until it produces a slight efiei-
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vesoenoe. Then wash the stone with water, and afterwards pour weak gum-water over it. The

acid, by destroying the alkali on the lithographic chalk, causes the stone to refuse the printing-

ink except where touched by the chalk ; the gum-water fills up the pores of the stone, and thus

prevents the lines of the drawing from spreading. When the stone is drawn on with ink, there

must be a little more acid used with the water than when the drawing is made with chalk. The

roller charged with printing-ink is then passed over the stone, which must not be too wet, and the

impression is taken by passing through a press, in the usual manner, the processes of watering and

inking being repeated for every impression. If the work ia inclined to get smutty, a little vinegar

or stale beer should be put into the water that is used to damp the stone.

Engraving on Stone.—The stone must be highly polished. Pour the solution of aquafortis

and water over it, washing it off at once. When dry, cover with gum-water and lamp-black ; let

this dry, then etch with a needle, as on copper. It is necessary to cut the surface of the stone

through the gum, the distinction of light and dark lines being obtained by the use of fine- and

broad-pointed needles. Eub all over with linseed-oil, and wash the gum off with water. The

lines on the stone will appear thicker than they will print.

To Imitate Woodcuts on Stone.—Cover with ink those parts meant to be black ; scratch out the

lights with an etching-needle ; the lines which come against a white background are best laid on

with a very fine brush and lithographic ink.

To remove a Transfer.—The existing transfer is ground away by rubbing it with another

piece of stone, putting sand between, using finer sand as it gradually wears away ; then it is

ground with rotten-stone, till of the requisite fineness for the next transfer.

Transferring from Copper to Stone.—In transferring from copper to stone, use is made of pre-

pared paper, that is, ordinary unsized paper, coated with a paste of starch, gum arable, and alum.

About 60 parts of starch are mixed with water to a thinnish consistency over a fire ; have 20 parts of

gum ready dissolved, and also 10 parts of alum dissolved ; when the starch is well mixed, put in

the gum and alum. While still hot, coat the paper with it in very even layers ; dry, and smooth

out. Take an impression iirom the copper with the transfer-ink ; lay the paper on the stone, damp
the back thoroughly with a sponge and water, and pass through the lithographic press. If all is

right, the impression will be found transferred to the stone, but it will, of course, require preparing

in the usual manner. The great advantage gained is, that very many more impressions may be

printed from stone than from a copper plate, and very much more quickly.

On Zinc.—Zincography differs only in a few details from lithography. All ordinary drawings

may be made on zinc plates instead of stone, the materials and mode of piinting being the same.

The plates compete successfully with large stones on the scores of price and portability. The zinc

employed is of the quality known as " best rolled vieille montagne." Irregularity of surface may
be remedied by pressing. The coating of scale and oxide is removed by scraping, and the surface

is then rubbed with pumice, &c., exactly like stone. All drawings on zinc are made on a grained

surface, which is produced as in the case of stone, replacing the stone muller by one of zinc.

When grained, the plate is washed first with cold and then with hot water, and dried rapidly. A
once-used plate may be re-prepared by removing the ink by spirit of turpentine, washing first with
water and then with strong alkali, pouring over a mixture of 1 part each sulphuric and hydro-

chloric acids in 24 parts water, washing again with water, and re-graining.

The drawing is made as on stone, and etching is then effected by one of the following mix-

tures :—(a) I pint of decoction of nut-galls, made by steeping i oz. in 3 qt. water; for 24: hours,

boiling up, and straining
; J pint gum solution, of creamy consistence ; 3 dr. solution of phosphoric

acid
; (6) IJ oz. nut-galls boiled in IJ lb. water till reduced to \, strained, and added to 2 dr.

nitric acid and 4 drops acetic
;
(c) decoction of nut-galls simply. After etching, the sequence of

operations is washing off; gumming in; drying by heat; washing off with turpentine, without
moistening or removing the gum ; rolling in till quite black ; sprinkling with water, and con-
tinuing to roll and sprinkle till the plate is clean and the work is rolled up. Printing is performed
as with stone, using an ink containing weaker varnish, and exercising somewhat greater precaution.

Photographic Processes.—Since the modem development of photography (see Photo-
graphy, pp. 1532-44), a great number of printing processes, some remarkably simple, others more
intricate, and many bearing a close general resemblance to each other, have been devised. These
will now be noticed.

WilUs's Aniline.—The process of W. Willis is founded on the action of bichromates on organic
matter, the printed image being coloured by means of an aniline salt ; it is extremely useful for

copying plans and simple line-subjects. The operation is as follows :—Sized paper is floated in
potassium bichromate containing a little phosphoric acid ; it is next exposed beneath a translucent
positive, and when the image of the latter is clearly shown, it is subjected to the action of aniline
vapour. The result is that the parts shielded from the light by the lines of the positive are deeply
coloured (green, black, or reddish, according to the aniline salt used), while the other parls retain
the weak tint of the reduced chromium oxide. In developing the print, it is exposed to the
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contact of the vapour from anilino dissolved in spirit of wine, the solution being placed In a basin,

and heated by a spirit-lamp. The prints are fairly permanent after washing.
Poitevin's Powder.—A mixture of gum arable, sugar, and glycerine, with some sensltiziiig

solution of potassium bichromate, is poured upon an impervious surface (e. g. a glass plate), and
dried by warmth. Thus prepared, the plate is immediately exposed beneath a translucent positive

for a few minutes. The parts affected by the light become hygroscopic, in proportion to the

duration of the exposure, and intensity of the light, and any impalpable powder delicately brushed
over the plate will adhere to the hygroscopic parts, according to their degree of moisture, thus

forming a reversed copy. The developed image is coated with collodion, and transferred to paper
unreversed, the soluble bichromate being washed out in the operation. Obernetter's recipe for the

sensitizing solution is :—4 parts dextrine, 5 parts white sugar, 2 parts ammonium bichromate, 2-8

drops glycerine for every 100 cc. of water, and 96 parts water. The glass plate Is sometimes

previously coated with collodion.

HerschePa Cyanotype.—This process is in very common use by architects and engineers for

copying plans, producing an image with white lines upon a blue ground. Sensitive paper is made
by brushing it over with a solution of ferric oxalate (10 gr. to the oz.); it will remain good for

years, if kept secure from light. The sensitive paper is exposed mider the positive, and then

brushed over with, or immersed in, a solution of potassium ferricyanide (red prussiate of potash), of

almost any strength, by which the image is developed. The colour of the ground is deepened by

subsequent washing with solution of potassium bisulphate. The ferric oxalate (peroxalato of

iron) is prepared by saturating a hot aqueous solution of oxalic acid with ferric oxide (peroxide of

Iron). A better sensitizing solution may be prepared by mixing 487 gr. ammonium oxalate, 386 gr.

oxalic acid, and 6 oz. water, heating to the boiling-point, and stirring in as much hydrated per-

oxide of iron as it will dissolve.

Pellet's—Pellet's process, which gives copies in blue lines on a white ground, is an improvement

tipon the white lines on blue ground, as a method of obtaining copies of drawings, inasmuoli as it

permits the subsequent tinting of the copies, and requires much shorter exposure. The original

drawing is placed in a printing-frame, in front of a corresponding sheet of the sensitive paper

(supplied by tlie inventor), composed of a piece of stout paper, coated with a mixture of porclilorido

of iron and some easily oxidizable organic substance. The frame being exposed for a minute in

the sunshine, the per-salt of iron becomes reduced to a proto-salt wherever the sensitive paper is

unprotected by the opaque lines of the original drawing. On removal from the frume, the

exposed sheet is immersed in a strong solution of potassium ferrocyunide, and this substance,

reacting with the per-salt of iron remaining on those parts of the paper protected by the opaque

lines, produces Prussian blue, wliile the ground of the paper remains white. The print is washed,

soaked in dilute hydrochloric acid, and washed again to remove traces of the acid.

Woodbury-type.—Woodbury's process is intended to produce a mould of a gelatine print, from

which, other prints may be obtained. A thick film of sensitive gelatine, resting on a tough stratum

of collodion, is placed beneath a negative with the collodion side next the image. After sufficient

exposure to a light so arranged that the rays always fall in one direction, the gelatine picture is

developed as if it were an autotype print, and presents the image in considerable relief. After

drying, it is laid on a perfectly flat metallic plate, and a sheet of load or some other soft metal is

forced down upon it by a powerful press. The metallic sheet, being an exact mould of the gelatine

picture, is put into a special press ; and a viscous compound of gelatine dissolved in hot water,

with the addition of fine pigment or permanent dye, is poured upon this sheet. Strongly-sized

paper, of even texture, is placed upon the viscous compound, and the top plate of the press is

brought down upon the mould, and firmly held, thus squeezing out the superfluous gelatine. The
gelatine soon sets, when the top is raised, and the paper bearing the picture is detached. The
print is immersed in alum solution, to render the impression insoluble. The top plate of the press

is made of thick glass, and its surface is a perfect plane, to ensure the gelatine being squeezed out

from the portions which are to he white in the picture, and to prevent a mottled and uneven

appearance. Within certain limits concerning the size of white surface which can be produced

(owing to the variations in the thickness of all paper), this process is capable of producing per-

manent images at a price but little greater than the cost of the paper and solution.

Photo-lithography.—Another process founded on the insolubility of gelatine when treated with a

bichromate and exposed to light, is one capable of producing pictures in printing-ink, as well as in

ink adapted to transferring to zinc or stone, images being reproduced by ordinary surface-printing

from the transferred prints. The photographic negative is placed in a photographic printing- or

pressure-frame, with a piece of prepared paper face downwards upon the picture side of the glass.

The back is made secure, and the glass side is exposed to the light ; in due time, it is taken to the

dark-room, and coated with transfer-ink. Washing removes the transfer-ink from those parts

which have not been affected by the light (the white parts of the paper), but leaves it where the

light has acted (the lines of the pictiure) ; thus a photographic transfer is produced, and may be
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applied to stone or zinc, and printed from in the usual manner. The sensitizing solution is pre-

pared as follows :—1-1| oz. of gelatine (the smaller quantity if " flake ") is set to soak in sufficient

•water to cover it; meantime, 1 oz. potassium bichromate is dissolved in 5 oz. water, and filtered
;

when the gelatine has plimmed, pour on sufficient boiling water to make 11 oz., and add the

bichromate solution. Sometimes a dash of glycerine is added. This solution will keep good for a

considerable time in a cool place. To prepare the paper, some of the solution is warmed to about

38° (100° F.), and sheets of the paper ("bank post," "positive photographic," or other fine-wove

and slightly sized) are floated on it for 2-3 minutes, and hung up to dry in the dark-room, then

again floated, and suspended from the opposite end. The sensitized paper is exposed in the

ordinary manner beneath a negative in the pressure-frame, uutil the lines appear of a fawn-colour

on a yellow ground.

The picture is transferred to stone or zino by coating the latter with ink, laying the former

face downwards upon it, and pulling through the press. Ordinary chalk lithographic ink may be

used for single prints, but a superior ink is made as follows :—16 oz. lithographic ink and 8 oz.

middle linseed varnish are first mulled together ; 6 oz. Burgundy pitch and 2 oz. bitumen are

melted over a clear fire till all the water is driven off; 1 oz. white wax is also melted; the whole

is then mixed together, with 1 oz. palm-oil, and run into vessels for keeping. The print is

developed by being floated back downwards on water at a temperature of 38°-50° (100°-122° F.),

till the lines appear as depressions. It is then washed with water at about 70° (158° F.) on an

inclined slab, by which, the soluble gelatine is removed with the ink that coated it, and the image

remains as ink lines on ridges of insoluble gelatine. Tlie developed print is washed in cold water,

and hung up to dry ; it is then ready for transferring to stone or zino, being first damped till it

becomes limp. The subsequent manipulation is a mere repetition of lithographic printing (see

p. 1615).

Relief and Photo-engrcKiny Processes.—Relief processes are those which produce plates or blocks

with raised lines, capable of being printed from like type in an ordinary printing-press. They are

adapted only to line drawings, and are unsuited for the reproduction of toned work. Engraved
plates have the lines of the original drawing in depression, and are adapted to the same class of

work as relief processes. Both are produced by the same general method and on the same prin-

ciple, of which, the following is an outline. The foundation of the system is the fact that asphalt

or bitumen, when exposed to light, becomes insoluble in its ordinary solvents if partially saturated.

In Niepoe's process, the first based on this ground, silver plates were coated with bitumen, the

unaltered portions of which were dissolved away after exposure ; iodine was applied, the remaining

bitumen was removed, and the result was a metallic silver image on a ground of silver iodide-

The solvent generally employed is chloroform. The coated plate is dried, and exposed beneath a
subject. The portions to be protected from the influence of the light will depend upon whether
the plate is to be engraved or in relief ; in the former case, the lines will need protection. Care

must be taken that the opacity, where required, is perfect. For engraved plates, a reversed positive

is necessary ; for relief blocks, an ordinary unreversed negative. The original picture is placed in

contact with the prepared plate, and exposed as long as is considered necessary; tlie. soluble por-

tions of the bitumen are then removed by a nearly saturated solvent, leaving the metal bare. This
latter may be zino, copper, or steel ; tho first is most commonly used for relief blocks, while the
two last are more convenient for engraving. The " biting-in," or development of the lines, is

effected, in the case of zinc, by simple hydrochloric acid, though it is advisable to previously dip
the plate in a sulphiite of copper solution ; for copper and steel, a mixture of hydrochloric acid

and potassium chlorate is preferred. With relief blocks, the biting-in is a tedious operation, having
to be carried as deep as in a wood-block. After the first biting, which gives the clear lines, the
plate is heated, dusted over with rosin, and reheated to make the bitumen quit the lines, these
operations being repealled till sufficient depth is attained. In appreciably large spaces, the metal
is removed by engravers' tools.

Ehrard's biting-in process differs somewhat from the preceding. A transfer is prepared as for

zincography, transferred to a copper plate, and plunged into an electro-plating bath for a few
minutes, thus coating the copper with a thin silver film, while the lines are protected by the greasy
ink; tlie plate is rinsed in dilute acid, and placed in a mercuric chloride bath, where a double
chloride is formed ; after washing, and removal of the ink, the biting-in proceeds.

Fox Talbot proposed a modification, which consisted in printing the negative on a gelatine
film, washing away the unaltered gelatine, and making an electrotype. Scamoni has some plan of
building up a relief on the negative itself, and taking an electrotype from it. The foregoing
methods, with perhaps som3 other modifications, are in extensive use on an industrial scale.

Several firms are largely engaged in making relief blocks and photo-engravings, notably Leitch,
Dallas, and Cattell, in London, besides many others on the Continent and in America. The
illustrations in this Encyclopaedia have been prepared by the first-named firm, from drawings on
stone by B. Alexander, Castle Street, Holborn.
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Much lias boon done in the more difficult task of reproducing half-tone drawings and photo-

graphs from nature, by Woodbury, Dallas, Lennlr, and others. A manager of Goupil's, named
KouBsillon, availing hlinsi If of the Woodbury-type process (see p. 1617), gives a grain to the picture

by the action of light, suitably regulated, and thus obtains a mould capable of giving mezzo-tints

from ordinary negatives. They require some mechanical touching-up, however. Lenoir has re-

cently made public a new process fur producing engraved plates from negatives photographed from

nature, which is substantially as follows. A metallic plate is lightly coated with a mixture of

albumen, carmine, and potassium bichromate. The carmine (for which, gamboge and various

resins may be substituted with almost equal success) serves both as a dye and to assist in the lifting

of the film, by its solubility in ammonia, drawing the albumen with it more or less in the stripping-

off, the exposure having taken place upon the upper surface. When the film is stripped off, an

image remains formed of albumen, in itself unable to resist the action of acids. It must, there-

fore, be rendered insoluble. There are two ways by which this may be effected ; one is to cause

the albumen to absorb a solution of gum lac, dissolved in hot waterwith borax; the other, and

preferable, is to plunge the plate, once stripped, in a solution of potassium bichromate, then drying

at about 49° (120° F.). The albumen by this means acquires the required resistance to the action of

acids. The plate is next engraved, to give it a grain according to the amount of ink it should

take up. Upon the unabsorbent and stripped plate, a film is spread, consisting of a solution of

bitumen and turpentine mixed with carbonate of lime. When plunged in an acid bath, carbonic

acid is liberated; it forms tiny canals, through which, the acid attacks the metal more or Il.-s

quickly, by reason of the thickness of the albumen. Thu acid bath is composed of water acidulated

with nitric and oxalic acids and alum. An oxalate of the metal is thus formed on the sides of the

canals, and causes them to adhere to tho plate. The texture of the etcliiug is moro or loss fine

according to the length of time the albumen is allowed to absorb the acid. In this state, the plate

is finished ; it requires only to be dried, and is ready to be printed from immediately. No pre-

liminary preparation is necessary, as the whole operation may be conducted in three hours.

Warnerke has recently publi.-.hed some improvements based upon the discovery that a gelatine

plate submitted to pyrogallic acid becomes insoluble in the parts exposed to light. The ordinary

gelatine process reciuires very accurately-timed exposure; but with the pyrogallic acid, and using

the emulsion on paper, no amount of over-exposure will do harm, provid' d the developer is

sufhcieiitly restrained. The transfer of the imago from the paper to glass is very simple. The
former is immeised in water, and placed in contact with a gloss plate ; the superfluous moisture is

removed by a squeegee, and the paper is strippeil off, leaving the gelatine on (ho glass, when tho

application of liot water dissolves all the gelatine not acted upon by the light, and the image is

left in relief on the glass. Intensification is efiected by mixing with the emulaion a non-aetinio

colouring matter wliich is not affoeted by

silver; aniline colours answer the purpose

well. Relief is said to be obtaiued far more

easily tlian by the ordinary biohromatized

gelatine, and the process is therefore

specially applicahlo to Woodlmry-type. It

may also be adapted to engraving, enamel-

ling, and collotype purposes.

Collotype Processes. — Several methods

of collotype printing have been described

uniler Photography (p. 1543). Impres-

sions may be obtained in a lithographic

press, but the form shown in Fig. 1169 is

especially adapted to this process.

Eelwards' Heliotype.—The most im-

pnrtant of the many modifications of the

collotype process is the " heliotype " in-

vented by Ernest Edwards, wherein the

great advantage consists in toughening the

gelatine film by means of chrome-alum,

IliH method is briefly as follows:—The
solution of gelatine and bichromate, with the due proportion of chrome-alnm, is poured upon the

previously waxed surface of a carefully levelled glass plate, and dried, when the film is readily

detached. The latter resembles a piece of thick paper, and may be similarly handled. After

exposure in contact with a negative, the film is placed on a plate of zinc or pewter under water,

and firmly attached by passing an indiarubber " squeegee " sharply over the surface of the film. The
printing film on its plate is snaked in water sulKciently long to remove the superfluous bichromate,

to prevent the further a -tion of tlie light, and is then ready for the press. This is preferably on

S L 2
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the vertical principle, such as the Albion printing-press. The inking possesses peculiar featurea

a very stiff ink may be used to give the deepest shadows, and t)iis may be followed by a thinner

ink, even one more or less coloured, for the half-tones, thus producing a biohromatic effect in a

single printing. The time occupied in drying the film is 24-36 hours at 32° (90° F.) ; 1500 copies

have been successfully taken from one plate ; one man can print 200-800 copies daily ; for very

long numbers, it can hardly compete with lithography in price, but for moderate numbers, the cost

is very small.

Capt. Waterhouse has introduced a modified process, as follows :—The sensitive film is laid on

flat copper plates, finely grained on one side. After levelling on the drying-apparatus, the plates

are washed with warm water, and coated on the grained side, while still wet, with a mixture of

15 grm. Nelson's opaque gelatine, and i grm. powdered potassium bichromate, in 100 cc. water,

adding 4 cc. formic acid when the first are dissolved. This is applied like collodion, and the

excess is poured off. The coated plates are replaced in the drying-apparatus, and covered over.

In about 2 hours at 50° (122° P.), the films dry with a fine, even, glossy surface, perfectly free from

streaks and waviness. It is best to let the plates harden for a day or two before use.

Bibliography.—H. Fitz-Cook, ' Graphotype : a process for producing from drawings blocks for

surface printing' (Jour. Soc. Arts, Vol. xiv., No. 681, London: 1865); J. Pratt, 'Machine for

Type-writing' (Jour. Soc. Arts, Vol. xv.. No. 754, London: 1867); E. Edwards, 'Photography in

the Piinting-press : a description of the Heliotype process ' (Jour. Soc. Arts, Vol. xix.. No. 962,

London : 1871) ; J. L. Eingwalt, ' American Encyclopsedia of Printing ' (Philadelphia : 1871) ;

J. R. Johnson, 'Improvements in the Manufacture of Printing Types ' (Jour. Soo. Arts, Vol. xxi..

No. 1061, London: 1873); 'Type-writing Machines' (Jour. Soo. Arts, Vol. xxiv., No. 1213,

London: 1876); J. Husnik, 'Das Gesammtgebiet des Liohtdrucks' (Vienna: 1877); T. Mac
Kellar, 'The American Printer' (Philadelphia: 1878); J. Kruger, 'Die Zinkogravure ' (Vienna:

1878); J. Husnik, 'Die Heliographie ' (Vienna: 1879); F. J. F. Wilson, 'Stereotyping and Elec-

trotyping' (London: 1880); B. Bigmore and C. Wyman, 'Bibliography of Printing' (London:

1880); F. J. F. Wilson, 'Printing-machines and Machine-printing' (London: 1880); W. D. Rich-

mond, ' Grammar of Lithography ' (London : 1880) ; T. Bolas, ' Modern Autographic Printing

Processes' (Jour. Soo. Arts, Vol. xxviii.. No. 1417, London: 1880); F. Noble, 'Principles and
Practice of Colour Printing' (London : 1881); G. Field, 'Grammar of Colouring' (London); P. B.

Watt, ' Hints on Colour and Printing in Colours ' (London) ;
' Printers' Register ' (London : 1872-)

;

' Printing Times and Lithographer ' (n. s. London : 1875-).

(See Ink ; Photography.)

RESINOUS AND GUMMY SUBSTANCES (Fb., Matieres Resineuses et Gommeuses

;

Ger., Harz- und Gummi-arten).

Resinous and gummy substances may be primarily divided into three great classes—gums,
resins, and indiarubbers ; each of these classes may be split into a number of sub-sections.

1. Gums.—The term " gum" is properly restricted to those exudations from the stems, branches,

and fruits of plants, which dissolve or soften in water to a slimy liquid state, or at least to a
gelatinous consistency ; which refuse to dissolve in alcohol of 60 per cent. ; which yield mucic and
oxalic acids when treated with nitric acid ; and which are capable of conversion (by sulphuric

acid) first into dextrine and then into sugar. The form, surface, colour, transparency, density,

microscopic characteristics, and optical properties scarcely admit of any generalization, and will

best be noticed under the individual substances. As to the chemical constitution of gums, all

natural vegetable gums (thus excluding dextrine) are substantially composed of one or more of

the three bodies—bassorine, arabine, and cerasine. Bassorine is a pure hydrocarbon
; arabiiie and

cerasine are hydrocarbons combined with mineral bases. Bassorine is devoid of colour, odour, and
fiavour ; it is insoluble in water and alcohol, but heated in the former, assumes a gelatinous

character ; dried at 100° (212° F.), its formula is CeH,„05. Arabine is a compound of arable acid

with lime and some potash or magnesia ; it is a colourless, odourless body, of acid reaction, forming
with water a glutinous, frothy solution ; on burning, it leaves an asli consisting chiefly of carbonate
of lime, but containing also some carbonate of potash. Arabic acid is a white substance, soluble in
water, ancj-j^dening litmus ; its solution dries to a colourless, amorphous body ; dried at 100°

(212° F.), its formula is OuH^jOii. Cerasine is a colourless body, insoluble in water and alcohol,

but, like bassorine, swelling in the former to a kind of gelatine ; it is a compound of metagummic
acid and lime. Natural gums also contain water (12-17 per cent.), dextrine, sugar, tannin,
colouring matter, and mineral ingredients ; they afford 2-3 per cent, of ash.

Concerning the origin of gums. They were formerly supposed to be secretions of plants ; recent
researches, however, have clearly proved that at least some gums are formed from the whole
tissue of the cell-walls, by chemical metamorphosis. This is considered certain in the case of
tragacanth, cherry, and arable gums. [The reader is referred to some special remarks on traga-
canth under that head, pp. 1685-6.] Wiesner holds the same view with regard to morino-a and



GENEEAL CONSIDERATIONS. 1621

Indian trogacantli (kateern) gums. Accordingly it happens thut gums are yielded most abundantly

wiiou the plants arc in a sickly state, caused by a fulness of sap in the young tissues, whereby tho

iM'W cells are softened and finally decomposed ; the cavities thus formed fill witli liquid, which
exudes, drius, and constitutes " gum," which, in structure, is quite amorphous, being neitlicr

crystallized nor oignnized. Gum is one of the most common plant-products. It occurs abundantly

in the living rind of many plants, and exudes upon the surface of the bark. In the woody
structnro, it occurs more seldom, and in smaller quantity. The sources of the most important

gums may be seen from the following synopsis :

—

Miriwseai.—Acacia app., giving Arabic (including Senegal, Suakin or Talca, Morocco or Barbary,

Cape, E. India, and Australia or Wattle), and Kutiera (Indian Tragacanth) ; Prosopia spp.

(Mezquite) j Parkia spp.

Paiiilionaceas.—Astragalus spp. (Tragacanth).

Drupaceai.—Primus spp., and Amygdalus spp, (collectively Cherry gum).
Anacardiaoece.—Anacardium occidentale (Cadjii); Spondia spp.; Odina spp. (Giog auJ Kunuee);

E/ius Metopium,

Aurantiacea.—Feronia elephantum (Wood-apple).

Meliaceas.—Melia Azedarach.

Teriistromiacem.— Cochlospermum gossypium (Kuteera [Indian Tragacanth]).

Bombacece.—Admsonia digitata.

SterculiacecB.—Bombax spp. ; Stercv.Ua spp, (contributing to Kuteera).

Cactaoeai.—Cactus spp. ; Opuntia spp.

Mormgacew.—Moringa pterygospcrma (Moringa),

Biomeliacea.—Puya spp, (Chagual).

Palmacew.—Cooos nucifera (C!oeo-nut).

Gums may be divided into the following four classes :

—

(1) Ar.ibinic.
—

'I'hes© consist CBsentially of arabine ; cerasine and bassorino aro either quite

absent, or in very minute proportion. The chief arc—Arabic (all kinds). Wood-apple, and Ciuljii

gums.

(2) Cerasinic.—Contain varying proportions nf eirasiiie and arabine. The Clierry group.

(3) BasBovinic.—Essentially composed of bassorine. Embraces Tragacanth, Kuteera, Coco-nut,

Chagual, and Moringa gums.

(4) Ceraaino-bassorinic.—Compounded of cerasine and bnssorine. Kuteera (some kinds),

2. Eesins,— Under the term " resins," are included all the hard, friable, natural plant-substances,

externally resembling gums ; insoluble in water ; soluble in ether and alcohol ; rich in carbon

;

poor in oxygen ; free from nitrogen ; and burning with a smoky flume. No resin is a definite

chemical compound, but rather a complicated mixture. The essential ingredients of resins are

tho resin-ocids—substances rich in carbon ; some of them displace the carbonic acid in alkaline

carbonates, and form with the alkalies the so-called resin-soaps, which froth in water. Besides the

resin-acids, natural resins contain volatile oils, gums, and often cinnamio and benzoic acids, as well

as the ordinary components of plant-tissues—cellulose, tannin, huniic bodies.

The older chemists classified resins into " hard," " soft," and " feather," The two first are now
combined as "resins" simply, their difference in hardness being only a matter of degree, while

most of the soft resins become hard in time, " Feather " resins denoted indiarubbers, which are

now excluded from the resins altogether, on the ground of both physical and chemical dissimi-

larities, and will receive a separate description. The usual classification now adopted by Continental

chemists is threefold :—(1) True resins, (2) gum-resins, (3) balsams. Tho gum-resins differ from

true resins only in containing some gum. Balsams include both resins which are rich in volatile

oil, the latter assuming a resinous character, or holding a great portion of the resin in solution, thus

forming a syrupy mass (such as turpentine and Canada balsam) ; and bodies which in outward

character resemble the resinous balsams (like Peru), and are chemically poor in resinous matters,

though rich in a fluid neutral substance bearing some likeness to certain resins. The classification

adopted by M. C. Cooke differs considerably from the foregoing. Omitting the gums, which have

been already dealt with, he forms three groups—gum-resins, resins, and oleo-resins. The gum-
resins embrace three classes—emulsive, fetid, and fragrant, the last being again sub-divided into

sections, represented respectively by bdellium and benzoin. The true resins he distinguishes as

hard or copalline (sub-classified as pale and dark), and soft or elemi. While his oleo-resina

embrace balsams, natural varnishes, and turpentines and tars (the two last grouped together).

Vsually in England, however, the term gum-resin is applied to an inspissated milky plant-

juice, consisting of a gum soluble in water, associated with a resin and a volatile oil soluble in

alcohol, and containing other vegetable and a little mineral matter. The general acceptation of

the term " balsam " is an oleo-resin, or natural compound of a resin and an essential oil, in such

proportions as to form a viacsus or semifluid mass. From the solid resin to the limpid essential oil

are insensible giadntions, and few resins are hard at the moment of their exudation. The proposal
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to confine tlie term talsam to such bodies as contain cinnamic (or an analogous) ftoid, in addition to

the resin and essential oil composing tho oleo-resin, has not been carried out; but the fragrant

balsams containing cinnamic or benzoic acids are regarded as a distinct class by authorities on

materia medica, though Cooke includes under the term all the oleo-resins, except the natural

Tarnishes (acrid lacquers) and the turpentines and tars.

Of the physical characteristics of the resins generally, the first to be considered are their form

and size. Tlic hard resins have a drop-like, stalactitic, or knotty form. When the resin spreads

over the surface of tlie plant and there collects, it is usually drop-like or stalactitic; when it flows

into the ground, it becomes knotty. Olher forms are rare. The drops, as met with in commerce,

are generally pretty constant in shape for each kind, but the stalactitic and knotty form vary much

in tliat respect. Some commercial resins are shaped by artificial means—dragon's-blood in sticks

or tears, gamboge in cylinders, shellac in laminee.

The surface of many resins forms an important characteristic. In red xanthorrhcen, the surface

which was in contact with the stem is rough, dull, unresinified, and possesses structural peculiarities

that will be detailed when speaking of it in particular. Many resin-surfaces present polygqjial

excrescences, with regular crystallographie form. In Zanzibar copal, these are visible by the naked

eye ; and in sandarach, by the aid of a glass.

Eesins seldom present a definite structure, as they occur for the most part in tliick homogenous

masses. But benzoin, yellow xanthorrhcea, and the softer kinds of dragon's-blood exhibit a structure

known as amygdaloidal to mineralogists. It is produced by a number of rounded grains imbedded

in the mass, and differing from it in colour. Some sorts of turpentine-resin are permeated by
globular pores of various size.

Most resins are quite amorphous ; few contain crystalline substances, and still fewer occur as

cryttals themselves. The turpentines often hold abiotic acid in the form of crystals. In the turpen-

tine-resins, a crystalline body is frequently visible. In the elemi-resins, which are vei-y rich in crystal-

line components, it often happens that the optical properties of the mass so nearly approach those

of the crystals, that the latter only become visible after dissolving the amorphous portion in alcohols

The optical properties of the resins seldom afford any guide.

The colours of the resins are in many cases pronounced, as the yellowish-brown of gamboge, the

red of dragon's-blood and red xanthorrhoea, the white of Siam benzoin, and the black of some

rosins. Many resins are colourless ; the tints of most lie between yellow and brown.

In transparency, the resins vary much. Some are as transparent as glass (certain copals)
;

others are quite opaque (xanthorrl)oea, dragon's-blood). Most are merely translucent to the naked

eye. Microscopic sections, even of the quite opaque, are at least translucent, and often communicate

their own colour to the transmitted light.

The lustre of most resins is almost adamantine, and constitutes a degree termed "resinous" by
mineralogists. There also occur tliose of fatty (small sorts of benzoin, and dragon's-blood) and of

waxy (the "almonds" of benzoin) lustres, and some are lustreless (certaiu elemi-resins).

The fracture is mostly glassy, often conchoidal ; sometimes also smooth, granular, earthy, and
splintery.

The hardness of most resins lies between gypsum and rook salt ; only the best copals are harder
than the latter, and for the verification of these, hardness is one of the best tests.

The density (sp. gr.) is for many resins a distinctive feature, e. g. many copals. In general, the

sp. gr. of resins is somewhat greater than that of water, while the gum-resins are considerably
heavier, e.g. asafcetida 1-3., The balsams are mostly lighter than water. The specific gravities

of some of the resins are shown in the annexed table :—

Table of Specifio Gravities of Eesins at 15°-16° (60° F.).

Pine-rosin, yellow transparent !• 083-1 -084

„ whitish opaque .. 1' 044-1 • 047

„ dark colophony .. I'lOO

Shellac, light coloured .. .. 1-113-1 -114

„ darker 1-123

bleached 0-965-0-968

Dammar, old 1-075

Copal, E. Indian 1' 063-1 -070

„ W.Indian 1-070-1-800

Copal, very old 1-054-1-055

Benzoin, Siam 1-235

„ Penang 1-145-1-155

„ Borneo 1-165-1-170
Guaiacum, pure 1-236-1-237

Amber 1-074-1-094

Sandarach 1-038-1-044
Mastic 1-056-1-060

Tolu, old brittle 1-231-1-232

In tenacity, most resins are friable ; some are soft (stick -lac, shellac), some pliant (elemi). The
degree of friability can be tested by scratching the surface with a needle; the most friable show a
splintery scar ; the least, a smooth line.

Many resins, both coloured and colourless, give a white streak, even the dark-hued colophony.
Some resins, finely disseminated tJirougU water, exhibit a rapid molecular movement ; others a
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vory indolent one. The most pronounced occurs in the case of gamboge ; copal powder, on the

other hand, moves vory slowly.

Seveml resins possess highly characteristic odour and flavour.

The seerution or imprisonment of organic deTjris in resins is much more frequent than is com-

monly BupiHi.-od. The frugmeiits are mostly invisible, except through the microscope, and cliiefly

consist of particles of bark and wood from the stems of the plants, which have become imbedded

during the concretion of the resin. Tlie recognition of these remains in a resin is often of impurt-

ance, the more or less deoomposed tissue illustrating the characteristics of the resin, as well as

indicating its origin and derivation.

Many resins, and at least uU produced by the metamorphosis of the cell-tissues, contain also

tissue-remains (e. g. dragon's-blood, xanthorrhoea). These are the more valuable according as the

metamorpliDsis has been more complete. Eed xanthorrhoea often shows pieces of tissue between

the resiuified masses. Organic remains not derived from the resin-forming organs of the plant also

occur ; e. g. fungi. Thus the tine green crust which coats old specimens of gamboge is due to a

delicate mycelium fungus.

The microscopic examination of resins at once reveals some facts concerning their origin. While

the structure of red xanthorrlioea, exhibiting all stages from unresinified to completely resinified

tissue (according to Wiesner), indicates that this resin is sulely due to chemical metamorphosis

of the whole tissue, the microscope shows that gamboge must exist in solution in the ticsue of the

plant-stem, and consequently proceeds from a cellular t-ecrelion. Gamboge really consists of a

gummy groundwork permeated by microscopic grains of resin. On cutting the gamboge tree,

the resin-holJint; sap escapes, and mingles with the watery sap of other tissues, and thus occurs

the secretion of the hard resin.

Dragon's-blood originates much in the same manner as xanthorrhoea ; and according to tlie

researches of Karston and Wigand, itis probable that the ordinary resins of the Conifera (rosins) are

produced in the same way. But it must not be supposed that the metamorphosis from the cellulose

of the cell-walls to the resin is simple and direct. It is indirectly evident that the cell-walls of the

lesiuifled tissue, before their complete conversion into resin, yield a quantity of tannin. This tiinnin

seems to be a medium between the hydrocarbon and the resin. In the resinification of whole tissue,

it is doubtless not only the cell-membrane, but also more or less of the cell-contents, that is utilized.

When a rosin, like mastic, occurs in roady-formed veins, and is not produced by the resorption of

cells or whole tissue, it must be considered as a secretion-product.

The melting-point is a characteristic test for different kinds of resin, and even for different

grades of the same kind. The lowest met with is that of Siam benzoin—75° (167° P) ; the highest,

that of the hardest copals—360° (698° F.) The solubilities of the various resins in such solvents

as alcohol, ether, carbon bisulphide, turpentine-oil, cajuput-oil, chloroform, &c., are well-known

guides to their identification (see pp. 1624-7).

The resins exhibit no such chemical relationship as do the fat.s, for instance. Some few show

a general resemblance, a. g. mastic, eandaraoh, dammar, olilmnimi ; but the greater number are not

only dissimilar, but do not even admit of being grouped under sections. Besins are ns a rule very

complicated bodies, and their origin, as previously explained, makes it difficult to expect other-

wise. The classification of resins according to the effects of simple reagents is impossible, and

recourse has been had to oxidation with caustic alkali, with or without dry distillation. Hlasiwetz

has proved in some resins a family relationship with the aromatic series, which clearly indicates

that many resins are derived from essential oils ; indeed from the terpenes (e. g. turpentine-oU,

lavender-oil), colophony-like resins can be produced by oxidation, and it is quite probable that the

Bo-called terpene-resins exist in the plants as essential oils. The terpene-resius are weak, some-

times crystalline, acids. Nature affords them mixed with unaltered terpene, which may be distilled

off with water. The terpene-free resin is odourless, hard, and but little changed by caustic alkali.

Many aldehydes are converted into resins by oxidation ; acryl-resin and the resin of acetic aldehyde

are familiar examples.

That resius are among the most widely-distributed plant-products, is well known. They are

found in almost all forms of vegetable Hfe, even in fungi. They chiefly occur in the bark, and

either flow out over its surface, or aggregate within it. The chief resin-yielding plants are as

follows :

—

Leijuminoaai.—Myrospermum spp. (Peru, Tolu) ; Vuuapa spp. ; Copaifem spp. (Copaiba).

Caaalpinia;.—Trachylobium spp., Hymmaia tpp. (Copal, Jutahy-seca).

AnacardiaceiB.—Pistaohia spp. (Mustio, Chian turpentine) ; Rhus spp.

Amyridacecc.—Boswellia spp. (Frankincense, Olibanum) ; Idea spp. (Copal, Elemi); Bursera spp.

(Elemi); Canarium spp. (Dammar); Amyris spp.; Hedwigia balsamifera ; Balsamodendion spp,

(Bdellium, Elemi, Myrrh, Balm of Qilead) ; Elaphrium spp.

JiumiriactD.—IJwnirium spp.

Zygophyllaccw.—Giuiiacum officiivilo (Guaiaoum).
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Shamnacem.—Zizyphus Jujuba (Lao).

Eupkorhiacea.—Pedilanthus spp. ; EuphorUum spp. (Euphorbium).

Dipterocarpce.—Vateria indica (Piney) ; Sharea spp. (Dammar) ; Bopea spp. (Dammar) ;
Drydbala-

nops spp. (Camphor) ; Dipterocarpus spp. (Qurjun) ; Yatica sp.

CombretacefB.— Terminalia spp.

Bixinece.—Lcetia resinosa.

Guttiferm.—Oarcinia spp. (Gamboge) ; CalophyUum spp. (Tamanu and Tacamahaca) ; Morondbea

coccinea (Hog).

Hyperiacece.—Vismia spp. (Gamboge).

Cistacece.— Cistus spp.

Hederacece.—Hedera helix.

Umbettifera.—Ferula spp. (Galbanum, Sagapenum); Scorodosma fcetida, Narthex asafcetida (Asa-

fcetida) ; Opoponaa; CAiVonjum (Opoponax) ; ZJorema ammoraiacwm (Ammoniaoum) ; Thapsia garganica

;

Bolax spp.

SubiaceiB.—Gardenia spp. (Dika-mali).

Apocynacece.—Tahernanumtana utilis.

Asclepiadacece.—Cynanchum viminale.

Convolvulacew.—Convolvulus scammonia (Soammony) ; Tpomcea purgans (Jalap).

Compositm.—Carlina gummifera ; Ceradia furcata (Bdellium).

Styracace<B.—Styrax spp. (Benzoin, Storax).

Artocarpacece.—Artocarpus integrifolia.

Moracece.—Ficus spp.

Altingiaaece.—Liquidambar spp. (Storax).

Aquilariaceae.—Aquilaria spp. (Lignum Aloes or Agar).

BetulacecB.—Betula alba.

Coniferce.—Abies spp., Pinus spp, (Rosin, Turpentines) ; Araucaria spp. ; Dammara spp. (Copal,

Dammar) ; Callitris spp. (Sandarach) ; Juniperus communis.

Liliacece.—Braccena spp. (Dragon's-blood) ; Xanthorrhaa spp. (Xanthorrhoea).

Palmacece.—Dcemonorops spp. (Dragon's-blood).

Detection of Resins, Gurn-resins, and Balsams.—The following scheme for the recognition of the

more important resins, gum-resins, and balsams (oleo-resins) is due to Hirschaohn, whose researches

in this direction are well known. The reagents employed are :—(1) Sulphuric acid, sp. gr. 1 820 ;

(2) alcoholic hydrochloric acid, obtained by saturating 95-per-cent. alcohol with dry hydrochloric

acid gas ; (3) solution of 1 part bromine in 20 parts chloroform ; (4) saturated solution of calcium

chloride in distilled water at the ordinary temperature
; (5) solution of 1 part perohloride of iron

in 10 parts 95-per-cent. alcohol ; (6) saturated solution of neutral lead acetate in 95-per-cent.

alcohol ; (7) solution of ammonia, sp. gr. • 980
; (8) solution of pure sodium carbonate crystals in

distilled water ; (9) Frolide's test : 1 centigram sodium molybdate in 1 cc. sulphuric acid ; (10) im-

pure chloral hydrate, containing alcoholate ; (11) saturated solution of iodine in petroleum-spirit

boiling at 60° (140° F.). The author's names have been retained : they sometimes differ from

those adopted in this article, and it is not always apparent what precise product is intended in the

absence of the botanical source, e. g. Borneo copal.

Completely soluble in Chloroform.

Completely soluble in Ether.

A. Ethereal solution becomes turbid after addition of alcohol.

I. Alcoholic solution gives with perchloride of iron a turbidity that disappears on boiling. Chloral

reagent colours violet— Canada Balsam.

II. Alcoholic solution gives no turbidity with perchloride of iron.

1. The drug is liquid and forms a clear mixture with petroleum-spirit boiling below 40° (104° F.).

a. Bromine solution colours the chloroform solution yellowish, then violet and blue

—

Maranham
Copaiba.

b. Bromine solution produces no colour

—

Para Copaiba.

2. The drug is solid, and dissolves only partially in petroleum-spirit. Iodine solution colours

red-violet

—

Ordinary Mastic.

B. Ethereous solution forms clear mixture with alcohol,

i. Perfectly soluble in alcohol.

1. Perchloride of iron colours the alcoholic solution blue.

a. Lead acetate gives a precipitate with alcoholic solution. Sulphuric acid dissolves the

drug with a oherry-red colour

—

Guaiacum.

b. Lead acetate gives no precipitate. Sulphuric acid dissolves the drug with a yellow-brown
colour

—

Carana Besin (^Aceyta americana').
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2. Porchlorido of iron colours the alooliolio solution brownish or greenish.

(I. Lead aottitu gives with the alcoliolic solution a precipitate that is not dissolved by boiling,

u. SoiHum carbonate solution dissolves part at the ordinary temperature. Chloral test

colours the evaporation-residue of a petrolouiu-spirit extract gradually red-violet with

blue streaks

—

Coniferous Rosins.

p. Sodium carbonate dissolves none or a very small quantity.

i. Petroleum-spirit extract colourless. Cliloral test produces no colour or a very faint

greenish

—

Bombay Mastic.

Petroleum extract coloured,

ii. Dark-brown. Chloral test colours brown

—

Mani Resin.

iii. Yellow-brown. Cliloral test colours gradually indistinct red-violet

—

Carana Resin.

iv. Yellow-brown. Chloral test and bromine solution colour a magnificent violet

—

Canma
hedionda.

5. Lead acetate gives with the alcoholic solution a precipitate that dissolves on boiling,

tt. Bromine solution colours red

—

Peruvian Quaiacum.

$. Bromine solution produces no coloration

—

Alexandrian Mastic.

V. Lead acetate gives no precipitate. Ammonia gives a turbid mixture

—

Dragon's-blood.

II. Imperfectly soluble in alcohol.

1

.

Lead acetate produces turbidity which disappears upon warming

—

]}razilian Copaiba.

2. Lead acetate gives no precipitate. The drug is clearly crystalline. Sodium carbonate does

not dissolve it by boiling.

(I. Bromine solution gradually colours green.

i. Alcoholic hydrochloric acid colours violet, blue, or brown

—

Elcmi.

b. Bromine solution colours violet

—

Elemi.

c. Bromine solution produces no colour

—

Elemi (^Amyris elemifera').

Imperfectly soluble in Ether.

A. Perfectly soluble in alcohol.

I. Sulphuric acid colours the evaporation-residue of a petroleum-spirit extract cherry-red. The

drug is free from cinnamio acid

—

Siam Benzoin.

II. Sulphiuric acid does not colour such residue, or only faintly light-brown. Contains cinnamio

acid

—

Sumiitrii Benzoin or Tolu Balsam.

III. Sulphuric acid colours such residue yellow-brown passing into violet

—

Blaci Peru Balsam.

B. Imperfectly soluble in alcohol.

I. Perchloride of iron gives a precipitate, which is neither dissolved by boiling nor soluble in

ether

—

Brazilian Copal.

II. Perchloride of iron produces no turbidity or only a slight one that disappears on boiling.

1

.

The ethereous solution gives with alcohol a turbid mixture.

u. Alcoholic hydrochloric acid colours it brownish. Chloral test colours evaporation-residue

of petroleum-spirit extract greenish

—

Dammar.

b. Alcoholic hydrochloric acid colours it brick-red. Chloral test colours the petroleum-

spirit residue carmine-red to violet— White Peru Balsam.

2. Ethereous solution gives with alcohol a clear mixture.

a. Ammonia gives with alcoholic solution a clear mixture. Bromine solution colours blue

—Ceradia Resin.

b. Ammonia gives with the alcoholic solution a turbid mixture. Bromine solution colours

greenish

—

Mecca Balsam.

Imperfectly Soluble or Insoluble in Chloroform.

Completely soluble in Ether.

A. Ethereous solution red. Ammonia gives with alcoholic solution a clear mixture

—

Dragon's-blood

from Pterocarpus Draco.

B. Ethereous solution yellowish or colourless.

I. Alcoholic solution gives with lead acetate no precipitate

—

Podocarpus Resin.

II, AlcohoUc solution gives with lead acetate a precipitate that is not dissolved by boiling

—

Sandarach.

Imperfectly soluble in Ether.

A. Ethereous solution becomes turbid after addition of alcohol.

I. Alooholio solution gives with ammonia a clear mixture.

1, The mixture with ammonia is yellow. The solution of the resin in sulphuric acid is yellow-

brown and gives with alcohol a clear violet mixture

—

Eryops Resin.

2. The mixture with ammonia is carmine-red

—

Sonora Lac.

II. AlcohoUc solution gives with ammonia a turbid mixture.
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1. Perchloride of iron colours green. The drug contains cinnamio acid. Lead acetate gives a

precipitate

—

Liquid Storax.

2. Perchloride of iron colours brownish or not at all.

a. The drug contains cinnamic acid, and gives with lead acetate no precipitate

—

JUqmdambar

Balsam,

h. The drug contains no cinnamic acid, and gives with lead acetate a precipitate

—

Eu-

phorbia Tirucalli Hesin.

B. Bthereous solution gives with alcohol a clear mixture.

I. Perfectly soluble in alcohol. Perchloride of iron colours dark-brown or black.

1. Solution in alcohol is red.

u. Lead acetate gives no precipitate. Chloroform extract colourless

—

-Xanthorrhcea quad-

ranjuluris Resin.

b. Lead acetate produces turbidity. Chloroform extract yellow

—

Xanthorrhcea arborea Besin.

2. Alcoholic solution yeUow. Lead acetate produces a precipitate

—

Telloui Xanthorrhcea Besin,

II. Imperfectly soluble in alcohol.

1. Alcoholic solution gives with ammonia a clear mixture.

a. Ammoniacal mixture is violet. Lead acetate gives a violet precipitate

—

Lac.

b. Ammoniacal mixture is yellow or colourless.

a. Perchloride of iron colours the alcoholic extract black. Lead acetate gives no pre-

cipitate

—

Gamboge,

p. Perchloride of iron gives a precipitate which is neither soluble in ether nor by heating.

Lead acetate gives a precipifaite.

i. Eeadily and completely soluble in ether-alcohol.

ii. Bromine solution precipitates the resin from the chloroform solution

—

Australian

Copal.

iii. Bromine solution produces no precipitate

—

Manilla Copal.

iv. Imperfectly soluble in ether-alcohol—.E. Indian and African Copal,

2. The alcoholic solution gives with ammonia a turbid mixture.

a. Perchloride of iron gives a precipitate that is neither dissolved by boiling nor in ether

Borneo Copal.

6. Perchloride of iron gives no precipitate.

o. Completely soluble in ether-alcohol. Chloral test colours evaporation-residue of

petroleum-spirit extract blue to blue-violet

—

Liquidambar styraoiflua Balsam,

0. Incompletely soluble in etlier-alcohol.

t Tlie drug contains sulphur.

i. Yields umbelliferone by dry distillation.

ii. Hydrochloric acid colours the evaporation-residue of the petroleum-spirit extract

reddish-yellow ; the chloral test colours it green

—

Persian Sagapenum,

iii. Hydrocliloric acid colours the residue blue-violet ; chloral test colours it rose-colour

to raspberry-red and violet

—

Levant Sagapenum.

iv. Not coloured by hydrochloric acid. The solution of the drug in sulphuric acid is

yellow-brown with a blue iluorescence. Potassium nitrate colours the gum-resin
malaehite-green

—

Ordinary Asafcetida

.

V. Yields no umbelliferone by dry distillation,

vi. Sodium carbonate solution colours the drug light-brown, and the extract is not
altered by acetic acid or lead acetate

—

Asafcetida from Ferula alliacea,

vii. Sodium carbonate solution forms an emulsion that cannot be filtered,

viii. Lead acetate gives no precipitate. Iodine solution is not altered

—

Indian Bdellium.

ix. Lead acetate produces immediately or after a short time a precipitate that dissolves

upon warming. Iodine solution is not altered

—

African Bdellium.

tt The drug contains no sulphur.

i. Yields umbelliferone by dry distillation.

ii. The evaporation-residue of the petroleum-spirit extract is coloured by hydrochloric
acid and the chloral test.

iii. Hydrochloric acid colours reddish-yellow ; the chloral test colours green—Persian
Galbanum.

iv. Hydrochloric acid colours red-violet ; the chloral test colours greenish—i««a«i Gal-
banum as at present in commerce.

V. Hydrochloric acid colours violet-blue ; the chloral test carmine-red—OHer Specimens
of Levant Galbanum,

vi. Hydrochloric acid gives no colour ; the chloral test colours light-brown—4/noa»
Ammoniacum.

vii. Yields no umbelliferone by dry distillation.
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Perchloride of iron colours

in physical cljaracteristics.

viii. Clilnride of lime solution colours the RUm-resin orange-yellow

—

Persian AmmonuKum.
ix. Chliirlilo of limu solution produces no colour. Lead acetate gives no precipitate.

X. Iodine solution is not altered ; the chloral test colours grei.nish

—

Olibanum.

xi. Iodine solution is not altered ; the chloral test gives no colour

—

Indian Jfi/rrh.

xii. Ciiloriilo of lime solution produces no colour. Lead acetate gives a precipitate,

xiii. Bromine solution colours violet-red ; the chloral test colours violet

—

Ordinary Myrrh.

xiv. Bromine solution produces no colour or only yellowish. Perchloride of iron colours

green— Opoponax.

XV. Bromine solution produces no colour or only yellowish.

brownish

—

Eujikfrbium,

Indiariubers.—Tills group includes all plant-substances which,

resemblo or approach indi-trubber. The physical propurties of indiarubber are so remarkable and
peculiar that it is ililTicult to mistake whether a plant behmgs to this group or not. It comprises
tlic various kinds of indiarubber, guttapercha, balata, &c. ThcbC products have hitherto been
obtained exclusively from the milky saps of certain plants. This milk is not confined to the plants

affording supplies of indiarubber, but occurs also in members of other families, as the PapuveravecB

(Papaver somniferum, or opium-poppy) and the milky Composites {Lictuca, Cichorinm, Sonchus).

'I'he milky sap of indiarubbcr-yielding plants lies chiefly in the middle layer of the bark, and is

contained in a network of minute tubes (" laliciferous vessels "), which, in the Apocymnvir, are

found also in the inner bark or bast layer. Examinations of this sap are less complete than they
might bo, and have mostly been made upon samples transported from S. America in closeii vessels.

A specimen analysed by Faraday gave 31 '70 per cent, caoutihoue, 7 '13 wax and bitter principle,
2 '90 matter soluble in water but insoluble in alcohol (? gum), 1'90 albumen, 56 '37 water, acetic

acid, and salts. The acidity was clearly due to fermentation. The fresh milks of some European
uphorbias (Euphorbia Cyparissias and E. p'atyphylla) reveal the luesonce of water, resin, caoutchouc,

essential oil, albumen, gum, yellowish-brown extractive matter, sugar, starch, fatty oil, tartaric

acid, malic acid, &c. The chief ingredients are :

—
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Ldbeliacece.—Siphocampylus sp.

Artocarpacew,—Castilloa spp. (Central American Indiarubbers) ; Artocarpus integrifolia ; Cecropia

peltata.

MoraaecB.—Ficus spp. (Assam and Java Indiarubber) ; Urostigma spp. (African Indiarubber).

It will have been observed that the preceding classifications necessarily exclude an artificial

product such as dextrine or British gum, and the fossilized resins of which amber is the chief, as

well as one or two bodies, which, though really astringent extracts, are commonly included amung

gums,—the kinos and mochurrus. This fact, combined with the want of uniformity in different

systems of classification, and the disregard for all classification exhibited by the mercantile classes,

renders it inadvisable to continue a giouped arrangement in dealing with each product in par-

ticular. The following sections will therefore be arranged in alphabetic order according to the

commercial names of the most important—Amber, Ammoniacum, Arabic, Asafoetida, Balata,

Balm of Gilead, Bdellium, Benzoin, Cadjii, Chagual, Cheiry, Chicle, Chironji, Coco-nut, Copaiba,

Copal and Animi, Dammar, Dextrine, Dhoura, Dika-mali, Dragon's-blood, Elemi, Euphorbium,

Frankincense, Galbanum, Gamboge, Ging and Kunnee, Guaiaoum, Gurjun, Guttapercha,

Guttashea, Indiarubber, Jumrasi, Jutahy-seca, Kauri, Kino, Koa, Lac, Mahogany, Mango, Mastic,

Mezquite, Mochurrus, Moringa, Myrrh, Nagdana, Olibanum, Opoponax, Orange, Peru balsam,

Phormium, Piney, Pitches, Eetinite, Eimu, Eosin, Sagapenum, Sandarach, Sarcocolla, Satin-

wood, Schraufite, Storax, Tamanu and Tacamahaoa, Tars, Tendoo, Thus, Tolu balsam, Tragacanth,

Turpentines, Varnishes, Wood-apple, Xanthorrhoea. To these, will be appended an alphabetic list

(under botanical names) of the less important plants known to afford resinous, gummy, or

balsamic exudations.

Aiaber (Fb., Ambre, Succin, Carabe ; Geb., Bernstein, Agtstein).—Amber is a fossilized resin

yielded by trees that are supposed to have grown upon the greensand beds of the Cretaceous forma-

tion, the forest originally reaching probably from Holland over the German coast, through Siberia

and Karasohatka, even to N. America. The tree affording this resin, an extinct species of pine,

has been provisionally named Pinites saccinifer, but Goppert has proved that the product is not

necessarily from a single species, nor even confined to the Conifercs at all.

The amber supply obtained from the Baltic region of Prussia is more important than the com-

bined contributions of all other districts. In W. Prussia, the resin is found not only in the sea and
on the shore, but also in a minor degree in the hilly interior. In the latter case, however, " nests "

are rare, and the yield and profit of the scattered diggings are trifling. B. Prussia, and especially

the part called Samland, is the great amber-producing centre. Here, particularly at Wansen,
Lassan, Groskuhren, Klienkuhren, Kraxtepellen, Kreislacken, Hubnicken, and Palmnicken, amber-

mining is a settled industry. The productive stratum is a " blue earth," a loose, bluish sandstone,

the lower member of the marine Tertiary formation of the locality. It has a thickness of 8-28 ft.,

the lowest 7-lli ft. alone being worked. The depth is 108 ft. below the surface, and 46 ft. below
sea-level. The ground is worked by shafts and levels, in the ordinary way, but with extraordinary

precautions against inrushes of sea-aand and water. The ground as picked down is sent to surface,

and there undergoes examination. This consists in washing it with water through a long inclined

trough, whose entrance is barred by a grating of 2^-3-in. apertures, to arrest large masses, which
require careful breaking by hand. Men armed with nets are stationed at 6-ft. intervals along the

trough, and pick out all valuable pieces. The " tailings " or waste from the trough escapes

through a 0-315-in. sieve into the sea. Eeoently, jigging-machines have been introduced in lieu

of the troughs and net-men. Their sieves have a gauge of O'llS in., through which the earthy
matters are washed, leaving the amber on the surface. These machines (20) pass 350 cwt. of earth
an hour. The average output of the mines is 15,000-25,000 tubs (of about § ton) a month, yielding

60-120 cwt. of large, and 22-36 cwt. of small amber, the former embracing all sizes from 100 gr. to

2J lb. The cost of production is estimated at 4s.-6s. 6d. a lb. The mean yield of amber is 1 Mo.
(2-2 lb.) for every 20 cub. ft. excavated. The average local value is placed at Is. 3d. alb. for

small, and 7s. 6d. for large. In the three years 1876-8, the total production from about 13 acres of

this ground (some 160 acres have been proved or worked) was 20Si tons of large and 60J tons of
small amber, with a total value of 174,350?. The working is a monopoly of the Prussian govern-
nient, who received in royalties for that period H,66il.

The area of the amber-bearing stratum of B. Prussia is far from being satisfactorily determined.
Moreover, there is reason to believe that other strata exist at deeper levels than the one now being
worked, as considerable quantities of the resin are found among soil washed away by the sea, during
heavy gales, from those portions of the coast sand-hills that lie at a lower horizon. This is known
as fliesen amber, in contradistinction to the erd amber of the mines ; it is softer and of less uniform
colour. This marine amber is obtained by dredging at Schwarzort, on the Kurische Haff, near
Memel, and by diving at Brusterort. The yield of the former is of considerable importance,
amounting to 80,000-90,000 lb. annually. The resiij is found almost uniformly in separate nodules,
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with lignite, disseminated in the sand, at a depth of 10-12 ft. The dredged-np sand is sent ashore,

and washed in the same way as the earth from the mines. The production of amber in E. Prussia

in 1870 was 1415 cwt., of which, the dredging at Schwarzort contributed 740 cwt. ; the diving at

Briistcrort, 300 cwt. ; the mines in Samland, 55 cwt. ; the fishing along the coast, 320 cwt. This

was much below the average, in consequence of the war. In 1874, some 360,000 lb., of all sizes and
qualities, were exported.

The ocourreuce of amber outside the German empire is very trivial and precarious, and the

products are said to be of different origin. Stray pieces oooosionally found on the coasts of Norfolk,

Suffolk, Essex, and Sussex, and on the Swedish and Danish shores, usually after severe storms, are

doubtless washed from the Baltic beds. It sometimes occurs in the sandy deposits of the London

clay at Kensington, and associated with bituminous deposits in the Paris clay ; also in the French

departments of Aisne, Loire, Gard, and Bas-Bhin, as well as near Basle, in Switzerland. The
sliures of the Adriatic and the coasts of Sicily likewise afford specimens ; those from the latter often

have a green or violet-blue colour. Some years since, an extensive bed of yellow amber was dis-

covered in sinking a well near Prague, and pieces weighing 2-3 lb. were produced. Eoumania
possesses amber-deposits in the mountains of Sibioio, Valley of Bugeo, which, rationally exploited,

might become important. The prevailing colour of the product is brown, but all shades occur, from

orange-yellow or red to black, blue, and green, sometimes with specks and veins of several

tints. The supply is always diminishing in quantity and in the size of the pieces. In N. Burma,

amber-beds are found at an elevation of 1050 ft., to the S.-W. of the Mien Khorm plain, in the

Hukong Valley. Pits are sunk to a maximum depth of 40 ft., the lower half penetrating a greyish-

black carbonaceous earth. American localities wheie amber is met witli are Cape Sable, near

Magothy River, Maryland ; Gay Head, near Trenton, and Camden, New Jersey ; and, more

recently, near Vincentuwn, New Jersey. AH the specimens are found in the greeusand formation.

The sp. gr. of the Vincentown amber is less than that of water.

The principal markets for amber are Constantinople, Vienna, Moscow, Paris, London, ond New
York ; the German towns chiefly engaged in the trade in raw and worked amber are Dantzig,

Konigsberg, Stolpen, Breslau, and Liibeck. The commercial varieties of the resin are divided into

seven classes, based upon physical characteristics:—(1) "Shining" {luisant), pale-yellow or

greenish ; (2) " bastard " (bdiard), opaque, citron-yellow to dark-yellow
; (3) " bone-coloured

"

(coulcur d'os), dull-white, very rich in succinic acid
; (4) " agate-coloured " (coulcur d'agate)

;

(5) " impure," containing organic remains
;
(G) " cloudy " (nuageux), unequally ciiloured, mainly

clear-yellow ; (7) " transparent," of various colours. The values vary widely with the size, form,

and colour of the pieces, and the kind most esteemed in one market is neglected in another. An
approximiito scale of prices is as follows :—For mouth-pieces : 1 lb. in 9 pieces, 66s. ; 1 lb. in

18 pieces, 45s, ; 1 lb. in 40 pieces, 30s. ; 1 lb. in 60 pieces, 19s. 6rf. ; 1 lb. in 100 pieces, 12s. ; 1 lb.

in 200 pieces, 9s.; for beads: 1 lb. in 30 pieces, 30s.; 1 lb. in 60 pieces, 18s.; 1 lb. in 100

pieces, 12s.

Crude amber occurs in commerce in pieces of irregular size and form ; that from the mines is

usually angular, with a rugose surface, while that from the sea is generally somewhat rounded by

attrition, and smooth. The fracture as a rule is oonchodial, and more or less lustrous. The con-

sistence is solid, hard, and brittle. The sp. gr. commonly ranges between 1 05 and 1 • 095, the

average being 1 -065-1 -070. Amber is devoid of odour and flavour at ordinary temperatures, but

it affords a strong pleasant aroma when rubbed, pulverized, or burned. It is on this account

employed in the perfume called eau de luce (see Perfumes, p. 1532). The gradations of colour have

already been alluded to. Blue is due to ferric phosphate ; cloudiness is caused by enclosed water

in ordinary cases, but by excess of succinic acid (often in the free state) in the bone-like specimens.

The cloudiness produced by entangled water can be completely removed by boiling in oil. Expo-

sure to light darkens the colour of light-tinted amber. Amber is almost completely insoluble in

water, ammonia, acetic acid, carbon bisulphide, benzol, and petroleum-spirit ; slightly soluble in

alcohol, ether, turpentine, chloroform, and volatile oils ; and completely soluble in alkaline solu-

tions containing camphor, and in a mixture of alcohol and turpentine-oil heated in a closed vessel.

On boiling for 20 hours in linseed- or rape-oils, or heating for 40 hours in a sand-bath, it becomes

transparent and ductile, allowing itself to be moulded into any form, and even enabling pieces to bo

cemented together. Subjected to dry distillation, it affords amber-oil (see p. 1416), succinic acid,

and a solid residue. The applications of amber are cliiefly as an article of ornamental turnery for

the mouth-pieces of pipes and cigar-holders and for beads ; for the preparation of a superior varnish

(see Varnisli); and for the production of amber-oil and succinic acid. As a medicinal agent it is

extinct ; and as a perfume, is chiefly used in the East. Our imports of it are on an increasing

scale :—in 1853, 43 cwt. ; in 1867, 60 cwt. ; in 1870, 329 cwt. It is very extensively replaced by a

false amber composed of copal, camphor, and turpentine, and costing but a mere fraction of tlie price

of the true article. Simple tests by which the two substances can be distinguished arc :—(1) Heated

on a plate, the false will soon melt, while the true will bear a high temperature ; (2) covered witli
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Bulphurio ether, the false is dimmed and softened, so that a penknife will pierce it
; (3) on ignition,

the true swells but does not run, while the false melts at once into drops
; (4) amber is insoluble in

cajuput-oil, while copal is quite soluble; (5) amber emits sulphuretted hydrogen when strongly

heated.

Ammoniacuin (Fr., Gomme-Ammoniaque ; Gek., Ammoniakgummi).—The true ammoniacum of

commerce is produced chiefly, if not exclusively, by Dorema Ammoniacum. This plant, the ushak of

the Persians, occurs over a wide stretch of the barren country of W. Asia, particularly in the Persian

provinces of Farsistan, Irak, and Khorasan. Bunge and Bienert place its north-western limit at

Shahrud, S.-E. of Asterabad, whence it ranges eastwards to the deserts lying to the 8. of the Sea of

Aral and the Sir-Daria, while southwards it has not been met with beyond Basiran, a village of

S. Khorasan (in 32° N. lat., and 59° B. long.). Dr. Grant found it abundantly in Syghan, near

Bamian, on the N.-W. slope of the Hindu-Kush Mountains. One of the chief localities for the

production of the gum-resin is the desert plain about Yezdikhast, between Ispahan and Shiraz.

The plant attains a height of 7 ft., and almost all portions of it, the stem, roots, leaves, and

fruits are permeated by a milky juice, which escapes abundantly on the slightest puncture. Arti-

ficial tapping is not resorted to, the operation being performed by beetles, which, in the month of

May, attack the plants in multitudes, and pierce them all over. The juice exudes in drops, which

rapidly harden in the sun, and either remain attached to the plant, or fall to the ground. The pro-

duct of this exudation, together with minor quantities which ooze out from the 3-4-year-old roots,

and from the fibrous crown of the root, is collected in July-August by the peasants, and sold to

dealers for transport to Ispahan or the coast. The gum-resin reaches Europe by way of the Persian

Gulf and Bombay. The imports into Bombay from the Gulf were 327 cwt. in 1869-70, 520 cwt. in

1870-1, 164 cwt. in 1871-2, and 1671 cwt. in 1872-3; tlie re-exports from Bombay to the United

Kingdom were 453 cwt. in 1871-2.

The ammoniacum of commerce is distinguished as " tear " and " lump " ; the former constitutes

the hardened drops in their separate form, while the latter is composed of concreted masses of these

drops, more or less contaminated with gross foreign matters. The tears are dry grains of roundish

form, varying in size from a millet-seed to a nut. Externally, their colour is pale cream-yellow

;

internally, opaque milk-white. Long keeping darkens their outer appearance to cinnamon-brown.

At ordinary temperatm-es, the tears are hard and brittle, with a dull waxy lustre on the fractured

surface, which is conohoidal. They readily soften by heat, particularly if recent. The " lumps "

have a marbled or granitic appearance, and are sometimes softer, greasier, and more adhesive than
the tears, sometimes harder, more brittle, and more lustrous, but always far less pure. The gum-
resin has always a characteristic, non-alliaceous odour, and a bitter, acrid flavour. Its prominent

constituents are resin (70 per cent.), essential oil (3^ per cent.), gum, and water. It is used
medicinally (see Drugs—Ammoniacum, Sumbul, pp. 793, 826), and in some cements.

Other Persian species of Dorema are capable of yielding gum-resins, though they are not known
to contribute to the commercial supply. The exudation from the plant called zak by the Kurds,
Z>. Aucheri, affords a very good article. These species, however, are far less abundant than the one
producing the officinal drug. No attempt seems to have been made to cultivate any of these plants

in India or Australia, though the conditions for success would appear to be present.

Moroccan or African Ammoniacum must not be confounded with the Persian product just
described. It is an object of commerce with Egypt and Arabia, where it is employed, as of old in
fumigating. The plant affbrdiug it is called fashook in Arabic, and has been hitherto referred to
Ferula orientalis, or F. tingitana ; but Hooker and Ball consider it decidedly an Elaioselinum, probably
E. humile. Leared was told that this plant grows at a place two days from Moo-ador on the
Morocco road ; but Hooker and Ball were assured that it is found nowhere along that route nor
nearer to it than El Araiche, a place lying north of Morocco city, which is couflrmed by informa-
tion gathered by E. Drummond Hay, to the effect that it occurs near Morocco, and chiefly around
Tedla. Lindley and others would extend the habitat of the plant to all N". Africa, as far as Syria
Rhodes, and Chios, and into Armenia and the E. Caucasus. But the product is obtained only in
a very circumscribed district of Morocco, as stated, and is shipped occasionally at Mazagan and
Mogador. It occurs in large, compact masses^ of dark colour, formed by the agglutination of greenish
or fawn-coloured tears. The main constituents are 67 per cent, resin and 9 per cent. gum. It is
readily distinguished from the Persian officinal article by resisting tlie effects of hypochlorites,
while the latter assumes a bright-orange hue by their action.

The approximate London market value of ammoniacum is 30-40s. a cwt. for drop, and 12-36j.
for siftings and blocky.

Arabic (En., Gomme Arahique; Gek., Acaciengummi, Arabisches Gnmmi).—The term "gum
Arabic" is sanctioned by long commercial use, and is therefore retained here, but it is quite mis-
placed, only a trifling proportion of a single variety of the product being derived from Arabia. The
plants yielding the many forms of this useful gum are all species of Acacia, a genus of shrubs or trees
widely diff-used in the warmer regions of the globe. The principal acacia-gums may be best
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doKTibod nnder the separate titles by which they are known in commerce, viz. :—Picked Tnrkey,

or White Sennar; Senegal; Suakin, Savakin, Tuloa, or Talha; Morocco, Mogador, or Brown
Barbary ; Ciipo ; E. Indian (Babul, Sirip, and Kheir) ; and Australian or Wattle.

1. Picked Txirhei/ or White Sennar.—This is the produce of Acacia Senegal lA. Vcrek, Mimosa

Senegal}, a species not exceeding 20 ft. in height, which grows abundantly, constituting extensive

forests, in the sandy region of W. Africa, mostly north of the Senegal river. Its negro name in

this district is vercl:. In S. Nubia, Kordofan, and the Atbara country of E. Africa, where the tree

is also founil, it is called hasbab. Schweinfurth's testimony, corroborated by other authorities, is

to the effect that this tree alone affords the fine white gum of the Upper Nile and Kordofan. The
gum usually exudes spontaneously from the trees, without requiring any mutilation of the bark

;

but the natives of the Somali country, opposite Aden, are accustomed to supplement the natural

outilow by scoring long wounds on the stems and branches. In Kordofan, the masses of gum aggre-

gated upon the bark are removed by an axe, and gathered in baskets. The most highly valued

kind, the hashabi, from Dejara province (Kordofan), is despatched from El Obtiil and Bara to

Dabbeh, and thence down the Nile into Egypt, or from Maudjara down the White Nile. The
Bamhara coast, towards Berbera, produces a good gum, part of which is shipped at Massowa ; some,

however, reaches Egypt by way of Jedda, in the Arabian Hijaz, whence it is called Hejazi or Jedda

gum. The gum collected in the Somali country is of three grades, styled Felick, Zeila, and

Berbera. The first is gathered chiefly by the Mugartam Somalia, and those who inhabit the dis-

trict around Cape Gardafui. This is esteemed the best. None of it finds its way to Aden, but a

little reaches MacuUa and Shehr on the Arabian coast, and the mass is bought up by Banians, and

shipped direct to India. In Somali Land, when the gum of a district is gathered, it is eewn up in

goat-skins, and carried on camels to the great Berbera fair, or to some of the small coast settle-

ments, for shipment to Aden or Bombay. The plant is common in Yemen and Hadramaut, but

the Arabs collect very little gum from it. The natives on the S.-E. coast, between Aden and

Maoulla, also collect a little, but scarc(Jy any of this is exported,

2. Senegal.—This variety is produced by the same species of Acacia as the foregoing, and is in

many respects i<lontioal with it. Thiro are tlirce distinct harvests per annum of this gum in the

French colony of Senegal. The first, whose produce is termed gommo du has du fleiire, takes place in

November, during the windy season fuUowing the floods. Tlie concreted exudalions of gum are

removed from the branches by means of crooked sticks. It is generally buried in the still damp soil^

to nniovG the excessive moisture ; it loses much of its weight and worth by drying, and usually

accumulates a coating of sand. The second crop, gomme du haute du fleuvc, or goinme tie G'dam, is

completely dry when taken from the treis, and, being carried direct to store, is much cleaner than

the first. The third contribution, gomme friahle, or Salabreda, comes from Upper Senegal ; it is

extremely friable, owing, it is said, to the annual conflagrntinns in the forests, and is low-priced.

During the harmattan winds, the gum exudes from the bark of the trees in tears, and soliilifies in

the open air, the amount of exudation depending upon the force and duration of the wind. Tho
prinei()al districts in which Senegal gum is produced on the one side are the country of the Brakna

and Tararza Moors, the Galum country, Bondou, and Bambouk; and on the other, Oualo, Gayor,

and Djolof. The three chief forests producing gum for the treide with Europe are :—Tliat of

Alfatak (Afatae), situated about 15 leagues from the river, opposite Podor, and extending to Lake

Cayor, occupying a large portion of the Brakna country; ('J) tliat of Liebar (El EKiar), 30-40

leagues from the river, in the country of the Uarmancour Moors, and containing many small trees

aftbrding red gum {? A. nilutica)
; (3) that of Sahel, in the territory of the Tararza Moors, the produce

of which is carried to Gah^. This last forest consists exclusively of trees yielding white gum, and

it is this product which is earned to Portendick for sale to English traders. Senegal gum is

exported almost entirely to Bordeaux. Here it undergoes minute classification, the chief kinds

being:—(1) Blanche, a. fine, white gum, used in pharmacy, confectionery, distilling, and for dressing

calico, linen, and lace; (2) petite blanche, similar, but smaller; (3) blonde, fine gum of pale-brown

tint; (4) petite blonde, similar, but smaller, used for gumming envelopes and dressing ordinary

cotton fabrics ; (5) '_>"'« blonde, darker than and iqferior to the last, but used for like purposes
; (6 to

9) gro3 grubmiix. moyens grabeaiu, menus grabeaux, and giaheaux tries, different qualities of the more

friable gum, less clear and more cracked iu the interior than the first five grades
; (10, 11") friable

blanche and friable blonde, better qualities of the friable kind ; (12, 13) fabrique and petite fahriqne,

especially selected for dressing textiles ; (14) poussierc, siftings, used for ink, blacking, and paint

;

(15) marronx et bois, contains fragments of wood, averaging 27 per cent, of the whole, and is used

for similar purposes; (16) boules natarelks, in orange-sized lumps, largely used in the silk-manu-

f.ictnries of Lyons. Several other minor distinctions are recognized. Senegal gum on the whole is

u.-ually yellowish or reddish, and has less of tlie fissures so common in Picked Turkey, therefore

much firmer and less readily broken. The presence of vermicular pieces is characteristic.

3. Suakin, Snvakin, Talca, or Talha.—Thia kind is afforded by the tatch, talha, or l:al:ul (.1.

stenoC'irpt) and by the ssoffar (A. Seyal). The best quality, hashabi el Jesire, comes from Sennar,
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on the Blue Nile ; an inferior grade is sent from the barren plateau of Takka, lying between the

E. tributaries of the Blue Nile and the Atbara and Mareb, as well as from the highlands of the

Bisharrin Arabs, between Khartum and the Bed Sea. The transport of the gum is effected by way

of Khartum or El Melkheir (Berber), or, much more extensively, by Suakin (Savakin), on the W.
coast of the Bed Sea, nearly opposite Jedda. It occurs in commerce in subglobular tears, which

are always much disintegrated, by reason of its brittleness, showing a conchoidal, glassy fracture.

Large tears appear opaque, on account of numerous fissures. The fragments vary from nearly

colourless to brownish and reddish-brown tints. Large quantities are imported from Alexandria

and Suez, and it is not infrequently sold for medicinal use.

4. Morocco, Mogador, or Brown Barhary.—According to Hooker and Ball, the most recent authori-

ties on the subject, this sort of Arabic gum is produced by Acacia gummifera (Mimosa gummifera,

Acacia coronillcefolia, Mimosa coronillafoNa, Sassa gummifera'), a scarcely-known plant of Morocco,

occurring abundantly as a thorny bush in the lower region of S. and W. Morocco, according to the

testimony of the natives, who call the plant alk tlah. The gum does not seem to be collected in the

W. portion of its range in S. Morocco, but in Demnet, whence it is carried to Mogador. Possibly it

is only in the hotter and drier regions of the interior that the gum is produced in quantities to be

worth gathering. At any rate, the gum is yielded only during the hot, parching months of July and

August, and increases according to the hotness of the weather and the sickly appearance of the

tree, being least after a wet winter and in a mild summer. Some accounts suppose the Moroccan

gum arable to be derived from the same Acacia which is found in Senegal ; but all the inquiries

made by Consul B. Drummond Hay, for Hooker and Ball, agree that this plant, the alk awarwhal

of the Arabs, is not found in Bus, no such tree existing either north or south of the Atlas

Mountains, its gum being brought from Soudan, and of inferior quality to that of A. gummifera. It

is further stated that this latter species grows chiefly in the provinces of Blad Hamar, Eahamma,

and Sus. Previous writers, including Hanbury, ascribe the Moroccan and Fezzan gum to A. nilotica

[arabica'], the ssant or sont, which is said to range widely over Tropical Africa, as far as Senegambia,

Mozambique, and Natal, and even to Bind, Gujrat, and Central India. The gum assumes the form

of worm-like tears of moderate size, and of light dusky-brown tint.

5. Cape.—In the Cape Colony, the doornboom, wittedoorn, or karrodoorn tree (^A. horrida [^Karroo,

capensis']), the commonest tree of the S. African deserts, spontaneously yields a very large quantity

of an amber-brown gum, somewhat dull and unclean, and incompletely soluble in water.

6. E, Indian—Babul, Siris, Kheir, ^c.—All, or nearly all, the gum called "E. Indian" in

commerce is African produce shipped to Europe viS, Aden and Bombay ; but several Indian species

of Acacia afford gums of more or less value, which are utilized locally, though unknown beyond the

limits of the country where they grow. The babul kind is ascribed to A. arabica, and is produced

in Bengal, Coromandel, and the Deocan. The gum is exuded abundantly in March-April, and

occurs usually in rather large tears or portions of tears, of a more or less dark-brown colour, rather

brittle, with a shining fracture, wholly soluble in water, forming a weak, dark-coloured mucilage
;

it is often mixed with impurities. The kheir gum is obtained from A, catechu (see Tannin^
Catechu). It is in rounded tears, varying from the size of a pea to that of a small walnut, or in

broken fragments ; it is mostly of bright shades of dark-amber or mahogany-brown, rather friable,

the tears being cracked, and of a grain resembling coarse brown sugar. The dark tears especially

have a sweet flavour. The gum is readily soluble in water, giving a thin but strong mucilage of a

deep brown-sherry colour. Selected samples of this gum were sent from Chanda for valuation in

1873 ; the report was " ordinary arable, value 20- 25s. a cwt." It is stated that the Chanda gum
could be placed in the Bombay market at 5J rupees (10s. 6d.) a cwt. ; and that by exercising some
care and attention, quantities could be procured equal to the sample reported on. The siris gum is

derived from A. speciosa ; it is yielded in considerable quantity, and is valuable for many ordinary

purposes. The quality seems to vary, some being described as equal to good babul, while other is

considered inferior, being only partially soluble in water, and forming a kind of stiff jelly. The
latter kind is in dull iriegular tears, flavourless, and of a dark-brown colour ; it is used for

adulterating gam arable (the imported article), and, under the name of lera, in printing gold- and
silver-leaf patterns on calicoes. The gum does not seem to be collected or sold on an extensive

scale. Other Indian Acacia gums are obtained from A. modesta, in the dry tracts between
Saharunpore and Delhi : it is in little, curled, yellow pieces, quite soluble ; from A. odoratissima,

in Coromandel, the Concans, the Nilgiris, and Assam : shining rounded tears, liable to agglutinate,

of dark-brown colour, resembling 6a6u/, flavourless, and quite soluble; from A. ferruginea, in the
Circars and Couitallum : dark-brown sliining fragments of large tears, moist, readily agglutinated
and tenacious, soft, flavourless, and dissolving in water to a coloured inuoilage; from A. leucophlcBa,

in Coromandel, S. Mahratta country, Sholapore, and Delhi ; and from A. sundra, in the mountains
of Coromandel, and tlie Sunderbunds.

7. Australian or Wattle.—Several Australian species of Acacia furnish gums bearing more or
less general resemblance to the commercial gum arable. Principal among them is the black or
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gretn waltlo-tree (^4. dcmrrcns [inolliasima, deilhata]) ; next in importance nre A.pycnanthn, and A.

homalophylla, besides A. harpophylla mid A. Bidwilli. Tlie Australian species are of mucli more rapid

growth than the African, and the supjily of gum mi^ht be rendered abundant. It has been

exported fur cotton-printing, adhesive, and other applications. It occurs in large hard tears, sticks,

anil lumps, of pale-jLiUow, amber, or reddish-brown colour, and transparent ; it is quite soluble in

water, forming a strongly-adheoive mucilage, which is less liable to crack when dry than that of

some other kinds.

The trade in gums of the arabic family has no mean importance. The annual export of Senegal

gum amounts to about 3,000,000 kilo, (of 2' 2 lb.). Of Suakin gum, some thousands of bales reached

Suez in 1879. Cape Colony exported 101,241 lb. in 1872. Morocco exported 5110 owt. of gums of

various kinds (including sandarach) in 1872, a quantity much below the average. The exports of

unenumerated gum from Alexandretta in 1879 were :—14 tons, value 2240'., to England ; 2() tons,

3200?., to France ; 7 tons, 1120/., to Italy; 9 tons, 1440/., to Austria; 18 tons 1450/., to Turkey;

22 tons, 1760/., to Egypt; total, 90 tons, 11,210/. Bagdad, in 1S7S, exported 21 cwt. gum arabio,

value 10/., to India and Europe. The imports of gum arable into the Bombay Presidency in IS72-3

were :—18 cwt. from Turkey, 136 from the African coast, 13,106 from the Kid Sea, 927 from Aden,

165 from the Persian Gulf: total, 14,352 cwt.; the exports were:—45l!l cwt. to the Vnited

Kingiliim, 60 to France, 3 to Trieste, and 1 to the African coast ; total, 4625 cwt. TiiLsto has

long boon a most important centre of the gum arabic trade. Tlic imports here were 2,695,100 kilo.

(of 2-2 lb.) in 1877, 2,726,300 in 1878, and 4,638,400 in 1879 ; the exports in the same years were

2,707,600, 2,796,400, and 3,080,900 kilo, respectively. The shipments to ICngland alone in 1879

were 1586 tons. All the gum received at Trioste is classified into the following 32 grades :
—

Name.
Mean Value
per 220 III.

Name. j

Mean "N'alue

per 22U lb.

Arabic, white, la
Qbl7.lra, white, 1 b

Arabic, pale-yellow, 2a ..

(Ihlzlro, pale-yellow, 2() . . .

.

Arable, yellow, 3a
nhi/lni. yellow, 31)

Arabic, Buperfine, choice, 4a .

.

Arabic, line, 4b
Ghlzlra, tine, 4c

Arabic, medium, choice, id . .

(ilitzlra, medium, choice, 4e .

.

Arabic, granular, (>a

Arabic, granular, 56

GhlKlra. granular, fio . . .

.

Suakin Sonnary, granular, 6f(

Suakin, ordinary, granular, 6e

Arabic, crude, granular, 5/ .

.

299 -302J.

206 -20S».

2U» -210».

193 -19S«.
168 -I73«.
143 -imt.
12gi-I61<.
120 -121>.

lOs -IIU.
114 -116].

SO - 84«.

97t- 99».

MS - 89».

11 i- 80 JJ.

•P3 - IliS.

60t- 54<.

120 -1211.

18. Arabic, crude, select, 5.(7

19. Sennary and Uhizira, crude, granuhir, 5/i

20. Jeilda, 6a . . .

.

21. Senegal, choice, 66
22. Si-negal, crude, 6c

23. Arabic, cnid''. 7a
24. Arabic, crude, without dupt, Yb ..

25. Arabic, crude, granular, 7c
26. Sennary, crude, and Ghlzlra, 8a .

.

27. Sennary, crude, and Ghlzh-a, without ?

du«l, 8b 1

28. Sennary, crude, and Ghlzlra, granular,
(

and without dust, 8c (

29. Saukln, crude, 9 . . .

.

30. Senegal, genuine, crude, 10
31. Damaged, 11, according tn quality.

32. Powdered, 12, according to quality.

I59J-16US.
7a - n-u.

126 -12'<S.

1161-12U.
82 - His.

lU -117*s.
131 -134t».
i344-i.ni«.
79 - SOJ*.

79 -SOJJ.

79 - 8011.

671- 72i«.

1171-119l«.

The imports of gum arabio into the United Kingdom wore 49,305 cwt., 133,980'., in 1876;

54,014 owt., 167,503/., in 1877; 5:1,147 cwt., 179,118'., in 1878; 88,957 cwt., 256,677/., in 1879;

75,397 owt., 216,072/., in 1880. The imports for 1880 were contributed as follows:—From E-ypt,

51,543 cwt., 149,021/, ; Austrian territories, 6555 owt., 20,519/. ; Aden, 5017 cwt., 14,669/. ; Aus-

tralia, 4657 owt., 8962/.; other countries, 7625 cwt., 22,901/.; total, 75,397 cwt., 216,072/. Our
imports from Austrian territories have been :—6502 cwt. in 1876, 5720 in 1877, 4411 in 1878 ; 6964

in 1879; from Egypt: 31,981 cwt. in 1876, 3,5,924 in 1877, 42,205 in 1878, 65,024 in 1879; from

Morocco : 4893 cwt. in 1876, 4869 in 1877, 1459 in 1878, 2810 in 1879, 2401 in 1880; from the

Cape: 3 cwt. in 1876, 26 in 1877, 45 in 1S7S, 32 in 1879, 23 in 1880; from S. Australia: 373

cwt. in 1876, 748 in 1877, 1172 in 1878, 4442 in 1S79, 3908 in 1880. Our re-exports of gum arabic

in 1880 were : 5725 cwt., 20,923/., to the United States ; 4689 owt., 12,168/., to Germany ; 3793 cwt.,

10,361/., to Holland; 2562 cwt., 7373/., to Australia; 2379 cwt., 5739/., to Belgium; 2316 cwt.,

5355/., to Russia ; 1991 owt, 5719/., to France ; 3253 owt., 9046/., to other countries ; total,

26,708 cwt., 76,684/.

The approximate London market values of the various kinds of gum included under " arabic "

are as follows:—E.India: pale, fine, 2/.-3/. 10s. a cwt.; sorts, middling to fine, 1/. 15s.-2/. 15s.

;

garblings and siftings, 1/. 5s.-2/. Turkey : picked good to fine, 6/. lOs.-lO/. ; second and inferior,

21. lOs -5/. 10». ; in sorts, 1/. 10s.-3/. 5s. Jedda and Taloa : 1/. 4s.-2/. Barbary : brown, 2/.-3/. 5s.

Australia: 1/. 5s.-2/, 10s. Senegal : 2/. 10s.-3/.

Asafoetida (Fit , Asafcetida ; Ger., Asnfa-lid i, Asant, Stintasant, TeufebdrccK).—There are at

least 3 distinct kinds of asafcetida :—(1) Hingra in local nomenclature, produced by Nartliex

Asttfatida [Ferula Narthex'], and constituting the drug of European commerce
; (2) Kandahari-hing,

also obtained from KaHliex Asafcetida, but only in minute quantity, and unknown outside of India ;

(3) Hing, afforded by Ferula alliacea [Asafcetida'], and officinal in India, though scarcely known
beyond it.

5 >i
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The relative geographical distribution of these two plants, or even the limits within which they

thrive, are matters of considerable obscurity, travellers mostly alluding to them without reference

to their botanical identification. Their range seems to extend from Persia and the Caspian region

through Afghanistan into Tibet. According to Bellew, the hing plant grows wild on the sandy

and gravelly plains that form the W. portion of Afghanistan. It is not under cultivation, but it is

tended and watered by the Kakar Afghans wherever It is found. Indeed Wood observed that the

asafoetida-growing districts around Sykan or Saigan were portioned out like corn-fields, and aa care-

fully guarded. About the oommencemeut of March, the leaves of the plant sprout afresh from the

perennial root; and during the succeeding months of April and May, when the product is most

plentiful, the whole plain country between Kandahar and Herat is occupied by the Kakars of the

Bori "Valley and the hills about the Bolan, who almost monopolize the collection and exportation

of the gum-resin. The plant is said to grow in greatest abundance at Anardarra, in the Halmand

(Helmund) district, though it is also scattered all over the W. portion of Afghanistan, and extends

into the N. parts of Persia and Turkestan. Bellew saw the plant in great abundance beyond the

Harut river, and on the plains of Birjand and Gliayn. It is also met with on the B. side of the

Indus valley, in the Jhelam basin, and on the Upper Chenab. Col. Stewart (see Proc. B. Geog.

Soc, Sept. 1881, pp. 521-2-4) speaks of asafoeticla (species not stated) as being the only product of

the desert country crossed by him between the spring of Chasma Shutaran and the village of Zangi

Chah, botli situated in Khorassan, on the S.-E. border of the Dasht-i-Kavir or Great Salt Desert.

The district approximately comprises the land lying between 55° and 58° E. long., and 33° and 35°

N. lat. The production here is very great. He remarks that the Psrsians know of no use for the

drug.

The collection of the gum-resin is efiected in the following manner :—About April-May, the

frail, withered, and vaginated stem belonging to plants of the previous year (on roots at least

4 years old), as well as the cluster of fresh, green, sheathing leaves that may have sprouted before

the withered portion has been blown away by the wind, is cut away at the junction with the top of

the root. A trench about 6 in. wide and deep is cut in the earth immediately surrounding the root.

In some instances, it would seem that the incising of the root follows at once ; in others, a period of

40 days is allowed to elapse, during which, the soil is loosely returned to the trench, and the root

is further protected from the solar heat by a coating of leaves and herbage, secured by a stone. The

incising operation consists in making either several deep cuts across the upper portion of the root,

or in removing very thin slices from it. In both cases, the wounded surface aifords a milky exuda-

tion, which may be so sparse as to coagulate in tears upon the wound, or so plentiful as to escape

into the trench around the root, and there solidify in lumps more or less contaminated with earthy

and sandy particles. The yield from the first cutting is termed shir (" milk "), being more liquid

than the subsequent product ; it is much less esteemed, and is very largely (20-200 per cent.)

adulterated with a soft earth, wheat-flour, or powdered gypsum, mainly perhaps to give it a port-

able consistence. The incisions are repeated at intervals of 3-4 days, extending to a fortnight if

the flow warrants it. The exudalion at this time assumes a thicker condition, and is known aa

pi'spaz. The wounding of the root is repeated at longer intervals during June, July, and even

later, until the root is quite exhausted. After eveiy incision, the protection of the root from the sun

is very carefully attended to, otherwise tlie heat causes the root to wither, and stops the exudation.

The quantity of the gum-resin aflbrded by each root varies from 1 oz. to 2 lb., much depending upon

the development of the roots, whose size ranges between 1 in. and 6 in. in diameter. Bellew dis-

tinguislies two kinds of asafcetida plant, called respectively kama-i-gawi and kama-i-anguza; the

former is grazed by cattle and used as a pot-herb, while only the latter affords the gum-resin.

It would seem that king, ttie produce of Ferula alliacea, is obtained by taking thin slices from

the crown of the root, together with the gum-resin which had collected upon them, until the root

is exhausted. The slices are generally extremely thin, and form but a small proportion of the

whole mass. To make the commercial article, the exhausted root is collected, out up, and mixed

with the gum-resin which has been obtained as described, by means of water. The drug reaches

Bombay usually in skins weighing 100 lb. or more ; occasionally also in boxes. The quality varies

much, chiefly in the proportion of exhausted root. On arrival at Bombay, it frequently undergoes

further adulteration with gum arable, to efiect which, the packages are broken up, the contents are

moistened, and the added gum arable is trodden well into the mass by men with naked feet upon

a mat ; the sophisticated drug is afterwards sewn up again in the skins to appear genuine. According

to the ' Pharmacographia,' this article is called also Abushahiri-hing, irom the fact of it its being

imported from Abushir (Bunder Bushehr) and Bunder Abbas, on the Persian Gulf. The term

hira-hing is applied to a liquid of treacly consistence often found in the centre of the packages of

Abushahiri-hing, and which is squeezed out, and retailed at a high price. When dried, it becomes

solid and translucent.

Kandahari-hing is obtained solely from the leaf-bud in the centre of the root-head of Nartliex

Asafcetida, by wounding with a sharp knife, and is generally mixed with numerous leaf-buds. It
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rpnches Bombay In small quantities, sewn up in goat-skins, forming little oblong bale«, with the

hair outside. When first received, it is in moist flaky pieces and tears, from which a quantity of

reddiali-yellow oil separates on pressure ; the gnm-resin itself is of dull, reddish-yellow colour, soft

and elastic, with an mlour of garlic and caraway-oil. By keeping, it gradually hardens, becomes
brittle, assumes a rich red-brown colour, and its odour becomes more alliaceous and like that of the

commercial asufoetida. The price of this pure drug is much higher than that of the ordinary. For

instance, at Kandahar 1 man-i-tabriz (about 3 lb.) of the former sells for 4-7 rupees (of 2\), while the

latter brings only li-3J. It is very much esteemed by the wealthy people of Central India, and is

used by them as a condiment and in medicine. The quantity is very limited, and the article is not

to be found in general commerce in Bombay.
JJingra, the asafcetida of European commerce, obtained from the root of Narthex asaftctidi, reaches

Bombay from both Persia and Afghanistan. That produced in the former country, mainly in the

province of Laristan, and hence known locally &a anguze-iLari, arrives at Bombay via Afghanistan

and the Bolan Pass ; it is often in a moist condition when received, containing opaque milky tears,

sometimes 1-2 in. long, but soon hardens. The Afghan product, according to Dr. Dyraock, goes

by the Indus route, and generally arrives in a hard, dry condition, very fine samples being not

uncommon. Only the very poorest classes in India will use this product, which is there ofHcinally

reploced by the much more powerful hing, and it is received almost exclusively for re-export to

Europe.

Tlie cultivation of all the asafoetida-yicMing plants would appear to be a matter of the greatest

simplicity under suitable conditions of soil and climate, and the subject is one that commends itself

to the attention of planters in India, Australia, and Africa. The great centre of the trade in

asafcetida is Bombay. The Indian imports of the drug from Persia range between 5000 and 7250

cwt. a year, of which, only about 1800 owt. are re-exported. In 1872-3, Bombay Presidency im-

ported 535,360 lb. of hin'jra from the Persian Gulf, and exported of the same kind, 348,480 lb. to

foreign ports, and 48,958 lb. to other presidencies. The imports of king in the same year were

345,072 lb. from the Persian Gulf, 448 lb. from Bengal Presidency, 896 lb. from Madras Presi-

dency, and 30,688 lb. from Soinde ; the exports of king in the same year were 1218 lb. to foreign

ports, and 147,349 lb. to other presidencies. The exports of asafoetiJa from the Persian Gulf ports

in 1879 were valued as follows :—From Bushire, 12,000 rupees (of 2s.) to India ; from Lingah, 7300

to Indiii, and 800 to Muscat ; from Bahrein, 75 to Koweit, Busrah, and Bagdad. Shanghai

imported Zl\ pimla (of 133^ lb.) of asafcetida from Hong Kong in 1879, of which, lOJ piculs were

re-shipped to Chinese ports. The consumption of the gum-resin in England is comparatively

trilling, and wholly iiiedicinnl (see Drugs, p. 793) ; on the Continent, it is in much more extensive

pharraaocutical use, and is esteemed as a condiment ; while in the East, including both Hindus and
Mahomedaiis, it is much more important as a flavouring (or pulse dishes than as physic.

The approximate London market value of asafcetida is 12-70s. a cwt. for common to fine.

It is quite possible that otLer species of Ferula occurring tliroughout Central Asia might or do

contribute somewhat to the supply of the gum-resin, but actual information on this point is

wanting.

Balata.—The gum known as balata is a product of the bullet- or bully-tree of Central and

S. America, Mimusops Balata [^Sapota Miilleri, Achras Balata']. This tree is found very abundantly

in British, French, and Dutch Guiana, British Honduras, and Brazil, flourishing best on the river-

banks. As a timber-tree, it was known to the earliest colonists, and its plentifully-secreted sweet

milk has been used as food by the natives since time immemorial ; but it was only jn 1860 that

experiment was made to introduce the concreted juice ns a substitute for indiarubber in European

industry. The first specimens were obtained from the lowlands of the swampy Canje river, and

the success attending the experiments soon created a new article of commerce fur Canje Creek.

The supply seems still to be derived mainly from this locality, where the trees have a diameter of

6-30 in. and a height of 20-60 ft. to the lowest branches.

There would appear to be two species or varieties of the tree, one with an oval fruit giving u,

more ruddy milk. In French Guiana, where the tree occurs most numerously in the upper

Marinoni, it bears the several names balata rouge or franc, bilata saignant, balata des Galibis, and

boroine dcs Arrouages, Several other Sapotaccw are said to be called balata in Guiana and the

Antilles.

The extraction of the milk is performed in the following manner. The coarse, woody, outer

bark of the tree is first stripped off; the tree is then " tapped" by making a number of incisions

with a cutlass, usually in an oblique direction, and extending as high up the trunk as the man's

arm will reach, generally about 7 ft. Below the wounds, a ring of clay is wrapped around the tree,

and serves to catch the escaping milk, which is then collected in calabashes or other non-metallic

vessels. The quantity of milk thus obtained varies from 6 to 30 oz., which, when dried, gives

J-l lb. of solid balata. This process is not injurious to the trees, the incisions being filled up by

new bark in the course of a year or two. A second method of securing the milk is to cut down tlie

5 Ji 2
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tree, and make circular cuts 1 in. broad at about 1 ft. apart throughout the whole length, placing a

receptacle beneath each. An average tree will thu8 afford 5J-lllb. of dry balata, as much aa

45 lb. being sometimes obtained from large trees. The gum is less coloured in this case, but the

tree is destroyed.

The crude gum rapidly hardens on exposure to the air, especially in the shade ; in dry weather,

2-3 days suffice to give the surface the colour and consistence of leather. The slabs are turned

occasionally till the whole mass is dry, and are then packed in leaves, or moulded into blocks by

means of hot water. The sp. gr. of clean, dry, solid balata is 1'042. In many of its properties, it

occupies an intermediate position between indiarubber and guttapercha, possessing the elasticity of

the one and ductility of the otlier, without the intractability of the former or the brittleness of the

latter, thus becoming under certain circumstances more valuable than either for industrial purposes.

Heated to 49° (1 20° F.), it softens and may be welded, while it does not melt below 132° (270° F.).

It is quite soluble in benzol and carbon bisulphide, in the cold ; and in turpentine, chloroform, and

petroleum, when heated ; but is only partially soluble in anhydrous alcohol and ether. It is not

acted upon by caustic alkalies, nor by hydrochloric acid ; but is much affected by concentrated

sulpliuric and nitric acids. It vulcanizes readily. It was originally introduced exclusively as

a manufacturing article, for insulating telegraph wires, and such purposes ; but since it has become
familiar in the United States, attention has been attracted to its excellent qualities as a masticatory,

and factories have been established in New York, New Englind, Ohio, Illinois, and Tennessee, for

its preparation as a chewing material, the consumption in this way amounting to 50 tons annually.

Despite the industrial value of balata, its employment is decreasing, mainly owing to the difficulty

of procuring supplies, by reason of the unhealthiness of the occupation. Systematic cultivation of

the tree would greatly obviate this, but has not yet been attempted. Berbice exported 20,000 lb.

in 1865. (See Chicle, p. 1639.)

Balm of Gilead, Mecca Balsam, or Opobalsamum.—The Bahamodendron gileadense

[Opobalsamum], a native of Arabia and Abyssinia, possesses a grateful fragrance in every part, due to

the presence of an oleo-resin, which exudes when incisions are made in the bark. This product was
regarded with most exaggerated esteem in biblical and classical times, and still has a boundless
repute in the East, but is almost unknown in European commerce. An allied or identical balsam
is afforded by an Indian species, and equally valued. This latter has a syrupy consistence, and
is limpid and yellow; it thickens and hardens with age. The pure article is almost completely
soluble in alooliol, but it is nearly always adulterated with turpentine, olive-oil, or wax. According
to Wiesner, the little balm which reaches Europe is obtained by boiling the twigs of the plant in
water, and is very much inferior to the article in Oriental use.

Other Bahamodendron products are described under Bdellium (below) and Myrrh (p. 1674).
Bdellium.—Tlje myrrh-like gum-resin known as "bdellium" is of three kinds, termed

respectively Indian, African, and opaque, all afforded by species of Balsamodendrm.
1. Tndian Bdellium, Googul, or Mukul.—This is a product of two or more species, chiefly B.

Eoxburghii [agallocha'] of Silhet and Assam, and B. Mukul of Sind. The former is a very hardy
plant, and readily propagated by cuttings. The bark is scarified, and the liquid exudation is

placed in bottles, where it clarifies by age and exposure to the sun. This is by far the less
important of the two species. B. Mukul is a native of Arabia, and is found on rocky ground
throughout Sind, at Disa in Marwar, and in Beluchistan. Both the shrub and its gum-resin
are called googul or guggur by the Hill Beluchis. The gum-resin is collected by them in the cold
season, by incising the tree with a kTiife, and allowing tlie exudation to fall to the ground, by
which it acquires the dirty, impure state commonly exhibited by that met with in the native shops.
The yield amounts to J-1 seer (of 2-2 lb.). The best is clear, pure, brilliant, viscous, adhesive, soft,
yellow, bitterish, and of fragrant odour. By age, it increases in bitterness, darkens in colour, and
becomes hard and dry. It is largely soluble in water. It is brought into the bazars of Hyderabad
and Karachi, where it sells for 2 rupees (4s.) a maund (80 lb). Locally it is used medicinally, both
for men and horses, but chiefly as incense for burning in the temples, and (in solution) as a
strengthening ingredient for mortar. The article is sometimes sold for and considered as an
inferior kind of myrrh. Portions of the birch-like bark of the tree are often found adhering to it.

A thiid species that may be mentioned is B. pubescens, inhabiting Beluchistan, and the hills
separating that province from Sind, probably also Afghanistan, and reaching its S. limit about
Karachi. It is called hayee by the Hill Beluchis, but is not availed of by them. In the cold season
it exudes a small quantity of a brittle gum, almost completely soluble in water, but devoid
of odour and flavour, though the young shoots and buds are remarkably fragrant when bruised.
The imports of bdellium into the Bombay Presidency in 1872-3 were :—200 cwt. from the Red Sea'
7 from Aden, 70 from the Persian Gulf, and 426 from Sind ; total, 703 cwt.

'

The googul of the Coromandel coast is obtained from Boswellia glabra, that of Khandeish from
Boswellia eerrata.

2. African Bdellium.~The African kind is produced by B. [Ifeudelotia'] a/ricanum, u, shrub
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KTDWin^ in S. Arnbin, AbyBBinio, Mozambique, and thrnughout the whole of tropical Africa to

Stiicgambia. The bulk of the gum-resin comes from Snnegal, where its collection is not separately

cundui'ted, but is performed by the seekers after gum arable, the produce being mixed with

tho latter gum. This does not occur through confusion of the plants yielding the two articUs, but

rather to increase the hurvcst of gum araliio. Clasbiflcation takes place when the mass reaches

Bi)rdcaux. African bdellium is hard, translucent in thin layers, red by transmitted light, with a

bitter flavour, and a slight aromatic odour of black pepper; its fracture is of dull, slaty hue, the

niarj;ins having a powdery resinous appearance. Triturated with water, it forms an emulsion.

R. H. Parker states tliat on standing, it gives a nearly bright mucilage, with a copious brown

sediment, tho mucilage indicating presence of a considerable proportion of gum allied to tragacanth.

This authority gives the composition of African bdellium as—15'4 per cent, soluble in alcohol

(by ditferoncc), 33'2 gum soluble in water, 37-8 gum insoluble in water, 13'6 moisture. Other
analyses differ extremely. There are no statistics concerning the trade in African bdellium. It

appears to be employed only in Continental pharmacy.

8. Opaque Bdellium.—This is attributed by Parker to B. Phi;ifairii, which is stated by Hanbury
to produce hotai gum, a whiter and more brittle substance, used by the Arabs for washing their hair.

It is a very hard, ochre-yellow coloured, opaque gum-resin, with but slight odour, and a bitter

flavour. The tears of this substance frequently have portions of papery bark attached to their

surface. Triturated with water, it forms a very good cream-coloured emulsion. Cold absolute

nlcohol dissolves about 50 per cent. ; a considerable portion of the re.-iJue rc.-oiubles bassorine.

The composition is given as—47 '42 per cent, soluble in alcohol (by difference), 30 01 gum soluble

Iti water, 11'07 gum insoluble in water, 11'50 water. It occurs among the "spurious gums"
imported with myrrh.

Other Balsamodendron products are described under B..lm of Gilead and Myrrh (pp. 1G3G, IGTi).

Benzoin or Benjamin (Fb., Benjoin; Ger., Uinive).—The English commercial name of tliis

rosin, " brnjamin," is a vulgar corruption of " benzoin," itself derived from the corrupted form

btmjawi of the old Arabic name lubdn jdwi, or " Java frankincense." U'lie form " benzoin " is like-

wise ajiplied to a product (CnHj^O^) of tho treatment of bitter-almond oU with alcoholic solution

of jiiitash.

The risin benzoin is obtained partly from Styrax Benzoin, a tree indigenous to or introduced

into Sumatra, Java, Borneo, Siam, and Cochin China. There are reasons for supposing that

S. xidiijenticulitii, of W. Siimiitrn, and S. Finltiijsoniana contribute somewhat to the several qualities

of the resin, but notliinj; delinite is known on the subject. Almost equal ignorance prevails

as to tho distril)ntion of the benzoin-yielding tv. o or trees. Crawfurd's st.itement that benzoin is

collected on tho N. coast of Borneo, in the Brunc i district, is negatived by its absence fiom all

oflicinl returns of the trade of tho island. Tho only two countries which can with certainty be said

to afford the resin are Sumatra and Siam.

Tho tree yielding Sumatra benzoin, called kaminian by the Malays, is found in the N. and E.

portions of tho island, especially in the Batta country, north of the equator, but not in the Aehinese

territory immcdiati ly beyond. It is also met with in some abundance in the highlands of I'alem-

bang, in the south, whore its product is likewise collecteil, though said by Marsden to be iii small

quantity, and of dai-k and inferior quality. The resin brought from the interior is mostly from wild

trees, growing on the mountain spurs at 300-1000 ft. But in the coast regions, considerable care

and attention are devoted to the cultivation of the tree, in regular plantations, or on the edges of

the rice-fields. The trees are rais d from sood, and grow rapidly. The seedlings are kept clear of

other plants, and generally attain a diameter of 6-8 in. at the 7th year. The first incisions (longi-

tudinal or oblique) are now made in the bark, whence exudes a thick, whitish, resinous juice,

which soon concretes in the air, and may be scraped ofl'. The best product, locally termed " head,"

is that which is obtained from the incisions of the first 3 years ; it contains more of the yellowish-

while tears, and is softer and more fragrant. During the next 7-9 years, the exudation becomes

more reddish-yellow or brown, and is known as "belly" or 2nd3. The yield averages 8 lb.

annually. Finally, the exhausted tree is cut down, split in pieces, and scraped to afford the 3rd

qualit) , or " foot," which is dark-coloured, hard, and mixed with much wood-parings and other

impurities. The product is carried down to the ports in large cakes (tampangs) covered with

matting. It there undergoes preparation for market. According to Marsden, the "head" or Ists

is ilivided into " lOunipe " and " Indin," the former only coming into Western commerce, while the

latter, with tlie " boUy " and " foot " (2nds and 3rds), goes to Araliia, Persia, India, and Malaysia, to

be burnt as an incense in temples and as a deodorizer in dwellings. The " Europe-head " is

softened for packing in cubical, wooden chests, sun-heat sufficing for the finer grades, while boiling

water effects the same purpose with the coarser qualities.

1.' ss IS known regarding the origin and production of Siam benzoin. Its distinct dissimilarity

froai the Sumatra article would infer its derivation from another species of Styrax, but botanists are

igi..)rMit of the facts. Tho distribution of the plant is also a matter of great uncertainty. Moore
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states that it is found only in the N. provinces of Siam, and in Laos. A French expedition in

1866-8 reported the production of the resin in the cassia-yielding forests on the E. bank of the

Mekong river, N. lat. 19°. Some of the Siam benzoin is obtained by gashing the bark all over,

and leaving the exuding resin to collect and harden between the bark and the wood, the former

being then stripped off; but all is not thus procured. The product is conveyed in small baskets on

bullock-back to the Menam river, and thus floated down to Bangkok, where it is packed in cubical

boxes exactly like the Sumatra kind. It is said to be exclusively of the " head " quality.

The benzoin received into British commerce is primarily distinguished as " Siam " and
" Sumatra," each sort exhibiting variety of purity and appearance. The best of the former

consists of an agglutinated mass of flattened, opaque, milk-like tears of white resin ; oftener it

reveals white, almond-like fragments embedded in an amber-brown translucent matrix, and the

white tears are occasionally very minute, or almost altogether wanting. These latter have a

stratified structure, including translucent layers. The mass is brittle, with a vanilla-like odour,

but little flavour, and is readily softened by heat [fusing-point, 75° (167° F.)]. The Sumatra

article has a generally greyer tint than the Siam, but when good, exhibits many opaque tears in a

translucent greyisli-brown body, the tears diminishing as the quality declines. The odour is less

powerful and pleasant than that of the preceding. The tears melt at 85° (185° F.) ; the greyish-

brown mass, at 95° (203° F.). Both kinds contain an admixture of fragments of wood, bark,

and otlier foreign matters. There also appears in the London market at intervals a variety of

benzoin, locally distinguished as " Penung or storax-smelling benjamin," having a highly fragrant

odour, quite distinct from the ordinary kinds. The source of this is a matter of obscurity.

The chief mart for benzoin is Singapore. The imports here in 1871 were 6185 cwt. from
Sumatra, and 405 cwt. from Siam ; the exports in 1877 were only 1871 piculs (2227 cwt.). Penang,
in 1871, received 4959 cwt. from Sumatra for re-export. Padang (Sumatra) exported iS02 piiyuls

(5122 cwt.) in 1870, and 4064 piculs (4838 cwt.) in 1871. Bombay imported 4902 cwt. from the

Straits Settlements in 1872-3 ; the exports in the same year were :— 1903 cwt. to the United
Kingdom, 198 to the Persian Gulf, 134 to African coast, 37 to Aden, 26 to the Red Sea, and minor
quantities to Turkey, Mekran, France, &c.

The principal application of the resin is in perfumery and as an incense for church use (see

Perfumes). Lesser quantities of it are used in various compositions to prevent rancidity in fata

;

it is also the source of benzoic acid, employed in perfumery and medicine, and is an ingredient of

black sticking-plaister, and the base of Friars'-balsam. The approximate London market values

of benzoin are as follows :— Siam, 2ud and 1st, 10-70^. a cwt. ; Sumatra, 2nd and 1st, 5-151. ; 3rd,

2/.-4;. 15s.

Other products which may be mentioned here are the aromatic resins aflbrded by Terminalia

Benzoin in India, and by T. mauritiana in Mauritius. The former is esteemed as a cosmetic, and the
latter as incense, but neither appears in commerce beyond the immediate neighbourhood of the
locality producing it. Probably some misapprehension underlies the statement that benzoin,
obtained from Styrax Benzoin, has recently been sent in some quantity from the Brazilian province
of Bahia.

Cadjii or Cashew (Fr., Gomme d'acajou ; Gek., Anacardium-gummi).—This gum is obtained
by wounding tlie trunk and branches of Anacardium occidentale, the tree affording cashew-nuts (see

Nuts, p. 1352), and two kinds of oil (see Oils, p. 1379). The gum is collected in Martinique,
Guadaloupe, Brazil, India, and Burma. In India, the incisions are made while the sap is rising.

The gum usually occurs in elongated stalactitio pieces, or cylindrical tears, varying in colour
from dirty-white to dirty-brown, the S. American being mostly topaz-yellow to brownish-red.
It is sub-astringent, and highly unpalatable to insects. It consists principally of arabine and
dextrine, both soluble in water, with a minor insoluble portion, probably bassorine. It forms a
strong, yellowish mucilage with water. In S. America, it is largely used by book-binders ; it is

occasionally imported from that continent into this country, and possesses the same commercial
value as the common and inferior sorts of Arabic and Sem gal gums (see pp. 1630-1).

Camplior.—See Camphor, pp. 571-8.

Canada Balsam.—See Turpentine—Canadian, p. 1686.
Cliagual or Maguey.—This gum is afforded by one or more S. American species of Puya

lFourretia;\
;
P. coarctata of Chili, and P. lanuginosa of Peru, have been more particularly indicated

as its sources. The exudation is said to be caused by punctures from a caterpillar {Castnia elegans),
the gum hardening on the stem, and occurring in commerce in cylindrical pieces, whose inner
surface generally exhibits fragments of parenchyma, and whose size implies » diameter of
l-li in. in the stems on which the gum has concreted. The fracture of the gum is conchoidal ; its
colour, topaz-yellow

;
its hardness, about the same as gum arable ; its tenacity, somewhat less than

tragacanth
;

its density, when air-dry, 1 • 866. It is exceedingly rich in bassorine, only about 16 per
cent, of.lt being soluble in water.

Cherry (Fb., Gomme du pays; Geb., Kirsdigummi).-" Ghetry-gum" is a term applied very
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indefinitely to the gummy exudations of cherry, plum, apricot, almond, and other trees, included in

the Rcnera I'mnita, Ctraiiis, and Am;i'id tins. The secrutiou of tlie gum takes place in the wood of

thesi' trees, as well as in the bark. The masses of this gum are usually sub-globular or reniforni,

and often of con»ideriible size. The fracture is cflnehoidal and strongly lustrous; the colour ninj^es

from palo-yellow to brown, the plum-gum being generally light while the cherry-gum is darker;
the Kum is liritlle, but hss easily pulverized than the ^cacw-gums ; its flavour varies from sweet to

ftstrinp:ent, but is always insipid. The solubility in water is not complete in any variety. The
peach and almond kinds are least soluble, containing but little arabine ; cherry contains about .52

per cent, arabine, and 3.5 cerasine. These gums are not commercial articles in England, nor in

Gorm:my rif late years, but continue to have some importance in French industry, those mostly

employed being from cherry and plum trees.

Chicle, Mexican Gum, or Sapota.—Much uncertainty surrounds this product. It has

been known in America for some time, and extensively used as » masticatory, in the same
manner as balata (set; p. 1635), which it closely resembles, if, indeed, it be not identical in origin. All

botanists are agreed in referring it to a Sapotaoeous plant, some to Mhn.'i-<ops Balata Itself. The
country of its production is Mexico. The dilTerences which it exhibits in comparison with balata

may easily prove to be exclusively due to the mode of preparation (or market. Analyses by
Prochazka and Endemarin (see Bibliography, p. 1695) f.'ftve:—75 per cent, resin, 10 arabine,

9 oxalate of lime, 5 sugar, 0"5 soluble inorganic salts; this indicates it to be a product simply

of direct evaporation of the milk of the plant.

Chironji.—The common Indian true Buchanania Uitif/!in, whose fruits afford an oil (see Oils,

p. 1883), yields a considerable quantity of an arabic-like gum, 5 lb. being obtainable from good
Bpecimens. It is but little availed of, though the reports of experts place it in the same category

with inferior .dcaei'a-gums, and consider it capable of replacing these in the dressing of textiles. It

is mostly soluble in water, forming a colourless mucilage equal in strength to ordinary commercial

gum firabio; but it also contains some insoluble Imssorine.

The cut bark of the tree is likewise said to afford a natural varnish.

Coco-nut (Fr,, (iuiiiiiw de Coco; Ger., Cocosijumiui).—From tlie bark of the coco-nut-palm, so

well known for its fruit (see Nuts, pp. 1353-7) and for its oil (see Oils, pp. 1383-4), is obhiiued a

gum termed haari tapan by the natives of Taliiti. It forms stalactitio masses, of red-brown to

hyaeinth-red colour, translucent to transparent, sp. gr. 1 "45-1 '57, of arabic-like hardness, and
tiiigacanth-like tenacity, and containing 70-90 per cent, of bassorine.

Colophony.—Sco Rosin, p. 1680.

Copaiba, Copaiva, or Capivi (Fr., B'lume on dleoresine de Copahu; Ger., Copawabalsam).—
This balsam or oleo-resin is afforded by several fiirest trees belonging to the genus Copai/era growing
in the warm portions of S. America, in Central America, and in the W. Indies. No information

exists as to the relative degrees in which the various species contribute to the commercial supplies

of the balsam, but the following are accredited with its production :— (1) C. officinahs \Jacquint], in

the hot coast region of New Granada (Colombia) as far north as Panama, in Venezuela, and in

Trinidad Island
; (2) C. guianensis [bijugd], in French and Dutch Guiana, and on the Eio Negro

between Manaos and Barcellos
; (3) C coriacea [cordifolia'], in tlie dry woods (caatingas) of the

Brazilian provinces of Baliia and Piauhy
; (4) C. Langsdorffii [nitida, Sellowii, Jussieul, glabra, laxaj,

growing as a tree on dry campos, caut'mgas, and other places in the Brazilian provinces of S. Paulo,

Minas (iieraes, Goyaz, Mate Grosso, Bahia, and Ceara, and yielding an abundance of balsam;

(5) C. multijwja, speciully producing the Para balsam. In oil these trees, resiniferous ducts, some-

times above 1 in. diam., ti averse the whole stem, and occasionully become so distended with the

balsam as to burst the tree asunder. Karsten attributes the origin of the balsam to a transforma-

tion of the cell-walls in the parenchyma surrounding the ducts.

The process of collecting the copaiba blanca or " white copaiba " of Para is described at length

by Eobert Cross. Formerly the tree might be seen growing in readily-accessible places, but it has

now become comparatively rare, so that the collectors require to make journeys of several weeks in

canoes up the Amazon tributaries, and suffer great hardship in the undertaking. The trees occur

in the dense, lofty forest, on an extremely fertile soil, composed of soft white sand and vegetable

mould, undulating, and watered by streams, but some 50 ft. above the level of the gapos or tidal

floods. A successful copaiba-tree tapper must be a skilful axeman. A cavity is cut in the trunk,

not much broader than the axe, but large enough to enable tlie workman to vary the oomse to the

heart of the tree in such a way as not to miss the " vein" or channel, usually met with near the

Centre, fiom which the balsam flows. Tlie floor of the cavity is neatly cut with a gentle upward
slope, and should also dicline to one side, so that the issuing balsam may run in a body till it

rcaihes the outer edge. Below the cavity, a pointed piece of bark is cut and raised, which,

envelojied tt ith a leaf, serves as a spout for conveying the balsam from tlie tree to a tin vessel, as

shown in Fig. 1170. Tlie cavity is cut at about 2 ft. from the ground. The first 4-5 in. of the

wootl is white, after which) it changes to a purplish-red throughout the whole interior. Wlien
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abundant, the balsam flows out in a stream, full of hundreds of little, white, pearly bubbles. At
times, the flow stops during several minutes, when a singular gurgling noise is made, and a fresh

rush of balsam takes place. At the height of the exudation, the rate cannot be less than 1 pint a
minute. The chips and the surfaces of the cavity are bedewed with drops of biilsam, showing its

existence throughout the wood ; the bark is quite devoid of it. Though balsam escapes from the

trunk even for a month after the tapping, the

usual plan is n t to let the receptacle remain
for more than 2-3 hours. Occasionally large

trees afford no balsam, the cause of which has
not been ascertained. Trees in good condition

will sometimes give 4 potos (10| gal.) of balsam,

and a collector with plenty of tin receptacles

where trees are abundant may collect 51. worth

daily. The receptacles employed are of almost

all descriptions, empty petroleum-cans being ^|)iiJljWJllMil'l|(|/j IfJI I'l i^l/Ml iftWlMT/lftL'l/',
preferred.

-Jmii'IlSa»)ll;»-»!llffli_l I. \^il Mm-ii mM:iiimmi=m.-i^'-^

The balsam is gathered by the Indians on
the banks of tlie Orinoco and its upper affluents,

and taken tii Ciudad Bolivar (Angostura) for shipment, some of this balsam reaching Europe by
way of Trinidad. It is more largely obtained on the tributaries of the Caisquiari and Kio Negro
(the Siapa, l9anna, Uaupes), and the N. influents of the Amazon (the Trombetas and Nhamunda),
and is sent down to Para. In S. Venezuela, the balsam is known as aceite de pulo (" wood-oil "),

the term balsamo being reserved for "sassafras-oil" from Nectandra sp. The balsam exported from

Maracaibo is produced by C. officinalis, the canime of the natives. The exportation of the balsam
takes place chiefly from Para, Maranhara, Eio de Janeiro, Demerara, Oiuilad Bolivar, Trinidad,

Maracaibo, Savanilla, and Caitagena. In 1875, the shipments from Savanilla were 10,150 kilo.,

f] om Para, 65,243 kilo., and from Ciudad Bolivar, 99,800 lb. ; the exports to New York from Ciudad
Bolivar were 4165 lb. in 1878, and 1878J lb. in 1879. Maracaibo, in 1880, exported 15,758 gal.,

7474J dol. (of 4s. 2d.). The balsam often reaches England by way of New York and Havre.

The balsams from Para, Maranham, Maracaibo, and the W. Indies are considered distinct, and
are reidily di^tinguished by experienced dealers. The first is of much less firm consistence than
the second an<i third, and the W. Indian is opalescent, and usually deemed inferior, though pro-

bably on insufficient grounds. These differences are ascribed to variety of origin, and to oxidation

and the loss of volatile constituents by exposure. The general characteristics of copaiba balsam are

a more or less viscous fluid ; of pale-yellow to light golden-brown colour
;
peculiar, aromatic, not

unpleasant odour ;
persistent, acrid, bitter flavour ; commonly transparent, sometimes opalescent

;

consisting of a resin held in solution by an essential oil, the latter forming 30-80 per cent. ; of

sp. gr. 0' 940-0 "993, according to the proportion of the oil; and mostly soluble in all proportions

in absolute alcohol, acetone, and carbon bisulphide, in an equal volume of benzol, and in several

volumes of alcohol at 0'830 sp. gr.

The balsam is very largely adulterated with castor-oil, turpentine, and other fixed and volatile

oils, to which it readily lends itself by its inconstant character ; it is extensively replaced by
gurjun balsam here, and by the oleo-resin of Hardwickia pinnata in India, which are equally

effective drugs. No reliable general test has yet been discovered for copaiba ; but a few special

tests may be mentioned. Treatment of the suspected mass with 1-4 parts petroleum-benzine will

give dense floccules with 4 parts of turpentine present ; and treatment with 10-12 parts of the ben-

zine will cause a separation of even 10 per cent, of castor-oil. Most volatile oils would be detected

by their ready solution in alcohol. A distinguishing test for copaiba, gurjun, and Hardwickia is :—
Shake up 1 drop of the balsam with 19 of carbon bisulphide, add 1 drop of nitro-sulphuric acid

(equal parts concentrated), and agitate : copaiba shows faint reddish-brown, with deposit of

resin on the sides of the tube ; gurjun, intense purplish-red, soon becoming violet ; Hardwickia, no

alteration from its pale greenish-yellow. This test will reveal 12J per cent, of gurjun in copaiba.

The uses of copaiba are essentially medicinal (see Drugs, p. 809).

The cultivation of copaiba trees in India is advocated by Cross, who brought seeds from

Brazil with that object. The site should be the best dry loam, suitable for cane or coffee ; wet

land is quite unfitted. The climate should be such as that enjoyed by the Para indiarubber,

with which it is often naturally associated. Returns from the cultivation would be realized in

about the same time as from oak plantations ; a few hundred trees on an estate would much
enhance its value.

See also Guijun, p. 16.51 ; Hardwickia, p. 1654.

Copal and Animi (Pk., Copal, Anime ; Gee., Eopalharz, Flussharz, Animegvmmf).—The term
"copal" is frequently used in a generic sense, embracing a number of resins of widely different

oiigin. It will here be restricted to the fossil and recent copals of continental apd insular Africa

;



COPAL AND ANIMI, 1641

for tho oilier kinds, readers are reft rred to their distinct headings—Dammar, Jutahy-seca, Kauri,
mid Pinoy.

The ri,-in known as Bomhay, B. Indian, or Zanzibar copal or animi, is a product of E. Africa,

cliiofly the neldhbourljoi..! of Zanzibar. It is of two kind.-, fossil and recent. The exact genus and
spi-iiis of the tree yielding the former must remain a matter of doubt; the latter is attributed to

Trachylobium mossiwibicenae \_fIomeiruinni,mum\, a. tree which is sometimes grouped with the very
closely allii-d I/ymeruvn spp., one or more of which yields a similar product in S. America (sec Jutahy-
seca). According to Burton, the cupul-tree is called shajar el samltrus by the .\rabs, msandarusi by
tho WasawHhili, and mndnrju by the Wazaramo and other maritime ratvs. It still lingers on the
island and mairdand of Zanzibar, and was ol.-erved by him at llonibosa, Saailani, Mnhonvera, and
IMzoj^'ero of Uzanmro, and was heard of at Bagarmoyo, JIbuamaji, and Kilwa. Tlie tree is said to

be abnndunt in the woods adjoining the inner side of the wilderness in Usambara. It grows
throughout the Uzamaro (Wazamaro) country much furtlier south, and is by no means eonfiiud to

the sea-cnast, but is even more abundant inland teyond the first coast-ridge. It ceases towards
the interior as soon as the limestone formalinn makes its appearance.

The present limits of tho distribution of living copaliferous trees by no means prescribe the area

of the extinct forests whioli liave been tin- source of the fossil copal. This is " crowed ''
or dug up

by the coast clans and the barbarians of the maritime re^tion. In placi's, it is found when sinking

piles for liuts; and at times, it is picked up in spots overflowed by the high tid.s. Burton says

that the E. African seaboanl, from Has Gomani in S. Int. 'A'' to Ras Delgado in 10° il', witli a medium
depth of 30 miles, may be called the " copal coast," every part contril)uting more or Ic-s to the

commercial supply. He affirms that even a section of this line, from the month of the Paii^rani

River to Ngao (Monghou), would, if [iroperly exploited, suffice for all needs. The fossil resiu is a

great staple of the district traversed by tlie ncwly-mnde rnml from Dar-es-Salaam, through the

Wazamaro country. It exists, even in the richest diggings, only in patches, as though it liad been
produced by isolated trees. The natives work it nowheie systematically; they siuk numerous
test-holes and work tho.^e only wliich aliglit immediately up m tlie resin, abamloiiing maiiy where
diligent search wouhl probably be remunerative. The resin tisually occurs in reid sandy soil;

according to the Arabs, the redder the soil tlie better is the copal. The surface of the copal ground
is generally a thin coat of white sand, covering a dark, fertile humus, the vesti;,'os of decayed

vegetation, varying from a few in. to IJ ft. in depth. In Zanzibar Island, the subsoil is a stiff blue

clay; here tho copal is found iu t*io vegetable soil overlying the clay. At Saalani, the pits are

about 3 ft. deep in humus and red sandy earth ; the product is not esteemed, despite the redness of

tho soil.

The resin is called sandarus by the Arabs and Hindus, sand^irusi by the Wasawahili, and wezi

by the Wanynm. It is distinguished as of two kinds by the Arabs and Africans. The new, recent,

"tree," or " raw" copal (Fr. ,
Copid vert) is called smi'l inisiza miti^ or more ;j;enerally c/takazi, com-

monly corrupted to "jackass." This is either picked from the tree, or is found, as in Zanzibar

Island, embi'dded at a shallow depth in the loo.^e soil, where it has not remained long enough to

undergo any change. The living trees are of larj,'e siz(\ averaging 2(l-'2.j ft. to tho first branches,

and 3-5 ft. in girth. The trunk is dotted with exudations of the raw resin, and, between tho bark

and the wood, are ficiinent secretions of the resin in a licjuid form. Vi'h< rever an injury has been

inllicteil on the tree, there an accumulation of resin will be found; when the exudation is large, it

falls oil' and becomes covered by tiie dusty soil. All parts of the tree are impregnated with the

resin, even extending to the fruit-pods, which contain numerous little warts or verrucosities of clear,

colourless resin, covered by a thin epidermis. The cha/tazi copal is a soft mass, of smoky appearance

and low value. It is sent to Bombay for the Indian and Cliinese markets, where it is used for

making an inferior varnish.

The true or " ripe " copal, the sandarusi proper, is exclusively fossil. Dr. Kirk attributes it to the

same species as now afford chakazi. It is certainly of vegetable origin. The regular and persistent

indentations and elevations of the surface, to which the term " goose-skin " has been applied, have

led to the supposition that the resin escaped in a liquid or semi-liquid state, and took impressions

from till' sand in which it was deposited. This view is doubly erroneous. The impressions are due,

not to sand, but to the structure of the cellular tissue of the tree ; and their occurrence is accounted

for by the fact that the secretion of the resin increases with the decay of the tree, and is much
hastened by the attacks of ants and other destructive influences, thus it is chiefly formed in masses

within the tree itself, and naturally takes impressions from the tissue of tlie surrounding wood.

This occurs with the existing trees. After the complete decay and destruction of the trees, the

imperishable lumps of resin have become buried in the sands which have encroached upon the

fertile soil formerly occupied by the forest. The fossil resin when first dug up has no trace of the

goose-skin upon it. It is hidden by the outer layer of the resin, which has undergone oxidation or

some molecular change during its long burial ; on removing this outer layer by an alkaline solution

and 8un-drying, the goose-skin becomes apparent.
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The native method of collecting tlie fossil resin is to " crow " a hole about 6 in. diam. with a
pointed stick, and scrape out the loosened earth by the hand as far as the arm will reach. Each
man could easily gather 10-12 lb. daily, but the average is about 1 lb. The digging is carried on

only during the kossi, or rainy monsoon ; during the dry season, the hardness of the ground is too

great for the native implements to cope with, and the resin is said to be at that time very brittle

and covered with sand. The collectors do not hesitate to add much of the inferior chakazi to the

sandarusi when opportunity arises. Tlie copal gathered in Zanzibar Island is entirely chakazi.

Tliat of Saadani is dull-white, and considered little better than chakazi. That obtained on the line

inland from Bagamoyo and Kaole, as far as Mubonyera, though not first-rate, is much superior to

that from about Saadani. Good copal is dug in the vicinity of Mbuamaji, and the diggings are

said to extend for six marches inland. The Wudenkereko, a wild tribe mixed with and stretching

S. of the Wazaramo, at two days' journey from the sea, supply a mixed quality, oftener white than

red ; the best is procured from Hunda and the adjacent districts. The banks of the Kuflji Kiver,

especially the N. district of Wande, supply the finest and best copal; it is dug by the Wawande
tribe, who either carry it to Kikunya and other ports, or sell it to travelling hucksters. In the

vicinity of Kilwa, 4 marches inland, copal is dug by the Mandandu and other tribes. The produce

of Ngao (Monghou) and the Lindi creek is much cheaper than that of Kilwa, being of varialjle

quality, mostly a dull-white chakazi. The island of Madagascar is said to produce both chakazi and

sandaru-ii itlentioal with those of the maiidand ; but little is known of tlie method of collecting, or of

the precise quality. The species is called T. mrrucosum.

At the end of the rainy season, the copal is usually carried ungarbled to Zanzibar. Hence, after

being sifted and freed from foreign matters, it is sent by the Banyan rttailer to the Indian market,

or sold to the foreign merchant. It is usual also to effect the " cleaning " here, though this is also

done at Bombay, in some European ports, and notably at Salem, in Massachusetts. It is performed

la the following manner :—The resin is first washed in a dilute alkaline ley, by which it loses some
20-37 per cent, of its bulk ; it is then sun-dried for some hours, and subjected to a brushing suffi-

ciently hard to remove the outer coat, but not to injure the goose-skin. The dark "eyes " where

the dirt has sunk deep are picked out by an iron tool. The next step is garbling, which is done

with careful regard to colour and size, and requires great experience. As a rule, the clear and

semi-transparent pieces are the best ; then follow the numerous and almost imperceptible grades of

dull-white, lemon-yellow, amber-yellow, rhubarb-yellow, bright-red, dull-red, blackish, and grass-

green. In size, the pieces vary from that of small pebbles to 9-3 oz. ; they have been known to

weigh 5 and even 35 lb. Finally, the gum is put into boxes for export. The dust, of which

perhaps 30 lb. daily is brushed off by each workman, is termed " sand," and cast away as of no

value ; it is probably genuine resin, and of some worth.

The commerce in E. African copal is extensive. Zanzibar exports some 800,000-1,200,000 lb.

annually, of which, 150,000 lb. goes to Hamburg, and about 2 lacs' (say 20,000?.) worth to Bombay.

The Bombay imports in 1872-3 were 966 cwt. from the African coast ; the exports were 312 cwt. to

the United Kingdom, besides 48 cwt. chiefly to the Persian G-ulf, Straits Settlements, and China,

and 211 cwt. to the other presidencies of India. The exports of copal in British ships from the E.

coast of Madagascar in 1872 were valued at 3466/.

On the W. coast of Africa, which is still richer in copal than the S.-E. coast, this resin is dug

over a coast length exceeding 700 geogr. miles, between lats. 8° N. and 14° S. The copal is here

found in a superficial stratum of marl, sand, and clay, at a depth varying up to 10 ft. The most

important copal districts of W. Africa are Sierra Leone (N. part), Accra, Benin, Gaboon, Loango,

Congo, Angola, and Benguela (S. part). Of the Angola product, Monteiio says that it comes

almost entirely from the Mossulo country, though it exists further north, as at Mangue Grande.

The botanical sources of W. African copal are scarcely determined with certainty. Dauiell

attributes the Sierra Leone article to Guibourtia copalUfera, and perhaps some other species ; but

Welwitsch is unable to state positively the origin of the copal of Angola and Benguela. The W.
African copal, like that of the S.-E. coast, occurs as a recent fossil. Its existence in the most recent

formations, and the water-rolled form of the fragments of Sierra Leone copal found between the

rivers Poiigas and Malaenzi, render it probable that the trees which aiforded, and perhaps stiU

afford, copal do not belong to the coast flora, but to the interior, whence the resin has been trans-

ported by the rains and rivers. Monteiro says that, according to native accounts, the Angola copal

is found below the surface of a highly ferruginous hard clay, at a depth of a few in. to 2 ft. ; it

probably extends much deeper, but the natives are too lazy to look for it. It is dug for during and

after the last and heaviest rains, in March-May, no trees and but little grass growing above the

spots where it is sought for. The resin is collected by the negroes, who at the same time gather

dye-plants and gums, with the latter of which, no small quantity of copal is surreptitiously mixed.

The copals of the Gaboon and Loango figure chiefly in French commerce ; the large masses from

Angola, Benguela, and the Congo go principally to N. America, and in minor quantities to Lisbon

and other European ports. The total exports are estimated at about 2 million lb. annually.
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The copals nf N. ami S. Guinea exhibit very distinct differences. Those of the fcirmer are
dirided into 2 kinds, known as " young ami pebble copals of Sierra Leone." To the latter, belong
the oopals of Angola, Bengnula, and the Congo. These three are so much alike that they are
always placed together, and are known simply as " Angola." The copals of Gaboon and Louugo
are quite distinct Bguin.

The " young copal of Sierra Leone " is said by Daniell to be derived from the living stems of
Ouibourtia copallifera. It consists of globular or tear-like pieces |-1 in. diam., sp. gr. 1-06, of about
the same hardness as 8. American copal (Jutahy-seoa), and of similar commercial value. It is

oonsumtd chiefly in Englnnd.

The " pebble copal of Sierra Leone " is in small pebbles |-1 in. diam., colourless or white to

yellowish, homogeneous, translucent to transparent, with rough exterior, and occasionally covered
with an opaque crust of the thickness of paper. It is quite odourless and flavourless, is the hardest
of all the W. African copals, and has a sp. gr. of I '09.

Gaboon copal occurs in round, flattened pieces ^2^ in. diam. ; the surface is mostly smooth,
but is sometimes covered with a crust of branchy striations. The grains are wine-yellow, less

transparent and less homogeneous than the foregoing kind; their sp. gr. is 1-073. The fracture is

conchoidal to splintery, and of glassy lustre when fresh. The scratch-line on newly fractured

surfaces is smooth ; on older surfaces, splintery.

Loango copal occurs in broken sticks whose natural length must amount to several spans. Ac-
cording to the colour, two kinds are distinguished, a white and a red. The former consists of

colourless or white to yellowish grains ; the latter, of reddish or brownish grains or fragments. The
red Clip il of Loango is preferred to the white, on account of superior hardness, transparency, and
homogeneity. Its sp. gr. is 1-06-1. The fracture is conchoidal and glistening, and the scrntoh-Une

is free from splinter. The powder does not adhere to the toetli.

Angola copal forms globulur, rarely flattened pieces. Tlie former are 1-2| in. diom., while
occasionally lumps as large as a child's head, and weighing 3-4 lb., are unearthed. The natural
pieces are coated with an earthy, dirty-white to brown ci ust, which is often facetted like the surface

of Zanzibar copal. But the excrescences on Angola copal are much larger tban on any E. African

copal, their length reaching 0"15-0"45 in. Homogeneous pieces are rare. The grains and sticlcs

are mostly cracked, penetrated by air-bubbles, and contain fragments of bark. This copal is partly

colourless, partly yellowish, reddish, or brownish. The colourless or slightly coloured are dull ; the

strongly coloured are bright, transparent, and homogeneous. The latter have consequently a higher

price. On fresh surfaces, the scratch-line is smooth; on older, somewhat splintery. The sp. gr. lies

between 1-062 and 1-081.

Hatschett statia that some copal is soluble in hot alkaline leys, but Filhol says that E, Indian

(which may be Zanzibar or Manilla) is not soluble even after some hom-s. According to Berzelius,

several copals are soluble in spirit of wine on the addition of camphor. Cloez says that copal (kind

not specified) is largely soluble in chloroform, slightly in absolute alcohol. Draper names cajuput-

oil ns a good solvent. Gopal (kind not stated) is insoluble in linseed-oil, but soluMe in castor-oil,

the solution mixing with spirit of wine, but, separating on standing. Violttte states that Calcutta

copal is soluble in linseed- and turpentine-oils, when previously heated at 350°-400° (662°-752° F.)

in a closed vessel, and that the solution gives a fine varnish. Filhol remarks that the proportion of

carbon diminishes in powdered copals by long keeping, and that such then become completely

soluble in alcohol, ether, and turpentine-oil. (See also Varnish.)

The hardness of the copals is one of their most characteristic features, and its degree is the

principal consideration in estimating their commercial value, inoieasing in the same proportion.

All copals are scratched by oalc-spar; but all, witli the exception of the S. American (Jutahy-scca)

scratch talc. The hardest copals are those whose hardness lies between that of crystallized copper

sulphate and rock-salt, softer than the latter, harder than the former ; to these, belong Zanzibar and

Blozambique copals. The hardness of the copals of Sierra Leone, Gaboon, and Angola resembles

that of rock-talt. Softer are those of Benguela, New Zealand (Kauri), and Manilla (Dammar),

while softest of all is S. American (Jutahy-stca). The sp. gr. of the copals varies considerably,

according to the amount of air inclosed in the cavities. This variation is shown in the annexed

table :

—

Zanzibar copal
Angola „

Brazilian „ (Jutahy-seca)

Australian „ (Kauri)
Manilla „ (Dammar) .

.

Sp. gr. Ijefore

Exhausting.
Difference.

0-001
1-017
0-064
0-065
0-059
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It thus appears that the sp. gr. of a copal is in inverse proportion to its value ; and that while

the soft inferior copals contain much air, the hard valuable ones have less.

The London market values of the copals are approximately as follows :—Zanzibar (called

"animi"): fine washed, U-231. a cwt. ; good, 12-19/.; sorts and small, 9-16?.; pickings, &o.,

4-12/. Copal : Angola, red, 3-7/. a cwt. ; Benguela, 31.-31. 10s. ; Sierra Leone, Ih-lOd. a lb.

For the other so-called copals, see as follows :—Dammar, p. 1644 ; Piney, p. 1678 ; Jutahy-

seca, p. 1666 ; Kauri, p. 1666.

Dammar, Damar, or Dammer (Fk., Dammar; Geh., Dammar).—The name "dammar" is

applied geneiically to a number of resins having similar properties, and distinguished by specific

prefixes. They will be described here in the following order :—(1) Dammar proper, or E. Indian

dammar
; (2) Sal dammar ; (3) Black dammar ; (4) Eook dammar.

1. E. Indian Dammar.—This product, which is also known as " Singapore " or " white " dammar,

is obtained from the gigantic Araboyna pine (^Dammara orientalis), a native of Malacca, Borneo, Java,

Sumatra, and the Moluccas, growing in the hilly country, and also cultivated to some extent in

Java. The main supply of the resin is furnished by Amboyna. Immediately above the root of

the tree, occur numerous excrescences, sometimes as large as a man's head, whence exudes an

agglutinative liquid that solidifies after some days into elongated masses of resin. In Sumatra,

the natural exudation is so abundant that no trouble is taken to make incisions in the trees. In

other places, the supply is increased by making incisions on tVe lower portion of the trunk, and
placing small receptacles for the collection of the resin. The dammar which exudes from the upper

portion of the trunk forms large stalactites, at first vitreous and colourless, but gradually becoming

golden-yellow, which are detached at intervals. In the dense mountain forests of Sumatra, huge
pieces of dammar fall from the trees and get washed into the rivers, whence they are collected by

the natives.

This kind of dammar usually occurs in commerce in nodules i-J in. diam., occasionally of much
larger size. Tlie exterior is coated with white powder from mutual attrition, while the mass is

straw-coloured or pale-amber, transparent or translucent. It splits readily, and is very friable. It

is scratched by copal, and some even by mica, but is harder than rosin. It adheres only feebly by
heating in the hand. It softens at about 100° (212° F.), and commences to melt at 150° (302 F.)

to a clear liquid of agreeable resinous odour. The fracture is conohoidal and vitreous, and
generally exhibits abundant air-bubbles and some vegetable de'bris. The resin splits and cracks at

the temperature of the hand. The odour is balsamic when the resin is new ; afterwards imper-

ceptible. The flavour is sliglitly resinous; sp. gr. 1' 062-1 '123. It yields a small quantity of

lime to water; is iuoompletily soluble in cold alcohol, moderately soluble in ether, soluble in

boiling alcohol, fixed and volatile oils (especially turpentine- and boiling linseed-oils), chloroform,

carbon bisulphide, benzol, and petroleum-spirit ; but insoluble in acetic acid, nitric acid, caustic

soda, and ammonia.

It is extensively used in the manufacture of varnishes for coach-builders and painters, and in

mounting microscopic objects, and has long been recommended for making sticking-plaister.

Infericir qualities are used in the locality of production for caulking ships and burning as incense

;

also for illumination, when pounded and filled into tubes of dried bamboo-stems or palm-leaves.

The exports of dammar (quoted as " gum mastic " in the Consular reports) from Manilla in 1879

were 1356 piculs (of 139g lb.) to Great Britain, and 550 to the Straits and India ; total, 1906 piculs,

value, 1525/. And the value of the " gum " exported in 1880 was 9600/.

2. Sal Dammar.—This is produced by the sal tree, Shorea [ Vatica'] robusta (see Timber—Sal), in

the tropical Himalaya, and along its base from Assam to the Sutlej. in the E. districts of Central

India, in the W. Bengal hills, and in Borneo and Sumatra ; also by this species or 8. [ K] sericea in

Malacca, and possibly by S. [F.] Tmnbuggaia Ipenicillata'] in the W. Peninsula and tlie forests of

Cuddapa and Palghaut in Mysore. Sal dammar occurs in brittle, stalactitic pieces, pale cream-

yellow, nearly opaque, each piece being striated, as if the resin had run out in thin liquid streams,

and coagulated on the surface one over another. Its sp. gr. is 1 • 097-1 ' 1 23 ; it is easily fusible, par-

tially soluble in alcohol, almost completely in ether, pei'fectly in turpentine-oil and fixed oils, and

more freely and speedily in benzol than in turpentine-spirit. These solutions are turbid. The
turpentine solution (2 parts resin to 2i parts turpentine-oil) makes a good varnish for lithographic

drawings, being clear, nearly colourless, and drying rapidly without cracking ; also a moderately

good tracing-paper. The resin occasionally appears in the English and French markets.

3. Black Dammar.—The black or kala dammar of India is derived from one or more species of

Canarium, the chief being C. stn'ctum. This tree is common in the Alpine forests about Courtalum,

in the Tinnevelly district, and is there regularly rented for the sake of its dammar. In this

locality, the resin is obtained by making a great number of vertical incisions in the hark near the

base of the trunk, then setting fire to the tree below the cuts, and having thus killed it, leaving it

for a couple of years before collecting the exudation. The tree is killed in the hot season, and the

gathering takes place in February-March. In the Coimbatore district, the dammar is extracted
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from tho tree by piling firewood to the height of 1 yd. around the base of the trunk, and lighting

it. The resin eubsequently exudes from the trunk as liigh as the flames reached. Tlie operation

is conducted at any season of the year, and the dammar continues to flow for 10 years between the

months of April and N'ovembor, and is collected in January. After yielding for 10-12 years, the

tree decays. Tlie quantity of resin obtained is stuteil at 30-40 dungallies (say 1.50-200 lb.). It

occurs in large stiilaotitic pieces, of bright black colour, when viewed from a distance, hut trans-

lucent and deep reddish-brown when seen in thin laminae against the light. It is quite homo,

gpneous, and has a vitreous fracture. It is insoluble in cold, but partially soluble in boiling

alcohol on the addition of camphor. When powdered, it is readily soluble in turpentine-oil. By
distillation, it yields about 78 per cent, of oil resembling rosin-oil. It is largely used in India in

making bottling-wax, varnishes, &e., but in this country would hardly compete with common rosin.

Another species, C. bengalense, of Sylhet and the adjacent mountainous countries, yields a large

quantity of pure, clear, amber-coloured resin, which soon becomes hard and brittle, and is not

unlike copal, but lightly valued by the natives.

4. Each Dammar.—This is furnished by two species of Hopea, H. odorata of Eangoon, Pegu,

Martaban, and Tenasserim, and B. micrantha of Malacca, Sumatra, Borneo, and Labuan. The

resin of the former occurs in nodules about the size of walnuts, of a pale-straw colour to colourless,

brittle, with a shining resinoid fracture, scareely distinguishable in appeurance from the com-

mercial E. Indian dammar (of Diunmaru orientulis). It dissolves readily in turpentine-spirit and

benzol, forming a cleur bright solution, drying rapidly and smoothly when applied as a varnisli.

In all essential qualities, it is quite equal to E. Indian dammar, and is rather superior to it in

hardness. The resin of ff. micrantha is met with io pieces having the same size as the foregoing,

but darker coloured and less fiiahle. In other respects, there is no broad difference between the

two kinds.

The 1877 crop of dammar exported from Java was distributed as follows :—8272 picuh (of

135i lb.) to Holland, 3B74 to Singapore, 1050 to France, 736 to the Channel for orders, 61.5 to

America, 14 to Italy; total, 14,361 piculs. The 1878 crop :—4161 to Holland, 2375 to France,

1721 to America, 1345 to Singapore, 410 to Enghind, 213 to the Channel for orders; total,

10,225 picMls. The 1879 crop :—6820pic«/s to France, 4413 to England, 2968 to Hollund, 1957 to

Singapore, 1887 to America, 814 to the Channel for orders, 343 to Italy,262 to Port S,iM for orders
;

total, 19,464 piculs. The state of Sarawak, in 1879, exported 407 dollars' worth (of 4s. 2d.) to

foreign countries. The approximate London market values of the dammars are as follows :

—

Manilla (called "oopal"), 16-65s. a cwt. ; Batavian, 70-H5«. ; Singapore, 55-105s.

It must he acknowledged that our information concerning the dammars of the E. Archipelago

and their sources is far from being comprehensive. There are many similar products of that region

of which we know practically nothing.

Dextrine, British Gum, Starch-gum, Fruit-gum (Fb., Amidon-grille, Gomma d'Alsace,

Leiogomme, Oommline ; Gek., Dextrin, Lciurom, Stdrieijummi, Stdrkemehlgummi').—This substance,

whose formula, CijHioO,,,, is homologous with that of starch, occurs sparsely in many plants, and

seems to play an important part in the development of those parts of plants in which a new

formation of cells takes place. Its presence in various grains (air-dried) amounts to the following

percentages:—Wheat, 4'5; wheat-bran, 5-52; barley, 6 •55; rye-bran. 7 '79; malt, 8-23. It is

more abundant as a transformation-product of grain-starch in bread, beer, and other substances

manufactured from grain ; and is found also in the blood, muscle, spleen, and liver of animals,

particularly graminivorous.

Pure dextrine is a white, amorphous, flavourless and odourless powder, sp. gr. 1-52. It is com-

pletely soluble in cold water, forming a glutinous mucilage. Commercial dextrine usually leaves

a residue of 12 per cent, or more of unchanged or burnt starch. It is insoluble in absolute alcohol

and in ether. Heated with dilute acids (sulphuric, hydrochloric, or acetic), it is partially trans-

formed into grape-sugar. Alone, it is unfermentable. Heated in the presence of an inert vapour

laden with moisture, it is converted into sugar, the amount of glucose thus formed increasing as the

starch used is more acetous.

Commercially, the term "dextrine" is restricted to starch-dextrine prepared by the artificial

transformation of starch. This may be eli'ectcd in 3 ways :—(1) By the prolonged roasting of dry

starch at a temperature of 200°-275° (392°-527° F.)
; (2) by heating starch wiih dilute acids

for a short period ; (3) by treating starch with a solution of diastase (malt-extract) at a tempera-

ture of 60°-75° (140°-167° F.). In all these cases, the formation of a certain quantity of glucose

is a necessary accompaniment of the operation. In the industrial manufacture of dextrine, the

dual object aimed at is the most complete transformation of the starch into dextrine, with the

least possible co-production of glucose. Absolute purity is a matter of minor consideration, the

technical application of the material demanding chiefly an article that will paste and thicken

well. The starch employed may be of any origin, and such as is most cheaply and readily pro-

curable on the spot (see Starch).
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In manufacttiring dextrine by the roasting process, it is essential that the transformation shall

go on evenly and at one temperature. The limits of temperature commonly adopted are 212° and

250° (413J°-482° F.), though Payen says that a temperature of 200°-210° (392°-il0° P.) produces

the most perfectly soluble dextrine. Several methods are adopted for conducting the manufacture

at an equable temperature, one of the best being based on the principle of an oil-bath.

This form, adopted by Proudfoot & Co., Manchester, who produce nearly 4 tons daily of dextrine,

is shown in Fig. 1171. It is suited to the treatment of vrheat-, rice-, and potato-starch, but only

produces the article in powder form, not in transparent pieces. The starch is first dried at 80°

(176° F.) in an apartment for the purpose; its subsequent loss of weight in roasting is small,

220 lb. of starch giving 176 lb. of finished dextrine of good quality. The starch is fed in through

the oval hopper a. The double-jacketed cylinder b is supplied with well-refined rape-oil up to a

gauge-cook. A fire is then kindled in the furnace e, the stirrer in the inner receptacle of the

cylinder b is put in motion, and the starch, in charges of about 5 owt., is introduced from the

hopper a. The oil rapidly expands by the heat, so as to completely surround the inner cylinder

of b. The temperature to which the oil is lieated varies with the grade of dextrine required. The
roasting is known to be complete when a peculiar decided odour is emitted at the hopper. Tlie

material is then withdrawn into the metallic dish d, about 8J ft. long and 4 ft. wide; the larger

pieces are crushed and sifted before being pulverized in tlie mill e. It is finally placed in a sieve-

drum or gauge-cylinder/, and is then ready for packing.

The oil can be used repeatedly, requiring only occasional replenishing as it becomes oxidized.

The roasting-cylinders are best made of wrought-iron, and about 10 ft. long and 1 ft. in diameter.

They are placed on a slight incline, and may be so adjusted as to work continuously, the finislied

pioduot escaping at one end while the dry starch enters at the other. Several such cylinders may
be placed over the same furnace, and rotated by cog-wheels. The darkest qualities of dextrine

require a second roasting at a high temperature.

.

Payen's hot-blast furnace consists of an upper portion filled with brass trays, in which the dry

starch is spread in a layer of 1-1 J in.; air, entering and circulating through passages, is heated by
a furnace, and escapes into the upper chamber containing the starch

; j)arting with its heat to the

latter, it descends again to be relieated. During the first part of the operation, an exit is provided

for the moisture-laden air. The great faults of this system are the impossibility of regulating the

temperature, and the inequality in the roasting by reason of the starch remaining stationaiy.

The manufacture of dextrine by the acid process depends on the fact that anhydrous starch,

moistened with a dilute scarcely-volatile acid, and heated to 100°-125° (212°-257° F.), is trans-

formed into dextrine. Great care is necessary in arresting the process as soon as the dextrine is

formed, to prevent its further conversion into sugar. The starch is mixed with a quantity (deter-

mined by experience) of dilute acid so as to form a damp powder ; this is exposed to a temperature

of 100°-120° (212°-248° F.) until the transformation is complete. The acids chiefly used are nitric

and hydrochloric ; it is essential that they contain no free chlorine, or it would pass over into the dex-
trine, and bleach the colours employed with the latter in printing paper, calico, &o. Sulphuric acid is

seldom availed of, except for making liquid dextrine ; dextrine made with it never becomes really

dry, and is generally of darker colour. For the production of liquid dextrine, both oxalic and lactic

acids are likewise employed, their excess after completion of the transformation being neutralized

by carbonate of lime.

By Anthon's method, the pure starch is replaced by potatoes themselves, previously freed of

soluble ingredients by treatment with acidulated or alkaline water, then dried, and ground fine.

This material is acidulated with nitro-liydroohloric acid at the rate of O'05-O'l per cent, on the
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weight of otaroh. Tho acidulated mass is spread on linen hurdles in a drying-riwm at 38°-4-t°

(lOOJ^-llli" F.) till it ceases to lose weight, when tlie temperature is raised to 70''-75° (15S"-

1C7° F.) for a time, and is finally increased to 90° (194° F.), and thus maintained for } hour, when

the perfectly dry substance, while still hot, is placed in tin-plate moulds at 100''-125° (212°-

'257° F.) for 1-2 hours, by which the formation of the dextrine is completed. Tlie final heating in

the moulds is conducted in the apparatus shown in Fig. 1172. This consists of a double-jackoted

ketlle, whose outer receptacle a b c serves as a suit-
^^^^

water- or oil-bath, being supplied through d. The
outer shell is encased in felt and wood ; the false

bottom e helps to facilitate the circulation of the con-

tents of the bath. Tlie inner receptacle is divided

into a scries of flat cells /about 1 in. diam., containing

the starch to be converted. The pipe g serves to

admit cold air or liquid into the jacket, of which the

pipe h is the outlet.

An approved recipe for making dextrine by oxalic

acid is :—500 lb. potato-starch (or an equivalent of

grain-starch), 1500 lb. water, and 8 lb. oxalic acid,

heated in a water-bath till the liquor ceases to give

a blue colour with tincture of iodine, cooled off, neu-

tralized witli chalk, left for several days, filtered,

evaporated to a doughy consistence, and slowly and

completely diied.

The mnnufHoture of dextrine by means of fermentative bodies, sucli as diastase, id now conducted

only on a very small scale ; the product always contains an appreciable quantity of sugar, and is

qualified by tho term sucrde among the Freucli firms who make it. The process consists in lienting

a mixture of starch, diastase, and water at 65°-75'' (]49°-lG7° F.), and boiling the muss immedi-

ately the conversion is finished, so as to arrest as far as possible the further transformation into sugar.

The syrupy nature of the article makes it difficult of transport, and it is very liable to ferment.

Mention may here be made of Pochin and Wocdey's method. Thoroughly dried starch is mixed

with 12i-25 per cent, of butter-milk or sour milk passed through a sieve of 40 meshes per sq. in.,

reilriod, and gently roasted till tho colour is yellow to brown.

Experiments to produce dextrine from cellulose have been total failures.

Commercial dextrine is never quite pure, and rarely required to be so, but it may be rendered so

by first decolorizing its aqueous solution by means of bone-black, filtering off, evaporating down,

and treating with alcohol to separate the sugar ; the flocoulent precipitate of dextrine is filtered off,

dissolved in water, and treated with alcohol, this rotation bein^ repeated 10-12 times. The purifi-

cation of dextrine made by diastase is a much more complicated matter.

Commercial dextrine varies widely in quality. It occurs most commonly as a dirty-white or

pale-yellow powder, and formerly was made exclusively in this form ; but latterly, it has been

extensively manufactured in lumps bearing a olo=e resemblance to Arabic and Sinegal gums.

Finally there is dextrine-syrup, a pale-yellow, transparent, tough, glutinous mass, used by brewers

in France, but little known elsewhere. An idea of the percentage composition of dextrine intended

for industrial application may be gained from the following analyses :

—

Dextrine. Sugar, Insoluble.

Prime dextrine
Dark-roasted
Brown dextrine

Gommeline
Older dextrine

72-45
70-43
63-60
59-71
49-78

8-77
1-92
7-67
5-76
1-42

13-14
19-97
14-51
20-64
30-80

5
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to come away by itself, and is much contaminated with bark, leaves, and sand. Picked samples con-

sist of cylindrical or vermiform tears, J in. diam., 1§ in. long, clear, transparent, almost colour-

less, forming a clear, colourless mucilage with cold water, but with a small proportion of insoluble

bassorine swelling up. When the latter is strained oif, tlie mucilage is quite clear, and as tenacious

as arable. Four reports on an unpicked ordinary sample of the gum placed the probable market

value at sums varying from 10 to 25s. a cwt. It was classed as a very low arable ; but if picked clean,

and offered in quantity, it would probably soon command a better price than the maximum estimate.

Dika-mali or Cumbi, and Ouliep^.—Two species of Gardenia, G. lucida and G. gummifera

[arborea'], which are common in many parts of India, yield a resinous exudation ; it occurs in

irregular earthy-looking masses of dull olive-green colour, consisting of a mixture of the resin and

its natural impurities. Its odour is peculiar and very offensive. A spirituous solution is used iu

dressing ulcers and to prevent mortiiication. Bolh the resin and the twigs coated with it are sold

in the Indian bazars.

In New Caledonia, a yellow, aromatic resin, of disagreeable flavour and gloisy fracture, is

obtained from the buds of G. Ouliepe, G. edulis, and G. sulcata. It occurs as a powder, and in compact

lumps. It closely resembles the Indian dika-mali or cumbi, and is employed by the natives as a

cement and for caulking ships.

Dragon's-blood. (Fr., Sang dragon Geb., Drachenbluf).—Tliis name is applied to resins

obtained from several different species of plants. The most important of the resins, and |the

one usually known by the name of dragon's-blood, is afforded by Calamus Draco, of E. Asia.

Other kinds of minor significance, which will be described after the chief sort, are (2) Socotran,

(.3) Canary Islands', (4) W. Indian, and (5) Mexican.

1. E. Asian.—The distribution of Calamus Draco, whose stems constitute the bulk of the rattan

canes of commerce, has been recorded under Cane, pp. 595-8. The abundant fruit, on arriving at

maturity, is covered with an exudation of red resin, of naturally friable cliaracter. This is

dislodged by gathering the fruits, and shaking or beating them in a sack or basket, when
the freed resin can be sifted clean from impurities. Exposed then to the beat of the sun, or

of boiling water in » closed vessel, it is softened so that it can be moulded into sticks or balls,

which are immediately wrapped iu a palm-leaf, generally from Licuala spp. This forms the best

kind, or jernang, the " dragon's-blood in reeds " or " sticks," of commerce. Tlie sticks have some-

times a length of 13-li in., and a diameter of |-1 in., weighing about 5 oz. ; smaller ones are more
common. The surface of the resin appears of an intense blackish-brown ; in tliin pieces, it is trans-

parent, and of a pure brilliant crimson. It has a sweetish flavour, and gives a blood-red streak on
paper. The sp. gr. is about 1'2, being somewhat higher in the good qualities, and lower in the

inferior. These inferior qualities are produced by boiling tlie pounded fruits in water, and
making the resin into a mass, frequently increased by the fraudulent addition of dammar and
other foreign matters. The article is known as " lump." It has a slightly acrid flavour, a weaker
colour, and a much larger percentage (40 or more) of insoluble matters. Dragon's-blood melts at

about 120° (248° F.), with evolution of benzoic acid. It is soluble in tlie alcohols, benzol, chloro-

form, carbon bisulphide, the oxygenated essential oils, petroleum-ether, glacial acetic acid, and
caustic soda ; sparingly so in ether, and still less in turpentine-oil. It is largely sent into Chinese,

Indian, and European commerce from Singapore, Batavia, and Banjarmassing. It is used as a

colouring agent in pharmacy, but much more extensively for making varnishes, particuhirly those

employed by furniture-polishers.

2. Socotran.—The dragon's-blood of Soootra, well known in ancient medicine, is obtained from
Draccsna Ombet, or possibly D. schizantha, a mushroom-like tree of 20 ft., growing only at an eleva-

tion of about 1500 ft. To obtain the resin, called eda by the natives, about 4 sq. in. of bark is

removed, and the cavity thus formed becomes filled with the exudation in 2-3 weeks. The collec-

tion takes place in March. The product is sent from Muscat and Aden to Bombay, where it is used

by the goldsmiths.

A closely similar, if not identical, article is produced by D. schizantha, a 25-ft. tree growino- in

the Somali CDUntry at 2500-5500 ft., and there called moli. It is said not to be exported, but either

this or the foregoing kind occasionally appears in the London market in small parcels from Bombay
and Zanzibar, bearing the name of " drop " dragon's-blood. It is in little tears and fragments, of

clean glassy fracture, and transparent and ruby-coloured in thin sections. It is free from fruit-

scales, and evolves no benzoic acid on heating.

3. Canary Islands'.—The dragon's-blood of the Canary Islands is obtained from Dracaena Draco

by making incisions iu the stem. This resin is found in the sepulchral eaves of the Guanohes, and is

supposed to have been used by them for embalming. It formed at one time a considerable article

of export from the Canaries, and has not quite fallen into disuse, though it is never met with in

ordinary commerce.

4. Mexican.—Croton Draco, of Mexico, yields a reslu used in varnish-making, which occasionally

passes by the name of dragon's-blood.
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Tlio approximate Ijondon mnrkot value of dragon's-blood ia 4-5/. a cwt. for lump, and 10-12?. for

fine rcril.

Elemi (Fb., Eli'^ni
; Geb., Flemi).—The term " elemi " is applied to a number of resinons

exudations (some confounded with animi), the chief of whioli is obtained from the Philippine

Islands. The description of this will be foUowpd by some account of ('2) Mexican, (3) Brazilian,

(4) Slauritius, (5) E. African, (6) W. African, and (7) W. Indian elemis.

1. Philippiiii',—The oh o-rosin known as Manilla or E. Indian elemi lias long been attributed to

Cmmuin commune; this has recently been d'^ubted by competi-nt authorities, who are rather

inclined to oonisider the plant a Bursra. It forms a tree, growing in the province of Batangas, in

the island of Luzon, where it is called abilo by the natives, and arbol a brea (" pitch-tree") by the

Spaniards, from the use of the resin for making torches. The resin as imported is soft, of granular

consistence resembling old honey, and colourless when fresh and pure, but more usually contami-

nated with chips and carbonaceous matter, rendering it grey or blackish. It hardens ami becomes
yellow on exposure. It has a strong odour of fennel, lemon, and turpentine. It softens at 80° ( 170'

F.), and fuses to a clear resin at 120° (248° F.). It is adopted by the British Pharmacopeia, and
is imported in large quantities from Manilla. It is used principally in the manufacture of

varnishes; also in felting and in medicine.

2. Mexican.—Mexican or Vera Cruz elemi is produced by Amyris elemlfern [^Plttmieri], growing in

Mexico and Yucatan. It is a light-yelhjw to whitish brittle resin, in semi-cylindrical or irresulnr

fragments, translucent to dull and opaque. It has an agreeable odour of turpentine, and ia readily

masticated. It was met with in London commerce 30 years since, but is unknown now.

3. Brazilian.—This heading embraces the products of several species of fcicn, as /. [^Protiuni]

Tcicariba, T. heterophylla, I. heptaphylla, I. guianensis, I. altisslma, I. Caranna. I. viridiflora, growing in

Brazil, Guiana, and New Granada (Colombia). The so-called "balsams" obtained spontaneously

from their trunks are highly odoriferous, and commonly used as incense in S. America. This is

particularly the case with that of /. heptaphylla, called Iiynwa gum or conima re>in in Guiana, and

whose timber ia known as " incense-wood " ; and with that of /. heterophylla, termed " balsam

of Acouclii." /. Caranna is named as the source of " caranna " resin, used medicinally by the Indians

of Central America ; but Hanbury attributes iit least one kind of so-called caranna, carainc,oicarafla

gum or resin to Bursera acumimU, These exudations remain fluid for a considerable time, but

ultimately harden. They are strangers lo European commerce.

4. Miinriti'is.—Mauritius elemi is produced by Colophonia miuriti'inn, and bears a close general

resemblance to the Philippine article, with which it is perhaps identical.

5. E. African.—See Olibanum, p. 1G76.

6. W. African.—It is said that large cakes of elemi used to be brought to Bembo, and that it

is abundant at not many days' journey ; but there is possibly some confusion here with animi or

copal. Nevertheless Holmes, in 1879, described an elemi from an /cica sp. received from Liberia

under the name of copal. Externally, it seemed inferior, having a dirty blackish appearance, the

white opaque porous resin only showing here and there ; the odour resembled the true drug, but

the article was much drier and more friable. Analysis proved it to be comparatively pure, thus

—

resin soluble in cold alcohol, 845; resin soluble in ether, 12-0
; black insoluble residue, 3-5. This

last is of vegetable origin, and almost exclusively fungoid or algal filaments.

7. W. Indian.—Wiesner describes an exudation from Bursera gummifera in Martinique and

Guadeloupe, forming large white masses, internally greenish to yellowish.

Euphorbium (Fb., Euphorbe ; Geb., Euphorbium).—This gum-resin is obtained from Euphorbia

rcsinifera, a tree confined to the interior of Morocco, growing on the lower slopes of the Atlas in the

S. province of Suse, and in Demenet, and notably at Netifa and Imsfuia (Mesfioua). Incisions are

made by a knife in the green fleshy branches, whence exudes an abundance of milky juice, which

hardens on exposure, encrusting the stems down which it flows, and is collected in September.

The collectors adopt the precaution of covering mouth and nose during the operation, to exclude

the small dusty particles, which provoke intense sneezing. The gum-resin once had a wide

medicinal use, but the trade in it is now rapidly declining, and its consumption is restricted

to veterinary practice, and as an ingredient of a marine paint. What little is exported is shipped

at Mogador. Our imports in 1870 were 12 cwt. ; since then there is no return. A small quantity

recently sold in London at 2Ss. a cwt.

Frankincense.—The name frankincense properly belongs to olibanum, and the true drug will

be described under that head (see p. 1676). The term " common frankincense " is a synonym for

gum thus, a coniferous product (see Thus, p. 1684). and is also applied to another pine-resin). There

remains the resinous exudation known ns " W. African frankincense " for descriptinn in the present

nrlicle.

The tree afibr.Ung this, P inicUia thurifera, is a native of Sierrft Leone and circumjacent regions,

being especially abundant in tlie mountainous districts W. of Freetown, and the wooded slopes near

York, Lumley, and Goderich villages. It is said also to be met with on the forest declivities of

5 s
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Fernando Po, and in Yoruba, where it is called ogea. In Sierra Leone, both the tree and the exu-

dation are termed inngo. The naturally exuded gum-resin mostly appears in a liquid state, of

white or pale-straw colour; in some seasons, it oozes so copiously from the branches that the

ground and shrubs beneath become thickly covered with white spots. This does not occur so pro-

fusely from the cortex, and, when so produced, appears in thin, shallow, wljitish streaks, resembling

a saline efHorescenoe when dry. The natural exudation would not appear to be gathered. But the

tree is much attacked by an insect which perforates the bark in all directions, and through the

apertures made by it, the gum-resin issues as a liquid mingled with and coloured by the woody
deliris, and accumulates in masses, which fall to the earth, harden, and are collected for sale.

Further quantities are procured by stripping dead or unsound bark from the tree, the more

decayed portions being commonly saturated by the exudation. Both kinds, frequently mixed,

appear in the market at Freetown, and are largely consumed locally by the native women for

anointing. The product seems to be unknown in European commerce.

Galbanum (Fk., Qalbanum ; Geb., Galbanum, Mutterharz).—Premising that much ignorance

still surrounds the origin of this medicinal gum-resin, it seems to be at any rate chiefly derived

from two species of Ferula. These are : (1) F. galbaniflna, the khassuch of the Persians, and
horidsheh of the Mazanderan dialect, inhabiting the foot and slopes (4000-8000 ft.) of the Demavend
mountains in N. Persia, the mountains near Kushkak and Churchura (Jajarud), and the neigh-

bourhood of Sabsawar ; and (2) F. rubricaulis [_eruhescens'], growing in the gorges of the Kuh Dinar

range in S. Persia, and locally throughout the whole of N. Persia, as on the Dalmkuh mountain, on
the slopes of the Elvend near Hamadan, at intervals on the edge of the great central salt-desert of

Persia, on the mountains near Sabsawar, between Ghuriau and Khaf, west of Herat, and on the

desert plateau west of Khaf. The gum-resin of the former species is said to be gathered by the

inhabitants of the district of Demavend, though it is not any special object of industry; that of

the latter species is collected for commercial purposes around Hamadan, and constitutes " Persian "

galbanum.

Existing accounts of the collection of galbanum are imperfect and contradictory; possibly

different systems prevail in different localities. Buhse states that the gum-resin exudes freely

and spontaneously from the lower part of the stem and the bases of the leaves. Geoffrey says that

it is extracted by making large incisions in the stem at about 3 in. above the root, when it escapes

in drops, and at the end of a few hours has dried sufficiently to be collected. Landerer asserts

that the stem is scarified, and a mussel-shell placed beneath to catch the exudation. The appear-

ance of the bulk of the galbanum of commerce favours the supposition that it is principally drawn
from incisions in the roots, few samples occurring free from an abundance of root-fragments.

Galbanum is usually classified into two kinds, " tears " and " lump." The drops or tears of

Levantine commonly adhere so as to form a mass, generally compact and hard, but the Persian

are occasionally soft to fluidity. Their size varies from that of a lentil to that of a hazel-nut •

and their colour, from light-brown to yellowish or greenish. The odour is peculiar, aromatic, and
not unpleasant ; the flavour, bitter, alliaceous, and objectionable. In some samples, the tears are
dull and waxy, changing from light-yellowish to orange-brown by keeping, with little disposi-

tion to concrete, and a savin-like odour. The sp. gr. of the drug is about 1'212. It consists

essentially of about 50-70 per cent, of soft resin, soluble in ether and alkaline leys (even milk
of lime), but not entirely in carbon bisulphide ; 3-7 per cent, of volatile oil ; and 18-23 per cent,

of a gum resembling bassorine in its solubility.

The so-called " Levant " galbanum enters Europe via Trieste and Marseilles. Some is said to

reach London from Bombay. Very large quantities pass into Eussia by way of Astrakan
Orenburg, and Nijni-Novgorod, wrapped first in skins and then in mats, and each package weighing
about 60-80 lb.

The uses of galbanum are almost wholly medicinal (see Drugs, p. 811), though it is said to be
an ingredient of some cements.

The approximate London market value of galbanum is dd.-la. 3A a lb.

Gamboge (Fk., Gomme Gutte; Ger., Outti, Gummigutt).—Some account of this gum-resin has
already been given under Pigments (see p. 1551). In addition to the species there indicated as
affording the pigment, it would seem that a similar colouring matter is derived from Stalagmites
ovalifalius in Ceylon, and from Vismia guianensis, V. cayennensis, V.dealbata (lacrezeira gum in Brazil)
and 7. sessiliflora in S. America, tliough none of these products is known in European commerce.

The value of the gum-resin for both tinctorial and medicinal purposes is directly dependent
upon the proportion of the re^in present. Analyses of commercial samples of " lump," " pipe " and
" powder " gamboge, by Costelo, show :

—

Lump .. .. 67-6 resin, 27-4 gum, 3-8 impurities.

Pipe .. .. 79-3 „ 19-45 „ 0-15

Powder .. .. 76-6 „ 22-5 „ 0-7 „
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The rcsia (« gambogio acid." C„H„0,) is of bright reddish-brown colour, translucent, very
brittle, and easily rubbod into a bright-yellow powder; it is soluble in alcohol, ether, chloroform,
carbon bisulphide, ammonia and potash leys, and partially in petroleum-benzine.

Oting and Kunnee.—These names are applied locally to two gmdes of gum produced by
Orfi'na W'idicr, in the Coromandel mountains and Travancore. The exudation is abundant aiid
spontaneous, and takes place from the bark of the tree, about April. The 1st quality is white and
is called *imn««; of it, a man can gather about 2 lb. a day. The 2nd quality is black and
consists nominally of what has fallen to the ground, but is almost invariably mixed and sold with
that obtained from Conocarpus sp. ; of this, one man can collect 10 lb. daily. A good specimen of
the tree yields about 5 lb. of gum. It is used by dyers, cloth-printers, in ink, and as medicine.
Samples sent into the London market for valuation were reported inferior to chironji (see p. 163'J)

and priced at 10-30s. a owt., much fault being found with the large proportion of insoluble
matters. It was stated that if imported here, it would probably be used only as an adulterant.

Specimens of gum-resin and pitchy resin attributed to the same source must be regarded with
doubt. It is to be regretted that more attention has not been paid to the exudations of Odina
Wodier, Dr. Dymoek calls the gum by the names shimptee and moot.

Guaiacum (Fr., Gaiac; Geb., Guajacharz).—This well-known medicinal resin is obtained
chiefly from Guaiacum officinale, and in minor quantity from G. sanctum. Both are natives of the
W. Indies, notably San Domingo and Les Gonaives (see Timber^Lignum-vitss). A small quantity of
the resin is collected as a natural exudation in tears from the stems of the trees, but a much larger
proportion is extracted artificially. This is perfoi-med in several ways. Tlie simplest consists in
making incisions in the bark of the living tree. Another method is to support logs of the wood in

a horizontal position, to make an incision at the centre, and then to ignite both ends nf the log ; as
it burns, the resin escapes from the incision. A third plan is to expose logs, which have been
perforated endwise, to the influence of a brisk fire. A fourth system is to boil fragments of the
wood in water, whose density has been increased by the addition of salt; the resin melts out and
forms a layer on the surface of the water. Tlie resin occurs commercially sometimes in globular
tears J-1 in. diam., but generally in masses, more or less associated witli debris of the wood and
bark. It is brittle, with a clean glassy fracture, transparent and greenish-brown in thin pieces.

The powder is grey while fresh, but soon becomes green by exposure. The odour is balsamic

;

the flavour is slight, but leaves an irritating sensation in the throat. The sp. gr. is about 1 12.

The fusing-point is 85° (185° F.), when a benzoin-like odour is emitted. The resin is soluble in

alcohol, ether, acetone, amylic alcohol, chloroform, creasote, caustic alkaline leys, and clove-oil

'

slightly in otlier volatile oils, benzol, and carbon bisulphide. The commercial article is often

much contaminated by impurities through carelessness in the collection. It is also adulterated

with common pinc-rosin, and is itself mixed fraudulently with scammony and jalap. Its uses are

wlioUy medicinal (sco Drugs, p. 811). It is imported almost exclusively from San Domingo,
whence the exports were .S6,350 lb. in 1875, but only 3320 lb. in 1879, and 1830 lb. in 1880 ; in the

two last years, the export was entirely to the United States.

The approximate London market value of guaiacum is 9d.-3s. 6d. a lb.

A so-oalled " guaiacum " from Peru, recently imported for perfumery purposes, would seem to

be a distinct product.

Gurjun-balsam or Wood-oil.—This oleo-resin, whose second name must not be confounded

with the fatty oil bearing the same appellation, described on pp. 1411-2, is obtained from several

species of Dipterocarpus. The most important are D. turbinatus [loevis, indicus] of E. Bengal,

Chittagong, Pegu, Singapore, and French Cochin China, and D. trinervis of Java and the Philip-

pines. Other species of minor significance are :

—

B. incanus of Chittagong and Pegu ; D. alitus of

Chittagong, Burma, Tenasserim, the Andamans, Siam, and Cochin Cliiua ; D. crispalalus of French
Cochin China ; D. zeylanicus and D. hispidus of Ceylon ; and D. gracilis, D. litloralis, and D. retusua

[^Spanoghei'] of Java.

The extraction of the oleo-resin seems to be everywhere performed in the same manner. The
operation mainly consists in scooping a basin-like hole out of the trunk of the tree at a convenient

height above the ground, and periodically igniting a fire within the cavity. The heat causes the

balsam to flow from the ducts containing it and to collect in the basin, whence it may be dipped

or siphoned into receptacles. The tapping is effected at about the end of the dry season, or during

November-February. Every 3-4 weeks, the cliarred surface of the cavity is chipped away, and a

fresli fire is made. In large healthy trees, sometimes a second cavity is cut. Trees which appear

sickly in the following season are allowed a year or two's rest. Good trees give an average yield

of 30-40 gal. during the season. The oleo-resin as extracted is allowed to settle, in order that the

clear liquid portion may free itself from the tliick sediment or guad.

Tho balsam, being derived from several different trees and various countries, does not exhibit a

constancy of character. It may be generally described as a viscid fluid consisting of about 31 per

cent, of resin, and 65 of essential oil, highly fluorescent, transparent, and dark reddish-brown

5 N 2
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against the light, resembliog copaiba in odour, flavour, and medicinal properties, but' giving no

unpleasant smell to the breath. Its sp. gr. is 0-964 at 17° (62^° K.) It is quite soluble in pure

benzol, cumol, chloroform, carbon bisulphide, , and essential oils ; partially in metbylic, ethylio, and

amylio alcohols, ether, acetic ether, glacial acetic acid, acetone, carbolic acid, absolute alcohol,

solution of caustic potash, many samples of commercial benzine, and petroleum-ether. Tests which

distinguish it from copaiba have been given on p. 1640.

Gurjun is produced in Canara (S. India) in small quantity. It is exported from Singapore,

Moulmein, Akyab, and the Malay Peninsula, and is a common article of commerce in Siam. It

occurs abundantly in Samar and Albay, and probably other provinces of the Philippines, where it

is known as balao or malapajo ; it is sold in Albay at the rate of 4 reals per tinaja of 10 gantas (say

iid. a pint). It is now regularly to be met with at the London drug sales. Medicinally, it is

employed in skin-diseases in England, and as a substitute for copaiba in India. In the Philip-

pines, and other localities of production, it has more importance as a varnish (best after boiling

to remove the essential oil), an ingredient of lithographic inks, a preservative for iron (against

rust) and for timber (against termites and other insects), and generally for application to the

seams and bottoms of boats and ships. As a varnish, it is reported to dry slowly and possess

little body, but the case might be different if the essential oil were boiled ofl'.

See also Copaiba, p. 1639 ; Hardwickia, p. 1654.

Guttapercha.—This name, as naturalized in European commerce, embraces the inspissated

juices of several species of sapotaceous trees growing wild in peninsular and insular Malaysia.

Their range has been defined as lying between 6° N. and S. of the equator, and between ]/)0° and
120° E. long.; this has been more recently curtailed to 4° N. and 3° S. lat., the finer varieties

being confined between 3° 50' N. and 1° S. lat., where the air ia very humid, and the temperature

ranges about 19°-32° (66°-90° P.).

The Malay word gutta (variously spelt) signifies " gum " simply, while percha is the name of the

tree. The guttas distinguished by the Malays are as follows :—(1) Gatta-mm, obtained from a
scientifically-unknown tree, now extinct except in the interior of Perak ; the product is the most
esteemed of any, on account of the firmness of texture. Must not be confounded with the Bornean
article of the same name, which is a kind of indiarubber. (2) Gutta-taban, the " guttapercha" of

commerce, which will receive further attention presently. (3) Gutta-rambong, and (4) Gutta-sing-

garip, kinds of indiarubber, and described in that section. (5) Gutta-puti or gutta-sundek, the

product of an undetermined species of Dichopsis [^Isonandra], frequently met with on the Sayong and
Meeru ranges (Perak). It is obtained and prepared in the same manner as taban, but is much
whiter and more spongy, and valued at little more than J the price of taban ; of it, some 484^ piculs

(of 133-J lb.) were exported from one port in 1877. (6) Gutta-julatong, of unknown origin, often

used in Perak for mixing with taban and putt, thus rendering them very brittle. (7) Gutta-kolian,

said to be derived from Isonandra \_Dichopsis] Motleyana, of the Peninsula, Java, and Sumatra ; the
product is used only for adulterating. (8) Gutta-burong, the milks of various species of Fkits,

employed as bird-lime, and described under indiarubber.

[Since the preceding remarks have been in type, Beauvisage has published a monograph on
guttapercha, see Bibliography (p. 1695), which deserves the attention of all interested in the sub-
ject ; it is too late to do more here than give a brief epitome of his nomenclature :

—

Dichopsis

[Isonandra'] Gutta is called gutta-halam at Pajakomlao ("W. Sumatra) and the Lampongs (S. Sumatra),
gutta-tambaga at Lobo Along (W. Sumatra), gutta-dadu or -seroja in Banka Island, gutta-derian in

Sokadana (S.-W. Borneo) and E. ^mnaXxa,, gutta-percha in Malaysia generally, juiia-iaian in the
Kiou Archipelago, and ngiato-mera or -to-oen in Borneo ; Isonandra dasyphylla [Bintang], is the
ngiato-bintang ; i. Motleyana is kotian ; I. macrophylla is ngiato-puti ; /. Benjamma is ngiato-wangi

;

I. xanthoohyma is ngiato-renkan ; /. queroifolia is ngiato-tinang
; I. rostrata is the ngiato-pisang of

Banka ; Dichopsis Krantziana [/. Krantzii'] is the thior of Cambodia and chay of Annam ; Chryso-
phyllum rhodencurum is karetandjeng ; Cocosmanthus macrophyllus is karetmondjeng

; Ceratophorus
[Azaola'] Leerii is balam-tandok, -tjabe, -trong, or -sonte, or Man; Ceratophorus longipetiolatus is benko •

Sideroxylon attenuatum is balam-tima or haret-pantjal. He identifies ngiato-dokang as a Bassia sp.

and further enumerates as guttapercha-yielding plants Bassia sericea, Isonandra lamponga, I. micro-
phylla, and /. acuminata.']

Commercial guttapercha is essentially gutta-taban, derived from Dichopsis \_Isonandra] Guttn, of
which there are a white-flowered and a red-flowered variety in Perak, known locally as ngiato-puti

and ngiato-mera. The supplies from this species are supplemented by some of those previously men-
tioned

;
according to Burbidge, the guttapercha obtained from the Lawas district of Borneo is

formed of the mingled saps of at least 5 species of Dichopsis, the juices of a Ficus, and of one or two
species of Artocarpeai being not infrequently added as adulterants. The Dichopsis llsonandra] spp.
flourish beat in light rich loam with a rocky subsoil. Many of tlie most valuable varieties are con-
fined to the hill-slopes at a distance from the sea, each forming a distinct grove of 200-500 trees.
Small plants (1-8 ft.) of D. [/.] Gutta are abundant on the granitic formations in Perak up to 3500 ft.
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All spt cies ore diflRoult to propagnie, except from seed, nnd are very slow (25-30 years) to attain

maturity. Pur tlnii cultivation, it is recommended to take plants not more than 1 ft. high from the

jungles; it is nece-ssary to lift them very carefully, as they have lonp; tap-roots, which are liable to

bo broken or injured, thus greatly retarding the growth of the plant, or killing it outright. These
facts need to be taken into consideration in view of the rapid extermination of the trees which ia

now t.ikini,' plnce. Doubtless large quantities of guttapercha, as of indiarubber, are still to be

derived from the little-known interiors of Malacca, Borneo, and Sumatra, if at an increased cost;

but cultivation, and some system of obtaining the product short of killing the tree, will have soon

to be adopted in earnest, if a supply is to be maintained.

In Pcrak, the guttapercha trees are moat abundant on Gunong Jleern, Gunong Snyong, and
Bujnng; a few large trees still exist on Gunong Babo and the Tliaipeng range. In Borneo and

Sulu, the Kailyans and their Murut neighbours collect considerable quantities of the gum in the

surrounding forests, and convey it to Labuan for sale. A writer in the ' Journal of the Indian

Archipelago' some years since says:—"To tlie north, the gutta collectors have reached as far as

Perak on the Peninsular side of the Straits of Malacca . . . and, on the Sumatran side, as far as Pane

and Bila. To the south, the whole of the Johore Archipelago, and the adjuining countries on the

E. coast of Sumatra, as far as Palembang (including the forests on the Kampar, Indragire, Tunkul,

Kite, Jambi, and Palembang rivers) now furnish tahan. On the E. coast of the Peninsula, the

knowledge of it has not yet advanced beyond Pahang. To the eastward, it has reached some nf tlie

rivers of Borneo, such as Brunei and Sarawak on the north, Pontianak on the west, and Koti and

Passir on the east. It thus appears probable that the range of the taban embraces the whole of

Borneo." Another author states that this tree is one of the most common in Johore. It is not

found in the alluvial districts; but in undulating ground, such as that occupying the centre of the

Malay Peninsula between the Indan and Batu Pahat, it occurs frequently, and, in some places,

abundantly.

Generally, the collection of guttapercha is carried on immediately after the rainy season ; in the

dry season, the flow is very tardy, while during the rains, fever prevails, and the exudation is

liable to be washed away. In Perak, no particular season seems to be recognized, and Murton was

unable to loam whether the yield of the trees varies with the season ; but he is of opinion that in

wet seasons the guttapercha must contain more water, and need more boiling for its removal. The
methods adopted for extracting the guttapercha vary somewhat among the Chinese, Malays, and

Dyaks. The mature trees are felled just above the buttresses, by means of axes wielded by men
standing on a stage 14-lG ft. above the ground ; and the branches are immediately lopped off to

prevent the sap ascending to the leaves. In Perak, the felling takes place at 5-6 ft. from the

earth, and the top of the tree is also out off at the point where it becomes too small for ringing.

The ringing consists in making incisions in the bark of the felled trunk. The Binna people of

the Malay Peninsula cut the bark with a golo (small knife) or parang (bill-hook) at distances of

6-18 in. apart, around so much of the trunk as is accessible while lying on the ground, at the same

time removing about 1 in. of the rough outer coating of the bark on each side of the wound, but

without peeling oft' any of the inner bark. The Malays of the same region strip off a ring of

the soft bark about 1 in. wide in each case. In some districts, the bark is beaten with mallets, to

accelerate the flow of the sap. The latter exudes for about an hour from each incision, and is cauglit

in palm-leaves, coco-nut shells, and other receptacles, much, however, escaping to the ground and

being lost. Tlie extreme yields may be stated at 2 catties and 20 cxitties (of 1^ lb.) per tree, the

average being 3-5 catties. The differences in yield are not readily apparent, as the trees are usually

about the same age. The crude juice, if in small quantity, may be readily inspissated or concreted

by rubbing between the hands. But this is rarely done, the rule being to boil the article in water

in a kaali or iron pan about 15 in. diam. and 6 in. deep, with the addition of various adulterants.

The boiling is done partly for the purpose of driving off the water which usually gets mixed more

or less with the juiee, and gives a stringy and deteriorated appearance to the guttapercha. Among
adulterants other than the juices of allied plants, one of the most important is cuoo-nut-oil, to

improve the appearance ; lime-juice (1 pint to 3 gal.) has the property of coagulating the gutta-

percha immediately on ebullition. Generally in Borneo some 20 per cent, of scraped haik is added

;

indeed, it is said that the Chinese traders, who buy up the gutta from the gatherers, would refuse

the pure article in preference for that containing bark, to which the red colour is mainly due. On
reaching the export warehouses, the various kinds are assorted and sophisticated ready for commerce.

The article is exported either in the form of balls weighing 13-20 catties (of 1^ lb.), or in large

blocks, usually the latter for foreign ports.

The trade in guttapercha is of considerable and growing importance. Our imports of the raw

article in 1880 were :—From the Straits Settlements, 62,862 cwt., value 505,821/. ;
other countries,

2;i'.i4 cwt, 22,051/.; total, 65,856 cwt., 527,872/., being an advance on previous years. Our

imports from the Straits Settlements have increased from 19,665 cwt. in 1S7G, to 21,887 in 1877,

31,036 in 1878, and 49,387 in 1879. From Borneo direct, we received 22 cwt., value 3.30'., in lS7ti,
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bnt none is recorded since. The exports of guttapercha and indiarubber combined from Borneo

to Singapore in 1879 were valued at 437,027 dollars, or 91,047?. The proportion from each Bornean

port was:—Brunei, 27,720 del. ; Labuan (received from the coast), 47,513 dol. ; Sarawak, 361,794

dol. Of the figure for Sarawak, guttapercha represents 320,507 dol., leaving only 41,287 dol. for

indiarnbber. The little port of Sandakan shipped 6277 dol. worth of guttapercha. The exports

of guttapercha from Java for the year 1877-8 were 1113 piculs (of 135J lb.) to Holland, and 6 to

Singapore; in 1878-9, 332 to Holland, 116 to Singapore, and 34 to England; crop of 1879,

555 to Holland, and 274 to Singapore. It has been estimated that the shipments of guttapercha

from Sarawak alone during the years 1854-75 have totalled over 90,000 piculs (of 133^ lb.),

representing the destruction of at least 3 million trees. Our re-exports of guttapercha in 1880

were:—4524 cwt., 53,949/., to Germany; 1796 cwt., 16,100?., to Holland; 1137 cwt., 13,541/., to the

United States ; 1072 cwt., 4604?., to other countries ; total, 8529 cwt., 88,194?.

The physical and chemical properties of guttapercha, and its industrial applications, have been

described in a section of the article on Indiarubber Manufactures, pp. 1162-4. It may be added

that while exposed to the air and alternations of temperature, it oxidizes and decays rapidly,

lasting only about 10 years on telegraph wires suspended in tunnels, but about 20 years when
enclosed in iron pipes ; yet in the sea, 20 years' exposure produces no visible deterioration.

The approximate London market value of guttapercha is 6i?.-3s. Qd. a lb. for genuine, and

Zd.-ls. a lb. for re-boiled.

Guttashea.—This name has been conferred upon a substance, somewhat resembling gutta-

percha, found in appreciable proportion (J per cent.) in shea-butter (see Oils and Patty Substances,

p. 1410). Beyond what is there stated concerning it. Dr. Letts, who experimented upon the substance

for Thomas Bros., Bittstol, obligingly writes as follows :
—" I did not succeed in isolating from the

gum any very definite product. To the best of my recollection, the portion soluble in ether

separated gradually as an almost colourless solid, but I could not determine whether or no it was

crystalline. I remember that I could get no definite salts or other compounds from either it or

the insoluble residue. The only other fact I considered of importance was the odour which the

gum evolved on dry distillation, which was exactly like that of indiarubber (when heated). This

led me to think that the gum might be allied to caoutchouc." It has been separated in a manner

to admit of its industrial utilization, but no application has yet been found for it.

Hardwickia balsam.—An important oleo-resin is obtained ixam HardwicKa pinnata, a large

tree, very common in the dense moist forests of the S. Tiavancore ghats, and found also in

S. Canara. The method adopted by the natives for extracting the balsam is parallel with that current

in Brazil for procuring copaiba (see pp. 1639-40). Tlie product is a thick, viscid fluid, bearing

the closest likeness to copaiba, from which it may, however, be distinguished by the tests given on

p. 1640. It is used medicinally in India as a most efficient substitute for copaiba.

Bee also Gurjuu, p. 1651.

Hog.—The term "hog-gum" (which must not be confounded with the inferior tragacanth

bearing the same name, see p. 1686) is applied in Jamaica to a yellow resin resembling Burgundy

pitch in appearance, which escapes as a pellucid juice from incisions in the trunk of Moronobea

coccinea. It is used for making pitch plaisters and as a substitute for copaiba in Jamaica. In

Brazil and Guiana, where it is known as mani or oanani, it is converted into torches, and employed

in pitching boats.

Indiarubber (Fb., Caoutoliouo ; Geh., Xautschuk).—The term " indiarubber," often and con-

veniently shortened to "rubber," is applied to a large class of inspissated plant-juices, chiefly

yielded by the species named on pp. 1627-8. In England, the name " caoutchouc " is restricted to

the hydrocarbon which constitutes the main ingredient of commercial rubbers. The plan on which

the present article is framed is to commence with a description of the origin and production of the

commercial rubbers in their alphabetic order—African (including Mozambique, Madagascar,

Liberian, &c.) ; Assam, Java, Penang, and Kangoon ; Central American (including Cartagena,

Guatemala, Guayaquil, Honduras, Mexican, Nicaragua, and W. Indies) ; Para ; Pernambuco or

Mangabeira^following with other kinds which as yet have no industrial importance, and con-

cluding with statistics of production, expoit, price, &c. The industrial appliostions of the rubbers

have already been described in the article on Indiarubber Manufactures, pp. 1142-64.

Afeican.—Much ignorance still prevails concerning the sources and collection of the African

rubbers. The Mozambique and Madagascar kinds are obtained from the climbing shrubs vod-here

or voa-canja (^Vahea madagascariensis), vod-hine (K comorensis\ and V. gummifera. The product of

one of these species is said to be much superior to the others, but all are mixed indiscriminately

by the natives. The preparation consists in treatment either with salt water or artificial heat.

The Mozambique article occurs in orange-like balls ; in " sausages," formed of slender strings of

rubber wound upon a stick, which is finally withdrawn ; and occasionally in smooth pieces of

various size, termed " cake " or " line." The Madagascar sort consists of shapeless lumps, the

better quality having a pink colour, and the lower a black.
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Some rubber ig produced in Mauritius by Cryptoategia grandiflora, and eome by Willajhbtia edulis,

the latter found also in Madagascar, Chlttagong, and Silhet.

A belt i>f rubbor-yii-lding plants of different species extends across Tropical Africa from ocean
to ocian. Within 20 miles of the coast from Liawa and the Lindi estuary (Masisi and Rovuma, E.
Africa, 11° S ,

38° E.), the forest becomes almost entirely formed of indiarubber vines, affording

an abundant supply of fine rubber, at present gathered only in a very desultory manner by the
natives, who gash the plants, and collect the exuding juice, whicli issues in a liquid form, and
dries hard after short exposure to the air. Rolled into orange-hke balls, it is taken to Lindi, where
it is purchased by the Banyan mc rfljants at about a quarter its value. Dr. Kirk has determined
the plant which yields the best E. African rubber, and has obtained seeds of the species for intro-

duction into India. It occurs in great abundance along the newly-made road from Dar-es-Salaam,

in a W.-S.-W. direction, for about 100 miles towards the interior of E. Africa, through the

Wazamaro country ; it is apparently but little affected, except in the immediate neighbourhood
of the villages, by the reckless mode of tapping employed. In many parts, a native can still

collect 3 lb. of rubber daily. There are five species, but only one is considered worth tapping.

Specimens received from him at Kew have been named Landolphia florida and L. Eirkii, the latter

of which yields the best rubber. The Landolphia vine is known from Pangani inland all the way to

Haiidei (in Usambara, E. Africa) ; at Magila, the rubber is made into balls for export. Dr. Kirk
states tliat L. o'lai-iensis is common along tlie maiitime region of E. Africa, and abundant at the

mouth of the Zambesi, being found largely at Shupanga on that river at 100 miles from the coast.

The produce of tliis has been sliipped from Quillimane for America. Tho natives of the Marutse-

Mabuncla empire, on the Upper Zambesi, trade in rubber with the tribes to tho west. The district

called Mungao, extending from S. lat. 9° 25' to Dolgado in 10° 41', yielded 90,000/. worth of rubber

in 1877, when the indubtry had been only 3 years in existence. In 1878, Kilwa and Mombasa
added largely to the supply. On the Victoria Lake, arc one or two kinds of tree producing ruliljcr

of good quality. Rubber plants grow on the slopes of tlic Cameroons mountains (W. Aiiica), but

the people do not yet know their value. Rubber trees abound on the river Djour, in tlie province

of Balir el Gliazal.

The Landolphia spp. are principal among tlie rubber plants of W. Africa. The rubber is col-

lected from L. oKuriensis, extending from 10° N. to 10° S. on the coast of W. Africa, and most

abundant in tho highland districts of Angola ; L. florida, frequent in inner Angola up to 1500-

2500 ft., and in Liberia ; and L, Hcudelotii in Senegal. According to Speko and Grant, the natives

Bay tliat the best rubber is produced by L. florida. The plants of this genus are woody climbers,

growing well in damp rocky ravines scarcely available for other culture. Being climbers, they

could not be grown in separate plantations, but would probably flourish in any tropical jungle,

where trees already existed for them to ascend. Every part of the stem exudes a milky juice when
cut or wounded, but this will not run into a vessel placed to catch it, as it dries so quickly as to

form a ridge on the wound, whicli stops its further flow. The blacks collect it by making long

outs in the bark with a knife, and as the milky juice gushes out, it is wiped off continually with

tlie fingers, and smeared on their arms, shoulders, and breast, till a thick covering is formed. This

is peeled off their bodies, and cut into small squares, which are then said to be boiled in water.

According to other accounts, the natives cut off a piece of the bark, and the milky juice is allowed

to run into holes in the ground, or upon leaves. In some districts, they simply let the juice trickle

down their arms, going from tree to tree till sufficient hag accumulated, then peeling it off from the

elbow in the form of a tube. Elsewhere, it is said to be collected and left to inspissate in wooden

vessels. Collins remarks that, if the incisions be allowed to penetrate too deeply, they liberate a

gummy substance, which, mingling with the rubber, depreciates its value. These vines may be

tapped for rubber when 8 years old. Christy suggests their cultivation in plantations, and

annually cutting down the young shoots almost to the ground, then crushing the stems between

rollers, and treating the whole mass with carbon bisulphide, which dissolves the rubber, but not

(he says) the injurious gummy matter. The rubber of these vines is of fairly good quality when

carefully prepared. It should be made in separate sheets or cakes, 1-2 in. thick and 6 in. or so in

diameter. Iron or stone vessels are superior to clay for collecting the juice. The better kinds are

said to be prepared with the addition of 3 per cent, of strong liquor ammonias. When any liquid

is added in the preparation, the sheets must be very thin, to facilitate drying. This question of

drying seems to have much to do with the quality of the rubber, and the inferiority of Afrio.m to

Para rubber is largely attributed to its being sent into commerce in a raw, green state, whence

possibly also arises its disagreeable odour, generated by decomposition. The desirability of intro-

ducing the Attalea exccha, for the purpose of employing its nut (the urucuri) in curing African

rubber, as in Para (see p. 1661), has even been discussed ; but the slow smoky fire from any oily

nut would probably have the same effect.

Another important W. African plant is Urostigma Vogelii, with possibly some other species.

The tree (20-30 ft.) grows near the sea, at elevations of 50-60 ft., but does not flourish in marshy
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ground. The nativea pollard the trees at 10-12 ft., and out back the branches, thus obtaining a

free and regular flow of sap. The cuttings are easily propagated, and grow vigorously. The trees

are tapped at about 5 years, by making slashes or incisions in the trunk ; the juice is collected

in vessels, inspissated by the use of acids, and made up into balls the size of a large orange.

Though often sent in a dirty state, the rubber is of good quality, and said to be the best of the

Liberian. The juice obtained from trees less than 5 years old is watery, and does not afford

such good rubber. Clnisty considers this a desirable species for cultivation in the lowlands of S.

India, Ceylon, Java, Sumatra, Penang, aud Siam.

,A considerable proportion of W. African rubber is obtained from a plant which Holmes has

determined to be Taberncemontana crassa. In Senegambia, the anjouan (Vahea senegalensis) contri-

butes to the supply. In Sierra Leone, rubber is collected from Ficus Brasii \ and some Ficus spp.

yield it in Angola on the W. coast, and at Inhambane on the E. A specimen of rubber from the

W. coast of Africa is attributed to an undesoribed species of Carpodinus ; and in Ke'union, some is

said to be derived from Periploca grceca.

The rubbers sold under the general name of African, omitting Mozambique and Madagascar,

occur as shapeless lumps (" knuckles ") from the Congo ;
" negrcheads " or " balls " of scrap, and

smooth cakes, from Sierra Leone ;
•' thimbles," " nuts," and " negroheads " from the Portuguese

ports ;
" tongues " from the Gaboon ; and " balls " from Liberia. The African rubbers are more

adhesive and less elastic than the Para article, and command a lower price ; the inferiority could

be much reduced by an improved system of preparation.

Assam, Java, Penang, and Eangoon.—Assam rubber is derived almost entirely from Ficus

elastica, a small portion being obtained from Urostigma laccifera.

Ficus elastica grows wild along the foot and in the low tropical valleys of the Himalayas, from

the Mechi River on the Nepal boundary at 88° E. long., to the extreme eastern limit of Assam, in

79° E. long., as well as along the feet and in the valleys of the southern mountains of the Brama-
putra valley, viz. the Patkye, Naga, Khasi Jynteah, and Garrow Hills. It is not abundant until

east of the Bor Nuddi, where it is common in the forests at the feet of the hills in the Khaling,

Buri-goma, and Kuriapara Duars, between the Bor Nuddi and Mura Dunsiri Nuddi ; the rubber

has been exported from these forests, which extend over about 40 sq. miles, as well as from the low

valleys of the Bhutan Hills, immediately above them, and especially from the forests in the

neighbourhood of the txit of the Nunai Nuddi in the Khaling Duar and the aiijoiuing hills, and
those between the Dimjany and the Ruta Nuddis. In the Chardwar forests, between the Mura
Dunsiri or Euta Nuddi and Borali River, the plant is abundant. Between the Bilsiri and Goboru
Nuddis, it is found as far as 16 miles from the hills, but the drier climate renders the produce

much less plentiful, lu the Nowdwar forests, where the climate is less moist, only the rubber

obtained from trees close to the hills is good. In the Chydwar forests, the trees are found only

immediately along the foot of the hills. The plant may be seen in parts of Sikkim, in the moist

but rocky side-valleys of the torrents that feed the Teesta and Mahanadi rivers. It is also very

abundant in the moist forest of the northern rainy zone of Burma, beyond British territory. It

flourishes best in a very moist climate and a mean temperature of 98° E. in the shade, but will uot

endure stagnant water about the roots.

The collection of the rubber in Assam is conducted under rigid restrictions in the case of all

trees growing in the timber reserves, but cannot be enforced in the case of scattered trees.

Immense forests of the trees existed on both banks of the Subansiri river, and on other streams
but the reckless treatment they received from native lessees of the forests caused their ruui. In
1876, the leasing of these forests ceased, but there is now little or no rubber left in the plains of
the LakUimpur district. It is estimated that the forest of Cachar could yield upwards of 2000 cwt.
of rubber annually. One district in Assam, 30 miles by 8, is said to contain 43,000 trees, many of
them being 100 ft. high. According to Murton, there is little doubt that this same plant, Ficus
elastica, afibrds the gutta-rambong of the Malay Peninsula, produced in the interior of Perak and on
the Patani side of the Peninsula.

The natives who tap the wild trees slash every part of them within reach with their daos or
knives. The incisions on the lower part of the stem, and on the roots which run some 30-40 ft.

on the ground, are 6-18 in. long, and are made diagonally through the bark and into the wood,
in an elliptical form, measuring about 3 in. across the centre. The exudation from these wounds
is received in holes dug in the earth, or in leaves folded conically ; that from the smaller cuts ou
the upper branches is allowed to concrete on the spot. According to Collins, the yield of a tree
in August is about 50 oz. of milk, giving 15J oz. of rubber ; sometimes the proportion of rubber
falls so low as 10 per cent. He also observes that " during the cold season, October-March, the
milk is scantier, but richer than in the warm weather, March-October." Mann finds the best
tapping season in Assam to be February-April. Hunter states that the trees " yield most during
the rains ; " he adds that a high yield for the first tapping of a tree 18 in.-6 ft. in girth is 35-40 lb.

of rubber, it is then allowed 3-4 years' rest, when a second but much smaller colltotion is made.
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Marklmm aesirtB that tbo trees may be tapped at 25 years, and tliat after 50 years they will yiiKl

40 lb. of rubber every 3rd year. Murton says that in the Malay Peninsula the milk is obtained

from tlio large roots, which are tapped 10-12 times in a year ; a picul (133-^ lb.) is sometimes taken

from a large tree, but the usual yield is about J picul. This kind is said to require no preparation

for market, and to present the appearance of long strings irregularly welded together, the best

quality being gummy-looking, of very firm texture, and reddish-brown colour, while the inferior

qualities have a large admixture of bark, and are much drier, without the gum-like consistence of

the better grades. In Assam, on the other hand, it is tlie "loaf" rubber obtained from the lower

parts of the stem and roots that requires artificial preparation, whUe none is bestowed upon the

produeo of the smaller branches. The treatment consists in pouring the milk into boiling water,

and stirring until it assumes sufficient consistence to admit of being handled without becoming

clammy or sticky. The plan adopted by a European house at Tezpore is to run the milk into

wooden bins 6 ft. sq., partially filled with water, on which the rubber floats after a time. The
latter, while still liquid, is removed and boiled over a slow fire in iron pans 4-6 ft. diam., and

2-2J ft. deep, 2 parts of water being added, and the whole stirred constantly. When coagulated,

the rubber is removed with iron forks, pressed, again boiled and pressed, sun-dried, and washed over

with lime.

The rapid destruction by the natives of the wild rubber trees in Assam has called forth efforts

to establish their cultivation in regular plantations. That at Chardwar has an area of 80 sq.

miles, some 700 acres being under cultivation alri ady. In 1S78, it was stated that the planting

had scarcely emerged fioin the experimental stage, for though no doubt remained that the tree

would grow luxuriantly in the locality chosen, there was much variation in the degree of success

gained by the several methods of planting. The plants put out in cane baskets in the forks of

trees, though alive and healthy, remained nearly stationary ; and many of those simply planted

in the ground also did badly, thus condemning these two plans. All those planted on low split

stumps, in eartl;enware cylinders on low stumps of trees, on piles of wood put crntsways and mixeil

with earth, and on small mounds of earth 2-3 ft. high, did remarkably well, drainage about tho

roots being ensured by these modes. It has been proved that the best cuttings do not transplant

so well as seedlings, and that raising plants from seed will be tho method of propagation to be

chiefly dependi d on.

Assam rubber has a peculiar mottled appearance, and varies in colour from cream or flesh tints

to blight pink or reddish ; it is very glossy, and sometimes covered with a greyish-white film,

which may arise from oxidation or from some foreign application. Its form is either that of

irregular lumps (" slab" or "loaf") produced as already described, or " balls " of the unprepared

stringy substance obtained from the smaller branches. The impurities (bark, sand, clay) often

reaeh 35 per cent., especially in the " balls." It arrives in baskets made of split rattan, covered

with gunny-sacking, and weighing about 3 cwt. each.

Java rubber is also obtained from Ficxis elastlca, according to De Viij. It is prepared by allow-

ing tho milk to concrete in the incisions made in the tree. It closely resembles Assam rubber,

but has a deeper tint, with occasional reddish streaks.

Penang rubber is presumably identical in origin, no evidence being forthcoming in support of

Wallioh's statement that it is afforded by Cynanchum ovalifolium.

Eangoon rubber is also attributed to a Fieus, probably F. hispida.

These three kinds may be classed with Assam rubber for all technical purposes.

Attention has recently been called by G. W. Strettell to a troublesome climbing " weed,"

Urceola [_Chavannesia] esculenta, very common in the Burmese forests, as a valuable source of rubber.

It is urged tliat its cultivation could be made highly profitable. Assuming the plants to be placed

30 ft. apart, 400 acres would contain 19,200 of them, which are estimated to yield 1 viss (3 lb. 2 oz.)

each per annum, worth 20/. per 100 viss, or 3840/. It is supposed that the cost of starting the

plantation would be trifling, not exceeding 8s. per acre per annum on the firot 7 years, making

a total for that period of 1120/. The further cost of tapping, pressing, and preparing the juice is

placed at 12i per cent, of the profits, leaving a nett asset of over 3000/. per annum. The milk is

said to coagulate more readily than that of Ficus spp. The incision adopted by Strettell is arrow-

like, and made on the sides of the stem. The rows of cuts are 3 ft. apart, and arianged to be in

vertical lines. Funnels formed of the leaves of Butea frondosa are selected for catching the

exudation. The best season for tapping is about the end of April ; between October and March,

circulation is slow and the milk is scarce, but during the rains, the milk is more watery and

abundant.

Borneo.—The sources of Bornean rubber are not very accurately known. One authority names

as the chief plant Urceola elastica, a climber with a trunk as thick as a man's body, and a soft thick

bark, capable of being tapped at 3 years, and soon shooting up after having been cut down. Of

this, Burbidge speoiflea 3 varieties, known respectively as petabo, yielding the best rubber,

iMiiuiir/ati, the most prolific, and sempit, giving the lowest quality. On the other hand, the pctiJx)
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plant has been identified at Kew as a Leuoonotis sp. Again, Burbidge himself more recently

writes that the Bornean rubber or gutta-susu is the mixed saps of 3 species of Willughbeia, with the

milks of 2 or 3 other plants surreptitiously introduced to increase the quantity ; and he gives the

Malay names of the 3 species as manungan, manungan puti, and manungan manga. Their stems have

a length of 50-100 ft., and a diameter rarely exceeding 6 in. He adds that they are being slowly

but surely exterminated by the collectors in Borneo, as throughout the other Malay islands, and

on the Peninsula, where they likewise abound ; on the other hand, they grow rapidly, and readily

lend themselves to both vegetative and seminal methods of propagation, and hence are especially

deserving of the attention of the Government of India, where they may reasonably be expected

to thrive. The stems of these creepers are cut down to facilitate the collection of the creamy sap,

being divided into sections measuring a few inches to 2-3 ft. long; the escaping milk flows into

jars or buckets, the exudation being sometimes hastened by applying heat to one end. When
suflBoient sap has been thus collected, it is coagulated into rough balls by the addition of salt

water or nipa salt (the latter obtained by burning the foliage of the nqja or susa [Sfipa fruticansj).

It reaches Liverpool in porous or spongy balls and shapeless lumps, internally white or pinkish,

and saturated with salt water in such quantity as to cause a loss of 20-50 per cent, in weight on

drying.

Burbidge remarks that there are many milk-yielding species of Ficus in the Bornean forests,

which, with careful experiment, may possibly be made to contribute remunerative quantities. The
Malayan representatives of the ArtocarpecB also deserve examination.

According to Murton, the gutta-sing-garip of the Malay Peninsula is identical with the gutta-susu,

of Borneo. There are two varieties of the plant producing it : one has a very dark-coloured outer

bark, with lighter-coloured warts, and red inner bark ; the other has a light cork-coloured outer

bark, with longitudinal channels, and light-yellow inner bark. The produce of the former is

considered superior. The stems are sometimes cut down, but are generally ringed at intervals of

10-12 in., and the milk is allowed to run into vessels made of palm-leaves or coco-nuts ; the flow

continues for some time, but after 10 minutes, the substance is very watery and thin. One plant

will yield 5-10 catties (of l-i lb.) of coagulated rubber. When raw, the juice has the appearance

of sour milk ; it is coagulated by the addition of salt or salt water, and resembles Bornean gutta-

susu in all respects.

Ceaea.—The rubber known in commerce as " Ceara scrap " is produced by a distinct species

from the other Brazilian and Central American rubbers, which has been named Manihot Glaziovii.

It is a tree of 30 ft. in height, with a dense rounded crown, and attaining a diameter of 4-5 in. in

2 years. It grows wild in the flat country of Brazil running

inland from the coast-town of Ceara, in 4° S. lat., mostly, so

far as is known, at an altitude of about 200 ft. Tlie district

possesses a very dry arid climate for a considerable portion of

the year ; the rainy season lasts from November to May-June,

when torrents of rain fall for several days in succession,

followed by fine weather. There are years when scarcely any

rain falls. The daily temperature averages about 82°-90° P.

The soil frequented by the tree is sandstone, gravel, or granite,

its dryness and poverty being indicated by absence of all ferns,

weeds, grasses, and mosses.

The native system of bleeding the trees and collecting the

rubber is sufficiently simple. The collector commences by
sweeping away loose stones and dust from around the foot of

the tree, and spreading some large leaves to receive the milk

as it flows from the tree. The outer surface of the bark of the

trunk is then stripped off to a height of 4-5 ft., as shown in

Fig. 1173, and the milk exudes and runs down in many
tortuous courses, a portion usually falling upon the ground.

After several days, the juice becomes dry and solid, when it is

pulled ofi^ in strings and rolled up in balls, or put into bags in

loose masses. The paring should only be deep enough to reach the milk-ducts, which reside in

the middle layer of the bark ; but this circumstance is seldom regarded by the collectors, and
many trees are prematurely destroyed by the careless wounding of the wood. The operation is

conducted only during the dry season.

The habits and habitat of this plant immediately pointed it out for cultivation in a systematic

manner in some of our warmer possessions, and the success attending the experiments is the more
desirable since the late drought in Brazil caused the death of immense numbers of the tree. It has
proved itself to be well adapted for culture in Ceylon, Upper India, Zanzibar, and Jamaica, but the
climate of the Malay Peninsula is too moist for it. The experience gained thus far in its cultivation
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may be briefly stated. Seeds are early produced, if the tree is not shaded. They should be bnricd
iti brown sand, and kept moist until there are indications of growth, when they may be planted out

permanently. In some situations, where the ground is rougli anil strong, they might be sown
broadcast. Plantations may also be furmed by cuttings, which t.ike root as easily as a willow.

Tliey should be from the points of strong shoots, and about 1 ft. in length. In planting, each
cutting may Ijo put down in the soil to ii dipth of 6 in. If scarce, the entire shoot may be cut into

pieces, each posso^sing a bud, all of which will grow if covered with § in. or so of s.il. On loose

sandy soils, or exhausted coffee land, plantations miiy be formed at little expense. Hard, dry,

gravelly wastes, if found to support any kind of bush, are also suitable sites. Holes might be made
in strong land with an iron jumper, and a stout cutting put into each, and filled with pebliks. On
bare or thinly covered portions of rock, thi; cuttings might be laid down flat, and u little heap of

stones, or any kind of d^ris, about the size of a mole-hill, piled over each, care being taken that

the extreme point of each cutting with a bud is left uncovered. Wherever there is any sort of

stunted tree or shrub vegetation, with an occasional sprinkling from a monsoon shower, the tree is

likely to prosper. There can be no doubt of the hardiness of the species, its reailiness of culture,

and adaptability to circumstances. It grows quite as readily from seed as from cuttings, and,

though a native of a tropical sea-level, thrives well in Ceylon up to at least a level of 3000 ft., and
on the most barren soils. It would seem especially adapted for the dry and biirren districts of the

E. and N. provinces of Ceylon, or in the higher districts; but it would not be wise to risk it in

localities where the temperature is liable to fall below G0° P.

The seed-coat is of remarkable thickness, and very hard, and the natural process of germination

occupies, it is said, more than a year. All that is necessary to hasten this, is to ussist the seed-coat

in splitting, which is best effected by holding the seed firmly, and rasping off with a file both edges

at the radicular end, recognized externally by possessing at its side a flat two-lobed appendage,

technically known as the carunelo. It is best not to file off the actual eml, as the radicle of the

embryo may then be injured. After this treatment, properly performed, the young plant appears

above ground in 2-3 weeks. The seedlings require no particular attention. They grow rapidly,

and may be finally planteil out at distances of 20 ft. The trees at Peradeniyii (Ceylon) flowered ut

the age of 18 months ; at 2J years, the larger ones formed branching trees about 25-30 ft. high,

with a stem 1 ft. 9 in. in circumferoneo, at a yard from the base, and a smooth, silvery, birch-like

bark, readily peeling off. The best system of tapping the trees under cultivation has yet to be

proved. Some improved methods are described later on in the present article (see p. 1660).

This rubber is considered almost next to Para in value, being dry, very elastic, and free from

stickiness; its one drawback of containi?ig wood and other foreign matters, in such quantity as to

cause a loss of often 25 per cent, in washing, may doubtless be altogether removed by the exercise

of care in the collecting.

Centbal Ameiuoan.—The Central American, Cartagena, and Guayaquil rubbers are yielded

chiefly by the ul4 {Castilloa eladica), a lofty tree with a trunk 8 ft. diam., found in Mexico, Guatemala,

Salvador, Honduras, Nicaragua, t'ljsta Eica, Panama, the \V. coast of S. America down to Guiiya-

quil, and the slopes of Chimborazo, as well as in Cuba and Hayti. This extensive geographical

range shows the tree to be capable of existing under considerably varied climatic conditions. The

forests in which it grows are usually at or near sea-level, but it has been observed at an elevation of

1500 ft. on the Pacific coast. The soil is various, but the tree avoids marshy or boggy laud, and

manifests a preference for warm, deep loam

or sandy clay, and it especially affects the

margins of small running streams, where it

occurs in little groups. A moist climate and

high equable temperature are essential ; the

trees thrive best in dense, steaming, hot forests,

and are particularly abundant where it rains

during 9 months of the year, and the tempera-

ture ranges between 75° and 88° F. A second

smaller species, C. Markliamia, also occurs in

Panama.

In Panama, the usual method of collecting

the milk is by felling the tree, and then

making deep notches around the trunk at distances of about 1 ft. apart, as shown in Fig. 1174. Broad

leaves placed beneath the notches receive the milk, which Is afterwards collected in a large cala-

bash or other vessel, poured into a hole in the ground, and thatched over with leaves, where it

coagulates in about 2 weeks. Another plan is to bruise a handful of the leaves of the Iponuea bona

rf'x, and stir them about in the milk, which is thereby thickened in about an hour to a jelly-like

porous mass, profusely exuding a black ink-like water when touched. The article thus produced is

inferior. It is aometimea sliced into flakes 1 in. thick and sun-dried. In Nicaragua, it is found
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that though the tree yields the juice at all seasons, the best time for tapping is April, when tlie old

leaves begin to fall and the new ones appear. During tlie rainy season, May-September, the rich-

ness of the juice diminishes. From that time till January, the rains decrease, the milk increases in

richness, the tree prepares to flower, and the fruit appears in March, during which month and the

succeeding one the milk contains the greatest proportion of rubber, the difference amounting to 60

per cent, more in April than in October. A true about 18 in. diam. (probably 6 years old) tapped

skilfully in April will yield some 20 gal. of milk capable of giving 50 lb. of rubber. Tliis is a

maximum figure, and the average is somewhat less. A tree of 20-30 ft. to the first branches is

expected to afford 20 gal. of milk, and each gallon of milk to render 2 lb.-2 lb. 2 oz. of good dried

rubber, By the Panama system of destroying the tree, the produce often amounts to 100 lb. of

rubber from a tree. The Nicuraguan mode of tapping ia as follows. The collector ascends the tree

by climbers or a ladder as high as possible, and then commences a series of incisions with a sharp

machete or axe in one of two ways. One is to make a long vertical cut, with diagonal cuts running

into it, as in Brazil ; the other ia by encircling the tree with spiral cuts at an inclination of 45° ; if

the tree be large, two auch spirals are made, either crossing or parallel with each other. At the

bottom of the trunk, an iron spout is driven in, and the milk is received into iron pails. In the

evening, the milk is freed from foreign matters by passage through a sieve, before transference to

the barrels in which it undergoes coagulation. This last condition is brought about by the addition

of plant-juices, notably that of the achete {Ipomcoa bona nox), as in Panama. The plant is collected,

moistened with water, and bruised, and the juice, after straining, ia added to the milk, in the pro-

portion of 1 pint to 1 gal. After this operation, the rubber appears aa a soft mass floating in a

brown fluid, and smelling like new cheese. The mass is pressed under a plank or iron roller into a

tortilla or cake, usually weighing about 2 lb. when dry, and representing 1 gal. nf milt. When
the achete or other suitable plant is not procurable, water in the proportion of 2 to 1 is added to the

milk, and the whole is allowed to stand for 12 hours. The residue which separates from the water

is poured into underground vats and left to dry for 12-14 days. Sometimes the milk is simply

poured on a prepared spot of ground, and the watery portion left to evaporate or disappear as it

may ; the rubber, when outwardly dry, ia pressed to remove bolsas or bubbles of watery liquid.

Slabs made in this way are aometimea culled meros. The rubber which is allowed to dry in the

iron apout conducting from the tree trunk is rolled into balls, and called cabezza; that which dries

in the wounds on the tree is termed bola or burucha, and is esteemed in New York. The loss by
drying (tneinm) is estimated at about 15 per cent. A recent traveller in Central America states

that the ule tree " yields many gallons every 2 years ; " but in Panama, the tree is totally destroyed

in obtaining the milk, and elsewhere the tapping is said to be so injuriously done as to be little

better than immediate destruction.

There are aeveral commercial varieties of the rubber obtained from Castilloa spp. Cartagena

rubber arrives from New Granada (Colombia) in black sheets j in. thick, having a somewhat rough

or " chewed " appearance, and more or leas " tarry " or sticky. It also occurs in strips or scraps

pressed together in bags. It loses about 35 per cent, of its weight on drying. Guayaquil rubber

comes from Ecuador in large flakes and lumps, the better quality being whitish coloured, while the

inferior is porous and saturated with a foetid black liquid. Its loss by washing aometimea reaches

40 per cent. Thia and the preceding kind go chiefly to America. Nicaragua rubber, which moatly

reaches the same market, loses only 15 per cent, by drying. The best of the Central American
rubbers is that known as " W. Indian," not from its being produced in the W. Indies, but coming

in steamers sailing thence. It consists of blocks which, in the first quality, are formed of thin separ-

able sheets, and, in the second, of conglomerated " scrnpa " with fragments of bark. Honduras

rubber is of good quality, and free from " tarry " matter. Guatemala rubber is one of the lowest

and least regular kinds ; the best specimens are whitish, while the " lower " are black and " tarry."

This rubber arrives in sheets compacted together, whence a thick resinous fluid exudes on pressure

;

this fluid, on evaporation, leaves a hard resinous substance unaffected by steam.

The wasteful and destructive local methods of collecting the milk of this genua are causing its

rapid extermination in the countries where it is indigenous. Attention has been directed to its

naturalization in our tropical poaaesaions, but though the plant is of rapid growth, it will scarcely

thrive in regions that are not equally suited to the ffevea spp., and its rubber is much inferior. It

has been introduced auccessfuUy in Ceylon, Singapore, and Perak. With regard to its culture, it

may be observed that trees in good situations will produce seeds early, but these need to be planted

without delay, aa drying destroys their vitality. Flowering occurs in January, and the fruits ripen

in April (in Brazil). Stout branches, cut into pieces, each posaesaing a bud, and covered lightly

with soil, will generally be found to grow. Strong cuttings 1 ft. long and furnished with buds,

planted in the usual way, sooner develop strong plants. But the propagation of this tree is not

reckoned so easy as that of the Ceara rubber (ifaniAot GlaziovW). In setting out young plants, the
petiole or leafstalk of the lowest or oldest leaf should be buried in the soil; this simple device

ensures the immediate and vigorous growth of the plant, and a symmelrioal stem. When the
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plnntinj; leaves much bare stem above ground, the growth is slow, the plant long remains "leggy,"
and neve.- forms a gon.l tree. The plant has the curious habit of dropping its young branches,

which disarticulate by a regular joint, and leave a clean sear on the surface of the stem. It is

believed tliat after 6 years, the trees mi^'lit be judiciously bled every 3 years.

Paba.—Para rubber, which is second to none in importance, is afforded by several species of

J/iiea [^Siphonia], the most important being JI. brnsiliensi^, H. guianensis, and H. Sprucean i. These
(r<o» inliabit the dense, stoaminf; forests on the Amazon and its tributaries, other species replaciui;

them in some of the adjacent countries, e. g. ff. paucifolia in British Guiana, where Prestoe believes

it will be found in considerable abundance. Brazil is being gradually but surely denuded of its

rubber-trees, collectors being now driven to the Tocantins, Madeira, Purus, and Negro rivers in

search of supplies. A recent traveller states that, in Bolivia, extensive rubber forests are at

present profitably worked on the Lower Beni, and it is natural to suppn.-c that they exist to an

equal extent on the Mayutata and Aquiry ; those on the Mamore and Lower Itenez, though giving

rubber of a superior quality, do so in less quantity.

In the Para district of the Lower Amazon, the temperature varies between 7i' and 9.5° F., the

mean of the year being 81° F. ; the supply of moisture is also very regular. On the Upper
Amazon, the atmosphere is densely vapour-laden. The soil frequented by these trees is extremely

rich mould. The trees will grow on tlie terra firme when planted, but their seeds naturally lodge

in lowland swamps. All the species flourish best on rich alluvial clay slopes by the side of

running water, where there is a eertain amount of drainage; those growing on land which is

periodically inuudated (even to a depth of 5 ft.) are more prolific than those on very low or on

elevated ground.

Tlie methods adopted for tapping the trees are described at length by Cross. The collectors

begin work immodiutoly at daybreak, or as soon as they can see to move about among tlie trees.

Eain often falls about 2-3 o'clock in the afternoon, so the tapping must be done early, as in tlie

event of a shower, the milk would be spattered about and lost. The collector, first of all, at the

beginning of the dry season, goes round and lays down at the base of each tree a certain number

(3-12) of small cups of burnt clay. On proceeding to his work, the collector takes with him a

small axe for topping, and a wicker basket containing a good sized ball of well-wrought clay. He
usually has likewise a bag for the waste droppings of rubber, and for what may adhere to the

bottoms of tlie cups, tlicse promiscuous gatherings being termed semamby, and forming the " negro-

head" of the English market. The cups are sometimes round, but more frequently flat or slightly

concave on one side, so as to stick easily, when, with a small portion of clay, they are pressed

against the trunk of the tree. The contents of 15 cups make about 1 pint. Arriving at a tree,

the collector takes the axe in his right hand, and, striking in an upward direction as high as he
can reach, makes a deep upward sloping cut across the trunk, which always goes thronnh the

bark, and penetrates 1 in. or more into the wood. The cut is 1 in. in breadth. Frequently a

small portion of bark breaks off from the upper side, and occasionally a thin splinter of wood is

also raised. Quickly stooping down, he takes a cup, and pasting a small quantity of clay on the

flat side, presses it to the trunk close beneath the cut. By this time, the milk, which is of

dazzling whiteness, is beginning to exude; if requisite, he smooths the clay so that the milk may
trickle -directly into the cup. At a distance of 4-5 in., but at the same height, another cup is

luted on ; and so the process is continued, until a row of cups encircle the tree at a height of about

6 ft. from the ground. TreeWter tree is treated in like manner, until the tapping required for the

day is finished. This work should be concluded by 9-10 o'clock in the morning, because the milk

continues to exude slowly from the outs for three hours, or perhaps longer. The quantity of milk

that flows from each cut varies ; but if the tree is large and has not been much tapped, the majority

of the cups will be more than half-full, and occasionally a few may be filled to the brim. But if the

tree is much gnarled from tapping, whether it grows in the rich sludge of the jra/irf (inundated land)

or on dry land, many of the cups will be found to contain only about a tablespoonful of milk, and

sometimes hardly that. On the following morning, the operation is performed in the same way, only

that the cuts or gashes beneath which the cups are placed are made 6-8 in. lower down the trunks

than those of the previous day. Thus each day brings the cups gradually lower, until the ground

is reached. The collector then begins as high as he can reach, and descends as before, taking care,

however, to make his cuts in separate places from those previously made. If the yield of milk

from a tree is great, two rows of cups are put on at once, the one as high as can be reached, and

the other at the surface of the ground ; in the course of working, the upper row descending daily

6-8 in., while the lower one ascends the same distance, the rows in a few days come together.

When the produce of milk diminishes in long-wi-ought trees, two or three cups are put on various

parts of the trunk, where the bark is thickest. Although many of the trees of this class are large,

the quantity of milk obtained is surprisingly little. This state of things is not the result of over-

lapping, as some have stated. Indeed, Crois believes it impossible to overlap a tree, if, in the

operation, the wood is not left bare or injured. But at every stroke, the collector's axe enters the
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wood, and the energies of the tree are required in forming new layers to cover those numerous

wounds. It has heen supposed that the quality of the milk is better in the dry season than during

the rains. In the rainy season, the milk probably contains a greater proportion of water ; but, on

the other hand, a larger quantity of milk then flows from the tree. No doubt the dry season is

the most suitable for rubber collecting, although, wherever a plantation is provided with a

preparing-house, convenient tapping may certainly be always carried on when the weather is flue.

It is a common report that the trees yield the greatest quantity of milk at full moon. Even if this

were found to be true, it would probably make little difference, as tapping must be carried on when
circumstances are most favourable.

There are two other methods adopted in tapping, which are chiefly confined to the Upper
Amazon and its tributaries. Both are exactly on the same principle, the materials used being

only a little different. The loose outside bark of the tree is cleaned off to a height of about 3 ft.

Beneath, a gutter or raised border of clay is pasted or luted to the trunk, enclosing one-half or the

entire circumference. Cuts are thickly made in the bark above this, from which, the milk flows

down to the gutter, whence it is conveyed to fall into a calabash conveniently placed. The other

mode is by winding round the trunk the stout flexible stem of a climber, and claying it round

securely so that no milk may escape between the trunk and the climber. These plans are not

extensively adopted, and can only be successfully put in practice where the trees have not been

previously tapped. There is always a great deal of " negrohead," the result of the distance the

milk has to run, and of the large quantity of clay employed in the process. The respective

methods are illustrated in Pigs. 1175, 1176, 1177. Pig. 1178 shows the exhausted tree in a state of

decay.

Going from tree to tree, the collector empties the contents of the cups into a large calabash,

which he carries in his hand. As he pours the milk out of each cup, he draws his thumb or

live.

forefinger over the bottom to clean out some which otherwise would adhere. Indeed, a small
quantity does remain, which is afterwards pulled off, and classed as semamhy. The cups, on being
emptied, are laid in a little heap at the base of each tree, to be ready for the following morning.
The trees occur at various distances (10-100 yd.) apart, and it is surprising that the natives have
not yet seen the advantages that would be derived from forming plantations, whereby more than
twice the quantity of rubber might be collected in one-fourth the time, and at far less cost and
labour.

The common method of preparing the rubber is represented in Pig. 1179. The jars a are 18 in.

high, and the bottoms are broken out. At the base, they are 7 in. diam., bulging out in the
middle to 12 in., and naiTowed at the mouth to a breadth of 2 in. Where a number of men are
collecting for one master, much larger jars are in use. The milk, on being put into a large flat

earthen vessel 6, is placed on the floor in a convenient position. Adjacent thereto, the jar is set on
three small stones, which raise it to IJ in. above the floor. The narrow space between the base of
the jar and the floor allows the entry of air, which causes a current of smoke to ascend with
remarkable regularity and force. When the fire commences to burn strongly, several handfuls of
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nuU (preferably urucuri [Altalea excelsa], but failing them, those of Euterpe edulis and other palms),
are put on, then some more wood and nuts alternately. The latter are dropped in at the mouth of
the jar, until it is filled to within 4 in. of the top. Due care is taken that a sufflcient proportion of
wood is put in with the nuts. The mould c on which the rubber is prepared resembles the paddle

of a canoe ; in fact, at many places on the Amazon, this is the arlicle most frcfiucntly iiserl, if tlicro

is niucli milk, and the rulibir is prepared in bulky masses. Occasiimnlly the mould is slung to tho

roof, as tho weight in handling it during the process would otherwise be very fatiguing. A little

soft clay is rubbed over it to prevent the rubber from adhering, and it is afterwards well warmed
in tho smoke. Tlie oper-

ator holds the mould

with ono hand, while

with the other he takes

a small cnp ond pours

two or three Cups of milk

over it. He turns it on

edge for a few momenta

above tho dish, until the

drops fall, then quickly

places the flat side 2 in.

abovo tho jar month,

and moves it swiftly

round, as if describing

the form of a cipher,

with his hand, so that

the current of smoke

may bo equally distri-

buted. The opposite

side of tho mould is

treated in the same way.

The coating of milk on

the mould, on being

held over the smoke,

immediately assumes a

yellowish tinge, and although it appears to be firm on being touched, is yet found to be soft and
juicy, like newly-curdled cheese, and to be sweating water profusely. When layer after layer has

been repeated, and the mass (" biscuit ") is of sufficient thickness, it is laid down on a board to

solidify ; in the morning, it is cut open along the edge on one side, and the mould is taken out.

" Biscuit" mbber, when fresh, is often 4-5 in. thick. On being hung up to dry for a few days, it

is sent to market. The rapid coagulation of the milk seems to be simply produced by the high

temperature (about 180° F.) of the smoke. Cross thinks that with a strong current of heated air,

or a good pressure of steam from a pipe, or by putting the milk in shallow vessels, and evaporating

the moisture by the heat of boiling water, a similar result would be obtained. The finely divided



1664 EESINOUS AND GUMMY SUBSTANCES.

particles of soot which form a large proportion of the smoke undoubtedly absorb a considerable

amount of moisture, although at the same time forming an impurity.

A more modern method of preparing the milk is by treatment with an aqueous solution of alum,

and subjecting the coagulated mass to pressure, in accordance with Strauss' proposition. This

plan is said to be in favour, as being capable of performance at a distance from the unhealthy

locality where the milk is produced. The proportion of alum solution required is very small, but

varies with the character of the milk. The latter should be previously strained free from

extraneous matters. Coagulation ensues in 2-3 minutes. The rubber is then exposed to the air on
sticks, and allowed to drain for 8 days. It is sometimes subjected to expression. The drawback
of the process is the "wetness" which the rubber acquires from the presence of saline particles,

which are never completely removed by pressing.

The excellent quality of this rubber has commended the plant to the attention of agriculturists

in India and elsewhere. The result of experiments hitherto seems to be favourable to its esta-

blishment in Ceylon, Malabar, S. Burma, Zanzibar, and Jamaica, but not in Central and N. India.

The propagation and planting may generally be combined in one operation, the object being to

reduce the expense, simplify and accelerate the work, and promote the more perfect development of

the primary roots and trunk. Tlie green-coloured terminal shoots of succulent growth, with the

leaves fully matured, make the best cuttings. These should be cut off low enough, so that there ia

a joint at the base. When it is desirable to plant in dry firm land, a spadeful of soil should

be turned over at each place, and the cutting planted in a sloping position. It should be

covered with mould to witbin 3 in. of the point. The portion above ground should rest on the

earth on one side of its termination, so as not to suffer during hot sunshine. In all stages, the

crowns of the plants may be exposed to the rays of the sun. Plants intended for cutting stocks

may be planted in open places, in the richest dark loam capable of producing a luxuriant rank

crop of sugar-cane. Seeds might be planted out permanently at once, also in the same way as the

cuttings. These would prosper much better if at the time of planting a handful of wood-ashes

were added to the soil with each seed. Good ashes may be obtained by the burning of any

description of green wood or newly-felled piece of forest. If the wood is allowed to rot before

burning, almost the whole of the fertilizing principle will be found to have vanished. If stored in

a damp place, the value of the product is diminished. For planting on inundated lands, the

period of high flood should he preferred. Cuttings of greater length would be required in this case,

the lower end of which should be sliced off in the form of a wedge. The workman could take a
bundle of these, and, wading into the water, would plant at proper distances, but perfectly upright,

taking care to push each cutting down deep enough in the soft muddy bottom, so that not more
than 3-4 in. is above the surface of the water. The same rule would be applicable when planting

in sludge or soft marsh land. The crowns of the cuttings must not, if possible, be put under

water, as the young growths springing therefrom might rot. Seeds will not be found very

applicable for planting in watery places or deep mud deposits. Some would come up, but a good

many would mould and decay. In the varied course of circumstances and conditions, slight

changes and modifications in the methods of working will no doubt suggest themselves.

Para rubber occurs in commerce in two forms :—" biscuits," prepared as described on pp. 1622-3,

containing about 15 per cent, of water ; and rounded balls of " negrohead," containing 25-85 per cent,

of woody fragments, and other impurities. Occasionally an intermediate quality called " entreflne "

appears. Adulteration is sometimes practised by the addition of the juice of the cow-tree or

massarandnha {Mimusops elata^.

Pernambuco OB Mangabeira.—The mangaba, mangaheira, or mangabiba tree (^Hancornia speciosd),

a native of the high plateaux of S. America, between 10° and 12° S. lat., at 3000-5000 ft. elevation,

affords a kind of rubber. The inhabitants of Pernambuco are now developing the supply of this

article, which is collected by making oblique cuts penetrating the bark round the trunk, and
attaching receptacles thereto. The juice is coaguhited by Strauss' method (see above), and after

30 days' drying, is sent to market in cases and barrels. It occurs in the form of " biscuits " and
" sheets." Like all rubber coagulated by saline solutions, it is very " wet," and does not rank high
in value. It may be remarked that these trees do not seem to have suffered from the recent

droughts in Brazil. Further, that the rubber might be much improved in quality by a, better

method of preparation.

Other Etjbbeks.—There are a few other rubbers which are prepai-ed as articles of commerce,
but as yet scarcely known in British markets. " Palay " rubber is obtained from Cryptostegia

grandiflora, a common plant on the coast of India. In Chittagong, it is furnished by Willughbeia

edulis and W. martabanica. Sumatran rubber is yielded by W. prima, and is exported to Holland.
Malacca rubber is ascribed to Urceola elastica. The rubber of the Malay Archipelago is attributed

io Alstonia costulata and A. scliolaris; and Fijian rubber is produced hy A. plumom. In N. Aus-
tralia, rubber has been procured from Ficus macrophylla and F. nibiginosa ; the latter is hardy, and
has been recommended for culture.
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Many other plants afford juices which coagulate on exposure, and bear more or leas general
resemblance tn iniliarubber. They may possibly be utilized when better known. They are chiefly
as followB :

—

Ficus anthelmintica, the cxtaxinduha of Brazil ; F. DoliarUi, the copju4-ufu of Brazil

;

F. elliptic^, of S. America; Cecropia peltatn, of Tropical America; Artocarpus inclsi, the bread-fruit
tree, in BlftlayBia and Oceania ; Galactodendron [Brosmium] utile, in S. America, especially Vune-
zuela; Liftaria aalocarpa and L. lUmi, of New South Wales and Queensland; TaberntumoiitMia
spp., in New South Wales, Queensland, and Malaysia ; Plumaria phayccdanica, the sucuuba of Para
(Brazil); Camerarut lalifolia, in Cuba; Gymnema lactiferum, of Ceylon; Chryiophyllum spp. of
Brazil

;
Sidcroxylm spp., of Malaysia ; Kakosmanthus macrophyllus, <i Java ; Imbricaria coriacea of

Mauritius, Madagascar, and Java ; Ceratoplmrus spp., of Malaysia ; ilacaranga toinentosa of the
E. Indies; Sapium scoparium, of the Antilles; Hippomane MancincUa, of Tropical America ; Euphor-
bia lorvliiita, in Canada.

Cummcrce.—The commerce in rubbers, which may be said to be a growth of the last 25 years,

has now attained great importance. Our imports of indiarubber (termed "caoutchouc'' in the
Returns) were 158,692 cwt, value 1,536,660/., in 1876 ;

loil,723 cwt., 1,484,794/., in 1S77 ; 149,724
cwt., 1,313,200/., in 1878; 150,601 cwt., 1,626,290/., in lUTJ; 169,.-)S7 cwt., 2,387,947/., in 1880.

Tlie imports of 1880 were contributed as follows :—Brazil, 76,466 cwt., 1,207,373/.; W. Coast

Africa, foreign, 22,922 cwt., 276,741/.; Straits Settlements, 11,582 cwt., 114,980/.; Beiig.d and
Burma, 10,264 cwt., 114,416/.; E. Coast Africa, 9382 cwt., 129,886/.; W. Coast Africa, British,

7271 cwt., 86,669/. ; Aden, 6720 cwt., 84,780/. ; British S*. Africa, 4020 cwt., 42,653/. ; Portugal,

3871 cwt., 55,804/.; United States, 3799 cwt., 48,039/.; Central Anurica, 2440 cwt., 29,005/.;

Holland, 1576 cwt., 17,269/.; Mauritius, 1550 cwt., 19,927/.; New Granada (Colombia), 1024 cwt.,

12,165/.; other countries, 6100 cwt., 58,251/. ; total, 169,587 cwt., 2,387,947/. Our exports in 1880

were as follows :—United States, 21,941 cwt., 2s2,8'.l4/. ; (i-ermany, 18,'.I21 cwt., 269,086/.; Kus.sia,

16,189 cwt., 261,252/. ; France, 9920 cwt, 112,597/. ; Holland, 7182 cwt., 101,068/. ; othur countries,

2579 cwt., 36,878/. ; total, 76,732 cwt., 1,063,775/.

A review of the fluctuations in the supplies during the past 5 years shows the following facts.

Holland sent us 2651 cwt. in 1876, 1059 in 1878, and 1576 in 1880. Portugal : 3329 in 1877, 2285

in 1870, 3871 in 1880. Portuguese W. Africa : 3881 in 1877, 1822 in 1S78, 5248 in 1880. Portu-

guese E. Africa: 617 in 1876, 131 in 1877, 1497 in 1880. Fernando Po ; 241 in 187G, 52 in 1877,

277 in 1878, 117 in 1879, 248 in 1880. W. Coast Africa : 16,841 in 1876, 9632 in 1878, 17,426 in

1880. K. Africa (native states): 1263 in 1876, 7855 in 1880. Madagascar: 32 in 1876, 83 in

1877, nil in 1878,110 in 1879,501 in 1880. Borneo: 15 in 187iJ, none since direct. Central

America : 5425 in 1876, grndually falling to 2140 in 1880. Mexico: 62 in 1876, 291 in 1878, 50 in

1880. New Granada (Colombia) : 3398 in 1876, gradually falling to 1024 in 1880. Venezuela :

521 in 1876, 354 in 1877, 710 in 1878, 482 in 1879, 986 in 1880. Brazil : 80,828 in 1876, 90,917 in

1878, 76,466 in 1880. Gambia and Sierra Leone: 2827 in 1876, 5641 in 1877, 3808 in 1879, 7104

in 1880. Gold Coast : 585 in 1876, 12 in 187:*, 167 in 1880. Cape : 774 in 1876, 2120 in 1877,

14;il in 1878, 4620 in 1880. Aden: 2494 in 1876, 1254 in 1878, 6720 in 1880. Mauritius: 1790

in 1876, 570 iu 1879, 1550 in 1880. Bengal and Burma: 12,990 in 1876, 9260 in 1878, 10,204 in

1880. Straits Settlements : 7615 in 1876, 5436 in 1878, 11,582 in 1880.

The exports of Bornean rubbers are included under guttapercha (pp. 1653-4). Of Brazilian

ports, Ceara, in 1878, sent 40,:i77 Ailo. to England, 258 to Hamburg, and 74 to Havre. Panama (in

Colombia) sent 23,128/. worth of rubber to the United States in 1879. Costa Bica exported

27,854 lb. of rubber in the year ending Apr. 30, 1879 ; the quantities in previous years had been

57,213 in 1875, 59,427 in 1876, 90,576 in 1877, 78,231 in 1878 ; the shipments from the port of

San Josi^ in 1880 were 11} tons, 2078/. Ecuador exported 7059 quintals, value 24,707/., in 1877;

6561 quintals, 22,963/., in 1878 (of which, 5853 went to the United States, and 708 to England);

5594 quintals, 33,564/., in 1879 ; 7995 quintals, 59,972/., in 1880 ; in 1873, the exports were 16,365

quintals. Guatemala, in 1879, exported 1873 lb. to Belize ; the value was 262 dol. ; in 1877, the

value was 2723 dol. The exports from British India were 15,893 cwt., 108,645/., in 1875 ; 15,258

cwt., 97,861/., in 1876; 13,308 cwt., 90,169/., in 1877; 13,794 cwt., 89,381/., in 1878; 10,033 cwt.,

61,685/., in 1879. The exports from the Lakhimpur district in 1871 were 260 tons, value 8340/.

Assam exported 11,000 maunds (of 82 lb.) in 1873, and Sikkim 700. The exports from Java were

704 piculs (of 135J lb.) for the 1876 crop ; 15 to Holland and 10 to Singapore for the 1877 crop ;

47 to Holland and 15 to Singapore for the 187S crop ; 135 to Holland and 58 to Singapore for the

1879 crop. The values of exports of rubber from Madagascar to Mauritius have been 37,458'.

in 1873, 21,452/. in 1874, 14,539/. in 1875, 9770/. in 1876, 4672/. in 1877. The "Venezuelan exports

were 2545 lb. in British vessels, and 53,403 lb. in American, in 1878; and 27,563 lb. in American

vossols in 1879. Mozambique exported 443/. worth in 1873, 22,198/. in 1876, and over 50,000/. in

1879 ; the figures have now probably reached their maximum, until roads shall have been made
into the interior.

Values,—The approximate relative market values of the principal commercial rubbers entering

5 o
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London are as follows :—^Para, fine, 2-3s. a lb. ; negroheaci, Is. 6d.-2s. 6d. Central American,

Is. 6A-2s. 6A Assam and Pegu, 9d.-2s. 6d. Other E. Indian, ls.-2s. 6d. Madagascar and

Mozambique, Is. Sd.-2s. 8d.

Suggested Impromments in Collecting and Preparing Rvhhers.—The time of year at which the sap

ascends to the flowers has an effect on the quantity of rubber yielded. Too frequent tapping

causes each successive yield to be less rich in rubber and more watery, and permanently injures

the trees. Judicious tapping has no ill result. As to the manner in which the tapping should be

performed, this will vary somewhat according to circumstances. Some remarks on tapping and
barking other kinds of tree will be found under cinchona (see Drugs, p. 803), manna (see Drugs,

p. 817), and maple-sugar (see Sugar); also under Copaiba, Gurjun, Peru, Tolu, Turpentines,

and Varnishes, in the present article. The Brazilian plan of a perpendicular incision, with

obli(£ue tributary cuts on each side, has much to recommend it. Paring the bark, after the Ceara

method, might also be advisable. The one great object to be kept in view is the avoidance

of injury to the cambium layer. This is best effected by using an implement which is so made
that it can only just remove or penetrate the bark sufficiently deep to reach the laticiferous vessels,

residing mostly in the mesophlcmm or middle layer of the bark. A modification of the knife used

in marking standing timber, with the addition of a shoulder to adjust the amount of penetration,

and a long handle, would probably meet all requirements. A clean out, as opposed to a ragged

one, not only heals readily, but keeps the product free from woody impurity.

The collected milk should be coagulated as rapidly as possible, for decomposition soon sets in,

and materially modifies the character of the article. Some of the milks keep much longer than

others without undergoing great change, but the collection of the day would always be best dealt

with during the same day. It is undoubted that an effectual evaporative process for removing the

water will produce a better article than any of the saline solution methods. A convenient form

for the prepared rubber is thin (1-2 in.) sheets, which are easily packed into bales, and enable the

amount of impurity to be readily arrived at.

Jalap.—See Drugs, pp. 814-5.

Jumrasi.—Tljis gum has been doubtfully referred to Ekeodendron paniculatum, a native of

India. It occurs In roundish tears of variable size, the majority not exceeding J in. diam., exter-

nally finely rugose, and minutely cracked, with a shining fracture, rather brittle, some tears almost

colourless, others dark reddish-brown, with intermediate shades of amber and brown. It is taste-

less, and soluble in water, forming a tenacious sherry-coloured mucilage. It is not an article of

commerce, but deserves attention with that view.

Jutahy-seca, or S. American Copal.—The so-called S. American copal is said to be
a product of several species of Hymencea, Trachylobium, and Vouapa, but the great bulk of it is

undoubtedly derived from the W. Indian locust-tree, the algarroba of Panama, yiiia/i!/ of Brazil,

and simiri of Guiana (_Bymenaa Couriaril). This tree is common in most parts of tropical S.

America, attaining great size and age. From the bark of the stem, and from the roots, there

exudes a resin bearing much resemblance to the anirni of Africa (see pp. 1640-4). It is usually

infested with insects ; pale-brown, transparent, brittle, of agreeable odour, whence it is employed in

fumigating and perfumery; its sp. gr. is 1' 028-1 '054, according to one authority, or 1-082,

according to another ; it is readily melted by heat, insoluble in water, but completely soluble in

boiling alcohol. It is capable of application to varnish-making, like copal, and is universally

employed in varnishing the native pottery. There is no evidence to show whether the 670 lb. of

"goma algarroba " exported from Maraoaibo (Venezuela) iu 1880, and valued at 167J dol. (of 4s. 2d.),

was this substance or mezquite, which is also sometimes called algarroba.

Kauri, Kowrie, Cowdee, or Cawree (Fr., Dammar austral, de la Nomelle-Zelande
; Gee.,

Eaurie-copal).—This now familiar resin is afforded by several species of antipodean pints, chiefly

Dammara australis, and in minor quantity by JD. ovata, D. Cookii, and D. lanceolata, of New Cale-

donia, and D. Brownii of Queensland.

D. australis is now to be found growing only in the N.-W. peninsula of the N. island of New
Zealand, between 34J° and 37J° S. lat., though the fossil resin is found embedded in the soil and
in the coal-seams in various other parts of the colony, even so far south as Stewart's Island, showing
that the tree formerly ranged over the whole colony.

The largest quantity of marketable kauri is dug out of the ground. It is found at various

depths, from just above the surface of the soil to many feet below. It is found on bare hill-sides

on flat clay lands, in swamps, and even in some places that are covered with a more or less thick

coating of volcanic de'bris. Sometimes the fossil resin is found in small detached lumps, and at

other times large deposits occur in one hole. On cultivated land, it is not unfrequently turned up
by the plough ; and in many places, the cutting of drains in swamps has revealed large quantities.

The implements used iu digging for the fossil resin consist of a spade and a spear. The spear is a
long steel rod, about J in. diam., with a wooden handle, like that of a spade or shovel. The rod is

brought to a point, and the digger pierces it into the ground on the little knolls that indicate the
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proliablo BiU's of defunct trees. Practice and experience enable him to tell whether he is touching

a Btone or a piece of the resin. When he touches the latter, ho digs around it until it is extricated,

and tlien renuwa the search as before. The number of persons regularly engaged in digging varies

from 1800 to 3000, the greater part of whom are Maoris, but even they do not show any special

fiindness for the work. They resort to it when they become pressed for food and clothiui;, on
account of the failure of their crop-, or other causes. Many Europeans have resorted to this kind

of work, but they belong generally to the roughest class.

"Young "or recent resin is also obtained from the living trees, whence, at certain seasons,

there exudes a yellowish-white liquid, of viscous consistence and pleasant odour, gradually harden-

ing to an amber-like mass. In the forks of the large branches, deposits varying from a few lb. to

nearly 1 cwt. are sometimes met with. When a kauri tree is cut in the bark, even one of the

largest and oldest, varying in diameter from 6 to 10-12 ft., it will bleed like a young sapling. In

a few weeks, if the weather be dry, a large mass of half-dried resin will have oozed from the

wound, not unfrequently appearing in the form of a great thick band, reaching from the wound to

the surface of the soil around the tree. When a tree is felled, the stump bleeds in a like manner,

until large masses of resin can be broken off from the stump. This ''young" resin is white in

colour, and has not the rich amber hue which age imparts to it when stored beneath the surface

of the soil away from tlie action of sun and weather.

When the fossil resin is taken out of the ground, it is covered with earth, and its surface is

found to be in a partial state of decay. When the digger is tired of work, he puts his resin into a

bag, and caiTies it to his tent or hut, and in the evening, or upon rainy days, he scrapes off tho

decayed surface until the clear solid gum beneath is reached. When a sufficient quantity of it has

been scraped, it is put into a box or bag, and taken to the nearest store or public house, where it is

sold for what it will bring. Sometimes tlie purchaser will assort it, but it is not generally assorted

till it reaches the city buyer, who employs a large number of skilled hands for that purpose. The
resin, after it is scraped and assorted, is packed carefully in boxes, so as to prevent the lumps from
breaking. It is tlien ready for export. The dust and scrapings are also exported.

The totiil exports of the resin from New Zealand rose from 2850 tons in 18G9 to 5054 in 1871

and fell to 2568 in 1874 ; in 1880, they were expected to reach 5500. More than | goes ultimately

to the United States, being eitlier shipped direct to New York and Boston in sailing vessels, or via.

Ix)ndon. Our imports rose from 36,514 cwt. in 1S7(J, to 60,844 cwt. in 1880, from New Zealand
alone; in the latter year, there were 2910 cwt. additional from other countiies, the total being

63,760 cwt., value 192,658/. Some of the resin is used in New Zealand for vamish-making, and
some of the "young" resin is consumed as a masticatory by the Maoris. The living forests are

rapidly disappearing. The Government has taken no steps for their perpetuation, eitlier by
conserving or planting ; and at the present rates, it is estimated that 50-80 years will see the bulk
of the trees destroyed. The question remains, what amount of the fossil resin may bo assumed to

exist, but it is extremely difficult to form any correct opinion. Our re-exports of the resin in lyso
were 22,523 owt., 62,133/., to the United States; 3334 cwt., 11,94H., to Holland; 2842 cwt.,

10,227/., to Germany; 2019 cwt., 7835/., to other countries; total, 30,718 owt., 92,136/. The
approximate London market values are :—Packings and rough, 20-80s. a owt. ; scraped, 46-97s.

;

good to flue scraped, 55-122s. ; selected, 115-200s.

Kauri occurs in commerce in large pieces ; the fossil resin is usually pale-yellow or greenish-

yellow, dirty-brown in inferior samples. The lustre is sometimes opaline ; the fracture is eon-

choidal and vitreous ; the odour is balsamic, and pronounced and characteristic in recently-broken

or well-preserved pieces ; the flavour is aromatic and pleasant ; thesp. gr. of the New Zealand resin

is 1-062-1 109, that of the New Caledonian is 1-119. It readily melts and dissolves in boilino-

alcohol, and in turpentine-oil ; also in sulphuric acid, with a red colour. The Maoris burn it to

obtain a fine black pigment from the smoke, and use it as a masticatory. In Europe and America
it is chiefly employed for making a varnish rivalling copal, and for giving a gloss to calicoes.

Some of the finer specimens are made to replace amber in jewellery, but are less hard and more
brittle. It has been used to some extent as a substitute for shellac in photographic varnishes.

Kino (Fr. Kiiio; Geb. .ff^ino).—The term "gum kino" is applied to a class of astringent

extracts of varied origin, none of which can accui-ately be called either resins or gums.

1. F. Indian or Amboyna Kino.—This is obtained from Pterocarpus Marsupimn, a common tree

in the Central and S. parts of the Indian peninsula, and in Ceylon ; and a liquid kind from
y. indictis, of S. India, Burma, Malacca, Penang, the Andamans, and Malaysia. The collection

of the juice is effected in the following manner. A perpendicular incision, with lateral offshoots,

is made in the stem of the tree when blossoming has set in, and a receptacle is placed at the

foot of tho incision. The exuding juice appears like red-currant jelly, but it soon thickens by
exposure to the air, and when sufficiently dried, is packed into wooden boxes for exportation. It

is one of the reserved timber-trees of the Government forests in Madras, and its juice is collected

by natives, who pay a small fee for the permission. The hardened juice consists of blackish-red,

.-, o 2
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angular, pea-like grains, partially soluble in water, al most entirely in spirit of wine of sp. gr. • 838,

readily in caustic alkaline solutions, and largely in a saturated solution of sugar. The liquid kino

produces a very inferior article on drying. Tlie annual collection of kino in Madras probably

.does not exceed 1-2 tons. Its approximate London market value is 60-150s. a owt. It is

employed medieiually (see p. 815), and in the manufacture of wines, and might be employed as a

source of tannin in dyeing and tanning, if sufSoiently cheap.

2. Butea, Bengal, Palas or Dhak Kino.—This variety is afforded by the pdlas or dhak tree (^Butea

frondosa), common throughout India and Burma, and affording a dyestuff (see p. 867, Tisso), and a

fibre (see p. 933), as well as by B. superbd. and B. parviflora. During the hot season, there issues from

natural fissures and from wounds made in the bark of the stem, a red juice, which quickly hardens

to a ruby-coloured, brittle, astringent mass. It occurs in small drops or tears, and in flat pieces

which have been dried on leaves, and is almost always mixed with bark-fiagments. It is trans-

parent, freely soluble in cold water, and does not soften in the mouth. It is unknown in European

commerce, but is employed in India as a substitute for the kind first described.

3. African or Gambia Kino.—This is derived from Pterocarpus erinaceus, a, native of Tropical

W. Africa, from Senegambia to Angola. The juice exudes naturally from fissures in the bark, but

more abundantly from incisions, and soon coagulates to a blood-red and very brittle mass, known
to the Portuguese of Angola as sangue del drago (" dragon's-blood "). It is practically undis-

tinguishable from the ofBciiial kind first described, but is not a regular article of commerce.

4. Australian, Botany Bay, or Eucalyptus Kino.—Several species of Eucalyptus afford astringent

extracts, those from the "red," "white," or "flooded" gum (E. rostrata), the "blood-wood"

(£. corymbosa), and E. citriodora, being quite suitable for replacing the officinal kind. It is chiefly

obtained by woodcutters, being found in a viscid state in flattened cavities in the wood, and soon

becoming inspissated, hard, and brittle. Minor quantities are procured in a liquid state by
incising the bark of living trees, forming a treacly fluid yielding 35 per cent, of solid kino on evapo-

ration. It is imported from Australia, but there are no statistics to show in what quantity.

Kos.—This name is applied in Ceylon to a yellow, viscid, milky juice obtained from the jack

tree (^Artocarpus integrifolia). While some accoiints describe it as furnishing bird-lime, and there-

fore somewhat resembling guttapercha, others compare it with the babul variety of gum arabio

(see p. 1632).

Wiesner describes a resin, which he calls " dammar selo," as a product of this species in

Singapore. It occurs in fragments and masses, often containing woody refuse. Freshly-
fractured pieces are sulphur-yellow. The sp. gr. is 1-099; the melting-point, 132° (269J° F.).

Lac, Gum Lac, Shellac, Stick Lac (Fk., Laque ; Gek., Lack).—Lac is a resinous incrus-

tation formed on the bark of the twigs and branches of various trees (all, it is believed, yielding

more or less of a gummy, resinous, or saponaceous fluid) by the " lac-insect" {Coccus Lacca). Tlie

incrustation is cellular, deep-red or orange-coloured, semitransparent, hard, and breaking with a
crystalline fracture. The substance is mainly formed by the female insects, which generally far

outnumber the males. Each female inhabits a cell, and the incrustation seems intended to serve as

a protection for her progeny. As soon as she is completely covered by the secretion, the female
lays her eggs, and dies. The young, when hatched, work their way out through the body of the
mother, eating the red substance with which her body is filled, and thus assuming the hue which
gives them their value in dyeing. Having pierced the resinous iucrustation, the young swarm on
to the bark, and at once commence secreting lac. The insect never wanders from the branch to

which it first attaches itself, and this, after affording nourishment to millions of the insect
decays ; but the extinction of the species, which thus seems inevitable, is remedied by the frequency
and distance to which the insect is transported by other insects and by birds. Artificial propaga-
tion is also now well understood, and described further on (see p. 1669).

The Indian trees frequented by lac, or on which it will attach itself, are very numerous. The
following list is probably far from being exhaustive :

—

Acacia arabica and A. catechu, Aleurites

[Croton'] lacciferum, Anona squamosa, Butea frondosa and B. superba, Carissa spinarum, Celtis Box-
burghii, Geratonia siliqua, Croton Draco and C. sanguiferum, Dalbergia paniculata and Z>. latifolia, Eriolcena

Bookeriana, Erythrina indica and B. monosperma, Feronia elephantum, Ficus cordifolia, F. elastica

F. glomerata, F. indica, F. infectoria, F. religiosa, F. venosa, and F. villosa, Garritga pinnata, Gordonia
floribunda, Inga dulcis, Kydia calycina, Zagerstrcemia parviflora, Mangifera indica. Mimosa cinerea

Nephelium Litchi, Ougeinia dalhergioides, Prosopis spicigera, Pterocarpus Marsupium, SchleicJwra trijuga,

Shorea laccifera and S. robusta, Spathodea Bheedii, Tectona grandis, Terminalia tomentosa Vatica
laccifera, Vismia laccifera and V. micrantha, Zizyphus jujuba and Z. Xylopyrus. The quantity and
quality of the resinous secretion vary considerably according to the tree on which it is found. The
best is confined to three trees, the palas or dhak {Butea frondosa), the peepul {Ficus religiosa) and
the koosum {Schleichera trijuga). The last-mentioned tree is said to produce two crops annually
(April-June, and October-December) in the Central Provinces of India, and its lac is reported to
keep good for 10 years, while that of the others lasts 2 years only.
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In Indin, lac occurs in Bongnl and Assam (abundantly), the N.-W. Provinees and Ouilh

(sparingly), the Central Provinces (abundantly), tlie Punjab, Bombay, Sind, and Madras (more or

less sparingly), and Burma (abundantly in some places). Lao is also found in some other

countries of S. Asia,—Siiim, Ceylon, some of the islands of the E. Archipelago, (Siina,—Siamese
lac beiiiR held in high estimation. In India, the best lac is obtained from Assam and Burma.
The quantities iiroduocd and utilized vary greatly in different provinces, according to circum-
stances, certain forests being rich in lac, which has hardly been touched, owing to difficulty of

access, nnd cost of carriage to tlie place of manufacture and port of shipment. In Bengal, lac is

protlucod abundantly in the jungle tracts of Beerbhoom, Chota Nagpore, and Orissa. In various

places in the forests of Assam, it is also found in large quantities, and forms a regular article of

traile, a portion of the production being manufactured at Dacca, and the rest sent to Calcutta.

The lowest average yearly supply from the PoorooUa district in Chota Nagpore is 15,000
miiinds, the actual yield being considerably more, and capable of great extension. From Singh-
boom, in 1867, about 1250 nuiunds of lac were exported. In the Gya district, the supply is

e^timate(l at 12,000 maunds ; in Kamroop (Assam), about 5000 maunds, with great capacity for

development ; in Hazaribaugh, 2000 tnatinds. These figures probably do not by any means
approximate to the actual yield of the districts named. In Bengal, lac is gathered twice a year

—

from mid-October to the end of January, and from mid-May to mid-July. In the X.-W. Provinces,

lac is obtained in some quantities from the Garhwal forests ; and, some years ago, was largely

exported to the plains. It is probable that most of the lac now brought down from Garhwal is

consumed in the local manufacture of toys and ornaments, and that very little, if any, is for

exportation from Calcutta. In the Punjab, the production of lac is universal, but it is much
inferior in quality to the lac of Central India or Bengal. In Sind, lac is only found in the forests

about Hyderabad, 12 miles north and south, but in these abundantly. In the other forests of the

province, it (itlier does nr-t exist at all, or in such small quantities tliat its cnllcction does not pay.

The cause of ifs occurrence near Hyderabad is worthy of investigation. It is found on the babool

(^Acacia arabioi), and is gathered from October till April-May. This tree seems while in full

vigour to be exempt from tlio attacks of the insect ; it is chiefly infested when in the serai-dry

state, and is not unfrequontly killed outright. Tlie lac produced in Sind is largely used in the

manufacture of the well-known lacquered ware of Hyderabad. In Oudh, lac is gathered in the

more wooded parts of the S.-l'.. districts (Roy Bareilly and Partabgurh) from various species of

Ficus, especially F. rcliiiioaa. It is exported to the Mirzapore factories and elsewhere. I^nrge

supplies might also be procurable from the N. forests, but the collection might be unprofitable,

owing to the want of manufaetories within a reasonable distance. Government obtains half the

produce in quantity or value from the gatherers. All the districts of the Central Provinces produce

lac, but it is particularly abundant in the E. parts. Large quantities are consumed in the towns
in the manufiictiire of bracelets and other articles, but most districts also export it to a greater

or less extent. These provinces could readily supply 25,000 tons of stick-lac annually. Most of

the lac produced in the Jubbulpore district is consumed in a European factory in the town. It

also comes to Jubbulpore and Jlirzapore in large quantities from Baipore, Bilaspore, Saugor, and
Mundla. lu IMundla, the right of collecting lac from the Government jungles has been leased to

the owners of the Jubbulpore factory. lu Sumbulpore, a Mirzapore firm (European) Iras for a long

time practically held the monopoly of lac collection. Boorhanpore and Bombay receive supplies,

though in small quantities, from the Nerbudda and Nagpore divisions. lu the Hoshungabad
district of the Central Provinces, the chief mart for lac is at Sobhapore, others of importance being

Hoshungabad and Babai. Into Sobhapore, lao is imported largely from Bankheri, Futtelipore, and
some of the bills on the other side of the Nerbudda, and from some of the jungles of the

Nursinghpore district. Hoshungabad and Babai receive lao from the malgoozaree jungles and the

hills beyond the Nerbudda, while it comes to Hurda and Seonee from the jungles of the

Hoshungabad and Betul districts. The lac-collectors are mostly jungle tribes, who sell the produce

in small quantities to Patwas, who again sell it in larger quantities to the regular dealers.

Much has been done in the Central Provinces of India in the way of propagating or cultivating

lac. In forming preserves for this purpose, the first point to be considered is the species of tree

which it will be desirable to utilize for the nurseries. The choice should fall (first) upon that or

those found in greatest plenty, assuming they are adapted to the purpose, and (second) upon that

which yields the best product. Of the trees previously named, the light-golden resin obtained from
the ioosum is the finest, as from it the most valuable orange shellac is manufactured; next in

quality is that obtained from the palas, which yields the garnet lao of commerce. Wherever
possible, therefore, the koosum tree should be chosen for standards ; but as the palas is generally

found in much greater numbers, area for area, its produce will nearly compensate in quantity for

the reduction in its value.

Having selected the forest for experiment, the next point to fix on is the local date on which
the insects leave the parent colls, a step of great importance, and one on which the first success
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of the plantation will very greatly depend ; aa, should the work of gathering brood lac be delayed

xmtil visible proof of tbe exit of larvae is obtained, a vast quantity will be killed in the operations

of collection, transport, and tying the encrusted twigs on the standards selected for the nurseries.

The date of evolution having been fixed on with some certainty, twigs of that season's lac should

he gathered about 15 days before, wrapped up in a few straws of grass, and attached to the trees

selected for production, with threads ofpalas root fibre, or something else as easily obtained ; each

twig should he 9-12 in. in length, and he attached to the upper and middle branches of the tree.

The grass tied round the twigs acts as a means of communication from the lac to the branches and

leaf petioles, by which, many insects are saved that would otherwise die from want ofnourishment,

for, owing to the crookedness and irregularities of the incrustations, contact between them and the

branches is seldom complete. It is also of importance to tie tl:e brood lac to the upper and middle

branches, as many of the lower ones, by this arrangement, become covered with insects, which are

shaken or fall from above ; whereas, if the lac be attached to the lower portion of the tree, many
larvse must fall to the ground and be lost. When attaching the twigs, it appears necessary to take

care that the wood of the standard is not of denser composition than the wood of the tree from

which the brood lac is gathered, as it is believed that the larvae reared on soft-wooded trees are

comparatively weaker than those which are found on species of harder texture. The brood lao

yielded by the koosum, a very hard-wooded tree, appears best suited for propagating purposes, as it

succeeds on trees of all other species. When several trees of the selected species grow together, it

does not appear necessary at first to artificially cultivate more than | of them, as, during the

succeeding evolution, the remaining J will almost certainly be brought under preparation by

natural means ; but as the success of the crop depends principally on the supply of juices obtained

by the female insects during the period they continue to deposit the resin, it is necessary to place

the brood lao on the youngest and most sappy branches.

Of the points to be noted in making preserves, the one of greatest importance, perhaps, is the

fact that the lac incrustations may be plucked several days before the larvse appear,—a knowledge
of which will enable a larger number of trees to be prepared during one working season than if it

was necessary to delay the operations until the evolution actually took place, as, owing to this

latter being nearly simultaneous in and about one locality, the period for forming the plantation

would be necessarily limited to the number of days it took for the cells to become empty; besides

which, by attaching the lac twigs before the birth of the larvaj, great numbers are saved, which
would otherwise perish during the process of being attached to the trees. Experiment has proved

that the incrustations may be gathered 2-3 weeks before the exit of the young, by which, as before

explained, much better results will be obtained than if it was necessary to delay the work until this

event took place. The date of exit varies considerably in forests separated by comparatively short

distances. These differences arise less from the latitudes of the forests than from certain local

conditions. There is much reported variation in the number of evolutions, and consequently in

the number of crops which are obtained, in different countries. In Mysore and Burma, it would
appear that three evolutions take place during the year. In the Central Provinces, only one good
crop in a year can be hoped for.

After the larvse appear, they crawl about the stems of the plant in search of young juicy spots,

from which, when once fixed by their prohosoes, they cannot be removed without fatal injury. The
male and female are identical in size and shape, and both commence at once the formation of their

cocoons by excreting a substance resembling lac, those of the males being ovoid or elliptic in form,

while those of the females are more circular, and exhibit three distinct apertures arranged in tri-

angular fashion in their roofs,—one being the anal aperture through which impregnation is

accomplished, and the larvse eventually swarm ; the other two, those by means of which the insect

obtains a supply of air. About ten weeks after birth, an important change has taken place in the

larvse ; tlie female cocoons are completed, and the insects have assumed the final or imago state

;

as the female remains fixed in the position she first took up on the twig, the male is obliged to seek

her, which he does by leaving his cell in a backward manner to the ventral aperture, and crawling

on to the female cells, where he fulfils his office, and almost immediately after dies. This exit of

male insects is a fact well to know, as, owing to the smallness of the animal and his superficial

similarity to the original larva form, it is possible for a novice to mistake such an evolution for one
of young larvse, and to commence gathering the twigs under the impression tliat a new birth of the

latter had taken place. If the lac is plucked before or immediately after impregnation has been

accomplished, the females must perish from being cut off from their sap supplies, and, as a natural

consequence, the young brood must be destroyed with them. Impregnation having been accom-
plished, the female busies herself in sucking up large quantities of vegetable juices, increases

greatly in size, and begins the excretion of the true Inc. The females must be attached to young
twigs by which bountiful supplies of iluid will be supplied them, otherwise they will die, or never

become fully developed, the lac cells will be small in consequence, and the eggs will sufifer in

number and condition. This no doubt is the reason why, in districts where the seasons are dry.
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and whom sliowors arc of uiifrequont occurrence during the hot weather, the summer crop ia

iDvariably poor auJ scarcely worth collecting. Muiature is one of the great essentiiiU for a lino

CMp of lac, anil many disappointments result from fixing on dry arid spots for the formation of the
plantations. The females cannot obtain sufficient nourishment at tliia period from the sapless
BteniH, and their death will be recognized by the pitted appearance assumed by tlie ctUs, the crowns
of which fall in as the insect contracts witbiu them, and by the cessation of the growth or dis-

a|ipearunce of the while filaments which obtrude from the spiracular orifices. Si.ecies such as

koomm and ijnokr {Ficus glomerata), which most frequently are found growing along the banks of

rivers, where the atmosphere is humid, are, for these reasons, especially adapted for yielding good
crops of lao; while the palas offers advantages, as its sap-producing functions are actively

employed during the hottest season of the year, when it forms both new wood and leaves.

Besides the damage brought about by fires, drought, and frost, whioli to some extent can be

guarded ayainst, there are otiier enemies to the crop wliioh are still more diflScult to contend witli.

Ants, both liiryo and small, attend the female cells for the purpose of licking up the sweet excre-

ment ; they appear to hurt the insect by biting off the ends of the white filaments, and thus brin^'ing

many an occupant of the cells to a premature end by stopping the supplies of breathing-air, which
the filaments serve to convey through the hules in the lac. Where ants are seen about the lao, it

never appears Iiealthy, and many cells are found with the insect dead inside them. The lac wh 1st

on the tree is also attacked by the larva of a moth, which appears to be a species of Gallerii. It

eats the juicy females of the coccus, and bores through tlje lac cells; it is found both in the li.M

and the store-room. A sec"n.l species appears to belong to the genus Tim-n. These insects destroy

the colouring matter contained in the females, and ahjo all hope of a brood of young from the cells

visited by them. At present there seems to be no way of protecting the lao from their depredations.

The ants, however, may be circumvented in two ways,—either by surrounding the trees with wood
ashes, or with something sufficiently attractive to draw their attention away from the incrustations.

It seems possible, owing to the great drain made on the sap of the young bmnclies by tlio

insects, that considerable damage will be found to re.-ult to the trees on whieh they are propagated,

and that it will bo necessary at some future time to fix a limit to the continuous cultivation of

lao on the same tree ; at any rate, it will probably be found beneficial to both hic and tree if a
regular system of pruning be carried out, to encourage the formation of young twig or branch

wood.

In Mysore, lao is produced in all three divisions, but chiefly in Nundidroog, and is found must

commonly on Vatica laccifera. The insect thrives well in Mysore, and it might by cultivation be

raised to any extent on trees growing on barren soil which would otherwise yield no return. The
oarob tree (^Ceratonia sitiqua), which is about to be introduced into 5I\ sire, will probably, if it will

succeed in the province, be found well adapted to this purpose. It will flourish in dry and stony

soil, and the lac insect seems to be much attached to it. The supply of lac in the province is large,

and could no doubt be considerably increased. Apparently the lac produced in Madras and Mysore

is consumed locally, for the exports from Madras are next to nothing.

The mode of propagation in Mysore is as follows :—The insects are applied to tho branches of

the trees {Vatica laccifera) 3 times in the year, the old brandies with the insects on them being

lopped oflf, maile into small bundles, and tied up to fresh branches. Tlie insects then begin to build

their cells on the branches, and continue occupied for about 3 months. When this period has exjiired,

the young leave their abode. This opportunity is carefully watched, the insects are secured for

further use, and the lao-eovered branches are gathered, each tree producing on an average 2; seers.

The insects are Invariably applied to immature trees or saplings, as the old trees do not contain

sufficient sap for their nourishment. It is as much artificially propagated, or cultivated, as any

other mw material for manufacturing purposes. If it takes to a tree not considered suitable for

elaborating the colouring matter and gum, it is removed thence, and placed upon others where it

thrives better. In Central India, the application of "seed " to a new tree takes place in Juno for

the November crop, and in October for the April crop. If the seed is placed on a congenial tree,

the produce does not deteriorate from the same seed being left any time on the same tree, so

long as the tree retains its vigour. It has been successfully propagated after a transport of some

hundreds of miles.

Tho vast forests of British Burma are capable of producing an almost unlimited quantity of lac

;

but hitherto the largest portion of the quantity available for shipment has been brought from

Upper Burma and the Shan States, and tho principal market is found in Calcutta, where the rough

stick-lac is manufactured into shell-lac for export. The product i--, to a small extent, procurable in

the hill tracts of Arakan, and with encouragement it is susceptible of development. Prizes have

been offered to the people to stimulate the propagation of the insect, and State plantations have

been formed at Toungoo, and JIagayee, with success, while another at Sittang has quite failed.

The Padoung Karens, beyond the N.-E. frontier of Burma, carry on tlie production of lac upon

n lar-e scale, and in a systematic manner. lu Assam, a small quantity of lao is produced iu the
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district of Darrang. In some districts, the insect is artificially reared on the jhwi tree (Ficus

cordifoUa),

In its raw condition, inorusted around the twigs of the tree on which the insect feeds, lac is tech-

nically called " stick-lac." The twigs are generally, for convenience of transport, cut up in lengths

of 2-3 in., and it is probable that a great deal of material is wasted in this process. The objects of

the manufacturer are :—(1) To separate the resinous incrustation from the wood ; (2) to free the

resin from the colouring matter
; (3) to convert the resin into what is known as " shell-lac "; (4) to

form from the colouring matter cakes of dye known as " lao-dye." As generally practised, these

processes are conducted in a primitive manner. The first step is to strip the twigs of their covering

of lac, for which purpose, they are placed under a roller on a, platform ; the roller being rapidly

passed over them, the coating comes off, leaving only a small portion adhering, which requires hand-

picking for its separation. The wood is rejected. The separated lac is reduced by rolling or other

simple means till it will pass tlirough a moderately coarse sieve, say J-in. meshes. It is next placed

in large tubs half-full of water, and is washed by coolies, who, standing in the tubs, and holding on

to a bar above by their hands, stamp and pivot about on the heels and toes, until, after a succession

of changes, the resulting liquor comes off clear. The lac (now " seed-lac "), having been dried, is

placed iu long cylindrical bags of cotton cloth of medium texture, and about 10 ft. long and 2 in.

diam. These bags, when filled, are taken to an apartment where there are a number of chulus,

or open charcoal furnaces. An operator grasps one end of the bag in his left hand, and slowly

revolves it in front of the fire ; at the same time an assistant, seated at the other end of the bag,

twists it in the opposite direction. The roasting soon melts the lac in the bag, and the twisting

causes it to exude, and drop into troughs placed below, which are often only the leaves of Agme
americana. When a suflScient quantity iu a molten condition is ready in the trough, the operator

takes it up in a wooden spoon, and places it on a cylinder, some 8-10 in. diam. ; sometimes the

cylinder is of wood, the upper half being covered with brass ; in some places, the freshly-cut, smooth,

cylindrical stem of the plantain is used for this purpose ; or the cylinder may be of porcelain, filled

with some heat-absorbing material. The stand which supports the cylinder gives it a sloping

direction away from the operator. Another assistant, generally a woman, now steps forward with

a strip of Agave in her hands, and with a rapid and dexterous draw of this, the lac is spread at once

into a sheet of uniform thickness, which covers the upper portion of the cylinder. The operator

outs off the upper edge with a pair of scissors, and the sheet is lifted up by the assistant, who waves

it about for a moment or two in the air, till it becomes quite crisp. It is then held up to the light,

and any impurities (technically " grit ") are simply punched out of the brittle sheet by the finger.

The sheets are laid one upon another, and, at the end of the day, the tale is taken, and the chief

operator is paid accordingly, the assistants receiving fixed wages. The sheets are placed in packing-

oases, and, when subjected to pressrue, break into numerous fragments. In the fresh state, the

finest quality has a rich golden lustre. These sheets and fragments form the "shell-lac" or

" shellac " of commerce.
" Button-lac " differs from shellac only in form. Instead of being drawn over a cylinder, the

melted lac is allowed to fall upon a plane, and assumes the shape of large, flat, gingerbread-nuts,

about 3 in. diam. and i in. thick. The manufacture of lac-dye is described on pp. 861-2.

Elliott Angelo, of Cossipore, has adopted improved methods and machinery in his factory. The
first of these is in the washing department, where steam-driven cylinders with internal rotating

arms are used. The macerated seed-lac is melted in closed steam-heated vessels, with addition of

rosin, which is said to act as a flux and a preventive of burning, and subsequently to evaporate.

The cylinders for making shellac are formed of zinc, and maintained at an equable temperature

by internal pipes supplied with tepid water. Lac is frequently adulterated with orpimeut, which

imparts a fine yellow colour ; and very largely (up to 50-60 per cent.) with common rosin. The
latter may be readily detected by its odour on breaking the mass. The chief grades are " fine

orange D C," "liver," "garnet," " native leaf," and "button." The approximate relative market

values in London are :—Orange, 65-200s. a cwt. ; liver and native orange, 65-175s. ; garnet, 60-

155s. ; button, dark to middling, 60-180s. ; button, good to fine, 70-200s. ; seed-lac, 80-90s. ; stick-

lac, Siam, 45-140S. In India, lac is used chiefiy in the manufacture of various trinkets. In

Europe, it is largely employed in the preparation of spirit-varnishes, cements, lithographic ink, and
sealing-wax, and as a stiffening for hats. White shellac is usually kept in water, by which means,

its capability for solution is preserved. This property is lost within a fortnight of its preparation,

by exposure to the air ; within the period, it is readily soluble in naphtha or " finish."

The trade in lac is extensive. Our imports of seed, shell, stick, and dye lac have been :

—

98,855 cwt., 530,017?., in 1876 ; 100,442 cwt., 895,831?., in 1877 ; 79,593 cwt., 273,923?.,

in 1878; 51,159 cwt., 179,305?., in 1879; 68,081 cwt., 369,317?., iu 1880. The imports

of 1880 were contributed as follows:—Bengal and Burma, 54,179 cwt., 347,998?.; other

countries, 3902 cwt., 21,319?.; total, 58,081 cwt., 369,317^. Our imports from Bengal and
Burma fell from 95,058 cwt., in 1877, to 47,368 cwt. in 1879, and only recovered to 54,179 cwt. in
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18S0. Our imports from tlic Straits Settlements fell from 5228 cwt. in 1876, to 541 cwt. in 1879,

and only recovered to 832 cwt. in 1880. Our re-cxport.f in 1880 were:— Ti> the United States,

M.ISS'.i cwt., 10,22'M.; Germany, 10,458 cwt., 61,542/.; Holland, 4200 cwt., 23,336/.; Kuasia,

2801 owt., 16,319/.; France, 2G53 cwt., 17,946/.; other countries, 4124 cwt., 21,084/.; total,

38,iJ2.''p cwt., 211,360/. It is necessary to rcpeut that all these figures inclnde lac dye. The Indian

exports, excludiuj,' lac dye, were:—68,264 cwt. in 1875, 92,915 in 1876, 109.661 in 1S77, 95,07.5 in

1878,83,1112 in 1870. The relative proportions of the several kinds in 187j-6 were :—Shellac,

80,645 cwt. ; stick-lao, 207 cwt.

There remains to mention under this head the discovery of the same or a very closely allied

insect, capable of affording the same product, in some portions of the United States. The plants on

which the insect has been found are Acacia Greggii, and the creasote bush, stinkweed, or etiontio

{Larrea mcxicana). These plants flourish abundantly from S. Utah to New Mexico, and from the

Colorado Desert to W. Texas, wherever the rainfall amounts to 3 in. annually. The second species

is particularly common on the hills bordering the Gila, and on the sandy wastes adjacent to Tucson

and Camp Lowell, in Arizona. With care and cultivation, there seems to be no reason why
these natural resources should not be developed so as to render America independent of foreign

supplies of shellac.

Lig^num aloes.—See Perfumes—Agar, pp. 1523-4.

Iiiquidambar.—See Storax, pp. 1682-3.

Mahogany.—The mahogany tree, Swietenia Mahogani (see Timber), under cultivation in Bom-

bay, affords an abundance of a superior silvery-looking gum, of which no use seems to he made.

Mango.—On wounding the bark of the mango {M,Lii<ji/em inclim), which is common everywhere

in India, there exudes a soft, reddish-brown gum-resin, hardening by age, and much resembling

bdellium. It is often mottled in such a way as to lead to its confusion with asnfoetiJa (the hing

variety), or with amygdaloid benzoin. It has a strong and persistent odour of ripe mangoes,

and emits a smell of roasting cashew-nuts when burnt in a candle-flame. It dissolves p:irtially in

water, and completely in spirit. It is used medicinally by the natives of India.

Mastic or Mastich. (Fb., Mastic ; Geb., ^fastix).—The lentiso or mastic shrub (^Pistacia

Lentiscus) is a native of the Mediterranean cuaat region, including Spain, Portugal, Italy, Greece,

the islands on the Turkish coast, Syria, Morocco, and the Canaries. Formerly the resinous exuda-

tion was collected from the plant in Cyprus, and experiment has proved that it might easily

be obtained in some of the other members of the Archipelago, yet the production is now exclusively

confined to tho island of Soio (Chios). The mastic country of Chios is usually flat and stony, with

little hills intervening, and few streams. The principal villages engaged in the industry are

Caliniassia, St. Georges (S. of Anabato), Ne'nita, Mestn, and Kalamoti, besides about a dozen

of minor importance. The shrubs are about the height of a man. The bark of the stems

and branches contains resin-ducts, which require but slight Incision to provoke exudation. About

June-August, the bark of the stems and chief branches is thickly scored with vertical cuts,

the operation being renewed 3-4 times during the period. The exudation flows freely, hardens, and

dries, so that about 15-20 days later it can be collected in little baskets lined with white paper or

clean cotton wool. The ground beneath the shrubs is kept hard and clean, so that accidental

droppings may not be spoiled. The small quantity spontaneously exuded by the lesser branches is

of superlative quantity. A fine tree may yield a total of 8-10 lb., but a shower of rain during the

harvest produces disastrous results ; frosts are very injurious to the trees, but of rare occurrence.

There are 4 qualities of mastic:— (1) "Cake" is composed of large pieces, and is considered

the best by connoisseurs; it is sold chiefly for use in the seraglios, all Turkish women chewing*

mastic; its prise is 120-130 jhkis/'Cs (of 2d.) per oke (of 2-83 lb.), and even more. (2) Large tears

are ordinarily worth 90-100 piastres. (3) Small tears or pearls fetch 70-85 piastres, and are used

industrially. (4) Mastic mixed with fragments of leaves and with sand is consumed in the

manufacture of the Turkish liqueur called raki or '-mastic brandy."

Mastic tears are pale-yellow or slightly greenish, the colour deepening with age ; they are either

dusty and opaque, or washed and glassy externally and transparent internally. They are brittle,

with oonchoidal fracture, and a turpentinous balsamic odour, and are readily distinguishable from

sandarach by softening and kneading in the mouth. The sp. gr. is 1 04-1 • 07 ; the softening-point

is 80°-99° (176°-210° F.), the melting-point, 105°-120° (221°-248° F.). The resin dissolves in half

its wei"ht of pure warm acetone, and slowly in 5 parts clove-oil. The medicinal use of mastic in

Europe is a thing of the past, and the little that arrives here is employed in varnish-making. All

the good qualities are eonsumed in the Levant. Chios exported 28,000 lb. " picked " and 42,000 lb.

" common " mastic in 1871. The approximate London market value is 2s. Gd.-is. Gd. a lb.

In the Indian bazars, another mastic is met with, which is afforded by Pistada cabulica

and P. Khinjuk, trees found growing all over Sind, Beluchistan, and Afghanistan. The better

qualities much resemble Chian mastic—being sold as mustagi-nim{ (" Roman mastic ") in India

—

and sometimes appear in the European markets as " E. Indian " or " Bombay " mastic.
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The Arab tribes of N. Africa collect the resin of P. atlantica (see Turpentine—Chian, p. 1687),

and use it as mastic.

The term " Cape mastio " has been applied to the resinous exudation of the reain-bush

or harpuis-bosch {Euryops multifidus), growing plentifully at the Cape, notably in the Clanwilliam

district, and utilized by the colonists.
"

The product exported from Manilla as " gum mastio " is probably dammar (see p. 1644).

Mezquite, Mesquit, or Mosqueit.—The mezquite tree (Prosopis glandulosa) is a native of

the W. States of America, ranging from the Canada river southwards into Mexico, appearing in

Texas, not far from the coast, and constituting the most abundant tree as far west as Colorado and

the Gulf of California. It frequents dry and elevated situations where scarcely anything else will

grow. Other species are named P. dulcis and P.juliflora. From natural fissures in the bark of

the stem and branches, there spontaneously exudes a gum which can hardly be distinguished from

Aoacia gums (see Arabic, pp. 1630-3, especially Senegal), and is quite suitable for replacing tlicm.

As it exudes, it concretes into tears and lumps of various sizes, ranging in colour from pale-yellow

to dark-amber. It is very brittle and pulverulent, and has a brilliant fracture. The quantity

yielded by one tree is 1 oz.-3 lb., the best being from the branches ; it might probably be much
increased by judicious ineibing. As much as 12,000 lb. of the gum has been gathered in one

year in Bexar county, Texas, and a like quantity between that and the coast. It is sent to San

Francisco from the Mexican ports of the Pacific, and has recently been exported. The commercial

value of the finest Mexican gum is about Is. a lb.

Moch.urrus, Muclierus, Mojrus, or Mochxas.—This is an astringent, gummy exudation,

forming irregular, iuflated, hollow, dark-brown exoresceuoes on the Salmalia^ malaharica, and
apparently a result of a diseased action, whose origin has not yet been investigated. It is used

medicinally by the natives of S. and W. India, mainly for its astringent qualities.

Moringa.—Moringa gum is afforded by Moringa pterygosperma (see Ben-oil, pp. 1378-9), and has
sometimes been confounded with machurrus. The samples vary in colour from red and pink to

almost white ; and in shape, from stalactitic pieces to tears. It is insoluble in water. It is obtained

iu great quantity, and has been proposed as a substitute for tragacanth, but its colour would pro-

bably be an obstacle. About 8 3 per cent, of the natural gum is soluble in alcohol, and 7 " 85 of the

remainder in ether, while the residue is almost completely dissolved by alkalies.

Myrrh (Fb , Myrrhe ; Ger., Myrrhe).—The sources of myrrh have been a puzzle to generations

of pharmacologists, and though the recent labour's of Wykeham Perry, Capt. Hunter, and Dr.

Trimen have helped to remove some of the doubt surrounding the subject, there is still abundant

scope for further research. That myrrh is afforded by one or more species of Balsamodendron seems

certain. The greater part, the myrrh proper ("African" or "Turkey" myrrh), called mor by
the Arabs, mulmul by the Somal, and hira-bol in India, Is ascribed to B. Myrrha, the didthin of

the Somal, which Trimen thinks may prove to be identical with the Indian B. Berryi. But there

is a second kind of myrrh, holding an intermediate position between true myrrh and the bJelliums,

once known as " B. Indian myrrh," the bissa-bol of Indian commerce, and habaghadi of the Somal

and Arabs ; this has been referred by Holmes to B. Eafal. A third variety of myrrh, called

"Arabian" by Hanbury, is obtained in the country lying E. of Aden, from a plant which diiiers

considerably from B. Myrrha, and which the Kew authorities are inclined to consider as B. Opobal-

samum, and identical with Berg's B. Ehreiibergianuni.

The geographical distribution of myrrli-yielding plants is, of course, similarly indefinite. Four

distinct districts may be named as the probable sources :—(1) Somali-land, extending southwards

from Cape Gardafui and Berbera
; (2) the triangle included between Tajura, Harrar, and Shoa

;

(3) the neighbourhood of Ghizan, on the Arabian shore of the Bed Sea, opposite Masowa;

(4) the Arabian coast country stretching B. of Aden. The variety of the gum-resin yielded by
each locality is not a matter of certainty. It is generally supposed, however, that true myrrh
^hira-bol) is obtained from the first-named district, and brought from the Wady Nogal, Maiuyan,

Ogadain, and Agahora, many trees being found also on the hot sunny declivities of the coast range

called Ahl or Serrat mountains, at 1500-3000 ft., and a few on the hills behind Bunder Mareyeh.

The bissa-bdl variety would seem to be chiefly the product of Harrar and the country lying W. of it,

notably the district S.-W. of Zeila, the Adal desert, and tlie jungle of the Hawash. The Ghizau

plant has been called B. Ehrenbergianum, and identified by Oliver with B. Opobalsammn, a myrrh-

yielding plant found by Schweinfurth on the Bisharrin mountains of Abyssinia, but Schweinfurth

does not admit the identity. The " Arabian " myrrh is produced in the Padthli country, some
40-60 miles E. of Aden. The article locally known as hotai or hodtliai, derived from B. Pluyfairii, is a

bdellium rather than a myrrh, and has been described under the former name (see p. 1637). It

must be admitted that future research may prove the varieties of myrrh to be due to differences in

soil, climate, and time and mode of collection, as much as to specific dissimilarity in the plants

themselves.

The secretion of the gum-r^sin, according to Marchand's examination of B. Myrrha, is mainly
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in the cortical layers, with a little in the medulln. Exudation takes place spontaneously, incisiona

never being made in tlio plants, though bruising with stones is sometimes resorted to, according to

Johnston. It escapes from the bark aftir the manner of cherry-gum, haying at first an oily and

then a, buttery consistence, and changing its colunr while hardening from yellowish-white to

golden and finally reddish. It is brought into commerce Cliiefiy by way of Uerbera, an E. African

port nearly opposite Aden, where it is bought by Banian traders at the great annual fair in

November-January, and shipped largely to Bombay. Tlie crude article thus exported, having

been collected by ignorant and careless natives, contains all qualities of myrrh, mixed with

bdelliums and other foreign resins and gums, and various impurities such as bark and stones. At
Bombay, a certain amount of sorting is done, the best samples coming to Europe, the commoner
going to China for burning as incense ; this sorting is carelessly performed, and needs to be supple-

mented by a sei'ond one here. The article is first sifted to remove the small fragments, and is tlien

hand-picked, yet tlie greatest care cannot prevent the occasional presence of spurious gums, even in

the best grade.

Myrrh may be distinguished from its impurities by its fracture, odonr, and flavour. Com-
mercial myrrh (hira-hol) may be conveniently divided into " soft " and " dry," though brokers do

not recognize any such distinction. The soft kind occurs iu irregularly roundish masses, varying

in size from small grains to pieces as large as hens' eggs ; it has a dull, waxy fracture, and is

readily impressed by the finger-nail, emitting an oily exudation. The fracture oftuu shows

whitish markings, either in nan-ow curves concentric to the side which was attached to the tree, or

broad streaks, but never exhibiting cracks filled with transparent risin, characteristic of bissa-b6l.

The fragrant odour of myrrh is quite sui (/eneris; the tlavour is similar, aromatic nnd slightly

bitter; the colour varies from deep reddish-brown to almost colourless, the palest being most

esteemed. Tiny transparent tears sometimes appear on the usually powdery surface ; they ai'O

due to the resiniflcation of oil which has been exuded. Soft myrrli, beaten in a moi-tar for some

time, forms a greasy paste, and cannot be powdered. Dry myrrh exists in inegular lumps; its

fracture is conehuidal and shiny, resisting the finger-nail, and giving no oily exudation ; iu odour

and flavour, it iigrecs precisely with soft myrrh; the white markings of the latter are absent. It

contains a much larger proportion of gum (75 per cent.). It is possible that the same tree may
afford both soft and dry myrrh at different seasons. Parker has shown that the one is not

converted into the other by long exposure to the air. In external appearance, bissa-bul is much
like soft myrrh ; tlie fracture is waxy, yielding to the finger-nail, and exuding an oily matter

;

but the whitish markings are traversed by angular interstices filled with transparent reddish-

brown resin or gum-rcsiu ; and its powerful aromatic odour is quite unlike that of true nijrrh, and

has been compared with the odour of apples and of " lemon-lollipop," and with the flavour of the

spring mushroom. It is possible that this is the addi or " false myrrh " of a recent traveller in

Somali Land (Georges Ke'voil), which he descriljes as being of the same colour, but more powerful

odour, and easy of recognition from its always appearing oily. The main constituents of myrrh
are some 40-75 per cent, of gum, 23-45 per cent, of resin, and a very uncertaia quantity of

essential oil. The gum is soluble in water ; the resin partially iu alkalies and carbon bisulphide,

completely in chloroform and alcohol. The gum separated in making tincture may be used lor

making a common mucilage.

The principal exports of myrrh take place, as before stated, from Berbera ; but several other

ports participate in a minor degree. The drug is shipped from all parts of the Somali Coast to

Mokho, Jedda, Aden, MakuUa, the Persian Gulf, India, and China. Georges Ke'voil mentions

3 ports on the Medjourtine coast as receiving it for shipment:—Bender Gasem, 30 bohars (of say

300 lb.) annually; Borah, 3 boluxrs annually; and Hafibfln, 25 bohars in 1877. This is mainly

bissa-bol, of which, Bombay, in 1872-3, received 224 ewt. from Adeu, and shipped 138 cwt. to China.

Some also finds its way overland to Brava (about 1° N. lat.) and Zanzibar. Aden exported

1439 cwt. of myrrh in 1875-6, about J going to Bombay, and | coming direct to the United

Kingdom. The Bombay imports of hira-bol in 1872-3 were ;—16 cwt. from the A£i-ican coast, 188

from the Red Sea, and 290 from Aden; the exports were 546 cwt., 493 being to the United

Kmgdom. Shanghai imported 331^ piculs (of 133i lb.) of myrrh from Hong Kong in 1879. The

approximate London market value of myn-h is 140-240s. a ewt. for good to fine, and 60-190s. for

ordinary to fair. It is used largely in medicine, though possessed of no important powers ; and iu

perfumei-y. In India, bissa-bdl is given to milch-cows and buffaloes to improve the milk-yield, and

is used as a size and in incense.

Other Balsaniodendrcm products are described under Balm of Gilead and Bdellium, pp. 1636-7.

Ifagdana or Loban.—The resin bearing these names is produced by au undetermined

species of Burseraceous tree in India. It has a deep transparent red colour, and exudes very

freely during the hot months (March-April), much finding its way into the earth, and there

concreting, to bo dug up long after the tree has disappeared. Large masses are sometimes found

after a forest fire.
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Olibanum (Br., Encens; Geb., Weihrauch).—The ignorance concerning the origin of myrrh is

equally prevalent in the case of olibanum. The results of the very attentive study -which Capt.

Hunter has long devoted to the subject may be summarized as follows. There appear to be

five different kinds or grades, two of which bear dissimilar names in E. and W. Somali Land. The
names given are :—(1) Mohr ad or mohr %f6d, (2) mohr madao, (3) mohr dadbed or mohr as, (4) kardon,

(5) yegaar. (1) Tiie first is obtained in strips sometimes 1 ft. long, though the ad is never so long

as the lafod; the plants yielding it are found on the coast range, especially near water-courses. The
Kew authorities consider the lafod plant to be probably a smooth-leaved form of Boswellia Carterii,

while the ad plant is identified with B. Bhau-Dajiana, which may be itself an extreme form of

B. Carterii. (2) The madao tree is comparatively rare, and its product is not highly esteemed, as it

is sticky, and apt to discolour and depreciate other kinds when mixed with them. (3) Dadbed and

as are reddish-coloured, and afforded by a tree which is " common near the sea," but quite unknown

to botany. (4) The kardon kind is but little valued, and is only added to the others as a make-

weight; the tree is alleged to be rare, growing isolated on hUl-tops. Nothing is known of it

scientifically. (5) The produce of the yegaar or gekar plant {Boswellia Frereana) is kept quite dis-

tinct from the four preceding kinds (which are indiscriminately mixed), and is known as mati or

luban-mati (variously spelt) ; it is likened by Capt. Hunter to the product of a Socotran tree called

amiru, which is likewise unknown.

The region occupied by the trees yielding olibanum or true frankincense is defined by Carter as

extending over that portion of Somali Land contained between the Sabhan mountains (in 17° 30'

N. lat., and 55° 23' E. long.) and the town of Damkote, in the Bay of Al Kammar (in 52° 47' E. long. ).

S. Arabia is said no longer to produce any. The plants affect two distinct localities : the Nedjee,

or high land, 2 days' journey from the sea ; and the Sahil, or plain on the coast. Capt. Kempthorne
describes the trees on the coast of Adel as growing witliout soil, out of polished marble rocks, to

which they are attached by a thick mass of the weathered rock, the growth of the trees appearing

to be finer in proportion to the purity of the marble. The young trees are said to furnisb the most

valuable gum-resin, the older yielding a clear glutinous fluid resembling copal varnish. The
fragrant gum-resin is distributed throughout the bark, leaves, and flowers of the plants. Its

collection by the Medjourtine [Mijjertheyn] tribe of the Somalis is conducted as follows :—During

the hot season, commencing about the end of February or beginning of March, the trees are visited

in succession, and a deep incision is made in the stem of each, a narrow strip of bark being torn off

for about 5 in. below the wound. After about a mouth, the old incision is deepened ; and after the

3rd month, this is repeated. When the c-iudation is supposed to have attained the proper consist-

ence, parties of men and boys go out and scrape the large globules into baskets, making a separate

collection of the inferior quality which has run down the stems. As first removed from the

trees, the gum-resin is very soft, but it soon hardens. The collecting is repeated every fortnight

during the season, the crop increasing as it advances, till mid-September, when the first rain closes

the year's harvest, and spoils a portion of the product. The collection of the gum-resin in S. Arabia,

is (or rather was, for it is said to be now discontinued) performed by bands of Somalis from

the opposite coast. Longitudinal incisions are made in the bark in May and December, when it

appears much distended. The gum-resin issues as a milky fiuid, and partly concretes on the stems

beneath the incisions, partly falls on the ground. The Arabian article was always considered

inferior to the African. The present supplies bearing Arabic names are said to be imported from

Africa into the Arabian ports whence they are named.

Commercial olibanum fluctuates in quality and appearance. Speaking generally, it is a dry
gum-resin consisting of long detached tears mingled with irregular lumps, and often with fragments

of brown papery bark adhering. The colour is pale-yellow or brownish to greenish or nearly

colourless. The smallest grains even are not transparent, but become so (or nearly so) by heating

at 94° (201J° F.). The fracture is dull and waxy, with no trace of crystallization. The gum-resin

softens in the mouth, giving a turpentinous and slightly bitter flavour ; the odour is agreeably

aromatic, and much intensified by a high temperature. The composition may be generally stated as

4-7 per cent, of essential oil, 27-35 of gum, and the remainder of resin. The local classification and
valuation of olibanum may be approximately given as follows:—(1) Fessous [fasus^, a dry pure
article, consisting of tears of powerful odour, exported from Ongar, and estimated at 30 dollars (of

2s. lid) per bohar (of variously 300, 440, and 450 lb.) ; (2) naghua, less pure, 20 dol. ; (3) wodjendel

[madjendel, jandut], very impure, containing much bark, 15 dol.
; (4) l&an maheri [mascaW], quite

white, a very rare article, 42 dol. The London market values are about the following :—Pale
drop, 60-908. a cwt. ; amber and yellow, 40-85s.

;
garblings and siftings, 15-35s. The one

important use of the gum-resin is for burning as incense.

Olibanum is shipped from most of the ports of the Somali country, but chiefly from Berbera,

Bunder Mareyeh, and Zeila. The shipments from the Arabian coast between Damkote and
Al Kammar are now unimportant, and said to be merely re-exports (received from African ports).

The chief destinations of the gum-resin are Bombay and Aden, though Jodda is reported to receive



PERU BALSAM. 1677

Bomo 12,000/. worth annually by way of the Straits of Bab-el-Mandeb. In 1872-3, Bombay
importeJ 18,751 owt., and re-exported 24,461 cwt., of which, 17,446 went to the United Kingdom,

mid 6ist to China. The Chinese imports in 1879 were 1124 piculs (of 133^ lb.) at Slianghai [they

were l;iOO in 1872], and 642 at Hankow.

There are other resin-yielding species of Boauellia, as follows:— (1) B. papyrifera IPlosslea flori-

6un/u], the makar of Sonnaar and the mountainous region up to an altitude of 4000 ft. on the

Takazze and Mareb rivers (Abyssinia), afforda a transparent resin, which is not collected, and has

no apparent value. (2) B. glabra and serrata, especially abundant on the trap hiUs of the Deccan

and Satpura range, and readily propagated by cuttings, yield a soft, fragrant resin, which is locally

used as incense, and called " Indian olibanum," or dup salai. 3. B. Frere^ina, a tree growing on the

bare limestone hills near Bunder Mareyeh, an important village lying over 30 miles W. of Cape

Gaidafui. The trees are carefully guarded, and sometimes propagated. The resin, the " Oriental

"

or " African " elemi of older writers, and one of the resins anciently called " animi," exudes

abundantly after incisions (which are made every week during the season), and is collected by

the Somalis, and disposed of to traders for conveyance to Jedda and the Yemen porta. It occurs

in detached tears, and in etalactitic masses of several oz., the tears being more esteemed by the

natives. It has a brilliant conchoidal fracture, an agreeable odour of lemon and turpentine, an

external, tliin, white crust, and generally fragments of the papery bark of the tree adhering. It

differs essentially in appearance from the other kinds of olibanum. It is largely used by the orientals

as a masticatory and for incense, and arrives rarely in Europe with olibanum. Aden received

1928 cwt. in 1875-6, of which, J went to Egypt and Trieste, J to Red Sea ports, J tn the United

Kingdom, and the rest to Bombay and the Danakil (Dankali) coast. Prof. Fluckiger thinks it

well fitted for any purpose to which common rosin. Burgundy pitch, and the allied resins or

turpentines are applied.

Opopanax,—This gum-resin is attributed to Opopanax Chironium, a parsnip-like plant of

S. Europe ; the allied product of 0. persicum obtained from Persia differs in appearance and odour,

though the drug met with in Indian bazars is regarded as of Persian origin. It is now extinct in

European medicine, and rarely met with, though apparently retaiuing considerable importance in

native Indian and Chinese practice. The roots are taken up when the plant begins to sprout, and

are broken off, the escaping juice being caught in leaves placed beneath, where it concretes in hard,

nodular, earthy-looking, bright orange-brown lumps, of penetrating offensive odour. It consists

mainly of about 42 per cent, of resin and 33 of gum. It is fusible at 50° (122° F.), and partially

soluble in alkalies, alcohol, and ether.

Orange.—It is recorded that the stems of the members of the Citrus family afford a useful

gum, said to be collected in the W. Indies ; but such a product is unknown in commerce.

Peru Balsam.—(Fa., Baume de Perou, de San Salvador ; Geb., Piiubalsam).—Tbis misnamed

gum-resin, the balsamo negro of the American Spaniards, and hoo-shect of the native Indians, is pro-

duced almost (if not quite) exclusively by Mijroxylon [.^fgrospermum] Pcreirw, a, native of the so-

called Balsam Coast, comprising the Indian Reservation Lands, forming a small district in tho

State of San Salvador, lying between 13° 35' and 14° lO' N. lat., and 89° and 89° 40' W. long. Its

only connection with Peru is the fact of its having been shipped via Callao to Europe in the early

days of the trade. The trees grow in dense forests, and are often enclosed or marked by their

owners, being valuable property. The principal Indian pueblos around which the balsam is pro-

dnced are enumerated by Dr. Dorat (in 1863) as follows:—(1) Juisnagua, about 400 trees;

(2) Tepocoyo, annual produce about 6 arrobas (of 25 lb.)
; (3) Tamanique, 1400 trees, giving some

100 arrobas yearly
; (4) Chiltinapan, 2500 trees, affording 450 arrobas per annum

; (5) Talnique, not

more than 500 trees ; (6) Jicalapa, about 1200 trees under cultivation, but many more in the

uncleared woods ; (7) Teotepeque, plenty of trees on the mountain slopes, but only 300 worked

;

(8) Coraasagua, 1000 trees, but their cultivation giving way to coffee
; (9) Jayaque, about 1000 trees

under cultivation.

Concerning the secretion of the balsam, next to nothing is known. Early accounts speak of a

superior article obtained by making incisions in the bark and probably reaching into the wood, but

the present method of gathering the balsam is universally as follows :—After the last rains, in

November-December, the trunks of the trees are beaten with some blunt instrument in four equi-

distant patches until the bark is loosened, a similar number of intermediate patches being left

unbruised for the following year. The injiired bark splits up, and may be easily detached ; it

already exhibits a slight exudation of fragrant balsam, but not suflSoient to repay collection. To pro-

mote the flow, the bruised bark is charred some 5-6 days later by the application of bundles of burn-

ing wood, and after about another week, the charred bark either falls or is torn off, and the exuda-

tion begins in earnest. The wounds are then staunched by means of rags or cotton-wool, which

absorbs the balsam ; these, after a few days saturation, are collected and boiled in water. The

greater part of the balsam is thus freed from them, and collects beneath the water, but the rags also

undergo a rude wringing in a kind of rope bag, by which some further balsam is recovered from
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them, and added to the first. The contents of the boiler cool during the night, and next day

the water is decanted, and the balsam is put up in tecomates (gourds) or other vessels for the market.

The balsam thus prepared is locally known as de trapo. A small quantity of inferior grade is pro-

duced, according to Wyss, by boiling the bark in water ; this is termed de cascaro or tacuasonte.

The operation of collecting continues till May ; it is suspended during the raius, but carried on

more or less in the dog-days (15 July-15 August). The beating and staunching are only performed

on four days of each week, giving 4 cosechas (harvests) a month. In the 2nd year, recourse is had

to the patches left untouched from the first year. The bark renews itself in about two years, and

it is thus possible to obtain an annual yield of about 2 lb. from the same tree for some 30 years,

after which, if allowed 5-6 years' respite, it will again produce.

The balsam is a treacly liquid, of black colour in bulk, but deep orange-brown and transparent

in a thin layer ; its odour is balsamic and smoky, but fragrant and pleasant when developed by
warming. Its sp. gr. is 1 • 15-1 16. Years of exposure to the air do not effect any change in it.

It is only very slightly soluble in water, dilute alcohol, benzol, ether, and essential and fatty oils,

and not at all in petroleum-spirit, but mixes readily with absolute alcohol, glacial acetic acid,

acetone, and chloroform. The balsam contains about 32-38 per cent, of resin, the remainder

being almost entirely oinnameine (CuH^O^). An adulterated article is said to be largely pre-

pared in Bremen. The balsam is mostly shipped at Acajutla, in San Salvador, about 40 miles

from the Guatemalan frontier. The export in 1855 was stated at 22,804 lb., value 19,827

dollars (of 4s.); in 1876, the value was given as 78,189 dol. The London market value of the

drug is about 7s. 6d, a lb. Its chief use is medicinal (see Drags, p. 819) ; it is also employed in

scenting soap.

The tree has been introduced into Ceylon, where it flourishes luxuriantly, but the balsam does

nut seem to have yet come into commerce from that island.

Besides tolu, which is the subject of a separate article (see p. 1684), there are several allied bal-

samic products demanding some notice. (1) The first that may be mentioned is the so-called " white "

or " virgin" balsam, the balsamo Uanco or catolico, or hahamito, a soft resin secreted in the large ducts of

the fruit of the species just described, and extracted by expression. It is highly valued and scarce,

and never sent into the market. (2) Much more important commercially is the fragrant balsamic

resin collected from Myroxylon peruiferum, a large tree found in Tropical America, from S. Mexico to

Peru, and even as far south as the Brazilian province of Eio Janeiro. It prefers moist mountain-

valleys, up to 600 feet. The balsam extracted from the wood might, in the opinion of Theodor
Peckolt, be conveniently substituted for the oflScinal balsam, especially as it mixes readily with

castor-oil in all proportions. The exudation can be absorbed by cotton-wool, much in the same way
as Peru balsam. In the fruit-pods, surrounding the seed, is found a small quantity of pale-yellowish

aromatic oleo-resin, which is carefully preserved and highly prized under the name of anguay do

guaiani or balsamo do espirito santo ; it rarely enters commerce. (3) A balsam is obtained from in-

cisions in the stem of the oleo pardo or cabure-iba (^Myrocarpus fastigiatus).

Phormium.—Almost every portion of the plant Phormium tenax (see Fibrous Substances

pp. 986-93), but especially the bases of the leaves, is replete with a gum which gives great trouble

in the processes for extracting the fibre of the plant. The utilization of the gum deserves more

attention than it has yet received, as it forms a mucilage capable of replacing that of gum arable for

most purposes.

Piney.—The oopalline resins known as "white dammar," "piney resin," or "piney varnish"

of S. India and Ceylon, and by some authors (e. g. Wiesner) termed " Manilla copal," are produced

by two species of Valeria : V. indica of the "W. Peninsula, from Canara to Travanoore ; and V. acuminata,

common in the hotter part of Ceylon up to 2000 ft. The resin is obtained either by making incisions

in the bark of the trees, and allowing it to exude and concrete ; or by making excavations into the

tree, where the liquid resin may collect. Sometimes masses of the hardened resin are found on
splitting open old trees. When recently exuded, the resin is quite soft (then termed " varnish "),

but it soon hardens into a brittle mass, varying in colour from bright-green to deep-amber, usually

translucent, sometimes containing many air-bubbles. It is more soluble in alcohol than black

dammar (see p. 1644); it dissolves readily in chloroform, and might serve the purposes of photo-

graphers' varnish ; it has an advantage over copal in being quite soluble in turpentine and drying

oils without preliminary fusion ; its solution in turpentine is tiirbid, but the addition of powdered

charcoal, and subsequent filtering, renders it transparent and colourless, and the solution mixes

readily with the drying oils. The sp. gr. of the resin is about 1-121.

Somewhat similar products are said to be aiforded by Vatica [Vateria, Eetinodendron, Seidlia"]

lancemfolia of E. Bengal, Silhet, Khasia, Assam, and Bhotan, and by V. Eoxhurghiana in S. Canara,

Travancore, and Ceylon.

Other copals are described under Copal and Animi (pp. 1640-4), Dammar (pp. 1644-5), Jutahy-
seca (p. 1666), and Kauri (pp. 1666-7).

Pitches (Fr., Poix; Gek., Pech).—The term "pitch" embraces two products, "common'' or
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" black," and " white' or " Burgundy." Mineral pifch, bitumen, or asplialt, has been described
uudur the last name (see pp. :Hl-6).

1. Common or Black Pitch (Fr., I'oix noire ; Ger., Schiffspech, Schusterpech, Schwarzcs Peek)—Tliis
article is produced by a further distillation of the tar obtained iu the dry distillation of pine-wood
(see p. 1683), and from the residues left in the boiler after the distillation of the crude turpentine to
separate the rosin and spirit. The latter are heated in the

open air, and filtered through straw mats, to afford a little

more turijentine. These mats, charged with impurities and
ciintaining still u. certain quantity of turpentine, were

placed, according to the old plan, in a brick furnace

(Fig. 1180); fire is kindled at the top, and the resinous

matters escape by a pipe into the cooler 6, a passage exist-

ing at a for the removal of the ashes. In works having

the modem improvements, there only remains in the boiler

(b. Fig. 1184) the residues which will not pass through the

filter d, and the heavy matters settled below this orifice.

These, residues are filtered through mats, as by the old

system, and afford a little turpentine. The mats are then

placed in the apparatus shown in Fig. 1181, consisting of

a double-lined trough, with steam circulating in tlie inter-

mediate space 0. The residues are placed on the metallio gauze tray a, and the box is covered to

prevent evaporation of the spirit. Under the influence of tiie lieat, the turpentine falls into the

space b. It is then distilled in the apparatus shown in Fig, 1185, affording pitcli, and a little spirit.

The straw mats may finally bo ignited in the brick

chamber shown in Fig. 1180, thus producing a "''

small quantity of tar, but they are more generally

utilized as fuel.

Pitch is chiefly manufactured iu oountrios

which afford tar (see p. 1683), but also on a smaller

scale in England. It is an opaque black sub-

stance, with shining conohoidal fracture, peculiar

unpleasant odour, scarcely perceptible flavour,

dissolving in the same menstrua as tar, and

capable of being kneaded when softened by the

heat of the hand. It is largely used in ointments,

though probably devoid of medicinal properties.

Its approximate London market value is 5-6s. a

cwt. for British, and Ts. dd. for Archangel. Our

imports in 1880 wore 63,430 cwt., value 10,687/.

;

our exports in the same year were 9967 cwt.,

3420/. We imported 35,606 cwt. in 1876, and

81,558 in 1877. The imports for 1880 were con-

tributed as follows :—Kussia, 35,770 cwt , 9849/.

;

British W. Indies, 15,476 cwt., 1990/. ; other coun-

tries, 12,184 cwt., 4848/. It is obvious that the

W. Indian article is not pitch at all, but asphalt

(see pp. 341-6), from the so-called Pitch Lake of Trinidad, and perhaps from Dominica as well.

Our imports from Russia rose from 30,124 cwt. in 1876, to 47,269 in 1S77. The total exports from
Archangel were 15,209 barrels in 1874, 19,168 in 1875, 17,640 in 1870, 23,988 in 1877, 16,759 in

1878 ; the proportions taken by tlie several countries in 1878 were 9130 barrels by Great Britain,

1630 by Holland, 490 by France, 4175 by Italy, 1319 by Germany, and 15 by Norway. Boston
(U.S.), in 1880, received 1848 barrels of pitch, and exported 3199. Wilmington (N. Carolina), in

1878, exported 4724 barrels, 331 going abroad; the aggregate value was 1600/. New York exported

5520 barrels in 1879. Hamburg, in 1881, imported 3492 tons, of which, 1346 came from Finland,

and 2056 from Archangel. The Finnish port of Wihorg exported 207 barrels of pitch and tar,

value 2900 Finnish marks (of 9Jd.) to Norway, Germany, and England.

Burgundij Pitch (Fb., Poix jaune, de Bourgogne, des Vosges; Ger., Fichtonharz, Tanncnlmrz).—This

is a product of Pinus Abies {Abies excelsd], tlie spruce fir of Norway (see Timber—White Deal). It

is prepared in Finland, the Black Forest, Baden, Austria, and the Bernese Jura (where it is called

poix blanche). It is obtained from the trees by making perpendicular incisions in the stems about

1 J in. wide and deep ; the exuding resin is scraped off by an iron instrument, and purified. This

wounding of the trees causes so much injury to the timber that the collection of the resin is

prohibited in the Government fonsts of Baden and Wiirtemberg. The purification is effected by
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melting the pitch either in contact with steam, or in hot water, and straining. In the latter case,

the product (called Wasserharz) is opaque and highly charged with water, and needs to be improved

by further straining and evaporation of the moisture. The production is not very great. Baron

Linder's estate near Helsingfors (Finland) gave 689 owt. in 1867, and an estate at Ihn, 1575 cwt.

The Swiss forests yield about 900 quintals (of 220§ lb.) yearly. The pure pitch is opaque, yellowish-

brown, hard, brittle, strongly adhesive, with a conchoidal fiactiire, and agreeable aromatic odour,

It is employed in plaisters in this country ; in Germany, mixed with colophony or thus, it forms

the composition termed Brauerpeoh, used for lining beer-barrels.

The true pitch is very extensively replaced by an artificial compound, termed poix blanche in

Belgium, and poix blanche faotice in France. It is composed either of galipot melted in water,

stirred, and filtered hot, or of a mixture of galipot (thus) or colophony with turpentine, turpentine-

oil, or Bordeaux turpentine, coloured with palm-oil. The artificial article differs from the genuine

in being completely soluble in alcohol, less tenacious and adherent, and of stronger and less

fragrant odour.

duebraclio.—The so-called " gum " of Quebracho Colorado is in reality an astringent extract,

and will be described under Tannin.

Ketinite.—This name was applied some years since to a species of fossil resin, found in small

nodules and masses, sometimes in imperfect veins, in the brown coal and gold diggings at

Caversham, Tarapeton, Waitahuna, and other parts of Otago (New Zealand) ; also in Borneo. It

melts without decomposition, emitting an aromatic odour, and burns with a smoky flame ; warmed

gently with alcohol, it softens, and becomes very tenacious and adhesive. The sp. gr. is about

1 049. The colour varies from pale-yellow to dark-brown.

Bimu.—The rimu or Dacrydium cupressinum of New Zealand yields an exudation which can

be converted into a varnish in no way inferior to copal.

Bosin or Coloplioiiy (Fb., Colophane, Brai, Arcanson; Gee., Colophonium, Geigenharz,

Gemeines Harz) and Rosin-oil.—The several kinds of rosin, colophony, or resin proper are the solid

residues obtained by the distillation of the turpentines (see pp. 1686-92). The crude turpentine

or oleo-resin is submitted to aqueous distillation in a copper vessel, in place of the old-fashioned

iron still which produced a red-coloured oil. The still, having a capacity of some 15 barrels (of

220 lb. each), is charged with crude oleo-resin in the early morning; heat is applied either by an

ordinary furuace, or by a steam-jacket, until the mass attains a uniform temperature of 100°-158°

(212°-316° F.). This is continued until the accidental water contained in the crude oleo-resin has

been driven off, together with pyroligneous and formic acids, ether, and methylic alcohol, the

whole being known as " low wine." This accomplished, a small stream of cold water is admitted,

so that the heat is kept at or below 158° (316° F.), the boiling-point of turpentine-oil. The
distillation continues, a mixture of water and turpentine-oil passing over into a wooden separating-

tub ; this is merely a tub with two outlet taps, one near the bottom, the other about half-way from the

top, the difference in sp. gr. of the two bodies permitting theu' withdrawal into separate receptacles.

The progress of the distillation is judged by means of samples taken at intervals in a graduated

measure ; when the liquid shows 9 parts of water to 1 of turpentine-oil, the distillation is stopped,

the still-cap is removed, and the hot rosin remaining in a fluid condition in the still is drawn off by
a tap near the bottom, and passed through a fine strainer into a vat, whence it is baled by long-

handled wooden buckets into barrels for sale.

The grade of the rosin depends (1) upon the quality of the crude oleo-resin under treatment,

and (2) upon the skill with which the operation is conducted. The so-called " virgin turpentine,"

the first exudation from a newly-chipped tree, will give " window-glass " rosin of varying

quality ;
" yellow dip," the runnings of the second and subsequent years, affords medium grades of

rosin ; while " scrapings," the inspissated gum from the tree facings (see Thus, p. 1684), yields an
inferior dark rosin. Black rosin is not caused by burning in the still, as has been stated. Opacity

is due to the presence of water, by which, crystals of abietic acid are formed. Every turpentine

produces its own peculiar rosin. That most common in continental Europe is obtained from

Bordeaux turpentine (see p. 1687) ; in England and America, that derived from the latter country

holds the foremost place. Speaking in general terms, rosin is an almost flavourless body, of faint

but cliaracteristio odour, and varying in colour from the palest amber to the deepest black, and from

tran.slucent to opaque. Common yellow rosin is homogeneous, amorphous, very friable, and of sp. gr.

1-07; it softens at 80° (176° F.), and fuses completely to a limpid yellow liquid at 100° (212° F.).

It is insoluble in water, but soluble in acetone and benzol in nearly all proportions, in 8 parts of

alcohol of 88° at 15°-20° (59°-68° F.), and pretty freely in ether and fatty oils. Treated with

boiling alkaline solutions, it takes up the elements of water to form abietic acid, which then unites

with the alkali present to form rosin-soap (see Soap). The rosin of Venice turpentine (see

p. 1691) dissolves in 2 parts of hot alcohol of 75°. That of Canadian turpentine (see p. 1686)
consists of two ingredients, one (78 '7 per cent.) soluble in boiling absolute alcohol and glacial

acetic acid, and the other (21 • 3 per cent.) soluble in ether ; both the turpentine and the rosin are
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insoluble In caustic alkalies. The rosin of Strassbnrg turpentine (see p. 1691) is completely soluble
in glacial acetic acid, but incompletely In acetone and absolute alcohol. Medicinally, rosin is

employed in plaiatjra ; industrially, in the manufacture of rosin-soap, soaling-wax, varnishes, and
cements, and for soldering metals. The approximate London market value is 5-15s. a owt.

The oommurce in rosin is considerable. Our imports in 1880 were 1,051,825 cwt value
823,319/., from the United States, and 31,577 cwt., 13,468/., from other countries; total, 1,083,402
cwt., 836,787/. Our exports in the same year were 31,491 cwt., 10,593/. The imports from
America have not fluctuated much during late years, having been 966,109 cwt. in 1876, and
1,105,367 in 1879. The imports from France were 13,851 cwt. in 1876, 6389 in 1877, 37,810 in

1879, and 29,278 in 1880. Eecent details of American shipments are as follows:—Xew York:
157,834 barrels (of 220 lb.) in 1879; 234,778 in 1878, being 51,753 to Great Britain, 5166 to*

France, 101,009 to N. Europe, 16,019 to otlier Europe, 60,831 to S. America, E. and W. Indies, &c.
Mobile: in 1878, expurts abroad, 49,247 bar., 17,448/.; sent inland and coastwise, 67,630 bar.,

23,604/.; in 1880, exports, 18,795 bar., 9582/.; inland and coastwise, 27,140 bar., 14,019/.

Savannah : exports, 85,551 bar. (42,443 being to English ports) in 1S79 ; in 1880, exports,

77,339 bar., 57,478/., and coastwise, 141,435 bar. Boston: in 1878, received 17,556 bar., exportt-d

4032; in 1880, received 22,732 bar., exported 5038. New Orleans: exports, 1880, 821 bar.

Philadelphia: exports, 1879, 3310 bar. Baltimore: exports, 6735 bar. in 1(S77, 3120 in 1879, 13,031

in 1880. Wilmington (N. Carolina) : in 1878,516,279 bar. cxporti d, and 65,679 coastwise; total

value, 162,518/. The Italian port of Venice despatched 557 tons, value 4462/., in 1S78, and
660 tons, 4487/., in 1879. Of Chinese ports, Hankow shipped 2055i picula (of 133^ lb.) in 1878
anil Wenohow, 25 picula in the same year.

The preparation of rosin for soap-making purposes is described under Soap.

HosiN-oiL.—Tills product, to which frequent allusion is made in tlie article on Oils and Fatty
Substances, notably in the section relating to D> tectiou and Analysis (see pp. 1467-9, 1476), is

manufactured in tlie following manner. The rosin, usually of the lower grades, is introduced into

an iron still, and heated up to 158°-160° (316°-320° F.). Water, pyroligneous acid, and naphtha
pass over at first, and until the rosin is exhausted of naplitlia. The temperature is then raised to

near the red-heat of iron, when the rosin boils, and crude rosin-oil distils over. It is a heavy,

nearly opaque, whitish, viscid fluid, opalescent on the surface. It is rectified by redistillation, and
the resulting oil is transparent, dark-red by transmitted light, with a bluish cast by reflected light

and sometimes highly opalescent.

Sagapenum.—The origin of sagapenum is wrapped in obscurity. It is supposed to be
produced by a species of Fm-ula, and F. persica has been especially pointed to, but nothing certain

is known on tlie subject. The locality affording it cannot even be indicated, though there is reason

to suppose that it comes from Persia and the countries to the east, the village of Mah, near Ispalian,

being particularly referred to. The drug is now extremely rare, and scarcely to be had in a pure
state even in Bombay; formerly it would seem to have been plentiful. It is a gum-resin, forraini» a

tough softish mass of strongly agglutinated small tears, of brownish colour, manifesting no pink hue
when broken, nor an alliaceous odour, but acquiring a most intense and permanent blue colour

when immersed in cold hydroclilorio acid of 1'13 sp. gr. More rarely it occurs in translucent

yellowish-brown tears, varying iu size from a hazel-nut to a walnut. These characteristics serve to

distinguish it from ammoniacum, galbanum, and opoponax, which it otherwise resembles, and which
are often substituted for it by the native druggists of India.

Sandarach. (Fb., Sandaraque; Ger., Sandarac).—Sandarach when in powder is termed
" pounce"; it has also been called "juniper-gum" or " -resin," from the erroneous supposition that

it was afforded by Juniperus spp. ; and the closely allied Australian product has been introduced as
" pine-gum."

The tree affording sandarach is Callitns quadrivalvis ^Thuja ariiculata, Frenela Fontanesit],

remarkable for its wood (see Timber—Alerce); it is indigenous to the mountains of N. Afiica, from
the Atlantic to E. Algeria, its eastern limit being undetermined. The resin exudes naturally

from the bark of the stem, but the common practice is to make incisions in the stem, particularly

near the base, by which the flow is much increased. The juice rapidly hardens on exposure, and is

collected by the Moors, and carried by them to Mogador for export to Europe. It occurs in

commerce mostly in cylindrical tears, which are occasionally agglutinated. Its colour is pale-

yellow to pale red-brown, the best being very clear and transparent. The exterior often appears
" powdery," from the occurrence of innumerable fissures by unequal contraction in drying. It has

about the same hardness as kauri, softens at 100° (212° F.), and melts and swells at 150°

(302° F.); its sp. gr. is 1-066-1 -092, the fracture is clean and shiny, and the odour is weak and
aromatic, increasing with heat. It is not softened by boiling water, and is not soluble in caustic

soda or acetic acid ; it is partially soluble in benzol, rectified petroleum, chloroform, and turpentine-

oil, verv slightly in carbon bisulphide and boiling linseed-oil, but completely in alcohol and ether.

Sandarach is said to be adulterated with gum arable, hut this seems doubtful ; more commonly it is
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itself substituted for mastic, from which it may be distinguished by the softness of the latter, its

complete solubility in turpentine-oil, and incomplete in cold alcohol. Formerly of wide renown in

medicine, the resin is now valued, in Europe at least, principally as an ingredient of varnishes, to

increase the hardness and glossiness ; powdered, under the name of " pounce," it is used for preparing

the surface of parchment and paper to receive writing. Its approximate price in the London drug

market is 60-115s. a cwt.

The Australian species of Callitris yield a resin which can scarcely be distinguished from the

African. The principal species seem to be C. verrucosa \_Frenela crassivalvis], 0. cupressi/ormis, and

C. [if.] robusta. They are abundant on the sandy tracts of the Murray Eiver (Victoria), and are

scattered more or less throughout the whole continent, being recorded from King George's Sound
and Shark Bay (W. Australia), and from Arnhem Land (N. Australia). The resin might easily

become an article of local commerce, if not of export.

SarcocoUa.—The plant and country affording this medicinal gum-resin are unknown. It

has been referred to a Pencea sp., found only in the Cape, but this is obviously incorrect.

Dr. Dymock believes it to be produced by one of the desert Leguminoscs, probably an Astragalus.

Native evidence ascribes it to Persia and Turkistau ; this is borne out by the fact that the Bombay
imports of the drug, which are considerable, come entirely from Bushire, in the Persian Gulf. It

arrives in bags containing about 2 cwt., always largely intermixed with remains of the plant

(except leaves) and with sand, whence Dymock supposes it to be collected by beating the bushes

after the leaves have fallen, and allowing it to accumulate upon the ground. It holds an
important place in Indian native pharmacy.

Satin-wood.—The satin-wood tree of India and Ceylon (Swietenia Chloroxylon) occurs in

fractured and agglutinated tears, brittle, brown, translucent, and soluble in water, giving a turbid,

dark mahogany-coloured mucilage, having an odour of fusel-oil. It is not a commercial article.

Scammony.—See Drugs, pp. 823-4.

Schaufite.—This name has been applied to a fossil resin found in some abundance in schistose

sandstone beds traversing the petroleum region in Bukowina, Galicia, Bohemia, and S. Austria.

It forms veins of J-4 in. in thickness. The colour is purplish to blood-red, and the hardness
sufficient to admit of polishing, but not turning. It is slightly soluble in alcohol, benzine, and
chloroform, entirely in sulphuric acid, and is saponifiable by caustic alkali. Distilled, it leaves a
reddish-brown colophony, giving a brilliant varnish with turpentine and fatty oils.

Storax (Fr., Styrax ; Gek., Storax).—Several products call for description under this head,

the most important being liquid storax or liquidambar.

Liquid Storax.—This is obtained from Liquidambar orientale limberbe], a plane-like tree forming
forests in S.-W. Asia Minor, notably near Melasso, about Budrum and Monghla, near Giova and
Ulla, by Marmovizza and Isgengak in the valley of the El-Azi, and possibly near Narkislik,

a village near Alexaudretta ; but it is unknown in the islands of the Mediterranean. The
resin is collected by the Yuruk nomads, by first removing the outer bark, and then scraping

away the resinous inner bark, accumulating it in some quantity in pits. This bark is then
either pressed dry in the first instance, or at once boiled with water in large copper vessels

whereby the resin is separated and can be skimmed off. The boiled bark is packed in hair

bags and subjected to pressure while hot water is poured over. Thus a second quantity
of resin is procured. The water used in the boiling is probably from the sea or saline lakes

as attested by the presence of salt in the drug. The result of the process is an opaque, grey,

semi-fluid resin, of pleasant balsamic odour after long keeping, and pungent burning aromatic
flavour ; and cakes of fragrant brown bark, which, coarsely powdered, is mixed up with storax,

honey, and other substances, into an odoriferous compound, of which there are many qualities.

Some 25 years ago the production of the resin was computed at about 800 cwt. per annum. It is

mostly exported in casks by way of Constantinople, Smyrna, Syra, and Alexandria; some is packed
with water in goat-skins for transport to Smyrna, and sent thence in barrels to Trieste. The use of
the resin in this country is trifling and wholly medicinal (see Drugs, p. 826) ; the chief markets for it

are India and China. Scherzer (1880) states the exports from Smyrna at 25,000-30,000 olees (of
2-83 lb.), worth 7 piastres (say Is. Sd.) the oke, chiefly for China and Egypt, for use in perfumery
fumigation, and church incense. It is said to have been employed in the United States as an
adulterant of tolu.

True Storax.—True storax was a benzoin-lUce fragrant resin, afforded by the stem of Styrax
officinale, of Greece, Asia Minor, Syria, Italy, and S. France ; it has ceased to be produced since the
trees have been reduced to mere bushes by cutting.

American Liquidambar.—This is derived from Liquidambar styraciflua, a large tree of the American
continent, from Connecticut and Illinois southward to Mexico and Guatemala. In the United
States, small quantities of a balsamic resin, termed " sweet gum," and sometimes used as a mastica-
tory, are collected from natural fissures or incisions made in the tree. In Central America the
exudation is much more freely afforded, and is collected by the Indians in small cylinders to be
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burnt OB inconso. As met with in commerce, it ia a transparent, thick, fluid, goldcu-brown olco-

resin, of balsamic odour, and .simihir (luvour.

E, Asian Liquidambar.—This is of two kinds. The first is a dry terebintliinous fragrant resin

produced by L. fijrmosnna in Formosa and S. China; it is used by the Chinese. The second is a

fragrant balsam obtained from L. Altingiana [^Altingia exceh'i'}, of Assam, Burma, tmd the E. Archi-

pelago. It is collected in small quantity in Java from incisions in the tnmk; in Burma, a pel-

lucid light-yellowish kind is procured in the same way, besides a darker, thicker quality by bor'ng

tlie stem and applying fire around it.

Tamanu and Tacaxnah.aca.—The name tainanu is applied only to the resin of Calophyllum

inophyllum, but tacamahaca (variously spelt) is used indiscriminately for the resins of Idea Tacama-

haca, Calophyllum inophyllum, Elaphrium tomentosum, Populus balsamifeni, and Cilo/jhyllum Calaba. In

the present article, the terms will be restricted to the resins of Calophyllum spp., particularly C. ii\o-

phyllum. The geographical distribution of this tree has been given elsewhere (see Oils and Fatty

Substances—Dilo, pp. 1387-8). The resin exudes both spontaneously and from incisions in the bark

and roots. It is green or yellow and liquid when first it escapes, but hardens in time to a Irittle

aromatic mass, soluble in alcohol and ether. C. Calaba seems to yield a similar article in Venezuela.

The Veiitzuiilan port of Maraoaibo shipped 583 lb. of tacamahaca, value 176J dol. (of 4s. 2d.) in KSSO.

Tars.—The tars here to be considered are the so-called " wi « id-tars," obtained by submitting the

wood of the stems and roots of certain tiees to a process of destructive distillation. They are of

several kinds, and will be described in the foUowinjj alphabetic order :—(1) Archangel or Stockholm,

(2) beech, (3) birch, (4) dummele, (5) ganda, (6) juniper, (7) teak.

1. Archiini/el or Stockholm Tar (Fa,,fioudron if'jctal, Foix liquide ; Geb., Molzlheer, Fichtentheer).—
This, by far tho most important of the vegetable tars, ia produced in Finland, Central and N.

Russia, and Sweden, chiefly from Pinus sik-estris and P. Lcdeboiu-ii [Larix sibirica'] (see Timber),

constituting the forosta of Arctic Europe and Asia; and in America, from P. mitis, P. li/ii/a,

P. australii, and other species, N. Europe is much the larger iimducer.

The process of distillation ia commonly performed as follows. The roots and bases of the trees,

which are valueless as timber, are closely packed in huge stacks (:!0,fl00-70,000 cub. ft.), and covered

with a thick layer of turf, moss, and earth, heavily beaten „g2
down. The stack is built over a conical cavity in the ground,

and if possible on a hill-side. A section of the oven and

receiver is shown in Fig. 1182. Fire being applied, combus-

tion is allowed to proceed very slowly and without flame,

requiring 1-4 weeks for its completion, according to the bulk

of the stack. Tho products of the downward distillation

(mainly tar) collect in the cavity, and are dischar;,'ed thence

into receptacles. A great improvement on this rude plan is

the employment of wrought-iron stills with refrigerating con-

densers. By their use, the yield of tar obtained from air-di ied

pine-wood is 14 per cent., and from the roots, 16-20 per cent.

;

in addition, much pyroligneous acid and turpeutine-oil is

saved. Tar is usually transported iu barrels of 31 J gal.

Its approximate London market value is 13-1 7s. a bar. fur

Archangel, and 18s. for Stockholm,

sufficiently familiar.

Our imports of tar in 1880 were 105,449 bar., value 15,1121, from Kusaia ; 10,719 bar., 7138/.,

from the United States; 3877 bar., 3219/., from Sweden; aud 11,227 bar., 64G5/., from other

oouutries; total, 131,272 bar., 90,594/. Our exports in the same year to all countries were 9740

bar., 10,0-lS/. The imports show a gradual diminution in quantity from 174,679 bar. in 1877 ; and

in value, from 152,969/. in 1876. Eussian tar is manufactured in Finland and shipped from various

ports in the Gulf of Bothnia (Uleaborg, Gamla and Ny Carleby, Jaoobsstad, Christinestad), and from

Archangel and Onega on the White Sea ; while some is produced in Volhynia, and finds its way by

the Dnieper to the Black Sea. The Swedish localities of production are mainly about Umea and

Lulea, where iron stills are in general use, thus accounting for the superior price of Stockholm tar.

Our imports from Sweden fell from 8083 bar. in 1877, to 701 in 1878, and recovered to 4319 in 1879.

Out imports from the United States were 29,771 bar. in 1877, since which date they have constantly

receded. New York exported 7679 bar. in 1878, and 7031 in 1879 ; of the former, 1050 bar. went

to N. Europe, and 6070 to S. America, E. and W. Indies, &c. Philadelphia, in 1879, exported

1968 bar. of tar and pitch. Boston, in 1880, received 8398 bar., aud exported 1088. Wilmington

(N. Carolina), in 1878, sent 32,008 bar. coastwise, aud 31,176 abroad ; total value, 19,461/. Tho

exports of tar from Finland were 143,174 bar. iu 1878, 138,730 iu 1879, and 129,669 in 1880.

2. Beech-tar.—The wood of the beech, Fagns sylmtica (see Timber), aflbrds about 10 per cent, of

tar, which is considered liy some authorities the best source of creosote.
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3. Birch-tar.—The -wood and bark of Betula alba afford a tar whose chief importance lies in its

being the source of the empyreumatic oil used in the preparation of Russia-leatlier (see Oils and
Fatty Substances, pp. 1417-8).

4. ZiMmmete.—This name is applied in Ceylon to a tar extracted by the moormen from the wood of

Sethia indioa \_Erjjthroxylon monogynum], of the Circars, Travancore mountains, Mysore, Malabar, and

Ceylon. The wood is packed into an earthen pot (chatty) with a narrow mouth ; this is inverted

over a second pot, and surrounded by fire. The tar thus distilled is soluble in ether, alcohol, and

turpentine, and is an excellent preservative of timber. It is not a commercial article, but might

become so.

5. Ganda.—The natives of the Him^ayas prepare a tar from dry chips of the gavda tree {Pimis

longifolia) of their district. The process is much the same as viiVadummele. The product from this

species and P. excelsa and Cedrus Deodara, with due care, ia said to be quite equal to the Stockholm

tar imported from Europe, and much cheaper.

6. Juniper-tar (Fk^ ffuile de Cade).—This was originally obtained by the destructive distillation

of the wood of Juniperus oxycedrus, a native of the Mediterranean region. The modem article is of

doubtful origin, and much resembles Stockholm tar.

7. Teak-tar.—Tlie wood of Tectona grandis (see Timber—Teak) yields about 5 per cent, of tar by

the crude native method of distilling it. The wood is best used 3 months after felling. Probably

the roots would yield much more. It is only used medicinally by the natives of some parts of

ludia.

A tar is also extracted by the Moors from the root of Callitris quadrivalvis (see Sandarach), and

applied to wounds on draught animals.

Tendoo and Gaup.—These names are applied respectively to a resin from the trunk and a

gum from the fruit of Diospyros glutinosa \_Emhyropteris glutinifera\ a native of the Indian Peninsula,

Travancore, Assam, and Bengal. Both products are said to be used for caulking boats, and pre-

serving fishing-nets, but they are not objects of commerce. Further research as to their supply and

applicability is desirable.

Thus, Scrape, or Coramon Frankincense (Fb., Galipot, Barras).—These terms are applied

to the turpentine which concretes upon the trunks of the various i^ciea whence that oleo-resin is

derived (see pp. 1686-92). In the French department of Landes, the collection is commenced
immediately after the conclusion of the turpentine-harvest. The impoverished exudation from the

latest wounds, escaping when the air-temperature is not high, and being probably less rich in

essential oil, dries in stalactitio masses, reaching from the incision to the base of the tree. Tliese

are separately collected in the winter. In France, the term galipot is restricted to the concretions

along the scars, which can be gathered without admixture with bark fragments ; while barras is

applied to those portions which can only be detached by scraping, and are thus much contami-

nated with woody debris. The commercial article occurs in solid or softish masses, yellowish-

white to greenish in colour, granular in texture, and completely soluble in alcohol. It differs

from the turpentines mainly in containing less essential oil, and is used for similar purposes. Its

approximate London market value is 16-20s. a cwt.

Tolu (Fk., Baume de Tolu; Gee., Tolubalsam).—This balsam or rather resin is afibrded

by Myroxylon Toluifera [^Toluifera Balsamwm, Myrospermum Toluiferum], a native of Venezuela and
New Granada (Colombia), probably also of Brazil and Ecuador, and identical, according to Bentlev

and Trimen, with Myroxylon punctatum, an inhabitant of nearly the whole northern part of S. America.
Weir is of opinion that the tree is plentifully scattered throughout the montana around Plato and
otlier small ports on the right bank of the Magdalena. Another writer states that the balsam is

largely collected in the Sinu valley, and the forests separating that river from the Cauca ; but none
seems to be gathered in Venezuela. The tree is never found in the low tracts adjoining the rivers

but in the higher rolling ground beyond, where the soil is dry. The balsam-harvest lasts about
8 months, from July to March-April. The collection is effected by y -shaped incisions, at the apex
of which, a little hollow is made in the bark and wood, to facilitate the fixing of tea-cup-like cala-

bashes, as receptacles for the exudation. About 20 incisions are ccaumonly made within the space
accessible to a man standing on the ground ; when this portion of the trunk affords no further space
for new incisions, a higher section is sometimes attacked by the aid of a rude sta^e. The contents
of the calabashes are emptied at intervals—(they fill in one mouth when the flow is good) into

hide bags slung on donkeys, for conveyance to the river-ports, where the balsam is transferred to
cylindrical tins of about 10 lb. capacity for export. In some districts no calabashes are used the
exudation finding its way down the trunk into a large Calathea-leat.

The balsam is a light-brown, viscid or iluid resin, gradually hardening to brittlenesa but
readily softened by warmth; of sp. gr. 1-2, agreeable odour, and slight aromatic flavour. It is

soluble in alcohol and chloroform completely, and in ether partially ; but is very slightly dissolved
by essential oils and carbon bisulphide, whence the detection of such adulterants as rosin is

rendered easy. The use of liquid storax (see p, 1682) as an adulterant is said to occur in the
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United States. It is employed slightly in medicine, but more in perfumery. Its London market
Vftlue is Bbout 8-4s. a lb. It ia exported from Colombian (New Granada) ports:—The shipments
frnrn Santa Marta were 2002 lb. in 1870, 2183 in 1871, and 1206 in 1872 ; and from Savauilla,

27,180 *tfo. in 1876.

Tragacanth.—Using the term " tragacanth " in a generic sense, the species to be described
are :—(1) Tmgacanth proper, (2) Indian tragacanth, or kuteera, (3) African tragacanth, (4) Hog
tragacanth, or simply "hog gum," which must be distinguished from the gam bearing the same
name described on p. KiSl.

I. Triyjfvaiith proper {Fb.., Adragante ; Geb., Traganth).—True tragacanth is a gnmmy exudation
nlTorded by the stems of several species of Astragalus, of which tlie principal are the following:

—

A. gummifer, occurring on Lebanon and Hermon in Syria, Beryt Dagh in Catalonia, Arjiah Dagh
(ArgSBUS) in Central Asia Minor, and in Armenia and N. Kurdistan : A. microcephalus, extending
from S.-W. Asia Minor to Turkish ami Russian Armenia ; A. adscendens, a native of the mountains
of S.-W. Persia at 9000-10,000 ft. ; A. brachycalyx, on the mountains of Persian Kurdistan

;

A. pycnocladoi, on the high mountains of Avroman and Stahn, Persia; A. iurdicus, on the mountains
of Cilicia and Cuppadocia, extending thence into Kurdistan ; A. stromatodes, at 5000 ft. on the Akker
Dagh range, N. Syria ; A. vents, in N.-W. Persia and Asia Minor ; A. Parnassi, var. cylleneus, on the

northern mountains of the Morea ; and A. leioclados.

The mode of secretion of tragacanth has been discussed under the generalities commencing
this article (see p. 1620). Reference must here be made to Giraud's researches, quoted in the

Bibliography at p. 1G95, which tlirow quite a new light upon the subject; according to his

analysis, tragacanth contains only 8-10 per cent, of soluble gum, and about 60 of pectinoua

principle, apparently identical with Fremy's peotose. The ciillcction of the gum in Asia Minor and

Armenia is described by Tozer, Maltass, Hamilton, Von Solierzer, and others. The principal

localities for it are the district of Angora ; Isbarta, Buldur, and Yalavatz, north of the Gulf of

Adalia ; the Ali Dagh range between Tarsous and Kaisarieh, and the hilly country eastward as

far as the Euphrates valley ; the elevated Bingol Dugh rangr, south of Erzeroum ; and throughout

Kurdistan, from Mush for 500 miles in a S.-E. direction to the Persian province of Luristan. About
the first week in August, the gum is seen adhering to the stems and branches, looking from a
distance almost like down, but later in the season it usually has fallen ofif, so that the ground below
is strewn with it. The common way of obtaining it, liowcver, is to cut the plant and leave it to

bleed ; after some days, when the gum ha.s exudeil and hardened, the collectors return and gather

it. The ground is often swept clean to receive tlie droppings. The incisions are sometimes cuts

made into the bark, sometimes simply punctures with a knife-point. In Persia, the production of

the glim is spread over an area of 300 milis long by 100-150 broad, between Gilpaigon and Kashan,
southward to the Mahomed Suma range, N.-E. of Shiraz. The tragacanth collected in Persia and
Kurdistan is mostly of spontaneous exudation.

The composition of tragacanth has already been stated. The best samples are dull-wliite,

translucent, lustreless, flexible, strong, odourless, and almost flavourless. It occurs in two prin-

cipal forms, distinguished as "leaf" and "vermicelli." The latter consists of vermiform pieces;

the former, of flattish strips, 1-3 in. long and J-1 in. wide. Immersed in water, it swells up
and finally disintegrates. It is readily soluble in alkaline liquids. Its chief use is for im-

parting firmness to lozenges and pill-masses, and in other pharmaceutical preparations ; the

commoner kinds are employed in a mucilage for " marbling " books. The approximate London
market values are 10-20/. a cwt. for leaf, and 2-10/. for low to good sorts, the price depending
upon the purity and whiteness. One of the chief export marts is Smyrna, whither it is brought

from the interior (Kaisarieh, Konieh, &c.) in a very crude state in bags of about 2 quintals, in

August, and where it is largely assorted by Spanish Jews for the European market. The annual

export from Smyrna is stated at about 4500 quintals (of 100 lb.), value 65,000/. It is also shipped

from Constantinople and the Persian Gulf. The Persian and Kurdistan article is despatched from

Bagdad, which sent 555 cwt., value 2259/., to India and Europe in 1878. This article is erroneously

termed " Syrian " in English drug sales, Mersine pWusyna] exported 245 tons, value 31,800/., in

1880.

2. Indian Tragacanth or Kuteera.—Gums bearing a close resemblance to tragacanth are produced

by several Indian plants. One of the most important is Cochlospermum [^Bombax] Gossypium, a native

of the dry hills of Garhwal, Bundelkund, Berar, Orissa, and the Deccan, also commonly planted

near temples. The gum is white, semi-transparent, in striated pieces which are very much twisted

and contorted ; it is used locally by shoemakers. This variety is considered inferior to the gum
yielded by Sterculia [Caoa//ium] urens, a native of N.-W. India, Assam, Behar, the E. and W.
Peninsulas, and Ceylon. Several other species of Sterculia are accredited with affording an almost

identical product. The range of utility of this class of gums is very limited, competing only

with the lowest grades of true tragacanth, for which there is but slight demand in European

markets.
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3. African Tragacanth.—This variety is derived from Stermlia Tragacantha, an abundant native

of W. Africa, from Senegambia to the Congo. The gum is afforded in great quantity, and
commonly finds its way into parcels of Senegal (Arabic) gum. It foi-ms colourless or yellowish

stalactitic masses, transparent in very thin slices. It bears the closest general resemblance to the

produce of Indian species of Sterculia, just described.

4. Hog Tragacanth, or Hog Gum.—These terms, like that of " Bassora gum," seem to be applied

to mixtures of various cheap and inferior gums, placed on the market at intervals with a view to

being foisted off as tragacanth. At Smyrna, tragacanth is mixed with gums termed "Mosul" and
" Caramania." The former appears to be very inferior tragacanth ; while the latter is referred to

the exudations of almond- and plum-trees, and is usually treated with white-lead to hide its

darker colour. It is evident that the Indian Sterculm also contribute occasionally to the supplies

of hog tragacanth. Almost the only application of this inferior material is as a mucilage for

" marbling " book-edges, for which purpose it is not superior to mucilages obtained from linseed,

quince-seed, or elm-bark. (See also Hog gum, p. 1654.)

Turpentine.—This name is applied to a number of liquid oleo-resins obtained chiefly from
the Coniferce. They will receive separate description in the following order :—(1) Aleppo, (2) Cana-
dian, (3) Carpathian, (4) Chian, (5) Common, (6) Hungarian, (7) Strasburg, (8) Venice.

1. Aleppo turpentine.—The Aleppo pine (^Pinus Halepensis) in Provence is tapped much in the

same way as the maritime pine in W. France, and yields similar but lees valuable products.

Usually the tree is bled when it has attained a diameter of 8-12 in. The incisions (surles) are

about 4 in. wide, and are prolonged by a fresh cut upwards once every 19 days, till their length

amounts to about 1 ft. The exudation is received in holes made in the ground at the foot of the

tree. Freshly caught, it is called perime vierge ; the cakes of resin prepared from it are termed
rare. The yield of a good tree should be 13-15 lb. of crude turpentine annually for about 20
years.

2. Canadian turpentine (Fb., Baume du Canada, TerebintJiine du Canada, T. du Sapin haumier, Faux
baume de Gilead; Geb., Canada balsam).—Canadian turpentine, or, as it is generally called, "Canada
balsam," is produced by the "balsam fir" or "balm of Gilead fir" (^Pinus [Abies] balsamea), and in a

minor degree by the " small-fruited " or " double balsam fir " {P. Fraseri), and a closely similar

article by the hemlock spruce {P. [4.] canadensis). The first species is very abundant in the N. and
W. United States, Nova Scotia, and Canada, up to 62° N. lat. The second occurs on the mountains

of Pennsylvania, Virginia, and southward on the highest AUeghanies. The third (see Tannin)
extends throughout British America to Alaska. Of these three, the first only wiU receive further

description here.

The balsam fir prefers wet or marshy soil, in cold hilly regions, though thriving on compara-
tively dry upland, and in almost any soil. Its growth is rapid, but its size is small—30-40 ft. high,

and 6-8 in. diam. It is thus of little value for timber, and is utilized only for its oleo-resin, which
is generally more abundant in the flourishing smooth-barked trees of low damp lands than in the

stunted growths of the mountains. The tree is very subject to the attacks of a bark-mining beetle,

belonging to the genus Tomicus, which is rapidly destroying the forests, and can only be checked
by felling all trees that are affected, burning the bark and with it the colonies of larvae.

The oleo-resin collects in utricules, which cause a protuberance in the exterior layers of tlie

bark. The tapping is performed in a peculiar manner. The gatherers are provided with small
cans, having a sharp-edged iron tube proceeding from the top. By this tube, the blisters are

pierced one by one, the liquid flowing down the tube until the can is full. Boys are sent up into

the branches, while the father works about the lower part of the tree, this industry beino- followed

by families, and confined to the poorest colonists and the Indians. A large rich tree may yield 1 lb.

of oleo-resin, but the average is about J lb. A man and 2 children may collect 1 gal. in a day,

while a man alone would not exceed J gal. The gathering cannot be prosecuted during rain, nor
even in the same day, as drops of water mixing with the exudation render it milky and unsaleable.

The season lasts from about 15 June to 15 August or 1 September, or between the dates of

the disappearance of snow from the mountains and its reappearance. Near the villages and on
partially cleared land, small quantities are collected in May. A tree should not be pierced in two
successive years ;

2-3 years' rest should intervene, aad even then the subsequent yield never equals

what it was the first time.

The freshly-drawn oleo-resin is a honey-like, transparent, straw-coloured to greenish body
slowly thickening and darkening by keeping, but always retaining its transparency, and never
crystallizing. Its odour is pleasant and aromatic ; its flavour, bitterish and feebly acrid, but not
objectionable; its sp. gr., about 0-998 at 14i° (58° F.). It forms a perfect solution of acid
reaction with chloroform, benzol, ether, and warm amylic alcohol ; the mixture with carbon
bisulphide is turbid; it dissolves partially in glacial acetic acid, acetone, and absolute alcohol
leaving, after boiling and cooling, a considerable amorphous residue. This latter character distin-
guishes it from rosin and Venice turpentine, which are oompLtely dissolved by these menstrua and
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even by gpirit of wine containing 70-7") per cent, of alcohol. Iti composition varies greatly within

ecrtiiin limits, but may be approximately stated as 24 per cent, of essential oil, 60 of resin soluble

ill boiling alcohol, and 16 of resin soluble in ether. Its medicinal properties resemble those

of copaiba, but it is now almost obsolete in pharmacy. Its physical qualities render it vnluable

for mounting microscopic objects, and it is used tor making varnish. It is obtained chiefly in

Lower Canada, and shipped from Montreal and Quebec, in kegs and casks. The annual crop varies

from 2000 to 7000 gal. The approximate London market value is $d. a lb.

3. Carpathian balsam (Fb., Te'ri'hmthine des Carpathes).—This turpentine is yielded by the Ccm-
bran, Siberian, or Swiss stone pine (Pmus Cemhrd), a tree forming the last zone of forestal vegeta-

tion, and occurring in France only on the Brian9nnnais Alps. The bark contains reservoirs of a

liquid, colourless, limpid oleo-resin, having a pleasant odour, and acrid bitter flavour. It is rare

in commerce.

4. Chian or Cyprian turpentine (Fb., Terehinthine IBaume] de Chio IC/iypres] ; Ger., Chios,

Cyprischer Terpentin).—This is a product of Pistachio Terebinthus, a shrub or tree of the Mediterra-

nean islands and shuros and Asia Minor, extending as P. palaistina to Syria and Palestine, as

P. cabulica eastward to Afghanistan and Beluchistun, and as P. atlantica to N. Africa and the

(Jiinaries. The commercial source of the oleo-resin Is at present exclusively the island of Chios

(Scio), but the wide distribution of the plant would fiujilitatc the increase of the supply if necessary.

In the Algerian forests, it is abundant as a large tree (50 ft. high and 6 ft. circ), and affords a

spontaneous exudation during the hot weather amounting tn 7-H oz. This spontaneous exudation

is considered superior to that which is induced by incising or puncturing the bark, but is much less

plentiful. Chios supplies the world's needs of this turpentine from about 1000 trees, some being

800-900 years old. Longitudinal incisions are made in the lower portion of tln' stems about April,

when the trees are in full bloom. These incisions are prolonged upwards more or less, according to

the quantity of turpentine it is desired to obtain, the resinous juice luinfc secreted in special cells

in the bark. The incisions are renewed every year. The annnal crop of Chios is about 300-400 okcs

(of 2'82 lb.), this being the quantity ordinarily demanded by the market ; but in an exceptional

case, probably 3000-4000 o/n-s could bo secured in one season. The flow from the incisions

continues during the whole summer, and the quantity amounts to about 10-11 oz. A century ago,

the turpentine was caught from the incisions in little tarthenware cups suspended from the stems

;

but the low prices ruling in more recent years favoured carelessness in the collecting, and tlie com-

mon practice of the present day is to leave the exudation to harden on the stem, or fall upon the

siind or stones heneBth. Hence the impure and inferior character of the moilern drug. It under-

goes some purification locally by being melted in the sun and strained through small baskets. Tlio

trade is almost exclusively in the hands of the Jews.

The solo use of this turpentine in England is for medicinal purposes. It had long been virtually

obsolete, when Dr. Clay's success in treating cancer with it recalled it into notice, and created a
demand for it which was greater than could be immediately supplied, whence much sophistication

and substitution were resorted to, the favourite materials apparently being Canadian and common
turpentine. Its chief characteristics are as follows. The flavour is feebly aromatic and tere-

bintliiuous, quite devoid of bitterness and acridity. Theodour is pleasantly aromatic, faintly terebin-

thinous, and quite characteristic ; it has been likened to elemi and to fennel, and is very distinct

from coniferous oleo-resins. The consistence varies greatly with age. The solubility of the drug

in 1 vol. of warm rectified alcohol (60 o.p.) is almost complete ; it is not quite bright, but does

not deposit to any large extent on cooling. Many of the coniferous resins may thus be detected.

Organic remains are always present in Chian turpentine, from the method of collection ; these may
be studied as additional evidence of the origin of the drug under examination.

5. Common lAmencan and Bordeaux} Turpentine (Fb., Terehinthine commune; Ger., Gemeiner

Tcr/icntin).—Common turpentine is afforded by a number of species of pine in both hemispheres.

In Europe, they are chiefly the Scotch pine {Piniis syhestris) in Finland and Russia ; the Corsican

pine (P. Lariciu) in Austria and Corsica ; the maritime fir or pin maritime (JP. Pinaster [manii'ma]) in

S.-W. France. In Asia, there are P. excelsa in Nepal and the Himalayas, P. longifolia in the

Himalayas, P. Oerardiana in the Himalayas, P. Massoniana in Japan and Burma, and P. Eliasyana

and P. Lattcri in Burma. In America, the swamp or Georgia pitch pine (P. australis [palustris'^)

and the loblolly (P. Twdu) in the S. United States, and the common red pine (P. resinosa) in

Canada. Tlie cultivation of these trees will be described in the article on Timber. In the present

article, attention will be confined to their resinous exudations.

The so-called " pine barrens " of the United States extend from Virginia to the Mexican Gulf,

especially throiigh N. and S. Carolina, Georgia, and Alabama, but the extraction of turpentine is

an industry mainly developed in N. Carolina. In winter (November-March), the " boxing " is

carried on. This consists in cutting cavities in the tree, at 6-12 in. above the ground, and shaped

like a distended waistcoat-pooket, the lower lip being cut horizontally, the upper one arched, and

the bottom of the box being about 4 in. below the former, and 8-10 in. below the latter. The
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capacity of each " box " is about 2-3 pints, and its purpose is to form a receptacle for the exudation.

The boxes are cut by means of a speeially-sJiaped axe, and considerable skill is required to wield

it properly, a chief object being to attain the desired capacity while approaching as little as

possible the heart of the tree, and thereby endangering its life. An expert may make a box in

10 minutes, or about 50-GO in a day. The box being made and carefully cleaned of all chips, the

exudation is induced by removing with the axe a thin slice from the upper lip of the box, including

the bark and about 2 or 3 rings of the wood. There are commonly 3 boxes in a tree of 18 in.

diam., it being a good rule to have at least 6 in. of face between the boxes. Some authorities are

of opinion that it is beneficial to restrict operations to the northern face of the tree, the turpentine

thereby retaining more of the volatile constituent, and the boxes being less exposed to the dust

and leaves blown about by the southerly winds of summer. From the pared upper lip of the box,

the sap begins to ilow about the middle of March. From that time, the surface of the wound
requires to be renewed every 7-10 days, which is effected by slicing off about

-J-
in. from its face,

the object being merely to expose fresh tissue as fast as it becomes clogged by the exudation.

The latter mainly collects in the box, and is dipped out at intervals by special ladles, and

barrelled. By the repeated slicing of the upper lip of the box, the wound ascends the tree to a

height of 12-15 ft., ladders being used in the later years during which the operation is prolonged.

The higher the wound has been carried, the greater the surface passed over by the exudation on

its way to the box, and the greater the proportion which solidifies prematurely on the wound.

This is the portion which is termed " scrape " in America (see Thus, p. 1684). The liquid portion

which collects in the boxes is called "dip,"' in contradistinction. The scrape is removed about

once a year ; by allowing it to accumulate excessively, the yield of dip is much reduced. The lat

year's flow of a newly-boxed tree is known as " virgin dip," and is separately barrelled, being of

superior quality. All leaves and chips should be cleared away from around the base of the trees,

to avoid the outbreak of fire, and afford no harbour for insects.

The crude turpentine has to undergo a process of distillation, to separate the " rosin " from the

" spirit,'' " oil," or " essence " of turpentine. This distillation is carried on mainly on the streams

near the localities of production. During the Civil War, large quantities of the crude oleo-resin

were shipped to England for distillation, but this has long since ceased to be tlie case. The little

sent into the N. States undistilled is used for making printing-ink. The production in the

United States in 1876 was stated at 300,000 casks turpentine-spixit, and 1,500,000 barrels (of

280 lb.) of rosin.

Both rosin and turpentine-spirit were made in Canada, during the American Civil War, from

the common red pine (Piums resinosa), which grows abundantly in the N. counties of Ontario.

The turpentine obtained from it is not identical in its qualities with that of the S. States, but

forms a convenient substitute. Since the supplies of the southern article have resumed their

normal condition, this manufacture has been abandoned.

In the French departments of Landes and Gironde, the extraction (^gemmage) of the crude

oleo-resin is conducted in a much more rational manner. Towards the end of February or begin-

ning of March, preparations are commenced by thinning down the rough bark till only the last

cortical layers remain covering the sap-wood, thus presenting a smooth even surface. The thinning

is confined to the space which will be operated on during the current season, allowing a margin

of 4 in. in height and J-IJ in. in width, so as to prevent bark fragments from falling into the

receptacle placed to catch the exudation, and avoid the blunting of the edge of the instrument

used in paaking the incision. The next operation, generally performed about Ist-lOth March,

consists in cutting the resiniferous ducts by means of the abchotte. The workman cuts into the

foot of the tree an incision with a convex top, termed a carre, measuring 4 in. wide, l-i- in. high,

and ^ in. deep. The crude turpentine (^gemme) escapes in viscous transparent drops, thickening

by exposure to the air, a portion adhering to the carre, while the more liquid remainder flows into

R receptacle. This latter was formerly a hole made in the earth at the foot of the tree, and named
crot ; but since 1860, little earthenware dishes have come into general use, the oleo-resin being

conducted into them by strips of zinc, called crampons. The renewal of the wound {piquage) is

performed every 5-7 days. When the dishes are sufficiently full, their contents are emptied into

a wooden basket termed an escouarte, the dishes are replaced, and the oleo-resin is conveyed to

large reservoirs known as barcous, built of wood or bricks here and there in the forest, where it

remains till required for manufacture. By the piquage, the carre constantly increases in height,

but never exceeds certain dimensions. These have been recently fixed at the following figures :

—

Height ! 1st year, 82 in. ; 2nd, 51 in. ; 3rd, 80 in. ; 4th, 109 in. ; 5th, 148 in. ; width, 3i in.
;

depth, i in., measured from a line parallel with the red part of the bark.

There are two modes of gemmage : a mart and a vie. The former is applied only to trees which

are to be felled, in which case, it is desired to extract the greatest possible quantity of turpentine

in (he shortest time, and with this object, a number (2-6) carres are made simultaneously. The
latter system (a vie) is adopted with trees which are to remain growing (called pins de place), and
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in wliioli never more than one carrc is opened at a time. Wlien the first, at the end of 5 years,

has n hi'ighl of 148 in., the tree is allowed to rest for several years ; a fresb one may then be made
at a distnnce of not less than 6-8 in. from the last. The old-fashioned plan of collecting the

turpentine in a hole in the ground is termed gemmage au crot ; the moilern plan of using earthen-

ware dishes is known as the systime ffw/ttes. By the latter, the yield is increased \, and the value

10 franca (8s.) a burrul, while the additional cost is about 5c. (2^^.) a tree per annum. The
gemmage a mart, on trees which are to be felled, is performed as soon as they are large enough to

support a carre, which is when they are 16 in. round, usually attained at an age of 20 years.

Until 1877, in the government forests, the gemmage a vie was commenced on reserved timber at a

circumference of 39 in., but this has since been increased to 43 in., when the pines are 30-35 years

old. The mean annual yield per hectare (of 2J acres) of turpentine and " thus " varies from 240 kiia,

(of 2 2 lb.) in the younger forests,

to 450 kilo, in those where the ^'*^

trees are mostly 40-70 years of

age. The yield, however, fluc-

tuates greatly both in quality and

quantity, according to the season

and other varying conditions.

The tools employed by the

resiniers or collectors are shown in

Fig. 1183. The abchotte or abckot

A is a sort of axe, used to make
the Carres and to renew the wound.

The harrasquite B has a sharp,

narrow, curved blade, while the

pousse C is broad and straight

;

these two implements are era-

ployed in detaching the harraa

and galipot (see Thus), as well as

in the barking operation, tlie

barrasquite being adapted for use

only at au inclination, and not

above a height of about 8 ft.

The pelle serves for barking the

lower part of the tree, for con-

structing and cleaning the crots,

according to the old mode of

gemmage, and for removing the

oleo-resin therefrom to deposit it

in the escouarte. The little glazed

earthenware pot E receives the

exudation, which latter is re-

moved from it by a small iron

spatula. The crampon F is a

curved zino blade armed with

5 teeth ; it is driven into the carre

to conduct the flow of oleo-resin

to the receptacle.

The gemmage of the pin mari-

time is almost confined to the

baein of the Garonne. Attempts

were made in Sarthe or Mayenne, and in Sologne, but unsatisfactory results caused their abandon-

ment. The operation was formerly carried on on the Mediterranean shore, but has been given up
in face of the enormous production of the Landes. It is recorded that the extraordinary cold of

last winter (1880-1) killed nearly all the pins maritimes in N. and Central France, causing enormous

losses, notably in Solcigne. The occasion was seized by Prilleux to test the correctness of the

popular belief that frost destroys the oleo-resin ; the result of his investigation was that the dry

wood of trees not killed by frost gave only 2-3 per cent, of resin, while those which were killed

gave 3-4 per cent. This probably signifies that the dead tissue was not capable of retaining any

of the oleo-resin, rather than that the frost actually augmented the secretion. About 600,000

hectares of this pine now exist in the Landes and on the sand-dunes. The annual exports now
amount to the following figures :—To Belgium, England, and Germany, 3 million fr. worth of

turpentine-spirit; to Germany and England, 2^ million fr. worth of distillation residues (rosin.



1690 RESINOUS AND GUMMY SUBSTANCES.

pitch) ; finally, to Germany, England, and Holland, i million fr. worth of thus, tar, &o. The
consumption in France is estimated at 9 million fr. The total harvest in 1874 was 29,395,417 kilo.

(of 2 '2 lb.).

Many improvements in the distillation of the crude oleo-resin and its products have of late

years been introduced in France. The arrangement of the apparatus for the first distillation, the

separation of the rosin and the spirit of turpentine, is shown in longitudinal section in Fig. 1184,

and in cross section on the line A B in Fig. 1185. The crude oleo-reaiu, after a certain amount of

meclianical purification by straining and settling, is placed in the boiler 6, fitted with a movable

lid, heated by the fire a and furnished with a steam-coil e.

After 5-6 hours, tlie temperature reaches 90° (194° F.), and
liquefaction is complete. At d, is an outlet provided with

a grating, and all the material reacliiug above tliis sort of filter

runs into tlie receptacle e ; there then remains in the boiler

but a very small quantity of turpentine (crude) mixed with

foreign matters. The distilled turpentine is next transferred

from the receiver e to a reservoir /, called the " charge," hold-

ing the exact quantity (about 60 gal.) for each operation to be
introduced by the pipe g into the still which is traversed by the

section-line A B. In tliis still (a, Fig. 1185), a perforated worm
permits the introduction of steam when the turpentine, heated

by the fire b, has attained a temperature of 135° (27.5° F.). Effervescence ensues, and the " spirit

"

or " essence " separates completely. At o, is an opening closed by a wooden bung, and carefully

luted. When the spirit ceases to pass into the serpentine receiver (/j. Fig. 1184), the operation

is suspended ; the rosin, at a temperature of about 130° (266° F.), escapes at o into a box d, and
thence into a cylinder e formed of very fine metallic gauze. This cylinder is made to revolve

on its axis ; the rosin falls through into a receptacle, while an unimportant residue remains inside.

The rosin ynay be at once barrelled and shipped. The spirit leaving the serpentine cooler (A,

Fig. 1184), being cloudy, is placed in large earthenware jars holding about 66 gal. and with clay-

luted covers, recalling the tinajas used in the olive-oil industry (see p. 1403). Here it remains
4-5 days, and deposits the little remaining impurity. Copper vessels are sometimes substituted
for these jars, and with advantage.
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In some works, a few improvements have been made in the foregoing processes. The boiler 4

(Fig. 1184) may bo fitted with an agitator, thus preventing solid matters from buming on to the

liitloin. Its cover may carry rims for containing water to condense the vapours. Thermometers

miiy be placed in the boiler and still for regulating the temperature. Finally, it has been

iitti inptcd to employ steam-heat throughout, as being more easily controlled.

The trcatiucnl of the rebidues is desciibed under Pitch, Eosiu, and Tar (pp. 1678-81, 1683-4).

The crude turpentine commonly reaches the works in barrels containing about 50J gal., and

weighing about 517 lb. The yield from this by the oldest method was only 33 lb. of turpentine-

spirit, which was increased tu 83 lb. by using hot water in the still of Fig. 1185, while by the

adoption of steam, the result is 99 lb. of turpentine-spirit, and about 352 lb. of dry matters. The
steam process not only effects a greater yield, but produces a better article, and requires Uss time

and labour.

The Russian method of tapping differs essentially from both the American and the French.

The trees, when 20 ft. high below the branches and 3J-7 in. thick, are stripped of a piece of bark

about 28 in. wide, and leaving only about 2-3 in. of the trunk undenuded, preferably on the north

side. The oloo-resin exudes and becomes inspissated on the barked patch (really forming " thus"),

and is tcrapcd off in the following autumn, averaging about 14 oz. to a tree. Next year, tlie

barking is continned in narrow rings for a distance not exceeding 16 in., and the product may
amount to 21 oz. In the 3rd year, it reaches about the same figure ; in the 4th, it falls back to

14 oz. In the 5th year, 24 in. are removed, but the yield is then small ; the barking ia stopped in the

Gth yeiir, but the tree is left standing for 3-4 years, becoming saturated with oleo-resin, and thus

ol increased value for the tar-oven (see Tar, p. IIJSS).

The Indian conifers already named are capable of affording considerable quantities of turpen-

tine, probably at a price which would be remunerative in local markets, but not for export in

competition with tlie American article.

Cfinnnon turpentine is a honey-like liquid, of strong, disagreeable, characteristic odour, and

acrid, bitter, nauseous flavour ; it is soluble in alooliol, ether, carbon bisulphide, and fixed and

volatile oils. The drying propensity varies, being strongest in the Bordeaux kind. By aqueous

distillation, the common turpentines yield 15-30 per cent, of essential oil (see Vegclable Volatile

Oils, p. 1431). The consumption of common turpentine in the preparation of varnishes and paints

is very extensive. I'he approximate London market value of American turpentine in casks is

•.iO-30s. a cwt.

Turpentine is very rarely exported in its crude state, but the commerce in turpentine-oil (called

also "spirit" and "essence") has considerable importance. Our imports were 236,026 cwt, value

271,618/., in 1876 ; 324,145 cwt., 358,000/., in 1878 ; and 27I,6a'J cwt., 378,838/., in 1880. (»f the

last-mentioned, the United States contributed 261,911 cwt., 365,752/. Our re-exports in 1880 were

.'^715 cwt., 8319/., to France; 55:!1 cwt., 0231/., to Belgium ; 4404 cwt., 6640/., to Holland;

8i;03 cwt., 12,742/., to other countries. Our imports from the United States rose from 228,429 cwt.

in 1876, to 322,251 in 1878, but receded to 201,911 in 1880. The American port of Boston

reeiived 217 bar. crude turpentine and 0546 bar. turpentine-spirit in 1880, and exported 730 bar. of

the latter. New York exported 135 bar. crude turpentine in 1878, and 58 in 1879; and 17,213 bar.

turpentine-spirit in 1878 and 5824 in 1879 ; of the spirit shipped in 1878, 4814 bar. came to Great

Britain, 2023 bar. went to N. Europe, 1238 bar. to other Europe, 9107 bar. to S. America, the E. and

W. Indii-8, &o. Wilmington, in 1878, sent 11,024 bar. spirit coastwise, and exported 107,152 bar.,

total value, 266,927/.; and of crude, 3087 bar. coastwise and 1449 abroad, total value 1844/.

Savannah, in 187'.), exported 512,268 gal. turpentine, of which, 274,717 gal. came to British ports;

in 1880, the figures were 21,743 bar. spirit coastwise, and 605,412 gal. exported. Mobile, in 1880,

sent 25,109 bur., value 73,240/., to the interior of the United States. The Greek port of Syra, in

1S77, sent 112/. worth of tmpentine to Egypt, 112/. to Tuikey, and 107/. to Great Britain.

6. Hungarian balsam (Fk., Ti'reimthine J'Songr.e),—The dwarf or mountain pine {Pinits PumiUo)

yields a pale-yellow clear liquid, of herbaceous odour and piquant flavour, still known under

the name of Hungarian balsam, but hai'dly met with now in commerce. Its essential oil is used as

an inhalation in throat-diseases.

7. Strassburg iurpantine (Fn., Te'nblnthine d'Alsace, de Strasbourg, du sapin, or au citron ; Geb.i

Strassburger Terpentin).—This oleo-resin is afforded by JPinus Ficea [Abies pectinata'], the silver fir,

whose geographical distribution is recorded under Timber. The secretion of the oleo-resin is

analogous to that of Canadian turpentine, and its collection is effected in a precisely similar manner.

It is afterwards filtered through bark funnels. In all respects, it bears a close resemblance to

Canadian turpentine, except in wanting the acrid bitterish flavour of the latter, and any distinct

flnoresoence. It possesses the properties of common turpentine, with the advantage of a very

pleasant odour. It was formerly held in great medicinal esteem, but is now nearly obsolete, and is

collected only in very small quantity near Mntzig and Barr, in the A'osges.

8. Venice or Larch turpentine (Fb., 2'iiibinthine de Venise, ilc Brianfcn, du me'lhe, Suisse; Geb.,
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Venetianiseher, L'drchen Terpentin).—This variety of turpentine is obtained from Pinus Larix [Larix

europcea], the European lareh (see Timber). The collection of the oleo-reein is carried on chiefly

about Male, Meran, Botzen, and Trent, in the Tyrol ; occasionally and in trifling quantity in

the Valais, Piedmont, and some places in France. The resiniferous canals of this species are

situated mainly in the sap-wood, hence a special mode of extraction is necessary. This consists in

cutting a hole to the centre of the tree, at about 1 ft. above ground, in the spring of the year ; this

is plugged up till the autumn of the same or the following year, when it is opened, and the

accumulated oleo-resin is removed in an iron spoon. The yield thus amounts to about J lb. yearly,

without appreciable damage to the tree. Formerly, in the Piedmontese and French Alps, a number
of wide cavities were made, and left open ; the product in this case reaches 8 lb. annually, but

the timber is greatly injured, and the tree soon ceases to yield at all. It is further urged in support

of the modern plugging process that it tends to maintain the transparency and purity of the

turpentine.

Venice turpentine is less siccative than any other kind. It is a slightly turbid, translucent,

pale-yellow, thick liquid, of less pronounced odour than common turpentine, and an acrid, bitter,

aromatic flavour. It has no special medicinal qualities, and is scarcely known now in English dis-

pensing, though useful for plaisters. It is often prescribed in veterinary practice, but is then

generally replaced by an artificial compound of rosin and turpentine-oil, the true article being

absorbed by the Continental markets.

Varnislies [Natural].—This term is applied to a group of products resembling the

well-known Burmese lacquer. The chief kinds to be described are (1) Burmese, (2) Cingalese and
Indian, (3) Japanese and Chinese.

1. Burmese.—The thit-tsi of the Burmese is a thick, viscid, greyish, terebinthinous fluid, soon

assuming a black colour on exposure to the air. It is contained in every part of the tree called

Melanorrhcea usitatissima, a native of Burma, and extending to the N.-E. frontier of Silhet and
Tippera, and identical with the hheu tree of that district. The geographical range may be stated as

lying between Munipur (25° N. lat., 94° E. long.) and Tavoy (14° N. lat., 97° E. long). The tree

attains its greatest size in the valley of Kubbu, and becomes smaller as it approaches the sea on the

Tenasserim coast, where it frequents comparatively low situations. The extraction of the varnish

is performed in the following simple manner. Short joints of a thin kind of bamboo, sharpened to

a pen-like point at one end, and closed at the other, are thrust slantwise into wounds in the bark of

the stem and main boughs, and left for 24-48 hours ; on removal, their contents, rarely more than

\ oz., are emptied into a rattan or bamboo basket previously varnished over. The collecting season

lasts while the leaves are off the trees, or from January till April; the bamboos are renewed
as often as the juice requires, and are sometimes inserted to the number of 100 in a single tree. A
good tree will produce lJ-4 viss (of 3J lb.) annually. At Prome, the pure article fetches about

2s. 6rf. a cm. It is commonly adulterated with gingelly-oil. It dissolves in alcohol, turpentine-

spirit, and benzol, assuming greater fluidity. It may be diluted with gold-size, which tends

to hasten its drying and intensify its colour, while turpentine renders it browner. Locally it is used

in enormous quantities in lacquering furniture, temples, idols, varnishing vessels for holding liquids,

and paying river-craft. The very long time it occupies in drying has given rise to unfavourable

reports on it in European industry.

2. Cingalese and Indian.—The black varnish of Ceylon is derived from a species of Semecarpus, and

similar products are obtained in India from S. Anacardium in the Concans, Coromandel, Courtallum,

Guzerat, Bengal, and Travancore, from S. travancorica in the moist forests of the Tinnevelly

and Travancore mountains, and from Holigarna longifolia, a common tree about the W. ghats of the

Madras presidency, and occurring in Bombay and Bengal. The juice exudes from natural fissures

in the bark of the latter, and from the pericarp of the three former, hardening, and assuming a black

colour. It forms an excellent varnish, adhering strongly to wood and metal. It is also used as a
marking-ink, much the same as the juice of the W. Indian Anacardium occidentale, or cashew-nut

(see Nuts, p. 1352).

3. Japanese and Chinese.—The natural varnish of Japan and China is derived from several

species of Jihus, whose fruits afford the Japan wax of commerce (see Wax). The stems of the trees

are incised at the age of 4-5 years, and the productiveness only lasts for 3 years. The implement

used is a sort of double hook called iaki gama ; with it, a horizontal gash is first made in the bark,

then an incision in the centre of the gash. The exudation is collected on an iron spatula, and
poured into a vessel suspended from the collector's v/aist. The incisions are continued upwards till

the whole tree has been wounded ; it is then cut down, the branches are lopped off, soaked in water

for 10-20 days, and abundantly incised. The product is most extensively employed in Japanese

and Chinese lacquer-work.

Wood-apple (Geb., Feroniagmnmi).—An arabic-like gum of some industrial importance is

afforded by the wood-apple tree (Feronia elephantum}, an Indian tree, found in Coromandel, the W.
coast, Guzerat, and probably Travancore and Burma. The gum is used by dyers, and by painters
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in miniatare and on chintz; it is also employed in making ink and some Tarnishes, and in
preparing fine whitewash. It affords with water a brownish tasteless mucilage, not less adhesive
than that of gum arabic. For preparing water-colours, it has a reputation beyond all other gums.
It IB much cheaper than gum arabic, while apparently equal to it for all purposes.

Xanthorrhoea, Botany Bay, Black-boy, Grass-tree, or Akaroid resin, or
Oround-shellac.—These names have been applied at various times to the resins afforded by the
Xanthorrhaaa, of which over half a dozen species have been identified, all indigenous to Australia.

In W. Australia, tliese plants form a principal feature in the regetation. In Gippslund and
the Western Port district of Victoria, X australis abounds on morassy and sandy heaths. All species

contain a large quantity of resin, which exudes naturally in such a degree as to cover the base of

the leaves and the subterranean portions of the plant, while by crushing the woody stems and sift-

ing or washing away the chips, some 50-60 lb. of the resin may be got from a single specimen.

It is usual to distinguish the resins as " red " and "yellow." The former is ascribed by Wiesner
exclusively to X. australis, and the latter to X. hastilis; while X. arborea U accredited with the pro-

duction of both kinds of resin, the fact probably being that it gives a yellow resin becoming super-

ficially red by age. On this point, there is much difference of opinion. All kinds are completely

soluble in alcohol, and have a pleasfint benzoin-like odour. They huve been employed in the manu-
facture of spirit- and other varnishes, especially for application to metals. Their lime and soda

soaps are used in sizing paper. They may also be availed of for the manufacture of picric acid, and
an illuminating-gas much cheaper (locally) than coal-gas. The yellow kind is used for staining

wood in imitation of cedar. It is said tliat it can bo produced at a cost not exceeding 6/. a ton,

while possessing a value of 30'. a ton in Melbourne for varnish-making purposes.

Miscellaneous.—Besides the foregoing important products, the following species may be
recorded as capable of yielding resinous or gummy substances :

—

Adenimthera pavonina, in Ceylon, the Peninsula, Travancore, Silhet, and Assam : a gum.
^gle Marmelos (see Drugs—Bael, p. 793) : an amber-coloured gum in small tears, which has

been styled as a " good arabic."

Agati grandiflora, in Travancore : a kino-like exudation.

Ailantiis excelsa, in the N. Oiroars and Coimbatore : a gum resembling moringa, only
partially soluble.

Ailimtiis mcduiarica, in Travancore and Malabar : a dark-brown, homogeneous, soft gum-resin
of fragrant odour, sometimes burnt as incense.

Ariooarpus incisa, in Ceylon : a gum or r^in called ratadel.

Azadirachta indica, in the Peninsula and Assam : said to form a portion of E. India gum (arabic).

Bassia spp. (see Oils, pp. 1392, 1394, 1408, 1410) ; white milky gums from deep incisions around
the trees, but quite useless commercially.

Bauhinia spp, (see Fibrous Substances, p. 921) : brownish, mild, cherry-like gums.
Borassus flabelliformis (see Fibrous Substances, pp. 932-3) : a black gum.
Calyptranthes caryophyllifolia, in the Peninsula and N. India : " navel-tree " gum, or a kino-like

substance.

Careya arborea, in the Peninsula, Concans, and Travancore : a greenish gum.

Cassia spp. (see Drugs, p. 798, Spices) : a dark-coloured soluble gum, and from C. auriculata an
esteemed medicinal resin.

Cedrela Toona, at the foot of the Himalayas : a gum or resin.

Celtis orimtalis, in Coromandel, Bengal, and Travancore : a gum resembling cherry.

Ceradia furcata, in S.-W. Africa : a myrrh-like gum-resin (see p. 1C25).

Chic/irassia tabularis, in the Cunnawady Hills (India) : transparent, amber-coloured gum.
Chrysophyllwn ramiflorum, the oaca or giiariba of Brazil.

Clusia spp., in Tropical America : chiefly C. insignis (a medicinal resin from the flowers), C. alba,

C. rosea, and C. fiava (pitch-like resins from the stems), C. Galactodendrcm (a palo-de-vaca or " cow-
tree "), C. Duca (ditca resin, used as incense), C. Calaba (a copal resin called aceite de Maria).

Cordia Rothii, in Mysore : a gum.

Cijcaa circinalis, in the S. Concans : a tragaoanth-like gum.

Elate sylvestris, common throughout India : a glossy, dark-brown, flexible gum.
Emblica officinalis, common in most parts of India : a brittle gum in stalactitic pieces.

Enodendron anfractuosum (see Fibrous Substances, p. 948) : a vinous-red, semi-soluble gum,
resembling moringa.

Erythrina indica, in Coromandel, the Concans, and Assam : a dark-brown opaque gimi of no
promise.

Oarwja pinnata, in Coromandel, Assam, and N. India : an inferior gum called curvamboo.

Orevillea robusta, in Australia : a vinous-red, semi-soluble gum resembling moringa.

Grislea tomentosa, in the Peninsula, Concans, W. Ghats, and N. India : a white kuteera-like

gum, used in dyeing.
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Gyrocarpus Jacquinii, in Ooromaudel : a blaot tar-like gum called poongallee.

Beritiera littoralis, in Ceylon : a gum or resin called mendora.

Jatropha Curcas, in Ooromaudel and Travaneore : a gum.
Luouma spp., in Brazil : Z. gigantea (the jaqua), L. fissilis (the guaraaud), L. lasiocarpa (the

abiarand), L. laurifolia (the guapeba vermelha), L. procera (the maqaranduba bianco).

Macaranga spp., in Malabar and Travaneore : a pure light-crimson gum, used for taking im-

pressions.

Melia Azedarach, in N. India, the Deccan, and Oonoans : a tasteless, soluble gum, resembling

wood-apple.

Melia sempervirens, in W. Indies : a gum of small importance.

Mesua ferrea (see Dyestuffs—Nagkassar, p. 864, Perfumes—Nagkassar, p. 1526): an olco-

resin that might replace Canadian turpentine.

Michelia Champaca (see Oils—Ilang-ilang, p. 1422) : a gum.

Mimusops Elengi, in the Circars, W. Ghats, the Peninsula, and Silhet : the pogada gum of

Madras.

Nerium siutveolens, in Madras : a dull-red gum.

Opuntia ruiescens, in Brazil : a kuteera-lilie gum.

Panax Colensoi, in New Zealand : an arabic-like gum, occasionally used for adhesive purposes.

Pittosporum spp., in New Zealand : a gum-resin in very small quantity.

Podocarpus cupressina, in Java : a resin (see p. 1625).

Poinciana elata, in Coromandel, Malabar, Guzerat, and Arcot : a gum.
Poinciana regia, in Madagascar : abundance of gum.

Pongamia glabra, iu Coromandel, Conoans, Deccan, Patna, and Assam : a thick, black, opaque

gum.

Prosopis spioigera, in Coromandel : a gum resembling mezquito.

Punioa granatum, in Barbary :
" pomegrauate-gum."

Sapindus spp. (see Nuts—Soap-nut, p. 1360) : a gum.

Soymida febrifuga, in Central and S. Provinces and Guzerat : a tolerable gum.
Spmdias mangifera, in the Peninsula and Upper India : a mild, insipid, arabic-like gum.
Stereospermum siiaveolens, in the Deccan, Bengal, and W. coast : a moringa-like gum.
Tamarindus indica (see Fruit—Tamarinds, p. 1028) : a black gum.

Tamarix dioica, from Sind to Assam and Burma: a friable, soluble, pale-yellow gum.

Terminalia spp. (see Oils—Myrobalau, p. 1396, Tannin—Myrobalans) : abundance of trans-

parent soluble gum resembling arable ; best and most from T. belerica.

Thespesia spp. (see Fibrous Substances, p. 998) : a dark, tasteless, cherry-like gum.

Vachellia Farnesiana, in Bengal, Assam, and the Peninsula : an abundance of arabio-like gum.
Wrightia spp., in Ceylon and S. India : gums used for ordinary purposes.

Zizyphus fiexuosa, in Nepal : simli gum, resembling inferior arable.

Commerce in Unenumerated Gums and Eesins.—Our imports of unenumerated gums and resins

were 74,077 owt., 264,995?., in 1876 ; 86,972 ewt., 274,577/., in 1877 ; 76,152 cwt., 301,858?., in 1878 ;

82,327 owt., 344,410?., in 1879 ; 92,283 cwt., 345,087?., in 1880. The figures for 1880 were made up as

follows :—Straits Settlements, 19,225 owt., 76,721?. ; Bombay and Sind, 18,364 cwt., 54,073?. ; British

W. Africa, 7750 cwt., 26,078?. ; Egypt, 7309 cwt., 19,450?. ; Holland, 6303 cwt., 16,035?. ; France,

5304 cwt,, 17,960?. ; Turkey, 5258 cwt., 44,420?. ; Morocco, 5226 cwt., 19,044?. ; Aden, 4824 cwt.,

19,072?. ; other countries, 12,720 cwt., 52,234?. Our exports of unenumerated gums in 1880 were :

—

17,251 cwt., 83,608?., to United States ; 11,830 cwt., 38,647?., Russia ; 11 ,025 cwt., 38,823?., Holland
;

8530 cwt., 31,188?., Germany; 4740 cwt., 22,509?., France; 3432 cwt., 10,724?., Belgium ; 9888 ewt.,

27,823?., other countries ; total, 66,696 cwt., 253,322?. The imports of unenumerated gums from

Portugal were 572 cwt. in 1876, 350 in 1878, 420 in 1880. From Portuguese W. Africa : 516 cwt. in

1876, 3in 1879, 163 in 1880. From the Philippines : 373 cwt. in 1877, 1766 in 1880. From European

Turkey : 773 cwt. in 1877, 1818 in 1878, 1007 in 1880. From Asiatic Turkey : 4532 cwt. in 1876,

13,035 in 1878, 4890 in 1880 ; Musyna, in 1879, sent 25 tons, value 27502., to France, and 168 tons,

17,800?., to Turkish ports; Aleppo, in 1880, sent 18 tons, 2880?., to England, 8 tons, 1280?.,

to France, 2 tons, 320?., to Italy, 4 tons, 640?., to Austria, 8 tons, 640?., to Turkey, 15 tons, 1200?.,

to Egypt ; total, 55 tons, 6960?. ; Samsoon exported 774 cwt., 6192?., in 1880 ; Adana exported

1820 bales, 12,487?., in 1878. From Egypt (excluding " arabie ") : 3889 cwt. in 1877, 8072 in 1879,

7309 in 1880. From Morocco (excluding " arable ")
: 8168 cwt. in 1876, 3763 iu 1879, 5231 iu

1880 ; the exports from Mogador in 1880 (including arabie, euphorbium, and sandarach) were :

—

1427 casks, 12,725?., to Great Britain; 140 casks, 1185?., to France ; 10 casks, 70?., to Portugal;

1 cask, 8?., to Spain; total, 4115 quintals. From W. Africa : 2911 ewt. in 1876, 629 iu 1878, 773

in 1880. From B. Africa: 1181 owt. in 1876, 381 in 1877, 966 in 1880. From Persia: 639 cwt.

in 1876, 2469 in 1877, 362 in 1880 ; Bushire, in 1879, sent 1200 rupees' worth of " Persian gum"
to England, and Bahrein sent 50 rupees' worth to Koweit, Bussora, and Bagdad. From British W.
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Africa: 5G75 owt. in 1476, 4134 in 1878, 7547 in 1880. From Aden: 5001 cwt. in 1S77, '.>SU

in 1S80. From Bombay: IG.d'j:! cwt. in 1876, 27,86G In 1877, 19,862 in It-sO. From the Straits

Settlements (excluding guttapercha and lac): 9832 cwt. in 1877, 7567 in ls79, 10,225 in 1880.

From S. AuBtrulia: 373 cwt. in 1870, 4442 in 1879, 3908 in 1880. Panama exported 14/. worth
of " balsam " to the United States in 1879.

mblio/raphi/.—T. Milliner, ' Gewinnung und Verarbeitung des Schwarzfdhrenharzes ' (Vienna :

lSi;7); 0. C. F. De'niau, ' Le Silphium [Asafcetida] ' (Paris: 18i3S) ; F. A. Fluckiger, 'Gummi
und Bdellium von Senegal' (Schaflfhausen : 18iilj); de Gomicuurt, ' L'Ailantlie irlobuleux, ou
vomis du Japon ' (Auch : 1870) ; J. Collins, ' Eeport on Caoutchouc ' (London : lbl2) ; E. J. Ber-

nardin, ' ClMsiflcation de 100 Caoutchoucs et Guttaperchas ' (Ghent: 1872); J. Wiesner, 'Die

Rohstoffe des PQauzenreiches ' (Leipzig: 1873) ; M. C. Cooke, ' Gums, Kesins, Oleo-resins, Ac, of

India ' (London : 1874) ; G. W. Strettell, ' Caoutchouc from Chavannesia esculcnta ' (Rangoon : 1874)

;

Curie, ' Produits resineux du pin maritime' (Pfiris: 1874); F. Bouquinat, ' Les arbrea risineux'

(Chalon-sur-SttOno : 1875) ; C. R. Markham, ' Cultivation of caoutchouc-yielding trees in British

India' (Jour. Soo. Arts, Vol. xxiv.. No. 1220, London: 1875-6); A. Herlant, 'Produits resineux

des Coniferes ' (Brussels : 1876) ; J. E. O'Conor, ' Lac : production, manufacture, and trade ' (Cul-

cutta: 1876); E. Hirschsohn, ' Galbanum, Ammoniaque, Opopanax et Sagapenum ' (Paris, Ghent,

Leipzig: 1876); A. W. Miller, 'Mozquite Gum ' (Pliarm. Jour., Vol. vi. [xxxv.], Nn. 309, London :

1876); A. Corre, 'The Gums of Senegal' (Pharm. Jour., Vol. vii. [xxxvi,]. No. 329, London:

1876-7) ; R. Cross, ' Report on Indiarubber trees of Para and Ceara, and Balsam of Copaiba

'

(London: 1877); Oroizette Desnoyers, ' Le gemmage du pin maritime' (Paris: 1878); M. Giraud,

'Origin of Tragacanth ' (Pharm. Jour., Vol. viii. [xxxvii.]. No. 40.i,| London : 1878); F. A.

Fluckiger, 'Luban mati and Olibanura' (Pharm. Jour., Vol. viii. [xxxvii.], No. 407, Lomlon

:

1878); J. Morel, ' Resinous Products of the Coniferaj' (Pharm. Jour., Vol. viii. [xxxvii.], Nos. 368,

371, 381, 384, 394, 403, 411, 415, 417, Vol. ix. [xxxviii.], Nos. 451, 453, London: 1877-9);

n. Trimen, ' The Plants affording Myrrh ' (Phorm. Jour., Vol. ix. [xxxviii.]. No. 102, London

:

1878-9) ; G. H. Proohazka and H. Endemann, ' Chicle ' (Pharm. Jour., Vol. ix. [xxxviii.],

Nos. 469-70, Ijondon : 1878-9) ; Fluckiger and Hanbury, ' Pharmacographia ' (London : 2ud

ed. 1879) ; R. H. Parker, ' Myrrh : its composition and impurities ' (Pharm. Jour., Vol. x. [xxxix.].

No. 475, London : 1879) ; R. Hoffor, ' Kautschuk uud Guttapercha ' (Vienna, Pest, Leipzig : 1880)

;

R. H. Parker, ' Chian Turpentine ' (Pharm. Jour., Vol. x. [xxxix.], No. 521, London : 1880)

;

C. L. Mitchell, 'Gum Hog-' (Pharm. Jour., Vol. xi. [xl.]. No. 5.30, London: 1880); H. T.

Geyler, ' Ueber Japanischer Lackbaum ' (Frankfurt-a-M. : 1881) ; G. E. C. Beauvisage, ' Origines

Botaniquea de la Gutta-percha' (Paris : 1881).

(See Indiarubber Manufactures ; Oils [Vegetable Volatile] ; Varnish ; Wax.)

HOPE (Fn. Cordage ; Geu., Taurcerli).

Of the industries dealing with fibrous materials, rope and twine manufacturing has been tlie

latest to come under the influence of the mechanical inventor. Its comparative insignificance for a

long time was its oliiof protection. Whilst the textile industries offered larger fields and greater

rewards to the ingenuity of the schemer, this department was ignored. Rope and twine manu-
facturing as an industry was scattered all over this country in the towns and villages, but flourished

mostly at or in close proximity to oiu: sea-ports, where, for the supply of shipping, there existed the

greatest demand for its products. As in every other handicraft, the processes until within a com-

paratively recent period, were of a rude and primitive character, having been transmitted from one

generation to another through centuries, most probably without important modification. With the

rise of the modern system of manufacturing, the growth of population, and the enormous development

of commerce, our requirements were so largely increased that these primitive methods no longer

sufficed to satisfy them. The inventor's aid was therefore called into requisition, and the result has

been that, within the past 15-20 years, the ancient methods of manufacture have been quite

revolutionized.

The raw materials employed in the manufacture of ropes, cords, and twine, are very various,

and include hemp, flax, cotton, jute, manilla-hemp, coir, horse-hair, wool, camel-hair, and other

animal fibres. In addition to these, iron, copper and brass-wire are sometimes employed, the first-

mentioned metal having come into extensive use. In remote times in this country, the native

rushes orjunci were employed for making ropes, whence the word "junk," worn-out rope. To the

preceding, the economical proclivities of the times have added the tows of the various fibres,

BOutching-waste, jute-cuttings, old ropes, refuse fibres, gunny-bags, sacking, and almost every

description of waste from fibrous materials that can be combined by the twisting process into

a yam.
The highest qualities of the various articles are made from the best materials, such as the long

line of the hemps and flaxes, anil sound cotton. Medium sorts are produced from jute, various

coarse fibres, and (he tows of hemp and flax. Inferior descriptions are obtained from the wastes
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and broken-up materials just mentioned. Each of these leading divisions possesses numerous

grades, accordingly as the materials employed will permit of being assorted into different

qualities.

It is probable that, as the fibrous plants of different countries become better known, numerous

additions will be made to the list, as it is certain that for these purposes, there are many quite

as suitable as any now in use, almost unknown save to scientific inquirers. The qualities requisite

are pliability, softness, smoothness, strength, and a length of staple of from 3 in. upwards.

The word " rope," properly used, implies an article exceeding 1 in. in circumference ; smaller

descriptions are named "cords," "lines," "twines," "threads," &c., and their constituents,

" yarns." After the preparatory stages have been gone through, the product of the first operation,

which is spinning, is " yarn." A given number of yarns—more or less, according to the thickness

of the article required—are twisted together to form a " strand " ; three of these combined by the

same means compose a " rope "
; whilst a similar lyiion of three ropes constitutes a " cable."

In making cordage of all kinds, the object of twisting'.the fibres is to obtain increased length.

Singular as it may appear, it has been affirmed, and probably with truth, that this twisting of the

fibres does not increase the strength, but considerably diminishes it. If a given number of fibres

of equal length be placed in parallel order, and their tensile strength be tested, it will be found

considerably greater than that of the same fibres twisted into a compact cord. This is because, in

the first case, the strain upon each fibre is equal to that upon every other, and the total strength is

that of all of the fibres added together. When these fibres are twisted, those forming the external

layer, having to wrap round those constituting the core, are strained both in this process and

when their tensile power is tested, and are the first to break, thus leading to the fracture of each

in detail. From experiments that have been made, it has been found that this loss of streugth

amounts to 30 per cent, of the strain-bearing power of the untwisted fibres. The object, therefore,

being to get continuity of length, all twisting which exceeds that necessary to prevent the fibres

slipping over each other when a strain is applied is to be avoided, as entailing a loss of strength.

Hemp (see Fibrous Substances, p. 934), the material of which the best ropes are ordinarily

composed, as compared with flax, is much coarser and stronger, but is cultivated and treated in a
very similar manner, the processes of retting, breaking, and hackling being like those of flax.

Hand-made Cobdage.—In those establisliments where the manufacture of ropes is still carried

on by hand, the first operation is " hackling." A certain quantity of hemp is weighed to the hackler

and given proportions of this are combed out at one operation. The hackle or heckle consists of a
number of steel pins vertically inserted in a board with their points upward. The fineness of these

pins depends upon the character of the work. The operation of hackling differs little from that

described in Linen Manufactures (p. 1244), detailing the treatment of flax. Each hackled portion

is tied into a bundle, technically called a " striok of hemp." This is then passed to the spinner for

making into yarn. The spinning process is conducted in a long covered walk, termed the " rope-

walk," which is furnished with the simple means necessary for the conduct of the different opera-
tions. The principle end of this walk is usually called the " head " or " fore-end," and the opposite
extremity, the " foot " or " back-end." At one end is a spinning-machine, consisting principally

of a large wheel, which, by band, friction, or teeth (all are employed), drives a number of
small pulleys or " whorls," each carrying a small hook on its axle, that, by the turning of the
large wheel, receives a rapid rotary motion. A boy generally turns the wheel, and as many spinners
can work from one wheel as there are small wborls driven by its revolution. The spinner, after
fastening the strick of hemp round his body, draws out from the front of the bundle the quantity of
fibres required to form the size or thickness of the yarn it is desired to make. Bending these fibres

in the middle, he passes the bight upon the revolving hook, which instantly twists them the
spinner, at the same moment, beginning to walk backward, and passing more fibres to those which
are already being twined. This is done continuously and carefully so as to maintain the evenness
and continuity of the thread. In his right hand, the spinner carries a thick piece of woollen cloth
a portion of which he allows to fall over the fore-finger, and with which he grasps the fibres as they
are drawn out, and presses them firmly between his two middle fingers. As he steps backward,
the driving-wheel continuing its revolution, with his left hand he draws out and regulates the
supply of fibre, so as to ensure the yarn being of equal thickness throughout its leno-th. The
" walk " may be 200 yd. upwards in length, and the spinner, as the yarn lengthens in his hands
passes it over bearers attached to pillars or the walls of the enclosure. When the length of yarn is

completed, it is either passed to one side upon the bearers to await a finishing process or is wound
upon a reel and put aside until wanted.

If it is intended that the ropes shall be tarred, this process takes place at this stage. A
number of yarns, 200-300, are laid together in parallel order, and passed through a boiler of hot
tar. As they become saturated, the bundle of yarns is drawn through a hole, called a " grip,"
which has the effect of pressing the tar into the yarn, and removing the superfluous portion.
Tarred ropes are more durable than unfarred ones, owing to increased power of resisting the
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deoompnaing action of water in the alternate immerBions or saturations and dryings to whicb roped

aro often •uhJL'ctid in use.

The next operation is the " twisting " of the yam, whether tarred or nntarred, into strands.

Rope-wall{8 are usually divided into parts, each fitted with appropriate machinery : the spinning-

walli, with its wheels, and the twisting- or layiug-walk (sometimes combined in one, sometimes

separate, according as tlie work may be light or heavy), each having its tackle-boards and sledges.

At the head of the walk, two stout pieces of timber are inserted vertically in the ground. Across

these, is bolted a strong board, which contains three holes corresponding to the number of strands

ill a mpo. This forms the tackle-board. The three holes are in a horizontal line, and are for the

rrocjition of winches or forelock-hooks. The proper number of yarns to form the strand having

been affixed to these hooks, the opposite extremities are attached to corresponding forelock-hooks

in the breast-board of the sledge, a strongly-built frame of wood, constructed so us to be easily

loaded with weights according to requirement, and furnished with twisting-hooks similar to those

of the tackle-board. The sledge being drawn back, so as to bring the yam into a tense condition,

twisting is commenced both at the forelock-hooks and those of the sledge, the twist of course being

in opposite directicms. The contraction in length which ensues drags the sledge in towards the

fore-end of tlie walk. When sufficient " hard," as twist is technically called, has been given to tho

strands, the twisting is complete. The three strands are then attaclied to the middle hook of the

tackle-board, and each strand is laid into one of three grooves of a cone-shaped piioe of wood, called

a " tiip," and which will come under notice subsequently. These strands are next twisted together,

tho " top " receding from the twisting-hook as the rope is formed. This process is called " laying
"

or " first lay," and consists in combining three strands into a rope, the rope thus made being termed

" hawser-laid." In this form, the strands are allotted a sufficient number of threads to give tho

required thickness to the rope. There is another combination, called the " shroud hawser-laid
"

rope, or " second lay," in which four strands are twisted round a core-piece placed in the centre to

impart greater solidity to the rope. There is also the " third lay," or "cable-laid" rope, in wliich

three ropes, as formed by the first-named process, are twisted or laid together to constitute a cable :

a stout strong article formerly in extensive use for ship's purposes, but now mostly suporstdud by

chain cables.

This brief description will sufficiently indicate the handicraft methods of ropo-manufacturing,

which are still in extensive use in many countries, but are in course of replacement by the intro-

duction of machinery, which will now come under notice.

Machine-made Cordaoe.—The most complete rope- and twine-factories are fitted with every

requisite for dealing with the raw material from the commencement, and carrying it throuj;h each

succeeding stage until it emerges in the finished form, whatever may be required. This of course

includes sets of preparatory and spinning machinery, whioli differ according to the nature of tho

material to he treated. Tho best descriptions of yarn are those made from the long fibre or " line
"

of the raw material, and the machinery employed is denominated " line-machinery," a set of which

includes hackling-machines, spreading-frames, first, second, and third drawing-frames, roving-

frames, and wet and dry spinning-machines. Every "set" of machines is subject to modification,

according to the requirement of the manufacturer. Where a low quality of mateiial is used, tliere

are often only two drawing-frames in the set; but where good yarns are made, three are quite

indispensable. For tow and low yarns from waste materials, what is called "tow-machinery" is

employed, which, in several of its component parts, differs essentially from a line set.

The roughest and dirtiest qualities of material require some preliminary treatment, the first

process being " willowing," to clear away the dirt and earthy matter that may have got intermixed

with it. When the fibres are too long to be entrusted with safety to the carding-engine, tie

material is first passed through a " teazer," by which it is torn and broken down to the necessary

dimensions. The teazer is called into requisition when such materials as jute, phormium fibre,

some sorts of tow, long hemp which has been damaged, scutohing-hemp, and some other sorts, are

used. Woven fabrics, such as old canvas, mats, and gunny-bags, are broken up by a ' teazer-card,"

a combination of the foregoing, and a carding-engine.

With an average quality of material, however, these processes are not necessary. It is at once

passed successively through a ' breaker " and ' finisher " card, in which, the carding is completed,

the fibres being laid parallel, and delivered in the form of a sliver. A number of these slivers are

doabled in the drawing-fiame, and attenuated or drawn down to the dimensions of one ; this process

is repeated in the second drawing-frame, by which it is sought to remove all irregularities. The
sliver thus prepared is conveyed to the roving-frame, where further elongation takes place, and
a slight amount of twist is imparted to the " rove," as it is called at this stage, in which it is also

wound upon bobbins. The latter are then ready for the spinning-frame, in which the rove is

further and finally attenuated to the required dimension, and firmly twisted, forming yarn. There
aro two methods of spinning, dry, and wet : in the latter, the water may be cold or hot, according

to the nature of the work. The greater portion of spinning is dry, which enables a far more extcu-
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sive production to be obtained, the cost of driving being less, and the outlay upon machinery much
smaller. Ordinary yarns, and those for heavy twines, are spun on the dry system ; fine yarns, on

the wet plan with hot water, owing to the fact that hot water to some extent dissolves the natural

gum which binds the fibres together, and thus liberating them, enables the yarn to be drawn out

much finer, though the loss of its gum diminishes its strength. When it is desired to preserve the

highest degree of strength, cold water is used. The coarsest yarns are often spun upon a modified

roving frame, called the " Gill spinning frame," by which, one process is obviated, and the cost

reduced. This spins coarse yarns, whether composed of line or tow materials.

Hand-spinning has so far been superseded by machinery that a great number of rope- and
twine- manufacturers prefer to buy their yarns from spinners, who do not carry the processes

farther. When this is the case, the yarn is received in the hank form, and is wound upon bobbins in

a hank-winding frame, of which there are several kinds. The hanks are placed on a frame, and the

end of the yarn is attached to a bobbin, which is driven by a drum, whose face revolves in contact

with the barrel of the bobbin or the yarn upon it as it is filled (Tig. 1186). The machine has a

transverse motion, by which the yam is wound in even layers. These machines are made of various

sizes, according to the fineness of the yarns, but average about 20 drums to a machine, which is thus

enabled to wind from 20 hanks at once. These hank-winding machines are not required in

establisliments where the yam is spun, as then the spinner is enabled to place his spinning-bobbins
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of the one first mentioned. The eecond dram is in contact with and drives the bobbins d. Over
the bobbin, is placed a porocluin pressure-bowl e, which works in contact with the yam upon the

bobbin. Beneath tlie second drum, and hollowed to fit its periphery, is a brake, into which, by the
action of the stop-needle, the drum
is mB»lc to fall. This drum c is

"*'•

fitted upon a lever /, the opposite

end of which projects towards the

front of the machine, extending to

and resting upon the draw-bolt g—
a bar covered with a spiral spring

to hold it in position, and which
sustains the bolt in contact with

the driver drum. The reverse ex-

tremity of the draw-bolt has a cross-

piece h attached, thus forming a

representation of the letter J_ laid

horizontally with the cros9-|)iece

outwards. In the oblong frames

aflBxed nenr the front of the machine,

each of which is horizontally divided

by a bar through the middle, are

inserted the direct-action stop-

needles f, which constitute the chief

feature of the machine. The needles are composed of two parts, looped together (Fig. 1187). On
the upper part, is a curl through which the threads pass ; the lower part, pendant by the loop from

the upper, drops its extremity on the inner side of the cross-piece of the "f-shaped draw-bolt A, and

the outer side of a rooking-bar k extending the length of the machine, which is ai'tuated by
eccentrics.

The cops or bobbins having been placed in the creel, the threads from each are conducted

upwards through the first eyelets, thence over a glass rod, through the curls of the stop-needles, and
around the revolving porcelain howl or curl I of tlie ynrn-guide, whence they pass upon the bobbin.

The action of the machine is as follows :—The needle, by means of the thread, is suspended at such

a height as to be clear of the rocking-har ; but when the thread sustaining it breaks, it instantly

falls, its lower exticniity dropping in front of the rocking-bar, which strikes it ngainst the draw-

bolt, pushing the Inlti r forward so as to release the end of the lever supporting the second friction-

drum, which instantly drops into the half-round break, and at once stops the revolution of the

bobbin without friction.

The chief objects sought in doubling-winding are uniformity in the lengths of the threads laid

together, equality of tension, and freedom from "single" caused by dropped threads. All these

faults are discovered in subsequent processes, showing themselves in "cork-screws" and other

defects, which greatly deteriorate the qunlity. The lengths may vary through irregularity in

winding, caused by a varying amount of friction upon the different bobbins, or nn uneven deposit of

the yarn upon the barrel of the bobbin. But by this machine, both these faults are prevented : the

first by the suspension of the stop-needle upon the thread, which takes up any momentary slack;

and the second by the threads being passed in a tape-like band over the revolving bowl upon the

traverse-rod, which deposits it evenly upon the bobbin, which the pressure-bowl further helps to

render firm and level. " Single " is prevented as previously described. The pressure-bowls are

made of 3-20 lb. weight, according to the nature of the fibre upon which the machine is to be

employed.

Twisting.—The bobbins containing the threads necessary to form a strand are conveyed to the

twisting-machine, an improved form of which is shown in Figs. 1189, 1190. The twisting-spindle a,

whicli receives the bobbin from the last-mentioned frame, occupies the ordinary position ; but its flier,

which has two or four legs as may be required, is inverted, and brought down upon the spindle to

near the bolster-rail b, resting upon a metallic washer, which carries one of cloth or flannel, by menns
of which an easy drag of the bobbin is obtained. The inversion and change of position of the flier

give increased steadiness to the spindle, especially when running at high velocities, and thus, at less

expense in wear and tear, a greater production and superior quality of yarn are obtained. The
attainment of high speeds in this machine is greatly facilitated by the bolster-rail not being a

traverse-rail as well ; all the weight of the yarn, bobbin and flier is concentrated upon the

bearing, while the spindle is reduced to the size of the bobbin. The unwinding traverse is

obtained by passing the ynrn round one leg of the flier.

After leaving the bobbin, the yarn passes over a carrier-rail c, and upon the twist-rollers inter-

mediate between the delivery- and the taking-up-rollers. The twist-i oilers d d' are conical grooved

5 Q 2
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pulleys placed upon parallel horizontal shafts, one function of the first row being to draw the yam
from the bobbins, whilst the revolving spindle puts in the twist. The yam passes upon one of the

smallest grooves of the cone d, and over a larger one in the cone d', which stretches the strand and

lays the yara well together before it passes upon the taking-up-bobbin e. The last-mentioned

bobbin can be made of any required dimension, as, its only function being to take up the yarn when

twisted, weight is no objection. In the sectional view, the twist-rollers are si.own with an alter-

native arrangement.

This machine, one of whose novelties lies in its being an " upward twister," has a great pro-

ductive power. One of 200 spindles will turn off 2400 lb. a week of 3-fold 8's cotton, 9 turns an

in., which is i more than can be obtained from ordinary machines. One girl can superintend the

machine, creeling and doffing without assistance. Owing to the employment of large winding and

taking-up-bobbins, a greater length of yam can be produced without a knot; and through the

stretching on the cones, the twisted strand is made round, firm, and full. The cost of warp-winding

is also saved, as the machine winds the yam upon large warping-bobbins during the operation of

twisting ; less space and power are also needed.

For heavy fibres, as flax, hemp, and jute, strong machines are constructed, which deal with them
as efficiently as the light ones do with wool, silk, or cotton. The winding or twisting-bobbin for

heavy fibres maybe made up to 8-in. lift and 5-iu. diam., capable of holding 3J lb. of yarn, and, in

these dimensions, can be worked up to 2000 rev. a minute. For "once-twisted" or "hung-on"
twines, as the Scotch call them, the machine possesses great advantages.

In the manufacture of cable-laid twines or cords, the following machine is employed in several

large establishments (Figs. 1191, 1192, 1193). The bobbins from the doubling-winding machine.

Fig. 1187, are brought to this machine, and placed upon the back spindles containing the inverted

fliers a. Fig. 1193, the strands being conducted over the guide-rails, to the back twist-rollers, which
draw the yarn from the bobbins as in Fig. 1189, whilst the revolving spindles similarly put in the

twist. Each strand is placed upon the smallest groove of the cone-shaped rollers 6, then around the

others, to the top one of largest diameter, by which means it is stretched the difference between the

largest and smallest diameter, which imparts firmness and great soUdity to the strand. This con-

stitutes the first twist or lay ; the second twist or cabling is imparted by passing three strands from

three of the cone-rollers just mentioned over the cone-rollers c on the front or second shaft, by
which they are laid together, and passing round grooves as before, are again stretched, delivered to

the topping-motion, twisted by the powerful spindle and flier d, and wound upon large bobbins, often

of 8-in. traverse by 6§-in. head. This machine contains two driving-cylinders, one each for the front
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and Ijftck, so that the amount of either first or second twist can be regulated with nicety and
coao.

One of these machines llj by 5J ft., containing 30 back and 10 front or finishing spindles, is

onpable of yielding a pro-

duction of liJOO lb. of Mea
laid twine a week, one girl

superintending. It makes
all kinds of twine, from fine

tn coarse, and hard or soft,

according to requirement

;

and includes such diverse

articles as spindle-bandings,

piping-cord, heavy fishing-

net twines, fishing-lines,

loom-cords, hair-cords, three-

cord cabled twine, trim-

mings, and fancy cords of all

descriptions.

In bandings for spindle-

driving purposes, the stretch-

ing operation upon the cone

and grooved rollers is ex-

ceedingly valuable, as when
the bunds are put to use,

they never become slack

through stretching, and thus

enable far better yarn to be

produced than when banding

made on the old process is

employed.

At the Centennial Exhi-

bition, held in Philndclpliia,

the series of maoliines of

which these form a portion

secured to tlie patentee, Thos.

Unsworth, medal, diploma,

and cerliflcates for origi-

nality, perfection and utility,

combined with fitness for

purpose intended, quality of

products, and economy of

working.

There are several other vaiieties of winding,

merit, but which call for no special notice here.

Singeing.—Twines made from harsh or intractable materials require to be singed before sizing

and polishing, which are the

finishing processes of this class of

articles. Singeing-machines are

usually constructed in the form of

a winding-machine with about

twelve spindles at back and front,

the latter drawing the yarn or

twine through a jet of flame

obtained from a combination of

gas and atmospheric air. Some-

times other means are employed

to obtain a flame, such as oil-

lamps.

Sizing, Polishing, and Drying.—
The operations of sizing, polish-

ing, and drying are generally

included in one machine, though, by the older processes, they constituted three distinct operations.

Fi;.'. 1 194 represents a sizing-, polishing-, and drying-machine, as constructed by Thos. Barraclough,

twisting, and cabling-machines of considerable
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Manchester, who U also the maker of the remainder of the machinery subsequently illustrated in

this article, except when otherwise stated. This macliine is generally constructed of such a

capacity as ta take 24 twines at once. The filled bobbins from the twisting-frame, Fig. 1189, are

placed in a creel in front of the sizing-machine, and the twines are conducted in parallel order

over the carding-rollers A, which are covered with card clothing of suitable strength, and which,

revolving at a high speed, brush off the woody portions of the plant, shive, boon, and lumps that

may have remained through the preparing stages, leaving the twines smooth and clean. The
twines are kept apart by the three sets of vertical guide-wires, from the third of which they pass

into the sizing-trough B, a copper or iron tank containing steam-heated size, composed of flour or

farina, glue, animal gelatine, or other materials and brought to the required consistency by means
of water. Hot size is indiapensablo to a satisfactory result ; cold size merely coats the surface,

and would soon break and rub oif in wear. In the spinning and twisting processes, it is impos-

sible to combine the fibres into a solid thread ; in the interstices, is a considerable quantity of

atmospheric air, which, on the twines passing through the boiling size, is expanded by the heat,

and escapes, the space it occupied being instantly filled by the hot size, thus ensuring a compara-

tively solid cord. Emerging from the size, the twines pass between two pressing-rollers C, which

squeeze out the superfluous size, and return it to the tank. Guide-wires capable of being depressed,

80 as to make the twines cover a greater or less portion of the periphery of the rollers D, which are

covered with coir, conduct them over these in succession, by which the loose fibre is rubbed in,

and a smooth surface is ensured. After leaving these rollers, the twines pass upon the large

cylinder B (which is heated by steam), and helically around it several times, being directed by two

guide-rollers F F', so as to pass off the cylinder at the opposite side from that on which they enti r.

The drying is also facilitated by the circulation of air in the helical interstices formed by the

presence of the twines. The polishing process is continued by the action of two rubbing-rollers

G G', extending across the length of the cylinder, and similarly covered with coir. One of these

revolves against the outside of the set of twines during tlie passage round the drying-cylinder, and

the second polishes the under surface revolving in the space formed by one of the angle rollers,

thus completing the polishing operation. The twines, on leaving the rollers, are conducted over

two carriers to the winding-frame H at the front, which contains an equivalent nimiber of spindles,

and winds the twines upon the bobbins with which they are filled. In the figure, only four threads

are shown, for the sake of clearness.

The composition of the size used is of considerable importance, when the best result is desired.

An authoritative writer has recently given the following as a good practical recipe :—3li lb. wheat-

flour is mixed with cold water until a paste

is formed ; 22 gal. of water is put to boil,

and 2-3 lb. of cow-horn glue, Irish mosa, or

animal gelatine, 5 lb. of alum, and 6 lb. of

tallow are added ; when boiling, the paste

is added, and the mixture is boiled until it

thickens, when it is ready for use in the

machines. This is a good compound for

medium and heavy twines ; for fine twines,

the nlum, and half of the tallow, is usually

omitted.

The sizing-machines are made in two
sizes ; in the smaller, the drying-cylinder is

72 in. across the face, and 30 in. diam., and
will size 1000-1800 lb. of twine in a week
of 60 hours. This is the most suitable for

light descriptions of twines, the drying of

which is not difBoult. The larger one has
a drying-cylinder 96 in. long, and 36 in.

dinm., and will size, polish, and dry 1800-

3000 lb. in 60 hours. This is employed for

heavier twines ; but for the heaviest, it is

necessary to have two cylinders, in order to

dry tliem thoroughly.

Sizing is sometimes regarded as a need-

less and expensive process, but the weight
imparted to the twine is ample compensation for the expense (yarn being generally sold by weight),
wliile the improvement in the quality is undoubted.

Sailing.—BMiug is the lust and finishing process in the manufacture of twine. Two bobbins
of polished twine are placed upon the vertical spindles a a', in Fig. 1195. The twines are taken

y^^^ y^
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from these, passed through the necks of the fliers b b', and down one leg of each, whence it is

wound upon the horizontal spindles o c', which, by other appliances, have imparted to them the

peculiar automatic movements required to form the twine into balls. As the balls attain the

required weight, they are doffed and finished by the attendant girl lapping the twine several

times very firmly round the middle. In balling light twines, the double machine is usually

employed
; for heavy descriptions,,the single one, making only one ball

at a time. They are fitted to be worked by manual or steam power, as

may be most convenient.

EopES.—The section now calling for attention is the manufacture

of fibrous ropes ; these, as explained previously, are technically known
as hawser-, shroud-, and cable-laid, besides flat ropes formed by placing

several ropes parallel to each other, and uniting them by oblique

stitches, thereby producing a flat band.

In manufacturing these articles, the raw material is treated as

previously described in the preparatory stages, spun into yam, a

number of yarns twisted into strands, these into ropes, and the latter

into cables. In these processes, it is invariably the method to twist

the article in the direction opposite that of the preceding stage. Thus,

supposing the yarn is spun with a right-hand twist, the strands into

which this enters will be twisted to the left, and the rope into which

these are combined must be twisted to the right, or in the same
direction as the yam, and so on with succeeding combinations. This

is requisite to prevent or overcome the tendency that would otherwise

exist to run into loops or ViTika whenever the ropes were brought into

1

Necessarily the machinery for performing this heavy work differs

considerably from that previously described, inasmuch as a machine

seldom makes more th&n one article at a time. Again, to avoid

excessive complexity of the machine, and the consequent liability to

derangement, it is usually found preferable to employ machines for

each operation, instead of combining all in one. Especially is this the

case in the heavier classes of ropes and cables. In the lighter articles,

compound machines are frequently used. These are of two kinds, the

vertical and horizontal, the former being employed in the manufacture

of long ropes, and the latter generally of shorter lengths.

Laying.—A small horizontal compound rope-laying machine is

shown in Fig. 1196. The largest rope of three strands that, could be

made on this machine would be one of 2-t yarns—8 to each strand. It

will serve to show the principle on which larger ones are constructed.

By means of change-wheels, 3-strand ropes of smaller dimensions can

be made upon it, containing 7, 6, 5, 4, 3, and 2 yams to each strand,

the ropes of course being a multiple of those figures by three. The
machine has three fliers, each capable of containing 8 bobbins filled

with yarn, which are placed in a creel inside the flier, and so arranged

as to deliver their contents easily to the drauglit of the machine. The
yarns are conducted through the trunnion of each flier, along the side,

through the corresponding trunnion, and upon the three topping-

motions. The revolutions of the fliers twist the yarns into strands,

which are drawn forward by the topping-motions. The latter revolve

with the fliers, and are furnished with grooved draw-rolls actuated by
gearing. The strands pass upon and around these grooved draw-rolls,

which, being coned, stretch and solidify them before they pass from

the stranding part of the machine, and are combined into a rope in

the front portion, as shown in the illustration, by their passage through

machinery similar to that which formed the strand. The finished rope

is wound upon a barrel driven by a differential gearing, in even layers,

and when completed, is easily removed by doffing, the barrel being

collapsible ; the machine is thus ready for work again in 2-3 minutes.

As will be seen, the machine is compact, simple, efficient, and of great productive capacity,
being capable of making 1000-1600 fathoms of rope a day, according to the size, twist and other
circumstances that usually affect production. It is made in various sizes, to suit different require-
ments

;
when larger ropes are intended to be made, say up to 60 threads, the form is considerably

modified. In both sorts, the sizes of the ropes can be altered by the use of change-wheels.

'^
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Whon tlie manufaeturo is more varied, it is usual to employ single machines, performing only
one operation. The first of these is the stranding-machine, which may be either vertical or hori-
zontal. Fig. 1 197 represents a vertical machine, technically called a "stranding-drum." It consists
of 2 vertical bobbin-frumea

j others contain more—4, 5, and up to 10. Those creels may be made
for any required number of bobbins, and usually contain 4-12. The
bobbins vary in size, but a 12-in. barrel, and 12-in. diam. of head, is

the size most often employed.

The creels a are fixed in circular plates 6 6' at top and bottom ;

the top of the stranding-machine revolves in an iron bracket c, fixed to

[jd/H a beam d, which should be strong and perfectly firm, so as to prevent

vibration. The bottom rests in the framework, the whole being

actuated by gearing e. A register or " lay " -plate, perforated with

as many holes as the creels will hold bobbins, receives the yarns, and
delivers them evenly and regularly to the " stranding-die," a bell-

mouthed tube which compresses them and delivers the strand thus

formed to the grooved pulley/, whence it descends to the " drawing-off

gear," actuated by peculiar gearing, the speed beingregulated by change-

wheels. The greater the speed of the draught, the less the amount of

twist the strand receives, and vice versa. It is next conducted upon a

large bobbin or beam, on which it is laid in even layers by a traverse-

motion. When filled, it is ready for the closing-machine.

The stranding-machine will twist either to the right or left, as

desired, and, by means of an indicator, measures the length manufac-

tiin d. Each machine is supplied with a variety of strand-tubes, and
the necessary change-wheels for making different sizes of strands, as

may be required. The thickness of the strand is varied by increasing or

diminishing the number
of yarns contained there-

in, and also by changing

the size or fineness. The
machine should be

strong, and carefully

fixed, in order to produce

good work, with an
economical expenditure

of power. The top of the

machine generally extends into the floor above its base, in order to facilitate creeling operations

;

a platform is also used for the same purpose.

Another form of the stranding-machine—the horizontal,—which possesses several advantages

in the facility with which it can be worked, has of late years been coming into general use. It

possesses a fixed creel, in which the bobbins can be renewed without stopping the frame, and may
bo varied in number to any extent. Its production is much greater, it being capable of running

at a much higher speed ; and the strand-tube, being fixed in an iron box, can be heated either by

gas or steam, which polishes the strand to a high degree, and facilitates the process of tubing
'• hard."

Closine/.— The hemp-rope closing-machine, which receives the strands from the former, and
" lays " tliem into a rope, is also made in two forms, the vertical and horizontal. In the latter.

Fig. 1198, the construction does not differ materially from that of the horizontal compound rope-

lajing machine. Fig. 1196, except in its greater simplicity, owing to having fewer operations to

perform. The vertical closing-machine, Fig. 1199, has a strong cast-iron frame, and three or four

cast-iron frames or creels for the reception of the large oast-iron strand-bobbins, containing the

strand manufactured on the stranding-machine. These are causeil to revolve by means of suitable

gearinpr, both on their own axis and around the central vertical shaft, the top of which is secured

to a strong beam in the building. This action causes the strands to come together, and close at

the top of the machine, after which, the rope passes over a sheave or pulley, then down through

the drawing-off gear, and upon tlie coiling-reel, which portion, omitted from the illustration, is made
adjustable both in width and diameter, to suit the various sizes of coils required to be made.

These machines are also constructed in various siz' s to suit requirements, and have several

attachments, not shown in the illustration, such as a regulating drag-gear for delivering the strands

at a uniform rate, which is of the greatest importance in securing a well-made rope. The large

machines possess in addition a " tempering-motion," the purpose of which is to impart, as may be

required, more or less twist to the strands when being laid into ropes. Bopes, according to the

uses for wliicli they are intended, require a greater or less amount of twist, and this can be exactly
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regulated by the " hardening " or " softening " process at the time of closing. It is usual, there-

fore, for every closing-machine to possess a tempering-motion, without wliich, it would be incomplete.

The machine is made so that its parts will revolve in eitUer direction, so as to make a rope with

either a right- or left-hand twist. In the manufacture of shroud-laid ropes, in addition to the four

tt=J

W

D

creels or frames for the strand-bobbins, another is required for the

core-piece, which is drawn oif at the speed at which the rope is

laid. Before coming together, the strands have to pass over a
" top," the object of which is to deliver them at exactly the same

angle and distance, one from the other. These tops are either of

wood or iron, but the former are mostly preferred, because, wood
being a better non-conductor, the heat generated by the frictional

passage of the strand smoothes and polishes it far better than in an
iron top, where the heat ia dispersed by radiation.

Each machine is capable of making a considerable variety of

sizes of ropes, varying in the degree of lay or twist, which is accom-
plished by altering the speed of the drawing-off motion, by means
of change-wheels. Similar means are also provided for varying the

drag- and tempering-motions, according to requirement.

The various machines, whether vertical or horizontal, required

in the processes of stranding and closing are always worked in sets,

which generally include two stranding- and one closing-machine

to a set, though sometimes three of the former and two of the latter

are wrought together, forming what is called a double set.

The standard sizes of the machines—at least of those under
description—are indicated by letters, and are as follows :

—

Set E. horizontal, makes ropes up to IJ in. circum.

F 2i

„ H. vertical „ „ 4 „ „

JJ * )» )T t» O „ „

»» "• ») ») j» -^-O „ ,,

These sizes are based on a length of 120 fathoms in each coil.

Where shorter coils will suffice, each set will produce thicker""
ropes. Their capacity of production is governed by that of the

closing-machine, which can always be ascertained by multiplying the length in in. of the turns or

twist in the sample, by the number of revolutions the closing-machine is making a minute, and the

product will be the number of in. that will be made in the same time. A percentage, which
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experience will eoon dictate, must be deducted from thia for stoppages, the remaiader being a

practicul result.

The closing-machines of the different sets make the following revolutions a minute :—E, 130 ;

F, 100 ; < i, 70 ; H, 60 ; I, 50 ; and J, 30.

Olio man usually superintends a set of machines, taking charge of the closing-machine himself

and having assistant boys or girls at the stranding-machines.

The preceding account shows the extent to which the rope-making industry has been revolu-

tionized by the invention of machinery, in comparatively recent years. But even this does

not exhibit the full extent of the changes that have been wrought. The old system of making

ropes, as previously described, in long rope-walks by macliines working in pairs still survives,

and in fact, remains the most widely in use. Tlie machines employed, in what may be termed

the more ancient form of rope-making establishments, have also been greatly modified and

improved, whilst their general outline and method of operation remain comparatively the same.

Having already described the former, a brief account only will bo necessary of the improvements

recently introduced.

The " fore-board " has given place to the " foretum-maohine," Fig. 1200, and the " sledge " to

the " traveller," Fig. 1201. In

the best-furnished rope-walks,

as distinguished from rope-fac-

tories, these machines are now
generally found. They are used

for both the stranding and lay-

ing processes.

The yarns from which the

strands are formed are contained

on bobbins placed in tlie " bob-

bin-bank " or creel, generally a

V -shaped frame with the apex

directed towards the renr of the

foreturn-machine, to which the

yam is delivered. These creels

may, however, be of different

forms, according to convenience

or requirement, keeping in view

the necessity of maintaining the

bobbins in a compact arrangement, and enabling tliem to be easily accessible for the purposes of

renewal when their contents are exhausted, and piecing or splicing when the yarn breaks, or faults

occur. As these creels require to contain 100-400 bobbins, the importance of these considerations

will be obvious.

After leaving the creel, the yarns aro conducted through a register-grid—a frame containing

a number of vertical round-iion rods, transversely crossed by others, tlius forming square interstices,

each thi'ead having its sopnrnto square. This grid is for the purpose of conducting the yarns in

parallel order to the register-plate—a oast-iron plate drilled with round holes arranged in con-

centric cu-oles, through which the yarns are passed in such a manner as to dispose themselves in
passing therefrom in a ci impact form round one central tliread, which thus forms a core. The
diameters of the register-plate circles are relatively such as to allow the threads in each circle to

arrange themselves at the best ascertained angle, in order to compose a solid strand and receive

the general twist necessary to form it. Passing through the register-plate, all the yarns are next
conducted to a strand-tube—a bell-mouthed, slightly tapering, iron tube, which usually passes
through a steam-chest, by which means it is heated, to prevent ropes made of tarred yarns sticking

fast, in whicli case they would have to be cut out, thus occasioning waste, defective work, expense,
and inconvenience.

The yarns from the " bobbin-banks " are divided so as to form as many strands as are required
for the rope to be manufactured. One register-grid suffices for all, whilst an assortment of
register-plates is usually required : one for single strands of large diam., having only one series of
circles ; one for 3 strands with 3 series of circles ; one for 6 and one for 12 strands. Each strand
has a separate tube. Large strands are usually made singly, but those of moderate dimensions are
made 3-12 at a time.

After passing the strand-tube, the yarns for each strand are immediately attached to the hooks of

the traveller. The " traveller," Fig. 1201, consists of a powerful iron frame a a, in which are mounted
a series of wrought-iron hooks 6, attached to the ends of steel spindles c, driven by means of appro-
priate gearing, the speed at which they revolve being regulated by change-wheels. By means of
clutches the direction of their revolution can easily be reversed. Motion is communicated to the



1708 EOPE.

traveller by means of an endless driving-rope, which extends from one end of the rope-walk to the

other, and passes round the -grooved pulleyed on the shaft e; this through the bevel-gearing/,

actuates the shaft g, which again, through the gearing h and shaft i, revolves the large central

hook k ill the traveller-breast. The shaft e, through suitable means, also actuates the shaft m,

carrying the sheave or grooved wheel n, round which, passes a ground rope or chain, which is also

attached to the " foreturn " machine, and extends the length of the rope-walk. The whole of this

machinery is mounted on a stoutly-made carriage, composed of very strong materials, having

powerful brakes, and running upon a rail or tram-car.

Assuming that it is a 3-strand hawser which is being made, 'the three sets of yarns, on leaving

the etrand-tubes, are attached to three hooks of the traveller. The endless rope passing round the

grooved wheel d actuates the different parts, including the ground rope sheave n, the revolution of

which causes the " traveller " to run down the walk, drawing the strand-yarns with it through the

tubes, which, at the same time, are being twisted by the revolving hooks on the traveller to which

they are attached. The strands, as they come from the hot tubes, are quite smooth, round, and

polished.

It is now that the " foreturn" is required. This machine. Fig. 1200, is a strong massive frame,

mounted with a series of revolving hooks, corresponding to those of the traveller, and actuated in a

similar manner. It also possesses a winch a, for tightening the ground rope or chain. It receives

its motion, like the traveller, from the endless rope or chain that passes over the grooved wheel b.

This endless rope is the means by which motion is transmitted from a large grooved pulley on the

main line-shaft of the works, and which is ordinarily placed under ground. A friction-box is

connected with it, in order to ease the starting of the rope-laying machinery.

In order to form the three strands made on the traveller into a rope, their ends are cut near the
" foreturn," and attached to three of its hooks, corresponding to those of the traveller. The latter

are then made to revolve, in order to " temper," or put into the strands just the amount of twist

required. The ends of the strands attached to the three hooks of the traveller are then transferred

to one hook : its centre hook, if the rope to be laid is a heavy one. The " top," or longitudinally-

grooved cone of wood, is then inserted between the three strands, with its smaller end towards the

traveller, and the process of laying is commenced. The top is usually mounted on a small bogie

or carriage, placed on the rails on the front of the traveller ; and as the twist is put in by the

central hook of the traveller in its revolution, the bogie starts away from it, and travels slowly

towards the foreturn-machine at the head of the walk, being impelled by the closing of the strands.

The rope is twisted in a direction opposite to that of the twist of the strands, but the quantity of

the latter is preserved by the continued revolution of the hooks of the foreturn, to which their

opposite ends are attached, and which revolve so as to give compensation for the twist being taken

out by the traveller. A looped rope made of hair or coir is placed upon the newly-formed rope,

and attached to the bogie ; this acts as a polisher, smoothing and laying the fibres.

As the twist is being put into the rope, the length is greatly shortened, which draws the

traveller up the walk. In order, however, to stretch the rope thoroughly, this draught ia resisted

as much as possible by the application of powerful brakes to every wheel. When the bogie

carrying the top has reached the head of the walk, the rope is finished, and is coiled by power on

an adjustable coiling-macliiue, which can be altered to make any size of coil. The traveller is

brought up the walk to the foreturn by means of a brake, which prevents the revolution of the first

motion shaft, and the rope, gripping the wheel, causes the traveller to run up the walk at the same
rate as the driving-rope.

Both the machines here described are made in a great variety of sizes, and with different numbers
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of hoolts, occordtog to special requirement. Their capacity ia very wide, as they will make ropes

from tlio Bmullest eizea up to 24 in. in circamfereiice. In order to be of the greatest use, they

rc(niiro a full complement of change-wheels and strand-tubes. Sometimes a foretum will have two

travellers, ono light and one heavy. When one is in use, the other is run into a siding, or on to an

extension of the line b( ynnd the requirement of that in use.

The selection of the factory or walk syutem of manufacture will generally be decided by the

special circumstances of tlie case, as each has its advantages and disadvantages. The factory or

" house " machines, as they are called, are said to be capable of turning off more rope of a better

quality, and at less cost for wages and driving-power, than the " walk " machines, though this is a

disputed point. They need much less space for their operations, no " walk " and long slied being

required. But the machines are numerous and expensive, where a full equipment is necessary,

the first outlay and cost of maintenance being greater than when the foretum and traveller are

the chief machines employed. The latter are the simplest, and, where land and labour are cheap,

may in some cases be the most advantageous.

The greatest proportion of ropes manufactured are made from tarred yarns. There are two

methods of tarring in use : in one, the yarns are tarred singly ; in the other, by the " haul." Yarns

are tarred singly by arranging a number of large bobbins, usually about 16, on wliich the untarred

yarns are wound, in a creel in front of a double-cased copper steam-vat, in which the tar is kept

boiling by means of steam circulating in the cavity. In tlie pan, a copper or brass roller is adjusted,

partly immersed in the tar. Over this roller, the yarns are conducted, and as they pnss in contact

with it, receive some of the boiling tar, which it brings up in its revolution. The yarns are next

drawn along a copper trough, in which are plapcd hide ropes twisted tiglitly round them, whose

function it is to equally distribute the tar, and, by friction, to lay the fibres, and polish the yarn.

Leaving the tniugh, they are wound upon a large reel, and formed into a haul. In tarring in the

haul, the yarns are wound upon a large reel, or warping-mill, in a helical form by a traversing

motion, before being subjected to the tar. When the first layer is complete, the threads are passed

round a pin or peg, and the motion of the retl is reversed until a second layer is completed. These

operations are continued until a warp containing 200-400 threads is made, which is then wound off,

and coiled on a revolving plate or iron dish upon a bogie, wliieh is made to revolve for the purpose

of imparting to the warp a few turns of twist, to prevent the entanglement of the threads in passing

through the subsequent processes and during mellowing. The warp is then taken to tlie tarring-

maohine. Fig. 1202, consisting of a large trough or cistern, in which the tar is kept at boiling heat by

means of coils of copper steam-piping. The yam or warp ia conducted through the boiling tar, and

1202.

the pressing-apparatus, being drawn through by means of the gearing actuating the sheaves, around

which it is twice passed to prevent slipping, and is then coiled for the store. The difference in

these processes is not very material : in the first case, the yarns are tarred before they are made into

a warp; in the second, after that operation. In tarring singly, the yams are warped as they

emerge from the tar-pan.

When the tarring process has been completed, the "hauls" or tarred warps nrc convoyed into

the store, in order to be mellowed, whieh is simply allowing the tar to peuctrato the fibres. The
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time for this varies according to the quality of the work for which they are intended. Two months
is stated to be the shortest time in which this can be accomplished ; it is done much better when
6-8 months are devoted to it. In the Eoyal dockyards, it is customary to allow 12-15 months for

the process. The tar used should be clear and of a light colour, in order to impart the best

appearance. Contact with iron, when it is fluid, darkens and discolours it, and this should therefore

be carefully avoided.

When the tarred yams are required for use, they are brought from the mellowing-store ; the

warps are wound upon the reel ; the threads are separated, and wound upon bobbins from the reel,

thus reversing the previous operations ; and the bobbins are conveyed to the stranding-machines to

pass through the processes previously described.

Exports.—Our exports of cordage, cables, and ropes of hemp and similar material in 1880 were
to :—Australia, 16,665 cwt., 54,155Z. ; British N. America, 16,264 cwt., 34,766?. ; British W. Indies

and British Guiana, 8886 cwt., 18,6622. ; Brazil, 8409 cwt., 23,237?. ; British S. Africa, 7074 cwt.,

17,767?.; Argentine Republic, 6378 cwt., 11,487?. ; Germany,5130 cwt., 12,823?. ; France, 4027 cwt.,

8942?. ; Sweden and Norway, 3615 cwt., 10,272?. ; Bombay and Sind, 8589 cwt, 8963?. ; Chili,

3356 cwt., 7564?. ; Peru, 2767 cwt., 5355?. ; Italy, 2531 cwt., 5696?. ; Japan, 2399 cwt., 4944?.

;

United States, 2018 cwt., 4169?. ; Bengal and Burma, 1927 cwt., 7642?. ; British W. Africa, 1270

cwt., 4214?.; Channel Islands, 1048 cwt., 6000?.; other countries, 20,964 cwt., 48,949?.; total,

118,307 cwt., 295,607?. E. M.
(See Fibrous Substances.)

SALT (Fb., &?; Gstt.,'Sah, Chlornatrvuni).—Formula, NaCl ; hardness, 2
• 5 ; sp. gr., 2

•
1-2 • 57.

If we consider the natural products of the earth in their relative economic importance, salt, one

of the most abundant and universally diffused, commends itself pre-eminently to our notice. Yet

comparatively little has been written concerning it, and the industry, one of the most important we
possess, may be said, with the exception of a few trifling innovations, to be practically in the same
position as it was 50 or 100 years ago.

Common salt (sodium chloride) may be directly produced by the combination of chlorine with

sodium. It has been stated that sodium takes fire when immersed in chlorine gas ; but Wanklyn
has shown that, unless some moisture be present, such is not the case, and it is certain that metallic

sodium remains bright for some time, even when immersed in liqueiied chlorine anhydride. The
composition of salt is :

—

Equivalents. Percentages.

Chlorine 35-5 60-7
Sodium 23-0 39-3

A blue sodium subchloride is (probably erroneously) stated to be produced by passing hydrogen
over sodium chloride at high temperatures. Salt is isometric ; it crystallizes in anhydrous cubes,

and other congeneric forms ; its cleavage is perfect ; taste, cooling and agreeably saline ; when pure,

it is white, and is often found in nature in pellucid and perfectly colourless crystals as rock-salt,

but more frequently rock-salt is grey, rose, brick-red, yellow, violet, blue, or green, being stained

by iron, bitumen, or other impurities. When crystals of salt form by evaporation on the surface of

still brine, as frequently occurs in the manufacture, the cubes have a tendency to agglomerate

themselves by their angular edges, so as to build hollow four-sided cups, called "hopper-crystals"

(Fr., tremis). Fishery-, bay-, and dessert- salts illustrate this peculiar form of crystallization.

Although salt crystals are anhydrous, they are liable to contain water mechanically intercalated

between their crystalline plates, causing them to decrepitate when somewhat suddenly and strongly

heated. This decrepitation rarely occurs with rock-salt, and only in a small degree with the

heavier larger crystals of salt produced during the slow spontaneous evaporation of sea or other

salt water. Salt fuses at 776° (1428° F.), and volatilizes, but not in covered vessels at a temperature

approaching its point of fusion, sustaining thereby considerable loss of weight. When a saturated

solution is cooled to — 10° (14° F.) or a few degrees lower, it crystallizes in hexagonal tables of

hydrated sodium chloride (NaCl-l-2H20); and a further reduction of the temperature to about
— 22° (— 5 • 80° F.) causes the separation of bundles of fibrous or needle-shaped crystals, having the
composition of a cryohydrate, and containing ten equivalents of water (NaCl+ 10 H2O) ; both
these forms deliquesce with the mere heat of the hand, and may be seen to resolve themselves

rapidly with a species of decrepitation into sodium chloride solution and numerous small cubes of

common salt.

Sodium chloride is decomposed slowly at a red heat in presence of aqueous vapour into caustic

soda and hydrochloric acid, according to the formula 2NaCl-|-H20 = 2H01-l-Na2O. This fact

has been utilized in an attempt to manufacture soda from common salt, by mixing salt with sili-

ceous sand, placing the mixture in a retort, heating to redness, and passing steam ; but the
experiment gave no hopes of commercial success.

Salt is nearly as soluble in water at ordinary temperatures as at the boiling-point ; and when a
saturated solution is heated in a vessel admitting of evaporation, it crystallizes out, forming hopper-
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cryBtuls ttt the surface if the liquid bo maintained tranquil, or sinking to the bottom aa a fine

ciyatalline powder (butter-salt) if the liquor be kept in a state of agitation. Salt is one of the most
highly diathcrmanous bodies, and at the same time one of the most perfect in its absence of ther-

mochroic iircinrliis, permitting the passage alike of dark and of visible heat rays, and of heat rays

of all degrees of refrangibility. Specimens of colourless pellucid rock-salt are therefore highly

prized in resL-arches on radiant heat. Transparent rock-salt transmits no less than 92-3 per cent-

of radiant heat from every source, whether the radiating surface be highly incandescent, or the

rays be invisible; while the best specimens of flint-glass transmit only '28 per cent, of the heat

radiated by red-hot platinum, and still less of dark heat rays ; and ice cuts off all railiant heat from

either of these sources. Melloni regards clear rock-salt as being completely diathermanous, attri-

buting the 7 '7 per cent, by which the intensity of the incident rays is diminished to an effect of

reflection at the surfaces of ingress and egress, not to interior absorption.

Tlio annexed table by Poggiale shows the lbs. of pure salt dissolved by 100 lb. of water at various

temperatures :

—

-15° (5° F.) dissolve 32-73 lb.

-10°(U°F.) „
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the Trias, that most rook-salt occurs. An idea that all rock-salt was referable to that epoch long

prevailed amongst geologists ; but it is now generally admitted that, although salt is found most

abundantly amongst Triassio rooks, and becomes rarer as we descend into the earlier strata, it

oocurs in all the so-called sedimentary rocks. It has not yet been found in granite, nor in any

of the crystalline truly so-called primary rocks. In the N. counties of England, are frequent occur-

rences of brine-springs rising from the Carboniferous series. The Cheshire and Worcestershire

deposits are considered by some to belong to the Permian, though most generally they are referred

to the Trias. The salts of W. New York, and Goderich (Canada) are said to be of the Salina period

of the Upper Silurian. The deposits of the Vosges, Salzburg, and numerous others are generally

admitted to belong to the Trias ; that of Bex in Switzerland, to the Lias ; those of Wieliecska

in Poland, and Cardona in Spain, as also some deposits in Algeria, are considered to be Cretaceous ;

those of the Pyrenees, in the neighbourhood of Bayonne and Dax, and at Camarade, are probably

Tertiary ; while the Dead Sea, Lake Elton, many other inland lakes, certain estuaries on the shores

of the Caspian, the Limans of Bessarabia south of Odessa, the run of Cutch, and the bitter lakes of

the Isthmus of Suez, are instances of salt deposits now in actual progress. Tlie last-named lies in

a basin which was intermittently inundated by the Red Sea, the waters being evaporated, and beds

of salt thrown down, between the successive incursions. At the time the Suez Canal was made, the

formation was partially destroyed. Its layers are said to vary in thickness from IJ to 7J in., and

it is estimated to contain 97 million tons of salt, and to cover an area of 66 million sq. yd.

The oldest deposit of rock-salt known to exist, whose geological age may be said to be positively

determined, is the Salt Kange of the Punjaub, which may with tolerable certainty be referred to

the Permian, while the deposits lately discovered at Middleshorough-on-Tees may also probably be

referred to this period, as they immediately overlie the magnesian limestone.

Thomas "Ward and Von Baer describe the salt formation now going on upon the shores of the

Caspian. As at this part it fills with river deposits, a number of bays and gulfs become nearly

separated from the maio body of the sea; when this oocurs on the eastern side, where no

rivers enter, and where the evaporation is great, these bays and gulfs soon become intensely

salt. Near Novo Petrovsk, on the eastern coast, is a number of basins, presenting every degree of

saline concentration. One of these still occasionally receives water from the sea, and has deposited

on its banks only a very thin layer of salt. A second, likewise full of water, has its bottom hidden

by a thick crust of rose-coloured crystals, like a pavement of marble. A third exhibits a compact

mass of salt, in wliich are pools of water, whose surface is more than a yard below the level of the

sea. A fourth has lost all its water by evaporation, and the stratum of salt left behind is now
covered by sand. Here we have an instance of what must have frequently happened in the

drying up of seas. On the same coast of the Caspian, is the Kara Boghaz, an estuary of

considerable extent, and nearly separated from the main body of the sea by a bank, through which

there is a shallow inlet. The evaporation from the surface of this gulf is so great that a

current continually sets in to it from the main body of the Caspian, and as there is no return

current, the water of the gulf is daily becoming more saline, and a salt deposit is being formed,

which Von Baer estimates at the rate of 350,000 tons a day. Schleiden says that the Caspian is

deprived of nearly 450,000 tons daily by this current, which rather increases the quantity ; Von
Baer's estimate would give 127,750,000 tons per annum. These figures seem exaggerated, in face

of the composition of the Caspian. For every ton of salt conveyed in, there must be 99 tons of

water. In process of time, this large gulf will be cut oS from the Caspian, and gradually leave

enormous beds of salt. On the N.-W. of the Caspian, but some 200 miles from it, are the remains

of a similar gulf. Lake Elton, from which large quantities of salt are annually obtained. In

1805, Gobel bored at a distance of about 1^ miles from its then shore, and found 42 distinct layers

of rock-salt, the uppermost 4 in. thick, the lowermost 9 in. The deeper he went, the purer

and more solid was the salt ; at the 100th layer (1 ft. thick), it was so hard that the iron tool

broke. In time. Lake Elton will disappear like so many others, and its salt will become covered

by sand and soil.

The stratified nature of all salt deposits with their interposed beds of clay, the salt rock itself

generally possessing a perfectly stratified structure, as well defined as any other rocks of known
aqueous origin, points also to the fact that rock-salt must have been deposited from solution. The
large quantity of selenite (crystallized hydrated calcium sulphate) so constantly found interstratified

and intimately mixed with rock -salt is in itself an almost conclusive proof of its marine origin, for

selenite is a hydrated mineral, losing its water at a temperature far inferior to that at which

sodium chloride fuses ; thus crystals of selenite could hardly have found their way into the solid

mass of the salt unless they had been deposited from solution simultaneously with the salt itself.

In subsequent times, should the surface of the mixed bed be denuded or dissolved by the action

of water, the salt would be carried away, leaving a bed of gypsum, such as is constantly found

overlying and surrounding rock-salt deposits. In some districts, as those of Magdeburg, Stassfurt,

Vic, &c., beds of potassium and magnesium salts are found overlying the rock-salt. , Sea-water
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contains similnr salts, which on ita boing slowly evaporated are deposited in the same order oa and

in similar forms to thoso found in connection with these Gorman salt formations. Siippnsinn; the

existence of a great Triassic estuary or lake becoming in the lapse of ages compl. ti ly dried up,

it is efisy to imagine how the formation of these German deposits took place. Beds of salt would

bo found, while the inland sea from which they were produced would become c<mtinually enriched

with successive accessions of salt washed by floods from the salty soil of the surrounding country,

anil streams would also bring down clay and mud, so that in course of time layers of salt would

be fonned interspersed with beds of clay, and they might ultimately become covered up and

protected by this same clay deposit. In this upper bed of clay, beds of the more soluble potassium

and magnesium compounds would remain interstratified.

It has been urged that little or no potassium salts occur in some of the best-known rock-salt

deposits ; most rock-salt formations, however, show evident traces of denudation subsequent to their

formation, as attested by the rounded and waterworn appearance of the exterior surfaces of these

beds, indicating that they have undergone superficial re-solution before becoming finally pntceleJ

by their clay covering. Any denudatory influence of water would first tend to carry off tlie more

soluble potassium and magnesium salts overlying the rock-salt, and only subsequently to this would

it attack and dissolve part of the rock-salt, leaving it with a covering of the less soluble gypsum,

as already explained. Eeniform masses of rock-salt embedded in clay, similar to the larger masses

found in nature, may be observed on a small scale in the bottoms of tubs used for dissolving rock-

salt. It is perhaps difficult to imagine tlie enormous lapses of time required in the production of

some of the great salt masses. The salt-beds of Cheshire are 75-110 yd. thick in many parts ; those

of N.-E. France, about Nancy, 7 layers in all, separated by beds of clay, occur at G5 yd. from the

surface, and have been proved to be more than 13 yd. deep of salt ; those of S.-W. France, at Dax,

have been pierced to a depth of 163 yd., without reaching their limit. Whole mountain masses

in some countries are largely composed of salt ; in Germany, rock has been penetrated to a depth

of 1390 yd., of which, all but 94 yd., was in rook-salt. The whole question is one of time,

and geologists are daily becoming more accustomed to deal with questions on this basis. It is,

indeed, a fact that if the whole of the known deposits of rock-salt in the worhl were to be added to

the waters of the ocean, they would but raise its standard of saltncss to an insignificant extent. It

has been shown by eminent physical geographers that the surface of the ocean possesses a total

area of no less than 132 million sq. miles, allowing 97 million for tho Pacific and Indian Oceans

collectively, and 35 for the Atlantic Ocean. The quantity of rook-salt which tho sodium chloride

contained in the waters of the entire ocean could produce, on a basis of an average depth of the

ocean of 3 miles (or a bulk of 396 million cub. miles), and assuming 1 gal. of sea water to contain

about • 2547 lb. of salt, and taking 2 • 24 as an average sp. gr. for rock-salt, 1 cub. mile of sea water

would contain such a quantity of salt as would produce 0' 01 116 cub. mile of rock-salt, which,

multiplied by 396 million, gives 4,419,360 cub. miles as tho bulk of rock-salt that the evaporation

of tho entire ocean would yield. This very large figure is equal to 14J times the cubic contents of

the continent of Europe. It is therefore obvious how little the salinity of the sea would have been

decreased by the abstraction of such a relatively small quantity of salt as that collectively contained

in all tho known rock-salt deposits.

It is remarkable how frequently erupted rocks and hot springs are found in the neighbourhood

of salt deposits ; but this need not be taken as pointing to a volcanic origin for the salt itself. A
specimen of salt erupted from Vesuvius in 1822, analyzed by Laugier, gave the following composi-

tion:—Sodium chloride, 62-9 per cent.
;
potassium chloride, 10-5

; silica, 11-5
; sodium sulphate,

1-2; calcium sulphate, 1 • 1 ; ferric oxide, 4-3; alumina, 3'5; lime, 1'3; loss and moisture, 3 '7.

The very large proportions of potassium and silica distinguish this from any known ruck-salt. It

is but fair, however, to observe that, on other occasions, considerable quantities of nearly pure

sodium chloride have been emitted from this mountain.

It is easy, on the other hand, to understand how depressions and elevations produced in the

earth's crust by disturbances due to volcanic phenomena would tend to the formation of estuaries

and inland seas favourable to the production of salt ; and many such disturbances and eruptions

probably occurred during the time when the ocean bed was being raised and became dry land.

Further it is to be noted that most trappean rocks are rich in iron, often ferric sulphide, whilst they

are easily disintegrated by the combined influences of moisture and atmospheric oxidation. Salt

itself assists in promoting such decompositions, so that islands or cliffs of trap on exposure would

tend to crumble down and decompose, and under the action of tlie briny waves of such a sea, some

of the iron present might temporarily dissolve as ferrous sulphate, accounting for the frequent red

colour of rock-salt. Any sulphur combined with the iron would be oxidized to sulphuric acid, and

go to augment the gypsum derived from the sea-water by combining with lime from the surround-

ing strata, while the crumbled trap, subsiding as clay, and becoming interstratified with gypsum,

would wrap up the solt in a protective covering, and preserve it from re-soliition.

Another noticeable and not easily accounted for feature in tho geology of rock-salt is its
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frequent association with bitumen and petroleum, which are found witli salt in the oil formations of

Pennsylvania. Bastennes, where bitumen was long worked,' is close to the salt deposits of Dax, at

the foot of the Pyrenees ; and petroleum floats in small quantity on the surface of a spring near

Orthez, and has been found in a boring in the neighbourhood of Salies in the same district. Petro-

leum and bitumen also occur not far from Volterra in Tuscany, where the largest rock-salt works of

Italy exist, and near to which are Count Larderel's celebrated boraoic acid springs ;
and they are

worked in some quantities in Wallachia, where also much rock-salt is found. Petroleum has lately

been discovered in Hanover, not far from the German salt deposits already mentioned. Bitumen
colours the lowest beds of the rock-salt mines of Nancy. It is found in and around the Dead Sea

in numerous places, while both bitumen and petroleum occur abundantly at Baku, on the Caspian,

near some large salt deposits both old and recent. A good deal of organic matter, both vegetable

and animal, exists in the sea, and as its waters became concentrated, such organic matter would

concentrate with tliem. Large quantities of shells filled with petroleum are spoken of as being

found in Pennsylvania, and myriads of shells saturated with bitumen occur in the old workings of

Bastennes ; but whether or no there is any tendency of orgabic matter in presence of strong brine,

through the avidity of brine for water, to develop itself into these hydrocarbons, remains for the

present a mystery unsolved. Such a union of facts as here given testifies strongly to the theory

that rock-salt is a true sedimentary rock, and that it probably owes its origin to the slow evapo-

ration, in the course of enormous lapses of time, of salt lakes or inland seas fed from the waters

of the ocean. The sea as it now exists may owe some of its saltness to the solution of rock-salt

formed during previous geological periods, and subsequently depressed beneath the present ocean.

Probably such oases of solidification and re-solution have been frequently repeated, but that the

present known formations of rock-salt owe their origin to an evaporation of salt water, such as is

now going on in certain quarters of the globe, rather than to any eruptive agency, there can be

hardly any room to doubt.

The very general distribution of salt in almost every known region of the globe, the facility

with which it can be quarried from the mountain sides, or obtained by evaporation from the waters

of the sea, or of salt lakes, the fact of its being a prime essential in the economy of life, and a

staple raw product of numerous important industries, have led to the introduction of the salt manu-
facture in one form or other into almost every country, and shed an interest over all facts connected

with its production. In considering the various processes by which salt is manufactured, the

methods employed in European countries will alone be studied, especially comparing the English

manufacture with those in use abroad, where important differences exist. The subject will be
divided into 3 heads :—(1) The production of salt from sea-water by spontaneous evaporation ;

(2) the mining of rock-salt ; (3) the production of white salt from brine by evaporation with

artiflcial heating.

Sea-Salt or Bay-Salt (Fe., Sel marin ; Geb., Meer-salz).—The production of salt from sea-water

by spontaneous evaporation varies much with the general atmospheric conditions. It was at

one time practised in England ; at Lymington in Hampshire, at Hayliug Island near Portsmouth,

and at Saltcoats on the Ayrshire coast, the evaporation of sea-water for the production of salt in

" salterns " or " brine-pans " was formerly a staple industry. Since the suppression of the duty
on salt, and the development of the production in Cheshii-e and Worcestershire, the sea-salt

industry has been reduced to one or two establishments round the coast where coal is cheap, as at

N. Shields, where salt is made by artificial evaporation from strong brine produced by dissolving

rock-salt to saturation in sea-water. But the employment of solar heat is common in countries

where the climate is more suitable ; hundreds of thousands of tons of salt are annually produced in

this way along the W. shores of France and Portugal, in the Bay of Cadiz, along the E. of Spain and
S.-E. of France, and along the coasts of Italy, Austria, Greece, Turkey, and Russia. The manu-
facture of salt from sea-water is in fact an industry of high importance, employing much labour,

and affording large revenues.

Sea-water diifers but little in its composition, whether taken at the surface or at the lowest
depths, tides and currents appaiently maintaining it in a perfect state ofmixture. Some enclosed seas,

such as the Eed Sea and the Mediterranean, appear to be rather richer in saline matter than the
waters of the ocean ; others, as the Black Sea and the Baltic, are somewhat poorer. Under
the tropics, and where dry winds prevail, there is some trifling augmentation of the saltness of the
ocean, whilst at the poles, and near the mouths of some great rivers, the water is rather less salt

but these differences are completely local and relatively insignificant. Table I. (opposite), gathered
from various authorities, though it may be considered fanciful in respect of the combinations in

which the various elements are supposed to exist, will convey an idea of the composition of
sea-waters.

For the better understanding of the processes of manufacturing sea-salt, it will be convenient to

consider what are the general results of the concentration of sea-water by evaporation. Usiglio
in some observations very carefully made in the neighbourhood of Cette upon the water of the
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Mcditerrnncnn during ovajxjration, dcacribes the reactions and the order in which they talie plnoe.

The Bp. gr. of the water there is 1-023. Wlien the clear water is submitted to concentration by

evaporation, no deposit tal^es place until the water attains a sp. gr. of 105, wlien a little ferric

oxide and calcium carbonate begin to go down. This continues till the sp. gr. is l'r2, at which

point, selenite (hydrated calcium sulphate) also begins to separate, and continues till the sp. gr. is

1'25. Meanwhile, as soon as 1'21 is reached, i.e. when the original volume of the water is

reduced from 1000 parts to 95, magnesium sulphate crystallizes out with the selenite, accom-

panied by some sodium and magnesium chlorides. Sodium bromide likewise begins to deposit

so soon as 1-231 is attained. The precipitation of these 3 salts continues steadily to progress

until close upon sp. gr. 1-3, and the volume of the solution is reduced to 16 parts, or about Jj of

what it was. Its percentage composition will then be :—Magnesium sulphate, 11-45 per cent.
;

magnesium chloride, 19-53; sodium chloride, 15' 98 ; sodium bromide, 2 - 04
;
potassium chloride,

3 30 ; water, 47 ' 7. So that when the water had only reached a sp. pr. of 1 - 21 , the only substances

which had separated were (in percentages of the original water) :—Ferric oxide, 0-0003; calcium

carbonate, 0-0117; selenite, 0-1466; but between 1-21 and 1-231, the composition of the deposit

became:—Calcium sulphate, 0-0283; magnesium sulphate, 0-0U21; sodium bromide, 00222;
mngnesium chloride, 0-0153; sodium chloride, 2-7107. Thus between tliese two last-named

densities, nearly 2-84 per cent, of saline matter crystallized out of the solution, 95J per cent, of

this being sodium chloride.

These results are most instructive, and their application in the art of salt production from sea-

water will presently be seen. Usiglio further describes tlie reactions which follow on contiauing

the evaporation of the mother-liquor ; how they become more complicated, and the composition of

the material which salts out commences to vary with alternations of temperature ; how, it the

temperature of this mother-liquor of ep.gr. 13 be lowered, as by exposure during the night,

magnesium sulphate alone will crystallize, whereas if the liquor be concentrated by further

evaporation during the day, a mixture of sodium and potassium chlorides with magnesium sulphate

goes down. By this deposition, the solution slightly loses in density, and its sp. gr. may possibly

fall to about 1'28. Magnesium bromide al.so separates with the potassium and magnesium
chlorides, and a double potassium and magnesium sulphate forms, coiresponding with the kainito

of Stassfurt (K^BOiMgSOjOOHj). There likewise separates another double salt, corresponding

to the Stassfurt carnallite (potassium and magnesium chloride, KClMgCljeOHj). Finally, the

motliers, which now have attained a sp. gr. of 1-333, retain scarcely any sodium chloride or

magnesium sulphate, very little potassium chloride, and are in point of fact a saturated solution of

nearly pure magnesium chloride. This last salt crystallizes if the temperature be lowered to about

4i° (40° F.).

Table I. Compositiqn op Sea-Waters.

Localities.
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admitted, and where it is allowed to settle, and is stored for use. Sometimes two sttch large basins

are employed, one for settling, the other for storage. Hence the water is carried through a series of

other basins, each set in its turn being smaller and shallower. In the last, the salt principally

deposits ; it is then collected, drained, and stacked for sale.

These works are called by various names, according to the countries in which they are situate.

In England, they were known as "salt-marshes," "salterns," "salt-gardens," and by other local

names. In France, they are called marais salants or salins ; in Portugal, marinhas ; in Germany,
Meersalinen or Salzgdrten.

Fig. 1203 shows a marais salant as now in use on the Atlantic coast of France. The spot

chosen is generally some little bay or creek protected from the direct action of the waves ; from

this, is led a small canal, through

which at spring-tides the sea- 1203.

water can be conducted into

the large reservoir A, the jas or

msiere ("settler"), where the

water is allowed to clarify.

This reservoir is usually placed

higher than the rest of the

marais salant, so that the water

can be run off at pleasure into

the first set of basins or couches

c, without pumping. The jas

may be of any moderate dimen-

sions, and often covers 2J acres,

the depth varying from a yard to

a fathom. The water, having

become thoroughly clarified in

the jas, is allowed to run by the

underground channel B, fitted

with a suitable sluice, to the

couches, which are frequently

about 23-24 ft. long, 12 ft.

wide, and 1-1 J ft. deep, ar-

ranged in sets of 8 or 10 in a

double row, as shown, separated

by low walls or dams, but com-

municating with each other in

such a manner that the water

entering from A by the sluice B
can circulate slowly through

them, as shown by the lines

and arrows, and be drawn off

by the sluice G. In fine weather, the water has already undergone some degree of concentration
by the time it has settled in the ;as A, and as it passes in an almost insensible current through
the couches, it continues to evaporate. It is led by the sluice G into a canal D, which nearly
encircles the marais salant, and serves to conduct the water on to tho tables E, arranged similarly to
the couches

;
over these, it flows as before in an almost insensible current into other basins K, called

aclernes or muants, whence it is fed as required by small channels cut in the soil into the ceuilletsfg,
small basins where the salt crystallizes, or, as the French peasants say,, "oA I'eau commence
a saliner"

On the shores of the Mediterranean, about Cette, Marseilles, and the Etang de Berre, immense
quantities of salt are produced by a somewhat similar arrangement. As, however, there are no
tides iu that sea, the arrangement with the separate reservoir A is not essential. A series of
basins, whose bottoms are levelled and pugged with clay, are made by sets in gradients (usually B>
so arranged with channels and sluices that the water can flow from basin to basin and from one set
to another. The general principles involved are much the same as on the Atlantic coast. They
differ, however, in the degree ot circulation of the water. In the western works, the water is
allowed to almost stagnate, as it were, no differences of level being maintained so as to promote its

flow, except iu respect of the /as, which is usually placed on a rather higher level. Iu the salins du
midi, on the contrary, when the flowing water has reached its lowest gradient, it is collected in large
wells, whence it is drawn up and thrown back by a pump or water-wheel to its former level, and again
traverses a like set of gradients, to return once more to another set of wells. The first set are called
" wells of green water," the second are called " salt water " wells. On arriving at these latter, the
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water atiould have attained a Bp. gr. of !• 18-1 -20, and be nearly at crystalliziug-point. liv this

means, a ^'renter ciroulatinn i» maintained, and the evaporation is more rapid. Each set of basins in

eiicli gradient in made a little smaller than the previous set, to correspond with the diminishing bulk

of the water as it undurgoes evaporation. Finally, in a set of basins placed at the lowest level of all,

the salt crystallizes ; these are called tables salantea or crystallisoirs, and receive the water so soon

as it has attained a sp. gr. of 1-95-2 -00. In the salt marshes of the west, the mother-liquor

("bittern") is always left in the ccuUkts, and
j^,)^

has a tendency to render the salt rather bitter

and deliqueecent, by reason of contamination

with magnesian salts. In the salins du midi,

as the French Blediterranean works are called,

the bittern is drawn off, and stored in special

reservoirs, with a view to its subsequent

further evaporation, alternated with refrigera-

tion, for the extraction of the potnasium and
magnesium salts. When the salt has formed

in the aeuillets or on the tables salantes, as the

case may be, more ready-concentrated water

is run on, the bittern being drawn off in tho

case of the salins du midi, or left in tho mantis

salants of tho west. Here the water is main-

tained at a depth of 3-4 in., and a fresh supply

is run in every 2 days or so during fine

weather, and when enough salt (say 3—1 in.)

has accumulated, it is collected by moans of a

sort of scoop or hand plough B, Fig. 1201,

which the saulnier, as these workmen are

called, pushes along before him. Notwith-

standing that he docs this work with surprising

dexterity, he never fails to pick up a con-

siderable portion of clay with the salt, render-

ing the latter impure. Of late years, a species

of moss has been introduced from the Portu-

guese marshes i[ito the sii/iii.s du midi. This is

grown under fresh water, with which the basins

are flodded lor tho purpose, and furms a clean

bed, whereon the salt eryatallizcs, and is thus obtained far whiter and purer. The salt of the French

Atlantic coast often contains not over 88 per cent, of sodium chloride ; the Marseilles and Cette salt,

over 95 per cent. The salt, after collection, is stacked in henps H around tho marais salant, those

often being thatohcd over for protection from rain, and it there drains and loses much of its

deliquescence luid bitterness by long exposure to the atmosphere, In France, this work lasts in

fine summers from April till September.

The Bca-salt trade is far more prosperous on the Mediterranean than on the Atlantic sea-board,

for not only is the salt far purer, but less rain fulls in the former locality, and that part of tlio

Mediterranean coast bordering on the Gulf of Lyons is very subject to a dry parching wind cullrd

tho mistral, which, though a great disadvantage to the other inhabitants of the country, blows murli

profit to tho salt-makers. Nobody can imagine more miserable creatures than the poor saulniers of

the ^\^ coast of Franco ; clothed in rags and more than half starved, pale and shivering with ague,

tliiy still struggle to maintain an industry which is gradually dying out. The pan-salt of the

S.-W. works of Dax, Salics, Briscous, and Villefranche is competing with them on the one hand

;

while the more successful salins du midi are now able with improved means of communication to

bring their salt, which is both better and cheaper, into the markets of their western competitors

at Bordeaux, Agen, Perigeux, and Pan ; and the salt of tlie N.-E. of France has driven them

from Paris. Looking at the condition of the people, it is little to be desired that this industry

should last iu the AV. of France, and it is much to be wished tliat they should turn to other

employment.

Tho sea-salt industry of the coast of Portugal is very extensive, that relatively small country

producing annually 250,000 tons, of which the salt-works of Sertuval alone yield 150,000 tons. In

tho districts of St. Ubes, Alcacer do .Sal, there are over 400 sets of sea-salt works; and at Aveiro,

Fi;,'ueriis, and Oporto, are others of very great importance. In Istria, the sea-salt works of Pirauo

and Capo d Istria yield annually 60,000 tons,- while the " gardens " cover an area of 9 million

SI], yd. In Sardinia, 50,000-60,000 tons of sea-salt are annually produced near Cagliari; while for

tlio rest of Italy, 'I'rappani, Lungro, C'orvia, Murgherita de Savoiu, Comachio, etc., yield 105,000-



1718 SALT.

120,000 tons. Spain-, in the salt marshes of the Bay of Cadiz, Marbella Koquitas, Guandamar, and

in the Balearic Islands, produces some 300,000 tons. In Euasia, very large quantities of sea-salt

are made in the Limaus of Odessa, on the shores of the Crimea, and on the K.-E. coast of the

Caspian.

The production of sea-salt in France is shown in the table on p. 1737.

The manufacture of sea-salt would appear to be a profitable concern in the Eastern Archipelago.

The following is an estimate of the cost of carrying on the manufacture at the salines of Bana.

The space allowed for the tables in about 40 per cent., the beds 40, and thejos 20. To estabUsh

200 acres of " tables," requires no less than 250 acres of land. The working of 1 acre of tables, or

2J acres of saline, involves the following expenditure :—1500 fr. for feeding the workmen during the

formation of the salines ; if the first collection of salt is good, the workpeople are paid a second sum

of 1500 fr., and the collection of salt is given over to them for their own benefit. The capital thus

advanced amounts to 8000 fr. The second year the proprietors work on their own account, and

may collect salt to the value of 2000 fr. After deducting tax, etc., there remains about 1200 fr. of

net revenue on the capital advanced at different stages (3000 /r.), or about 36 per cent.

In India, where the Government monopolizes the sale and manufacture of salt, the annual

consumption during the years 1867-8 amounted to 22,700,000 maunds (of 82^ lb.), in 1878-9,

24,200,000 niaunds. The duty varies from Is. to 6s. Qd. a maund. The bulk of this salt is obtained

from the evaporation of sea-water or from the Sambhur Lake, but the output of Punjab rock-salt

was in 1878-9 estimated at over 600,000 maunds. The quantities of white salt sent to India from

this country will be seen on p. 1736.

Extensive salt fields exist at Shimpaga, a short distance above Mandalay, on the W. bank of

the Irrawady. It is also obtained at other places in Burma on a small scale. Large quantities

could be manufactured at Shimpaga, but imported salt is fast taking its place in the market.

Table II. shows the compositions of some of the sea-salts known in the markets of Europe :

—

Table II. Analyses
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Salt is also mnUe in small qnantlties in Holland and some other oonntries of N. Europe by
diHHnlTing rock-salt to saturation in eea-water, and evaporating the solution by artificial heat, as will

hereinafter be described under white salt. The salt so obtained is merely fur local consumption,

and the business is not important enough to merit more than passing allusion.

l:oi/:-S,ili (Fb., Sel Oemnw; Geb., Stem-Sah).—The geology of rock-salt has been already pretty

fully considered in the commencement of tide article. In a paper read before the Literary and
Philosophical Society of Liverpool, Thos. Ward gives a classification of the principal rock-salt

deposits of Europe, which is deserving of reproduction almost in cxtenso.

Tlie great salt districts fif Europe in which rwk-salt or brine-springs are met with are:—(1)

Carpathians, (2) Austrian and Bavarian Alps, (.S) W. (Jermany, (1) Vosges, (5) Jura, (6) Swiss

Alps, (7) Pyrenees, (8) Spanish or Celtibevian Mountains, (9) isolated deposits and springs in

Eussia, Turkey, Italy, Prussia, British Islands, &o., and (10) Cheshire, Worcestershire, &c.

1. The Carpathians.—This is the most extensive and rich salt district in Europe, possessing salt

enough to supply the whole continent for several tliousand years. The Komans mined salt in

various parts of Transylvania, and down to the present time salt is obtained from that country.

Prom the extreme west of Galioia, following the direction of the Carpathians to where tliey meet

the Danubo, salt is more or less widely distributed on both slopes of the chain. The district may
be divided into the Moldo-Wallaehian, Traneylvanian, Galician, and Hungarian sections.

The salt-mines of Wallacliia are very noted, and the salt is distributed by means of the Danubo
and its tributaries over Bulgaria, Servia, and Hungary, as well as over tlie home districts. The
Hiilt used is the rock-salt, as is generally the case throughout the district of the Carpathians.

Owing to the absence of cheap fuel, and the tolerable purity of the rock-salt, very few attempts to

manufacture white salt have been made, and millions of gallons of nearly saturated brine <iro

allowed to run to waste. The mines at Stanikul, Kimpina, Okna, and Okna Mare are the most

important in Moldo-Wallachia.

Transylvania is richer in rook-salt than any other portion of Europe. It consists of a central

basin, thiit of the Miiros river, and the basins of the upper courses of the Szamos and Alt rivers.

The whole territory is more or less mountainous, and the deposits of rock-salt are frequently found

along the banks of the small rivers amongst the liills. Tlie supply of salt is inexhaustible. Tho
great centres of salt-mining are Muros Ujvar, on the IMiiros river, most favourably situated for watrr

communication, and hence the largest shipping town in the district, exporting seventy per cent, of

tlie Transylvanian salt; Parajd, on the Korond, a tributary of the Mdros ; Does Akua, on the Great

Hzdmos; Szdmos Ujvar, on the Little Sziinios; and Vizakna, on a small tributary of the Maros.

Tho mine at the small town of Sasmezo, in the Ojtoszer Pass, forma a connecting link between the

Transylvanian and Moldo-Wallaehian districts. The generality of the mines lie near the surface',

though the salt is followed downwards to great depths. Tho quantity of salt mined is very small

compared with that in English mines. The wh»le annual production of Transylvania is estimated

at 50,000 tons, about | of the production of all kinds of the Austro-Hungarian empire.

The Galician district extends along the N. and N.-E. slopes of the Carpathians, from Moldavia

to Moravia. There are numerous mines and brino-springs scattered at intervals along this distriot.

The most celebrated salt-mines in the world, and those longest worked, are the mines of Wieliczka

and Boohnia, at the extreme west of Galicia. The mines at Wieliczka have been worked since the

13th century. The mines and works of Sanok, Starasol, Kaluscz, and numerous other places, send

out considerable quantities of salt ; and recently there has been discovered in the Kaluscz mine,

sylvin, or native potassio chloride, and magnesie sulphate.

The Hungarian salt district is very extensive, but almost wholly confined to the region of the

Carpathians, from the borders of Transylvania to Moravia. One of the largest tracts lies in the

basin of the Szamos, in the neighbourhoods of Szathmar and Szigeth, and in the neighbouring dis-

tricts of Marmaros. In the localities of Soovar and Szlec, in the extreme north of Hungary, there

are numerous mines. A continuous series of salt deposits is thus traceable from the neighbonrliood

of the Alt in Wallachia, along the Carpathians (and the minor chains running from them) around

Transylvania, and thence on bath slopes of the same mountains between Galicia and Hungary,

until the Sudetic mountains are reached.

2. The Austrian and Bavarian Alps.—This is probably the best known salt district of Europe

to ordinary travellers. The most important mines and springs lie in a comparatively small area,

in the upper parts of the basins of the Traun and Salza, and partially in the basin of the Inn. The
most celebrated region is the Salzkammergut, lying on both sides of the river Traun, on the

borders of Styria and Salzburg. The salt is chiefly manufactured. In many cases, water is

allowed to run into the rook-salt mines, and to become saturated brine, then drained off, and manu-

factured, many miles away. The district extends into Bavaria, along the valley of the Salza. The
most important salt towns in the Austrian portion are Aussee, Ischl, Hallsfatt, and Hallein. The
Bavarian portion is very rich in salt, the chief towns being Berchtesgaden, Eeichenhall, Traunstein,

and Rosenheim. Tho last-named manufactures the salt from brine conveyed in pipes from
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Eeiohenhall. This alpine district extends into tlie Tyrol ; at Hall, near Innsbruck, in the Inn

valley, are very extensive salt deposits and salt-vrorks, and the rocks are similar in character to

those of the Salza and Traun.

3. W. Germany.—Under this head, are classed a very large number of salt-mines and brine-

springs extending from Segeberg.in Holstein, in the north, to Bulz, on theNeokar, in Wiirttemberg,

on the south, and from Kreuznach on the Nahe, on the west, to Halle near Madgeberg, on the east.

As they are by no means equally spread over the d^triot, it will be well to group them as much as

possible. The first group lies in the valley of the Neckar, and one of its chief tributaries, the

Kocher. The Black Forest mountains form the west boundary, and the Suabian Jura the east.

The chief towns are Sulz, Wilhelmsgluck, Hall, Wimpfen, Neckar-Sulm, and Sulzbach. In the

valley of the Main and its tributaries, are a few brine-springs. At Hallstadt and Nidda, a large

quantity of salt is made ; and at Kissingen, is a very strong brine-spring.

The district between the Elbe and Weser contains very large quantities of salt, and springs of

brine are met with in great numbers, from the banks of the Werra and Saale, to those of the AUer.

The most numerous springs, as also the rock-salt deposits, lie near the various small ranges of

mountains that are scattered about the district, as the Thuringer Wald, Harz Mountains,

Tentoberger Wald, &o. The most important towns are Salzungen, AUendorf, Halle, Stassfurt,

Salzfi, Schonebcck, Harzburg, Neustadt, Salzgitter, Salzderhelden, Salzwedel, Hildesheim,

Eodenberg, Sulze, Luneberg, &o. Closely connected with this district is the Kuhr Valley in

Westphalia, in the neighbourhood of Unna, where are numerous brine-springs. Two localities of

special importance are the district between Magdeburg and Halle, more especially in the neigh-

bourhood of Stassfurt ; and the Luneberg Heath in Hanover, to the south of Hamburg. In both

localities, brine-springs have long been known, and Schonebeok and Luneberg have been centres

of salt manufacture for a considerable period. It is only of late that the extensive deposits of rock-

salt in both neighbourhoods have been discovered. There is one more small district lying quite

outside tlie others, that of Oldesloe and Segeberg, in S. Holstein. At Oldesloe, a brine-spring

has been worked for a very long period. It is but within the last few years that rock-salt has been

found at Segeberg.

4. The Vosges.—This is a very important district. Its salt meets English salt very extensively

in Belgium. Great portions of E., N., and Central France are supplied from it. Until the late

Franco-German war, the district belonged wholly to France, but, lying in the ceded district of

Alsace-Lorraine (principally in Lorraine), now belongs to Germany, thus rendering Germany the

possessor of some of the most extensive salt deposits in Europe. The chief towns in the Vosges

district lie in tlie neighbourhood ot Metz and Nancy, and are Chateau Salins, Dieuze, Moyen Vie,

Sarrealbe, Salzbron, Rosiere. The salt is chiefly manufactured from brine-springs, though a

considerable quantity of rock-salt is mined at Vic, and at Varengeville, near Nancy. •

5. The Jura.—Since France has lost the salt district of the Vosges, the long-noted one of the

Jura will become of more importance. It is separated from that just mentioned by the Plateau of

Langres, and lies in the basin of the Saone and Doubs. The salt-springs of Salins have been noted

from remote antiquity. The chief centres of manufacture are Salins, Arc, Lous le Saulnier,

Montmorot, Saulnot.

6. The Swiss Alps.—This small district lies on the right bank of the Ehone, just before the

river enters the Lake of Geneva, in tlie Canton de Vaud. It has rock-salt mines and brine-springs.

The chief centres are Aigle, Bex, and Eoche, Eock-salt was mined here 300 years ago.

7. The Pyrenees.—Like the Carpathians, the Pyrenees are rich in rock-salt deposits and brine-

springs. In the W. district of the Pyrenees, in both France and Spain, salt appears to be most

plentiful. In France, the basin of the Adour is the most important district, and contains the

towns of Salies de Be'arn, Brisoous, Villefranche, which last forms almost a suburb of Bayonne.

Dax was discovered aocidentally by Ward a few years ago. At Salies d'Arbas, on the Garonne,

near the Pyrenees, a brine-spring exists, and salt is manufactured. In Spain, the whole basin of

the Ebro is rich in salt, especially towards the source of the river, as is indicated by the number
of villages named either sal or salinas. In one small district, are Salinas, Salinas d'Amana,

Salinillas, Poza de la Sal. On the banks of the Ebro, are Mendavia, Valtierra, Remolinos, and
Sastag. Both rock-salt and brine-springs are plentiful. One of the most peculiar deposits of rock-

salt known to exist is in this district, about 45 miles N.-W. of Barcelona, on the banks of the

Cardona river; this is the famous rock-salt mountain of Cardona, a hill composed entirely of

rock-salt, which is worked in open quarries like stone.

8. The Celtiberian or Spanish District.—This is rather a number of isolated mines and brine-

springs. The chief towns are Saelioas, in the province of Guadalajara ; Torreximeno, in the

province of Jean ; Villufafila, in the province of Zaraora ; Monteagudo and Minglanilla, in the

province of Cuenca ; Cazorla and Hinojares, in Andalusia ; and Jumilla, in the province of

Chinchilla. There are indications of salt in various other places; indeed, Spain seems richly

endowed with this mineral.
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9. laolatcl Suit-Deposits and Brine-Springs.—In France, at the foot of the Alps, at Moutiers
and Oastcllane, are well-known brine-springa from which salt is made. These may possibly belong
to the siime district as those of Aigle and Bex. In Italy, at Volterra in Tuscany, salt is

manufactured
; and at Lungro and Altamonte, in the mountains of Calabria, rook-salt is mined.

In Sicily, at Nicosia and Mussomeli, are salt deposits. At Szamobor, in Croatia, and Tuzla, in
Bosnia, salt is found. In Russia, at Baohmutz, on the Donetz ; Balachna, on the Volga ; Staraia
Kussa, near Lake Ilmen ; Solikamsk, on the Kama, and the neighbourhood of the Ural Mountains ;

and at Iletzkaya, salt deposits exist ; also at Eupatoria, in the Crimea, rock-salt is found. In
Prussia, at Jnowraclaw, Kawicz, Waltersdorf; brine-springs are found ; and at Sporenberg, S. of
Berlin, a bed of rook-salt, of the enormous thickness of 2810 ft., had been bored into in 1870. At
Kreuznaoh, on the Nahe, rock-salt is mined : this seems to be connected with the Vosges.

10. Cheshire, Worcestershire, &c.—The chief centres of rock-salt and brine-springs are North-
wich, Middlewich, Winsford, Sandbach, in Cheshire ; Weston-on-Trent, in Staffordshire ; Stoke
Prior, and Droitwioh, in Worcestershire. At Duncrue, near Carrickfergus, there is an important
rook-salt deposit. At Middlesborough-on-Tees, another valuable deposit of rock-salt exists. At
Chester-le-Street, in Durham, is a brine-spring. Indications of salt are to be met with in Stafford-

shire, Shropshire, and Lincolnshire. The Cheshire and Worcestershire deposits are by far the

most important among British rock-salt deposits, the Carrickfergus salt being only worked to

a comparatively limited extent, and the Middlesborough hitherto not at all. This last was
discovered some years ago by Bolokow, Yaughan, & Co., while boring for water in their steel-works,

but they were unable to follow up the discovery fur want of sufficient room. Bell Bros, have
now bored in the meadows in front of their works at Port Clarence, where, at a depth of a little

over 800 yd., they have again found the salt, and have traversed the bed to a thickness of about
83 yd. No doubt with cheap coal and the facilities for shipment existing at the spot, as well as

its proximity to the important industrial centres of the Tyne, the Wear, and the Tees, and its central

position on the E. coast of England, the produce of this deposit may some day find its way to the
Baltic, and supply part of the Scotch and English fisheries, and figure as an important factor in tho
salt industry of England.

Eook-salt, as such, is comparatively little worked in England at the present day, only about
1 15,000 tons being annually sent down the rivur Weaver, and most of this coming from the celebrated

Marston mine, owned by Fletcher and Rigby of Northwioh. This is the most extensive rock-salt

mine in Great Britain. The rook-salt is mostly exported to Belgium, and some other Continental

countries, Germany used to take some rook-salt from England, but since her own discoveries, this

trade has greatly diminished. Some consumption of ground rock-salt has sprung up of late, for uso

in the Hargreaves process of making " salt-cake " (see p. 287), for which it is better suited than
the ordinary chemical salt. Tho rock-salt was first discovered at Marbury in 1670, in trying

for coal, and for about a century subsequently only the upper layer of salt was known and worked.

As far as the deposits in tho neighbourhood of Northwich are known, each is said to consist of

two superimposed beds, and to form two separate blocks, about IJ miles long and 1300 yd. wide,

but they are obviously far lai-ger than this. Tho salt is reached at depths varying from 32 to

53 yd. (at Marston, 37 yd.), by sinking through beds of variegated clays or marls interstratified

with layers and nodules of gypsum. The upper bed of rock-salt possesses a thickness of 25-30 yd.,

but rapidly thins off towards the S.-W. Above this bed of salt, and lying apparently in the recesses

of its surface, is found a more or less continuous layer of saturated brine. This is the brine which,

extracted at the various pumping-stations of Northwich, Winsford, and other places, and evaporated

as described later on, supplies tho white salt of the works of these districts. It has obviously been
produced by leakages or infiltrations of the surface water through fissures in the superincumbent

strata, and this by prolonged contact with the rock-salt has become converted into brine. Once
saturated with salt, this brine lies inert upon the rock-salt, producing no further solvent action,

until, some of it being withdrawn by pumping, more fresh water flows in from above, or until water,

entering the sti-ata at any outcrop which may exist on higher grounds, forces the brine out to the

surface os natural springs, and continues the solution of the rock-salt. It is estimated that the

quantity of brine pumped in the Cheshire salt districts must in this way annually withdraw not less

than 1,122,900 cub. yd. of rock-salt from the subjacent strata, leaving the ground above practically

unsupported. In many places, serious damage to property has arisen from this cause, and, in a bill

lately attempted to be introduced before Parliament, it was proposed to compensate the losses and

destruction of property consequent upon these subsidences by a tax of 3d. a ton to be kvied on all

the salt manufactured in the Cheshire districts ; but the bill was rejected. A very exhaustive

inquiry was made by a select Committee of the House of Commons on this occasion, which lasted

from May 5th to May 20th of the present year, into the geological relations of the Cheshire sali-

furous strata. Several interesting points were raised as to the causes of the subsidences, and

Do Eancc, of the Goolo;j;ical Survey, among others, afforded some valuable historical and practical

scientific evidence, the general conclusions at which he arrived being:— 1. That tho brine is formed
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by the natural descent of water through the porous strata of the high grounds surrounding the

geological basin of Cheshire on to the saline beds. 2. That the brine so formed passes by gravita-

tion through the strata, emerging from it in several places at the surface of the ground. 3. That

this wastage of the saliferous beds has, previously to the interference of man, caused large subsidences

in historic times, and is likely still to continue to do so. The evidence adduced v?ith regard to the

existence of natural brine-springs and the records of previous subsidences were very interesting, and

it seems difficult to imagine how now, after some centuries of working, and in view of the above

facts, a tax such as that proposed could be levied on the saltmakeis without injustice. One very

curious map was placed in the hands of tlie committee, showing how very large have been the

workings in the Northwich region, and that, practically speaking, nearly the whole district is

undermined by the excavations for rook-salt, most of these being in the upper bed, and this was
held sufficient to account for much of the subsidence in that region. In France, similar accidents

have occurred, only to a less extent, from similar causes ; and part of the fortifications of the town

of Dieuze having been injured by subsidence in the celebrated salt-mines of that place, the waters

of the Indre having penetrated into the mines and dissolved the supporting columns of salt, the

French Government felt bound to legislate on the matter. The mine of Varengeville, St. Nicolas,

also fell in a few years since, causing some loss of life, and considerable destruction of property.

Beneath the upper bed of the rook-salt at Northwich, lies one of a kind of greystone, interstratified

with veins of salt. This bed of saliferous stone is lOJ yd. thick, and overlies the second or great

bed of salt, below which it reappears, and has been sunk into to a further depth of about 62 yd. in

another mine adjoining the Marston, where some small layers of salt were found, but of inferior

quality. The second bed is the one from which the principal supplies of British rock-salt are now
drawn ; and at Marston, it has been explored to about 33 yd. in thickness. The Marston mine has

been worked for over 100 years, is 120 yd. in depth, and covers an area of about 40 acres. Round
the base of the shaft, the roof of the mine is supported by eight huge pillars of rock-salt, each pillar

being 30 yd. long by 10 yd. wide. The rest of the mine is equally supported by pillars, between

which the salt has been woiked out ; these are 10 yd. sq., and 25 yd. apart. The main or principal

cutting in the mine is called by the miners Piccadilly. The salt is blasted out with gunpowder in

the ordinary fashion, and sent up in bens to the surface ; the best and purest portions are selected

for sale, while those which are too much contaminated with clay are rejected. This description

of a rock-salt mine might he repeated for nearly every other salt mine in the world, with the

sole difference that in some (as in Wieliczka) the workings are on a more vast and important

scale.

The accompanying nomenclature of the strata traversed by the sinking for rock-salt at Witton,

near Northwich, shows the position of the Cheshire salt, as given by Holland :

—

Yd. Ft. In.

1. Calcareous Marl 5
2. Indurated Red Clay 116
3. Indurated Blue Clay, with Sand 2 I

4. Argillaceous Marl 1 2
5. Indurated Blue Clay 10
6. Red Clay, with Sulphate of Lime irregularly intersecting it . . .

.

1 1

7. Indurated Blue and Brown Clay, with grains of Sulphate of Lime\
-i ^ n

interspersed j
^

8. Indurated Brown Clay, with Sulphate of Lime crystallized in irregulai'l 4. n a
masses and in large quantity /

9. Indurated Clay, Blue, laminated with Sulphate of Lime 1 1 6
10. Argillaceous Marl .. .. 110
11. Indurated Red Clay, laminated with Sulphate of Lime 1

12. Indurated Blue Clay, laminated with Sulphate of Lime 1

13. Indurated Red and Blue Clay 4
14. Indurated Brown Clay, with Sand and Sulphate of Lime interspersed

through it. The fresh water, 360 gal. a minute, finds its way
through holes in this stratum, and has its level 16 yd. from
surface _

15. Argillaceous Marl 1

16. Indurated Blue Clay, with Sand and grains of Sulphate of Lime .. 1

17. Indurated Brown Clay, with little Sulphate of Lime 5
18. Indurated Blue Clay, with grains of Sulphate of Lime
19. Indurated Brown Clay, with Sulphate of Lime 2
20. First bed of Rook-Salt 25
21. Indurated Clay or Stone, with veins of Rook-Salt running in it . . .

.

10
22. Second Bed of Rock-Salt 86

The foUowmg analysis of the beds of " stone " underlying and intercalated between the beds of

salt may be of interest, as a matter of comparison with the composition of pan-soale, and of the
deposits formed during the evaporation of sea-water :

—

2
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Percent

Water (at 212° F.) 1-86

Loss on ignition 6 '62

(including traces of CO,)

Lime(CaO) 3-37

Ferric oxide (FCjO.) 5-80

Alumina (AljO.) 7-85

Koilium chloride 15 "60

Potassium chloride traces

Per cent

Snlphnric acid (SO,) 2-16

Phosphoric acid (PjO,) 195
Insoluble residue

:

Alumina 9'45

Silica 44-51

Total 9917

The Wieliczka salt-mine, certainly the most celebrated in the world, is situate 9 miles from Cracow
in Galicia, and has been worked for about 600 years. It is excavated in the ridge of hills at the N.
extremity of the chain which joins the Carpathians. The salt is stoped out in longitudinal and
Iranavcrse galleries, and large excavations are made in it, forming vaulted chambers of considerable

height, and leaving massive piUars with arches between them for the support of the roof; but

the work is more of the nature of quarrying than of mining. Explosives are not very generally

employed in this or in many of the other salt-mines of the Carpathian district, the rock being cut

out in square or longitudinal blocks. Grooves are cut about 25i in. deep, forming the face of the

rock into rectangular divisions ; lumps are then broken off from the face of the rock by wedging,

and these are further broken up into masses of J-IJ cwt. for sale. The percentage of lumps

to smalls produced by this method is stated to be as 75 to 25, the former selling for about Is.

a ton more than the latter. The lumps are generally sold just as they come from the mine,

while the smalls are still further ground, and packed in sacks or casks ; the scarcity of fuel

precludes the possibility of dissolving and refining this salt, while its great purity admits of

its easy sale in its natural state. The colour of the rock-salt forming the walls of this mine
reminds one of a light-grey granite. The mine is divided into 4 levels or " fields," in the

uppermost of which, 34 fathoms below the surface, the packing and preparation for transport

is proceeded with. In the lower levels, the work of excavation is carried on ; and on the secouj

level, is a lake of fresh water derived from a small stream which flows over the top of the bed
of salt, and is carried by wooden shoots to this spot. Many of the chambers in -this mine
are 80-100 ft. in height, and the excavations have been carried to a depth of no less than 783 ft.,

while many of the galleries are 1000 yd. long, and the total length of these galleries is about

30 English miles. The mines of Bochnia and Wieliczka together are, however, said only to yield

45,000 tons of salt per annum, the latter counting for 34,000. These mines give employment to

800-1000 miners and other persons. Many books of travel are replete with descriptions of this

mine, but visitors who had read the accounts must have been frequently disappointed.

To add descriptions of other salt-mines would be mere repetition, the extraction of rock-salt

differing in no respect from the getting of stone in any underground quarry, or the working of coal

or similar stratified deposits. Foul air or explosive gases are not usually met with in salt-mines.

In the Marston mine, however, after a shot had been fired on one occasion, there was a considerable

evolution of mai'sh gas (methyl hydride), which took fire and burnt for some time, issuing from

a blow-hole in the floor. E. Falk also met with a like evolution of inflammable gas in his mine
at Winsford. In the strata above the salt in the Dax explorations, a disengagement of marsh gas

took place during the sinking of a small shaft, and subsequently during some borings executed

at about a mile distant. Some highly compressed pent-up gases, proved to be liquefied hydro-

carbons, have likewise been found in small quantities in the rock-salt of Wieliczka and some
other places, giving rise to small explosions when the rock is in course of being dissolved. Salt

mines are as a rule perfectly dry, and the miners are usually healthy and subject to no special

infirmities or inconveniences, unless It be some occasional slight annoyance from the irritating

effects of the saline dust entering the throat, eyes, or nose. It is advisable when working a bed of

rock-salt to leave a good thickness of the salt under the floor and in the roof, not trusting to the

beds of clay with which rock-salt is usually interstratified, and which often exfoliate and give

way. The pillars left for the support of the roof should be as large and massive as possible, in

view of the possibility, however remote, of their becoming disintegrated and weakened, composed

OS they are of a soluble, more or less deliquescent material. When a rock-salt working is disposed

to give way, cracks and fissures usually appear in the roof, and signs of crushing about the upper
part of the pillars.

A process of cutting rock-salt by a stream of water, invented by an engineer named Pletsch,

was employed till lately in the mines of Varengeville St. Nicolas, near Nancy. Fresh water, led

through a pipe into the galleries of the mine, was there, from nozzles conveniently mounted on
movable stands, caused to impinge in fine but forcible jets against the face of the rock. By this

means, deep furrows were rapidly out into the salt by solution, and large blocks could be detached

with little manual labour and without blasting. This method, economical though it may appear,

seems to have been the cause of a severe disaster in the mines in question. The salt was being
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worked in one of the lower beds (of which there are seven in all) where it was purest and of

best quality, the cutting-water being permitted to run away to a still lower level in a channel cut

in the underlying bed of clay, on which, in this case, the levels were driven. This water had a

sp. gr. of not more than 1 • 52, and was consequently far from saturated ; the purest portions of rock

were therefore selected for -sale as rock-salt, and the rest was broken up and used for further

saturating the water of the reservoir below. The brine of the reservoir was finally pumped up to

be evaporated for white salt. This plan of getting both brine and rock-salt was ingenious, and

seemed to work successfully. The workmen, however, had long observed that the galleries of the

mine seemed to fill up, by the swelling, as they supposed, of the clay floors, though in reality this

was produced by the sinking of the pillars, probably from solution. One day the whole of this part

of the mine suddenly fell in, and since then, the getting of rook-salt by this means has been aban-

doned. Since 1876, a salt-outting machine has been introduced at Wieliczka with much success.

It is constructed somewhat on the principle of Winstanley and Barker's coal-cutting machine. It

would appear that in the course of 8 months' working, this machine has shown itself capable of

cutting rock-salt horizontally at a rate of 59 sq. ft. per hour, or vertically to a height of 5 ft. 9 in.

at a rate of 30-40 sq. ft. per hour. The average cost is stated to be about 21s. per cub. yd., as

against 27s. for hand work. It is likewise stated that in working out the salt, this machine pro-

duces less smalls than hand labour, the proportion being only 17 per cent. Tlie machines supplied

by Stonek and Eeska, of Prague, are made of steel in all their moving parts ; they cost about 430/.

each, and work by compressed air.

The annexed table shows the composition of the rock-salt of a few of the largest and best known
mines of Europe. The Stassfurt salt, however, is not generally so impure as stated ; in the Paris

Exhibition of 1867, the writer obtained a sample from a lot of rock-salt from Stassfurt there

exhibited in immense slabs and blocks, which gave on analysis no less than 99 " 95 per cent, of pure

sodium chloride, and • 05 of calcium sulphate, and was consequently nearly pure.

Table III.
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1. A shaft is sunic, and tho rock-BnIt, mined in tho usual manner, is broaglit to tlic surface and
disHolvtil in water. Sc^a-watcr or tlie water of saline springs is sometimes nscd. In Franco, large
wooden tubs called besmra are generally employed. The rock Lj broken and placed on [jerforated

bIuItcs, or huni; in baskets round the upper edges of the tubs. The solution is performed in a reser-

voir of ma>rinry or of concrete lined with cement, and in this c;%se a sort of wicker boat is sometimes
surrounded with empty casks to give it flotation, and laden internally with broken rock-salt, and
floiitid on the water of the reservoir. The salt dissolves, the stronger brine falling to the bottom
and the weaker rising to the surface, where it continually meets with fresh salt. The process thus
continues, till, if the supply of rock be properly maintained, the whole bulk of the liquid speedily

becomes saturated brine.

2. Another method employed, more particularly In working beds of saliferous clay, is the

creation of a solution-chamber (chambre de dissolution) within the deposit itself (see Fig. 1205), into

which water is introduced with cer-

1205.
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tain precautions, and this, dissolving

the suit, and becoming converted

into brine, is pumped up for use.

The construction of such a chamber

is carried out in the following man-

ner. A shaft E is sunk to the bed

of salt or saliferous clay ; in this, a

horizontal longitudinal gallery P D
is first pierced, and from this, the

transverse galleries Im, and other

longitudinal galleries r a ; this cuts the beds into squares or rectangles n, and these are further

divided up by other smaller galleries, not shown, till the whole part to be excavated is cut into

galleries, tlio roof being supported by tho pillars left between. The size of the chamber,

the distances separating the galleries, their height, &c., must depend on the nature of the ground,

and in some degree on tho fancy of the operator. By this means, is made a chamber of moro
or less rectangular form, the central gallery P D running throughout its entire length. Another
transverse gallery A B is pierced in the same level, and at some yards distant from the end
of tho chamber, and the gallery P D is pr.donged to meet A B at 0. A long wooden pipe

is laid from to D, pierced with holes in its sides and bottom, and its upper part covered with

u, pout roof, so as to throw off any materials which may full on it. A good timber dam is

made at G, and well pugged with clay, and a sluice is made at H, by which the brine can bo

drawn off; F is another small shaft, through which water can flow into the chamber. Tho
gallery A B may serve for any number of such chambers on the same level. All being thus

arranged, water is allowed to flow down through F till the bases of tlie pillars are submerged a few

inches. Tliis water is soon converted into saturated brine ; it is drawn off by opening the sluice

II, and pumped to the surface. Moro fresh water is let in to a like depth, and finally the bases of

the pillars get cut away by solution. Each time fresh water is let in, care is taken that it rises only

just far enough to bathe the lower ends of the pillars, which are thus gradually dissolved upwards

from their bases, the sides of the chamber becoming likewise excavated and enlarged by solution.

This goes on until the pillars become completely dissolved, and tho whole becomes one great

chamber filled with salt water. Much care is to be observed in controlling the quantities of water

fed into these chambers, in which the pressure should be maintained as moderate and unvarying as

possible. The fresh water admitted, being lighter than the brine, has a tendency to rise to Ihe sur-

face, and the solution is liable to go on almost entirely at the top of the chamber, the interior of

which tends to assume the form of an inverted cone from this cause. This involves loss, and where
two or more chambers A B are being worked continuously, the erosion of the salt necessarily takes

place in the form shown in Fig. 1206, the portion C remain-

ing untouched. A partial remedy for this inconvenience,
'^''^'

constituting the best mode of working, and now usually

adopted, is to introduce the fresh water in a smaU but

constant and steady stream at F (Fig. 1205), while the

brine is being drawn off in the same continuous manner

at II. This method of working saliferous clays is much

used in Germany ; at DUrrenberg, in Saxony, are 33 of these solution-chambers, each possessing a

mean capacity of about 700,000 cub. ft.

Another method of obtaining brine from a bed of rock-salt, and one frequently practised in

France, is that of simply boring into the salt and letting fresh water run down the bore-hole, when

it excavates a chamber for itself in the salt by solution, and may be pumped up again as saturated

brine. The boring for this purpose has to be of a tolerably large diameter, say 8-10 in., and it must

be tubed throughout with stout, well-riveted iron piping. AVithin this piping, descends the
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Buction-pipe of a pump, this latter pipe being only 3J-4 in. diam.. and closed at the lower end,

but having its sides pierced with numerous small lioles for about 1-2 ft. from its lower extremity. A
sufficient space is thus left between the two pipes for fresh water to find its way down to the bed of

salt. It is usual to commence by sinking a well down to any water-bearing strata in the measures

above the salt, and to commence the boring only from the bottom of this well ; or a well is sunk

alongside the boring. Fresh water from the upper strata or the surface is allowed to percolate from

this well into the space between the tubing of the bore-hole and the suction-pipe of the pump, and

to descend to the salt, where it becomes converted into brine, and may be pumped up. The esta-

blishment of a brine-chamber by this means is rather tedious, on account of the tendency of the

fresh water to rise to the top, and erosion to take place only at the immediate surface of the salt,

which thus gets eaten out just where it meets the superincumbent bed of clay, morsels of which

detach themselves, and, falling into the bore-hole, are liable to choke the pump. A year or more

may thus elapse before any steady supply of saturated brine can be pumped, much, however,

depending on the nature of the bed immediately overlying the salt. If this be clay, much
trouble aud inconvenience may be experienced ; whereas if a good firm bed of gypsum or anhydrite

intervenes between the salt and the clay, as occurs in the districts of the Meurthe, all will be found

to work successfully. Under these arrangements, the descending column of fresh water in the

exterior pipe tending to counterbalance the ascendant column of brine in the suction-pipe of the

pump to about | of its height, the relative sp. grs. being as 1 to 1'20, the pump only has to do the

work of elevating the brine through the remaining distance. Thus, with the bed of salt lying at

a depth of 180 ft. from the level of the fresh water at the surface, the fresh-water column would

tend to counterpoise and elevate the brine in the suction-pipe of the pump to a height of 150 ft., so

tliat the pump itself would only have to lift or force the brine through the remaining 30 ft. In all

cases, the brine when produced, whether by dissolving the rock-salt in tubs at the surface, or by
extraction from the solution-chamber within the bed of salt itself, contains by far too much
matter in suspension to be fit for immediate use. It is consequently allowed to clarify by subsidence

in large reservoirs (bessoirs) prepared for its reception.

Sometimes the brine, whether derived from springs or otherwise, is not brought to the surface

at a sufiSoient degree of concentration to be evaporated by artificial heat, without too great a eon-

sumption of fuel. It then becomes necessary to concentrate the brine. The most economical mode
of doing this is obviously spontaneous evaporation by exposure to the air ; and in places by the

seaside where high winds prevail, and where land may he of but little value, large quantities of

salt are economically produced, as already detailed, by this means. But in other places, this

arrangement would be inconvenient, aud other means of exposing the liquid to evaporation on an
extended surface are resorted to. Such is the so-called " graduation " system invented by Abith
in the 16th century, and still practised in a few places on the Continent. A graduation-house

(Gradishaus) is generally a huge shed, 300-400 yd. long, presenting one end to the prevailing

wind, and open at both ends. The interior is filled with rows of faggots ; the floor is a large flat

reservoir or basin, and on the top, by means of pumps and other arrangements, the water is

sprinkled profusely over the faggots, and in course of descending into the trough below, trickles

over the sticks, and exposes a large evaporating surface. By several repetitions of this process,

the liquor loses water, and a concentrated brine is the result. Fig. 1207 represents the general

construction of a graduation-house. A description of that at Schonebeck, one of the largest and
most important establishments of this kind, will suflice, as the system is not required in England,

and is becoming less used elsewhere. The building is 916 yd. long, and 11-14 yd. high. It is

filled with a double tier of faggots^ presenting a thickness of 5J-7J yd. at its base, and 3J-5J yd.

at the top, consequently offering an immense superficies for evaporation. The illustration shows

the whole arrangement in profile, end on. a is the large reservoir for the salt water. It is

excavated in the ground, and widens out at the top to c to catch any drip the wind may carry

away ; d e are merely stays to support the walls of the reservoir, and to sustain the building

against the lateral pressure of the wind; / is the wooden framework in which may be arranged

4 vertical walls or tiers of faggots. These faggots are made of white- or black-thorn, the

branches of which are especially crooked and angular. The water is elevated by pumping to the

reservoir h at the top, which is so arranged that the outflow can be altered according to the way of

the wind. The water is allowed to descend through two pipes, closed or opened at will by the

valves k, into the transverse pipe g ; thence it rises through the pipes, and flows out by cocks

into pans, from the overflow of which it drips on to the faggots. Berthier calculates that the

average evaporation in ordinary fine weather by this means at Moutiers, in Savoy, where cords are

employed instead of faggots, the other general dispositions remaining the same, is ISJ gal. for every

sq. ft. of cord surface in 24 hours. At Kissengeu, the sheds are nearly IJ miles long by 25 ft.

high. The water is raised six times in passing from one end to the other of the building, and by
this, its strength is raised from 2J to 17J per cent, of salinity. Forbes has calculated tliat here

nearly 3 million cub. ft. of water are evaporated annually by this means. The first set of faggots
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aro Btaincrl lirown by fi-rrio oxMo which cncnigta them, and they all have to be ohnnged every two

yourB (ir bo, on awoiint of a deposit of calcium carbonate (" thornstone ") which coats them. By

whatever means the strong brine is obtained, it needs evaporation to produce white salt.

In England, as already stated, the brine comes up fit for use at once. In and around Winsford,

nre 35 salt-works, and 607 pans; in Northwioh, 30 works, with about 485 pans; at Middlewioh,

13 pnns ; at Sandbach, 68. At Droitwich are numerous works, mostly, however, on a smaller

scale, with the exception of Chapel Bridge and Coverscroft. In Cheshire, the brine does not rise

spontaneously to the surface in sufiScient quantity to feed the works, but has to bo extracted by

pumping. It lies, aa has been stated, on top of the rock-salts, on the corrugated surface of which

it forms pools, or " runs," ns they are often called. A shaft or well is sunk to the brine level, and

the ingress of any fresh water from the overlying strata is guarded against by careful tubbing.

The brine is then raised to the surface by means of pumps worked by steam power. The surface

of the bed of snlt is reached at a depth of about 40 yd., and the arrangements for the sinking and

tlie pumping of the brine are so familiar as to need no do-scriptiou here. Suffice it to say that aa

brine exorcises a solvent and corrosive effect on lead, and an oxidizing action upon iron, the use of

either of the.se metals is to be avoided, either for the pipes or for the body of the pump itself; copper

for the former and bronze for the latter aro most to be recommended. Iron pipes are, however,

usually employed in Cheshire and Worcestershire. Whole tree-trunks of elm or pine have been

and aro still occasionally employed, cut into short lengtlis, and joined together, and bored out as

pipes, for conveying brine, ami answer that purpose very well. In a few cases, the pump-shafts

have been carried into old rook-salt mines, which have thus been utilized as solution-chambers, or

reservoirs from which to pump brine. The strength of the brine obtained varies both with the

l.jOidity and the scnsou. The salt-makers say that the brine used in Cheshire contains abuut

2 lb. 10 oz. of salt per gal., but this is misleading. The writer is indebted to C. M. Blades,

analytical chemist, of Northwich, for first drawing his attention to the following facts connected

with this question. When snlt was subject to a government duty, the excise officers were in tlie

habit of estimating the strength of the brine by means of a " salinometer," a form of hydrometer

graduated to indicate tlie amount of salt in lb. and oz. per gal., as shown at A, Fig. 1204. The old

wine gallon then in use only contained 58,317 gr. of water, whereas the present imperial gallon

weighs 70,000 gr. ; but the solinometer used at that time is still retained by the manufacturers,

while the new imperial gallon is the only one now recognized. The indications of this hydrometer

arc consequently misleading, and when, guided by this instrument, the manufacturer states that a

brine of sp. gr. 1 '204, and representing 26 per cent, of salt, contains 42 oz. or 2 lb. 10 oz. to the gal.,

his statement is erroneous. An imperial gallon of water weighing 70,000 gr. (10 lb.), an equal

measure of brine of 26 per cent., and sp. gr. 1 • 204, should yield on evaporation 50 oz. (3 lb. 2 oz.) of

dry salt, and this may perhaps be taken as an average strength for the brines of the Cheshire

district. Misguiding as this may be, it has not so far led to any serious inconveniences, as the

aalt-mokirs usually purchase the brine from the owners of pumping-stations, paying on the amount
of salt actually obtained. A change, however, iu the mode of supplying brine is now taking place,

and melei-3 for registering the delivery are being introduced by several of the pumpers, with a view
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to check the enormous waste hitherto existing. In future, therefore, to avoid errors and simplify

calculation, the present system of graduation of the salinometer will have to be altered. The
French use the hydrometer of Baume, or phe-sel, which is constructed to indicate directly the

percentage of salt in a given weight of brine, being graduated from to 27. Twaddell's hydro-
meter indicates exactly oz. Av. of salt in the gal. of brine by the numbers engraved on its stem.

Otto Pohl found the average amount of salt in the Winsford brine to be 26 '25-26 -50 per cent,

by weight, receding during rainy weather to 25. Thos. Ward states that the Cheshire brines

usually contain about 25 per cent, (this is perhaps rather low for an average). As may be seen

from the tables of solubility on p. 1711, the total solubility of pure sodium chloride in water at

ordinary temperatures is about 27 per cent. The Cheshire brine may consequently be considered as

a nearly but not quite saturated solution of common salt, especially when we remember that the

small quantities of other salts present tend if anything to diminish the solubility of the sodium

chloride. All natural brines employed in the manufacture of white or refined salt, whether

derived from saline springs, from the concentration of sea-water, or by the direct solution of rock-

salt, are contaminated with other saline constituents, of which the principal are magnesium

chloride, and calcium sulphate ; and it is a fact never to be lost sight of that all such brines, no

matter what proportion of salt they may hold in solution, are as a rule saturated solutions of calcium

sulphate. Were it not for the baneful presence of this calcium sulphate, and the pan incrustation

chiefly due to it, the cost of producing white salt by artificial evaporation might probably be

reduced by nearly one-third. Besides these salts, natural brines contain varying but small quan-

tities of bromine, occasionally iodine, salts of potassium, and traces of iron, alumina, silica, boracic

and phosphoric acids, &c. These other salts, however, interfere but little with the work of the salt-

maker. In Cheshire, the brine is merely first pumped into reservoirs placed at such levels as to be

able to feed the pans by an outflow-pipe. In these reservoirs, any insoluble suspended matter

becomes deposited, and the brine then possesses a beautiful transparency, and a fine sea-green

colour. In most of the Continental salt-works, the bessoirs already mentioned are employed. These
require to be very carefully constructed, and are best arranged with external tie-rods armed with

screws, so as to be able to tighten the joints from time to time.

In England, also, are wooden reservoirs for the brine in and about many of the salt-works, but

they are usually fastened with tree-nails, and strengthened by stout timber ribs placed externally

and very near each other, and the seams are kept tight by caulking ; but they give endless trouble

to keep them watertight. There is, however, probably far less loss under any circumstances from

the wooden reservoirs than from those of puddled clay paved with stone generally used in Cheshire.

The action of strong brine upon any wooden vessel in which it is stored, though highly preserva-

tive to the wood, is peculiarly astringent and contractile, and unless care be taken to provide

against the emergency, it will be found that new wooden vessels, no matter how well made or

how well the timber may have previously been seasoned, will not long stand the action of saturated

brine, without requiring their joints to be tightened or caulked.

In cases where the brine is contaminated with any large quantities of magnesium salts, it is

usual to decompose these in the bessoirs by an addition of milk of lime, the operation being called

chaulage. The lime displaces the magnesium as a flocculent precipitate of hydrated magnesia, and
decomposes at the same time any iron or aluminium salts, of which traces are usually present ; it is

added ia just suflScient proportion for this purpose. As the precipitate accumulates in the bessoirs,

they are cleaned out. The chaulage has been abandoned, except where necessity obliges it, for not

only is the brine thereby made alkaline, and the crystallization rendered more difiScult, but the liquor

takes a long time to clarify, and during evaporation a crust is liable to form on the surface, which
seriously interferes with the work. A far better plan is to wash away the magnesian salt, and other

impurities that may be present, by a plentiful aspersion of the salt, after it has been made, with some
saturated brine. In England, the brine as pumped and settled is sufficiently pure to be run at once

in a continuous stream to the evaporating-pans, producing salt of superior quality, the mother-

liquor hardly ever requiring to be run away till the pan is laid off for repairs (see Table opposite).

The nomenclature of the principal qualities of salt occurring in commerce may be stated as

follows :

—

Gfroup I. Boiled.—Fine salt, sometimes called "lump" or "stoved lump"; superfine, also

stoved ; butter salt, not stoved ; cheese salt, not stoved.

Group II. Not Boiled.—Common, fishery, extra fishery, double extra fishery, bay-salt.

In the French nomenclature, are fin fin, sometimes called sel a la minute, corresponding at the

same time to our fine and butter salts ; then 6-, 12-, 24-, 48-, 72-, and 96-hour salts, and another
quality called ecailles, a very coarse large grain, corresponding to bay-salt, chiefly made for

sprinkling on the top of the salt fish in barrels.

The classification of the various qualities of salt varies with tlie size and appearance of its

crystals, and these in their turn are almost entirely dependent on the rate at which the evaporation
is carried on, and the greater or less degree in which the brine was agitated during that time. The
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boiled snlU, produced during lu'tii il ebullition, and the liquid being frequently (igitated, are fine in

gmin ; the unboiled, produced by glower evaporation, are of coarser grain, according to the

temperature, the time expended in their production, and the atillness of the brine during that

procchs. The evaporating-pans are built of common boiler-plate, J-J in. thick, the platea being

obout 4 ft. long by 2 ft. wide, and well riveted together. The plates nre usually of rather smaller

dimensions in the part immediately over the fire than elsewhere on the bottom or floor of the pan.

as by this means some of the tendency to warp and buckle is supposed to be avoided. In England,
the usual dimensions for fine and extra-fine salt-pans are 30 ft. long by 22-25 ft. wide, and 1 ft. 9 in.

deep. This gives an evaporating surface of 720-750 sq. ft. Butter-salt pans are perhaps a trifle

longer, say 35 ft. by 22-25 ft., and the same depth, with an evaporating surface of 770-875 sq. ft.

Common and fishery pans range from 50 to 70 by 22-25 ft., and have tlie same depth, presenting an
evaporating surface of 1100-1750 sq. ft.; some fishery salt-pans belonging to the British Salt

Co. at Anderton are 90 ft. by 22, while at Stoke and Winsford, are fishery salt-pans ranging up to

130 ft. in length. Beyond 70 ft. in length, however, there really would not seem to be sufficient

gain, at least with the quality of fuel used in Clieshire, to compensate the increased cost of con-

struction and repairs. In France, the common and fishery salt-pans are about the same sizes

as ours, only perhaps a trifle wider; and at Dombasle, near Nancy, where the intelligent

manager Botta has carried the manufacture to as great perfection as is attained in perhaps any

works, the pans (poeles) are 72 ft. by 29J ft. by 43J in., with an evaporating surface of 2124 bq. ft.

Table IV. Analyses of Brtnes.

AUTiinitrrr.
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It is also sometimes the practice abroad to make the pans with plates riveted on to "Y-iion bars

running across the width of the entire pan, the central flange of the X"™° standing up between

the edges of the plates, and these latter having the

rivets countersunk into them, This seems somewhat
'^''*'

to prevent the buckling.

Fig. 1208 represents the usual mode of setting

pans in Cheshire, the two ends only being given,

showing the positions of the chimney and the fires.

This may be taken as illustrating any of the ordinary

pans, whether for boiled or unboiled salts, the sole

difference consisting in the respective lengths of the

pans.

Wooden pans even have been and still are em-

ployed. One belonging to Thompson, of Northwich,

is 4 ft. 6 in. deep, 12 ft. wide, and 75 ft. long. The
two ends are of sheet-iron, and a long sheet-iron

cylinder, closed at the tvo ends by steam-tight doors,

runs from end to end. This cylinder is about 18 in,

diam., and is supplied from above at about the middle

of the pan by means of a lateral pipe with waste

steam from an engine and boiler near. By this, the

pan is kept at a temperature of about 90°-100° F. This pan is said to produce 45-50 tons of

extra fishery salt every 6 weeks or so. Figs. 1209-11 represent such a pan, of which there are

several at Northwich, in plan and in longitudinal and transverse sections, as well as the house

containing it.

In Cheshire and Worcestershire, the fire-places, usually 4 in number, measure about 4-5 ft. from

the door to the back, and are about 3J-4 ft. wide ; from the bottom of the pan to the grate-bars is

usually about 3 ft. In the case of very long pans, this height may increase to 3 ft. 4-5 in. The
grates are formed of square wrought-iron bars, it

being found inconvenient in salt-works to employ

the improved cast-iron " fishbellied " bars. This

is on account of the great liability to choking with

clinkers, and caking of the ashes with the brine

which drips from leaks over the fires fusing into

clinker, and clogging the grate-bars. The blows

necessary to detach these masses would seriously

endanger cast-iron bars ; but certainly the shape

of the bars might well be improved, and rocking-

bars, such as those employed in pyrites-kilns and

elsewhere, might be more generally introduced

with advantage. The firing is usually done in a

stoke-hole with steps on each side leading up to

the pathway around the pan.

In France, often 2 fires only are put under

each pan. The general construction of a French

salt-works is rather more regular than in those

of this country, and the pans are usually placed

side by side in sheds, while a common flue

connects with the outlet-flue of each pan, and

such arrangements are made that, when re-

quired, any one pan can be cut off by a damper.

This common flue is made to pass beneath

one or more long deep pans fed with cold

brine, and from these the brine is fed, already

more or less warmed, into the evaporating-pans.

English pans are always set on brick-work,

and their bottoms stand about on a level with

the ground, overlapping their sustaining walls

by some inches, and reposing on longitudinal

flues. These latter are usually 4, correspond-

ing in number with the fires, and run straight nearly the whole length of the pan, sometimes
entering a chamber at the far end, and passing thence to a low chimney serving one or two pans

;

but sometimes they converge simply into one common flue, running the whole length of a row of

o
a
o
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pnns, nnd having an exit to the main chimney. At times the fines do not continue the whole length

of the pan, which is tlien supported here and there by pillars or bits of wall built in parallel lines.

Sometimes no flues at all are employed, the pan being merely sustained by pillars of brickwork,

sandstone, or cast-iron. The whole space then beneath the pan constitutes one large flat flue,

through which the heated gases find their way unencumbered. This plan is common in Worcester-

shire.

On the Continent, other dispositions of flues are often adopted. At Nancy, and pretty well

throughout France, the flues from each fire (often only two) run down to the end of the pan,

returning towards the fire-end, and back again once more to the chimney or main fiue, each fine

thu3 forming 3 parallel lines. This plan has been tried in England, but is not now usually em-

ployed, the simpler form of straight flues leading from each fire right away to the chimney or

common flue seeming generally to be preferred. Here in England also they usually have two
" dead " flues, as they call them, one on each side beneath the pan, these being spaces like flues,

but completely walled up at each end, so that no gases can enter them, as shown in Fig. 1225,

p. 1739. Tills represents the arrangement of flues now generally adopted. The flues are usually

2-3 ft. deep, of a capacity in fact to admit a man or boy ; and between the entrance of the flues

and the fire-place, is built a wall of firebrick, reaching to within 18 in. of the bottom of the pan.

Over this " bridge," as it is called, the heated gases pass before entering the flue, and as the bricks

of the bridge become red-liot, they tend to induce a more perfect combustion of the smoke before

it enters the flues, where it would become too rapidly cooled by contact with the bottom of the

pan, and soot would fall.

In Cheshire, and other places in England, the evaporating-pans are at times employed quite

open and exposed to the sky, but nowadays they are mostly surrounded with sheds, these being

furnished with ventilating openings in the roof, to facilitate the escape of steam. On the

Continent, all except the flne and butter-salt pans are generally covered in vrith wooden trunks,

flat on top with sides converging upwards, thus forming an elongated truncated cone about 5 ft.

high over the pan. All along the lower parts of the sloping sides of this cover, and on both flanks of

it, are frames fitted with shutters removable by hand. By removing one or other of these, the

progress of the crystallization may be watched. A shelf is sometimes made, running along the

whole length of this cover of the pan, just above the shutters; and when the pan fs drawn,

the workmen fish out the salt with rakes and scoops, and let it drain a bit on the drainers along-

side of the pan, corresponding to what our salt-makers call " hurdles," and then pitch it overhead

on to tills shelf, on which it is allowed to drain pretty completely, the drippings falling back into

the pan ; thence it is shovelled on to the fiat top of the cover of the pan, which is set with tiles.

On these tiles, which are kept hot by the steam within the trunk during the time the pan is at

work, the salt becomes dried, and is then on a level with the bins (magasins) into which it is

tipped from waggons for storage. From that end of the trunk furthest removed from the fires,

rises a wooden chimney 10-15 ft. high, for carrying oflf the steam from each pan ; it passes through

the roof of the building in which the work is carried on. Sometimes fan-blowers are placed in

this and the main chimney, to expedite the exit of the steam. It is asserted by many of the

French salt-mokers that notwithstanding the greater cost of covering in the pans in this manner,

the lessened facility of egress for the steam, the inconvenience, and the somewhat larger amount of

labour involved in dmwing the pans, they are compensated by a considerable economy in the

combustible employed, through the diminished loss of heat by radiation ; certainly they obtain

cleaner products than English salt-makers. At the Dombasle salt-works, one of the best-managed

and best-organized in France, the writer has, on the contrary, noted that with 100 kilo, of the

small, poor coal from Saarbrlick they only produce 160-170 kilo, of common salt. This coal is,

however, far inferior to the slack used in Cheshire and Worcestershire, and it is not employed for

fine or butter-salt, being unable to maintain a pan in continued ebullition, so small is its heating

power. It is used on account of its low price, and its yielding a gentle diffused heat suitable for

the work.

The stoves in which " lumps " of fine salt are dried in England are low rooms usually placed

at the ends of the butter and fiue salt-pans. Through these pass the flues conveying the still

heated gases to the chimney. The gases from the boiling pans are employed by preference, as

they emerge at a higher temperature than from the non-boiling pans, and the flues conveying them

beeome very strongly heated. Sometimes these flues are carried below the ground, sometimes above,

the intervals between them being then termed " ditches." In either case, the flues ai-e covered

with cast-iron plates, and are made to wind about in the stove-room, so as to present a considerable

nidlatiiig surface. The temperature of these rooms is usually 49°-65J° (120-150° F.\ often even

higher. The floor of the room and the iron plates covering the fines are bestrewn with common
white or ground rock-salt, to an inch or two In depth, and this forms a warm, dry, and absorbent

bed of material on which the lumps of salt rapidly become dried. Their dryness is recognizable by

their peculiar ring on being strucl<, as compared with the duller sound they emit while at all raniat.

5 s 2
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Manufacture of Boiled Salts.—For fine, superfine, butter-, and cheese-salts, the pan employed

is not more than 30-35 ft. long, sometimes as low as 25-26 ft., by 22-25 ft. wide. The salt

is fished out of these pans twice each day, perhaps a little oftener for butter-salt, and the

pans have to be laid off and scaled every month, or even oftener. These boiled salts are all fine-

grained, some rather finer than others. This fineness is obtained by keeping the brine not only

boiling, but well agitated by raking. Superfine salt is but the same rather more carefully made,

and subsequently ground. Butter- and cheese-salts, which hardly differ from each other, are not

stoved. The salt from the boiled-salt pans is drawn to the sides of tlie pan by iron rakes, when it

is lifted out of the brine by means of perforated shovels, called " scoops," the ends of which are

turned up for this purpose, as shown at 0, Fig. 1204. Two forms of drainers are used in Cheshire,

one conical, called a round tub or basket, the other, already mentioned, called a square tub. The

former vary rather in capacity, but usually they are about 3 ft. from the brim to the end of the

foot. Square tubs are 18 in. long by 7 in. sq. at one end and 9 in. sq. at the other end, consequently

tliey form truncated quadrilateral cones. Their bottoms are removable. For the purpose of filling,

the round tubs are ranged, standing on their pointed ends in the brine, around the inner

sides of the pan, and as the salt is fished up, they are filled with it one after the other. The

square tubs are filled in the same manner, only where these are used, the pan is surrounded with

a sort of gallery or platform of bar-iron, on the inside, just barely below the surface of the brine,

on which the tubs are placed to be filled. They are then carried to the stove-room, where they

are inverted, and the shapes of salt are turned out and left to dry. When the lumps made in the

square tubs are diy. about 80-84 of them go to the ton.

When a pan of any of the boiled salts is to be started, the brine is run in, and some gelatine,

glue, or sometimes blood, is added, while the fires are urged till the brine boils. A scum rises to

the surface as the heating proceeds; this is removed, and the brine, from having appeared at

the first heating rather opalescent, becomes clearer, while the bottom of the pan gets whitened with

an incrustation, particularly at first just over the fires. At the same time, if the brine is strong

and good, there tends to form all over its surface a crystalline pellicle or crust. If fine salt is being

made, this is broken down by striking the water with a flat piece of wood from time to time ; but

when the boiling commences, this pellicle breaks up as fast as it forms, and the floating bits of salt

drift from the fire end of the pan towards the other, where they sink and accumulate. This opera-

tion goes on continuously, and the salt by this means falls down during the whole boiling in largest

quantity at the end of the pan farthest from the fires, and when enough salt has accumulated to

make it worth while, the pan is drawn. This is under ordinary circumstances about twice a day

;

for butter-salt, perhaps a little less often. A pan of 33 ft. by 24 ft., which may be recommended as

a convenient size for boiling, ought to yield 5-6 tons of salt per 24 hours, making 30-35 tons

a week. But including stoppages for scaling and repairs, and taking into account the diminished

yield when the pan gets very thickly encrusted, the real yield can hardly be reckoned at over

25 tons a week. The process is continuous, brine being run in as fast as the evaporation proceeds,

the pan being thus always maintained about three-quarters full. The scale which forms on these

pans is usually very thick, and contains a very large proportion of mechanically combined salt.

Tliis kind of scale is called " salt-scale," in contradistinction to that which forms on the unboiled

pan, called "pan-scale" or "sand-scale," and which differs essentially from it in composition.

Analyses of samples taken from the works of Thos. Ward and Messrs. Gibson will be found in

Table V., p. 1733. Several inches of this scale will sometimes form in the course of a week in

these boiled-salt pans, and, as may well be supposed, most seriously diminishes the evaporative duty
of the coal. The fine and butter-salt pans are usually scaled once a week, and require very
frequent repairing. For this purpose, the fires are extinguished, and the pans emptied of their

brine, which is usually run to waste, when workmen enter, break up and chip off the scale with picks,

and shovel it away. Attempts have been made to do this scaling without emptying the pan, and
at the Stoke works near Droitwich, this work is performed every two days by a man wading about
with his feet in two wooden buckets. This is a decided advance on the method usually employed.
The boiled-salt pans are liable to a sort of efflorescence of salt over their edges, which is cut

off from time to time, and which, if not removed, would often siphon the brine to a consider-

able extent out of the pan by capillarity. These cuttings are sold for use in agriculture under the
name of " claggings," and the salt-scale is at times ground and sold for the same purpose. The
latter has also been employed in making coarse glass, and some is at present sold for fluxing

purposes in metallurgical operations. It will be necessary to return to these boiled salts -when
considering machine and composite pans, and the Otto Pohl process.

Manufacture of Unboiled Salts.—The various qualities, which only differ from one another in

the size of the gi-ain and their more or less perfect crystallization, depend for their production on the
slow evaporation of the brine at temperatures far removed from boiling. They include the so-called
"common" salt, the different qualities of "fishery-salt," and that known as "bay-salt." Whereas
the length of the pans in which the boiled salts are made is limited to 35 ft. at the outside, it being
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iniiK)8siblo to keep longer pans in a constant state of ebullition without sucli fierce firing as would

destroy them; ou the other band, in the manufacture of the coarser-grained unboiled salts, the

length of the pans is increased till all chance of boiling is avoided, while a greater economy of fuel

is attained. When a pan of cold brine begins to be fired, that part of the brine immediately over

the fires naturally first fcdses the heat, and, growing lighter by expansion, rises to the surface, tlio

culder brine from the further part of the pan running in from below to take its place ; the warm

brine, then grudually diifusing itself on the surftice, goes to the far end of the pan, where, cooling

by evaporation or by contact with the other cold brine, it sinks, returning to the hot end of

the pan to become once more heated. Thus is established a circulatory movement in the brine,

a supernatant current of warm liijnid flowing from the fire-end, and a cooler current always

flowing back below; this continues so long as the brine is kept only gently heated and is not

actually boiled. As soon as any excess of water the brine may have contained has become

dissipated, the salt begins to form, producing the "hopper-crystals" already mentioned; while a

crystalline crust collects on the surface, and drifts towards the further end of the pan, there sinking

to the bottom. To avoid too much salt thus drifting to the far end of the pan and filling that part

too rapidly, thin narrow laths of wood are stretched across the surface of the brine, which stop

these floating crystals and cause them to fall down. When a pan is first set down, it is customary

to add 2-12 lb, of alum for a pan three-quarters full of brine. Alum is particularly used in this

way in making fishery-salt. The brine is first made to boil, or very nearly so ; the fires are then

dumped down a little, and the temperature is thus niaintuined and the evaporation allowed to

proceed at a lower point, according to the quality of snlt required. About 180° F. (224° F. being

the temperature at which saturated brine boils) is the temperature for common salt. On the first

heating, a scum rises to the surface, as in the case of the boiled salts. This scum is mostly due to

tlie alum, which is decomposed, and the alumina comes to the surface, carrying with it any
suspended insoluble matters, and perhaps taking up organic impurities the brine may contain.

As previously stated, moat brines (those of Cheshire form no exception) are saturated solutions

of calcium sulphate, as well as of sodium chloride ; and calcium sulphate is oue of the few salts

known to be less soluble in hot than in cold water. The consequence is that the brine, besides

containing some trilling particles of suspended matter, becomes more or less clouded by a deposit

of ciilcium sulphate, possibly also by a little calcium carbonate when first strongly heated. This

cither falls down as incrustation, or rises to the surface in the scum, and thus the liquor, which had
become a trifle turbid, again clears. Alum is also occasionally, but not so often, used in this way
for butter-salt, and at times, in the case of boiled salts, a small lump of butter or grease is addul

;

this has a tendency to break up and throw down the crystals. These are among the supposed

secrets of the salt-iuakers, and the substances thus added are termed by them " poisons." The scale

from unbiiiled pans differs considerably in composition from that formed in the boiled pans, as

shown by the annexed table :

—
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days ; double-extra fishery, working at about 32° (90° F.). 10-14 days ; large-grained bay-salt,

working at 24:°-27° (75°-80° F.), 3-4 weeks. The " wyoh-house," as the wooden shed is called in

which the evaporation is carried on, is 15-18 ft. wider than the pan itself; on each side of it, abut-

ting against its walls, are low shelves of boards, placed near the ground, sloping gently inwards,

and running the entire length of the pan, though separated from it by a pathway in which the

workmen can circulate. On to this shelf the salt is thrown to drain, one workman drawing it to

the side of the pan with a rake, while another fishes it out with a scoop or skimmer. The men who
work at the drawing of the pans are called in Cheshire " wallers," and the boards on to which it is

thrown are called " hurdles." These latter (Figs. 1208-9) are 5-6 ft. wide. The salt is taken from

them in wheelbarrows or trucks to the store by men termed " lofters." In England, it is generally

managed, if possible, to place the wyeh-houses on a higher level than the store, so that the salt when

wheeled there may be tipped from above into the bins reserved for each kind ;
but in France, tlie

construction of a salt-works to meet the requirements of the excise will rarely permit of this, so the

pans and the bins into which the salt is tipped are put on about the same level, the salt being

lifted from the hurdles to the tops of the covers (hottes) of the pans, on which it is dried before

storage, instead of being merely drained on the hurdles as in England. This mode of treatment

depends on the heavy tax (125 fr. or 51. a ton) levied on all salt for domestic purposes in France,

chemical and agricultural salts being alone exempted. Two excisemen are attached to and obliged

to live in every French salt-works, while the works are compulsorily surrounded completely by a

1212.

va
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purchaser feels that even if he has to pay a heavy tax, he gets good weight for his money, while the

salt-maker pays his tax on the lowest weight possible. The tax in France has likewise tended

generally to make the manufacturers (^aaytlniers) careful to produce the finest and purest article prac-

ticable. They have likewise protected themselves by syndicates in the respective districts, so as

to ensure against over-production, and they have thus succeeded in maintaining prices at remu-

nerative rates. Further, as the tax is often only made payable 4-5 months after the salt has left

the works, though sales are effected at short dates of payment, large sums constantly lie in tho

hands of the manufacturers, and more than suffice to form their floating capital.

The quantities of coal used in the manufacture of salt vary according to the kinds of salt, and also

somewhat in the different works. The boiled salts take the most coal, as the gases leave the pans at

high temperatures. Common salt is about the most economical of fuel, the different fishery-salts

and bay-salt occupying positions intermediate in this respect between the two. Fine salt takes about

13 cwt. per.ton of salt ; part of this heating power goes to maintain the temperature of the stoving-

room. Common salt should take but 9 cwt. of coal per ton of salt. The fuel used in the Cheshire

salt-works is the small coal called " slack " from Lancashire and Staffordshire ; and " burgey," i. e.

small and large mixed just as they come from the mine, mixed with the slack or by itself, is often

used for boiled salts. Small coal is preferable for producing the mild heat required in salt-making,

and has the further advantage of cheapness.

The annexed tables, giving the analyses of some British and foreign white salts, will be of

interest :

—

Table VI. Analyses of Commeuoial White Salts.

AUTHOalTIKS.

LocALirr,

Henry.

IISgfi.

Ure.

1^a >

Watlfl.

Richard-
son and
Watta.

Spencer,
New
York.

Fehling.
Maxwell Grace M;i.\\vc-ll

Lyte. ' Calvert. Lyte.

gjJ
gl
IS
si

Virch.

Dax,
Common

Salt.

S
ills ial

Constituents.

Sodium cblorldo .

.

Potassium „ .

.

Calcium M .

.

Magqeslum „ .

.

Sodium sulphate.

.

Potassium „ ,

,

Calcium „ .

.

Magnesium „ .

.

Ferric oxide and >

alumina . . 5
Insoluble matter.

.

Calcium carbonato
Water

Total ..

98 '60

1-10

I'-'iO

O'lO

0'4U
0-132
0-471

97-094

0-346

0-390
0-727
0-180

96-29
Trace
Trace
0--27

Trace

1-39

0-26

003

0-006

0-498

0-006
0-602

97-550 98-500

0-010
0-037

0-452

0-090

1-890
0-016
1-488

95-82

Trace

95-272

0-014

1-900

0-160

0-041

93-79
0-89
0-26
0-14

90-75
1-00
0-99
0-60

0-96

064

Table VII. Analyses op Americas
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The innovations introduced of late years in the salt manufacture require to be shortly alluded

to. Both in England and abroad, attempts have been made to reduce the loss of heat, chiefly due

to the scale in the pans and the soot of the flues, by heating by steam. Whatever economy there

may be in this method, it has not made much progress among English salt-makers, though the

system is a common one for other purposes in the salt districts. The steam-pipes get covered with

scale, which is difficult to detach without injury to tliem, and they are rather in the way of drawing

the pans.

So-called " machine-pans " are employed at the works of Verdin, Falk, and the British Salt Co.,

and probably elsewhere. These are round pans. Figs. 1212-1. They are usually worked in

pairs, standing 20-30 ft. apart, with a small engine / between, or a shafting d running above

several of them driven by an engine at one end ; this shafting is geared by bevel-wheels e to

the stirrers a, and is so arranged that any one or more of the pans can be thrown into Or out of gear

at will. The depth of the pans is 2 ft., and an opening is left in one side of each down to the

bottom, this opening being closed with outside troughs b riveted to the sides of the pans. The bottoms

of these troughs go lower than the bottoms of the pans, so that any salt swept out of the openings

falls into the troughs, and cannot return into the pans. The pans are fitted with conical covers of

sheet-iron, through the centre of which pass iron spindles, geared above to the pinions of the shaft-

ing by bevel-wheels, and resting on the bottoms of the pans, in which they are free to turn. These

spindles are attached at their lower parts to the arms or stirrers a carrying scrapers swinging loosely

beneath them, and resting on the bottoms of the pans. The covers are fitted steam-tight upon the

tops of the pans, and each is provided with one or more manholes I, by which workmen can enter to

clean the pans. Those parts of each cover corresponding to the parts left open in the sides of the

pans are brought down so aa to partially close the openings and come just low enough to dip into

the brine about 2 in., when the pans are about | filled, while the spindles passing through the

covers turn in stuffing-boxes. Thus, when the pans are closed, they are steam-tight, and there is

no exit for the steam unless by forcing the water out of the pans into the troughs b, or passing off

by the flues h. Each pan is fired by 3 fires, and boiled as for fine salt, while the spindle carrying

the arms and scrapers is made to rotate. The incrustation of the pans is thus for the most part

avoided, while very fine salt is produced, and is swept by centrifugal motion into the troughs,

whence it is continuously ladled with a scoop, drained on " hurdles " o, and sent to the stove or the

butter-salt bins, as the case may require. The steam-pipes discharge beneath the two fishery-salt

pans, occupying the central position in the figures, while the gases from the fires under the pans,

and perhaps from the fire of the engine, are made to pass to the flues beneath the outer pans. Both
the pans which are heated by the steam stand on short brick or iron columns without flues ; the

pans taking the waste gases are set upon winding flues such as already described as being in

frequent use in France.

At the works of the British Salt Co., at Anderton, a 3-4-H.P. engine stirs three pans, and it is

stated that, with a consumption of 40 tons of coal, a pair of these pans, with their concomitant

fishery-salt pans, will turn out 60 tons of fine salt and 24 tons of fishery-salt per week. The fine

salt produced in these machine-pans is very fine and fairly white, but usually contains just a trace

of iron, which communicates to it the faintest possible shade of yellow.

Sometimes an ordinary boiling-pan is mounted with a fishery-salt pan behind it, so that the

flues from the former passing beneath the latter, this pan also becomes heated by the waste gases.

The Cheshire Amalgamated Salt Co., one of the largest and most important of the district, have
in their works at Winsford some rather interesting and peculiar composite pans, known as " clay "

or " tank " pans, also working on this principle. Fig. 1215 represents a ground plan of this

arrangement, and Figs. 1216, 1217, 1218, are transverse sections on the lines I) E, F G, B C,

respectively. The boiling-pan a is placed with its upper edge on a level with tlie ground or

barely above it. It is of the usual depth of 1 ft. 9 in., and of the form shown. The fishery-

salt pan b utilizes the waste heat of the furnace-gases, after they leave the flues beneath a. There
are 3 fire-places /, and 3 flues e, beneath a, together with 2 dead flues. Alongside of and parallel

with the pans a b, is u. pit or trench o, about 4 ft. de^p, 10-12 ft. wide, and 38-40 ft. long. It

is puddled with clay and lined with bricks throughout the sides and bottom. The upper edges
of this trench are about 4-5 in. below the level of the upper edge of the pan a. A parting wall

of brickwork also divides this trench o longitudinally into 2 compartments of equal width.

This wall, however, only goes to within about 10 ft. of the end of thef trench furthest from the

fires, and to within 2 ft. of that end which is in a line with them. The side of the pan a

turned towards the trensh is out out at the end furthest from the fires, and a shallow channel of

sheet-iron, just as deep as the pan, connects it with the double trench, while the space k contained

between a and the trench is filled up with a bed of masonry, the surface of which slopes gently

from the upper edge of a towards c, so that the waste brine from any salt drawn on to it may
drain into c. k is connected with d, as shown in Figs. 1215 and 1217, by a short wall, and a

pump is placed at A, while another sheet-iron channel, only 2 ft. wide, but of the same depth
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1216.

fi8 ", leads between the pamp and the pan o. There is a email pit g, made of masonry, at the

end of this channel ; and at the end of the parting wall, at d, is a flat space just large enough
for a man to stand upon to look after the pump when requisite. With this arrangement, if

brine be poured in by the brine-

pipe I, c will be filled, and if

the influx of the brine be con- /
j

tinned, a and 6 may be flUed till

is nearly overflowing, and a

becomes full to within 4-5 in.

of its upper edge. If then the

pump A be worked so as to lift tlie

brine from c and cause it to fall

into •/, it will flow back into a,

and, circulating through o, will

pass again into c ; thus a steady

circulation of the brine may be

maintained in the directions

shown by the arrows on the

ground plan, so long as the

pump is kept going. If then the

fires /, Fig. 1218, bo lit, the

brine will be heated in o, and,

circulating in the manner de-

scribed, expose a large evapo-

rating surface. The heat is so

managed in these pans as to

produce butter-salt in a and

common salt in c; while at g,

where the pump produces con-

stant agitation, very fine salt is

fdi-med. Around the clay pan,

the butter-salt pan, and the fish-

ery-salt pan, are the usual paths

for the oiroulution of the work-

men, and the places for the Bo-

oalled " hurdles " m upon which

the salt is thrown to drain. The
stoke-liole is below the level of JT/a

the ground. The fishery-salt

pan b may be. mounted on

columns of brickwork or cast-

iron without separate flues, and

a chimney at the end of this

pan carries off' the furnace-gases.

These pans seem to produce

very fine qualities of salt, par-

ticularly the common salt from

the pit c. The yield is about the

same (as regards weight of salt

to weight of coal consumed) as

with the ordinary pans, but the

repairs are somewhat less, and certuinly the qualities of salt produced are very fine. The chief

drawback to them is a rather greater tendency of the pan a to become coated with scale, than in

the case of tlie ordinary butter-salt pans.

The last innovation in the salt manufacture here to be described is that of Otto Polil, salt manu-

facturer and merchant, of Liverpool. This invention has, perhaps, not met with all the attention

it deserves on the part of the salt manufacturers. The arrangement consists of two superimposed

pans, at one end of which the fires are placed ; the heated gases, passing between them to the

chimney at the other cnfi, heat the upper pan from below in the ordinary way, while they sweep

the turface of the brine in the lower pan, which thus constitutes the bed of this portion of the

flue. Figs. 1219. 1220, 1221, 1222, 1223, and 1224 show this arrangement in ground plan, longi-

tudinal and transverse sections, and in side and end elevations. Mdner, of Marston, near

Northwioh, has a pan mounted on this same principle, which Pohl states to be an adaptation of
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Between that end of the pan and the entrance to the chimney, is a soot-box or clusut />, with a

door for cleaning it out. Notwithstanding all these precautions, large quantities of soot are

liable to become condensed, either upon the bottom of the upper pan, or between the two pans,

and, falling on the surface of the brine, get carried down and mixed with the salt, rendering it

black and totally unfit for food. This quality of salt, however, has been found specially suitable

for the Hargreaves' salt-cake manufacture (see p. 287), so that the small quantities now pro-

duced find a ready enough sale, as the soot does not sigaify. The method shows an important

economy of coal, and, according to Pohl, gives 3 tons of butter-salt with the same amount of fuel

and labour as is requisite for producing 2 tons by the old methods. The use of gas from a Siemens'

producer would obviate the soot completely, while it is probably preferable (according to Milner's

plan) to do away altogether with the upper pan, employing merely a brick or tile covering as a

roverberatory and radiating surface to throw the heat down into the lower pan, and so get rid of

leakages, salt cats, and much cobbling and repairs involved in working by bottom heat. According

to some experiments by Pohl, while the temperature of the upper pan remained suitable for making
common salt, or ordinary fishery-salt, that of the surface of the brine in the lower pan was

maintained at full boiling, and the produce, so lar as graiu was concerned, was very fine butter-salt,

while no scale worth mentioning forms in the lower pan. He gives as a result of 16 days' boiling

with brine containing 25 '27 per cent, salt, for 57 tons of slack (from Little Houlton Colliery,

Lancashire) burnt,—82 tons of fine butter-salt, and 49 of common salt ; while on tlie old system,

the 82 tons butter-salt would have taken 54 tons 13 owt., and the 49 tons of common salt, 26^ tons,

or a total of 81 tons 3 cwt., showing an economy of 24 tons 3 cwt. Instetui of the gases escaping

into the chimney at a temperature of 315° (600° F.), as during the manufacture of salt with the

ordinary common salt pans, or at a temperature of 425°-538° (800°-1000° P.), as when making

butter-salt, they never rose, even with the strongest firing, above 142° (288° P.).

Pohl states that in a subsequent trial, after lifting the top pan at the end nearest the fires to a

height of 6 in., ond lowering the other end to within 3 in. of the surface of the brine in the bottom

pan, he obtained, as an average result of a series of boilings, 3 tons of salt for 1 ton of slack, the gases

passing off at a still lower temperature ; while in the top pan, 93°-98° (200°-208° P.) was the

temperature attained in front, 82° (180° F.) in the middle, and 71° (160° F.) at the far end.

Fig. 1225 will serve to convey an idea of the usual arrangement of a salt-works, and will easily

be understood from the foregoing descriptions. One of the fishery-salt pans a shows the disposi-

tion of the fines beneath, the outer j^^j.

flue on each side being called

the " dead " flues. The spaces r

throughout the building are path-

ways for tho service of the pans

and the ' hurdles ' on to which

the salt Is drawn. The fine salt-

pans d have stoves o behind them,

through which the flues circulate,

and abut upon the chimneys s.

Two of the flne-salt pans are shown

with the dead flues on each side.

At each end of the shed, and on

each side of these fine-salt pans,

are recesses in which the square

and conical tubs used for moulding

and draining the fine salt are kept

ready to hand. The butter-salt

pans b and fishery-salt pans c are

heated respectively by the waste

steam and waste heat of the fii'e

gases from boiler and engine no; k are the stoking pits of all the pans ; / is the coal-store ; h, the

workshops for repairs ; g, the salt-store ; «, a railroad for the service of the works ; m the ofiiees.

The proflts on salt manufactm'e in England are extremely small, owing to severe competition.

In Prance, the saltmakers of each great region of production have constituted syndicates, by which

the prices of salt and the scale of manufacture of each works are regulated, while they are protected

from external competition by the peculiar conditions of the heavy excise duty, and the difficult

formalities of the customs respecting imports of foreign salt. According to evidence given before

the late Parliamentary commission, already referred to, the cost price of manufacturing common
salt in the Winsford and Northwich district is about as follows:—Brine, 6d. a ton ; labour, lOrf.-

Is. ; coal (slack), 3s. ; rent, interest on capital, &c.. Is. ; total, 5s. 4rf.-5s. 6d. a ton. These prices

are subject to important variations. The cost of brine is always rateil at so much per ton on the
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salt produced, and it varies for different works : at Northwioh, for instance, 4-9i. per ton of salt is

charged for brine ; but 6d. may very well be adopted as a fair average price. The cost of coal

likewise varies continually. The " burgey " used in making the boiled salts was, in the beginning

of 1870, at 6s. 5d. a ton, rising to 9s. in 1872, and to 16s. and even 20s. in 1873. High prices con-

tinued till 1875, when they again began to recede, and, in 1878, ranged from 7s. to 8s., falling in

1879 to 7s. 2d.-7s. id., and in 1880 to 7s.-7s. 2d. The cost of the slack used in making common

salt may be rated at about Is.-ls. 6d. a ton below the prices of burgey. It is commonly admitted

in Cheshire that an advance of 6d. a ton on slack means about 3d. a ton on common salt ; and 6d. a

ton on burgey, 4Jd a ton on boiled salts. The cost of carriage from the works to the canal oa the

banks of the Weaver also varies at the different works from nothing to Id. and up to id. a ton.

It ia thus difflcult to fix any exact figure for the cost price of manufacture of salt in Cheshire, but

the above may be taken as a near approximation in most cases. The carriage of the salt to Liver-

pool is performed in barges or " floats" on the Weaver ; the selling price in the Liverpool market is

9s., of which the works price is considered to be 5s. 6d., and the official price of carriage 3s. 6d. To

Euncorn, the carriage is 2s. Gd. The salt manufacturers may all be said to do their own lighterage,

so that, as a matter of fact, any profits realized may be considered to be the Is.-ls. 6d. gained on

this score. The selling (i. e. the works) prices of salt in Liverpool (salt is rated there at presentat

the works prices), have been as follows :—The minimum price in 1871 was 6s. a ton ; in 1872, prices

varied from 78., 7s. Gd., 10s. Sd., to 17s., and up to 20s. ; in 1873, they were 14s., 15s., and down to

12s. ; in 1874, they fell from 12s. to 8s. ; in 1875, they kept nearly steady at about 9s., falling

however suddenly during one month of that year; in 1876, prices fluctuated from 8s. down to 5s.

;

in 1877, they even fell to 4s., rising again to 7s. ; in 1878, they were at 7s., and fell to 5s. Sd. ; in

1879, they again went as low as 4s. 6d., running on into 1880 through is. Gd., is. 9rf., to 6s. Sd., and
back to 6s. In the spring of the present year (1881), the works price was rated at Liverpool at

5s. 6d. for common salt. The salt manufacturers have repeatedly attempted to syndicate them-
selves after the manner of their Continental brethren, but as often their associations have been

dissolved by disagreements springing up amongst them, at once entailing ruinous competition, and
precluding all possible profits. The " Pool scheme," at one time in vogue in Liverpool, seemed to

work satisfactorily for a short period. Under this plan, the works price was rated to the syndicate

at 5s. 3d., but the selling price was fixed and maintained at 8s. 3d., 3s. being paid into a pool for

the general pro rata profits of all. The plan, however, soon broke down through dissensions, and
prices full to ruinous rates. At the present moment, no saltmakers' assooiatiou exists in England.

H. B. Falk furnishes the following list of salt exports from the Mersey :

—

Tbe United States of America
Britisli North America . . .

.

West Indies and Soutli America
Africa
East Indies
Australasia
Germany
Russia
Otlier Baltic and Noith Sea >

Ports f
France and Mediterranean .

.

Coastwise
Holland
Belgium

Export from Liverpool . . .

.

Export from Runcorn and )

Weston Dock . , . . ]"

Total from the Mersey .

.

isn. 1872. 18V3. 1S74,.

Tons.
182,939
94,382
9,130
22,685
2*1,119

9,192
38,495
40,591

19,697

1,898
91,720
18,339
42,205

Tons.
153,206
67,634
6,704

19,438
233,109

9,792
54,310
50,762

17,843

1,130
71,608
19,384
31,870

842,292

213,435

1,055,727

716,790

166,583

Tons.
222,612
59,869
5,616

21,784
199,460
17,208
35,716
70,496

16,490

1,706
54,614
19,663
36,771

761,995

148,956

910,951

Tons,
176,885
56,024
6,343
26,747
256,065
12,309
28,394
61,802

21,609

2,243
51,533
27,400
33,233

760,577

177,968

1875.

Tons.
212,532
54,807
4,442
25,507
311,107
24,918
32,474
49,200

20,316

889
72,268
23,652
39,265

1876. 1877. 1878,

Tons.
216,100
58,103
6,815

23,132
232,169
13,908
43,618
73,893

19,909

1.056
66,656
22,102
33,654

Tons.
I

223,346
65,918|
6,522

24,680|
215.867
20,564
28,804
49,991

21,081

871,376

161,111

809,013

173,614

1,032,487 982,627

Tons.
216,258
71,624
5,860

24,513
212,900
15,600
23,479
43,232

24,219

1,680 1,053
47,530 44,604
20,107j 19,204
34,929, 33,290

76,019 736,836

182,638 233,668

943,567.969,504

1879.

Tons.
266,920
78,171
9,404

20,610
286,848
13,517
22,844
42,452

22,271

809
33,045
18,922
41,454

847,267

239,583

1880.

Tons.
261,687
109,836
14,064
35,475
309,793
24,474
37,869
41,177

21,485

2,381
39,087
18,910
40,493

956,721

244,785

1,086,8501,201,496

The Director-General of the French Customs has kindly furnished the following table of
quantities of salt produced in France during the last 7 years (in French tons of 2204 lb.) :

YeaiB.

1874
1875
1876
1877
1878
1879
1880

Sea Salt.

Mediterranean. Atlantic Coast,

265,303
196,966
168,384
293,047
283,727
240,677
286,685

263,800

177,666

167,069

(2) 44,526

(2) 29,020

(2) 3,039

78,368

Saltworks of the
N.-E. and S.-W.
White Salt (1).

229,459
230,063

252,050
252,833
258,237
213,471
239,404

Total.

738,562
603,694
677,493
590,406
670,984
457,087
604,447

(1) Tn this column, the malce of the
S.-W. saltworlra may be estimated at
10,000-11,000 tons.

(2) The rains and floods rendered the
production of the Atlantic coast almost
nil during the years 1877, 1878, and
1879.

The author desires to express his indebtedness to Messrs. Blades, Falk, Ward, Wigner Botta
of Nancy, and Archibald of Florence, for many valuable details and figures. F. M. L.
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SILK (Fn., Sole; Geb., Seidi).

Tlio term " silk " Ib employc^d to dennte the fibroua material produced by a nnmber of insects

fur the purpose of forming a " cocoon " or nest in which a certain period of their existence is passed.

The material composing this fibre is called " serisine," and is a product of the insect itself,

exhibiting sli^'ht variations according to the species, and according to the food. It is the strongest,

the moat lustrous, and the most expensive of all organic fibres.

Raising.—Hence, the cultivation of the worms which produce the fibre has attracted attention

from time immemorial, and silk-raising is one of the most profitable industries that can be under-

taken in suitable climates. The first step in sericiculture is to secure a supply of food for the

worniH. For this purpose, the leaves of the mulberry seem to be unequalled. There are many
species and varieties from which to choose, and preference should always be given when possible

to that whose leaves afford the best sustenance to the worms, as indicated by their own predilec-

tions. Spotted and mildewed leaves must be avoided, and great care must be taken that the leaves

are supplied fresh, dry, and clean, and particularly not heated or fermented. The points to be

borne in mind in arranging a magnanerie or silkworm nursery are as follows :—A free circulation of

air, without draughts, the windows never being opened on the windward side, except in the tropics ;

plenty of light, but no actual sunshine in hot climates ; avoidance of all scents and odours, whether

pleasant or otherwise, and of all noise ; the temperature and moisture of the atmosphere of the

chamber must be carefully watched and regulated. Electrical disturbances induce a kind of

dysentery or cholera in the worms, which disease can only be stamped out by killing all the

afflicted worms and all those which have been in contact with their excreta, as well as removing

all excreta-stained leaves, nets, &o. Another disease, which has become a serious epidemic, is im-

mediately caused by a fungus, called Panhistophytan ; its germs may bo discovered as microscopic

pj lindrical corpusoules in the blood of inferted worms. Hence the necessity for thorough microscopic

examination of every pair of moths before their cg!j;s may be considered sound. The exami-

nation may be made after the moths are dead and dried, by grinding them into a paste with a

little water.

This system of microscopic selection should be rigidly adhered to. Before removing the silk from

the cocoon, it is necessary to kill the chrysalis inhabiting it. This may be done by placing it in an

oven at a tempomturo not exceeding 93° (200° F.) ; but a much superior plan is to subject it for a

fow minutes to dry steam, wliioh has a cleansing action upon the silk, and does not at the same
time make it brittle.

The silk of which the cocoon is formed is one solid thread of great length (even 500 yd.), which
has been wound from the outside towards the centre, and diminishes in size as it proceeds, till

reduced to ^ or J. It is detached and prepared for use by a process termed " reeling." There is

always a certain portion left which cannot be reeled ; this may be carded and spun. With this

object, large quantities of " husks " or " knubs," as the waste cocoons are called, are exported to

Europe from the great silk-growing countries of the East, and the product thus obtained is known
as silk " waste." Reeling is an operation requiring considerable practice and skill for its proper

perfdrraanoe. There are several handy machines in the market for the purpose, and choice should

be made of one of slow motion for beginners.

It may be useful to state that Chinese silk, by far the most important commercially, is put up
in bales of the following weights :—Fine raw silk, 80 catties (of 1^ lb.); raw wild silk, 1 picul (of

lliliJj lb.); hydraulic-pressed waste silk, 2 piculs; cocoons, l^ piculs.

Production and Commerce.—The silk production of Europe may be approximately estimated

at 9 million lb. yearly, while Asia aflbrds an additional 11 million lb. for export to European
markets. The chief contributors to this enormous total of 20 million lb. are as follows :—China

8 million lb.; Italy, 6^ ; France, li; Japan, 1^; Turkey, li ; India, 1 ; Persia, Georgia, &c., 1.

Some remarks upon the silk industry of each of these countries will now be given in the order just

stated.

China.—The total silk production of China is officially stated at about 23,232,000 lb. annually,

of which, some 16,588,000 lb. is afforded by cultivated mulberry worms (Bombyx mori), 1,364,000 lb.

by wild worms on mulberry and other trees (/?. mori, B. atlas, &c.), 660,000 lb. is ,rai3ed from the

ailanthus worm (B. cynthia), and 4,620,000 lb. from oak-feeding worms (B. Pemyi and B. mylitta).

It will be convenient to consider each province under the head of its treaty port.

1. Newchwang.—The raw silk grown for export in Sheng-king is entirely from B. Pernyi

IFantoni], fed on the leaves of Quercus mongolica [robur]. The silk regions of this province are

two :—A tract of 80 x 150 miles lying E. of the Liao River, the home of B. Pemyi ; and a large

portion of Liaohsi, scantily producing B. cynthia. In the former, one valley affords 12,000 cub. ft.

of cocoons, and the yield throughout the district could be increased tenfold by planting the hill-

sides with oak-shrubs. As reeled by the natives, the silk contains 20 per cent, of gum, and the

exciss of soda used tn remove it decreases the value of the fibre for export ; but properly reeled, it

bdils white, takes any dye, and can be used for tram. Native reeling gives 1 lb. silk from 10 II).
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cocoons. In water-reeling, the cocoons are placed in an iron pot witli crude, strong, native soda,

and covered with water; when the gluten has dissolved, the threads of 8-10 cocoons are caught up

together and reeled ofif. By the dry-reeling system, the cocoons are first boiled in strong alkaline

solution, and then reeled from a table at uso doppio. The chrysalids are killed by steaming 2500 at

a time in small baskets. The silk of spring cocoons is much less in quantity than from autumn,

but much whiter and finer in quality. A black eilk is produced near Kaichow by B. Pemyi, where

it devours the petiole, ribs, and veins of the oak-leaves. The cocoons of the district give an average

of 500 metres of silk, a weight of • 432 grm., and a " title " of 7440 deniers. Scarcely any disease is

known among the hardy worms of Manchuria, and they have been recommended for restoring the

worn-out European race. They are fed only on Q. mongoUca when obtainable, but failing this, on

Q. custcmecefolia and Q. dentata. These trees are all pruned back to 5-6 ft. high. The exports of

raw silk from Newchwang in 1879 were 60 piculs (of 133^ lb.) of wild.

2. Tientsin.—Silk-culture in Chihli, Sliansi, and Honan is of small importance. Chihli annually

produces about 300 piculs of cultivated and 700 of wild silk ; of the former, about ^ is yellow and

j% white. Shansi only yields about 700 piculs of raw silk yearly, 500 being wild. Honan yearly

affords about QOOO piculs of white and 1000 of yellow cultivated silk, and 3000 of wild.

3. Chefoo.—The annual production by worms fed on mulberry-leaves is about 80 piculs of white

and 1024 of yellow raw silk ; that of worms fed on ailanthus, about 6 piculs ; that ofworms (2 kinds)

fed on oak-leaves, 7125 piculs of wild raw ; that of wild mulberry-feeding worms, 15 piculs. The
exports from Cbefoo in 1879 were 1000 piculs of yellow, 750 of waste, and 500 of raw silk.

4. Ichang.—The average yearly production of raw silk from mulberry-feeding worms is 2000

piculs in Hupeh, 10,000 in Szechuen, and 400-500 in Kweichow; by wild worms frequenting mul-

berry-trees, about 1000 piculs in Kweichow. The exports from Ichang in 1879 were 750 piculs of

yellow Szechuen and 18 of white ditto.

5. Hankow.—The total raw silk grown in Hupeh is estimated at 6000 piculs annually, and in

Szechuen at 15,000, of which only about -J^ is white. The exports from Hankow in 1879 were 7000

piculs of raw Szechuen, 425 of white, 425 of cocoons, and 150 of refuse.

6. Kiukiang.—A very small quantity of raw silk is produced in the northern part of the

province of Kiangsi, but the quality is inferior, and none is exported. The worms are fed on

mulberry-leaves.

7. Wuhu.—Of the raw silk produced in the province of Anhwei, the colour is somewhat inferior

and the quality coarse. The average yearly quantity is 600-800 piads from worms fed on mulberry-

leaves. The export in 1879 was iOO piculs of raw silk.

8. Chinkiang.—Domestic worms are reared on mulberry-plants. These latter are of two kinds,

wild and cultivated. The wild kind is sturdy in growth, but has thin small leaves, so the general

practice is to graft the cultivated variety upon it. The plantations are made on high plains. The
trees are pruned back to a height of little over 5 ft. They are liable to the attacks of two insects,

one penetrating below the bark, the other not. The former is detected by a greasy exudation from

the bark ; the place is cut open, and the larvse are destroyed, or, if they have already become insects,

they are killed by the insertion of a wire or the introduction of wood-oil into their holes. The
second kind attacks the leaves ; it is destroyed by sprinkling the trees with a strong solution of

tlie juice of tobacco-stalks. The wild mulberry is neither grafted nor pruned, the largest trees

reaching a height of 50-60 ft. The silk of worms fed on the wild mulberry is very coarse and
inferior. Worms that have once tasted cultivated leaves will not eat wild ones. There are ten

precepts observed in breeding the worms :—(1) The eggs when on paper must be kept cool

;

(2) after hatching, they require warmth
; (3) during moulting, they must be kept hungry

;

(4) between their sleeps, they must be well fed
; (5) they should be neither crowded nor too far

apart ; (6) during sleep, they should be kept dark and warm
; (7) when their skins are oast, they

need coolness and plenty of light ; (8) for a short time after moulting, they should be sparely fed

;

(9) when fully grown, must never be without food
; (10) the eggs should be laid close together

but not heaped up. It may be added that smoke, draughts, and smells of all kinds are injurious

to the worms, and great care needs to be taken that the leaves shall always be fresh, dry, and quite

clean.

The worms, as fast as they are ready for weaving their cocoons, are transferred to hills made,

of straw. Any that are black or putrid are discarded. When the spinning is finished, the cocoons

are removed, freed from the loose sUk around them, and spread out on large trays in a cool spot.

Flossy, maggot-bitten, sick, misshapen, urine-stained, and double cocoons are carefully picked out,

as being unfit for reeling. The hardest, cleanest, and whitest cocoons are reserved for breeding

purposes.

Wild worms are fed on- Quercus sinensis, Q. serrata, and Q. mongolica. The last is 5-6 ft. high,

and is grown around the villages for its leaves. The silk produced by it is hard. Two crops of

cocoons are gathered annually from wild worms. They are smaller than the domestic ones, and of

greyish-black colour.
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9. Shanghai.—In the province of Chiangsu, tho average quantity of raw silk produced for export

from worms fed with mulberry-leaves ia about 500,000 lb. ; and in tlie province of Cheholiiang,

about 6,500,000 lb. The product from wild worms frequenting mulberry-trees is about 4000 lb.

Tho exports from Shanghai in 1879 were 60,350 piculs of raw, thrown, and yellow, 620 of wild raw,

6134 of refuse, and 1888 of cocoons ; the exports are mainly destined for France, India, and

Groat Britain.

10. Ningpo.—The production of raw silk by worms fed with mulberry-leaves is about 0,500,000 lb.

;

and by wild worms found on mulberry-trees, 4000 lb., only iu the district of Sharanglin. The
export in 1879 was 350 piculs of raw silk.

11. Canton.—The average production of raw silk in this district may be stated as follows :

—

Exported to Europe, 12,000-14,000 bales (of 213 lb.) ; to Bombay, 300(1-4000 piculs ; to America,

10,000 boxes (of 150 lb.) ; and produced for native use, 20,000 piculs. This is exclusively afforded

by worms fed upon mulberry-leaves. There is also a kind of raw silk spun by a worm frequenting

the leaves of the camphor and kindred trees, not only on the Lofou Hills, but generally throughout

he province of Kwangtung, though nowhere very abundantly. It is not cultivated, and very little

silk is obtained from it, its chief use being for making " gut " (see p. 610), for which purpose, it is

considered superior to the mulberry worm. The exports from Canton in 1879 were 16,200 piculs

of fine raw silk, 130 of thrown, 7500 of refuse, 3500 of wild raw, and 2000 of cocoons.

12. Kiungchow.—The annual production is about 280 piculs of raw silk from worms fed on mul-

berry-leaves. There is also an average yearly production of 120 piculs of gut from a large cnter-

pillar found on a tree growing in the centre of the island of Hainan, and supposed to be Liquidambar

formosana. The export of raw silk in 1879 was 230 piculs.

13. Pakhoi.—The " gut "-yielding worm largely frequents the Liquidambar trees in this neigh-

bourhood.

Our imports from China of raw silk fell from 4,984,800 lb. in 1876, to 3,165,935 lb. in 1880

;

while knuhs, husks, and waste rose from 10,936 cwt. in 1877, to 31,402 cwt. in 1880. The approxi-

mate London market values of Cliinese raw silks are :—16-19s. a lb. for Tsatlee No. 3, 11-163. for

Nos. 4, 5, &o., 9-18s. for Taysaam, and 10-16». for Canton.

Itahj.—Preference is given to the white mulberry (Morus alba') both in Italy and France for

feeding silkworms. Great caro is generally taken in carrying out Pasteur's method of miorosoopio

selection of the moths in all larti;o establishments. As to the yield of the different breeds, 1 oz.

Japanese grain gives 35-45 lb. green cocoons ; 1 oz. Japanese reproduced iu Italy, 85-95 lb. green ;

1 oz. Italian green, 130 lb. yellow; 1 oz. French striped (Var), 78 lb. nankin; 1 oz. Eoussillon,

maximum 175-190 lb. roseate-yellow. In 1879, about 80,000 cards of grain were imported from

Japan, nbout 10 per cent, remaining unsold. In many districts, the cultivation of Japanese grain

is almost nil, attention being exclusively paid to Italian grain yielding yellow cocoons giving a

satisfactory product. In Lombardy, in 1879, a large proportion of the grain cultivated con-

sisted of reproductions of green and crossed white and green Japanese brceils, while experiments on

an augmented scale were made in cultivating the native yellow grain. In Piedmont, a certain

quantity of grain imported from France and producing yellow cocoons was cultivated in addition to

the Japanese varieties. In Venetia, the larger portion of the yield was composed of imported

Japanese grain and Italian reproductions, the native grain forming but a small item. In Emilia,

the yield was f native and } Japanese, either imported or reproduced in Italy. In Tuscany and the

Marclie, the bulk of the yield was from native grain giving yellow cocoons. The total yield of

cocoons iu Italy in 1879 was as follows :

—

Region.

Piedmont

Liguria

Lombardy
Venetia

Emilia

Tuscany

Marche, Umbria, Comarca

Neapolitan Provinces..

Sicily

Sardinia

Total ..

Kilo.
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Of this total, about 5J million kilo, of cocoons were yellow, and ISJ million green. The produc-

tion of raw silk was computed at 499,938 kilo, yellow, and 960,052 green. The exports from

Naples in 1879 were 8753 kilo, of cocoons, 698 of raw silk, and 26,476 of waste ; the values of the

silk exports were 6286/. to Great Britain, 19,612?. to France, 440?. to Germany, 515?. to Turkey and

Egypt, and 51 81. to other countries. Our imports of raw silk from Italy fell from 24,552 lb. in

1876, to 36 lb. in 1877, and recovered to 36,643 lb. in 1880 ; of waste, knubs, and husks, from

155 cwt. in 1876, to in 1878, and 84 cwt. in 1880. The approximate London market values of

Italian silks are 24-26s. a lb. for Novi raw white, 22-28s. for Milan thrown, and 25-30s. for

Piedmont thrown.

France.—The number of silk growers in France in 1874 was 198,043, 64,957 of these being on a

large scale. Yet while France exported only 4,737,000 kilo, of raw and waste silk in 1879, she im-

ported in the same year 10,889,000 kilo. The production is almost exclusively from cultivated

worms fed on mulberry-leaves, but attention is being gradually given to th6 introduced ailanthus

worm. There has hitherto been great difficulty in rearing the silk-worms Attacus Yama-mdi and

A. Pemyi, and other species feeding on oak-leaves, in Europe, on account of the early date at which

the leaves are required. Much importance is therefore attached to the introduction of Quercus

Mirbeckii from Algeria into S. France, as tills species (or variety) develops its leaves in March,

being fully a month in advance of all French oaks. Calais, in 1879, exported 1832 kilo, of raw and
thrown, and 1769 of waste silk. Our imports from France of recent years have seen the following

fluctuations :—Kaw rose from 242,706 lb. in 1876, to 566,522 in 1877, and fell to 81,361 in 1880

;

waste, knubs, and husks fell from 9323 cwt. in 1876, to 6514 in 1877, and recovered to 14,169 in

1880 ; thrown fell from 144,660 lb. in 1876, to 32,033 in 1878, and reached 192,932 in 1880.

Japan.—The silk of Japan is produced almost entirely by cultivated worms fed on mulberry-

leaves, several species of mulberry being grown for the purpose; but a certain and increasing

quantity is afforded by yama-mdi worms feeding wild on oak-trees, a hardier and more prolific race.

Silk-growing is pretty universal in Japan, and has been greatly stimulated of late years, but there

is room for much improvement in the reeling and other operations. Microscopic selection and
machine-reeling are gaining ground. Our imports of Japanese raw silk fell from 448,541 lb.

in 1877, to 240,326 in 1880 ; and of knubs, husks, and waste, rose from 470 cwt. in 1877, to 2577
in 1880. The approximate London market value of Japanese raw silk is 14-19s. a lb. for ordinary,

and 16-2 Is. for fine to superior.

Turkey.—In Asiatic Turkey mulberry-trees grow almost everywhere, but are mainly utilized for

silk and cocoons in the district of Broussa, the neighbourhood of Diarbekir, N. Syria, and the

Lebanon. A species of wild silk called gez and jel, grows extensively in Kurdistan, between Zacho
and Kowandooz, but although much prized and worked by the Kurdish women, it has not yet

found its way into Western commerce. The export of the raw material and of cocoons from Broussa

averages in value about 350,000?. a year. The cultivation round Diarbekir is less developed, but
there also the soil and climate are excellently adapted to its pursuit on a large scale. In Syria, it

rivals tobacco as a local staple ; and in the lower and middle ranges of the Lebanon, employs
a large number of hands. In all these centres of silk culture, the best filament is produced from

Japanese eggs, but fraudulent substitutions for these have greatly damaged the quality of Turkish
silk, and correspondingly affected tlie industry both at Broussa and in Syria. The silkworm
disease has been very bad for the last three years, and has caused the production of high-quality

silk to fall off very much, the silk produced from the seed brought from Japan and other countries

being far inferior to the produce of native silkworms. These latter are described as yielding

cocoons quite white in colour, and more than double the size of the yellow cocoons made by the
Japanese worms. An opinion is prevalent that the disease will pass away in time, when it will

be possible to return to the production of silk from native worms only. The exports in 1879
from Musyna were 15 tons cocoons, value 1650?., to Turkish ports, and 1 ton, 120?., to England

;

from Alexandretta, 10 tons cocoons, 6000?., to France, 1 ton, 600?., to Austria, 2 tons, 1200?.,

to Turkish ports ; from Dedeag.atch, 800 bales cocoons, 20,000?., and 150 bales silk waste, 800?. •

from Trebizonde (Persian produce), 429 bales (of 1^ cwt.) of silk, 42,900?., to Turkish ports, 55
bales (of If cwt.) of waste silk, 825?., to Turkish ports, and 41 bales, 645?., to France. Our imports
from Turkey in Asia of raw sillj fell from 5610 lb. in 1877, to in 1879, and recovered to 520 lb. in
1880 ; of waste, knubs, and husks, 153 cwt. in 1876, 58 in 1877, 2027 in 1878, 688 in 1879, and 69
in 1880. The approximate London market value of Broussa silk is 24-29s. a lb.

Our imports of raw silk from Turkey in Europe were 4210 lb. in 1877, 784 in 1878, and 5821 in

1880; of waste, knubs, and husks, 362 cwt. in 1877, 94 in 1878, and 356 in 1880. Thessaly, in

1880, exported 20,000?. worth of silk and cocoons.

India.—Perhaps no country in the world is so rich in indigenous silk-producing insects as India.
Tliis is sufficiently indicated by the following list, arranged by F. Moore, curator of the India
Museum :

—

1. Mulberry-Feeding, a. Domesticated.

—

Bombyx mori, the common silkworm, domesticated in
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China, Jnpan, Bokliartk, Afghanistan, Caahmere, Persia, 8. Rnasia, Tuikoy, Egypt, Algeria, Italy,

Franco, and Spain, producing but one cmp annually, spinning the largest cocoon and the best silk,

of a polden-ytllow or white colour. B. textor, the boro poolloo of Bengal, domesticated in S. China
and Bengal ; annual only ; a white (sometimes yellow) cocoon, of a different texture and more
flosay than B. mori. B. sinensis, the Jina, cAeena, or small Chinese monthly worm of Bengal,

partially domesticated in Bengal, where it was introduced from China ; several broods in the year,

cocoon, white and yellow. B. crcesl, the nistry or madrassee of Bengal, introduced from China;
domesticated in Bengal ; 7-8 broods of golden-yellow cocoons in the year, of larger size than
B. sinensis. B. fortunatus, the dasee of Bengal ; several broods annually ; the smallest cocoon, of a

golden-yellow colour. B. arracanensis, the Burmese silkworm, domesticated in Arracan, said to

have been introduced from China, through Burma ; several broods annually ; cocoons larger than

the Bengal monthly species.

6. Wild.— Theophila Huttoni, the wild silkworm of the N.-W. Himalayas ; worms found

abundantly feeding on the indigenous mulberry in the mountain forests. T. sherwr!/] the wild silk-

worm of the S.-E. Himalayas. T. bengalensis, the wild silkworm of Lower Bengal ; in the neigh-

bourhood of Calcutta feeding on Artocarpus lacoocha ; also at Ranohee in Chota Nagpore. T. reli-

giosa, the joree of Assam and deo-mooga of Caohar ; feeds on the bur tree {Picas indica) and the pipul

{F. religiosa). T. mandarina, the wild silkworm of Chekiang, N. China ; stated to feed on wild

mulborry-trees, spinning a white cocoon. Ocinara lactea, at Mussooree, N.-W. Hiradlaya ; feeds on
Ficus venosa ; small yellow cocoon ; several broods during the summer. 0. Moorei, at Muasonrce,

N.-W. Himdlaya ; also feeds on Ficus venosa, as well as on the wild fig ; a small white cocoon
;

multivoltine. 0. diaphana, on the Ehasia hills. Trilocha varinns, in N- and S. India.

2. Atlas and Eria Group.

—

Attacus atlas, in China, Burma, India, Ceylon, Java ; almost omni-

vorous, feeding in different districts upon the shrubs and trees peculiar to it, as Bradteia ovata, F<i!-

coneria insignis, and several other tries at Mussooree ; the yellow llowering barberry at Almorah ; and

various other trees at Caohar; cocoon well stored with u fine silk. A, silhetica, in Silhet.

A. EdwaifUia, in Sikkim, Cherra, and Khasia hills. A. cyntlii<i, in China ; domesticated in the pro-

vinces of Shantung and Honan ; feeds on Ailanthus glundulosa. A. Ricini, the eria of Assam, and

arindi of Dinajpore ; domesticated in the N. pai-ts of Bengal (Bogra, Eungpnre, and Dinajpore), in

Assam and Cachar ; feeds on the castor-oil plant (Ricinus communis) ; seven or more crops annually

;

cocoons somewhat loose and flossy, orange-rod, sometimes white. The so-called "Ailanthus silk-

worm " of Europe—the result of a fertile hybrid between the Chinese and the Bengal species—was

produced some years ago in France, whence it was introduced into various parts of the world.

A. Canningi, in the N.-W. Himdlayas ; common in a wild slate, feeding on the leaves of Coriaria

nipalensis and Xanthophyllum hostile ; cocoons hard and compactly woven, rusty-orange or grey

;

annual. A. lunula, in Silhet. A. obsciirus, in Cachar ; not very common ; stated to feed on a plant

called load. A. Guerini, in E. Bengal.

3. Actias Group.

—

Actios Selene, in Mussooree, Sikkim, Khasia hills, and Madras ; feeds upon
Andromeda ovalifolia, Coriaria nipalensis, wild cherry, and walnut, at Mussooree, and on Odina Wodier

in Madras. .4. sinensis, in N. China. .4. iXo and 4. ifonus, in Sikkim and Khasia hills. A.ignes-

cens, in the Andaman Isles.

4. Tusser and Moonga Group.

—

Anthera:a mijlitta [papAi'a], the tusser, tasar, or tussah silkworm";

well-known and valuable insects (of various undetermined species), widely distributed over Indiat

from E. to W. and N. to S., on the coast, and in the Central Provinces; feed in a wild state upon

the ber {Zizyphus jujuba), tho aswn {Tenninalia alata), the seemul (Bombax heptaphyllum), &c.

A. Mezankooi-ia, the mezankoorie silkworm of the Assamese; stated to feed on the addakoory

(? Tetranthera qitadrifolia), which is abundant in Upper and Lower Assam ; silk nearly white, its

value being fifty per cent, above that of the muga. A. nebulosa, the tusser of the Sonthal jungles of

Colong ; also found in Singbhoom, Chota Nagpore. A. Perrotteti, in the districts of Pondicherry,

feeding upon a species of Zizyplms, the jambool (Syzygium jamholanum), &c. ; four broods in a year.

A. andamana, allied species to the tusser, in the S. Andamans. A. Fnthi, in Sikkim and the

Himalayas ; common, wild, inhabiting the hot subtropical valleys below 2000 ft. ; cocoon is stated

to be similar to tusser in form, but finer silk. A. Helferi, in Sikkim and the Himalayas ; a common
species in the hot valleys of Sikkim. A. assama, the moonga or muga of the Assamese ; feeds upon
the Champa {Michelia sp.") the socm (? Tetranthera lanceolata), kontoolva, digluttee ( Tetranthera diglottica),

the pattee shoonda {Launts obtusifolia), and the sonhalloo {Tetranthera macrophylla') ; extensively culti-

vated by the natives, and can be reared in houses, but is fed and thrives best in the open air and

upon the trees ; the silk forms an article of export from Assam, and leaves the country generally in

the shape ofthread. A. Roylei, the oak-feeding silkworm of the N.-W. Himalayas ; common on the

hill-oak {Quercus incana) of the N.-W. Himalayas (Simla, Masuri, Almora); cocoon large and very

tough ; silk pronounced as promising, and worth cultivating ; can be reared easily in the house.

5. Miscellaneous Group.

—

Salassa Lola, Sikkim, Himalayas. Rinaca Zuleika, Sikkim. RhviHu

Newara, Nepal (Kathmandoo) ; feeds upon a species of weeping willow ; brilliant green cncoon,

5 T
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pendant from the twigs. Caligula thtbeia, Mussooree, N.-W. Himalayas, 7000 ft. ; common, feeding

on Andromeda ovalifoUa, wild pear, and cultivated quince ; light, open, net-like cocoon. C. dmia,

Simla, N.-W. Himalayas, 5000 ft. ; feeds on the walnut, Salix ' bahylonica, wild pear, &o.

;

open, net-like cocoon. 0. cachara, Caohar. Neons Huttoni, Mussooree, N.-W. Himalayas, 6500 ft. ;

worms appear in April, feeding upon a species of wild pear tree ; thin silken cocoon. N. shadulla,

Yarkand. JV. Stoliczliana, Ladak. Saturnia cidosa, S. Grotei, S. Undia, and S. anna, hot valleys

of the Sikkim Himalayas. Loepa katinka, Sikkim, 5000-7000 ft., Assam. L. sikUma, hot valleys of

Sikklm. L. sivalica, Mussooree, 5000 ft. ; long cocoon, pointed at each end, and of a dark greenish-

grey colour. L. miranda, Sikkim, Himalayas. Cricula trifenestrata, the haumpottonee of the

Assamese; very common in Assam; feeds on the soom; open net-like cocoon, of a beaiitiful

yellow colour, and of a rich lustre, the silk being spun in the same manner as the eria cocoon

;

occurs also in Moulmein, wliere the worms are stated to feed upon the cashew-nut tree {Anacar-

dium orientale). C. drepanoides, Sikkim. A few others which are well worth the attention of the

Government of India for the pm-pose of acclimatization there are :

—

Anthercea Pernyi, the oak-feed-

ing silkworm of Manchuria, N. China, described as having been long known to the Manchu Tartars,

very large quantities of the silk being used among the Chinese ; feeds on various species of

oak (Quercus mongolica), &c., the cocoon differing from the tusser in form and texture ; silk repre-

sented as strong, but with little lustre ; two crops in the year—spring and autumn. A. Confuci,

allied to A. Pernyi, inhabiting the hills in the neighbourhood of Shanghai, N. China. A. Yama-mai,

the i/ama-mat silkworm of Japan ; oak-feeding; cocoon of a pale yellowish-green colour; excellent

silk of considerable commercial value in Japan ; has been acclimatized in Europe, and, crossed with

Bombyx Attacus Pernyi, is successfully reared in France, the eggs hatching at almost freezing-point.

Saturnia pyretorum, S. China; feeds upon the Liquidambar formosana in Canton, Amoy. Neoris

shadulla, Yarkand. Theophila mandarina, 'N. China.

The most important of the wild silks of India is the tusser (very variously spelt), or Anthercea

paphia (with about a dozen synonyms). The worms feed indiscriminately on Rhizophora calceolaris

;

Terminalia glabra (the assum), T. tomentosa (the soj), and T. catappa (the country almond) ; Tectona

jrrandis (teak) ; Zizyphusjujuba (the ber'); Shorea robusta (ibe sal) ; Bombax heptaphyllum (the semul);

Careya sphmrica ; Pentaptera tomentosa and P. glabra ; JRioinus communis (castor-oil) ; Cassia lanceolata.

The cocoons are curiously suspended from the branches of the trees. The insect is distributed over

nearly the whole of India. In the Central Provinces, the silk is utilized in Eajpore, Bilaspore,

Sumbulpore, the Upper Godavery, Chanda, Bhundora, Nagpore, Balaghab, Seonee, Chindwara,
Betool, and Nursinghpore. Sumbulpore is said to yield yearly 7000 lb. of the silk; Eajpore,

12,000 lb. ; Bilaspore, 1800 lb. ; Chanda, 45,000 lb. Major G. Coussmaker, who has done so much
to establish the domestic cultivation of this worm in the Deccan, finds that it thrives well on
Lagerstraimia indica, and still better on Carissa carandus; the former resumes thick foliage within a
fortnight after having all its leaves eaten off. The filament of this kind of silk is of tape-like form,

and not cylindrical as is commonly the case.

The eria worm is so called from the Assamese name of the castor-oil plant (Eicinus communis'),

on which it is almost exclusively fed. It is reared entirely indoors. The duration of its life varies

with the season : in the summer, it is shorter, and the product is both better and more abundant.
At this season, 20-24 days elapse from the date of its birth to the time when it begins its cocoon,
15 days later the moth is produced, in three days the eggs are laid, and in five more they are

hatched, making the total duration of a breed 43 days. In winter, its life extends to nearly two
months. Seven broods are reckoned upon annually. When the worms have ceased feeding, they
are placed in baskets filled with dry leaves, amongst which they form their cocoons. In four days,

the latter are complete. A selection having been made for the next breed, the remainder are

. exposed to the sun for 2-3 days, to destroy the vitality of the chrysalis. The cocoons are next
generally put into water containing potash (wood-ashes), over a slow fire; when removed, the
water is gently squeezed out. At other times, they are massed together for some days with
amrita (? Carica papaya) or madhu fruit. The object is the same in either case, viz. to facilitate the
drawing of the silk. It is coarse, and none of it ever finds its way into^Bengal.

The mtijra moth is found-wild in the jungles of Assam, but ail the silk produced by iTis from
domesticated worms. They are reared on trees in the open air. There !x\e generally five breeds
in a year, viz. January-February, May-June, July-August, September-Oeiober, and November.
The first and last yield the best crops, as regards both quantity and qualityA Constant watching
of the trees is necessary. The worms thrive best in dry weather, but a very h<3\ sunny day at tho
moulting time proves fatal to many. Indeed, at this period, rain is considered- very favourable
and even thunderstorms are not injurious, as they are to the mulberry worm. Gontinual heavy
rains do mischief by sweeping the worms off the trees ; but showers, however violent, cause no great
damage, the worms generally taking shelter under the leaves with perfect safety. The total dura-
tion of a breed varies from 60 to 70 days. The chrysalis not being easily killed by e^^osure to the
sun, a number of cocoons are placed upon bamboo stages, and covered with leaves, whih); a quantity
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of dry grasB is ignited below tbem, and in a short time destroys them. The cocoons are then boiled

for aboQt an hour in water containing potash (the ashes of mnstard and other plants). When
takc'H out, they are laid between folds of cloth. The floss is removed by hand, and the cocoons are

thrown into hot water. The instrument used for winding oflf the silk is the roughest imaginabla

Tlip Assiimese consider it a good annual return if an acre of trees support 50,000 cocoons, jielding

upwards of 24 lb. of silk. It must be very profitable, as 1000 cocoons are reckoned to afford O-SJ oz.

of silk thread, selling at 10-12s. a lb. The labour and expense of maintaining a plantation of the

trees is very trifling. Lakhlmpur, in 1871, exported Hi tons of muga silk thread, value 6090/.

The mujan/euri (variously spelt) worm is really a variety of muga, feeding on the mujankuri or

adakuri plant (Tetranthera polyanthd). The silk is whiter and better, some of the thread produced

in Sibeagar selling for 36s. a lb. It is rarely in the market.

The exports of Indian raw silk were 1,656,015 lb., value 766,462/., in 1875 ; and 1,329,599 lb.,

570,229/., in 1879. Our imports of Indian raw silk fell from 150,232 lb. in 1876, to 105,006 lb. in

1880 ; and of knubs, husks, and waste, from 4396 cwt. in 1877, to 3404 cwt. in 1880. The approxi-

mate London market values of Indian raw silks are as follows :—Eadnagore, 10-16s. a lb. ; Siirdali,

14-18s. ; Gonatea, ll-17s. ; Cossimbuzar, ll-17s. ; ComercoUl, 10-16a. ; Hurripaul, 8-lOs. ; Juugy-

pore, 11-1 5s.

Persia.—The exports of Persian silk, the produce of Ghilan, to Eussia, in 1879, were 109,600/.

worth of raw, 16,150/. husks, 1150/. cocoons. The exports of silk vifl. Gez were 200 ballots, value

9230/., from Asterabad, and 400, value 27,690/., from Khorassan and Subzevar; while the refuse

amounted to 400 ballots, 3840/. Bushire, in 1879, exported 2,30.000 rupees' worth of raw silk to

India. The approximate London market value of Persian raw silk is 9-lls. a lb.

Other Countries.—The subject of serioiculture is attracting considerable attention in many other

countries, though their production is at present insignificant compared with those just described.

In America, the industry is taking a great start, especially in California, Texas, Georgia, Alabama,

Connecticut, and Pennsylvania. The Australian colonies possess facilities second to no country in

the world for the production of silk, and much may be expected from the efforts that are now being

made in this direction. Cyprus formerly produced 70,000-80,000 lb. of silk, which is now reduced

to 5000-8000 lb. ; the mulberry flourishes everywhere, but the worms have long suffered from

disense. Our imports of raw silk from Malta (not of local production) rose from 13,650 lb. in 1876,

to 41,713 in 1878, but receded to 26,361 in 1880. The Greek provinces of Calamata and JleSMina

produced 96,250 lb. cocoons, value 12,500/., in 1880 ; Syra in that yenr exported 1074/. worth to

France. Servia before tlie warof 1876 exported yearly 10,000/. worth of eggs and cocoons. Austro-

Hungnry in 1879 exported 9746 metrieul centners (of llOi lb.)of silk. In the S. provinces of Russia,

excellent silk is rai.sed by the German colonists in Ekaterinoslav and Taurida ; much is also pro-

duced in the Trans-Cauoasiiin provinces. The inhabitants of Turkistan cultivate a considerable

amount of silk, much of which finds its way into Russian commerce. Algiers in 1879 exported

15,938 kilo, of silk ; and French Cochin China, 660 piculs (of 133J lb.) in 1880. Uruguay promises

to figure soon as a producer.

In England, the failure of numerous experiments has proved that serioiculture cannot be carried

on profitably ; but, according to no less an authority than B. F. Cobb, the rearing of grain or eggs

for the Continental market would be a most remunerative and successful industry.

Imports and Exports.—Our imports of silk knubs or husks and waste in 1880 were :—31,402 cwt.,

376,710/., from China; 14,169 cwt., 239,452/., from France; 3086 cwt., 36,738/., from Bengal and

Burma; 2577 owi, 31,054/., from Japan; 1667 cwt., 31,541/., from the United States;

425 cwt., 6369/., from Turkey ; 1676 cwt., 28,592/., from other countries ; total, 55,002 cwt.,

750,456/. Of raw silk in the same year :—3,165,935 lb., 2,663,850/., from China ; 240,326 lb.,

204,202/., from Japan; 81,361 lb., 79,416/., from France; 72,051 lb., 50,336/., from Bombay
and Sind; 36,643 lb., 46,160/., from Italy; 32,955 lb., 30,900/., from Bengal and Burma;

26,361 lb., 38,090/., from Malta; 18,317 1b., 17,702/., from other countries; total, 3,673,949 lb.,

3,130,656/. Our imports of raw silk in 1876 were 6,016,927 lb., value 5,770,341/., since whicli

they have yearly decreased. Our imports of knubs, husks, and waste, on the other hand, sliow

a gradual increase from 29,633 cwt., 406,051/., in 1876. Our re-exports of raw silk in 1880 were

947,165 lb., 741,.'i97/., about 70 per cent, being to France; of knubs, husks, and waste, in the same

year, 0241 rwt,, 102,809/., over 80 per cent, being to France.

Bibliography.—B. F. Cobb, ' Report on Raw Silk ' (Jour. Soc. Arts, Vol. xxi.. No. 1080), ' Hints

to Colonists on the Cultivation of Silk' (Vol. xxi., Nos. 1081, 1086, 1088, 1089, 1090, 1091, 1092,

1094), 'Rearing "grain" in tliis country' (Vol. xxv.. No. 1262) [London: 1872-3,1876-7];

A. Roland, ' Production of Silkworm grain ' (Jour. Soc. Arts, Vol. xxi., No. 1066, London : 1872-3)

;

O. Coussmaker, 'The Tu.«8ur Silkworm' (London: 1873); Mrs. Bladen Neill, 'Silk-growing:

its Prospects and its Wants' (Jour. Soc. Arts, Vol. xxiv.. No. 1223, London: 1875-6); E. T.

Blakeley, ' The Silk Industry of N. Italy ' (Jour. Soc. Arts, Vol. xxvii.. No. 1364, London : 1878-9)

;

' Supplement to the G.izette of India,' Mar. 15 and Aug. 2, 1879 (Calcutta) ; A. Wailly, ' Silk-pro-
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duciug Bombyoea' (Jour. Soo. Arts, Vol. xxvii., Nos. 1385, 1393, Vol. xxviii., Nos. 1421, H24,
Vol. xxix., Nos. 1475, 1476, London, 1879-81) ; T. Wardle, ' The Wild Silks of India, principally

Tusser' (London; 1880), and ' Catalogue of specimens of wild silks of India' (Jour. Soo. Arts,

Vol. xxviii.. No. 1420, London : 1879-80) ; Imperial Maritime Oustoms' Eeport on Silk in China

(Shanghai: 1881).

(See Silk Manufactures.)

SILK MANUFACTXTRES (Fe., Soierie, Industrie setifire ; Gee., Seidengewerbe).

According to the most reliable historic records, the Chinese were the first people to utilize the

fine, lustrous, and beautiful fibre produced by the various kinds of silkworm (see Silk). The art

of silk manufacturing appears to have arrived at considerable perfection 2750 years before the

Christian era, as the empresses of China, at that early period, are stated to have busied themselves

with their maids in the industry. To one of these empresses, Si-ling-chi, the consort of the

Emperor Hoang-ti, is attributed the discovery and invention of a method of reeling the cocoons. The
industry continued under the protection and often under the personal superintendence of her suc-

cessors for many centuries subsequently. The beauty of the fabrics manufactured led iu process of

time to the growth of an export trade, first with neighbouring nations, and afterwards with those

more distant. In this way, silk and silken fabrics penetrated into India, Persia, and the intervening

territories, to the borders of Europe. Thence, by the aid of the maritime nations at that time flourish-

ing in the Levant, they were distributed amongst all the ancient peoples who had risen to eminence

in civilization at that early day. In the former case, the means by which this was effected were the

caravans of merchants who travelled overland from one country to another.

Though the material at an early period thus became known in a manufactured and semi-manu-
factured form, its origin for centuries longer remained a secret. For a long time, it was conjectured

to be a direct production of the vegetable kingdom, and is stated to be such by several ancient

authors.

The substantial fabrics of silk that found their way to W. Asia from China were prizednot only as

valuable products of the loom, but also as affording an excellent source of the raw material, being in

many cases unravelled, in order that the threads thus obtained might be rewoven to form the light

and semi-transparent articles that excited the censure and ridicule of the moralists and satirists of

ancient Greece and Rome.

The story of tlie introduction into Europe of the silkworm, and the methods of manufacturing silk

as practised by the Cliinese, by two Nestorian monks during the reign of the Emperor Justinian in

552 A.D., is tco well known to need repetition. The emperor, with a keen eye to profit, kept
the manufacture a monopoly in his own hands for a considerable time ; but it was impossible

to maintain such a state of things. Sericiculture and the manufacture rapidly spread over the most
suitable territories of the Eoman enapire, and flourished especially in the Peloponessus. The new
industry, though slow in its development, and for 600 years confined mostly to Greece, gradually
gained upon that of China, and ultimately sufficed for the supply of the European demand. The
Arabs and Saracen princes, who had also become acquainted with the art in both its branches from
the Persians, had introduced it into the kingdons of Northern Africa, Sicily, Spain, and Portugal,
over all of which they held sway. The Crusades about this period led to considerable political

changes, amongst which was the establishment of the Norman power in Sicily. It is to the
ambition of Roger, the first Norman king of that country, that the world owes the dispersion of the
silk manufacture of Greece, and its introduction into Sicily and Italy. After this king returned
from his second crusade in 1146, he invaded Greece, and carried off the treasures of Athens Thebes
and Corinth, taking captive a large number of weavers and other operatives connected with the silk
industry, whom he compelled to settle in Palermo and Calabria, and to teach his people their
methods of manufacture. The Crusades also greatly assisted to make sUk known in all the countries
from which the motley armies of adventurers had been gathered. Those who returned would not
fail to convey to willing feminine ears full details of the art of producing the glossy and much
prized robes, of which many would only have heard vague reports. The manufacture had not been
long establislied-in Italy before it was carried into Prance.

Sericiculture and the manufacture of the product have always been a favourite pursuit and a
cherished industry of the kings and aristocracies of Europe. The rulers of Prance for more than
four centuries made it an object of peculiar care, and by the time of Louis XIV., it had become a
flourishing industry, employing in its various branches probably over one million people. Amongst
these were the Huguenots, whom the monarch just mentioned banished from their homes. In
Lyons, at that date, were over 18,000 looms ; and at Tours, over 11,000. These were reduced
to about 5000, and even for these, weavers could not be found. The silk industry of France was thus
almost annihilated. The result, however, was its estabUshment in Switzerland, Germany and
England ; in the last country, over 100,000 of the refugees found an asylum for themselves and a
profitable field for their labour.
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Numerous ntttmpU have been made in tliis country to acclimatize tlie silkworm, so as to render

ita cultivation profitable, but without succegs. Better results, however, attended the cfTorts to

eslablisli tlie rammfaoture. From a comparatively early period, it is probable that it whs carried

on with miiro or less sucicbs, thou;,'h without becoming in any sense a distinct and recognized

national industry. The immigration of the Continental refugees above mentioned, and their settle-

ment in Spitalfields, Norwich, Dublin, and several other places, so increased and concentrated the

industry in these localities, that it has been numbered amongst the most important of the textile

manufactures of the country ever since.

For a long time, the machinery was rude, and incapable of producing more than " tram," the

weft employed in making silken fabrics; whilst "organzine," or warp yarns, had to be imported

ready "thrown" from Italy. This, as is well known, was obviated by the introduction of

" throwing " machinery from Italy by John Lombe, of Derby, who surreptitiously acquired plans of

the machines by engaging as a workman in an Italian mill. The risks he encountered and the

obstacles he overcame before he made his establishment at Derby a success are too well known to

need detailing here.

The success of the Derby mill soon led to the erection of others at Stockport, Congktnn,

Macclesfield, Leek, and numerous other places in and around Manchester. For a considerable time,

the trade flourished in all these districts, and especally whilst import-duties were levied upon
foreign productions, which had a tendency to preserve the homo market to them exclusively. But
the more profitable industries of cotton and woollen manufacturing, which have underj;one such

wonderful development, have quite put the silk manufacture into the shade. Owing to the greatly

enhanced value of labour in this country, it has become almost impossible to comprte against the

cheap labour of the Continent without protection. The consequence is that since the repeal of the

import duties upon silk manufactures, the trade has been gradually decaying wlien contrasted

with the other textile industries of this country. MTiether there is a future before it when its

prosperity will revive, and its progress compare with them, is dilHcult to say.

Eaw silk arrives in this country made up into " books," each containing a certain number of

knots. That fiom Italy is twisted np into a thick knot, almost like a short length of rope, about

12 in. long. That from China and Japan is made up into much smaller knots than that of BuroiJcan

origin, and a number of these are put togethi r in the form of a brick.

Silk is omitted by the worm from two orifices termed " spinnarcttes " in the form of two fine

filaments, which the worm unites into one thread, of which it forms its cocoon. In winding the

cocoons, five or six of these double threads are wound together, and slightly twisted to form a

thread capable of being manufactured. Owing to the softened stale of the natural gum of the silk

caused by steeping the cocoons in warm water, as they are reeled and twisted, they readily unite into

one thread. In this form, the silk is purchased by the " throwster " or spinner, provided he does

not reel from the cocoon.

Haw silk in the processes bf manufacture becomes cither "organzine" or "tram," according to

its treatment. The former is used for warp purposes, and geneially consists of two "singles"

twisted or " thrown" together. For fine warps, single alone is used. The weft yarns are composed

of two or more singles, slightly twisted, in order to admit of tlje better distribution of the fibres over

the warp threads, which they are usually intended to cover in the most perfect manner.

The processes through which it is necessary to put the raw material as imported into this

country, in order to prepare it for organzine for weaving, are the following:—(!) Winding, (2)
cleaning, (3) spinning, (4) doubling, (5) spinning, (6) reeling. The first operation of spinning,

being of the " single," puts in about 15 turns to the inch of thread ; the second, which combines

two or more threads, imparts about 8 turns an inch. When tram is being prepared, the operations

are nearly the same, omitting the first process of spinning, and reducing the turns to four or less

in the second or throwing, to obtain the looseness of structure that will yield the desired end.

The first step taken with raw silk is to separate the " book " or " moss " into knots, and sort

these into lots according to their respective fineness, as well as can be judged by the eye. This
separation is, however, a very imperfect one, as the unaided eye is scarcely equal to discrimi-

nating between the differences in the thickness of the threads ; and in addition, there are many
knots that contain both fine and coarse thread, changing to one or the other in the space of a few

yards. After this preliminary, the hanks are dipped for a short time in a solution of soap and

water, to soften the gum upon the fibre, which renders it more pliable and easy to wind, for which
operation it is then ready.

Winding.—The winding-machine, Fig. 1226, is generally arranged in the swifts to take either

Italian, Chinese, or Japanese reeled silks. It is a very simple machine, consisting of little more
than the framework, the swifts, and a roller carrying friction-drums, on which the bobbins for the

reception of the silk revolve. These, being duplicated, render the machine double. Fig. 1'227

shows a section of the working parts. The swift o is composed of a hub or nave of wood, into which
are inserted six pairs of thin lauocwood rods b. Each pair of rods is connected near the top by thin
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cords ; to keep the latter at proper tension, a wedge o is put below the cords, and presses the lancewood

rode apart. Both cords and rods can be easily adjusted to receive any size of hank. l!-ach switt

has a small weight suspended upon the hub, in order to prevent its too rapid revolution and to

impart the requisite tension to the thread in process of winding. The bobbins are fixed upon

122?.

spindles having heads or small rollers, and are actuated by friction-wheels d. A slot e is prepared

for the spindle when out of contact with the friction-di-iver. Fig. 1228 exhibits another form of

windine-machine. „ , , . , . ,

A "slip " or hank having been put upon the swift, the end of the thread is found, and the winder,

wetting it in her mouth, casts it upon the bobbin, to which it adheres ; this being placed upon the

driver, the winding commences, the

thread having been previously in-

serted into the curl or ring of the

guide-wire, fitted into the traverse-

rail, whose lateral movement winds

the thread regularly upon the bob-

bin. When the hank is wound off,

or the thread breaks, the end is

joined to that upon the bobbin by a

peculiar knot formed to prevent

slipping in subsequent operations.

The guide-rail or traverse-bar is

operated by elliptical wheels, or

heart-shaped cams, in order to make

a bobbin of a good form. To pre-

vent waste of material and loss of

time, the winding is arranged so

that each successive layer shall

obliquely cross the threads of the

preceding one. Winding-frames

generally contain SO-iO swifts to

each side of the machine.

Cleaning. — The cleaning - ma-

chine. Fig. 1229, which is often -

called the redrawing frame, to which

the bobbins from the winding-frame are now conveyed, is of similar construction to the preceding

machine. For the swifts of the winding-frame, is substituted a bobbin-board, fitted with pegs to

hold the bobbins; whilst in place of the guide-wires of the traverse-rail, the thread passes between

two vertical steel blades, whose edges are set so closely together as to detect and arrest any knots,

slubs, or other defects of a gross kind that would interfere with the perfection of the subsequent

stages of the work. The distance between the edges of these blades can be adjusted with groat

nicety by means of screws. Fig. 1230 shows the working parts in section. The bobbin a from the

winding-machine is placed upon the pin in the board, so as to allow of easy revolution in unwinding.

The thread is conducted over the carrier-rod 6, next passing through the cleaner or vertical blades

c and thence upon the bobbin d, actuated as before by the friction-wheel e. The cleaner is fixed in

the traverse-bar or guide-rail. An enlarged front view of the cleaner is shown at /.

Cleaning is not the only purpose of this process ; an object of equally great importance is tb6
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" sizing " of the silk, a word implying a very different process from that which the same term
indicates when used in oonneotion with the cotton trade. It means the still further elimination of

the irregularities of raw silk, enabling the manufacturer to produce an even fabric. As the winding
proceeds, the attendant is carefully observing the threads, and when one of these begins to deliver

a thread finer than required, it is broken off, and the bobbin is moved to the right ; if a coarse

thread comes off, it is similarly moved to the left. When the process is completed, the silk is thus

assorted into two sizes, which are marked firsts and seconds. When it is desired to secure the most

perfectly even threads, this process is repeated several times, though all of them constitute but a

vei7 imperfect remedy for careless reeling from the cocoon.

In this form, the silk is teclmically called " dumb singles," because, being in the gum, it does

not show up its lustre. Though it has no twist, it is sufficiently strong for the warp purposes of

particular fabrics, such as gauzes, bandanas, &c. ; it is sometimes used for weft purposes also. In
both oases, it must be used in the natural gum, as if it were attempted to clear it or dye it, to bring

up the lustre or improve the colour, it would be rendered too soft and flussy for use. The silk is

therefore cleared in these cases in the fabric, being boiled or dyed after manufacture. It is, how-
ever, sometimes " stained " by immersion in a cold dye-batli, when it is necessary to get a coloured

thread ; but in this case, the colour is neither so fast nor so lustrous as when treated in the other

manner.

Spinning and Doubling.—After the cleaning and the sizing process of the last stage, the thread is

ready fur tlie spinning-machine, to which the bobbins are conveyed.

Assuming that organzine is required, the process is to spin or twist the " single " thread, com-
posed of the filaments reeled together from

the cocoon. In this case, it is customary to 1231.

put about 15 turns an inch for most descrip-

tions of work, though, in many instances,

this number is departed from, acoordiug to

special requirement. In some cases, when

singles are intended for organzme, 60 turns

an inch are put in.

The spinning-machine, Fig. 1231, usually

contains two tiers of spindles, one above the

other, the whole amounting to several hun-

dred. The driving-shafts, one for each tier,

carry a. cylindrical tin drum extending the

length of the frame. This drum actuates the

spindles by means of driving-bands, one for

each spindle, which pass around it, and thence

around the wharve upon the lower part of the

spindle between the bolster and the footstep.

Fig. 1232 shows the details of one of these

spindles and its mountings: o is the footstep ~ ^

in which the spindle b revolves, carrying the .^

wharve for the reception of the driving-

baud d. Midway in its height, the spindle passes through a bolster-rail e, fitted with brass

bearings, in which it revolves. Just above the bearing, the spindle is tapered for the reception of

the bobbin, the smallest diameter being at the top. The bobbin / from the cleaning-machine,

being adjusted upon the spindle, is firmly held upon the tapered part, and above it is mounted

the flier g, composed of a small wooden boss, having a groove around its circumference, into which
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the wire forming the flier-arms is bent and secured. The extremities of this wire are curved to

form eyelets for the reception of the thread. The traverse or guide -rail h is also fitted with

eyelets.

In the process of spinning, the thread, both single and double, is conducted from the bobbin /
through the lowest eyelet of the flier, around the Umb A, through the upper eyelet, as well as that of

the traverse-rail, and thence upon the bobbin »', whereon it is wound in crossed layers, as before, and

IZZJ

T~^
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r^O-

I
for the same purpose. It will be observed that the course of the thread in silk-spinning is the

reverse of that in other textile fabrics, being delivered instead of received by the bobbin upon the

twisting-spindle. Should the thread be drawn from the bobbin / with the spindle at rest, one turn

or twist would be imparted to it for every revolution drawn ofl". Suppose, however, the spindle to

be making 6000 rev. a minute, and the draft of the bobbin to be 400 in. in the same time, it is

obvious that this will give 15 turns for 1 in. of the thread, plus one turn for every rev. of the thread

drawn from the bobbin required to yield 400 in. "When single is being spun for organzine, and
more twist is required, the draft of the bobbin i is diminished in proportion.

In silk-spinning, the flier is sometimes dispensed with, its chief use being to protect the thread

from injury by friction during delivery from the bobbin, which some think is a more imaginary than
real risk. As will be seen from the description of the machinery already given, and the nature of

the silk filament or cocoon thread, the working of silk, especially in the throwing department, is

exceedingly simple, consisting only of winding and twisting, and hardly affording much scope for

the ingenuity of the mechanical inventor. Hence it is that improvements are comparatively rare and
unimportant.

A machine, however, has recently been introduced for spinning or twisting purposes which is a
considerable improvement upon preceding ones, owing to its productive capacity per spindle being
double that of most others, thereby enabling considerable economy to be effected in space, waste,
shafting, gearing, belts, buildings, and labour.
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The atruoturo of this machioe, Fig. 1233, which can be adapted to any fibre, more nearly approxi-

mates to that of the bobbin-and-fly-frames, as used in cotton industry, than to machines employed
in the silk manufacture. InstiaJ of the bobbins containing the material to be treated, reposing in

a bank or creel on pegs, as usual, the machine is fitted with a creel or set of spindles which carry the
bobbins containing the threads to be twisted, and these spindles are made to revolve at a great speed.

Thus, running at the same rate as the front or twisting-spindles, which may be assumed to be 4000
rev. a minutf, half the twist is put in before the yarn reaches the draft-rollers, when it becomes
subject to the action of the front spindles. These working at the usual speed, and having only half

the task to perform, it enables the rollers to be put on double speed, thus filling the bobbins in half

the time, and ensuring a double production.

The ordinary spindle carries an extra wharve, from which, power is transmitted by means of a

band to the creel spindle, mounted in rails. On the top of this spindle, is placed the bobbin con-

taining the threads to be twisted. Being fixed on the spindle, the bobbin revolves with the spindle,

which puts in half the required twist before the thread reaches the rollers. As this result is

accomplished without any increase of the speed of the spindle, the advantages of the process

will be obvious. It enables the production of every spindle to be doubled, whilst cost in wages is

not increased. Only half the space is required, as compared with the ordinary method, the

shafting, gearing, complementary fittings, cost of supervision, and all other expenses, being

obviated.

This machine is known as " Murray's patent," and is made solely by Thomas Unsworth, of

Manchester. When it is used, the bobbins are prepared for it preferably upon the winding-doubling-

machine of the same maker, described in the article on Rope (see p. 1595). The single having thus

received tlie twist necessary for forming organzine, in which two strands of the single are com-

bined, it IS taken to the doubling-machine. Fig. 1234, in which two threads or more if required

are wound upon one bobbin in a manner as perfectly parallel as possible, in order tliat all may be

of exactly the same length, which, in the subsequent operation of twisting, is requisite to produce

organzine of the best quality. It differs so little li'om the machines previously described, that it calls

for no further notice.

Having been doubled, the threads are again brought to the spinning-frame, and, for organzine,

are twisted about 8 times an inch, but in a direction opposite to that of the first twist. AVhen tram

is required, this is the only twisting or spinning to which the thread is subjected, and in this it only

receives about 4 turns an inch, the result being that a soft spongy thread is formed, well adapted

to cover the warp threads, and show up the lustre of the fibre.

Seeling.—Eeeling is the next and last operation so far as the throwster's portion of the business

is concerned, except the packing for the market. The reeling-machine, Fig. 1235, is simply a hank-

winding machine, in which the silk, as it finally leaves the spinning-frame, is wound into a form to

fit it for the operations of boiling, to clear it from the natural gum, and dyeing, in which the richest

colours are imparted to it previously to its being woven or otherwise fabricated into the numerous

articles of luxury for which from the first it has been designed. This machine, like all the others

illustrating this article thus far, with the exception of Fig. 1233, is made by Enoch Rushton,

Macclesfield, and is fitted with his self-acting count-guider and stop-motions. The former registers

in yards the exact length of each skein ; when the length required has been reeled, the guider makes

a lateral movement, and alongside the first skein runs another the same length, and so on in suc-

cession until the reel is full, when it stops the machine. By this means, perfect uniformity

in the length of skein or hank is secured. These skeins, being afterwards carefully wei^'hed on
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dramming- or deniering-machines, being all of one length, can be " sized " or assorted with great

correctness.

After silk is thrown, it is generally reeled into skeins of 1000 yd., and to ensure regularity, these

are assorted as just described, and arranged in lots, J dram difference in weight defining the lots.

Thus, if 1 skein weighs J oz. = 4 dr. , it is denominated 4-dram silk ; if | dr. lighter, it is 3|-dram
silk, &o. Where the greatest regularity is desired, and the expense is not au obstacle, silk is reeled

into half-skeins of 500 yd., or quarter-

skeins of 250 yd., and then carefully 1236.

weighed and assorted as before. This

process is called " half- " and " quarter-

sizing." In France, the skeia measures

520 yd., and is wt-ighed in deniers, the

denier being equal to • 825 gr.

When the process of assorting or

sizing has been completed, the silk is

gathered into hanks, twisted into knots,

arranged in bundles, and pressed in the

manner shown in Fig. 1236.

Silk, besides being thrown into the

form of organzine and tram for weaving,

is made to assume numerous other special

forms and designations, according to re-

quirement. Amongst these, may be men-

tioned embroidery-, fringing-, sewing-,

knitting-, and machine-silks. There is, —
however, no essential difference in them,

all being simply combinations of the number of threads needed to give the thickness, and of

variations in the twist required to obtain the effect.

Silk at this stage becomes a mercantile article, known as " thrown silk," and as such is sold to

manufacturers, who weave or otherwise work it into the forms in which it is presented to the

consumer. In many instances, the processes of throwing and manufacturing are combined in one

establishment.

The silk thus usually comes into the hands of the manufacturer in the form of " hard " silk, as it

is technically called, when in the gum previous to boiling. Before dyeing, it always undergoes

this operation, which greatly changes its appearance. In the gum or natural state, it is dull, hard,

and wiry, and might easily be mistaken for several other fibres. Boiling reduces its weight nearly

one-third, softens it, and develops its lustre, bringing out its wonderful brilliance. It then becomes
" soft silk." It is manufactured in both these states, though comparatively rarely in the former.

In dyeing, the weight of the dye-stuffs partially restores the loss caused by the removal of the

gum ; but advantage is very often taken of this process to load the material heavily with chemicals,

sometimes to the extent of 5-6 times the original weight. In some cases, as for instance when the

silk has to be manufactured into fringes, and is required to hang heavily, this weighting is advan-

tageous in obtaining the effect ; but as a general rule, all weighting may safely be regarded as

adulteration, and intended to cheapen the cost of production. It is certain that the chemicals used

to weight it injure its strength and durability, and, in the end, enhance the cost.

Spun Silk.—In silk growing and the subsequent manipulation of the material in transforming it

into articles of utility, it will be obvious that a considerable quantity of waste material must accu-

mulate. The flloss-silk, or outer covering of the cocoon ; the perfect cocoons reserved for propagation,

and which are pierced by the insect ; badly formed, entangled and otherwise defective ones ; the

bottoms of cocoons when the usable filament has been wound off ; and the loose fibre produced in

after stages of working, all contribute to the stock of waste. The aggregate weight of material

obtained in this manner forms a large percentage of the entire weight of the crop of cocoons. When
it is considered that all silk-producing countries are sources of supply, it will be seen that the
bulk of fibre of this description placed at the disposal of manufacturers is very great.

Until about 1857, this waste was the most useless bye-product obtained from any of the textile

industries. The world is indebted for its utilization to Samuel Cunliffe Lister, of Manningham
near Bradford, by whose mechanical genius and enterprise it was made to serve a useful purpose.

The manufacture of silk-waste differs radically from that of net or thrown silk, being much more
akin to the manufacture of worsted. The different varieties of silk, such as Italian Chinese
Japanese, and Bengal, are kept apart, owing to their varying qualities. But the waste from all

may be worked together, though it is usual to separate them according to shades of colour. The
classification is generally into two shades, yellow and white ; the former is termed Italian, and the
latter Chinese. Sometimes the yellow tint of the first-named sort is removed or covered by a



SPUN SILK. 1755

process of dyeing, which imparts to it the whiteness of the latter. Should ,the material thus
wiphiatioated be boiled ut a subsequent stage, the originaJ tint will reappeac, and may cause def<!cta

in the fabric into which it has to enter. It is tlierefore important for the manufacturer to know
when it ba.s been subjicted to such treatment.

On the Continent, it is customary for spinners to work waste silk with the gum in it, in which
state it is known as " Bchappe silk." English manufacturers, however, usually prefer fo clear the

gum from it by boiling. This is the first process to which it is submitted. After boiling, the mass
presents a rich lustrous appearance, but thoroughly entangled.

It is now ready for the " breaker," a machine allied in its function and structure to the " rag-

devil " of the shoddy manufacture (see Woollen Manufactures), which tears, breaks, and disentangles

the fibrous muss. The latter is by this means reduced to lengths from 12 in. downwards, by which
it is fitted for the process of combing.

The principle of combing is similar to that employed in the manipulation of long wool for the

production of worsted, with the modifications rendered necessary by the different nature of the

material. In combing silk-waste, the material 1s separated into several portions, each of a different

length of staple, and the combing-machine is consequently arranged to obtain this result. The
first draft yields a staple about 12 in. long, which can be spun into 100'8-140's single thread

;

this is called " first drafts." The next in length is called " second drafts," and is suitable for the

production of 70's-90's. There are several successive ones, named thirds, fourths, fifths, &c., which

are utilized in the production of coarser yarns. The short fibre remaining after the abstraction of

tlie preceding lengtlis of staple, and which is too short to comb, is called " silk-noil," and is rele-

gated to the silk carding-machine, which differs very little from those for cotton or wool. It is

subsequently treated in the same manner as those fibres, the product being finally known as

"carded spun silk," or "short spun silk," to distinguish it from combed silk-yam, which is called

" long-spun " or " patent silk." The perfection to which the combing process has been carried

leaves very little material available for cnnling purposes, and the yarn produced from the latter is

disappearing ; it is going out of favour also from another cause, namely, its lack of lustre as com-

pared with tliat produced from the combing process.

The different lengths of silk " top " produced from the raw material by the comb are further

drawn and combed to form a " sliver," a number of these being combined and drawn into one, to

eliminate irregularities and secure perfect uniformity. This process is repeated several times

according to requirement, and the quality of yarn it may be desired to obtain. The sliver is next

passed through a roving-frame, in which it is attenuated to the required degree, and wound upon

a bobbin for the supply of the next machine, the spinning-frame, constructed on the principle

of the cotton throstle-machine. The short-spun or carded silk is spun upon the mule (see Cotton

Manufactures, pp. 753-60).

Yarns spun from silk-waste are not so perfect as those obtained from other fibres. The combing

and carding processes are insufficient to thoroughly cleanae the material from impurities, lumps

and rough bits remaining on the thread to a large extent. A simple and ingenious process has

been invented, called " improving," by which the thread is very much cleared and improved in

appearance. When the bobbins have left the spinning-machine, they are taken to another machine,

and the thread is run from one bobbin to another, passing around several revolving spindles fixed

on the cleaning-bar, and arranged so that the travelling thread rubs against itself, the friction

clearing away the lumps and roughnesses not imbedded in the thread. The yarn is remarkably

improved by this operation. Wlien it is requu-ed of particular count, and has to be submitted to

this process, it must be spun considerably heavier, as the weight is much diminished by the friction

and loss resulting.

Still another process remains. Spun silk can never be made to equal thrown bilk in its lustre,

but it is greatly improved by the " gasing," in which operation the thread is run rapidly through a

jet of gas, which burns off the extremities of the fibres that project from the surface of the thread.

When these are cleared away, the light has direct access to, and is reflected from, the surfaces

of the long fibres laid parallel in the thread, by which its lustre is greatly increased.

For purposes in which the strength of silk only is required, both the above processes are omitted,

as, owing to the reduction of the weight consequent thereon, and the cost of labour, the price is

enhanced fully 2s. a lb. Where, however, a lustre approximating to that of net sUk is required, the

yarn is always submitted to both of them.

Spun silk is more lustrous than perhaps any vegetable or animal fibre with which it comes into

competition, with the exception of thrown silk, and being capable of yielding uniformly level and

round yarns, which cannot be obtained from thrown silk, it possesses advantages for some purposes

even over the latter. Owing to this quality, a good sightly fabric can be produced in the power-

loom, free from the " stripey " character often seen in thrown-silk goods, even when made in the

hand-loom, and which defect originates in the irregular thickness of thrown-silk threads. Combed
spun, or patent silk, has come into general use for sewing-machine purposes, having of late years
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quite superseded thrown silk in that sphere. It has also been adapted for use in the manu-

facture of many other - arlioles, amongst which may be mentioned cords, braids, fringes, tassels,

heavy laces, and numerous smallwares ; fabrics such as " out-ups " for tie and scarf purposes,

dress goods, handkerchiefs, mufflers, &o., and in these and other capacities fills a very useful place

amongst textile fabrics.

Weming.—The weaving branch of the silk manufacture as an art has been carried to the

liighest degree of perfection yet attained in any of the textile industries. Tlie fineness, strength,

lustre, and afiSnity for dyes, of the raw material, are qualities that cause it to lend itself with great

facility to the purposes of the designer, and the requirements of the weaver. The rich lustre of a

black cachemlre, contrasts finely with the dense black of a velvet fabric, and the latter again with

the sheen of a satin. Figured damasks, produced by the jacquard attachment, show another

phase of the excellent results attained in the manipulation of this premier textile fibre, whilst the

brilliant hues that can be obtained when the resources of tinctorial art are called in to aid,

demonstrate that practically when wealth is at command there is no limit to its use for decorative

purposes. To show what can be produced, portraits, pictures, landscapes, and artistic effects have

been wrought of such perfection and beauty as to vie with the products of the pencil or the

graver. These highest results are mainly the outcome of the handicraft form of the industry, as,

owing to facts previously explained, the material does not surrender itself easily to the require-

ments of automatic mechanism. With the development of invention and increasing skill, some of

the difBculties yet encountered will no doubt in the early future be obviated ; but even without

improvement in that respect, accomplished results are so excellent that only the relatively high

price of silk articles precludes a great extension of consumption. Growing wealth on the one

hand, and extended sericiculture on the other, will do much to remove this obstacle. By many
persons highly qualified to form correct opinions on the matter, this view of the future is regarded

as very likely to be realized.

Statistics.—The manufacture of silk in this country during the past twenty years has continuously

diminished. The causes which have led to this are not far to seek. The extraordinary develop-

ment of other industries greatly drained the labour supply formerly available, enhancing the value

of that which remained ; legislative enactments in the interests of the operatives further hampered

the trade when brought into competition with the unrestricted, unprotected, and cheap labour of the

Continental states ; and the final blow was the sudden abolition of the import duties on foreign silk

goods on the conclusion of the first treaty of commerce between France and this country. From
the check then received, the silk industry of this country has never recovered, and a steady

diminution of its extent and importance has since taken place.

The following table exhibits a summary of its condition in 1879 as shown by a Return to

Parliament. A comparison is also afforded with its state in 1874.
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SKINS (Fb., rcmx : Ger., mute).

Skina wlioso induatrinl value depends upon the attached hair or feathers, rather than upon Iho

oorium itself, have been described under Feathers (pp. 904-9) and Fur (pp. 1029-33); .there

remain for description in the present article those skins and hides (the latter term being com-

mereially applied to the skins of the larger mammals) which are valued for themselves. As the

structure and mnrphology of hide have been treated of at length in Leather (pp. 1213-40), the

present article will be concerned chiefly with the trade in skins, which possesses no small

importance. Many of the statistics relating to skins are collective, and not specific; these will be

grouped under the heads of the respective countries, after all accessible details have been given

upon each kind of skin.

Alligator.—In tlie S. United States, notably Florida, the supply of alligator-skins amounts to

many thousands annually, and the " farming " of the reptiles for their skins is even spoken of.

The principal market for them is Europe, but no statistics of the trade are published.

Armadillo.—The skins of this animal were exported from Brunei (Borneo) to Singapore to the

value of 121 dol. (of 4s. 2d) in 1879.

Ass.—Hankow exported 2402J piculs in (of 133^ lb.) of asses' skins in 1878, and 1068 piauls in

1879.

Buffalo.—Manilla (Philippines), in 1878, exported 379 tons of buffalo-skins, value 12,130/., and

274 tons of cuttings, 6579?. Hankow exported 1091 piculs in 1878, and 1238 in 1879. Brunei

(Borneo) sent 1362 dol. (of 4s. 2rf.) wortli to Singapore in 1879. The approximate London market

values of buffalo-skins are :—Biitavia, 4-7d. a lb. ; Bengal, 3-6d. ; other sorts, 2J-6Jrf.

Calf.—Hamburg exported to Great Britain of calf and other skins in 1876, 20,731 cwt. ; in

1877, 27,550; in 1878, 14,583; and in 1879, 19,287 cwt. The Hawaiian Islands sent 168 pieces to

Germany in 1879. Christiania sl)ipped 31,000 kroner (of Is. IJrf.) worth to Great Britain in 1878,

and 300 kr. in 1879. The exports from Archangel (including seal) in 1878 were 335 pieces to

Holland, and 23,108 to Germany, total value 2343(. Honolulu, in 1878, exported 651 pieces, being

500 to Germany, 135 to China, and 16 to the United States. Memel, iii 1879, sent landwise over

the Russian frontier for German markets, 34,400 pieces, value 5450/. The approximate London

market value of calf-skins is 15-34t/. a lb.

Deer.—San Jos^ (Costa Kica) exported 21,121 lb. in 1878. Kiungehow (China) exported

17,544 pieces, value 541/., in 1879. Ciudad Bulivar (Venezuela), in 1879, sent 77,3u5 pieces

(168,176i lb.) to New York, and 14,(;9ri pieces to Germany. Guatemala, in 187i», exported

2353 pieces to Germany, 693 to New York, and 100 to Belize. Panama shipped 765/. worth of

deer and other skins to the United States in 1879. Costa Rica exported 82,168 lb. in the year

ended Apiil 30, 1879. Puerto Cabello (Venezuela), in 1879, shipped 2466 kilo, (of 2-2 lb.) to Greiit

Britain, 11,619 to Germany, 6182 to the United States, and 1281 to Holland. The Commercial

Society of Mozambique sold 41 deer, 391 buck, 21G8 bleabok, and 3071 other antelope skins at

Rotterdam in June 1876. The approximate London market values of deer skins are: Blesbok,

Cape, 6-17rf. a lb. ; Deer, E. Indian, 22-50s. a duz.

Dugonrj and Manatee.—The skins of these animals, more important perhaps as oil-yielders (see

p. 1365), are smooth, bluish-black in colour, and nearly 1 in. thick. They are well adapted for

machine-belting. About 50 are shipped annually from Queensland.

Fish.—The skins of many true fish are strong, firm, and durable, and capable of wide industrial

application. Flat-fish give a skin suitable for gloves and fine upper leather. Sole-skins will

make purses. Thornbaok-sJjins may replace sandpaper for cabinet-making purposes. Eel-skins

will make strong braces. Siluroid skins are largely convoi'ted into gloves at Colborn, in Canada.

Torsk-skins have been made into shoes. Some Red Sea fish-skins ore utilized for sandal-making

in Egypt. Burbot-skins form durable bags used by some Tartar tribes. Salmon-skins make a

leather as tough as wash-leather, and about the thickness of dog-skin, the scale-marks giving a

neat pattern ; they are employed in clothing by some of the peoples of E. Asia. Tlie skins of

the sea-angel, thorny shark, tiger shark, and some skates are used for burnishing, and for covering

boxes. Eay-skius are converted into shagreen; France imported 18,000 lb. of them in 1863,

chiefly from Portugal. The blue dog-fish gives a skin which is widely used for polishing.

Goat and Kid.—Our imports of undressed goat-skins in 1880 were:—937,691, 113,051/., from

British S. Africa; 345,217, 41,155/., Bengal and Burma; 302,590, 23,827/., Turkey; 220,206,

22,861/., Madras ; 205,122,24,595/., Belgium; 77,151, 11,747/., France; 74,464, 9969/., Germany;

61,882, 5368/., Egypt; 31,895, 2989/., Bombay and Siud; 284,842, 36,418/., other countries; total,

2,541,060, 291,980/. And of undressed in the same year, from :—Madras, 5,829,608, 626,232/.;

Bumbay and Sind, 1,369,137, 123,633/.; Bengal and Burma, 796,214, 90,252/,; France, 356,153,

72,3.i5/.; Aden, 215,992, 20,424/.; Turkey, 113,039, 14,863/.; Holland, 107,588, 19,324/.; other

countries, 138,444, 18,699/. ; total, 8,926,175, 985,7G2/. The total number is 11,467,235, as against

8,051,112 in 1876. Our imports from British India rose from 55,929 undressed in 1876 to .597,318

in 1880; and of dressed, from 6,127,900 in 1877 to 7,994,959 in 1880. Ciudad Bolivar (Venezuela)
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sent 317 pieces (284 lb.) to New York in 1879. Tripoli exported 7000^. 'worth in 1879, and 3000?.

in 1880. In 1880, a number of raw goat-skins were sent from the Marche and Eomagna to

the United States, weighing about IJ kilo, (of 2 -2 lb.) each, and to be used chiefly for ladies'

shoes and pocket-books. Shanghai, in 1878, exported 164,285 pieces. Tangier, in 1879, sent

12 owt., 60Z., to Great Britain ; 3637 owt., 18,185?., to France and Algiers ; 10 cwi, 50?., to Spain ;

total, 14,636 doz., 18,295?. ; and 3046 owt., 13,707?., in 1880. The Hawaiian Islands, in 1879,

shipped 24,940 pieces to the United States (Pacific ports). In 1879, Christiania exported

65,700 kroner (of Is. IJd) worth of goat and sheep skins to Great Britain. The shipments of

goat and kid skins from the French E. Indies to Great Britain fell from 5500 in 1876, to 4894 in

1877, and 300 in 1879, with none since. Tlie shipments from the Cape to Great Britain were

794,637 in 1878, 657,509 in 1879, and 934,810 in 1880. Cadiz, in 1877, sent 404 kUo. (of 2'2 lb.)

of kid skins, value 84?., to Great Britain, and 3866 kilo., 805?., to France. Puerto Cabello

("Venezuela), in 1879, despatched 28,684 kilo, to Germany, 124,964 to the United States, 14,295 to

France, and 18,536 to Holland. Honolulu sent 64,525 pieces to the United States in 1878.

Samsoun (Turkey) exported 130,700 kilo., 6796?., to France in 1878. The Cape exports fell from

1,478,761 pieces in 1874, to 687,570 in 1879. Memel sent by sea 7 cwt., 73?., in 1879. Tientsin

(China) exported 38,107 ptmUs (of 133^ lb.) in 1879. Mogador (Morocco) forwarded 112,974 doz.,

59,243?., to Marseilles in 1878, and 8407 bales, 48,000?., in 1880; these skins are used for the

manufacture of morocco leather, for which they are peculiarly suitable, owing to their fineness of

grain, caused, it is said, by the rich diet, consisting of the fruits of the argan tree (see Oils,

pp. 1377-8). The approximate London market values of goat-skins are :—B. Indian, 4-15c?. a lb.

;

best tanned, 2s. 4d.-3s. Sd. ; inferior to good tanned, 9rf.-2s. 5c?. ; Cape, best, ll-18d ; Cape,

inferior to good, 8-14d.

Horse.—Shanghai exported 4581 pimls in 1878. Eio Grande do Sul exported 10,714 pieces

salted, and 601 dried, in 1879. The approximate London market values of horse-hides are:

—

English, 9-14(?. a lb. ; River Plate, 6-21s. a hide.

Kangaroo.—The skins of this animal are largely exported from Australia and Tasmania, forming

some of the most pliable leather known.

Lamb.—The exports from Asterabad (Persia) via Gez in 1879 were 788 bales Bokharan,

60,613?. Calamata and Messenia (Greece) produced in 1880, 137,500 lb., 2680?. Dedeagatch

(Turkey), in 1878, exported 500 bales of lamb and kid skins, value 4000?. The exports from

Ancona (Italy), including kid and rabbit, in 1878, were 609,826 kilo, (of 2-2 lb.) to Italy, 41,480 to

Austria, 2714 to Germany, 2055 to Greece, 19,486 to England, 3180 to Turkey ; total, 679 tons,

50,321?. Tientsin (China), in 1879, shipped 35,008 piculs (of 133^ lb.).

Llama.—The skin of the llama is growing in importance in Parisian shoemaking. It weighs

on an average 6 lb., and contains 18 sq. ft. of leather, costing about 1?. The source of supply is the

Peruvian Andes.

Ox and Com.—Coquimbo (Chili) exported 4709 ox-hides in 1879. Santos (Brazil) in the year

ending Sep. 30, 1879, exported 316,940 kilo, salted, valued 5800?., and 1282 dried, 25?. The ship-

ments from Christiania to Great Britain fell from 47,500 kranef(oi Is. 1 J(f.) worth in 1877, to 3500 kr,

in 1879. San Jos^ (Costa Eica) despatched 449,870 lb. in 1878. The exports from the Cape,

including cow, fell from 150,875 pieces in 1878, to 104,281 in 1879. Kio Grande do Sul, in 1879,

shipped 455,315 pieces salted, and 499,960 dried. Of cow-hides, Hankow exported 35,265 j9io«?s

(of 133i lb.) in 1878, and 21,063 in 1879. The Kiungchow exports (including buffalo) in 1879
were 490 ^!cm?s, 818?. From Shanghai (including buffalo) went 26,070 piauls in 1879. Chinkiang
fell from 7262 pimls in 1877, to 3974 in 1878, and none in 1879. Memel, in 1879, sent away by
sea, 75 cwt., 136?. ; and over the Russian frontier for German markets, 3000 pieces, 3000?. The
approximate London market values of ox and cow hides are :—Buenos Ayres and Monte Video 1st

dry, 9-lOJd a lb. ; 2nd dry, 7-8J(i. ; best light, 8-9^^. ; salted, 5J-7fA ; Brazil, dry, 7-10J(?. ; dry-

salted, 4J-9d. ; W. India, salted, 3J-7A ; United States, salted, 3J-6J(i. ; E. India, best, 4-13d ;

2nd, lf-ll|c?. ; 3rd and 4th, 1\-Qcl.; Australian, salted, 2j-6c?. ; Cape, wet salted, 2J-7Jc?. ;

Continental, salted, 3|-5A ; English, 2|-7£?.

Seal.—Our imports of seal-skins in 1880 were from:—British N. America, 287,449, 82,781?.;

United States, 162,189,-425,705?.; N. whale fisheries, 54,381, 11,656?.; Norway, 54,005, 12,204?.;

Uruguay, 10,900, 30,180?. ; other countries, 84,352, 60,762?. ; total, 653,276, 623,278?. In 1879, the

total was 964,208 skins. The exports from Christiania in 1879 were 74,090 pieces; to Great
Britain, the value was 254,400 kroner (of ISJA) in 1878, ai^d 172,900 kr. in 1879. Our total imports

from Norway rose from 29,912 pieces in 1877, to 63,640 in 1878, and receded to 54,005 in 1880.

From the Cape, they were 11,065 in 1877, 15,128 in 1879, and 7731 in 1880. And from
Newfoundland, 413,057 in 1879, and 253,656 in 1880. The approximate London market values
of seal-skins (not fur seals) are Is. 9(/.-10s. 6rf. each for Newfoundland, and 2-lls. for Green-
land.

Sheep.— Our imports of undressed sheep-skins in 1880 were from :—British S. Africa 1,850 731

.
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241,915/.; ArgontinoBepublic, 1,245,703, 217,592/.; France, 909,828, 136,217/. ; Angtralift, 816,231,

121.430/.; Germany, 40ri,101, 51,914/.; Belgium, 336,388, 40,201/.; Turkey, 246,643, 20,821/.;

Uruguay, 131,543, 18,102/.; other countries, 844,007, 92,731/.; total, 6,786,865, 943,923/. Dressed,

in the »anie year, from :—Madras, 2,151,533, 192,480/.; Australia, 1,626.355, 81,623'.; Bombay and

Sind, 600,347, 46,089/.; France, 560,103, 68,316/.; Bengal and Burma, 160,094, 26,851/.; other

c/iuntries, 446,116, 55,555/.; total, 5,-544,548, 470,914/. Bosnia Serai, in ls79, exported about

10 tuns. Shanghai, in 1878, 50,285 pieces (including lamb). Coquimbo (Chili), in 1879, 45 tnns

(indudinK goat). Bagdad, in 1878, 86,351 pieces, 4071/., to India and Europe (including lamb).

Fftlklund Islands, 1940/. worth in 1879. Cape, 1,480,87.') piecfs in 1879. Hankow, 7606 pieces,

9270/., in 1H79. Tientsin, 206,777 piads (of 133^ lb.) in 1878, 8737 in 1S7I>. MoUendo (Peru)

79 quintah (of 2 cwt) in 1878. Mogadon in 1880, 15 bales, 80/., to Great Britain; 34.i, 1700/., to

France; 2, 3/., to Spain. Our imports from the French E. Indies have fallen from 5600 pieces iu

1876, to 3762 in 1877, 410 in 1879, and none since; from Italy, from 339,973 in 1S70, to 39,751 in

1880; from European Turkey, from 230,922 in 1876, to 63,236 in 1880; from Asiatic Turkey, they

have risen from 93,905 in 1876, to 185,543 in 1S80; from Brazil, 41,604 in 1876, 2623 in 1S77, 5730

in 1 880, and none in the intermediate years ; from the Argentine Republic, 3,530,589 in 1876, S;i8,155

in 1879, 1,248,553 in 1880; from the Cape, 1,496,039 in 1877, 1,819,772 in ISSit: from India,

3,927,934 in 1876, 2,911,974 in 1880 ; from Victoria, 1,607,330 in 1876, 1,158,686 in 1880 ; from New
S. Wales, 83,167 in 1878, 36,995 in 1880; New Zealand, 168,984 in 1878, 334,792 in 1880. The
approximate London market values of sheep-skins are:—Cape, 10-34s. a doz. ; fine wool, 28-59s.

;

superior, 40-82s. ; Mogador, 14-27s. ; Buenos Ayres, 4-13c/. a lb.; Australian, 4-16J. ; tanned

E. Indian, best, 2-4s. ; ordinary to good, ls.-2s. 9d.

Walrus.—Our imports of walrus skins from Christiania in 1879 were valued at 7900 kroner

(oflSJd).

Commerce in Hides (unenumeratcl, 6u/ chiefly Ox and Cow).—Our imports of undressed dry hides in

1880 were from:—Bengal and Burma, 411,874 cwt., 1,473,720/.; Straits, 48,175 cwf., 110,114/.;

Bombay and Sind, 47,546 cwt., 130,094/. ; British S. Africa, 34,133 cwt., 128,182/. ; Holland, 21 ,447

cwt., 66,692/.; Brazil, 13,500 cwt., 48,233/.; Germany, 11,764 cwt., 55,860/.; Belgium, 7C.;17 cwt.,

24,532/.; Eussia, 5938 cwt., 40,977/. ; Argentine Republic, 4355 cwt., 14,851/.; France, 3371 cwt.;

11,452/.; Madras, 2601 cwt., 7512/.; other countries, 47,071 cwt., 159,236/.; total, 659,472 cwt.,

2,271,45.5/.

Undressed wet hides, from :—Uruguay, 104,495 cwt., 338,830/.; Brazil, 101,637 cwt., 301,892/.;

Australia, 101,371 cwt., 222,903/.; Belgium, 60,426 cwt., 177,356/.; France, 53,934 cwt., 143,667/.;

Germany, 32,619 cwt., 77,220/.; Holland, 32,121 cwt., 82,887/.; Argentine Republic, 30,550 cwt.,

83,601/.; British S. Africa, 19,217 cwt., 51,547/.; Portugal, 10,502 cwt., 33,229/.; New Granada,

5240 cwt., 19,475/. ; Sweden, 4897 cwt., 14,162/. ; Denmark, 3657 cwt., 10,032/. ; other countries,

21,650 cwt., 51,326/.; total, 582,316 cwt., 1,608,127/.

Tanned hides, from :—United States, 19,923,807 lb., 984,075/. ; Australia, 7,595,257 lb., 318,727/.

;

Madras, 4,995,439 lb., 229,799/.; Straits, 2,778,159 lb., 100,195/. ; British N. America, 838,366 lb.,

38,835/.; Bombay and Sind, 738,471 lb., 38,258/. ; Bengal and Burma, 444,2201b., 21,024/. ; France,

437,415 lb., 39,393/.; Holland, 418,873 lb., 36,811/.; Belgium, 337,579 lb., 24,526/.; China,

239,819 lb., 11,681/. ; other countries, 311,024 lb., 16,758/.; total, 39,058,429 lb., 1,860,082/,

Tanned and curried hides, from :—France, 3,850,457 lb., 513,164/. ; United States, 2,321,385 lb.,

165,877/.; Germany, 1,181,845 lb., 306,133/.; Holland, 329,166 lb., 58,897/.; other countries,

256,123 lb., 29,412/. ; total, 7,938,976 lb., 1,073,483/.

Varnished, japanned, or enamelled hides, from :—United States, 297,841 lb., 44,631/.; Holland,

148,695 lb., 40,898/.; Germany, 55,958 lb., 12,623/.; other countries, 153,543 1b., 23,306/.; total,

656,037 lb., 121,458/.

Our exports of hides in 1880 were :—Dry : 179,917 cwt., 630,955/., to Germany ; 59,636 cwt.,

224,851/., Holland; 4 4,000 cwt., 160,960/., United States; 17,091 cwt, 56,505/., Russia; 16,898cwt.,

63,307/, Italy; 6000 cwt., 23,218/., Belgium; 5433 cwt., 20,250/., Sweden; 13,854 cwt., 52,038/.,

other countries; total, 342,829 cwt., 1,232,084/. Raw: 44.673 cwt., 91,383/., United States;

36,772 cwt., 58,282/,, Germany ; 10,943 cwt,, 18,113/., Holland; 3I29cwt., 7031/., Canada ; 3017 cwt.,

5448/., Belgium; 2262 cwt., 4454/., France; 4465 cwt., 9725/., other countries; total, 105,261 cwt.,

194,436/.

Our imports of hides from the undermentioned countries have fluctuated as shown :^

Abyssinin.—Undressed, 7289 cwt. in 1876, 327 in 1878, 2159 in 1879, and 324 in 1880.

Aden.—Undressed, 8190 cwt. in 1876, 113 in 1879, 8294 in 1880.

Algiers.—Raw, 2,051,701 kilo, (of 22 lb.) in 1879.

Argentine Republic—Undressed, 94,479 cwt. in 1877, 32,961 in 1879, 34,905 in 1880.

Austro-Hungary.—Vienna, 24,672 metrical centners in 1S7S, 48,950 in 1879; Fiume, raw,

1400 kao. in 1879.

Bahamas.- 167/. worth in 1879.
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Barbados.—363?. worth in 1877, 913/. in 1878.

Belgium.- Undressed, 51,069 cwt; in 1877, 82,021 in 1878, 68,123 in 1880. Dressed, 176,635 lb.

in 1878, 418,906 in 1880.

BrazU.—Undressed, 137,351 cwt. in 1878, 115,137 in 1880. Pernambuoo in 1878-9 exported,

dried, 31,717 kilo, to Great Britain, 28,077 France, 25,606 Portugal, total value 3002Z.
;

salted,

383,691 kilo. Great Britain, 937,976 United States, 585,868 France, 40,770 Spain, 463,269 Portugal,

total value 75,523?. ; in 1880, 61 tons, 2267?. Maceio exported in 1877, 4728 pieces (average 28 lb.

each) to Great Britain, 1440 New York and Lisbon; in 1879, 36,775; in 1880, 11,405. Babia

exported 1,432,864 ktto. in 1877-8, and 1,773,965 in 1878-9, principally to tbe United States and

Germany. Santos exported 397,000 kilo, in 1879. Ceara exported in 1878, 372,808 kUo. to England,

31,966 Havre, 775,863 Hamburg, 7800 New York.

British India.—Undressed, 281,198 cwt. in 1876, 463,764 in 1880; dressed, 14,835,979 lb. in

1878, 6,178,370 in 1880.

Bulgaiia.—Eustchuk, in 1879, exported 254,196 kilo. (250 tons) to Austria.

Canada.—Dressed, 939,759 lb. in 1876, 372,359 in 1879, 1,066,043 in 1880.

Cape.—Undressed, 15,370 cwt. in 1876, 44,503 in 1878, 29,442 in 1880.

Central America,—Undressed, 72 cwt. in 1876, 1113 in 1878, 356 in 1880.

Chili.—Undressed, 318 cwt. in 1876, 17,042 in 1879,-1566 in 1880 ; dressed, 33,026 lb. in 1876,

3929 in 1877, 199,965 in 1878, 224 in 1879, 2930 in 1880.

China.—Undressed, 5671 cwt. in 1876, 60,871 in 1878, 2705 in 1880. Hankow exported in 1879,

7797 pieces, 1656?. ; Kiungchow, 490 p!cu?s (of 133i lb.), 818?. ; Newehwang, 17,665 pieces ; Tientsin,

4354 piculs ; Canton, in 1878, 653 pieces of skins, 873j pimls of hides.

Costa Bioa.—San Jose' exported 308,794 lb. in 1879.

Denmark.—Undressed, 20,806 cwt. in 1877, 5632 in 1880; Copenhagen exported 1,166,172 lb.

to Great Britain in 1878.

Ecuador.-Undressed, 680 cwt. in 1876, 18 in 1877, 115 in 1879, 89 in 1880. Guayaquil exported

in 1878, 5711 quintals raw, 17,133?., to the United States, and 12,504 halves tanned, 8752?., to

S. America; and in 1880, 8859 quintals raw, 22,148?., and 4861 tanned, 2916?. Manabi, in 1878,

exported 1321 quintals, 3963?.

Egypt.—Undressed, 1250 cwt. in 1877, 718 in 1878, 1286 in 1880. In 1879, the values

were 620?. to Austria, 380?. France, 1950?. Great Britain, 45,500?. Greece, 280?. Italy, 62,500?.

Turkey.

Falklauds.—Undressed, 4315 cwt. in 1878, 2679 in 1880. The value of the exports was 5020?.

in 1879.

Prance.—Undressed, 26,866 cwt. in 1876, 57,305 in 1880; dressed, 2,727,190 lb. in 1876,

4,338,485 in 1880. Calais in 1878 sent 2188 kilo, prepared to Great Britain, and 76,811 kilo, in 1879.

Prench E. Indies.—Dressed, 24,600 lb. in 1876, 12,713 in 1877, none since.

Gambia.—Exported 15,380 pieces in 1878.

Germany.—Undressed, 45,002 cwt. in 1876, 21,143 in 1878, 44,383 in 1880 ; dressed, 1,269,143 lb.

in 1876, 954,578 in 1878, 1,318,659 in 1880. Hamburg sent to Great Britain, 33,458 cwt. dry and

salted in 1877, 13,972 in 1879. KSnigsberg exported 1535 cwt. raw in 1878, 424 in 1879.

Greece.—Dressed : Syra in 1877 sent 60,247?. worth to Turkey, 23,259?. to the Danubian Princi-

palities, 2748/. to Austria; in 1879, 492?. Turkey, 251?. Austria, 200?. Russia.

Guatemala.—Exports in 1877, 62,343 dol. worth ; in 1878, S44J quintals to England, 1293 France,

2176 Germany, 822 New York, 149 California; 1879, 412,605 Germany, 12,360 New York.

Hawaiian Islands.—Exports 1880, 24,885 pieces.

Holland.—Undressed, 55,705 cwt. in 1876, 53,568 ia 1880 ; dressed, 941,372 lb. in 1876, 896,734

in 1880.

Java.—Exports 1878-9, 357,353 pieces and 1240pic«?s to Holland, 7212 pieces to the Channel

for orders, 1200 pieces to France, 7369 pieces to Italy, 5695 pieces and 872 piouls to Singapore.

Madagascar.—Undressed, 252 cwt. in 1877, 3088 in 1879, none since.

Mauritius.—Undressed, 5341 cwt. in 1876, 2945 in 1880.

Morocco.—Undressed, in 1877, 5445 ewt. in 1878, 1014 in 1880. Tangiers exported in 1879,

2727 cwt., 6000?., to Great Britain; 1818 cwt., 4365?., France; 21 cwt., 42?., Spain. Mogador, in

1880, sent 44 bales, 150?., to Great Britain ; 667, 2250?., France ; 243, 770?., Portugal.

Natal.—Undressed, 32,555 cwt. in 1876, 17,496 in 1878, 23,908 in 1880.

New Granada.—Undressed, 12,217 cwt. in 1878, 574 in 1879, 6059 in 1880.

New S. Wales.—Undressed, 9386 cwt. in 1878, 79,972 in 1880; dressed, 2,257,041 lb. in 1877,

1,694,015 in 1880.

New Zealand.—Undressed, 39 cwt. in 1878, 6335 in 1880; dressed, 140,448 lb. in lfi78, 446,102

in 1880.

Persia.—Bushire exported in 1879, 4000 rupees' worth to England, 5000 r. India; Lingah,

2800 i: India, 1950 r. Persian coast ; Bahrein, 6000 r. Koweit, Bussora, and Bagdad.
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Peru.—llndriissed, 2859 cwt. in I87G, 622 in 1878, 1235 in 1880. Mollendo exportetl 538 quintala

in 1878, and 1307 q. dry in 1879.

Philippines.—Undressed, 1024 cwt. in 1876, 102 in 1880. Manilla, in 1879, exported 7976picu/»,

12,7iJl/., to Cljinii and Jnpan.

Portu;;rtI.—Undressed, 17,456 cwt. in 1877, 10,983 in 1880.

Quwnsland.—Undressed, 1315 cwt. in 1879, 5019 in 1«80.

Eoumania.—Galatz exported 341 bales in 1879.

Eusaia,—Undressed, 482 cwt. in 1876, 6020 in 1880; dressed, 88,225 lb. in 1876, 46,694 in 1880.

Riga shipped 14,8:^9 poods (of 36 lb.) in 1877, 11,311 in 1879. Poti, in 1877-8, sent away 56Si i>oa!s,

and 2149 from Persia.

Saigon.—Exports in 1879, 10,582 /jicu^s.

San Domingo.—Exports in 1878, 680 pieces to Great Britain, 490 France, 3100 Italy, 3380 Spain,

460 United States, 560 W. Indies ; in 1880, 1340 Italy, 2541 Spain, 7142 United SUvtes, 97 W. Indius.

S. Australia.—Dressed, 38,108 lb. in 1878, 303,143 in 1880.

Spanish W. Indies.-Puerto. Kioo exported in 1878, 167 quintals United States, 5673 Spain,

637 Germany.

Straits Settleraonts.—Undressed, 28,444 cwt. in 1876, 48,213 in 1880; dressed, 603,389 lb. in

1876, 2,778,159 in 1880.

Surinam.—Exports in 1878, 9221 kih.

Sweden and Norway.—Christiania exported 95,200 k-oner worth in 1875, 4200 h: in 1878.

Gothenburg exported 10,960 cwt. in 1879,

Tasmania.—Dressed, 65,803 lb. in 1878, 38,141 in 1880.

Tripoli.—Bengazi, in 1878, sent 50,000 pieces, 4000/., to Malta. The value of the exports was

2il00/. in 1879, and 4500/. in 1880.

Turkey.-Aleppo exported in 1878, 181 tons, 10,824/., to France; 5, 320/., Italy; 11, 7U4/.,

Austria; 52, 332,S/., Turkey; 12, 768/., K^ypt. Thcssaly exported 15,000/. worth in ISSO. Siimos

nent 19,300/. worth tanned to Turkey and E;,'ypt in 1S79. Van exported 1500'. worth in lS7i'.

Kerasund shipped by steamer in 1879, 557 bales, 3899/. Trebizond in 1S7'.) sent 940 balis (of 12

and 60 pieces), 0580/., to Turkey; 1507, 10,969/., France; 501, 35(17/., Russia; 80, 560/., Green.
Dedeagatoh, in 1879, exported 1300 bales, 40,000/. Akxaiidretta, in 1879, sunt 280 tons, 10,800/.,

to Franco; 3, 180/., Austria; 10, 600/., Russia; 96, 6720/., Turkey; 'I'J, 2030/., Egypt. Adana, in

1879, sent 250 ton.s, 7500/., to France; 140, 4'JllO/, Turkey; 27, 810/., Grucco. Jaffa exported

18,000 okes (^9,500 lb.), 660/., for Turkey in 1879.

United States.—Undressed, 115,767 cwt. in 1876, 7888 in 1879; 14,358 in 1S80; dressed,

16.716,711 lb. in lt<79, 22,543,033 in 1880. Savannah exported 87iS bundles in ISSO. Galveston

ixpurlcd in 1879-80, 9878 bales and 7510 single, dry; and 0905 bumllts wet-saUfd. Trxas State

in 1878-9 exported 28,104,065 lb., 562,081/.

Uruguay.—Undressed, 116,738 cwt. in 1876, 65,846 in 1879, 104,691 in 1880.

Venezuela.—Puerto CaboUo exported in 1879, 10,126 iilo. to Gruat Britain, 88,717 Germany,

75,794 United States, 5756 Prance, 696 Holland, 1023 Spain. Ciudad Bolivar sent 35,502 pieces,

762,234 lb., to New York in 1879.

Victoria.—Undressed, in 1878, 2710 in 1879, 8705 in 1880; dressed, 3,506,5(;2 lb. in 1870,

5,096,696 in 1880. The values of the exports in 1878 were 9417/. hides, and 19,706/. skius and pelts.

(See Feathers, Fur, Hair, Leather.)

SMALLWARES (Fb., Tissues ; Geb., Kkin-, Sptel-, or Kiirnbergcr ic.iaren).

Mechanical inventions during the past century have revolutionized the aspect of society in

nearly every one of its phases. Amongst the most important class of changes that has resulled, is

the subdivision and rearrangement of labour for the produutiun of artitdus of merchandize. The
facilities which the manufacturer has acquired for infinitely varying liis productions and increasing

the quantity, has done much to necessitate a reorganization of the means of distribution. Tlie

consequence is that teims formerly distinctive of certain occupations are falling into disuse, or

changing their signification. lUustiations of this fact may be found in connection with tlie trades

dealing in materials for apparel. A "draper" formerly meant specifically a dealer in woollen

cloth ; subsequently it became generic, and an adjective was required, such as linen or woi.llen, to

clearly define its meaning. More recently it has quite lost its original signification, the person

whom it formerly indicated having become a " clothier." " Haberdasliery " was the term in use

some time back for the branch of trade dealing more particularly with fabrics destined for feminine

wear, and the numerous small etceteras pertaining thereto. This term has been almost abandoned
in favour of "draper," the one cast aside by the modern " clothier." In place of the haberdasher,

there has sprung up another distinctive business character, the " smallware dealer," who has taken

a portion of the haberdasher's specialities, and combined therewith many other articles having a

general likeness, or similar origin. Out of this amalgamation of old and new, the modern small-
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ware business hag sprung. Under the term "smallwares" are comprehended a great variety of

articles, comparatively insignificant in themselves, but important as accessories necessary to complete

and perfect the use of other things.

Only a rough classification of smallwares can be attempted, as whatever principles be adopted,

those of one division will frecjuently be found in another with only slight specific variations.

Smallwares, as ordinarily understood, are mainly allied to textiles, in the materials of which they

are composed, the manner of their fabrication, and their ultimate uses. They may be divided into

three great classes : (1) for purposes of attire, (2) for upholstery uses, and (3) in which may be

grouped the numerous articles ordinarily denominated fancy goods.

The first named division is probably the most extensive. In this, " braids " form a considerable

class of themselves, ae they are produced in all materials, gold, silver, silk, wool, worsted, alpaca,

moliair, and cotton. Most of these are made in various widths (J-2 in.), and in numerous shades of

every colour, according to the requirements of popular taste. Manchester, Derby, Leicester, and

Nottingham are the chief centres of manufacture in England, whilst great quantities are produced

also in France and Germany. The texture of plain braids is usually alike on both sides. The
best qualities are generally made up in J-gross cards or knots, four of which are put in a box ; the

commoner are made up in J-gross pieces, four pieces in a package. These lengths ought to be full,

but too often they range from Jj to y'^ short of the nominal length. The blame for this is frequently,

and nearly always unjustly, placed upon the manufacturer, who, however, could rarely, without

incurring detection, deliver short-length goods to his contracts. The custom is to quote for proper

or full lengths, when the buyer gives instructions for them to be made -Jj, ^, or ^ less, a corre-

sponding deduction being made from the full-length quotation prices. This is one of the vicious

results of excessive and unscrupulous competition, and is a custom against which the retailer should

be carefully on his guard, as it is on him that the loss falls when undetected. " Bindings " are a

kindred article to braids, but usually of a rather different texture ; the two sides are not alike, the

front having a diagonal or " herring-bone " twill, whilst the back is plain. " Ferreting " is an old

name for a silk flannel-binding of the latter texture. These are not in such extensive use at present

as formerly. " Cords " are composed of the same materials as braids, and, as their name indicates,

are round instead of flat. They are generally black, though sometimes made in colours ; and may be

had either with or without cores. They are made up in a similar manner to braids, in gross packages.

In connection with these may be mentioned elastic cords and braids, which, instead of having an
inelastic fibrous core, have substituted therefor fine strips of indiarubber, around which the cover-

ing is plaited as in those containing a core. These strips vary in number and thickness as may
be required, from a single one in cords to whatever number may be demanded by the width of

braids. They are mostly black, but small quantities are also produced in colours. They are

generally carded in lengths varying from f to a full gross, or even more, according to width and
thickness. Leicester, Derby, and Manchester are the places of manufacture. The remarks con-

cerning lengths made in connection with braids apply also in this case. Sometimes, for trimming
purposes, braids are made in variegated colours, and in wave and vandyked or other fancy forms

;

but these changes are not frequent, and do not prevail long at a time.

" Trimmings " constitute a large proportion of the smallwares of dress, and include " gymps,"
" fringes," " ornaments," " tassels," and fancy buttons, covered and plain. The first are usually

made from the cords already referred to. These are wrought up into numerous tasteful forms, and
sometimes ornamented with beads. The widths vary from very narrow to several inches wide.
They are made up on cards of various lengths. " Ornaments " are a kindred trimming, consisting

of single objects or sets ; they vary greatly in price, according to the quantity of work in them and
the value of material. They are made by the same manufacturers as gymps. In England, these

are chieily found in London, Coventry, and Nottingham, but gi-eat quantities ai-e imported from
France and Germany, when fashion is in their favour. " Fringes " are of various materials, widths
forms, and colours, plain, knotted, and otherwise ornamented. These are usually carded like gymps,
in varying lengths. Coventry, Leicester, Nottingham, Derby, Macclesfield, and other places in this

country produce them when in demand, along with several districts on the Continent. " Trimming-
buttons," when covered with silk or other materials, are generally made by the manufacturers of
gymps and ornaments. Plain, that is uncovered, buttons, in ivory, bone, glass, metal, vegetable

ivory, or composition, are put up on cards and boxed ; Birmingham is a great seat of manufacture
and has numerous competitors in several centres in France and Germany (see Buttons, pp. 557-571).

Yarns in silk, wool, worsted, merino, and cotton, form a considerable division of smallwares.

They include knitting, mending, netting, crochet, and a large number of fancy yams. The first-

named material, being costly, is not in extensive use compared with the others. Wool yarns are
produced in great variety, from common coarse knittings to fine Saxony and Berlin wools of a very
superior quality, which are fabricated into articles of comparative luxury. An almost endless variety

of colours, shades, mixtures, and variegated yarns are produced to meet public demand. Worsted
save for knitting purposes, is not in much request. " Mendings " are adjuncts of the hosiery trade
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i\nJ tlifir characttr depends npon what U ia vogue for the fabrication of the medium and lower

claaacs of hosiery. As a rule, there is always a considerable production in worsted, wool, and merino,

and occosionally in cotton yams, for the smallware section of the trade. Leicester, Wakefield,

Halifax, Bradford, and other places of less note in the different woollen manufacturing districts, are

the chief centres of production. A fair quantity is also imported from the (Jontinent, chiefly from

Germany ; but this is likely to diminish, owing to the superiority of the homo productions, from the

improved methods of dyeing and finishing that have of late been adopted.

" Sewings " are chiefly composed of silk, including " patent silk," cotton, and linen threads.

These embrace every variety of colour, and count or degree of fineness, to suit the mvdtifarious pur-

poses in which they are consumed. Silk thread was formerly more extensively used, relatively

considered, than at present. It was then composed of net silk, and was mostly sold in small bkeins

by weight, colours commanding a higher price than blacks and whites. Derby, I>eek, Congleton,

Macclesfield, and Coventry, had almost a monopoly of its production at that time. During the past

15 years, however, it has to a great extent been superseded in public favour by the greater cheapness

and excellence of "patent silk" sewings, produced from silk waste (see p. 1755). The

article obtained from the latter is more uniform in thickness, and better adapted for use in the

sewing-machine now so extensively employed. Bradford, Leicester, and Derby, are the chief places

of production, though several isolated mills are to be found in other parts of the country. The

production of sewing-cottons has become a large and very important branch of trafie, and the high

degree of excellence to which it has been carried in this country has secured for our manufacturers

a practical monopoly of the trade. The yams from which these threads arc made are chiefly spun

in Bolton and Manchester, from the best classes of cotton, and which are nearly always combed, not

carded, thereby securing an equality in the length of fibre, which yields a thoroughly level and

uniformly strong yarn, highly essential for the production of good sewing-cottons. The machinery

from which they are produced is mainly that of the series used in the manufacture of twines (see

Rope, pp. 1595-1610), modified in size; the operations are nearly identical, consisting in doubling,

twisting, cabling, gasing, and polishing. The last process of filling the reels is effected in a very

ingenious machine, which automatically performs all operations necessary for supplying, filling,

measuring, and discharging the reels ready for packing. Various qualities are produced, depending

chiefly upon the class of cotton from which the single yarn is made ; they are generally three-, six-

er nine-fold, the lowest fuld being the commonest quality, and rising in proportion. The numbers

run from 4*8 to 200's, which latter is almost as fine as human hair. The lengths upon the reels

vary from 200 to 1000 yd., or even more; as a rule, medium lengths are found the most useful, the

small reels requiring to be replaced too often when used in the sewing-machine, the large ones

being too heavy for the proper tension necessary fur good work. The reels are made up in packages

of one dozen each, and sold by the gross. The chief centres of production are Paisley, TMiinohester,

Bolton, Leicester, and a few other places. In the first-named district there are some very large

firms, who have also branch establishments in the United States. The produce of the English

establishments is exported to all parts of the world, in spite of, in some cases, almost prohibitory

tariffs. Linen threads are now but little used in the production or manufacture of articles of clothing,

but retain their place for upholstery, oordwainers', and saddlery uses, where great strength ia

required. Formerly this thread was made up for consumption in small skeins, and sold by weight

;

but it is now chiefly put on reels, each reel containing a given weight of thread by which it is sold,

the length varying with the count or degree of fineness. Belfast and district produces the greatest

portion of linen thread, though some is manufactured in Glasgow, in several towns in Yorkshire,

and in a few other places.

As adjuncts to the articles above described, and always found in connection with them, must be

mentioned needles for plain and machine sewing ; thimbles, pins, hooks, shuttles, &c., for knitting,

netting, crochet, tatting, and other fancy-work purposes ; hair-pins, combs of every variety, metallic

ornaments, and an endless catalogue of trifles, changing their appearance, but not their use, every

season. These articles are produced in metal, ivory, bone, and wood, and in a variety of fancy

forms. Bedditch maintains its pre-eminence as the centre of production for needles of all descrip-

tions, whilst Birmingham manufactures nearly all the rest of the articles named.

Another class of goods that, though kindred, properly speaking form a distinct branch, but are

often found in connection with the preceding, are upholsterer's smallwares, which include fringes in

silk, worsted, and cotton, for cornices, hangings, and curtains ; plain, knotted, balled, and otherwise

ornamented. These are made in various widths, according to intended use or requirement. Curtain-

borderings, gymps, cords, bell-ropes, bands, loops, laces, bindings, chair- and ladder-webs, blind-

lines and tassels, ottoman- and pillsw-tassels, chair-gymps, plain and waved : these are made in

silk, worsted, cotton, and jute. Appertaining to them are ornamental buttons, plain, covered, and
gilt, fancy-gilt nails, rings, hooks, pins, &o. The trimmings are chiefly made in London, Man-
chester, Leicester, and Coventry ; and the metalUo articles in Birmingham.

The fancy department of a smallware establishment is made to include a Isirjce assortment of
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articles in many respects quite incongruous, but which are usually thus grouped because of their

small imporlance and limited demand not wananting any other arrangement. These include per-

fumes (see pp. 1523-32), fancy soaps (see Soap), pomades, hair-, tooth-, and nail-bi-ushes, and other

toilet requisites. Small bags, satchels, glove-boxes, handkerchief-cases, purses, jewel-cases, trinket-

boxes, jet and vulcanite ware, and the innumerable small things denominated articles de Paris,

coming from that city and other Continental centres of production of fancy wares. To these have

latteily been added kindred classes of articles oomingfrom Eastern countries, India, China, and Japan.

It will be obvious that the foregoing is only an inadequate representation of the numberless

trifling adjuncts to our necessaries or luxuries, which the growing wealth and refinement of the age

have called, and are still calling into existence, and which, for want of more slear and definite means
of classification, are being grouped under or attached to a division of trade that lias hitherto been

clearly defined and widely known as the " smallware trade." To make a complete enumeration of

the additions that have occurred would require a volume. The principle of change of which these

articles are the outcome is still active, and its operations in the future will continuously lead up to

new developments in the products of industry, new groupings of the objects of merchandize, and

new methods of conducting business. K. M.

SOAP, RAILWAY.GKEASE, AND GLYCERINE.
Soap (Fk., Savon ; Gee., fe/e).—Although soap has been made and used for many centuries

(it is mentioned by Pliny, and tlie remains of a soap-factory, with lime, &c, remaining in it, are

still shown in Pompeii), the principles which should guide its manufacture have only been

discovered in quite recent times. A proper comprehension of these principles is indispensable to

every one who would become a successful manufacturer, because soap-making is essentially a
chemical operation ; but as they can only be dealt with very briefly here, the reader unacquainted

with them is recommended to consult any modern elementary work on chemistry.

Altliough, in ordinary parlance, the term " soap " denotes simply that combination of fatty

matter with alkali which, by its detergent properties, aids in tlie removal of grease and dirt in

washing (in which sense alone will it be used in this article), it is highly important to remember
that " soaps " as a class are, strictly speaking, " salts," using that term in the chemical sense.

Every salt contains an acid and a base, having opposite properties, and producing by their union

a third substance differing from either. Thus Glauber's salts, sulphate of soda, or sodium sulphate

(all are synonymous terms), is a compound of sulphuric acid and soda, or

Salt = acid + base.

Sulphate of soda = sulphuric acid -1- soda.

All the neutral fats of commerce which are used in soap-making, such as tallow, palm-oil, coco-

nut-oil, cotton-seed-oil, and greases of various kinds, are also, from a chemical point of view,

" salts" of which the "base" is (not soda but) glycerine, and the "acid" (not sulphuric but) a

mixture of various " fatty acids," which by proper means, may, if desired, be separated from each

otljer, and prepared in a state of greater or less purity. Hence,

—

Salt = acid + base.

Neutral fat (e. g. tallow) = various fatty acids + glycerine.

Theoretically, soap-making is nothing more than turning out the glycerine base by a strong

mineral base, or alkali, such as potash or soda. Hence,

—

Neutral fat + Alkali = { Fatty acids + Alkali, or " Soap "
] + Glycerine.

As, however, certain oils much used by the soap-maker are already fatty acids, and contain no
glycerine (e. g. oleic acid, sometimes erroneously called oleine, a bye-product of the candle-factory),

the formation of- soap from them is simply a direct combination of fatty acids with the proper pro-

portion of alkali. This process will be dealt with in describing special soaps.

While, therefore, chemically speaking, any combination of fatty acids with a mineral base is a
" soap," in practice no soaps are made except with potash or soda, as only those soaps are soluble

in water ; all others, such as those formed by the union of fatty acids with lime, baryta, or even
with the oxides of the metals, as lead, copper, &o., are insoluble in water, though some of them are

used in pharmacy : a " plaster," for instance, is usually a soap from the fatty acids of soft oils, with
oxide of lead as a base, and chemically speaking, is an oleate of lead.

A further acquaintance with the theory of salts will make it clear that, in the case of mineral
acids and bases there is a certain definite proportion peculiar to each, in which (or in a simple
multiple of which) they combine with each other. Thus 31 parts of pure caustic soda (100 per
cent.) require 49 parts of oil of vitriol (100 per cent, sulphuric acid) to form the neutral salt

sulphate of soda, and io the operation, 9 parts of water are formed, the hydrogen of which is

derived from the acid, and the oxygen from the base. The combined weight of the products is of
cour.-e exiictly equal to tlie sum of the weight of the constituents, or,

—

31 parts soda + 49 parts sulphuric acid = 71 parts sulphate of soda f 9 parts water.
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ThU number, called the " combiniDg proportion " or " equivalent " of each eubstaDce, is

determined by chemical research. It can scarcely be too strongly insisted on that the fatty acids

have their equivalents also; thus the determination of the quantity of soda necessary for their

sapoui&catiou is a matter of calculation, and hence the varying equivalents of the different fatty

acids is the real explanation uf the well-known fact that the " yield " of soap is so different from

various fats.

To revert for a moment to the combination of sulphuric acid and soda,—considerable heat is

evolved in the process, which has its parallel in saponification ; further, if either constituent had
been in excess, there would have resulted a mixture of neutral sulphate of soda with tlie remainder

of whichever constituent was in excess. If, however, twice 49, or 98, parts of sulphuric acid had
been taken, an acid sulphate, or bisulphate, of soda, would liave been formed. The fatty acids are

remarkable in this respect, that their combining proportions or equivalents are much higher than those

of mineral acids. Thus to combine with 31 parts of soda (100 per cent.), 284 parts of stearic acid

are required, 282 parts of oleic acid, 256 parts of palmitic acid, and only 200 parts of lauric acid,

one of the chief fatty acids of coco-nut-oil. Hence, while tallow gives the least " yield " of soap,

among the fats usually employed, coco-nut-oil gives the most, and palm-oil occupies au intermediate

position.

What has been said above with regard to 31 parts of soda, applies with equal force to potash,

replacing 31 by 47, which is the combining proportion of potash.

From the explanation now given, it is easy to calculate the quantity of soda or potash

necessary to completely saponify,

—

100 lb. of Soda, 100 per cent. Potash. 100 p<'r cent.

Tallow 10501b. 15-92 lb.

Palm-oil 11-00 „ 10-67 „
Coco-nut-oil 12-44 „ 1886 „

Oleicacid 10-52,, 1595,,

It is obvious that the proportion of alkaline ley to be used must be regulated by its strength

;

thus, if ley containing 20-0 per cent, soda be used, i.e. ^ its weight of soda at 100 per cent., five

times the given weights must be used for 100 lb. fatty material.

It will be convenient here to explain briefly the causes of the differences in combining propor-

tion among the various fats. Their fatty acids are all composed of the three elements, carbon,

hydrogen, and oxygen, combined in different proportions of thetwo first-named, but all containing

the same quantity of oxygen. They may be arranged in a series, known as the "adipic," of which

the lowest term, formic acid, contains 12 parts by weight of carbon, 2 parts hydrogen, and 32 parts

oxygen. The other terms of the series differ from each other by 12 parts carbon and 2 parts

hydrogen. The following table gives some of the principal terms of this series, CaUjnO,, from

which, it is clear tliat the differences in their equivalents are due to tlie differences in the

quantities of carbon and hydrogen entering into their composition, which also affect their melting-

and boiling-points.

Table A.

—

The chief Fatty Acids of the Series CnH2n02 ocourring in Natural Fats.

(Some intervening terms omitted.)

Name.
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The fatty acid of the fluid constituent of most natural fats and oils, called oleic acid, belongs to

another series, CnH2n-202, known as the " acrylic ; " its formula is OisH^Oj, and its equivalent

is 282.

For reasons which are not within the scope of the present article, the true chemical equiva-

lent of these fatty acids is always taken at thrice the above numbers. The acids can all form salts

containing once, twice, or thrice 31 parts of soda, and it requires three of the above equivalents of

any acid to form a neutral fat with me equivalent of glycerine, so that the process of the saponifica-

tion of a neutral fat by caustic soda may be thus represented,

—

(3 equivalents, C3H,(Ci,H350j)3 + 3NaH0 = SCCgHasO^Na) -|- C3H5(OH)3 (1 equivalent,
stearic acid Tristearine. Caustic soda. Sodium stearate Glycerine. glycerine

)

and soda.) <« s""?-

890 + 120 = 918 + 92

Consult also Candles, pp. 579-80. Glycerine will be treated of separately at the end of this

article (pp. 1798-1802).

Eaw Matebials.—The raw materials employed in the production of pure soaps are (1) fatty

matters of various kinds, (2) rosin, or colophony, (3) solution of caustic soda or potash. In tha
article Oils and Fatty Substances, will be found full descriptions of the different kinds of fats and
oils suitable for soap-making ; on pp. 1458-62, are directions for refining and bleaching them, pre-
paratory to their saponification

;
and on pp. 1462-77, are instructions for their analysis, the detec-

tion of adulterants, &c. Bosin will be discussed under Resinous and Gummy Substances (see also

Wax), and Alkali contains a full account of the manufacture of soda and potash. But very few
general remarks, therefore, are necessary in treating of raw materials, and these will be especially
practical in their character.

Since the selection of the raw material depends entirely upon the kind of soap which it is

desired to produce, it may be remarked at the outset, that soaps ai-e divided into two classes, " hard "

and " soft." For the production of what is technically called " soft soap," it is necessary to use
potash as an alkali, to the almost entire exclusion of soda. Potash soaps are deliquescent, and do
not dry up when exposed in solution to the air, but retain water enough to form a soft slimy jelly.

Soda soaps neither retain so much water, nor absorb it from the air, but harden when exposed
partly from loss of water. This difference is best seen in tlie case of the salts of pure fatty

acids thus ;
—

100 parts dry potassium oleate absorb 162 parts water from the air.

100 „ „ palmitate „ 35 „ „
100 „ sodium stearate „ 7§ „ „

In the manufacture of soft soap, oils that are fluid or semifluid at the ordinary air-temperature
are usually employed, and especially linseed- and other seed-oils, and the cheaper varieties of fish-

oils. Certain oils make a hard or a soft soap, according as the alkali employed is soda or potash
or, in some cases, a mixture of both. As a general rule, not more than J of the potash in a soft

soap can be replaced by soda (for cheapness sake) without impairing the quality of the soap.

Hard soaps invariably contain soda as their base, and, ceteris paribus, the hardness varies

inversely as the quantity of water in the soap. An oil as fluid as commercial oleic acid will pro-

duce a hard soap with soda, if the process be so conducted that but little water is present during
the operation. Tallow, mixed with varying proportions of rosin, is employed for household
" yellow " soap ; kitchen-grease, bone-fat, discoloured lard, and other greases, with rosin, for inferior

grades of the same ; while the same greases, and palm-, cotton-seed-, olive-, coco-nut-, and palm-
kernel-oils, are used either alone, or in various combinations, for the different kinds of mottled soap.

The raw materials for soaps for special manufacturing, toilet, and other purposes, will be mentioned
when treating of those soaps.

It has been already noticed that coco-nut- and palm-kernel-oil s combine with a larger quantity
of soda than any other known fat, and hence that the yield of soap from these oils is greater than
from other fats. Further, the soap so produced has the power of combining (and making a hard soap)
with more water than can ever be communicated to tallow soap, a property which has frequently
given rise to dishonest traific. This soap is more soluble in water than any other, and requires a
much larger quantity of common salt to separate the excess of water from it. In technical lan-
guage, it is said to " work close." Reference to the table on p. 1765 will show the reason for this.
Coco-nut-oil contains a number of low terms of the fatty-acid series, whose salts are so very soluble'
that even the lime and baryta salts of tlie lower among them are quite soluble in water, just as are
the lime and baryta salts of formic and acetic acids, the lowest terms of all.

Among the raw materials used by the soap-boiler, not enumerated under Oils, are various bye-
products of other manufactures, among which may be mentioned—the oleine or oleic-acid from
candle-works (see Candles, pp. 580, 584, &c.) ; the grease recovered from washwaters of woollen
factoricF, pp. 1155-6, which is very apt to contain unsaponiflable oils, and should be employed with
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cautiuD ; the " foots " from various oil-refineries, which either contain strong mineral acids (p. 1460)

or are partly-formed soaps when an alkaline refining process has been used (p. 1460); wa^te fats

recovered by carbon bisulphide or petroleum-spirit (pp. 1454-5), also liable to contain unsaponi-

fittble oils; "suint," or the grease derived from natural wool, accompanied by potash salts; and,

especially in Franco, the yolks of eggs, see pp. 1365-6 (of which the whites have been used in the

preparation of albumen), which contaiu a considerable percentage of fatty matter. This list might

be largely incrtased.

The value of soap-making material is best ascertained by saponifying a weighed quantity (say

5-10 grm.) with soda, dissolving the soap in water, decomposing it with a mineral acid, and then

washing, drying, weighing, and examining the resultant fatty acids, as is described on pp. 1462-3

of Oils, and, in a modified form, on p. 1794 of this article.

Rosin (see Resinous and Gummy Substances, p. 1680).—The kind used in soap-making is known
as colophony. The lighter shades only can be used for better-class soaps. Such are liable to

contain a little turpentine, which, to some slight extent, injuriously affects the hardness of the

soap ; and they are apt to become unpleasantly soft in veiy hot weather. Opaque rosins contain

turpentine, and, in rare cases, water. Dark rosins may be improved in colour, and deprived of

suspended impurity, by being melted, allowed to settle, and then boiled on a weak solution

of common salt. Dark rosin may be distilled with steam under a pressure of 10 atmos. to make it

nearly white for soap-making. Like many other distilled products, however, it has a tendency,

both alone and in combination, to oxidize rapidly, and deteriorate iu colour. When fine rosiu is

unusually dear, however, this process may be employed with advantage.

Chemically speaking, rosin is an acid, or mixture of aciJs (picric, sylvic, oolophonic, and

pimaric) whose general formula is OjjHjoOj, and their combining proportion (with 31 parts soda) is

302. Eosiu decomposes carbonate of soda, and combines instantly with caustic alkali, forming in

each case a so-called rosin soap, which is a thick, slimy, brown mass, containing 15 -8 per ctnt. of

dry soda; its attraction for water is so great as to become liquid on exposure to air, even though

previously dried artificially.

Eosin is never employed alone for soap, but always in conjunction with fats ; it has been described

as an ameliorator, and is also a cheapener ; it contributes to the popular qualities of soap, rendering

it more readily soluble, and forming a copious lather in laundry and household soaps. In them
the proportion varies from 15-20 per cent, of the fatty matter employed, to an equal weight, or

even more. Hard soaps for manufacturing purposes rarely contain it. It may be saponified alone

and the result mixed with a fat-soap in due proportion, or the whole may be saponified together.

The result is the same, and the choice of methods depends upon convenience in working ; but the

former is preferable with impure rosin, in order to give it as many changes of leys as possible, and

thus to wash out suspended impurities, such as leaves, bits of stick, &o., all of which discolour the

product.

Alkali (see Caustic Potash, pp. 251-3, Carbonate of Potash, pp. 253-60, Caustic Soda and
Carbonate of Soda, pp. 279-309).—In connection with their application to soap manufacture, it

may be mentioned here that all large English soap-makers make their own soda, either from

common salt, or from " salt-cake " (sulphate of soda), and causticize at once the liquor formed by
the ILxiviation of the black-ash. Nearly all the soda used in American and Colonial soaperies is

bought in the English market, and imported either as soda-ash or caustic soda. The process

of preparing solution of caustic soda or " leys " from soda-ash (or black-ash) is described on

p. 307. It is only necessary to add a word of caution to the soap-muker as to the way of

dealing with the solution when made. The reason for conducting the operation in so weak
a solution as is directed (about 22° Tw., or 1 • 110 sp. gr.) is, that only under those conditions will

carbonate of soda part with its carbonic acid to caustic lime. At higher specific gravities the

reaction may even be reversed, and caustic soda will remove carbonic acid from carbonate of lime.

It is of the utmost importance to the soap-maker to causticize his leys as completely as possible,

and to keep them so, since (unless his soap be made entirely from fatty acids, a very rare thing) any

carbonate of soda in his leys is simply so much soda wasted. The caustic soda ley should, there-

fore, only be prepared as it is wanted for use, and when stored should be kept in covered vessels to

which air has no access ; shallow open tanks should be avoided at all hazards. If, as is frequently

the case, stronger ley is required than that produced in the original operation, it should be

concentrated by evaporation in open vessels, or by dissolving in it some solid caustic soda. It

should be specially noted that for concentrating or storing solution beyond 30° Tw. (sp. gr. 1-150),

cast-iron vessels alone should be employed, owing to the solvent action of soda upon wrought-iron.

It may be laid down as an axiom that no ley is suflieieutly causticized which liberates bubbles

of gas, when a small portion of the clear cold ley has an excess (i. e. more than sufficient to

neutralize it and to turn blue litmus red) of mineral acid added to it. This is a sufBciently good

test for a foreman to work by.

In the case of nearly pure solutions of caustic soda, a very close approximation to their strength,
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i. a. their percentage of caustic soda, may be obtained by the observation of their density or by an
hydrometer (Fig. 1, p. 2). These instruments are usually made very cheaply of glass, the lower end
being weighted witli shot or mercury. When floated, they displace their own weight of liquid,

and hence the bulk displaced varies with the sp. gr. of the liquid examined, which is indicated on
the stem of the instrument. Two scales are in use among soap-makers, those of Twaddell and
of Baum^. The zero point of botli is that to which the instrument sinks in distilled water at
15-5° (60° F.). It must not be forgotten that increase of temperature in a fluid, by increasing its

bulk, diminishes its sp. gr. All sp. grs. quoted in this article are at 15i° (60° F.).

The following table gives the means of comparing degrees Tw. and Baume with each other and
with actual sp. gr. ; and also gives the approximate percentages of caustic soda and caustic potash
in solutions of that sp. gr. containing no other salts.

Degrees Tw.

5-2
7-5

n-8
140
19-8
23-6
26-2
32-6
42-4
53-0
64-2
780

Degrees
Baume.

3
5

7
10
12

15

17
20
25
30
35
40

SpeciBc Gravity.
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and it ia highly desirable to lue it when freshly burnt. When this cannot be obtained, it should

be kept in will-closed casks, avoiding access of air, which contains carbonic acid, and therefore

destroys its powcT of causticizing alkali. It should contain but little, if any, alumina, magnesia,

or silica, and should "slack" readily with water; in fact only what is technically called "fat"
lime should bo used. Since 28 parts of pure lime are equivalent to 31 parts of pure soda, the
quantity of lime necessary for causticizing a given quantity of ash may be calculated, but in manu-
facturing operations, at least 10 per cent, excess of lime should be used. A clear solution of

lime in water may be used for testing the causticity of leys, since any carbonated alkali shows its

presence by a cloudy depobit of carbonate of lime.

Wiitn:—The purity of the water employed in the factory is a matter of great moment to the
soap-boiler. As a rule, spring-water should be avoided, and river- or lake-water employed when-
ever possible. If it contains suspended impurities, these should invariably be removed by sub-

sidence or filtration. Organic impurities, if colourless, may be disregarded. The great enemies
of tlio soap-maker are the soluble salts of lime of alkaline earths, and sometimes even of metals,

occurring in natural waters, because all these bases form insoluble soaps in the soap-copper, and
use up large quantities of fat to no purpose, since these insoluble soaps are of no market value

tlienisolves, and if disseminated in a marketable soap, injure its appearance greatly. The hardness

of water may be determined by " Clark's test," in which an alcoholic solution of pure soap is

employed. The amount of snap wasted by hard waters may be ascertained from this table, in

which the hardness is supposed to be caused simply by lime salts.

Degree of

HardDC'88.

5°

10

15
20

In 1000 lb Water.

Lime.

lb.

0-25
0-50
0-70

101

Gypsum.

Soap decomposed
by 1000 lb.

Water.

lb.

061
1-23
1-84
2-45

lb.

3-66
7-31
1112
14-75

If no other than hard water is available, one of the various plans for softening it should be
adopted under the guidance of a chemist, such as the addition to the water of milk of lime, either

alone or witli chloride of barium, or of silicate of soda.

Salt.—As will be seen in the sequel, common salt plays a very important part in soap-boiling,

and what has been said with regard to water applies equally to it. Tlio purest kind is rock-salt

freed from insoluble matter ; next in order comes salt from brine-springs ; while sea-salt contains

so many other salts besides sodium chloride, especially magnesium cidoride, that it should be
avoided if possible. When that is not the case, it should be dissolved in water, and the magnesia
removed by the addition of silicate of soda, when the insoluble silicate of magnesia should be
allowed to subside before the brine is used. In connection with salt, it wiU be found convenient

to remember that strong brine or a saturated solution of salt contains one-fourth its weight or

25 per cent, of sodium cliloride, that its sp. gr. is 25° B., and that if nothing else be present in

solution, every degree Baume of sp. gr. corresponds to 1 per cent, of salt

It will be convenient here to consider a certain physico-chemical property of soaps, of great

practical importance to the soap-boiler. The property referred to is the behaviour of soap to

various saline solutions, and although not instrumental in the formation of soap, it is almost

essential in separating the foreign matters that would otherwise render hard soap impure, and it

Is also influential in contiolling the amount of water in soap. Although soda soaps are soluble in

water, they are not soluble in a solution of common salt, nor of caustic soda. If, therefore, common
salt be added to a solution of soap (or even of partially saponified fat) in water, the salt dissolves,

and turns the soap out from its state of solution, in small flakes which collect together, and
float on the surface of the salt solution, by virtue of their less sp. gr. The same thing happens

when a strong solution of caustic soda is added to soap in an aqueous solution, or, more gradually

when a solution of soap in water containing excess of caustic-soda, or some amount of sodium

chloride, is concentrated by the evaporation of its water, as when a soap-copper is boiled by fire

or close steam. The addition of salt (or of strong leys), therefore, to soap containing an excess of

water, removes the superfluous water, and in cliemical language, precipitates the soap from it.

Soap so precipitated contains 35-40 per cent, of water. When the fatty matter employed contains

coco-nut- or palm-kernel-oils, more salt (or soda-leys) is required for this operation than when
those oils are not used.

It may also be noted here that if sodium chloride be added to a potash soap in solution, an

interchange of acids and bases takes place, soda soap being formed, and potassium chloride left in

the solution. This process has been actually used in Germany for the fabrication of hard soaps.
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Manufacttbe.—Before proceeding to describe this on a large scale, where operations involving

considerable mechanical, physical, and chemical knowledge are conducted with a view to produce

the best possible article at the lowest coat, a short space will be devoted to instructions for making

small quantities of soap of inferior appearance, which will answer well for homely purposes, for

the benefit of those living far from large towns, and who may yet have on their farms or stations

many of the ingredients necessary for their production.

For those who have plenty of fat or oil at command, but no alkali, the small canisters of pure

powdered caustic soda and caustic potash, sold by the Greenbank Alkali Co., St. Helen's, will be

found very convenient. With these products, soaps can be made without any boiling. For a hard

soap, dissolve 10 lb. of this soda in 4 gal. of water, and allow the leys to cool. Take 75 lb. of clean

fat or oU, rendered fluid by heat if necessary, and when it feels just warm to the hand, add the leys

to it in an uninterrupted stream, stirring well all the time; continue the stirring for 15 or 20

minutes, and then set aside in a warm place for a day. In this interval, the soda reacts upon the fat,

and turns out its glycerine, which remains in the soap. Any impurities in the fat used, or any salt

or other extraneous substance, will be apt to spoil the operation. For soft soap, use 20 lb. of this

caustic potash, dissolved in 3J gal. of water, and mix as above with 8| gal. of cotton-seed, fish, or

other (non-mineral) oil. For a harder soap, one or more of the gallons of oil may be replaced by

10 lb. (or a multiple thereof) of tallow.

A very firm soap may be made on a small scale from the oleic acid from candle-factories, known
commercially as oleine or red-oil, by heating it to about 100° (212° F.), and adding thereto one-half

its weight of caustic soda leys at 36° B. The combination takes place instantaneoualy, and it is only

necessary to allow the soap to get cold, when it is fit for use. For the preparation of the leys, see

p. 1767. They need not be perfectly caustic, but if any carbonate of soda be present, they must be

of proportionately higher sp. gr., and the vessels employed must be capacious, in consequence of the

effervescence that occurs.

Hard soaps may also be made on a small scale without boiling, by adding to a mixture of 2
parts tallow and 1 part coco-nut-oil, or of 3 parts tallow and 2 parts coco-nut-oil, one-half its weight

of caustic soda leys at 36° B., the whole being at a temperature of 55°-60° (130°-140° F.) ; the

mixing, after being well stirred, should be set aside for a day or two. Here also the presence of

common salt is a serious obstacle to the combination.

Soaps that require boiling cannot be well prepared in small quantities. Those who wish to

make them, however, would do well to study the description of the process on a large scale. In
making small quantities of hard soap, it will be well to boil together the fat and the soda leys

previously well causticized by lime, and to calculate from the table on p. 1768 how much leys

is necessary, taking as a basis that for every 10 lb. of fat, about 1 lb., or rather less, of pure soda

(100 per cent.) is required. Combination will not take place unless the solution is quite weak, say
12° B., and when it is effected, salt may be added to separate the excess of water. The salt should

be sprinkled in gradually, time being allowed for each portion to dissolve, and when a small sample,

taken out on a shovel and allowed to cool, separates into liquor and soap, enough salt is added

;

the boiling should then be stopped, and the whole allowed to repose ; in an hour's time, the

soap may be skimmed off. Soft soap is more easily made by boiling on a small scale, since

the process is the same whatever quantities of materials are employed. The reader is, therefore,

referred to p. 1776 for instructions under this head.

In considering the manufacture of soap in large quantities, the subject may be conveniently and
naturally divided under the following heads :

—

I. The apparatus and processes employed in effecting the chemical combination between the
fatty matter and alkali, including in this a general description of the mode of boiling (or otherwise
preparing) soaps of different types.

II. The machinery and mechanical and physical contrivances made use of in converting the
chemical compound so produced into a marketable soap.

III. Ingredients and formulae for the production of special kinds of soaps for particular purposes,
including toilet soaps, manufacturers' soaps, &c.

IV. Theory of the action of soap ; methods for its analysis and valuation.

V. General considerations of the industry—its location, prospects, legislative condition &c.
It will be convenient to treat, in the order of their complexity, the somewhat extensive range-of

subjects included under I., commencing with the simplest, and accordingly we find the following
natural sub-divisions

:

I a. Soaps produced by the direct union of fatty acids and caustic alkali, or by the decom-
position of carbonated alkali by fatty acids.

I b. Soaps produced by the action of the precise quantity of alkali necessary for saponification
upon a neutral fat, without the separation of any waste liquor, the glycerine being retained in the
soap. This class includes—a. Soaps made by the " cold process," /3. Soaps made under pressure.

I c. Soaps produced by the ordinary methods of boiling in open vessels, working with indefinite
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qunntitiea of alkaline leys, the prooesses being controlled by the ezperience of the operator.
These are again subdivided into—o. Soft soaps, in which the glycerine is retained, potash being
the bi.Kc

; $. The so-called "hydrated" soaps, in which the glyceriue is retained, and of which
" marine " soap may be taken as the type ; y. Hard soaps, with soda for a baae, in which the
glycerine is eliminated, comprising three kinds—cunl, mottled, and yellow soaps.

It may be noted that a very large proportion of all the soaps manufactured is included in this
last and most complex subdivision, since practical experience shows tliat, all things being con-
sidered, they are the most marketable.

Full directions for the fabrication of these several kinds will now be given, the paragraphs treat-

ing of each being numbered to correspond with the above classification.

I a. In soaps made from fatty acids, the soda is used in the form of a refined carbonated ash at
52° (that prepared by the Jarrow Co., Newcastle-on-Tyne, is recommended), every 100 lb. being
dissolved in 160 lb. water in a lead-lined vat, and the solu-

tion allowed to settle previous to use. The store-tanks of '238.

this, and of the falty acids employed, are connected with

small gauge-tanks or measuring-tubes (Fig. 1238), for the

purpose of obtaining uniformity in the results by the use of

exact quantities in every operation. For the delivery of the

soda solutions into the soap-pan, a special feeder (Fif?- 1239)

is provided, closed with a movable tampon, by which the

flow of liquid may be regulated at discretion ; a perforated

rose-spout may be advantageously placed under the exit-pipe.

The soap-pan in wliich the operation is conducted,

shown in Figs. 1240-2, is jacketed, the inlet- pipe being at

Z, and the steam is either superheated, or used at a pres-

sure of 75-80 lb. Above tlie pan, is a movable curb O, with

slide at m, necessary to give room for the intumescence

caused by the liberated carbonic acid ; a wheel arrangement

W enables it to be readily drawn aside on a railway bebind

the columns N, which support the gearing M. This gearing

moves the stirrer R at the rate of 40 rev. a minute ; the

latter is mode of wrought-ii'on, and is most elBcicnt when
the two sets of blades move in opposite directions ; when this

is not the case, the pan itself should be provided with fixed

traverses armed with vertical cross-teeth. In making soap with tliis apparatus, 1000 lb. oil are run
into the pan with the curb in its place, and heated to 138°-160° (280°-320° F.), according to its

quality. At this point, 190 lb. of soda ash for a neutral soap, or 210-225 lb. for a strong soap,

dissolved in the proper quantity of water, and at 100° (212° F.), is let into the pan at such a speed
that it occupies not less than 6 nor more than 12 minutes. The whole is well

stirred meanwhile, and swells up enormously ; but 5 minutes after the last por-

tions of alkali have been added, the mass subsides, and, in 15 minutes more,

changes from a spongy to a clear, soft, brilliant, homogeneous paste. The curb

is then removed, and, in about an hour, 100 lb. of boiling water is let in from the

rose-spout of the soda-feeder, and the whole is again well stirred ; if it be desired

to mix silicate of soda or anything else with the soap, it is added at this stage,

after which, the soap is transferred to the cooling-frames (pp. 1781-2), and a fresh

batch is proceeded with. Soap thus made has the following composition :—Oleic

acid, 65-00 ; soda, 6-7-7'50; water, 27'50. When rosin is used, it should be

added to the oil while the latter is being heated ; or the rosin soap may be made
in a separate pan, provided with a Morfit's steam-twirl (Fig. 1243), in which the

tubular blades of the stirrer are perforated to emit steam while the whole is in motion ; 1200 lb.

rosin and 2200 lb, caustic leys at 11° B. are boiled together, and the thin jelly so produced is

transferred in suitable quantities to other pans. It contains:—Eosin, 54 •5; soda, 7' 8; water,

37 "7. The apparatus described here is also suitable for several other kinds of soap, the steam-

twirl, &c., being especially useful for making " hydrated " soaps (p. 1777).

I, 6, a.—The so-called " cold process " consists in mixing given weights of fat, or a mixture of

fats, previously melted at as low a temperature as possible, with caustic soda solution of a given

sp. gr., the quantities of each being so adjusted that only just enough soda shall be present to

completely saponify the fat. After thorough incorporation, the mixture is covered up, and allowed

to stand. In a few hours, the chemical reaction commences, accompanied by considerable

evolution of heat, and the soap is formed. After the lapse of 2 or 3 days, it is usually hard

enough for use. It is obvious that soaps made in this way refain all the glycerine originally

combined with the fatly acids, disseminated through the particles of soap. This, and the
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comparatively low temperature at which the soap is made, are the chief reasons why this process

is much in vogue for the cheaper kinds of toilet soap, since the perfumes employed are not

dissipated by heat. It is found, however, that soaps thus prepared are very apt to contain an
excess of alkali, and hence they are unavailable where perfectly neutral soaps are required.

Another objection is, that, as there is no opportunity of removing any extraneous matter, the

materials employed must be of the purest, and as the soda leys are usually required in a con-

centrated (and therefore expensive) form, the process is not so advantageous as at iirst sight

appears. It is chiefly applicable to soaps made on a small scale; when larger quantities are

operated on, a mechanical agitator, such as Hawes' boiler, represented in Fig. 1244, is necessary.

This, for operating on 2| tons of tallow, is a cylinder 6 ft. diam., 12 ft. long, with a central

shaft provided with radiating arms, set in rotation by any convenient mechanism. Any saponifiable

fat or oil may be used, and for every 100 lb. of the pure fat, 50 lb. of caustic leys at 36° B. should

be taken. When these are not very pure, i. e. if they contain much extraneous soda salts,

especially sodium chloride, saponification will not take place, unless some proportion (10 per cent,

on the fat, at least) of coco-nut-oil be used. The following mixtures will be found useful for this

process :

—

(1)

(2)

(3)

(4)

(5)

100
100

50

Lard.

30
100

55
20

Coco-nut-
oil.

50
55

Kosin.

100
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Nos. 1, 2, and 5 make good toilet soapa, which are improved if about i of the soda used is

roplnced by an equivalent quantity of potash. No. 4 with unbleached palm-oil gives a fine yellow

soap, liable however to bleach in the light No. 3 is given on the authority of Cristiaui, who
recommends the use of 100 lb. kys at 25° B. to the 210 lb. mixed fat and rosin.

The time required increases with the amount of materials operated on at one time. The chief

points needing attention are, to use pure materials, to avoid excess of alkali, and so to manege the

temperature and the stirring as to make a complete mixture of the melted fat and leys, that will

not separate before saponification takes place.

1, 6, 3.—In this class, are the soaps produced by boiling under pressure. This process has been

the subject of numerous patents at various times, all having for their object the shortening of the

time occupied in the ordinary methods of open boiling (I. c), and the saving of the salt employed
therein. In this case, also, the quality of alkali employed, whether caustic or carbonate, is

accurately adjusted to the fat to be saponified, and the glycerine is retained in the ultimate

product ; mixtures of any sapouifiable fats and resins may be employed. The kind of apparatus

used is shown in Fig. 1245 ; and it consists of a steam boiler provided with a man-hole and safety-

valve, with a feed-pipe A and discharge-pipe 0, and with a long thermometer B, in a pocket filled

with paraffin. The proper quantities of fat and caustic leys are let in through A ; all taps are

closed; a fire is kindled, and maintained until the thermometer rises to about 154°-4 (310° F.),

equivalent to a steam pressure of 63 lb. a sq. in. When it baa remained at this point for an

hour, the tap at C may be opened, and the contents discharged into a cooling-frame D, by the

steam pressure in the boiler. For a good yellow soap, 7 cwt. tallow, 3 cwt. palm-oil, 3 cwt. rusin,

and 140-150 gal. caustic soda leys at 21° B. are recommended by the inventor, Dunn. Another

formula is 800 lb. tallow, 200 lb. palm-oil, 400 lb. rosin, 175 gal. caustic soda leys at 25° B., lor one

hour at 122°'2 (202° F.), or 17 lb. steam pressure. It is obviims that this will make a drier soap,

since leys at 25° B. contain less water than leys at 21° B., and that the quantity of water desired

in this prodnct can thus be regulated to a nicety. In 1865, Bennett and Gibbs, of Buffalo, New
York, took out a patent for effecting this operation with carbonated alkali, thus avoiding the

expense of causticizing. Their boiler is similar to that shown in Fig. 1245, but is placed

horizontally, and provided with an agitator similar to that for Hawes' boiler. The process

requires a higher temperature and pressure than the previous one, ranging from 176°-6 to 204°-4

(350°-404° F.), or 220-'2Sil lb. a sq. in. The outlet-pipe is provided with a safety-valve, and the

inventors state that if this be loaded to about 250 lb. a sq. in., and the raw materials be pumped

in at one end, the process may be made continuous, finished soap coming from the outlet, produced

in less than one hour from the introduction of the raw materials. The formula recommended is
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for every 100 lb. of saponifiable fat, 30-33 lb. of soda-asb of 48 per cent, dissolved in 100 lb. water.

In the early stages of the process, the liberated carbonic acid is allowed egress by one of the

safety-valves, and If any liquid escapes before a temperature of 163° (325° F.) is reached, it should

be returned to the cylinder. The following advantages over ordinary processes are claimed :

—

(1) Rapidity of manufacture, (2) improvement in quality, (3) increased yield of soap, (4) economy

of labour, (5) saving of fuel, (6) use of cheaper fatty material, (7) saponification of the whole of it,

(8) uniform certainty of results, (9) retention of glycerine, and improvement of product thereby,

(10) abihty to use carbonated alkali. It is obvious, however, that the risk of explosion is not slight,

and the practical difficulty of working the agitator at that temperature and pressure must be

considerable.

I, 0, a. Soft Soaps.—The production of these is the simplest case of the process most usually

adopted in the fabrication of soap, viz. boiling in open vessels, technically termed " coppers," with

the aid of steam (either wet or superheated) or of fire, or of the two simultaneously. It will be

convenient, therefore, to describe here the construction and fittings of the various kinds of soap-

coppers (or soap-pans), and the different modes in which steam and fire are applied to boil their

contents.

In the days when there was an excise duty upon soap, " coppers " were usually of what is now
considered a very small size, and were constructed of cast iron ; they consisted of hemispherical

pans, upon which were mounted as many cylindrical rings as were necessary to make the copper of a

124?.

suitable depth, usually about twice its diameter ; the rings were joined to each other, and to the

hemispherical bottom, with cement joints. There was no limit to their size, except the diflBoulty

of making large castings, and they were usually encased in masonry, and fitted with fire-places and

flues in the manner to be presently described for modern wrought-iron " coppers." In the case of
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those boiled by firo (tho only method until stenm-boiling was introduced), the hemispherical

bottoms wcro very apt to crack from oyerheating, and from many other causes, which it id scarcely

necessiiry to drtail, as these pans are fast becoming obsolete.

The removal of the excise duty in England, in 1853, gave an enormous impetus to the soap

industry. Manufacturers were no longer deterred from making large hatches of soap by the fear

that, if they were spoiled, double duty would have to be paid when they were re-made and

produced fit for sale ; and, as a natural consequence, numerous experiments were tried, both with

the raw materials and the apparatus employed. Soap-coppers are now made of colossal size, those

capable of turning out 50 tons of finished soap (112,000 lb.) at one operation being by no means
uncommon, and some of the large American manufacturers have built even still larger coppers,

requiring a building of 3 stories to contain them. Although it is desirable that those boiled by fire

should be circulur in shape, and not too large—say 20 tons capacity—the coppers whose contents

are boiled by steam may be of any desired shape, circular, oval, or rectangular, provided that the

steam-pipes be carried into the corners (if any), and be so arranged as to ensure uniformity of

ebullition throughout the whole mass. There is no necessary proportion between diameter (or

superficial area) and depth ; English soap-makers are more accustomed to pans whose diameter is

to their depth as 1 to 1, 1 to 1 • 25, or 1 to 1 5 (e. g. a pan 15 ft. diam. and 15 ft. deep will turn out

25-30 tons of soap) ; while their American confreres, less trammelled by tradition, increase the ratio

as far as 1 to 2, 1 to 2'5, or even 1 to 3.

Soap-coppers are now almost invariably built of wronght-iron plates, and rivetted together in the

place where they are eventu- ,„ . ,„,,

ally tostand. Figs. 1246,1247

show a simple form of copper

for fire-boiling, with the fire-

place, flues, &o. ; A B D C
is the outline of the copper,

C D being a circular renew-

able plate, in the part most

exposed to the action of the

fire F. At B, are supporting

lugs of cast-iron ; K L is the

floor-level ; H I, a steam-

pipe ending in a perforated

coil, steam being controlled

by the cook at G. Figs.

1248, 1249 show a copper

where steam only is used

:

A B is the floor line ; D E,

the copper, provided with a

" hat " at E to receive im-

purities that subside, and to

enable spent leys to be re-

moved completely by the

draw-ofif at K. Another

draw-ofl' is fitted at L. Two
steam -worms are provided,

H, with cock P, whose coil

is perforated, admitting

" open " or " wet " steam

among the copper contents,

and I, with cook G, in which

high pressure or superheated

steam is circulated, for use

when it is desired to evapo-

rate water. This last coil is usually omitted in the largest coppers, being only used in making

curd and mottled soaps.

An important adjunct to a soap-copper is a little piece of machinery for preventing the contents

from boiling over, as they are apt to do when saponification is taking place, and also in a later stage,

even after the steam is turned off. It is called a fan, and is represented in Pigs. 1250, 1251 ; it

consists essentially of a rotating paddle, whose blades just touch the top of the boiling mass. The

motion is derived from an overhead shaft J, on which is keyed a bevel-wheel H, gearing into

a similar wheel G ; this latter slides on a feather on the shaft F, being thrown in or out of gear

by a fork E, to which is attached a rod C, actuated by links B and bell-crank A, in the bottom end
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of which is an eye for attaching a cord which may be drawn to right or left. The lower end of

the fan-shaft drives the over-shaft M, on which the fans N are keyed by means of bevel-wheels

K L. The top and bottom of the fan-shaft are carried by bashes driven in at each end of a piece

of stout 2-in. steam-pipe, and the pipe S is inserted in cast-iron frames Q R. Near the lower end

of the pipe, is a shackle P, to which a rope or chain is attached for lowering or raising the fan,

according to the surface of liquid in the copper. The whole swings on the axis of shaft J.

The fabrication of soft soaps will now be described. Soft soap is a more or less impure solution

of potash soap mixed with glycerine in caustic-leys, and forming at ordinary temperatures a

transparent smeary jelly, containing at times, and especially in cold weather, white grains, which

are impure stearates of soda or potash. The most suitable form of copper for making it is shown
in Fig. 1246. In England, whale-, seal-, and linseed-oils are chiefly used, and occasionally a little

tallow to produce the grains, or "figging," just described, an appearance which serves no really

useful purpose. On the European continent, hempseed-, linseed-, camelina-, and poppy-oils are

used, and also rapeseed- and train-oils, especially in summer, since they produce a harder soap.

In America, cotton-seed-oil, and oleic acid, are often employed. Hempseed-oil gives a greenish

tint much prized by consumers, which may be imitated by the addition of a little indigo

precipitated by potash from its solution in sulphuric acid.

A very desirable, but not necessary, adjunct to the soap-copper is a set of tanks of iron or wood,

whose contents per inch of depth are known, in order that the quantities of oil and leys let into the

copper may be regulated. In many large factories, the practice is to keep a strict account of the

quantity of fatty matter and rosin used, but to control the amount of leys according to the

judgment of the soap-boiler. Such gauge- and store-tanks may be in any convenient place, and
pipes or open shutes carried from them to deliver their contents into the copper ; suitable plugs

and cocks control the flow of the liquid at the pleasure of the operator.

To make an unsophisticated soft soap, a, suitable quantity of oil is run into the copper, not

exceeding J its total capacity; at the same time, potash leys at 9°-ll° B., not absolutely caustic,

hut retaining some potassium carbonate, are let in, and the steam is turned on, or the fire kindled, or

both ; the fan may also be adjusted at the height beyond which the soap is not to boil, and the

whole is carefully watched. If the copper has not boiled until a volume of leys has run in equal

to that of the fat, the stream of leys should be stopped, and started again when the ebullition

commences. If the oil and leys do not appear to have combined, the fire should be checked, the

stream of leys stopped, and gentle steam-boiling continued until this is the case. It is very

difficult, especially with rape-oil, to get the alkali to combine, but when once the process has

begun, it goes on with tolerable rapidity with subsequent additions of leys. From time to time,

small samples of the soap are dropped upon a glass plate, and after cooling at a temperature as

near 8° (46° '4 F.) as can be obtained, are carefully examined. The soap is good if it is clear and
translucent; a fatty border indicates deficiency of alkali; while if the sample be granular, grey,

and lustreless, too much ley has been added, a fault that must be corrected by the addition of

more oil, previously mixed with leys at 2° B. Should the sample separate on the glass into soap

and clear liquor, the quantity of leys is excessive. If the combination be good, and alkali

deficient, stronger ley (at first 15°-16°., then 2.S''-25° B.) may be cautiously added; a sign of

saturation, or rather slight excess of alkali, is the appearance of a striped skin, or ley-veins, on the

surface of the sample. When it is judged that enough alkali is present, the steam is turned off,

and a certain amount of water is evaporated by boiling the copper with fire, during which
operation the bubbles get larger, the soap being almost laminated, and make so much noise in

their escape that the boiler's phrase' is " the soap talks."

When finished, a small sample must not glide or be slippery on the glass, nor must it draw into

threads when worked up between the fingers and thumb; a very small ring should appear in the

sample in 12-15 min., indicating tlie necessary slight excess of potash. The soap is filled into

barrels while quite hot, and to promote rapid cooling of the mass, cold soap is often added.

A somewhat shorter method, saving the evaporation in the later stages, has been introduced of

late. For every 100 lb. oil, 200 lb. leys at 20° B. are required ; when liquid fats are used. Ibis

quantity is run in at the commencement of the operation ; with solid fats, J may be taken, and

when thoroughly incorporated, tlie rest may be added, and the s>oap boUed as previously described.

If it be desired to make a soft-soap in which some of the potash is replaced by soda, the

proportions of the two leys must be accurately adjusted to each other, and to that of the fat used.

The process was first worked out by Gentele, and improved by Cristiaui, who recommends for the

saponification of oil by | potash and f soda the following formula:—5000 lb. oil, 2674 lb. potash
ley at 20 B., 740 lb. potash ley at 2.5° B., and 2353 lb. soda ley at 20° B. If enough steam be not

condensed iu the boiling, water may be added to make the whole weigh 12,500 lb.

To produce a grained soft-soap (or " fig"), it is essential to use pure potash leys, and to employ
some hard fat, the stearic or palmitic acids of which form potash salts whose crystallization

produces the grains, within somewhat narrow limits of temperature, viz. 9° (48°- 2 F.) and 15°
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(50° F.). Tho following fat mixturos will produce it:—(a) 55 palm-oil, 45 oleic acid; (b) 55 palm-

oil, 15 tallow, 30 linseod-oil; (c) 70 palm-oil, 30 liuseed-oil. An artificiAl grain is given by clay

Btorch, &c.

Two kinds of genuine soft-soapa occur in commerce, whoge composition is :

—

Water ..

PotaBh..
Fatty acids

I.

per cent.

50-5
9-5
40-0

II.

percent.

31-5
11-5

500

The question of admixtures with genuine soft-soap, after its fabrication has been completed, is

one that demands the serious attention of both manufacturer and consumer. They may be divided

into two classes : (1) those intended to increase the detersive power ; and (2) those added solely to

cheapen the prodftot. To the latter, belong clay, starch, fecula, glue, and a number of other

fraudulent admixtures, whose detection will be dealt with under the head of soap-analyais. The
first class demands a few explanatory words, and contains chiefly two substances, rosin, and

silicate of soda or potash; the manufacture of the latter, and their use ia hard soaps, are

described on pp. 1786-7. For soft-soap intended for household and laundry purposes, rosin may
be substituted for part of tho saponifijible material (to the extent of 10-15 per cent, upon the total

oil used) without injury, and, in some cases, with actual benefit ; in the same clnss of soaps, the

addition of silicate (or carbonate) of potash or soda certainly increases the detersive power,

especially where hard water is employed. Most of the soft-soaps made, however, are used by
woollen manufacturers, for wool-washing, fulling, scouring, and sizing, and there is no doubt that

the best soap for these purposes is a genuine potash-oil-soap. Experience has shown that the

addition of rosin has an undesirable effect upon the fibre, and that the presence of soda in any form

is absolutely injurious to it. Wool in its natural state is lubricated by " suint," which contains

nearly 50 per cent, carbonate of potash, and scarcely a trace of soda ; it is evident therefore that ia

discarding soda, and using potash, the manufacturer follows the teachings of nature. Tho use of

silicate of potash is injurious, since it attacks the fibre of the wool, and in some cases by its

decomposition, even deposits silica therein, greatly to the detriment of the ultimate fabric. So
much injury has been done by the use of unsuitable soaps, that many woollen manufacturers have
been driven to make their own, thereby, as they think, ensuring purity. This, however, is also a
hazardous proceeding, and it would be really more to their interest to state their exact wants, and
to pay a proper and fair price for a soap carefully made with all the appliances and knowledge of a
large soap-factory, than to run the risk of using a product in which, from want of practice or

knowledge, a sirious oversight had occurred. The excessive desire for cheapness on the part of

purchasers has done more than anything else to depreciate the quality of soft-soaps (and of others).

Further general remarks on this subject, and upon the desirabQity of purchasers buying soaps

whose composition is guaranteed by analysis, will be found on pp. 1793-4.

I, 0, ;3.—The method of making " hydrated " soaps is very similar to that just described. Fatty
matter and (soda) leys are run into the copper, and the whole is boiled together, care being taken
to avoid an excess of alkali at first; when saponification has taken place, leys are cautiously

added until the soap tastes very faintly of caustic alkali, when the operation is finished, and the
soap is ready to be transferred to the frames. Marine soap, for use with sea-water, is made in this

way, the fatty matter beiufj entirely coco-nut-oil, and the leys being usually at 20° B. This soap
is soluble in weak brine, which other soaps are not (p. 1769). It is difficult to make the
saponification begin, but once begun, it proceeds with extraordinary rapidity, the united mass of

oil and leys swelling up almost instantaneously to many times its volume. In connection with
hydrated soaps, Blake and Maxwell give the following table for the quantity of soda leys necessary

for their manufacture :—

100 lb
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countries, and may be divided into three kinds, curd, mottled, and yellow. The coppers for their

production have already been sufficiently described, but a necessary and hitherto unused adjunct

must now be explained, viz. the pumps required for changing the leys beneath the soap. They
may be placed inside the copper, or outside, and, in this latter case, are connected with the outlet

pipes at K L, Fig. 1248. For small pans, a simple hand suction-pump answers ; for larger ones, a
single- or double-acting lift- or force-pump may be placed inside the copper, and worked by hand,

or by an eccentric on a shaft. In large soap factories, some form of centrifugal pump will be
found very useful; the usual objection to the use of these pumps, viz. the need of constant

lubrication, being obviated by the fact that, so employed, they lubricate themselves. Their great

advantages are the absence

of valves and of easily de-

ranged working parts, and
the large amount of work

they will do in a short time.

In England, the names of

Gwynne and Appold have
long been connected with

centrifugal pumps ; in

America, the one most

usually employed is Hersey's

patent rotary soap - pump
(Hersey Bros., Boston,

Mass.), which is represented

in Figs. 1252, 1253, and 1254.

The pump should be placed

as little as possible above

the outlets in the coppers,

and connected therewith by

2J-in. iron pipes, provided

with valves. The pipes in-

side the copper, communi-

cating with the outlets, have

swing joints, so that they can

be raised or lowered at pleasure. To avoid the pipe-system becoming choked by soap congealing

in it, a steam-pipe should be inserted at one end, to warm the pipes and pump previous to use,

and to " blow-out " all their contents at the end of the operation. In the figures, S is the suction-

pipe ; H, the delivery ; F, the blades set upon a cone (the rotation of which in the closed case pro-

duces the pumping), which is kept in its place by adjustable set-screws. This pump will transfer

to any desired part of the factory, leys, melted fat, finished soap (if not too stiff), " nigre," and
soft curd. The diameter of the pump is 10 in., of its outlet 2J in.; when making 120 rev. a,

minute, it will pump 6000 gal. an hour, its contents being twice emptied in each revolution.

Whatever kind of hard soap is to be made, the first stages of the process are the same for all

;

but since a curd or a mottled soap requires the use of fire or " close " steam to evaporate water

during the final stages, it is desirable to commence making those in coppers so provided, and either

high-pressure or superheated steam may be used in the close-steam worm. Yellow soaps may be
made in coppers furnished only with an " open " or " free " steam worm. A useful addition to any
copper, giving more room to boil, and hence adding to its capacity, is a " curb," or ring 2-3 ft. high
loosely fitted on in segments above the angle-iron of the top ring of the copper itself, and capable
of easy removal. If, as in Fig. 1248, the copper project 2J ft. above the floor, a " curb "

2i-3 ft.

high may be conveniently added, and the fan adjusted so that its blades revolve about 1 ft. below
the top of the curb.

To commence a boiling of hard soap, melted fat and caustic soda leys (hereafter only called

leys) at about 11° B. are simultaneously run into the copper, and the steam is turned on ; the same
precautions to prevent an excess of leys must be observed as are detailed in making soft soap

(p. 1776) ; if leys stronger than 12° B. be used at this early stage, saponification will not take place.

When the contents of the copper present the appearance of a homogeneous magma or paste, leys of
a higher sp. gr., say up to 25° B., may be cautiously added, but it is not essential to do so. The
boiling, and the addition of fat and leys, must be continued until a small sample cooled between the
fingers has a tolerably firm consistence, and when applied to the tongue, no caustic taste, or only a
very faint one. Should there be a strong taste (or " touch," to use the American term), or should
the sample separate into soap and liquor when squeezed, too much ley has been admitted, and more
fat must be added. Should the sample be soft and greasy, more leys are required, especially if any
unsaponified fat be visible; occasionally the two conditions obtain, both caustic liquor and fat
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appearing in a aimple, which is evidence that combination has not taken place ; the remedy is

more boiling, with occauionally the addition of water. Practice alone will enable the operator to

judge of the completion of this first operation, called "pasting " (French, empdtage). In English

phraseology, it is called " killing the goods " or raw material, and the soap is then said to be "close ''

or in a " hitch " or "glue." In this condition, the soap should contain about -j'^ of the total soda

necessary for complete saponification, with a large excess of water, which is separated from it by

the next operation.

Separation (French, relargage).—To effect this, a quantity of common salt is sprinkled into the

copper while still boiling, or the strongest brine (24° B.) is run in. Since the quantity necessary

depends entirely on (1) the sp. gr. of leys used in the last operation, (2) the amount of condensed

water where free steam is used for boiling, and (3) whether there is much coco-nut- or palm-kernel-

oil in the fat employed (p. 1769), no directions can be given as to how mach salt should be added ;

the addition should be made cautiously and gr.ulually (taking caie to allow time for the solution

of the salt), and continued until a small sample removed upon a spatula or trowel allows clear

liquor to run from it. During this operation of " graining," the contents of the cnpper are very apt

to boil unsteadily, and occasionally to boil over with great violence. When this point is reached,

the whole process should be stopped, and, the steam being turned off, the copper should stand at

least 2-3 hours. Its contents then divide themselves into two portions, the upper consisting of soap-

paste holding about 40 per cent, water, and the lower of a solution known as " spent leys," con-

taining common salt, any carbonate and other soda salts present in the original leys as impurities,

and nearly all the glycerine of the fat employed (see p. 1800). It should contain no caustic

soda, and no soap or saponifiable material ; if it contains the latter, enough salt baa not been used.

For the presence of caustic soda, a sensitive tongue will be found a sufficiently delicate test, while

the addition of a mineral acid will throw up a scum of fatty matter, if any be present ; it will also

be found useful to observe the sp. gr. of the spent leys, as a means of controlling the amount of salt

used. After the copper has stood for some hours, the spent leys should be pumped off, and, if there

is then sufficient room, more fat may be run in, and the whole operation repeated ; at this stage, the

rosin is usually added for a yellow-soap, being broken into lumps, and shovelled in, unless it

is combined with soda in a separate copper, and mixed with the fat-soap on the next operation.

Clear-boiling (French, coction).—All the goods having been " killed," and the spent leys removed,

a small charge of leys at about 12''-14° B. is run in, and the copper boiled for 2-3 hours ; at the end

of this operation, the soap should have a faint but decided caustic taste, and a small sample on a

spatula should allow clear leys to run off it ; if this be not the case, more, and in some cases stronger

leys, must be added. This operation communicates additional soda to the soap, and washes out, as

it were, some of the salt entangled in it. After some hours' subsidence, the " half-spent " leys that

sink to the bottom are pumped off, and may be used in another copper for "killing" more fresh

goods ; the soap from such leys, however, will be of an inferior colour.

The next stage of this operation is to boil the copper with open steam ; if the contents are not

perfectly homogeneous, and in a state resembling a stiff paste, i. e. if the copper be not " close," but

have a tendency to separate into leys and soap, when examined on a spatula, the sp. gr. of the

entangled leys is reduced by the addition of water, until the desired condition is reached. A small

stream of leys at about 12° B. is then allowed to trickle in, until the homogeneous paste again

separates into flakes of soap and clear leys, boiling being continued all the time ; the soap should

now taste strongly of caustic soda, and feel hard when cold ; this operation is technically called

" making " the soap, and when enough leys have been run in, boiling should be continued for some

hours, to ensure complete saponification, since it is difficult to make neutral fats take up the last

portions of soda. The large coppers previously alluded to rei]uire a whole diiy (12 hours) for this

operation.

The operations above described, may in experienced hands be somewhat reduced in number and

time, but much greater care is then required. By the proper use of leys of various strengths, and

of salt, it is possible to " kill " 40-50 tons of mixed tallow and rosin in one copper in a day—to

dispense with the next operation—and to " make " the copper on the day following, finishing it on

the third day. The mode of finishing depends entirely on the kind of soap required.

Curd Soups.—The raw materials for curd soaps should contain no rosin, and but little, if any,

coco-nut- or palm-kemel-oil, but any other oils or fats may be used. White curd is usually made
from tallow or lard, or a mixtmre thereof; brown curd, from bleached palm-oil, or kitchen-grease,

or bone-tallow ; and manufacturers' curd-soaps, from various fats. AVhen the soap is " made," the

open steam is shut off, and the boiling is continued either with fire or with close-steam; this

concentrates the leys, and the flakes of soap gradually approach the spherical form. From time to

time, the boiling is stopped, the sp. gr. of tlie leys is observed, and a sample of the snap, from

which the leys have been allowed to separate, is put out to cool. When it is sufficiently hard, the

boiling is finally stopped, and after a few hours' subsidence, the soap is ready to be removed ; the

amount of water left in it varies inversely ns the sp. gr. of the leys in which it is boiled.

'> X 2
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Mottled Soaps.—The term ia here used to denote the old-fashioned curd-mottled soaps, not

those marbled with blue, grey, or red, which have appeared in the English and foreign markets

within the last 20 years, and which are described on p. 1787. In the fabrication of soap, it

is impossible to avoid entirely the presence of earths and metallic oxides. These consequently

decompose a small portion of the soap, combining with its fatty acids, and forming soaps

of lime, magnesia, and iron (from the " coppers "), which are insoluble, but softened by heat,

and disseminated in a state of minute division through 'the soap-paste ; any slight impuritiesl

in the fat employed, when not dissolved in the caustic soda solution, are similarly diifused. If,

after a soap is " made," the leys in which it is suspended are concentrated to a point short of that

necessary to produce hard curd-soap, and it is then trausferred to the cooling-frames, with a

certain quantity of leys entangled in it, these insoluble particles will, during the solidification of

the soap, collect together, and produce the appearance known as "mottling." No rule can be
given for the point of concentration ; it varies with the fat used, with the amount of leys in the

copper, with the quantity of salts other than caustic soda in them ; and in short, the proper
" mottling condition " is a physical one, chemical tests being of no use in deciding it. Nothing
but practice and careful observation can make a successful mottled-soap boiler. The principle of the

process has been clearly laid down, and the various formiilse given in books, involving in many
instances several changes of leys, are but different modes of arriving at the same result, viz. the

suspension of pure soap, and of soaps of the metallic oxides, in soda leys of a given sp. gr. If

the soap be boiled too long, it " sets" in cooling before the mottling has had time to aggregate; if

it is not boiled enough, an undue quantity of leys remain in the soap ; but, from their mode of

manufacture, mottled-soaps always must contain some leys in the cavities between the curds

;

hence they are the most suitable and really economical soaps for hard waters. It not unfrequently

happens that the copper does not contain enough metallic soaps, &c., to produce a definite mottle.

In this case, some "mottling" is added; for a grey, Frankfort-black, or very finely levigated

black oxide of manganese, may be used ; the peculiar greenish mottle which becomes red on
exposure, characteristic of Marseilles and Castille soaps, is produced by adding some solution of

protosulphate of iron to the copper when it is nearly finished (about 4 oz. of the salt to 100 lb. fat)

;

the precipitated protoxide of iron suspended in the soap is greenifih, but becomes peroxide in contact

with air, to which the change to a red colour on exposure is due.

In England, mottled soaps are usually made from kitchen-grease and from bleached palm-oil.

In Marseilles, from mixtures of various seed-oils, of which olive-oil is the principal, and cotton-

SL-el-, poppy-, hempseed-, gingelly-, and ground-nut-oils are frequent components. In these

mottled soaps, little or no coco-nut- or palm-kernel-oil should be used, although such oils form an
almost essential constituent of the new mottled soaps referred to above.

Fellow Soaps.—The finishing operation for these is termed "fitting" in England, and liquidation

in France, and requires considerable judgment on the part of the operator. After being thoroughly

well " made," the copper stands at rest for at least 12 hours ; the half-spent leys are then pumped
off, and the open steam is turned on. When the copper is again boiling, it should be continued so

until its contents are perfectly homogeneous (the time depending much on the size of the copper),

and the soap should then be examined with a clean trowel. When in proper condition, a thin layer

should drop off a hot trowel held edgeways, in two or three fiakes, leaving the metallic surface

quite clean ; but if, as is more probable, the layer breaks up into several small flukes, and the soap

is stiff, water should be cautiously added, to reduce the sp. gr. of the still-entangled leys. If, on the

other hand, the film will not leave the trowel at all, a small quantity of strong leys (say 15°-20° B.),

or of brine, may be cautiously added, to cause it to do so. In the first case, the " fit " is said to be
" open " or " coarse "

; and in the second, to be "close" or " fine." Here, again, practice and
observation alone enable the operator to obtain " a good fit," and when it is obtained, the steam is

turned off, and the whole is allowed to stand. The copper is then covered up with planks, or an

iron cover, and kept as warm as possible ; small coppers may stand a day or two, large ones as long

BS a week. During this period, the contents arrange themselves in three layers, (1) a light crust

full of air bubbles, technically called " fob," (2) the finished or " neat " soap, forming about | of the

whole, (3) the " nigre," which is an impure solution of soap in leys, and contains all the impurities

present in the copper. The size of this last depends entirely upon the character of the " fit." A
fine fit gives a very large nigre, containing much soap ; while a coarse fit gives a small nigre,

composed chiefly of impure leys. The English practice is to fit rather "fine,"' competition among
the various makers for purity and colour being excessive ; while the Americans are usually content
with a course fit.

The finest yellow soaps are made from the best tallow and rosin, which last is an essential

constituent of them ; in some cases, lard, or lard-stearine, is used. Inferior qualities may be made
from the nigres of better sorts, from bleached palm-oil, greases of all kinds, and in fact any saponi-

fiable solid fat ; fluid oils must be used, if at all, in small quantities and with caution. The
proportion of rosin may vary from ^-^ of the total fat, to an equal weight, or even more, according
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to tho qnnlity of snnp required. In Engliind, the very best quality is known in the trade iia

"primrose," and is made from tho finest (unbleached) tallow und "window-glass" rosin; tho

lowest grailo of brown from the nigres of tho grades above, mixed with curriers' grease, leather

tuUow (" Bod-oils "), and other dark and foul but hard fats, with black rosin.

The soap having been iinished in the copper, the next stafje is to transfer it to the cooling-

boxes, or " frames," as tliey are usually called. Curd soaps should always be carefully skimmed nlf

the leys by ladles, since they are too stiff to pump, and most mottled eoiips are in this condition

also; if, however, much leys be entangled in them, and the curd be flat, tlic y may be pumped out.

In large factories, fitted soaps are invariably transferred to the frames by suitable pumping

machinery. A peculiar method of emptying coppers that contain perfectly homogeneous snaps.

without any nigre or leys beneath them, was invented by Gossage, and is represented in Figs. 1255-6.

An air-tight cover is screwed on to the copper, and a

blast of air is turned in through A ; the pressure thus

exerted forcis the soap out through the delivery-pipe

B in a continuous stream, until the lower end of that

pipe becomes uncovered, when air rushes thrnugli it-

This is chiefly used for the "blue-mottled" soaps,

described on pp. 1787-8.

Soap-frames are of two kinds, according as it is de-

sired to cool the soap slowly or quickly. In England, the

internal measure of both is 45 in. x 15 in., a relic of the

days when a duty (removed in 1853) was levied ; the

width of this makes the length of the English bar of

hard soap. Where slow cooling is required, as is always

the case with mottled soap, wooden frames, usually made

of pine, are always employed. Their general appearance

is shown in Fig. 1257 ; each section or "lift " (2) is lined

with thin sheet-iron, tho wood being 2i-3 in. thick, and

the several sections, each about 9-12 in. deep, should fit

closely upon each other when piled in a eeries (1). The

bottom ofthe frame (3) may be made of wood or of brick
;

in the case of ourd-mottled soaps, it is convenient to have

a well in the bottom, to receive the leys which drain from

the soap, especially if, as is frequently the case, the frame '^^ti.

is 20-30 ft. high. Most curd and all yellow soaps are

cnoled rapidly in cast-iron frames of any desired shape and size. Figs. 1258-9 show a longitudinal

section and plan of a form frequently adopted in England, which is almost water-tight ; the super-

ficial measure is 45 in. x 15 in., and the height 50-60 in. The four sides are held together by

bolts and nuts, and when the soap is cold (i. e. after the lapse of 3-7 days for this size), these are

unscrewed, the sides are removed, and a solid block of soap is left standing on the bottom of the

frame. This may be at once cut up into slabs and bars, or may be slid away bodily to store.

Occasionally such frames are mounted upon wheels, for convenience of transport about the factory.

When it is desired to cut the soap, the sides of the block are marked with a scribe. Fig. 1260, the

teeth of which are set at the thickness desired for the bar of soap. A brass or steel wire is then

taken by two men, and drawn through the block. Fig. 1261, which is thus divided into slabs ;

these are at once removed to a machine which will divide them into bars. The cutting-machine

usually employed in England is shown in Figs. 1262-4. The cutter itself is worked by a lever-

frame L, which contains wires, or, for very hard soaps, thin steel knives k ; the slab is placed longi-

tuilinally and nearly upright on the base-board 6, and the lever-frame is then drawn through it.
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The bars thus formed fall back upon the shelf / behind, whence they may be removed and set

aside to get cold. Before repeating the operation, the lever-frame must be raised and hitched in

its place by the spring-catch c. The bars, when removed from the machine, are piled across each
other in " open pile," in such a way that air freely circulates among them. When thoroughly

set, they are stored away in " close pile," or packed. In America, Ealston's cutter and spreader.

Fig. 1265, is largely used ; it has an arrangement A B for spreading and stamping the bars, and ia

very useful where soap is rather soft when freshly out. The slab is laid upon C, and the cutting-

wires are shown at D. Van Haagen, of Cincinnati, has devised a machine for dividing a frame of

soap into bars all at one operation, and various slabbing-maohines have been invented, none
of which, however, has come into very general use, and they will not be further described.
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In connection with tho cutting up of Boap, it may be conveniently mentioned here that certain

eoaps undergo a kind of case-hardening process as soon as they have been barred-up. Most of the

French mottled soaps ure soaked, or even stored, in weak leys, or weak brine, or a mixture of both ;

and some of the English blue-mottled soaps are also soaked in brine. The usual process, however,

is a drying one, which may be carried out either by dirtoting a current of warm, dry air, by a fan

or otherwise, against a pile of bars, or by spreading tho bars in a drying-chamber. Fig. 1266, which
is heat(!d by fire to a temperature short of that at which the soap begins to melt. The tiro is

kindled in A, and the heated products of combustion pass along E to F, while the air, which
enters at H, heated by them rises through the vent-holes O, and, after taking up much moisture
from the soap M, passes out through K.

The bars of soap, when freshly cut and still soft, are usually impressed with some words indi-

cating tlie name or quality of the soap, and the trade-mark or name of the manufacturer. This is

most simply done by a hand-stamp, in which the letters or device are cut in hard wood or cast in

brass (B) ; the arrangement and mode of using it with very hard soaps are shown in Figs. 1267-8.

In Englind, it has long been customary to sell soap in bars 15 in. long, weighing 2J-3 lb. ; but
during the last 5-6 years a great demand has sprung up among the retailers for ordinary household
soaps cut and stamped into 1-lb., J-lb., and i-lb. blocks, a form which also obtains to a very lar^e

extent in America. Various parts of each country differ considerably in the shapes preferred for

thuso blocks, and the formation of each kind demands a special set of cutting-wires and of moulds
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and dies for their production. The 1-lb. and J-lb. blocks are often " semi-cut," so that they can be

readily divided into two |-lb. and J-lb. pieces respectively. The simplest moulds are usually cast

in brass, each tablet requiring two, producing an upper and an under surface ; but occasionally a

mould-box ab with hinged sides is employed, with a screw-press, such as is represented in

Fig. 1269. With the ordinary tablets, it is necessary to slightly dry them superficially, and to

give them a very thin coating of oil, that they may not stick to the die. The simplest form of

hand-press will stamp upwards of 600

J-lb. pieces an hour. For larger tablets, i27i.

a foot-power press is desirable, such as

that made by W. H. King, Philadelphia.

All large manufacturers, however,

employ some form of steam - power

press ; one made by Neill & Sons,

St. Helens, Lancashire, England, is

shown in Fig. 1270. By moving the

handle A, steam is admitted into the

bottom of the steam-cylinder D; the

piston being forced up the cylinder

lowers the die E into the die-box F.

The rod attached to the lever at B
works' in connection with a die that is

always in the die-box and attached to

the spindle C, having a slot for the

lever to work in such a manner that

when the piston is at the bottom of the

steam-cylinder the bottom die is at the

top of the die-box, and when the piston

is at the top of the cylinder the bottom

die is at the bottom of the die-box;

thus the stamped tablet, being raised

out of the die-box at each stroke, can

readily be removed. The great advan-

tage of the lever working the steam

valve is, that the attendant must

take his hand from the dies before the

blow is given, thus preventing acci-

dents arising through the blow being

given when the hands are at the dies.

Another form (Fig. 1271) is made by Hersey Bros., Boston, and with it a smart workman can

mould 2000 cakes an hour; it is supplied with steam at 20 lb. pressure through a tin pipe.
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Hitherto, in treating of tho fabrication of soap, genuine, nnsophiBtioated, or " neat " soaps,

containing not more than 32 per cent, of water when freshly made, have been described. It now
remains to denl with the various substances which are mixed with soaps after they have been
removed from the copper, by. almost every manufacturer, and the mode of their incorporation,

known in the trade by the suggestive name of " filling." These may be classed under two heads.
The first class, which will be considered somewhat in detail, comprises all those soluble alkaline

salts, such OS silicates and carbonates, added to soap to increase its detergent power ; between the
two classes may be placed water, which is always present to a greater or less extent in " filled

"

soaps, and simply reduces their actual value and economical nse ; while the second class includes

all insoluble substances, such as clay, steatite (i. e. soapstone, or magnesian silicate), powdered talc,

sulphate ofbaryta, starch, feoula,

and all soluble substances, such

as glue and gelatine, which have
no detergent power in themselves,

and are simply added to increase

the quantity of water in soaps

or as mere adulterants or make-

weights. (A notable example of

this is the use of clay or steatite,

5 or even 10 per cent, of which

may be mixed with soap with-

out its presence being apparent

to tho eye.) For obvious reasons,

only the use of the first class

will be described in the present

article ; but further remarks on

the subject, and methods for

detecting and determining the

quantity of these adulterants,

will be given under the head of

Analysis of Boap, pp. 1794-6.

With the exception of the

silioated mottled (blue, grey,

and red) soaps, a special descrip-

tion of which will be given, ull

" filled " soaps are made by in-

corporating the soiip-paete fresh

from the copper with the " fill-

ing,'' at a temperature of about

77° (170° F.). On a small scale,

this may be readily done by stir-

ring the two together in the

soap - frame with a " crutch,"

which is a perforated piece of

wood or iron, whose flat side is

attached at right angles to a

pole, by which it is moved by

a man vertically up and down in

the frame. When many tons

have to be mixed, however, ma-

chinery in some form must be

employed, and the choice of the

form thereof depends upon the

probable consistency of the mix-

ture. Whatever form bo decided

upon, it is quite essential that

it should not merely mix the soap in one plane, but that the contents of various planes should

bo intermingled ; simple rotation of arms at right angles to a vertical shaft is therefore insuf-

ficient.

Such an arrangement is shown in Figs. 1272-3. The blades E of the mixers are set at an angle

of 45° on the shaft A B, at the top of which is a pair of bevel-wheels, with fast and loose pulleys

CD; F is the discharge-hole, provided with a valve for drawing off the stiff soap. At G G', are

portions of the mixers and scrapers in section. It is desirable, but not necessary, that there should

1273.
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be some means of controlling the temperature of the tanks or vessels in which the " crutohing
"

(as this mixing process is technically called) is carried on. Close steam-worms or steam-jackets

are very suitable for this purpose ; they should in all oases, however, be cased with a non-conductor,

to prevent loss of heat by radiation.

Where very stiff soap has to be crutohed, probably the best arrangement is an archimedean

screw, which is very largely used in America, where most of the soap made is very stiff; this lifts

up the various layers most effectually, and is most conveniently set inside a jacketted cylinder,

whose height is about IJ times its diameter. For crutching soaps that are somewhat thinner, such

as are usually made in England, the crutohing-maohinery designed by Neill & Sons, St. Helens,

Lancashire, is very suitable.

One of the earliest methods of cheapening, hardening, and increasing the detersive powers of

soaps was that proposed by Dr. Normandy, who mixed " neat " soap with crystallized sulphate of

soda, previously melted in its own water of crystallization. The salt re-crystallized in the soap as it

cooled, and the soap was thereby considerably hardened, so that it wore better in the wash-tub

when rubbed upon clothes, and in this way its detersive power was mechanically iacreased, although

sulphate of soda as such, being a neutral salt, had no detersive power of its own, and its addition to

soap really diminished chemically the percentage of soda available for washing. These soaps

usually eflSoresced with «. white powder, and gradually fell out of use, especially as raw fatty

matters became cheaper.

It was then discovered that the addition of carbonate of soda, or " sal soda," has a remarkable

effect in stiffening and hardening soaps to which it is added in a state of strong solution ; it also

increases chemically its detergent power. This process is very largely employed in America ; the

amount of soda used depends upon the raw materials from which the soap was made, and upon the

quality of the desired product ; a very usual proportion is 1 cwt. carbonate of soda crystals (melted)

to every ton of soap. Not unfrequently, a solution of pearl-ash (impure carbonate of potash) and

common salt, mixed in varying proportions, at a sp. gr. of about 30-35° B., is used for a similar

pxirpose.

Silicated Soaps.—The discovery of methods of manufacturing on a large scale soluble silicates

of soda and potash, gave a very important impetus to the soap-trade, since these substances are

peculiarly suitable for the purposes now being described. The first application on a large scale

was the production of soaps by Christr. Thomas & Bros., of Broad Plain Soap and Candle Works,

Bristol, containing both silicate and sulphate of soda, and by these means they were able to produce

in 1856 a soap of very great detersive power, which could be sold retail at less than the duty on

soap, which had been removed a few years previously. It is usually supposed, however, that the

value of silicated soaps was first publicly and ofiScially recognized at the International Exhibition of

1862, when a prize medal was awarded to W. Gossage and Sons, Widnes Soapery, for their samples.

It win be convenient, therefore, to describe here shortly the process of manufacture and pro-

perties of the silicates of soda and potash. These compounds, known also as soluble glass or water-

glass, may be prepared either by the dry or wet methods. The first is usually adopted by Gossage,

Crosfleld, and others ; it depends on the fact that, at high temperatures, silica plays the part of

a very strong acid, capable of displacing acids much stronger than it at ordinary temperatures.

On the clean hearth of a reverberatory furnace, 9 parts of soda-ash at 50 per cent, soda are fused
with 11 parts clean white sand, or (for the potash salt) equal parts of carbonate of potash and sand.

The product may be sold in the diy state, or may be dissolved in boiling water ; not unfrequently
boiling under pressure is necessary to effect complete solution. If the solution be too alkaline, it

may be boiled with rosin, or a fatty acid, or it may be treated with a mineral acid, either liquid

or gaseous. Instead of carbonate of potash, a mixture of " salt-cake " (sulphate of soda) and coal

may be fused with sand, and the mixture decolorized by arseniate of soda (i. e. a mixture of
white arsenic, nitrate of soda, and soda-ash), but a much higher temperature is required in this

case, and the wear and tear of the furnace is very great.

For purposes where uniformity of composition is important, it is far better to employ the wet
method, as is used by Eansome for artificial stone, and by Christr. Thomas & Bros., BristolT In
this case, white sand or calcined flint is put into a Papin's digester, with a solution of caustic soda
at about 12° B. Steam is turned into the jacket, and maintained there at about 25-30 lb. a sq. in.

;

occasional samples are drawn off by a try-cook, and when all trace of causticity has disappeared,
steam is turned off, and the contents are " blown out " into tanks where a few hours' subsidence
deprives the solution of all suspended impurity. It is then about 24° B., and may be concen-
trated, if desired, as far as sp. gr. 1'700. Any mechanical arrangement that moves the flints

about, facilitates their solution. Made in this way, the silica and the soda bear to each other a
very simple, but a very constant, ratio, viz. 2 to 1, and hence great uniformity of composition is

obtained, which is not always the case when soluble silicates are made in the furnace. The com-
pound is usually sold in solution at 140° Tw. (sp. gr. 1-700), and should scarcely vary from this
composition :

—
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Silica 33 -00 per cent, to 32 -00
S'lila 16-50 „ 16-00

Other soda Baits 2-50 „ 3-00

Water 4800 „ 49-00

100-00 100-00

Solutions of silicate of soda, containing a larger proportion of silica than 2 to 1, cannot be concen-

trated so far, but are very suitable for many soaps ; those containing less silica than 2 to 1 are

unsuitable for all soaps, and should be carefuUy avoided.

Silicate of soda may be mixed with almost any kind of soap, but the strength of the solution

employed must be varied according to cii-cumstanoes. Very weak solutions are often added to

" neat yellow soaps," and when employed in this way, it is a good general rule, ceteris paribus,

to increase the sp. gr. of the solution, with the percentage of it employed. Thus, if it be

desired to increase the quantity of water in a " neat " soap by 4-5 per cent., a solution at 5° B.

will be suitable ; while if the quantity of water is to be increased to a total of 50 per cent., a stronger

solution (10-12°) is required. This kind, technically known as "run soap," was at one time

largely made in America, and still is in England under the name of "London pale." Such soaps

arc of the consistency of thin treacle when mixed, at say 160-170° F., and are apt to disappear

rapidly in hot water, as well as to lose weight when kept.

A more legitimate application of silicate of soda ia to mix varying quantities of the concentrated

solution with "neat " yellow or curd soaps. This treatment makes yellow soaps much stiffor, and
in many cases, by hardening them, adds to their durability. About 5 per cent, of the solution at

1-700 sp. gr. is a suitable quantity, and lias much the same effect as the addition of 5 per cunt, of

oarb. soda crystals before described. Much larger quantities than 5 per cent, may be used, but soap

so treated is apt to disintegrate unpleasantly in the hands of the consumer. Curd soaps are sold in

England with which 15 or even 20 per cent, of silicate of soda at 1-700 sp, gr. have been mixed.

These large quantities considerably increase the " soda available for washing," as given by the alkali-

metric test (see Soap Analysis, p. 1794).

Aluminate of soda.—As a detujgont for mixing with soap, this substance is perhaps even more
powerful than silicate of soda. It is chiefly obtained from cryolite, a mineral found in great abun-

dance in Greenland, and may be readily prepared from it by boiling it with lime ; cryolite, being a

double fluoride of aluminium and sodium, gives up the whole of its fluorine to the lime, leaving a

mixture, or compound, of alumina and soda. Like silicate of soda, it is not a definite chemical

compound,—as will be seen by the following analyses of different samples :

—

Soda ..

Alumina
Water

A. B.

43-0
40-0
9-0

44-0
240
32-0

100-0 100-0

The commercial product is an amorphous white substance, readily soluble in water, in which

state it may be mixed with soap, like silicate of soda.

Blue, Grey, and Red Mottled Soaps.—These come under the head of silicated soaps, and are thus

made. Two coppers are requiied, an ordinary steam copper for the first stage, and a fire-copper

for the later stages. In the steam-copper, the raw materials are killed, made, and fitted rather

open. The fat-mixtures employed are usually vegetable oUs, and almost always (though not neces-

sarily) contain a fair proportion of coco-nut- or palm-kernel-oU. When first introduced from

Germany, these soaps were made from well-bleached palm-oU and coco-nut-oil, in such proportions

as 3 palm- to 2 coco-nut-, or 2 to 1, or even 3 to 1. Latterly, however, palm-kernel- has sup-

planted coco-nut-oil, and some of the palm- has been replaced by refined cotton-seed-oU. The choice

of materials is very much guided by their cost. The fitted soap is shifted off its nigre into the fire-

copper, and, to every 1000 lb. of it, is added about 250 lb. solution of silicate of soda at about 20° B. ;

the exact sp. gr. depends chiefly upon the proportion of palm-kernel- to other oils. The whole is

then boiled together with steam and fire, to thoroughly incorporate the mass ; when this is complete^

the steam is stopped off, and the appearance of the copper is examined. Practice and experience,

assisted by chemical analysis, can alone decide when the soap is in " mottling condition "
; in that

state, it should have about 45 per cent, (or less) fatty acids, and 0-5-1-0 per cent, of sodium chloride,

according to the raw materials employed. A good physical test is to take a layer out rapidly upon a

cold trowel, and observe its appearance, and the time required for it to " set." A shiny appearance

on its surface indicates a deficiency, a frosty appearance, an excess, of mineral salts ; if it sets too

quickly, and is shiny, more sodium chloride must bo added ; if it appear frosty, and is long in



1788 SOAP, EAILWAY-GEEASE, AND GLYCERINE.

Betting, enough mineral ealta are present. So delicate is the process, that the addition of 1 lb. salt to

a ton of soap at this stage will entirely alter the appearance of the mottling when cold. When it is in

mottling condition, the mineral substance used as mottling is mixed witli a small quantity of water,

and sprinkled into the copper ; it is there thoroughly incorporated with the soap by a few minutes'

boiling, and the soap is then transferred as rapidly as possible to wooden frames, which are carefully

covered up when full, and kept as warm as possible, to allow time for the " mottle to strike." For

blue mottle, 5-10 lb. artificial ultramarine per ton of soap are used; for grey, 1-3 lb. finely levi-

gated oxide of manganese. If the soap be cooled rapidly, it will be of a homogeneous blue or grey

colour ; slow undisturbed cooling is essential to these soaps, and once in the frame, they should

never be touched until they are quite cold ; it was for them that Gossage devised the pneumatic

method of emptying coppers (p. 1781), but a centrifugal pump answers as well. It requires

greater skUl to make good " blue-mottled " soap than for any other kind, and the manufacture is

in the hands of a few large firms. It may be observed here that in these soaps, the mottling, so

difficult to produce, is a matter of appearance merely, and that soap with a plain white ground

would wash just as well.

Another mode of producing these soaps is to make a portion of the fat employed (usually all

the coco-nut-oil, with or without some portion of the other oils) into hydrated soap (p. 1777) ; the

remainder of the fatty matter is made either into a " fitted soap " or a " flat curd " soap, and then

transferred to the hydrate previously prepared in another copper ; after both are incorporated by
thorough boiling, the soap is finished as before directed. This method, for which Blake & Max-
well and C. N. Kottula had various patents, was introduced into England from Germany by
the last named about 25 years ago ; it is said to produce a more solid and close soap from the same

materials than any other method, but when a blue-mottled has to be made, the greatest care must
be used to allow no impurities in the materials used for the hydrated soap, or the brilliancy of the

blue mottling will be interfered with.

Manufacturers' Soaps.—The various kinds of household soaps having now been described, a few

remarks will be made upon the soda-soaps suitable for various manufacturing purposes. Most of

these are dissolved in water for use, and hence it is immaterial into what sized bar they are cut.

Care, however, should be taken that they are dissolved ; a case occurred in the writer's knowledge
when the quality of a soap was much complained of, as producing greenish stains upon black

cloth. The soap-maker asserted his ignorance of anything deleterious in the soap, and subsequent

investigations showed that the cloth-manufaoturer's workman, instead of completely dissolving the

soap, had impregnated the cloth with a solution containing undissolved pieces, and the soda in these,

not unnatui'ally, affected locally the indigo and logwood with which the cloth had been dyed.

For ordinary scouring purposes, there are few better soaps than the old-fashioned curd-mottled

:

many others, however, are used, such as curd soaps made from cheap and inferior greases, and
boiled very dry ; and fitted soaps from greases and black rosin. For scouring goods of finer

quality, a white curd soap from tallow, or tallow and lard, is used, or a curd soap from olive- or

cotton-seed-oils, or a mixture of both. The soaps made on Morfit's plan (p. 1771) are also good
scouring soaps. As a role, traces of unsaponified fat (or indeed any extraneous material) are very
deleterious in manufacturers' soaps, which, under ordinary circumstances, should contain a very
slight excess (as curd and mottled soaps always do) of caustic soda. When for any purpose, as

e. g. where delicate dyes are employed, an absolutely neutral soap is required, either a " finely-

fitted " soap should be used, or a curd soap from which the caustic leys have been pumped off, and
the soap finished by boiling on brine.

According to Oraoe-Calvert, soaps for dyers' use are not indiscriminately applicable to all

colours. To produce the maximum effect in brightening the shade, the soap should be :

—

Fatty acids

Soda ..

Water

For Madder
Purples.

64-4
5-6
34-0

For Madder
Pinks.

59-23
6-77

34-00

For some purposes, a soap that will remain liquid in solution at a low temperature is required
;

such soaps are well made by Morfit's process, and should contain large quantities of oleic acid.

For " fulling," this soap is often employed, mixed with curd soap made from unbleached palm-oil only.

Much has been written about the frauds practised by unprincipled soap-makers upon manufac-
turers using soap, and the latter have been advised, in self-defence, to make their own soaps.

Reasons have been given (p. 1777) against this course ; it is much to be desired, however,
that soap-«s«rs would take Boa.p-makers personally more into their confidence in explaining their

requirements, and would themselves superintend (and not leave to their foremen) any experiments
made on the working of different kinds of soap. A system, too, on which manufacturers' soaps
should be sold, guaranteed to contain a given percentage of fatty matter of a definite quality, with
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ib full equivalent of Soda, is greatly needed. Such orrangemenU, if carried out, would very pro-

bably put tliis tniile upon a far bettor footing than it ia at present.

Special I/'iusehold -ind Laundry Soaps.—A few of these, including the commoner kind of scented

Boapa, will now be considered. Cheap toilet soaps are thus made on a large scale. For " honey "

soap, a g(]fid "neat" yellow soap is taken, and a solution of some yellow dye is mixed with it

;

5 per cent. carb. soda crystals, or 5 per cent. sil. soda at 1'700 sp. gr., is then added to stiflfen it

;

the whole is crutched, and scented by the addition at as low a temperature as possible of as much
citroiiella-oil as is deemed necessary. For " brown almond soap," an inferior grade of yellow soap

is similarly treated, and scented with about 10 lb. to the ton of mirbane (i. e. nitro-benzol) or arti-

ficial almond-oil. When cold, these soaps are cut into bars or cakes, superficially dried, and
stamped with one of the foot-power or steam stamping-machines (p. 1784).

Culd-water Soaps.—This term, which has made its appearance within the last 5-6 years, was
at first confined to soaps made from very soft materials, but containing a very srnaU amount of

water ; such, for instance, as those produced by Morfit's process. They are sold at a low rate, and,

from their great dryness, may be kept indefinitely without losing weight, a property possessed by
scarcely any other household soap ; being perfectly pure soap, they are truly economical, provided

thoy are not used with hot water. Christr. Thomas & Bros., of Bristol, and Sinclair, of London, have

a great reputation for these soaps, which have been recently introduced. Latterly, however, the use

of the term has been appropriated by mukers of heavily-watered soaps, which run away in hot water.

Disinfecting Soaps.—In few ways can disinfectants be so agreeably applied to the skin as when
incorporated with soap. One of the last introduced, though probably one of the most eiBcacious, is

thymol soap—made solely by Ferris & Co., Bristol. Thymol is a non-poisonous (herein difiering

from carbolic acid) crystal, about 8 times as powerful an antiseptic and disinfectant as carbolic acid,

and is probably the ordy substance that combines disinfecting properties with a really pleasant

smell, that of thyme. The mode of incorporating thymol and phenol (i.e. carbnlie acid) with soap

is a trade secret ; Morfit states that carbolic soups are best made by his process (p. 1771), using as a

basis hot-pressed fat-acid cake, on account of the tendency of carbolic acid to soften the soap-paste.

Carbolic soaps are made in great variety and in large quantities by F. C. Calvert & Co., of

Manchester, whose products contain definite specified quantities of carbolic acid of various qualities.

Their "medical" soap contains 20 per cent, pure crystal ; their toilet and household soaps, 10 per

cont. ; their domestic soap, 8 per cent.; and their "No. 5" or "scouring" soap, 4 per cent, liquid

carbolic and cresylio acids. The comparative antiseptic power of soaps may be tested by adding

equal weights, in solution, to equal weights of flonr-paate, and, after exposing these to the air under

ideutical conditions, noting the day on which mould first appears on each. The so-called "coal-

tar " soap or " sapo carbonis detergens," owes its disinfecting properties to a small quantity of

carbolic acid in the coal-tar.

Sand Soup.—Under this heading, occur a number of soaps in which it is sought to unite the

chemical power of soap with the mechanical aid afforded by sand in scouring. As much as 20 per

cent, of clean sand or powdered quartz is sometimes mixed with soap-paste. In a similar way,

soap is made the vehicle of many substances to be applied to the skin, medicinally or otherwise, or

in any cleansing process. All these should be incorporated with " neat " soaps, freshly made or

remelted, at as low a temperature as possible. Some form of soap is not unfrequeutly the basis of

polishing pastes.

Fine Toilet Soaps.—Three distinct processes are in vogue for the fabrication of these, according

to the quality of the product desired. For the commoner kinds, the basis is a good grade of fitted

yellow soap, taken direct from the copper, or remelted in a small steam-jacketted pan, or in a

AVhitaker re-melter, provided with continuous coils of steam-pipe. To this, are added (1) suitable

colouring matter, in a soluble form if possible, such as some aniline dye, (2) some mineral salts, as

ciirbouate of soda or potash, salts of tartar, &c., to stiffen and " close " the soap, usually about 5 per

cent, in strong solution, (3) at as low a temperature as possible, the perfume. When cold, the snap

is cut up into slabs, bars, and cakes, dried, and stamped, as previously described. A few formula!

for perfumes are here given, calculated in each case for 100 lb. soap :

—

Brown Windsor,-

Or

-4 oz. oil of cinnamon,

1 ,, „ cloves,

1 „ „ caraway,

2 „ „ sassafras,

2 „ „ bergamot.

4 oz. oil of bergamot,

2 „ „ caraway,

2 „ „ cassia,

8 „ „ lavender,

1 „ „ cloves,

1 , ,,
pptit-i;rnin.

Almond Soip.—12 oz. oil of bitter almonds,

4 „ „ lemon.

Honey Soap.— 8 oz. oil of citronella,

2 „ „ lemon-grass.

Glycerine Soap.— 2 oz. oil of cassia,

1 „ „ caraway,

4 „ „ lavender,

1 „ „ mirbane.
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In connection' with " Brown Windsor " soap, it may be mentioned that the more it is melted,

cooled, manipulated, and remelted, the better it becomes, and that the scraps of various sorts of

soap that accumulate in the factory are usually worked into this soap.

The intermediate quality of toilet soaps are made by the cold process (pp. 1771-2), from the purest

materials that can be prepared, and when the fatty matter (tallow, lard, &o., with occasional cooo-

nut-oil) and leys have been well stirred together, the colouring matter, perfume, &o., are added, and

the whole is left quiet to effect the saponification. As previously directed, the fat should not exceed

49° (120° F.), and J its weight of caustic soda leys at 36° B., should be stirred into it ; in about 5

hours, when saponification occurs, the temperature will rise to 82 '2° (180° F.). This method

enables more delicate perfumes to be used, since they are added at so low a temperature. A
marbled appearance may readily be given to this soap by drawing, in wavy lines through the

mixed fatty matter and leys, a steel blade dipped in colour ground up with oil ; to produce a good

effect, the peculiar wrist-turn should be used with the blade, such as is required to wield a fencing

foil well. It is obvious that these soaps retain their own glycerine.

To the perfume formula given above, may now be added :—
Sose Soap.—i oz. oil of rose geranium,

g „ „ bergamot,

1 „ „ rose,

1 „ „ cinnamon.

Marsh-mallow Soap,- -6 oz. oil of lavender,

4 „ „ lemon-grass.

i „ „ peppermint,

J „ „ petit-grain.

The finest qualities of toilet soaps, however, require a great deal of manipulation by costly

machinery, which has been chiefly devised by the French, although the Americans, with their

well-known mechanical ingenuity, have recently constructed equally good machines. The basis of

these soaps, or " stock " as it is technically termed, is usually made by the cold process, from the

purest possible tallow, lard, &c., with little if any coco-nut-oil, wliich, if used, should be the

Cochin variety. All the colouring matter, perfume, and other ingredients, are incorporated with

the soap under hydraulic pressure, at the ordinary atmospheric temperature ; hence the most
delicate essences can be employed, even those that are extracted in the cold from plants. The first

operation is to " strip " the stock-soap, i. e. to out it up into strips or shavings ; this may be done

with a plane by hand, or by a machine (Fig.

1274), whose essential parts are a revolving 12>6.

wheel A, upon which are set 4 or 6 knives,

and a hopper F to contain the bars. After

stripping, the soap is frequently dried some-

what, and it is then passed through the mill

several times, while the colour, perfume, &c.,

are here added to it. The mill, which is

shown in Figs. 1275-6, consists essentially of

three cylindrical contiguous rollers B, by

whose action the soaps, colour, perfume, &o.,

after repeatedly running through, are blended

into a thick homogeneous paste. When this

has been effected, the soap is ready for the

final operation, known as " plotting " (from the

French, pelotage), in which the paste is sub-

jected to enormous pressure, sometimes 3000-4000 lb. a sq. in., to form it into cakes, or into con-
tinuous bars from which cakes may be cut. Such a machine, known as Eutschman's hydraulic
soap-plotting machine, made in Philadelphia, is shown in Fig. 1277. It may be charged 5 times in
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a working day, and will " plot " 200 lb. at each operation. It is better to let each separate cake be
" plott<Ml " by this machine, but if bars are made, and the cakes subsequently stamped, a powerful

Btam]iinjj-preB8 must be employed. Cakes made in this way, are not liable to crack in use, as

those made by the other two processes are ; before being packed, they are not unfrequently dried,

im.

and almost always polished. This may be done by hand with a cloth moistened with alcohol,

or, according to Dupuis, by momentary exposure to a current of steam, which, if desired, may be

previously passed through a cloth impregnated with any fragrant odour ; it is said that no other

method gives such a beautiful, even, and lustrous coating.

A few hints on colour, and formula for perfume, are here given. Whenever it is desired to

produce a mottled or marbled appearance in the soap, an insoluble colour must be employed ; but
whenever a uniform tint is required, preference should be given, whenever possible, to colours

soluble in either water or alcohol, a condition fulfilled by numerous coal-tar colours. Care should

be taken to choose those that are permanent, and unaflFected by strong alkali. Salts of chromic
acid should be avoided, since they are apt to turn green by transfi rence of some of their oxygen to

the fatty matter of the soap ; the borate of chromium, known as " Guignet's green," is very stable,

and so are ultramarine and vermilion. The finest yellow is produced by infusion of saffron. The
resources of the dyer's art are constantly producing new tints, whose properties in relation to soap

must be ascertained by that best of all tests, experiment.

The following recipes for high-class toilet soaps may be found useful; the quantities are

calculated for 100 lb. soap :

—

Orange Soap.

oz.

Oil of orange peel 8i

„ cinnamon i

„ thyme 2

Zemon Soap.

Oil of lemon 8J

„ bergamot 4

„ lemon-grass 4J

„ cloves 2

Elder-flower Soap.

Oil of bergamot 8J

„ lavender 2

Oil of thyme

„ cloves

„ cassia ..

,, almonds

Millefleur Soap.

Oil of orange (Portugal) lOJ

„ lavender 5

„ cloves 2J
,, nutmegs 5

Tincture of musk 5

N.B. Impregnate the fats used in this, with

vanilla, ambergris, and rose-leaf.
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Violet Soap.
01.

Powdered orris root 71

J

Oil of lemon 5

„ rhodium v •• 2|

„ thyme 2J

Tincture of musk 5

Finest Honey Soap.

Oil of citronella 8

„ lemon-grass 4

„ cassia 2

Eose Soap,

Oil of rose 2J

„ rose-geranium 2J

,, cinnamon 1

oz.

Oil of bergamot ^i

Tincture of ambergris i

Glycerine Soap.

I. Oil of lavender 4

„ bergamot 2J

„ thyme li

„ cloves 1

„ carraway I

II. on of rosemary 6

„ orange 3

„ cassia 1

„ thyme 1

„ mirbane 1

Transparent Soaps.—The peculiar appearance of these soaps is due to the use of alcohol in their

fabrication, and it may be applied in two ways. The older method, still employed, is to cut up

ordinary soap into shavings, to dry these in heated air, and to dissolve them in half their weight

of alcohol of 95°, in a suitable closed vessel provided with a head and condensing-worm, and heated

by steam or a water-bath ; when the soap is dissolved, and the excess of alcohol evaporated,

the soap is drawn off, perfumed, and allowed to cool. Transparent soaps are now, however,

usually made by the cold process, but to ensure success, very great exactitude in the proportions of

the materials used is necessary, as well as much experience and skill. The fatty matters em-

ployed are tallow, coco-nut-oil, lard, castor-oil, and olive-oil, in varying proportions, but all of the

purest quality. For 100 parts by weight of fatty matter, 45 parts caustic soda leys at 40° B., and

50-55 parts of alcohol of 95° should be used. One half the leys should be stirred into the melted

fat, the temperature of the mixture not exceeding 49° (120° F.), and when thoroughly incorporated

the remainder of the leys, mixed with the alcohol, should be added ; saponification wlU take place

rapidly, and the perfume should now be added, and the whole cooled very gradually in frames

;

20 parts glycerine added to the above will make a good transparent glycerine-soap ; occasionally

some clear syrup of white sugar is added also. These soaps are seldom coloured, but any colour

used in them should be quite transparent ; it will be noticed that they do not become quite trans-

parent until they have been exposed to the air for some days.

Solidified Glycerine.—The preparation of this by Price's Candle Co. is a trade secret, but Morfit

recommends the following method. Heat to 154i° (310° F.) a mixture of 350 lb. hot-pressed fatty

acids, 150 lb. white oleic acid, 200 lb. best rosin. To this, add 135 lb. Jarrow 52° ash (p. 1771) in

25 gal. boiling water. When the soap-paste is quite homogeneous, which should be in about an

hour, add 250 lb. pure glycerine, and stir well. If a sample be not transparent when cold, add

glycerine until this is the case, controlling the amount of glycerine by testing 2-lb. 'samples of the

soap with glycerine over a gas flame. This soap has the following composition :—Fatty acids, 34 ;

rosin, 13-0; soda, 4-6; water, 15-4; glycerine, 33- 0.

Since it is beyond the scope of this article to devote more space to the detail of this part of the

subject, it may be mentioned briefly that the various shaving-soaps and creams are wholly or in

great part potash-soaps; that soap-essences are usually alcoholic solutions of soft-soap; that

opodeldoc is a solution of soap in enough alcohol to make a jelly when cold; that "floating"

soaps are made by dissolving soaps in a small quantity of water, and agitating the solution

violently in contact with air ; and that powdered soaps are made from any pure soap, cut into

shavings, thoroughly dried, and then ground to fine powder and sifted. It may also be well to

call attention to the fact that nearly all the so-called washing-powders, soap-powders, and essences

of soap, frequently contain no soap at all, and are merely mixtures of soda-ash, common salt, and
sulphate of soda, with occasionally a trace of dry powdered soap.

Theory of the Action of Soap : its Valuation and Analysis.—The mode in which soap facilitates the

removal of dirt is by no means clearly understood, and probably depends upon a variety of causes,

partly physical, partly chemical. Unquestionably much of its power is due to the alkali it contains,

which unites with and renders soluble the grease that forms so large a portion of much of our dirt

;

but it can hardly be true, as is maintained by some, that the value of a soap depends solely upon
its percentage of alkali, since, if that were so, solutions of silicate, carbonate, or aluminate, of soda,

containing the same percentage of soda as soap, ought to do as much work, which is notoriously

not the case. Further, since the proportion of alkali in a soap is ioversely as the equivalent

weight of its fatty acids, those soaps with fatty acids of the smallest equivalent weights (e.g. coco-
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nut-oil) ought to be tho most advantageous. Gt^gcr, wlio advocates this view, gives the following

table of anhydrous soaps.

Oleic acid soap .

.

Palm-oil soap
Tallow Boap
Coco-nut-oil soap

Equlv. Weight.

3800-95

.<?.S00-95

3065-45

Quantity of ponp

I

accessary to do the

I some uurk as 100

I

tallow soap.

115 1

108-7
100-0
92-8

Cold water never is in contact with an alkaline stearate or oleate (the soap of commerce there-

fore) without decomposing it ,- the neutral salt is resolved into alkali, which dissolves, and an acid

salt, which Is precipitated as insoluble. Hence soap even in the purest cold water produces

turbidity, although, when treated with warm water, it dissolves entirely. Again, since every kind

of soap, when it leaves the copper, is a more or less concentrated solution of anhydrous soap in

water, when cold and firm, it also is subject to the same decomposition ; this is the cause of the

slender silky crystalline fibres set in a semi-transparent matrix, so often seen especially in "neat"

soaps.

When soap is rubbed in use against the surface to be cleansed, it is obvious that its greater or

less hardness is an important consideration, since a harder soap requires much labour to detach

enough, while a softer soap wastes away rapidly. It has been already shown that, ceteris paribus,

the hardness of a soap depends upon how much potash it contains ; but-whcro soda only is the base,

the question of the comparative solubilities of the soda salts of the fatty acids has to be considered.

While oleate of soda is freely soluble in 10 parts of water, stearato of soda is scarcely affected

thereby ; or in other words, the salts of oleic acid are far more soluble than those of stearic.

Hence the hardness of a soap depends, not merely upon the base used, but upon the relative

quantities of stearic and oleic acids in its composition ; this point will be again referred to in tho

analysis of soaps.

The impurity of the water employed with soap has a material influence upon its consumption,

Kain-water, and next to it, river or lake-water, is the best, while spring-water should be avoided if

possible ; al 1 such water is more or less " hard," owing to the presence in it of salts of lime (chieily

the carbonate and sulphate), some of which may be removed by boiling, or, more completely, by the

addition of carbonate of soda. When a, soluble soda-soap comes into contact with lime salts in

solution, mutual decomposition occurs, resulting In the formation of insoluble llmc-soaps, which

have no detergent action. Until all the lime has been thus removed, the soda-soap refuses to

cleanse, and hence much of it is wasted. It is obvious also that the presence of any acid in

the water, or on the surfaces to be cleansed, will decompose soap, uniting with its alkali, and

destroying its detergent power. When nothing but hard water can be prooiired, or when much
grease has to be removed, no soap will be found so economical as the old-fashioned curd-mottled,

entangled in the interstices of which are appreciable quantities of caustic soda leys.

Considerable light has been thrown upon the manner of removal of dirt by soap, by the

researches upon Pedesis of Pruf. W. Stanley Jevons, F.R.l-!., who has given this name to a micro-

scopic plienomenon long known as the " Brownian movement " of small particles. When clay is

stirred up with water, and the water allowed to stand, it clears itself very slowly, and microscopic

examination showed that this was due to a kind of molecular movement of infinitesimally small

particles of the clay. To this movement. Prof. Jevons gave the name Pedetio action (rid. ' Quarterly

Journal of Science ' for April, 1878, No. LVIII.), and he found that it was largely influenced by

the addition of certain substances to the water containing clay in suspension. Soap and bilicate of

soda enormously increased the Pedetic action, or movement of the particles (Report of the British

Association for the Advancement of Science, 1878, p. 435), and from observations made by Prof.

Jevons, and by the writer of this article (who hopes to extend his researches in this direction),

it seems clear that in the action of these substances in promoting this molecular movement of

extremely minute particles, is to be sought part of the explanation of the cleansing power of soap.

There are few things which are so ill understood in practical life as the real value, or, what is the

same thing, the proper price of soap. From what has been said, it appears clear that the real value

depends upon the amount of dry (anhydrous) soap present, and upon the proportion of stearic,

palmitic, and margario acids to oleic, and to that of the cocinic, laurosteario, &o. In other words, the

determination of the following elements is necessary to arrive at an estimate of the value of a soap :

—

(1) The percentage of water; (2) the percentage of soda available for detergent purposes (a), com-

bined with the fatty acids, (6) ns caustic, carbonate, silicate, or aluminate ; (3) the percentage of

5 Y
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fatty acids
; (4) the melting-point of those fatty acids (see Candles ; and Oils, Detection and

Analysis, p. 1477).

It .would be very greatly to the advantage of all large consumers of soap, as well as to soap-

manufacturers themselves, if soaps were to be sold guaranteed to contain so much per cent, of

fatty matter of a given melting-point, combined with the full quantity of soda necessary for its

complete saponification.

Brief instructions will now be given for the most suitable methods, consistent with accuracy, for

the analysis of soap; for fuller information, manuals of technical chemical analysis should be

consulted.

Uniformity of Sample.—Great care should be taken to ensure this ; since soap loses water

rapidly on exposure, the soap should be sliced up in thin pieces, well shaken, and kept in a well-

stoppered bottle. Other convenient plans are (1) to weigh out at once aU portions required for

analysis, (2) to make a standard solution of the soap, say 100 grm. in 1 lit., and measure off what is

required, taking care to avoid loss by evaporation. In analysing case-hardened soaps (p. 1783), care

must be taken to see that the section of the bar includes a proper proportion of skin ; sometimes

separate analyses have to be made of different parts of a bar of these soaps.

Percentage of water.—About 2 grm. of the soap is exposed in a wide-mouthed flask of about

100 cc. capacity, to a temperature of 149° (300° F.) in an air- or oil-bath for one hour, and the loss

in weiglit is noted. The flask should be weighed as soon as it is cool, and, where great accuracy is

required, should be cooled under a bell-glass in presence of a strong oil of vitriol, as anhydrous soap

is very hygroscopic. The operation may be shortened by one-half if a few drops of alcohol be added

as soon as the soap has melted ; the addition of a known weight of fine dry sand prevents the soap

from swelling up too much. No well-made soap should turn brown or discoloured at this

temperature.

Percentage of Soda.—A burette (Fig. 1237, p. 1768) is provided, divided into fifths of a cubic

centimetre, and a standard solution of acid, such as is directed in works on alkalimetry ; either sul-

phuric or oxalic acids may be used. To determine the total percentage of soda present, dissolve

5 grm. of the soap in boiling water, and add to it the standard acid solution, stirring and boiling

the whole time, until a permanent froth is no longer visible ; from the number of cc. of acid used,

the amount of soda is readily calculated. To determine the soda uncombiued with fat, dissolve 10

or 20 gi-m. in water, add enough sodium chloride to precipitate the soap, remove the liquor, re-dis-

solve the soap in fresh water, repeat the operation, mix both brine solutions together, and estimate

the soda therein by standard acid, using litmus to determine when enough has been added. The
second result subtracted from the first gives the percentage of soda combined with fatty acids.

Percentage and Examination of Fatty Acids.—A known weight of the soap (10 or 20 grm., if

only the percentage is required, 50 or 100 grm. if the nature of the fat is to be ascertained) is

dissolved in hot water. If any portion refuses to dissolve, as will be the case if steatite, clay, or

starch have been mixed with the soap, the solution must be filtered, either in a hot closet, or

through a funnel surrounded by hot water ; if the filter be previously weighed, the insoluble portion

can be weighed upon it after being washed and dried at or above 100° (212° F.) ; to the clear soap

solution, an excess of sulphuric or hydrochloric acid is added, and the whole is gently boiled until

the fatty acids are clear and transparent, and all clots have disappeared. If there is reason to believe

that the fatty acids will be fluid, or even soft, and greasy, at the ordinary temperature, and a fat

percentage only is desired, a weighed quantity of white wax or stearic acid, previously deprived of

water [see Oils, p. 1462, (1) a.], should be added at this stage. When the cake of fatty acids is

cold, the liquid beneath should be removed, and the cake remelted over fresh hot water, to remove

all traces of salts and acids. When cold, it may be partially dried with blotting-paper, if it is solid

enough not to give up any oleic acid to that absorbent ; it should then be all carefully transferred to

a tared capsule, heated to at least 127° (260° F.) to expel the last traces of mechanically mixed
water, and then weighed, the weight of wax or stearic acid added being of course deducted. Every
100 parts of fatty acids so obtained, represent 105-106 parts of pure neutral fat used to make the

soap. In this condition, the fatty acids are hydrates, and from every 100 parts, 3-5 parts must be
deducted in stating the analytical results for water chemically combined with them, because

anhydrous soap [dried at 149° (300° F.)] does not contain these elements of water.

To ascertain the nature of the fatty acids, the melting-, or solidifying-point of the mixture should

first be taken (see Oils, p. 1477). The apparatus suitable is shown in Fig. 1278. The fatty acid

is in the inner tube B, surrounded by water, wliieh is gradually heated over a lamp; tempera-

tures are observed by thermometers C D. To detect the presence of, and estimate, coco-nut-oil

or palm-l;ernel-oil, the method recommended in Oils, p. 1746, maybe adopted. On the same page,

will be found hints for the determination of the quantity of rosin ; another method (proposed by
Dalican) is here given, with the remark tlmt Sutherland's process, by which the rosin is oxidized

by nitric acid, and Eampal's process, in which the rosin is precipitated in a finely-divided state by
throwing an alcoholic solution of the fatty acids into water, are both unreliable. Dissolve 10 grm. of
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tlic Boap ill 100 (jrm. water, ndd enough concentrated soda leys to precipifcite the so«p (p. 1769);

some roBinates rcmnin in the liquor, which is neutralized, ovaporatod to dryness, and the resin

extracttil with alcohol, which may be distilled oil", and the rosin weighed (A). Tlien dissolve the

precipitated soap in water, and arid excess of barium chloride ; collect and dry this boryta soap, and

extract It with ether, which dissolves out only the resinates. Evaporate off

the ether, and treat the resinates with boiling water and sulphuric acid, i2"»

wliich sets the rosin free ; it may then, if necessary, be similarly dissolved

out by alcohol, or may be merely collected on a weighed filter, and its

weight (B) noted ; A+B is the weight of rosin in the soap. The portion

insoluble in ether may then lie suspended in water, decomposed with

sulphuric acid, and the fatty acids collected, dried, and weighed.

For other methods of examining the nature of the fatty acids in soaps,

consult Oils— Detection and Analysis, pp. 1462-1477, to which may be

added a reference to the amount of information that may be derived from

examining, by polarized and ordinary light, under a microscope, the

manner of crystallization of thin layers of fatty acid mixtures allowed

to cool between two pieces of gliiss pressed together ; some very remark-

able results of this method were shown by Price's Candle Co. at the

Paris Exhibition of 1878.

Shorter, but less reliable, methods than the above have been frt qucntly

proposed for determining the value of soap. To shorten the operatiou of

weighing the fatty acids, many methods have been proposed for measuring

them, by eoUeoling them in a long-necked ilask, graduated, or in a

graduated tube attached thereto. Whenever this is done, the weight can

only be arrived at from the estimated sp. gr. of the fatty acids, and as this is very variable, tlio

method is at best an approximate one, though useful in the factory when that sp. gi-. is kuown.

Buchner decomposes 16 66 grm., and measures the fatty acids to the Jcc, multiplying by
0'93 to get the weight in grm. He also gives the following useful table, on the basis that 100 lb-

fat produce 155 lb. soap and about G- 2.") lb. glycerine; the three last columns are of general use,

when the " fatty acids per cent." are detormiuud by weight :

—

No. of cc. of
fatty aclda from
16| grm. aoap.
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or filtered off into a tared flask ; the solvent ia then distilled off, or evaporated, when the

unsaponified fat, if any, is left behind and weighed.

Glycerine.—A weighed portion of the soap is dissolved in water, and decomposed with slight

excess of sulphuric acid ; the fatty acids are removed, and the acidulated solution is evaporated to

dryness and treated with alcohol ; the alcoholic solution of glycerine is separated by filtration into

a tared flask, from wliich tlie alcohol itself is distilled off.

Carbolic acid.—Mr. C. Lowe recommends the following process. Take 50 grain-measures of

aqueous solution of caustic soda sp. gr. 1-315, dilute to 1000 gr.-m. ; in this, dissolve by lieat 100

gr. of the soap, then add 1000 gr.-m. saturated solution of common salt. Filter off, and wash with

brine, the soap thus precipitated ; slightly acidify the filtrate and washings with hydrochloric acid,

and add thereto enough bromine-water to make the liquid permanently yellow. Warm the liquid

till the precipitate melts, then let it cool; remove, carefully dry, and weigh the resulting mass, of

which, 331 parts ooiTespond to 9i parts of carbolic acid. If the inferior qualities of carbolic acid

have been used, the precipitate, which is bibromocresol, C^TiJitfi, forms a sticky mass, owing to

the liquid nature of the cresylic acid it contains.

The determination of soluble silica and alumina (as silicate and aluminate of soda), of sulphuric

acid (as sulphate of soda), of chlorine (as common salt), and of other mineral constituents of soap,

must be made in the acid solution that remains after decomposing the soap with a suitable mineral

acid ; the estimation of carbonic acid (as carbonate of soda) presents great difficulties. The ordinary

methods of inorganic quantitative analysis may be applied in these cases.

Substances Insoluble in Water.—In »• properly-made unadulterated soap, these should only

consist of colouring matters and mottling. To estimate their amount, dissolve a known weight in

water, decant the clear liquid, collect the deposit on a tared filter, wash, dry, and weigh. Organic

impurities may be estimated by igniting tliis residue, and weighing again, when only mineral

impurities remain. Starch or farina is detected by iodine ; mineral impurities, by the ordinary

methods of mineral analysis.

Two or three examples of freshly-made analyses of hard soap are here given ; no deduction is

made for water combined with the fatty aciJg (p. 1794).

A good " Primrose " Yellow Soap.

Per cent.

Water 32-8

Total Soda 6'7

Sodium Chloride 0-2

Fatty Acids 62-3

102-0

An old-fashioned Grease Mottled Soap.

Per cent.

Water 29-8

Soda with fat 70
Free Soda 0-6

Sodium Chloride 0-1

Fatty Acids 64-7

102-2

A genuine " Cold-water " Soap.
Per cent.

Water 22-0

Soda with fat 7-3

Soda with silica, &o 0-8*

Silica 1-6

Sodium Chloride and Sulphate .. 0-4

Fatty Acids 70-2

102-3

A Bine (red, or grey) Mottled Soap.

Per cent.

Water 44-3

Soda with fat 5-2

Soda (free, or) as Silicate .. .. 0-8

Silica 1-3*

Sodium Chloride 0-8

Sodium Sulphate 0-3

Mottling and Insoluble .. .. 0-7

Fatty Acids 47-5

100-9

* Equal to 3-9 per cent, silicate of soda at 1-700 sp. gr.

A neutral Cvrd Soap, for Manufacturers.

Per cent.

Water 28

Soda with fat 7 •

Soda free, &o 0-0
Sodium Cliloride 0-2

Fatty Acids 67-9

103-1

* Or 5-0 per cent. sil. soda sp. gr. l-!00.

A few remarks upon the location, prospects, legislative condition, and otlier general considera-

tions connected with the soap-trade, may fitly close this portion of the article.

This industry is by no means localized in any one part of the British Islands ; but, although the

total amount of soap made in England is probably greater now than it ever was, the tendency of

the last 25 years has been in the direction of concentrating the manufacture in the liands of a few
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firms. Among tlicse, may be mentioned, W. Goasage & Song, Widnea, Lancashire; Jos. Crosfield

& Sona, Warrington ; Hodgson & Simpson, Wakefield ; Cook & Sona, Anderson & Oattley, and
Cowan & Sona, all of London ; Christopher Thomas & Bros., and Lawson, Phillips, 4 Billings-

both of Bristol ; Tennant, of Glasgow; Hedley & Sona, Newcastle-on-Tyne ; and others. Probably

the oldest ^oiip-works in the country are, or at any rate until recently were, to be found in Bristol,

which still retains great reputation for its soap. A relic of this may be found at the pvcscnt day
in Holland, in some parts of which no soap can be sold which is not stamped with the word

Bbhtol, Of the two soap-works mentioned as now left in that city, the former, belonging to

Christopher Thomas & Bros., was established in 1745.

The abolition of the duty on soap in 1853, then about 2(7. a lb., and producing a revenue of

upwards of 1,000,000?., naturally gave an immense impulse to improvements in the manufacture,

and various valuable patents were very shortly taken out, the most important of which were those

of W. Gossage for silicated soaps, that of T. Thomas for cheap detergent soaps made from mixtures

of neat soap, silicate of soda, and sulphate of soda, that of Blake & Maxwell for hydrated soapa

(p. 1777), and those of C. N. Kottula, for various improvements in the making of blue-mottled and

other soaps. An association of soap-manufacturers in England holds quarterly meetings, at which

prices are revised, common action agreed upon, and legislative enactments affecting the tr.ide dis-

cussed and watched. All soap-factories, in common with other factories, are subject to inspection

by Factory Inspectors acting under the Government, and to the visits of a Certifying Surgeon. In

a well-managed soap-works, the sources of nuisance are very slight, and comparatively inoffensive

;

most of them arise, not from the actual process of sonp-making itself, but from the preliminary

operations of refining, purifying, and bleaching the fatty matters cmploye<l (see Oils, p. 1448, and

pp. 1458-1462). They may all be obviated by conducting auch operations in closed vessels provided

with trunks communicating with the draught of a flue ; when impure and rancid fats are uaed

direct for soap-making, the copper should be provided with a cover and a similar trunk. In default

of a flue-draught, a fan, or a jot of steam, may be used to create a good current of air.

Since the removal of the duty, there are few means of forming an estimate of the extent of the

soap-trade in England ; it is known, however, that many of the larger houses make much more

than 5000 tona a year, while a few make over 10,000, and it is stated that one house is capable of

turning out 500 tons in a week when necessary.

The total annual production in the United Kingdom was estimated at 250,!100 tons by Prof.

Eoscoe, iu his inaugural address as President of the Society of Chemical Industry, in June 1881.

Our exports of soap in 1880 were as follows :—To the British W. Indies and British Guiana,

G9,.')27 cwt., 71,302;.; British S. Africa, 66,563 cwt., 72, '.128;. ; Java, 34,013 cwt., 31,510;.; China,

30,420 owt., 28,472/.; Spain and Canaries, 24,430 cwt., 24,.')29/. ; Portugal, Azores, and JIadeira,

23,280 owt., 24,949;.; Gibraltar, 14,897 cwt., 15,455;.; Italy, 11.8S3 cwt., 14,442/. ; foreign W.
Africa, 10,962 owt., 10,572;.; Bombay and Sind, 10,928 cwt., 14,95(V. ; Bengal and Burma,

10,765 cwt., 16,098;.; foreign W. Indies, 10,170 owt., 10,798/.; Australia, 7287 cwt., 13,433;.;

Ilong Kong, 7158 owt., 8334/. ; Holland, 5674 cwt., 5617;. ; Channel Islands, 4328 cwt., 6868;.

;

British N. America, 3513 cwt., 492;j;. ; France, 1842 owt., 4598;.; other countries, 44,159 cwt.,

60,509;.; total, 391,808 cwt., 440,286;.

In France, the chief seat of the industry is at Marseilles, while a not inconsiderable amount of

common, and nearly all the toilet, soaps are mtide in Paris. In a report on the exhibits at Paris in

1878, it was stated that the French soap-trade had been for some time stationary at about

220,000 tons per annum, but was then declining, owing to practices not very creditable to the

manufacturers.

In Germany, and other parts of the Continent, soft soapa ore much more proportionately in

vogue for laundry and other purpoaes, than in England, while the chief hard soaps made are for

toilet purposes.

In the United States, Kirk & Co. of Chicago have probably the largest trade, but they are closely

approached by Babbitt & Co., and Colgate & Son, of New York. The changes that have lately

passed over the trade in America have been already described (p. 1787). It may be said, without

fear of contradiction, that while perhaps for fancy toilet soaps the palm must be given to France,

England and the United States are pre-eminently the countries where the manufacture of the

different varieties of soap is most clearly understood, and carried out on the largest scale, and in

the best manner.

Railway- and Waggon-grease.—The first of these consists essentially of a mixture of a

more or less perfectly formed soap, water, carbonate of soda, and neutral fat, and is used on the

a.\les of all locomotives, raQway-carriages, and trucks that are provided with axle-boxes ; while the

second is a soap of lime and rosin-oil, with or without water, and is used on all railway-trucks

unprovided with axle-boxes, and for ordinary road-vehicles.

The requisites for a good " locomotive-grease " for high velocities are :—(1) a suitable consistency,

such that it will neither run away too rapidly, nor be too stiff to cool the axles ; (2) lasting power,
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so that there may be as little increase of temperature as possible in the axles, even at high speeds
;

(3) a minimiam of residue iu the axle-boxes.

In practice, it is found that a grease containing 1 • 1 -1 2 per cent, soda (100 per cent.) gives the

best results. The process of manufacture is very simple ; Morfit's soap-pans, provided with stirrers,

p. 1772, Fig. 1240, are the most suitable vessels for the purpose. The fats, usually tallow and palm-

oil, are heated to 82° (180° F.), and into tliem, are run the carbonate of soda and water heated to 93J°
(200° F.), and the whole is well stirred together, and run into large tubs to cool slowly. Many
railway companies buy a curd-soap made from red palm-oil, dissolve it in water, and add thereto

enougli tallow and water to bring the composition of the whole to the desired point. It is usual to

allow 2J per cent, for loss by evaporation of water during the manufacture. The composition has to

be slightly varied according to the season of the year ; the following formulae for mixing have stood

the test of successful experiment ; the summer one ran 1200 miles. It should be carefully borne in

mind that a chemical analysis of locomotive-grease is no test whatever of its practical value, which

can only be determined by actual experiment.

Tallow ..

Palm-oil .

.

Sperm-oil ..

Soda crystals

Water

Summer.

100-0

per cent.
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denaing apporatiiB of large surface, similar to that deacribed ia Candles, p. 581 ; they are then
heated to between 288° and 315° (550°-600° F.), and plenty of superheated steam is injected;
mixtil vapours of fatty acids, glycerine, and water are carried over to the condenser, where the
divisions nearest the still collect only fatty acids, while those farthest from it yield mixtures of fatty
acids with glycerine and water in various stages of concentration. Glycerine so made can be con-
centrated in a vacuum-pan. Care must be taken that the temperature does not exceed 315°
(600° F.), and that plenty of steam is present, else some of the glycerine is decomposed, and
acrolein, a compound most irritating to the eyes, is formed—

Glycerine = Water + Acrolein

C,H,03 = 2H,0 + C,H,0

Raw glycerine is also prepared from the water employed to wash the fatty acids after acidifica-
tion (p. 581) of the neutral fats. The acid liquid is neutralized by carb. lime, or carb. baryta,
either of which may be added until effervescence ceases ; it is then concentrated to 28° B. in au
open, shallow, cast-iron pan. Of late, however, glycerine has become eufticiently valuable to
cause candle-manufacturers to adopt that method of preparing fatty acids which gives them the
greatest yield of glycerine from neutral fats. This process, called the autoclave, as patented by
De Milly on Nov. 19, 1856, is now very extensively used for glycerine making, both on the Continent
of Europe and in England, and is thus conducted. About 1 ton of fat, usually mixed tallow and
palm-oil, is heated with 2 per cent, lime and | the fat-volume of water in an upright Papin's
digester to 8 atraos. pressure for 4 hours. The whole is then blown out into a tank, and the
"sweet-water" is run off. The lime-soap is decomposed in the usual way with sulphuric acid,
and the resulting fatty acids are either pressed, or acidified and distilled for stesxric acid. (See
Candles, p. 581.) It is then concentrated in a modification of the "Wetzel" evaporating-
pan (originally introduced for sugar-boiling), constructed by Chenaillier, Paris. This i-mporateur
universel, as he terms it, which is very economical and effective, is shown in Fig. 1279, and consists
essentially of pairs of saucers set edge to edge upon a hollow oentml revolving shaft, through
which, steam passes to the interior of the saucers (the waste steam from a high pressure engine will
do)

;
the lower edges of the saucers dip in a jacketted trough of the liquid to be evaporated, and

when they are revolved, layers of this are brought up and speedily concentrated on their surface.
It may also be worked in a vacuum as shown in Fig. 1280.

1279.

Evaporation is continued to 20° B., when the glycerine is of a brownish colour, and known as
" raw," in which state it is sold for many purposes. At Price's Caudle Company's works the fur-

ther purification is conducted as follows. The raw glycerine, sp. gr. 1 • 245-1 250, is heated in a

jacket pan with that kind of animal charcoal known as ivory-black, and is then distilled ; this

alternate treatment is repeated as often as may be necessary. The diatillation is performed with

superheated steam in a copper still provided with copper fractional condensers (the same as shown

in Fig. 463, p. 581, but omitting the right half of the apparatus, including the tanks G), the still

being also heated externally ; the operation ia performed at as low a temperature as is consistent

with distillation, usually about 227° (440° F.). The number of distillations depends upon the

quality of the raw glycerine and the purity of the product demanded. Of the six runs, Nos. 1, 2,

and 3 usually give pure glycerine, while the dilute condense-products from Nos. 4, 5, and G are

generally returned to the still, though occasionally concentrated in an evu/jirriteiir uniiersel, or in a

\ acuum-pau. Some stills hold as much as 3 tons, but they are usually smaller, and in all cases the

process ia conducted very slowly. A form of still and condenser much used on the C!ontiuent of
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Europe is outlined in Fig. 1281. External heat and injected superheated steam are used to effect

distillation. The still A has an unusually large head B, and the goose-neck is provided with a

catch-box D, in case the still-contents should, as sometimes happens, boil over ; the fractional con-

densers E are upright cylinders with longitudinal partitions F running nearly their whole length ;

the condensed products run out through G into re-

ceptacles H. The whole apparatus is of iron, and i28i.

usually made to distil J ton at a time ; in some cases,

the process is conducted continuously, with a pro-

perly arranged feed.

Enormous quantities of glycerine are run to

waste in the spent leys (p. 1779) of the soap-maker.

One of the earliest attempts to extract it was a patent

by H. Eeynolds, June 10, 1858, for concentrating the

spent leys, and distilling off the glycerine by super-

heated steam between 193|° and 204J° (380°-400°

F.) ; the large quantity of sodium salts, especially

sodium chloride, were found, however, to be an

almost insuperable difficulty. On March 31, 1879,

a patent was taken out by C. Thomas, W. J. Fuller,

and S. A. King, of Broad Plain Soap Works, Bristol, by which process the first successful pro-

duction of crude glycerine from spent soap leys was introduced into commerce, and several tons

per week are now manufactured. The specification states :
—" We evaporate the spent or partially

spent leys until the boiling-point of the liquid rapidly rises, when nearly all the salts that can be

thrown down by simple evaporation are deposited in the pan. The resulting liquor is chieily com-

posed of raw or impure glycerine. This we di'aw off into a second pan, and boil it with excess of

fatty acid, which, readily combining with some of the salts in solution, separates them from the

liquor, and at the same time removes from it the fine crystals of salt formed during this operation.

After this treatment, we skim off the saponified fatty matter, allow the liquid to cool, and filter it

to remove the gelatinous, albuminous, and other impurities. The clear liquid may then be refined,

distilled, or concentrated, as desired."

The recent extremely rapid rise in the price of glycerine has caused much attention to be

directed to this abundant source of it. Victor Clolus, of Billancourt, near Paris, has patented a

process for its recovery from soap-boiler's waste, which will (Oct. 1881) shortly be worked in

England also ; and H. Flemming, of Kalk, has patented in Germany (No. 12,209) a process for

removing glycerine from spent leys by dialysis, a membrane of parchment-paper serving as the

diaphragm through which the crystalline salts present in the glycerine diffuse themselves.

Another process has been proposed, according to which, the salts are said to be removed from spent

leys by saturating the latter first with carbonic acid gas, and then with hydrochloric acid gas.

Although evaporation and distillation are the usual methods of purifying glycerine, the action

of cold upon more or less dilute glycerine is sometimes employed in conjunction with them, especially

by Sarg, at Vienna. When an aqueous solution of glycerine partially freezes, the frozen mass

contains more water than the remaining liquid, hence some amount of concentration may be thus

effected. The following table gives the freezing-points of such mixtures :

—
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solid from the liquiJ parts. Treated in this way, glycerine at 28° B. yields crystals which, when
melted, are 30° -8 B.

Pure glycerine is a viscid, coloorleas, and transparent liquid, with an intensely sweet taste,

soluble in water in all proportions, in alcohol, chloroform, and carbon bisulphide, but not in ether •

its sp. gr. is 1-267; it solidifies at - 40° (- 32° P.) to an amorphous mass. When distilled, it

decomposei), unless steam be present, hence its boiling-point cannot be accurately determined at
atmospheric pressure. According to Bolas, at 12-5 mm. pressure, it boils at 179° -5 (355° F.) and
at 50 mm., at 210° (410° F.), while Hemiuger gives 179' (354° F.) as its boiling-point under
20 mm.

It burns with a clear flame like oil, if there be free access of air, and a high temperature for

kindling it.

From one point of view, in its chemical relations it is an aleobol, and although the ferments that

excite alcoholic fermentation will not ferment pure glycerine, it may be fermented by a hitherto

undescribed bacterium. Just as acetio acid and alcohol, interacting, form water and acetic ether,

so acetio acid and glycerine, interacting, form water and monacetin. Triacetin is a natural glyceride,

occurring in cod-liver-oil. This brings to mind the other aspect of glycerine, viz. as the base of the

natural glycerides, in which, it requires three equivalents of a fatty acid, and hence is considered a
tri-acid base, or, in the language of modern chemistry, a trivalent alcohol radicle. Its formula

on this view is C3Hj(OH)3, and its relation to its most abundant sources is here shown :

—

Tristearin
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polarization. Lead is detected by sulphuretted hydrogen ; lime, by the addition of alcohol and

sulphuric acid, a white precipitate of calcium sulphate being formed ; butyric and formic acids, by

the characteristic smell of their ethers, produced by boiling the suspected glycerine -with alcohol

and strong sulphuric acid; oxalic acid by the addition of calcium chloride and ammonia;
sodium chloride, by the addition of silver nitrate, which should give no precipitate with pure

glycerine after 24 hours' standing. A rough and ready test for impurities generally is to agitate

the glycerine with an equal bulk of chloroform, when they collect in the intermediate layer.

Traces of glycerine present in other substances, may be detected by the formation of formic

ether (which smells of peach-blossom), produced by boiling glycerine with manganese binoxide,

alcohol, and sulphuric acid.

The uses of glycerine are very numerous, and are almost daily increasing in number. Its ap-

plications in pharmacy are almost endless ; it is used wherever a substance requires to be kept more

or less moist, e. g. modelling-olay, tobacco, paper for printing, adhesive gum, &c. ; also in spinning,

" dressing," weaving, rope-making, and tanning. It is used in gas-meters, and in floating compasses,

to lower the freezing-point of the water therein used ; it is an excellent preservative medium
for meat, and for natural history specimens, to which latter purpose it was first applied in 1856 by

Dr. Carpenter, F.B.S. Glycerine is also of great importance as the starting-point of other

chemical products of great value, one of the most valuable of which is nitro-glycerine, the fabri-

cation of which has been described on pp. 897-902. For this purpose, it must contain no sodium

chloride. The engineers of the Panama canal estimate their requirements of nitro-glycerine at a

minimum of 8000 tons, equal to about halt that quantity of raw glycerine. Besides nitro-

glycerine, two other important products are obtainable from glycerine, viz. isopropyl iodide, and
allyl iodide, each of which serves as the starting-point of a large series of chemical products, many
of them of utility in the arts. They are formed by heating glycerine with hydriodic acid, thus :

—

C3H5(OH)3 -t- 5 HI = 2 Ij -1- 3HjO + CaH,! (isopropyl iodide.)

C3H5(OH)3 -f 3 HI = Ij -f 3 HjO + CjHJ (aUyl iodide.)

When oxalic acid is heated in contact with glycerine, the former breaks up into formic acid and

carbon dioxide. This process is much used in the preparation of formic acid, the glycerine

employed not being consumed, but merely successively decomposed and reoomposed.

The total production of glycerine yearly was estimated by Eiche, in a report on the Paris

Exhibition of 1878, at 10,000,000 kilo., with a value of 5-6 million fr. The production was thus dis-

tributed :—France, 4000 tons ; Germany and Austria, 1500 ; Holland, 900 ; Russia, 900 ; Belgium,

800 ; Italy, 400 ; England, 300 ; Spain, 100.

Bibliography.—6. E. Loving ' Traite de la Fabrication des Savons ' (Paris : 1859) ; H. Dussauce,
' Manufacture of Soap ' (Philadelpliia and London : 1869) ; Morfit, ' Soaps ' (New York : 1871)

;

C. Deite, ' Der Industrie der Fette' (Brunswick: 1878); E. S. Cristiaui, 'Soap and Candles'

(Philadelphia and London : 1881) ; F. Wiltner, ' Seifen-fabrikation ' (Vienna). W. L. 0.

(See Alkali ; Candles ; Oils and Fatty Substances ; Eesinous and Gummy Substances.)

SPICES ANB CONDIMENTS (Fe., £pices, Assaisonnements ; Gee., Wilrze).

The terms " spice " and " condiment " are applied to those articles which, while possessing in

themselves no nutritious principle, are added to food to render it more palatable. Spices are

exclusively of vegetable origin, and generally consist of aromatic fruits. Condiments may be

regarded as embracing mineral substances like salt, artificial compounds such as ketchup, and

bitters used for provoking an appetite. Salt is so much more important in chemical industries

than as u flavouring, that it has been described in a separate article (see pp. 1710-40). The
present article will include the dozen and a half spices which chiefly figure in commerce, as well

as that foundation of nearly all sauces, the Chinese soy.

Aniseed (see pp. 334-5).—The common anise {Pimpinella Anisum) is a native of the Greek,

Turkish, and Egyptian shores of the Mediterranean, but is nowhere found growing wild. It is

cultivated in Touraine and Guienne (France), near Alicante (Spain), in Puglia (S. Italy), in

Malta, in Bohemia, Moravia, and several parts of N. and Central Germany, in the Eussian districts

of Orel, Tula, Woronesh, and Charkov, in Greece, Morocco, Persia, N. India, and some countries

of S. America. Of the fruits forming the common "aniseed" of commerce, there were exported

from Mogador, in 1880, 2 serons, SI., to France ; from Bushire, in 1879, 500 rupees' worth to India

;

from Eevel, in 1878, 569 poods (of 36 lb.) to Great Britain ; from Guatemala, in 1878, 16^ quintals

to Belize.

The true " star-anise," a fruit having exactly the same odour as anise, and from which an oil

of anise (see p. 1416-7) is also prepared, is the hwai hiang of the Chinese, the fruit of Ulicium

anisatum, a small tree (25-30 ft.) indigenous to the countries lying south of China, and long since

introduced into and now largely cultivated in the Chinese provinces of Yunnan and Kwangse. On
the other hand, the fruit of the Japanese species (/. rcKgiosum), called skimi, fanna shimi, or somo in
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Japan, and ao-um-$u in China, though occasionally shipped from Japan to this country in ignorance,

u a potent poison, and may be distinguished by having neither odour nor flavour of anise, but a
smell resembling bay-leaves, and scarcely any taste at all. In English commerce, it is sometimes
found mixed with tlie Chinese star-anise. Chinese anise is imported into .Japan for use as a spice.

The fruits of other species deserve mention here as possible adulterants of or substitutes for the

genuine star-anise. They are :—(1) /. paroiflorum, of the hilly regions of Georgia and Carolina,

fruit having a eassafras-like flavour
; (2) /. floridanum, the " poison-bay " of Alabama and Florida,

the fruit divided into 13 (instead of 8) carpels or rays, and having the flavour of true star-anise
;

(3) /. Griffithii, on the Bhotan and Khasia Hills at 4000-5000 ft., fruit bitter and acrid in flavour,

and having an odour between bay-leaves and cubebs ; (4) /. majus, on the Thoung Gain range in

Tenasserim at 5500 ft., fruit sold as hunga lawang in Singapore, of mace-like flavoor, and used as a

febrifuge.

Large quantities of star-aniae are exported from China to England and the Continent, as well

as overland to Yarkand and India. Macao, in 1879, shipped 8000 piculs (of 133^ lb.), the produce

of Kwangse. Pakhoi exports paying duty were valued at 9045^ in 1879, the average weight of the

shipments being 6500 piculs. Shanghai, in 1879, despatched 631 piculs of whole, and 124 of broken.

The approximate London market values are 37-40s. a cwt. for common anise, and 75-95s. for

China star.

The essential oils of anise and star-aniae are described on pp. 1416-7.

Capsicums, Chillies, CayGnne., Bed, Pod-, or Guinea-Pepper (Fb., Piment or Corail

des Jardins, Poivre d'Inde, or de Guinie ; Ger., Spanischer Pfeffer).—Of the many species or varieties

of Capsicum, two contribute to the spice found in commerce :—C fastigiatum [minimum'], occurring

wild in 8. India, and extensively cultivated in tropical Africa and America ; and C. annuum [lonjum,

grossum], of Algeria. Several varieties of the C. annuum have little or no pungency ; one of these is

abundantly grown in Hungary, forming the paprika of the Magyars. Another variety culti-

vated in Spain is imported into this country in powder for giving to canaries, to improve tlie colour

of tlieir feathers. The smaller varieties (C fastigiatum) are usually known as " chillies" or " bird

pepper." The Nepal capsicums, which have an odour and flavour resimbling orris-root, are the

most esteemed as a condiment. The fruits of the first species are not more tlian J-f in. long,

while those of the second reach 2-3 in. Capsicum pods and the seeds dried and pounded aro

considerable objects of trade. In 1871, Sierra Leone exported 7258 lb., and Natal, 9072 lb.,

while Singapore, in the same year, imported 1071 cwt., chiefly from Penang and Pegu. Bombay
imported 5567 cwt., principally from the Madras Presidency, in 1872-3, and exported 3323 cwt.

Caraways (Fb., Fruits or Scmcnces da Carvi; Gee., Kiimmal).—The mother-plant of caraway
" seeds " (fiarum Carvi) grows in moist meadows, widely throughout Europe and Asia, from Iteland

to the Himalayas, and in a prescribed district of N. Africa, partly wild, partly under cultivation. In
England, it is found wild in Lincoln, York, and some other shires, and is cultivated with coriander

on clay lands in Kent and Essex. It needs much care and diligence, yielding in the 2nd year a crop

which is harvested in July, by cutting with a hook at about 1 ft. from the ground, and is ready for

threshing a few days later, the produce of "seeds" being 4-8 cwt. an acre. In Germany, the

cultivation is largely carried on in Moravia, as well as in Prussia, especially near Halle, and in the

districts of Erfurt and Murseburg, the yield from the two latter being stated at 30,000 cwt. yearly.

l]i Holland, quantities are grown in N. Holland, Gelderland, and N. Biabant, the plants being
wild in the two latter provinces. The fruits are exported from Finmark (Norway), and from Fin-

land and Eussia, the plant growing tiiroughout Continental Scandinavia, Arctic, Central, and S.

Russia, and Siberia. Thence it extends iuto Persia, the Caucasus, Armenia, and the high alpine

region of Lahoul, W. Himalaya. It is also fouud throughout E. France, the Pyrenees, and Spain.

The statement that it is much cultivated in Iceland, is open to great doubt. A large variety is

grown in isolated districts in Morocco, viz. about El Araiche and around Morocco City. The
exports thence were 952 cwt. in 1872 ; and from Tangier to Great Britain, they were 46 cwt.,

37'., in 1878, and 120 cwt., 118/., ;in 1880. Memel, in 1879, shipped 2057 cwt., 2777^. Our total

imports in 1870 were 19,160 cwt., mainly from Holland. The kinds distinguished in the Loudon
market are English, Dutch, German, and Mogador.

The essential oil of caraway is described on pp. 1418-9.

Cardamoms (Fb., Cardamomes ; Gee., Cardamomen).—There are two varieties of the cardamom

plant affording the commercial spice. Elettaria [Alpinia'] Cardamomum, growing both wild and

cultivated in the moist, shady, mountain forests of N. Canara, Coorg, and the Wynaad, at 2500-

5000 ft. elevation, where the mean temperature is 22° (72° F.), and the annual rainfall 121 in. ; and

var. p., giving longer and larger fruits, found wild in the forests of Central and S. Ceylon. The
latttr are known in commerce as Ceylon cardamoms. They are about 1-1 J in. long, J in. diam.

;

of a greyish colour, and are not bleached like the ordinary cardamoms. Large quantities of the

fruit are collected from wild plants, but cultivation is also extensively carried on, varying

considerably in the different districts.
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In Travancore, Ooorg, and the Wynaad, the plan adopted is as follows. In the dry season,

spots are selected on a slope of W. or N. aspect in the shady forest where some of the plants are

already growing, and a patch measuring some 250-350 ft. by 30-40 is cleared of underwood in such

a situation that it will be covered by felling one of the huge forest trees, whose destruction will

admit sun and light. The cardamom plants spring up quasi-spontaneously, and attain a height of

2-3 ft. during the following monsoon, after which, the patch is weeded, fenced, and left for a year.

The plants commence to bear about 3J years after their first appearance, and continue productive

for 6-7 years, the yield being 28-48 lb. per annum from an acre of forest containing 4 patches of

484 sq. yd. in area. In Travancore and Cochin, cardamoms are monopolies of the native rajahs. All

the produce of the former State is conveyed to the port ofAleppy [Alapalli], where it is sold by auction

chiefly to Moplah merchants for distribution over India, and the finest for export to England.

The plant is raised from seed both on the lower range of the Pulney Hills, near Dindigul, at

about 5000 ft., and iu the betel-nut plantations of N. Canara and W. Mysore. In the former

locality, the sholas, or forests which are moist all the year round, are cleared of underwood and

small trees ; the cardamoms are sown, and, when a few inches high, are planted out in ones or twos

under the shade of the big trees, requiring 5 years before bearing fi-uit. In the betel-gardens, the

plants derive shade from the palms and plantains, and are fruitful at 3 years.

The cardamom harvest begins in October and continues for 2-3 months. The fruits do not

ripen simultaneously, and therefore require much attention in plucking, while it is necessary to

guard against their being eaten by snakes, frogs, and squirrels, and to gather them before the

capsules have split. For perfection, the fruits require a short drying after collection, either by
sun-heat or gentle fire-heat. They are esteemed in proportion to their plumpness and heaviness,

and the sound and mature condition of their seeds, which should form about | of the weight. The
Indian kind measure -f^-^ij in. long, the Ceylon 1-2 in. The approximate London market values

are :—Malabar, good, 6s.-9s. 6d. a lb., inferior, 2s. -7s. Sd.; Aleppy, 2-9s. ; Madras, Is. Gd.-7s.;

Ceylon, 2s. 6d.-5s. Gd. In 1872, Bombay exported 1650 cwt., 1055 being for the United Kingdom

;

and Ceylon, 9273 lb. to the United Kingdom.

Several other kinds of cardamom possess an importance in Asiatic commerce ; they are chiefly

as follows :— (1) Bound or Cluster cardamom (Amomum Cardamomum), a native of Cambodia, Siam,

Sumatra, and Java, produced in small compact bunches, the fruit being nearly globular and
smooth ; (2) the Wild, Bastard, or Xanthioid cardamom, or " cardamom seeds," afforded by A.

xanthioides, a native of Tenasserim and Siam ; these are oval and covered with short prickles.

These two sorts are the objects of considerable trade between Siam, Singapore, and China, and one

of them is probably the kind cultivated by the French settlers in Saigon, where 1350 piculs (of

133| lb.) were produced in 1880. The shipments from Bangkok in 1871 were 4678 piculs (623,733 lb.),

all to Singapore and China ; and in 1875, 267 piculs of ' true," and 3267 of " bastard " cardamoms.

Hankow imported in 1879, from abroad, 132 piculs (of 133i lb.) of superior, 6985?., and 2362 of

inferior, 21,732Z. ; and from native ports, 142J piculs of superior, 7534?. Shanghai imported in 1879,

327 piculs of superior, 3810 of inferior, and 233 of husks. (3) Winged or Bengal cardamom, morung

elachi or luro elachi (4. aromaticum), is produced in the Morung Mountains, in about 26° 30' N. lat.

(4) Nepal cardamoms, from Amomum subulatum, are grown on well-watered hill-slopes, under shelter

of trees, on the frontiers of Nepal, near Daijiling, and exported to other pai'ts of India. (5) Java
cardamoms are produced by A. maximum in that island ; these are of a brown colour, and more or

less furnished with winged longitudinal ridges. (6) Korarima cardamoms are yielded by
Amomum Korarima (^Cardamomum majus), an undescribed plant indigenous to the whole mountain
region of B. Africa, from Uganda to the countries of Tumhe, Guragno, and Shoa, lying S. and
S.-B. of Abyssinia. They are carried to Base (10° N. lat.), and thence to Massowa, for ship-

ment to India and Arabia. They are of a brown colour, lJ-2 in. long, f in. diam. below, oblong,

pear-shaped, and slightly furrowed.

The essential oil afforded by cardamoms is described on p. 1419 ; they are also capable of

yielding as much as 10 per cent of a fatty oil.

Cassia (Fr., Casse; Gbr., Cassia).—The bulk of the spice known as cassia, or "Chinese
cinnamon" as it is frequently called on the Continent, is produced by an undescribed tree of

S. China, chiefly growing in Loting and Luehpo (in Kwangtung province), Taiwao (in Kwangsi),
and iu Kweichow, and found in about 19° N. lat. in the forests of the Le Ngum valley, on the left

bank of the Mekong, near the Annam frontier. The tree is generally referred to as CinnaTmmum
\_Cassia] aromaticum. It is said to grow with little attention in situations unsuited to other crops.

The bark of the tree, forming " cassia lignea," occurs in small bundles about 1 ft. long and 1 lb. in

weight, bound up with split bamboo. It has been stripped off the tree by running a knife
along each side of the branch, and gradually loosening it ; it is then allowed to lie for 24 hours,

undergoing a sort of fermentation which permits the epidermis to be easily scraped off, the bark
soon drying into the form in which it appears in the market. The quills bear a close resem-
blance to cinnamon (see pp. 1805-7), but are less uniform and less carefully prepared. They are
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thicker and lianler tban clDpemon, and rarely oonsisl of moro than tiro qnilU, one rolled in tlie

otlicT. There U no doubt that the powdered bark is very largely substituted for the higher priced

cinnamon, discrimination between them being a matter of some difficulty. The most reliable tests

yet niaile known for tlicir distinction are given by Hehner, in a paper read before the Society of Public

Analysts, Nov. 19, 187'J, the main deductions from his observations being:—(1) The proportion of

ash in cinnamon is pretty constant (•l'59-4"78 per cent.), cassia lignea giving much less {1'84),

and castia vera nearly the same as cinnamon (say 4-08); (2) the amount of ash soluble in water

is 25 04-28 '98 per cent, in whole cinnamon, about 18 in chips, S-15 in cassia vera, and 26-40 in

cassia lignea
; (3) the proportion of oxide of manganese is never more than 1 per cent. (0' 13-0 • 97)

in cinnamon, but over 1 (1'13-1"53) in cascia vera, and 8
• 65-5 "11 in cassia lignea; (4) the

cinnamon ash is always white, or nearly so, while both the cassia ashes are grey or brown, and yield

abundance of chlorine on heating with hydrochloric acid. The young branches of the tree affording

cassia lignea are collected and tied up in fagots, constituting cassia twigs, which are a large article of

local commerce. The immature fruits of the same tree are believed to form the cassia buds of English

trade. Cassia vera or wild cassia is an inferior kind of cassia lignea. The approximate London
market values of the spice are :—Lignea, 36-COs. a cwt. ; vera, 22-465. ; buds, id-~2s. Our imports

of cassia bark (lignea) fluctuated from 1,408,021 lb. 1856, to 283,869 in 1861, l.llT.'JOy in 1865,

349,349 in 1866, and 873,991 in 1870 ; since then, it has not been specified in the Returns. In

1878, London received 3,500,000 lb. Hamburg usually imports about 2,000,000 lb. annually direct

from China, besides large quantities indirectly. The shipments from Canton, whence it is chiefly

exported, had grown from 13,800 piauls (of 133^ lb.) in 1864, to 96,778} piculs in 1879. In the

same year, Pakboi despatched 8018/. worth; and Shanghai, l'2ii pi4iils of buds, 3234} piculs of

lignea, and 4467} piculs of twigs. The twigs are mainly an article of local consumption. In 1872,

Canton shipped 456,533 lb. of Ihem to other Chinese ports. In 1879, Hankow imported from

foreign ports, 1387 pimls of ligneu, S773/. ; and from native ports, 128f piculs of buds, 381/.,

H82i of lignea, 7479/., and 3990| of twigs, 3442/. The trade in buds has decreased, the exports

from Canton having fallen from 400 piculs in 1848, to 233 in 1866, and 165 in 1867. Our imports

of them in 1870 were 29,321 lb. ; Hamburg received 1324 cwt. in 1876.

Several other non-Cingalese species of Cinnamomum afford kinds of cassia bark in their respective

localities. In the Ehasia mountains of E. Bengal, the barks of three species ((7. obtusifolium,

C. pawiflorum, and C. Tamala), growing wild at 1000-4000 ft., have recently been collected and

brought down to Calcutta. At least part of the cassia bark of S. India is produced by C. iners,

possibly only a variety of the true cinnamon (C. zeylanioum), found in India, Ceylon, Tavoy, and the

Indian Archipelago ; the fruits are also gathered in some districts of S. India, but are much
inferior to Chinese buds. C. Tamala extends into Silhet, Sikkim, Nepal, Eumaon, and even

Australia. The Archipelago produces two species, C. Ciissia and C. Burmanni var. a. chinense, both

said to be cultivated in Java. Padang (Sumatra) exported 6127 piculs (817,066 lb.) of the bark in

1871 ; and Cadiz imported 93,000 lb. from the Philippines in the same year.

According to Low, the kulit lawang of Borneo is the aromatic bark of a wild species of

" cinnamon," and is produced in abundance in all parts of the island. It much resembles the true

cinnamon of Ceylon. A recent writer on the Indian Archipelago (Moore) states that " cinnamon "

is the most costly product of Cochin China, and is an uncultivated article. It has a very pungent

taste, and is far more aromatic than that of Ceylon. There are several qualities of it, some of

which bear a most exorbitant price, and are solely appropriated for the royal use. The outer rind

is never removed from it, and it is consequently much thicker than Ceylon cinnamon. It is in

high demand among the Chinese, who export large quantities, and prefer it to the best cinnamon

of Ceylon. Possibly it is this particular kind which is meant in the Consular Eeturns for Shanghai

for 1879, where an export of SOJ piculs (of 133^ lb.) of "cinnamon" is stated, in addition to the

figures relating to cassia. Hanbury and Fliiokiger doubtfully refer this thick " cinnamon," or more

properly cassia, to C. Cassia and C. Bw-nhmni var. a. chinense.

The essential oil of cassia is described on p. 1419.

Chiretta or Cliirayta.—This condiment consists of the entire plant of Ophelia Chirata

[^Gentiana Chirayita] collected when the capsules are fully formed, and tied up in flattish fagots,

3 ft. long and weighing 1 J-2 lb., with bamboo slips. The plant inhabits the mountainous districts

of N. India, from Simla through Kumaon to the Murung district in S.-E. Nepal. It is much

used in India, and somewhat in England as » tonic bitter, and substitute for gentian in cattle-

fuoda. An inferior variety, Ophelia angustifolia, is sometimes mixed with this drug as found in

English commerce. It is less bitter, and is distinguishable by the absence of pith, and by the more

woody stem.

Cinnamon (Fb., Cannelle de Ceylan; Geb., Zrnimt, Ceylon Zimmt, Kaneef).—True cinnamon,

with which cassia is often confounded, is produced by Cinnamomum zeylanicum, a small evergreen

tree of many varieties, distributed through the forests of Ceylon up to 3000 and even 8000 ft The

quality of the bark varies exceedingly with local conditions, some being so inferior as to be
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collected only for purposes of adulteration. The culture of the best kind seems to be restricted to

K, strip of country 12-15 miles broad on the S.-W. coast of Ceylon, between Negumbo, Colombo,

and Matura, up to an elevation of 1500 ft. A sandy soil is generally selected, but others may be

cliosen, such as a mixture of sandy with, red soil, free from quartz, gravel, or roclr ; also red

and dark-brown soils. Such land in a flat country is preferable to hilly spots. A rocky and stony

subsoil is not adapted, as the trees would neither grow fast, nor yield a remunerative return. In

making a plantation, the whole of the ground should be cleared, leaving a few trees 50-60 ft. apart.

The felled trees should be well lopped, burned, and cleared away. The stumps and roots, after

burning, may be allowed to remain, in order to save expense of can'iage, merely observing some
degree of order in their disposition, by forming regular rows. Holes are dug 8-10 ft. apart and

1 ft. sq. ; the distance between the plants depends upon the nature of the soil : the poorer the soil,

the nearer should the trees be planted, and vice versa. Should the holes be intended for cinnamon
roots, or stumps, the latter must be carefully removed with as much earth as can be carried up
with them, and placed in the holes, taking care not to return the earth removed originally in

digging the holes, but filling them with the soil scraped from the surface, which has been

previously burned, exposed, and formed into manure. Should no rain fall after placing the roots

in the holes, the stumps are well covered, and watered morning and evening, until the sprouts

shoot out fresh buds, which will be in a fortnight or so from the time of transplanting ; watering

may then be discontinued. In a month, the new shoots will be 3-4 in. high, much depending upon

the weather. If the holes be intended for young plants or seedlings, the latter are removed with

boles of earth from the nurseries, and placed in the holes, taking the same care as with the

stumps, both in watering and covering, in the event of its being dry weather. The coverings

should not be removed until the plant throws out a new pair of leaves from the buds, which is a
sign of their having taken root. When a plantation is formed of old stumps, all the branches are
cut down to within 6 in. from the ground ; this should be done with one stroke of a sharp
instrument, in order to avoid the splitting of the stem. From these stumps, cinnamon may be cut
and peeled in 12-18 months from the time of transplanting. From seedlings, no crop can be
expected before 2-3 years from the date of the transplanting, when there will be but single trees.

These, when out down as already observed to 4-6 in. above the ground, ought to be covered with
fresh earth gathered from the space between the rows, and formed in a, heap around the base.

The next crop will be 8-4 times as much as the first, from the number of sprouts the stem will

throw out, and so on every year, the crop increasing according to the number of sprouts each stem
will throw out yearly from the cuttings. In the course of 7-8 years, the space left between the
rows will only admit the peelers and weeders, as the branches from opposite bushes will almost
touch each other. The plantation must be kept clean and free from weeds. Cinnamon requires no
manuring ; but when weeding, the roots of the bushes should be covered and heaped up with the

surface soil, this being done as soon as the cinnamon sticks are removed for peeUng. The
plantation requires weeding 3-4 times a year during the first 2-3 years, then twice a year will

answer the purpose.

For the nursery, a space of ground is selected in rich soil free from stones. The whole brush-

wood is cleared, leaving only the large trees for shade ; all stumps, stones, and roots are removed,

and the place is well dug 6-8 in. deep, and formed into long beds 3-4 ft. wide ; the seeds are sown
9-12 in. apart, and shaded at 8-12 in. above the ground by a, pandal of leaves ; they are watered on
alternate days until they have one pair of leaves, and the watering is continued in very dry
weather; but the shade is not removed until the plants are 6-8 in. high, and can bear the sun.

These seedlings will be ready for transplanting 3 months after the time when they were sown.

Nurseries are made just before the close of the year. When this is done first, the land is prepared

during the dry season, from December to March, both inclusive. April sets in with heavy rain

generally in Ceylon, and the weather continues wet till September-October. The cinnamon seeds

are gatliered when fully ripe, and heaped up in a shady place; the outside red pulp then rots

and turns quite black, allowing the seeds to be trampled out or otherwise freed from the decom-

posed pulp ; the seeds are well washed in water (just as is done to cherry coffee, before making
into parchment in the white shell, see pp. 702-3), and dried in the air without exposure to the sun.

Seeds that float on the surface of' the water should be rejected. The quality of the bark depends
upon its situation on the branch : that peeled from the middle of the bush or branch is the best or
" 1st " sort ; that taken from the upper end, the " 2nd "

; while that obtained from the base of the
branch, or the thickest end, is called " 3rd " sort. The peeling process commences early in May,
and continues until late in October. When a Ohilaw perceives a shoot of a proper growth he
strikes a small bill-hook (catty) obliquely into the shoot, and gently opens the gash to discover
whether the bark separates freely from the wood ; should this not be the case, he leaves the sucker
for a future time. Some shoots never arrive at a fit state for decortication. Those which are cut
are usually §-f in. diam., and 3-5 ft. long. They are tied in bundles, and carried to sheds appro-
priated to the preparation of the cinnamon.
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Being cleared of small shoots and leaves, two longitmlinal slits are made in the bark, which ia

gmdiially loosened by tlio convex siJe of a peculiar knife (nvtma), and then usually half the circum-
ference of the bark comes off in one entire slip. When the bark adheres firmly to the wood, it is

8tron>,'ly nibbed with the handle of the peeling-knife, until it ia disengaged and stripped off. The
sections of the bark thus obtained are carefully telescoped one into the other, collected into bundles
and firmly pressed or bound together. In this state, they remain for 24 hours, or more, thereby
facilitating the subbequent removal of the cuticle. The interior side of each section of bark is

placed on a convex idece of wood, and the epidermis, together with the greenish pulpy matter
immediately under it, is carefully scraped off by a curved knife. This is an operation requiring
some nicety, for if any of the outer bark be allowed to remain, it gives an unpleasant bitterness to

the cinnamon. In a few hours after the removal of the cuticle, the pieces are put one into the

other till they form almost solid sticks about 40 in. long. On the first day, they are suspended
under shelter upon open flat forms ; on the second day, they are placed on wickerwork shelves, and
exposed to the sun. When sufiiciently dry, they are made up into bundles of about 30 lb. each,

which, previous to shipment, are subjected to a process of assortment. For export to Europe, the
bark of large shoots or thick branches, producing coarse cinnamon, and that of very young and
succulent shoots, possessing little flavour, is rejected, and used for the preparation of the essential

oil (see p. 1419).

The cinnamon-gardens of Ceylon had increased from 14,400 acres in 1860-4, to 26,000 in 1878.

It is still being extensively planted upon nearly worn-out coffee estates, and upon other land con-

sidered unpromising for more valuable crops, an<l the results are said to be satisfactory. The
exports from the island have fluctuated considerably, having been 776,675 lb., 3S,833/., in 1SU4,

2,685,395 lb., 134,270;., in 1869, 1,132,191 lb., 53.077/., in 1874, and 1,665,481 lb., 78,069/., in 1878!

The London market values of Ceylon cinnamon are :—lot quality, ls.-3s. 6d. a, lb.; 2nd, 11-28J.
;

3rd, 7-21d; 4th, 7-18d ; chips, lJ-6io/.

Tho peculiar tendency of cinnamon to deteriorate in new localities, coupled perhaps with the

absence of due care and experience, has rendered it impossible to produce the spice equal to tho

Cingalese article anywhere outside that island. It is most nearly approached by that 'grown in

S. India, known as " Malabar," " Tinnevelly," or " Tellioherry," and valued at Is. 5d.-2s. 4.?. a lb.

In the Seychelles, are said to exist 2000 acres of cinnamon shrubs, which are utilized solely as fire-

wood. In Dominica also, the plant is found commonly in a wild state. Brazil and French Guiana
afford insignificant quantities of a very inferior cinnamon. But Java occupies an important position

as a producer of this spice. The culture and preparation do not differ essentially from the methods
practised in Ceylon, but the packing is usually effected in wooden cases, and black pepper is said

to be sprinkled among it to preserve the flavour. The exports from Java in 1879-80 were :

C38 piculs (of 135i lb.) to Holland, and 24 to Australia.

Our imports of cinnamon in 1880 were :—1,377,272 lb., 91,544/., from Ceylon ; 189,548 lb., 8213/.,

from other countries; total, 1,566,820 lb., 99,757/. Our re-exports in 1880 were 1,172,166 lb.,

78,805/., chiefly to Spain, Germany, Mexico, and Holland.

Other Cinnamomum spp., and the means of distinguishing cinnamon from cassia, are described

under tho latter (pp. 1804-5).

Cloves (Fb., Qirofles, Clous de Girofles ; Ger., Gemirznelken).—The name cloves is applied to

the dried flower-buds or calyces of Eugenia caryophyllata \Caryophyllm aromaticus\ an evergreen tree

of 30-40 ft., indigenous only in the five small islands constituting the Moluccas proper (Tarnati,

Tidor, Mortir, Makian, and Baohian), but introduced at various times into, and more or less widely

cultivated in, Amboina, Haruku, Saparua, Nusalant, Sumatra, Penang, Malacca, Mascarene

Islands, Ke'union, Mauritius, Zanzibar, Pemba, Jamaica, Dominica, and French Guiana.

In cultivating cloves, the mother-cloves (fruits) ai-e planted in rich mould about 12 in. apart,

screened from the sun, and duly watered. They germinate within 5 weeks, and, when 4 ft. high,

are transplanted at distances of 30 ft. There should be a certain amount of sand in the soil to

reduce its tenacity, and less manure is required than for nutmegs. The tree naturally selects a

volcanic soil, and a sloping position. The yield commences at about the 6th year, and is at its

maximum in the 12th year, when the average annual produce may be estimated at 6-7 lb. of

marketable fruit from each tree. There is usually a crop every year, but in Sumtitra, the trees often

bear only twice in 3 years. When past its prime, the tree has a ragged appearance. Its existence

in Sumatra is supposed to be limited to a duration of about 20 years, except in very superior soil,

when it may perhaps last 24 years
;
yet in Amboina, it does not bear till the 12th-15th year, and

continues prolific to the age of 75-150 years. Hence, it is necessary to plant a succession of

seedlings when the old trees have attained their 8th year, this octennial system being adhered to

throughout. The slight hold which the trees have upon the soil, renders it very desirable that

they should be provided with shelter from strong winds. With this object, the plantations in

Sumatra are belted with a double row of Casuarina littorea and Cerbera Manghas. Similar pre-

cautions in Zanzibar and Reunion would probably have mitigated the havoc recently created by
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hurricanes among their clove-gardens. The harvesting of the flower-buds (cloves) commences

immediately they assume a bright-red colour. The best and most usual plan is to pluck them

singly by hand, movable stages facilitating the operation in the case of the upper branches. Some-

times, however, they are beaten off by long bamboos, and caught in cloths spread below. The
plucked cloves undergo a process of drying, which confers a brown hue, and prepares them for

packing. In Sumatra, simple exposure to the sun for several days on mats is the common
method ; but elsewhere they are occasionally also smoked on hurdles covered with matting near g,

slow wood fire ; and very rarely they are scalded in hot water before smoking. They are ready

for packing when they break easily between the fingers.

The production of cloves fluctuates enormously. The Moluccas, or rather the four ofthem where
the tree is cultivated (Amboina, Haruku, Saparua, and Nusalant), produced 869,727 Amsterdam lb.

(of 2-2 lb.) in 1846, but only 89,923 in 1849; in 1854, Nusalant harvested 120,283 Amsterdam lb.

from 13,042 trees (an average of 9 lb. a tree), Saparua 181,137 from 29,732 trees, Haruku 38,803,

Amboina 170,689 ; total, 510,912 Amsterdam lb. Java exported only 92 piculs (of 135J lb.) in

1879-80; but in 1878-9, the figures were 1614 to Holland, 5 to Sweden, 3 to America, and 1237 to

Singapore, total 2859 piculs. Of late years, the islands of Zanzibar and Pemba on the B. African

coast, have been the chief producers of cloves, yielding a maximum annual crop of lOJ million lb.

before the disastrous hurricane of 1872. The clove-gardens of Pemba, situated mostly on the W.
side of the island, escaped the destruction which befel the larger island. The exports from these

two islands go largely to Bombay, also direct to America and Hamburg, smaller quantities reaching

the Bed Sea ports by native craft. For European and American markets, the packages used are mat
bags made of split coco-nut leaves ; for native ports, simply raw hides. The Bombay imports were
45,612 owt. in 1869-70, 20,968 in 1870-1, 43,891 in 1871-2, 25,185 in 1872-3. Eeunion in 1825-49
produced yearly as much as 800,000 kilo, (of 2 2 lb.), but has recently suffered much from hurri-

canes ; the crop of 1879 was destroyed by a cyclone, and tlie exports for 1879 (8777 kilo.') weje
merely re-exports from St. Marie de Madagascar. In Jamaica and Dominica, cloves flourish

remarkably, and are eminently suited for cultivation with nutmegs by small proprietors on the
hills. Our imports in 1870 were 1,089,667 lb., 16,374Z. ; there are no specific returns since. We
received 3271 cwt. from Bombay in 1872-3. Hankow, in 1879, imported 256| piculs (of 133i lb.)

of cloves, 4056?. ; and 30 piculs of mother- cloves, i38l. The cloves of commerce vary in plumpness
brightness of tint, and yield of essential oil. The values of the chief kinds met with in the London
market are :—Penang, 20-29d. a lb. ; Amboina, l6-23d. ; Zanzibar, 14-19(;.

Glove-stalks, the vihrnia of the natives, are largely shipped from Zanzibar, and used in the
manufacture of mixed spice and for adulterating ground cloves. They yield 4-6J per cent, of
volatile oil. Mother-cloves or fruits are also exported, probably for a similar purpose. In one
drug sale in 1873, 4200 packages of the former were sold at 3-4A a lb., and 1050 bags of the latter

at 2-3(?. a lb. The microscope will reveal the stone-cells of the stalks and the large starch-

granules of the fruit, as well as -both stone-oeUs and starch-granules if pimento has been
fraudulently added.

The essentia] oil of cloves is described on p. 1420.

In Brazil, the flower-buds of Dicypellium caryophyllatum, whose bark furnishes clove cassia, are
used as substitutes for true cloves.

Coriander (Fk. Coriandre ; Geb. Koriander).—Ooriander-seeds are the produce of Coriandrum
sativum, a small plant now found growing as a cornfield weed in many temperate and tropical

countries. It is cultivated in the B. counties of England, especially Essex, and in various parts of
the Continent ; it is also produced in India and N. Africa. In the Dutch B. Indies, a larger and
more oval variety is met with. In England, under the name of " col," it is sometimes sown with
caraway, and gathered in the first year, while the caraway is left on the ground till the following

season. The seedlings are hoed out so as to leave rows 10-12 in. apart. Harvesting is performed
with sickles, and the dry seed is threshed out on a cloth in the field, an average crop being 15 owt.

an acre on the best land. In 1872-3, Sind exported 948 cwt., and Bombay 619 cwt., while Calcutta
shipped 16,347 cwt. in 1870-1. Corianders are mostly used for flavouring gin, and in the manu-
facture of curry-powder.

The essential oil is described on p. 1420.

Cumin. See Drugs, pp. 809-10.

Galangal or Galingale (Fb., Galanga ; Geb., Galganf).—The galangal root now met with in
European commerce is the rhizome of the lesser or Chinese plant {Alpinia officinarum), cultivated in

Hainan Island, S. China, and probably also in some of the adjacent mainland provinces, while the
greater or Java galangal (A. Galanga) is rarely seen amongst us. In E. Europe, particularly Eussia
it is used as a spice, for flavouring tea and liqueurs, and in cattle medicine. Shanghai exported
370,800 lb., value 3046?., in 1869; and Kiungchow, 2113 piculs (281,733 lb.) in 1877, and 5661^
piculs, 2194Z. in 1879, the latter stated officially to come entirely from the mainland opposite. It is

of a dark-brown colour, and powerfully pungent.



GINGER. 1809

The essential oil is desoribed on p. 1421.

Gentian (Fa, Gmtiane
; Gkb., ^lian).—Gentian is the dried root of G. lutea, a native of open

grassy places on the mouotains of Central and S. Europe, as far north as the Suabian Alps, near
Wurzburg. The roots of several other species are sometimes collected and mixed with it, viz. :

(1) 0. purpurea, found in meadows on the Apenniues, in Savoy, Switzerland, Transylvania, and
S.-W. Norway, and a variety in Kamschatka ; (2) G. punctata, indigenous to the Alps of S.-E.
France, Savoy, S. Switzerland, extending E. to Austria, Hungary, and Boumelia

; (3) G. pan-
nonica, met with only on the mountains of Austro-Hungary. G. Catesbaei [Saponaria] is gathered
for home consumption in the United States. The roots are collected and dried. Our supplies
come mostly from Germany, but partly aUo from Marseilles. Our imports in 1870 were llOOcwt.
In England, it is used medicinally (see p. 811), but principally as an ingredient of cattle-
foods. In Bavaria and Switzerland, advantage is taken of its 12-15 per cent, of uncrystallizable
sugar to make from it a liquor known as Emiangeist or " gentian-spirit."

Ginger (Fb., Gingcmbre ; Ger., /n^wer).—Ginger is the dried rhizome, either scraped or
unscraped, of Zingiber officinale [Amomum Zingiber'], a reed-like plant indigenous to Asia, and uni-
versally cultivated in the warmer parts, but not known wild ; now to be found also in the W. Indies,
S. America, Tropical W. Africa, and Queensland.

In Jamaica, propagation is effected by^ division of the root, the pieces being planted in well
cleared and trenched land in March-April, 'flowering in September, and fading towards the end of
the year ; when the stems are quite withered, generally about January, the roots are dug up, picked,
cleaned, gradually scalded in boiling water, sun-dried for several days, and packed, forming
" hands " or " races " of so-called " coated " (i. e. not deprived of epidermis) ginger. Jamaica had
227 acres under this crop in 1875-6, and 144 in 1877-8. The exports from the island wero
1,261,873 lb. in 1869, only 599,766 in 1871-2, 1,613,764 in 1875-6, and 908,603 in 1877-8. The
London market values of Jamaica ginger are approximately 4J-12/. a cwt. for fine, and 2J-5J/. for

ordinary to good. Formerly Barbados and Hayti used to grow ginger in considerable quantity ; but
the latter now exports none, and the shipments of green ginger from the former were valued at only
56/. in 1877, and 41/. in 1878. Our impoi-ts from the British W. Indies were 15,594 cwt. in
1876.

Little is known about the production of ginger in Sierra Leone. lu 1868, the value of the
export was 18,917/. ; in 1869, 14,008/. Our direct imports were 0612 cwt. in 1878, and 11,951 in

1879. About half the produce comes to England, and the other half goes to America. The London
market value of African ginger is only about 18-25». a cwt.

The cultivation of ginger in India extends from the Himilayas to Cape Comorin. In the Hill

States, the best " races " of the previous year are smeared with cow-dung and placed in a corner

where they will not dry up. After the first rain, the land is ploughed 2-3 times, and divided into

little beds which will shed the water readily. Boot-sections are then planted 3 in. deep and 9 in.

apart, and covered with dead leaves and ^ in. of manure. Watering is resorted to in the dries.

When the plants are about 2 ft. high, the rhizomes are dug up, buried for a month, sun-dried for a
day, and are ready for use. To get it into sonth, or keeping condition, the fresh rhizomes are shaken
in a basket for 2 hours daily for 3 days, then sun-dried for 8 days, and again shaken. Thus the
outer skin is removed, and 2 days' further drying finish it for tlie market. In Dacca, the natives

cleanse the roots by boiling lime-water. In Mysore, a red soil free from stones is considered best

;

between 11 April and 11 May, the ground is hoed, and made into ridges 18 in. broad, 18 in. high,

and 18 in. apart, with perpendicular sides ; two rows of cuttings are put into each ridge, slightly

covered with earth, and protected by a screen of bushes. Between mid-June and mid-July, the
shoots appear, and 10 days later the bushes are replaced by small twigs, and weeding is done by
hand. About mid-December to mid-January, the roots are fit for pulling. Those intended for

replanting are mixed with a little red mud, and immediately buried in a pit ; those intended for

sale are deprived of the outer skin by scraping with a knife, sprinkled with the ashes of burnt

cow-dung, and dried on mats for 8-10 days. Our imports of E. Indian ginger were 7472 cwt. from
Bombay and Sind in 1877, increased to 25,781 cwt. in 1879; 7202 cwt. from Madras in 1877;

16,470 cwt. from Bengal in 1878. The London market values are about 16-22s. a cwt. for Bengal,

and 23-125S. for Cochin.

Much ginger is grown in China, and considerable quantities of the young succulent rhizomes

preserved in syrup are sent to this country. Our imports were 9372 cwt., 25,722/., in 1872, and
6996 cwt., 19,894/., in 1875. The Venezuelan port of Ciudad Bolivar shipped 450 lb. toKew York
in 1878 ; and Panama exported 98/. worth to the United States in 1879.

" Scraped " or " uncoated " (decorticated) ginger is often bleached by subjection to the fumes of

burning sulphur, or by immersion in chloride of lime solution, while much is washed over with either

sulphate or carbonate of lime. Our total imports in 1880 were from :—Bombay and Sind, 23,249 cwt.,

45,828/.; Madras, 12,492 cwt., 25,460/. ; British W. Indies, 5639 cwt., 28,624/. ; Bengal and Burma,

3617 cwt., 3713/. ; W. Africa, 3142 cwt., 3000/, ; other countries, 1823 cwt., 2920/. ; total, 49,962 cwt,
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109,545?. The total figure for 1876 was 62,164 owt. Our re-exports in 1880 were 18,086 owt.,

32,152?., chiefly to Germany, the United States, and Australia.

The essential oil is described on p. 1421.

Mustard (Fb., Moutarde ; Gee., Senf).—Black mustard is the seed of Brassioa [Sinapis] nigra

and white mustard that of B. [&] alba, while Indian mustard, brown mustard, or rai is afforded by
B. [SJ] juncea, and is sometimes offered in London sales for black mustard. 8. glauca and S. ramosa

also yield a white mustard-seed in India.

The first species is found wild in all but the most northern parts of Europe, as well as in N. Africa,

Asia Minor, Mesopotamia, the Caucasus, W. India, S. Siberia, China, and naturalized in N. and S.

America. It is cultivated extensively in Alsace, Bohemia, Holland, Italy, and on the richest alluvial

soils in England, notably in Lincolnshire and Yorkshire. The great aim of the grower is to produce

reddish-brown seed, without any intermixture of grey, which is attributed to rain during the ripen-

ing, and greatly lowers the value of the parcel. The crop requires very little tillage. A shallow

furrow is ploughed, and the seed is sown broadcast, at the rate of 1 bush, an acre, in April, the

harvest taking place in June-July following. The land is generally sufJficiently seeded to produce

a 2nd crop, which is sometimes gathered within the same year. A yield of 40 bush, an acre is not

uncommon. The French departments of Nord, Pas de Calais, Bas-Khin, and Charente annually

produce about 650 tons, value 6000?., while the whole production of France in 1867 was stated at

3000 tons.

The second (white) species belongs rather to S. Europe and "W. Asia, but its cultivation is

extending in England, where it is grown as an agricultural crop in Essex and Cambridgeshire. It

is much less remunerative than black mustard.

The third species is extensively cultivated in India, Central Africa, and other tropical countries.

It flourishes particularly well in the saline soils of S. Eussia and the steppes lying N.-E. of the

Caspian, some 800 tons of seed being annually prepared for table at Sarepta, in the government of

Saratov.

The mustard flour which constitutes the domestic spice is prepared from the seeds crushed

between rollers, pounded, sifted, and re-sifted into 3 qualities, " superfine," " fine," and " seconds."

Only the seeds of the black and white species are supposed to be employed ; but it is exceedingly

probable that much of the third kind finds its way into the composition, as flour, turmeric, and
capsicums are known to do in the lower grades of the article. Characteristic tests by which white

and black mustard-seeds may be distinguished are :—(a) The aqueous extract of white mustard
soon acquires a powerful odour of sulphuretted hydrogen, while the black smells only of the pun-
gent oil ; (6) the aqueous extract of the former is coloured deep blood-red by ferric chloride solution.

British India exported 1418 tons of mustard-seed in 1871-2,790 tons going to the United King-
dom, and 516 to France ; in 1876, the total figure was 12,770 owt. ; in 1879, only 5016 cwt. Nico-
laieff (Eussia) exported 498 quarters (of 8 bush.) in 1879.

The fixed and volatile oils of mustard-seed are described respectively on pp. 1396, 1424.

Nutmegs and Mace (Fr., Muscades et Macis ; Ger., Muskatniisse und Muskatblilthe).—The
fruit of Myristica fragrans [moscJiata, officinalis], somewhat resembling a small round pear, contains

a single seed, the kernel or nucleus of which forms the " nutmeg " of commerce, while its fleshy

crimson envelope (arillus) is called " mace." The tree is a bushy evergreen of 40-50 ft., found wild in
the Banda Islands, Damma, Amboina, Ceram, Bouro, Gilolo (Halmahera), the W. peninsula of New
Guinea, and in many neighbouring islands, but not indigenous westward of these, nor to the
Phihppines. It has been introduced with varying success into Bencoolen (W. Sumatra), Malacca,
Bengal, Singapore, Penang, Brazil, the W. Indies, French Guiana, and Be'union ; but the Banda
Isles remain the chief nutmeg-garden of the world. Of these islands, three are planted with the
trees, viz. the Great Banda or Lonthoir, Banda Neira, and Pulo Aai. There are in all 84 parks
containing 319,804 bearing trees. The total produce from these yearly is about 4000 piculs (of
139^ lb.) of nutmegs, and 1000 of mace; this gives little more than IJ catti (of 1-39 lb.) of spice
for each tree per annum, but then a very large proportion of the produce is lost from the following
causes ; mueli cannot be collected from the height of the trees, and the inaccessible places in which
hundreds of them are placed, and much is lost by wind-falls ; a large pigeon called walur feeds
extensively upon the fruit, and ejects it after digesting the mace ; besides these, field-rats eat the
nuts. The distribution amongst the islands is in the following proportions : Great Banda 25
parks ; Neira, 3 parks ;

Pulo Aai, 6 parks. The chief labour is performed by convicts furnished by
the Dutch Government, there being no indigenous population in Banda.

The only attempt at cultivation is the cutting close with long knives the ferns and grass below
the trees. There does not appear to be that tendency to the growth of weeds and underwood that
exists so strongly in the Straits, to the great detriment of the planters. No manure or artificial
stimulus is used ;

the plants deposited abundantly by the pigeons are merely taken up and stuck
in wherever a vacancy occurs, therefore no regularity is observed. In some places, clumps of trees
are growing together not more than 10-12 ft. apart, all growing without exception under the shade
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fif tho canari (Ciinarnim commune). The nutmeg onnnot be said to be cultivated ia Banda : it

is merely collected. It bos occupied its present position there from time immemprial.

With regard to tlie difiVrenees that exist between the Banda trees and 1>hose of the Straits, the

first remarkable feature ia their respective heights. The tree of the Straits is a mere shrub com-

pared with that of Banda, where 50-60 ft. is no uncommon size. It would appear that the shading

is ovcrdnno in the Straits, at the same time, owing to the strong winds that constantly prevail, the

tree needs shelter of some description. The tree as a general rule does not bear fruit before the 8th

or 9tb year, and is not considered in its prime until about 25 years old ; it is said to b»ar well up
to 60 years, and even longer. The male tree is much shorter lived than the fruit-bearing one.

The parkineers in the Bandas do not estimate the proportion of males above 2 per cent. ; if this be

the case, there are far too great a number in the Straits plantations. With respect to the propor-

tion of males and females yielded by a given number of planted seeds, the parkineers say they

never get more than 30 per cent, of males, and seldom so many ; this again is far better than

Straits planters can boast of. The Banda fruit hangs upon longer and more slender stalks than

the Straits, the skin is more free from all blemish, more thin relatively to the fruit, and of more

uniform proportion. The black spot or gangrene of the outer covering exists among the Banda
plantations, but in so slight a degree that but little account is taken of it. It is caused by

an insect depositing its larvae in the husk ; they feed on the saccharine matter of the outer

covering, until it bursts, when they make their way into the soft nut itself, and become the small

weevil so well known to all planters. The Banda nuts frequently split before maturity, as in the

Straits; this is produced by similar causes,—cold, damp weather, and sudden changes of tem-

perature. The Banda trees bear more or less every month throughout the year, but there are four

months in which the crop is four or five times its usual quantity, these are May, June, Siptember,

and October. The Banda method of collecting the fruit is far better than that adopted in the

Straits. They use neatly made oval baskets of bamboo, open for half their length on the upper

side, with a couple of prongs projecting from the top ; these seize the fruit-stalk, and, by a gentle

pull, the nut falls into the basket, which is capable of containing throe or four nutmegs. Thus t)io

mace is not spoiled or bruised by falling on the ground, and there is no searching about the grass

for the escaped nut.

The Banda manner of breaking them when dried is also superior. This is done by spreading

them on a sort of drumhead, and striking them with flat pieces of board. Several are cracked at

each stroke, swept off, and resupplied as fast by a man standing alongside. One man in this way
will break more nuts without injury than half a dozen men after the Straits fashion. Women and
children are employed in the collection of the produce, which is brought in twice a day. Tho mace
is removed by scraping with large knives from the base, and is probably not a little injured by the

operation. The plan of removing it by the hand from the apex is decidedly prefurable, as the inter-

lacings of the maoe are thus freed, and the blade is better expanded. In Banda, the mace is dried

in the sun, and delivered monthly at the Government godowns ; the nuts are smoked, in the usual

Straits fashion, by slow wood fires, for three months, and delivered quarterly. The mace, when
received, is divided into three qualities, and packed in casks contaiuing about 280 lb. ; in packing,

very slight pressure is used, such as a man standing in the cask and treading down the spice as it

is filled in. The nuts, when broken, are packed in wooden bins, filled up with lime and water to

the consistency of mortar, where they are allowed to remain for three months, the bins being care-

fully closed and mai'ked. At the expiration of three months, they are taken out, sorted into three

qualities, and packed in casks similar to those used for the mace ; these casks are all made of the

best Java teak. The refuse nuts are ground down to a fine powder, and converted into " nutmeg-
butter," by steaming them over large caldrons for S or 6 hours, and compressing the warm mass,
packed in bags, between powerful wedges, when a brownish-coloured fluid runs out. This on
cooling becomes of a saponaceous appearance and consistence, and is the "nutmeg-butter" or
" mace-oil " of commerce. It is further described under Vegetable Fixed Oils, pp. 1396-7.

It should be observed that the Banda method of breaking and liming the nuts, which originated

with the Dutch policy of monopolizing the culture by destroying the vitality of the exported nuts,

is still widely persisted in, and even necessary to suit the prejudices of certain markets. But our
planters in Bencoolen adopted a much simpler plan, and one which did not entail the spoiling of a
large proportion of the nuts. It consists in exposing the nuts on frames to tlie gentle heat of a smoul-
dering fire, with proper ventilation, for 2 months, turning them every 2nd or 3rd day ; the shells

are then cracked by a wooden mallet, and the assorted nuts are rubbed over with dry lime. Even
dry liming is said to be unnecessary, as the nuts keep well in their shells, and are thus imported
into Chinese markets ; but the weight of the shells adds a third to the cost of freight, which
is important in long transport.

The Banda Isles remain the chief source of nutmegs and mace, despite all attempts to establish

the culture elsewhere, and the figures show a continuous increase in the txports. Tlio shipments

from Java of Banda produce in 1878-9 were :—Nutmegs : 10,475 pira/s (of 135 J lb.) and 7 cases to
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Holland, ZeGpieuls to America, 302 picuh to Singapore, 78 pimls and 11 cases to Port Said, Sipicuh

to France, 9 piculs to England ; mace : 2832 picula and 26 cases to Holland, 18 piculs to England,

14 piculs to Singapore, 10 piculs and 6 cases to Port Said. In 1879-80, the figures were .-—Nutmegs

:

5216 ^cWs to Holland, 61 to Prance, 1130 to America, 31 to Australia, 777 to Singapore, total,

7215 ; mace : 1902 piculs to Holland, 103 to America, i to Australia, 23 to Singapore, total, 2032.

The exports from Penang in decennial periods were :—1840, 598 piculs (of 133i lb.) nutmegs, 159 of

mace ; 1850, 2086 of nutmegs, 656 of mace ; 1860, 6421 of nutmegs, 2094 of mace. Penang nutmegs

have never been limed. Singapore, in 1848, had 1190 acres under nutmegs, containing 71,400 trees,

and producing 624 cwt. of nutmegs and 156 of mace. The whole export from the Straits in 1867

was 485,123 cwt. nutmegs, 50,559Z., and 5416 cwt. mace, 735il. ; the combined total in 1877 was

5323 piculs (of 133i lb.) ; in later years, the figures include all spices except pepper. The nutmeg

parks of the Straits have never recovered from the disastrous effects of a blight which attacked

them in 1857. The exports from Sumatra were 1952 piculs of nutmegs and 403 of mace in 1872 ;

and 2237 of nutmegs and 568 of mace in 1873. The port of Padang alone shipped 284^o«/s

of nutmegs and 28 of mace in 1874; and a total of 2766 piculs in 1871. The French island of

Ee'union exported 5000 lb. of nutmegs and 900 of mace in 1864, and more in 1871, but the culture

is declining. The tree succeeds well in the W. Indies, and numbers are to be found under semi-

cultivation in Jamaica, Dominica, and Grenada.

Our annual imports of nutmegs amount to 400,000-800,000 lb. ; and of mace, 60,000-80,000 lb.

The London market values of nutmegs vary with their size, as follows :—78-60 to the lb., 3s. 5d.-5s.

a lb. ; 90-80, 2s. 10A-3s. 7d. ; 132-95, Is. 10d-2s. lid. The approximate price of mace is ls.-3s.

a lb. for 1st quality, and Is.-ls. 8d. for 2nd and inferior.

The fixed and volatile oils of nutmegs and mace are described respectively on pp. 1396-7,

1424.

Other so-called " nutmegs " which figure very rarely or not at all in commerce are as follows :

—

American, Jamaican, or calabash (^Monodora Myristica) ; BrazLliau (Cryptocarya moschata) ; Califor-

nian or stinking (Torreya Myristica) ; Madagascar or Clove {Agathophyllum aromaticum) ; long, male,

or wild {Myristica tomentosa and M. fatva), sometimes imported ; Peruvian (Laurelia sempervirens'),

used as a spice in Peru ; plume {Atherosperma mcschata) ; Santa Fe (^Myristica Otoba), edible.

Pepper (Pb., Poivre ; Gee., Pfeffer).—The name " pepper " is somewhat widely applied. The

so-called " Cayenne-" or " red pepper " has been described under Capsicums (see p. 1803). Two
species of Piper will be found under Drugs, viz. Cubebs (p. 809), and Matico (p. 818) ; a third falls

within the range of the articles on Drugs (Kava-kava, p. 815) and Narcotics (Ava, p. 1305) ; and

two others are dealt with under Narcotics—Betel-pepper, p. 1305. There remain for description

as spices, the common black pepper, white pepper, long pepper, and Ashantee pepper.

1. Black Pepper.—The plant {Piper nigrum) affording black pepper is a perennial climbing

shrub, indigenous to the forests of Travanoore and Malabar, and cultivated also in Sumatra, Java,

Borneo, the Malay Peninsula, Siam, the Philippines, and the W. Indies. Several accounts have

been published of the cultivation and harvesting of black pepper ; they differ mainly in minor

details, and may be summarized as follows.

Where pepper-vines are found already growing, the forest is cleared of underwood, and sufficient

trees only are left to provide shade, while permitting free ventUation, 6 ft. apart being considered

a proper distance. The vines are trained up to the nearest trees, which are preferably 8-12 in.

diam., for convenience in climbing when harvesting the fruit, all kinds of trees being apparently

avaUed of indiscriminately. The root of the vine is manured with a heap of leaves, and the shoots

are trained up twice annually. The vines live about 30 years, and are then replaced by others

found growing wild around, or systematically planted. The pepper obtained from spontaneous

plants is said to quite equal that grown in gardens, while the care necessary is almost nominal. A
very wasteful plan sometimes adopted for manuring these natural pepper-plantations consists in

setting fire to the trunks of very large trees, which are thus killed, and soon devoured by insects,

becoming a heap of rotten dust, which gets washed by the rain around the roots of the vines.

In commencing a new plantation where vines are not to be found growing spontaneously, the

first consideration is choice of site. Preference is to be given to level ground bordering rivers or

streams, but not subject to inundation ; slopes are to be avoided, unless very gentle ; and plains

will require deep ploughing and much manure. Propagation may be from cuttings and suckers, or

from seed. The plants raised by the latter means are said to yield for 14 years, while those from

the former are only fruitful for 7 years, but their crops are superior in both quantity and quality,

consequently the planting of suckers or cuttings is most generally adopted. The next consideration

will be the kind of tree to plant as a support and shade for the vines. Where trees are growing
on the ground to be planted with pepper, preference is given to the mango {Mangifera indica), whose
fruit is not injured by the development of the pepper-vine ; failing this, recourse may be had to the

jack {Artocarpus integrifolia), whose fruit, however, is said to be diminished in quantity and injured

in quality by the presence of the pepper. When it is necessary to plant trees, choice is made of the
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Erythrina iitdica, as a large branch of it put into the ground in the rainy season will be capable of
supporting the vine in tlie course of a year ; mango-trees may then be raised meantime, as
6-15 years' bearing of the vines sufBces tekill the Erythrinas. In commencing a plantation upon
Enjthrinaa, the ground is usually fenced with a mud wall, and made into terraces. Between mid-
July and mid-November, the ground is deeply hoed, and set out with plantains at about 12 paces
apart; between the first week in February and first in March, branches of Erythrina 6-12 ft. long
are planted at 60 paces apart, and watered tQl the rainy season sets in. Between 10 May and
10 June, the pepper-vines are planted, which may be done in several ways. One plan is to put

J doz. cuttings each 18 in. long into a basket, which is filled with earth, and buried at the foot of

the tree, with the cuttings sloping towards it. Between mid-October and mid-November, the

ground around the basket is dug, and the vines are manured with cow-dung and dead leaves. The
baskets are said to be a great protection to the plants in their early life, but are often omitted. In
either case, during the dry seasons of three years after planting, the vines need watering, in favour-

able soils, once in 3 days ; in dry soils, on alternate days. Between mid-October and mid-November
they are manured, and are trained up to the tree till 6 ft. high, after which they are self-supporting.

After the 3rd year, the plantains are dug up ; and then this manuring and hoeing of the ground is

performed twice annually, viz. between mid-October and mid-November, and between mid-July ond
mid-August. The vines produce in 4-5 years, and are in full bearing in the 6th or 7th, continuing

to yield for 12-14 years, when the Erythrinas die. In some cases, the trees supporting the vines are

pruned, and their branches are lopped ; in others, the leaves only are thinned. Mango-trees should
be at least 20 years old before having to support the vines.

The Sumatran mode of cultivation differs considerably. The ground is cleared, ploughed, and
sown with rice ; cuttings of the vine are then planted 5 ft. apart each way, with a sapling of some
tree of quick growth and rough bark, in September, The vines are left alone for 12-18 months,

then entirely buried, except a small surface of the bent stem, whence spring new shoots, 3-4 of

which are allowed to climb the tree planted with them, and are expected to give flowers and fruits

a year later. There are two crops annually, the 1st in December-January, the 2nd in July-

August ; the latter is much inferior in both quantity and quality.

The yield of the plantations varies somewhat according to circumstances. In Sumatra, the dual

crop is estimated to average 1J lb. from each vine per annum. In Malabnr, each vine gives a mean
of 2 lb. a year up to the 15th-20th year, or about 24 lb. for each tree, which may support 8-12 vines.

Sometimes 8-10 lb. is got from a single vine. An acre is reckoned to bear 2500 plants, and to cost

not more than 4/. to bring into bearing;, while yielding a produce worth about 80/. when in full

bearing. The fruits grow in masses of 20-30 on a single stem. The harvest takes place when they

are full-grown and hard, but before they mature, in which latter state they lose pungency and fall

off. The season for gathering falls between mid-December and mid-February. The bunches

(fltnenta) are hand-plnoked in bags or baskets, and the berries (pepper) are then detached from the

stem by rubbing with the hands or feet on a mat. The sound berries are then sun-dried for

2-3 days, in a single layer, either on mats or on a patch of smooth ground, being collected in

earthen jars at night away from the dew. Mat-drying is said to give a heavier retimi than

ground-drying. The dry pepper is put up in mat bags of 64-128 lb., and is ready for the market.

Our imports of black pepper in 1880 were 21,179,059 lb,, 385,108/., from the Straits, ond

550,909 lb., 12,979/., from other countries ; total, 21,729,968 lb., 398,087/. The total in 1879 was

only 17,532,958 lb. ; in 1877 it was 28,643,635 lb. Our re-exports in 1880 were 12,925,886 lb.,

235,801/,, chiefly to Germany, Russia, Italy, Holland, and Spain. The fluctuations in our imports

from different countries have been as follows :—Java : 2792 lb. in 1876, 74,250 in 1879, none

between; Abyssinia: 180,887 lb. in lS7t!, in 1879, 12,950 in 1880; Siam: 60,000 lb. in 1876,

none since ; Cochin China : 210,000 lb. in 1876, in 1878 and 1879, 4850 in 1880 ; Cape : 19,988 lb.

in 1876, 180,154 in 1879, 18,642 in 1880 ; Straits: 27,825,576 lb, in 1877, 16,932,073 in 1879. In

the E, Archipelago, pepper-culture is widely spread. It is again assuming large proportions in

Atjeh [Atchin or Acheen], the produce being shipped chiefly to Penang and Batavia, Edi on the

N,-E. coast (of Sumatra) being the principal mart. In 1822, the Kingdom of Deli bad a harvest

of 26,000 piouls. The country and the people are remarkably adapted to pepper-growing, and the

Bataks of N. Sumatra have long been exclusively devoted to it. The value of the foreign exports

from Brunei (Borneo) in 1879 was only 362 dol. In 1801, the S. Bornean district of Banjarmassing

was alone capable of producing 1500 tons of the spice. The Java exports of the 1878 crop were :

—

18,832 piculs (of 135J lb.) to Holland, 2773 to Singapore, 1855 to Italy, 1711 to America, 1000 to the

Channel for orders, 244 to Australia, 100 to France, total, 26,515 ; for the 1879 crop, 6106 piculs to

Singapore, 4571 to France, 3956 to Holland, 1501 to England, 1253 to America, 644 to Italy, 100 to

Australia, total, 18,131. Saigon (French Cochin China) had 2177 acres under pepper in 1879, when
4145 piaUs (of 133^ lb.) were sold at the rate of 3c/. a lb. ; in 1878, the exports were 3500 piculs,

5000/. ; in 1880, there was a great falling off, only 3000 piculs being brought into the market. The
cultivation is extending in CWylon. China imports large quantities of both black and white pepper.
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Of the former, Hankow fook 2i,805 piculs (of 133J lb.), value 49,920/., in 1879; Kiakiang, 5143;

Newchwang, 1435 ; Ningpo, 1257 ; Shanghai, 2737.

Whole black pepper is seldom or never adulterated in Europe ; but in India, the berries of

Embelia [Samara] Sibes, are often mixed with the spice for sale in the bazaars. Ground pepper, on

the other hand, is frequently sophisticated with starches and other matters detectable with the

microscope, despite the very heavy penalty (lOO;.) Which has been in force since 1819. The
approximate London market values of black pepper are :—Malabar, 3J-5|A a lb. ; Aleppy and

Tellicherry, 3§-5id ; Fenang, 2J-4frf. ; Singapore, 3\-4id.
2. White Pepper.—This is produced by the same plant as the Mack pepper, and is prepared by

allowing the berries to ripen, keeping them for 3 days in the house after gathering, washing and
bruising them in a basket with the hand till the stalks and pulp are removed, and then drying the

white seeds. It is said that the lives of the vines are endangered by allowing the fruit to ripen on

them. Sometimes white pepper is prepared from black by removing the dark outer layer of

pericarp. The article is most largely prepared in the Straits, but the finest is produced in

Tellicherry. China is the great market for it. Singapore exported 48,460 pimls (of 135J lb.) in

1877. In 1879, Hankow imported 250 pimls, 8851. ; Ningpo, 238 piculs ; Shanghai, 357 picula. The
liondon market value of white pepper is about 4|-7(?. a lb.

3. Long Pepper.—This is the fruit-spike of Piper longum \_C7tamca Boxburghii] and of P. [C]
officinarum, collected and dried shortly before it reaches maturity. The latter is a native of the Indian

Archipelago (Java, Sumatra, Celebes, and Timor). The former is indigenous to Malabar, Ceylon,

E. Bengal, Timor, and the Philippines, and is cultivated along the E. and W. coasts of India. In

Bengal, the plants are raised from suckers set 5 ft. apart in rich, high, dry soil. The yield from an

acre is 3 maunds (of 80 lb.) in the 1st year, 12 in the 2nd, 18 in the 3rd ; after this, the return

diminishes, and the roots are grabbed up, dried, and sold as pipli-miil. The pepper is harvested in

January, and thoroughly sun-dried. It is brouglit from Java and Khio to Singapore and Penang

for re-export. Singapore shipped 3366 cwt. iu 1871, 447 being to the United Kingdom. Penang
despatches 2000-3000 piculs (of 135i lb.) yearly. The London market value is 37-45s. a cwt.

4. Ashantee or W. African Pepper.—This spice, sometimes called also " African cubebs," is the

fruit of Piper [_Ctibeba'] Clusii, widely distributed in Tropical Africa, most abundantly in the Niam-

niam country, about 4° to 5° N. lat. and 28° to 29*^ E. long. It is lofially used as a substitute for

common black pepper, and could be procured in large quantity.

The essential oils of pepper and otlier species of Piper are described on pp. 1420, 1424, 1425.

Pimento, Allspice, or Jamaica Pepper (Fr., Piment des Anglais, Toute-epice, Poivre de

la Jamaique ; Gek., Nelkenpfeffer, Nelkenkopfe, Weugeiciirz').—These names are applied to the immature
fruits of Pimenta officinalis [Myrtus, Eugenia Pimento'], an evergi-een tree of 30 ft., found in some of the

W. Indies. The so-called " walks " of these trees, which afford the whole of the spice found in

commerce, occupy the limestone hills on the north side of Jamaica. The range of the tree is

curiously limited, nearly all attempts to grow it where it is not found spontaneously fail completely.

The only way of forming a new walk is to cut down the other growth found upon land where

pimento-trees are growing naturally, thus giving scope for their multiplication. The harvest or

" breaking " takes place in July-August, the branches bearing clusters of the frait being broken

off by hand, and the berries subsequently sun-dried, stalked, fanned, and bagged for export. The
breaking of the branches serves as a rude kind of pruning. The yield of some trees reaches 150 lb.

raw, or 1 cwt. dry. There are curious fluctuations in the returns of the acreages under pimento :

thus, 7178 acres in 1871, 1392 in 1874, 2363 in 1875-6, 969 in 1877-8 exclusive of trees growing

wild on the pasture-lands. The highest export reached was 6,857,830 lb., 28,574?., in 1870-1 ; in

1877-8, it was 6,195,109 lb. About | come to England, and i goes to the United States. The
London market value is about 4J-6tZ. a lb. for middling to good, and 4J-5it?. for ordinary.

The volatile oil is described on p. 1416.

Soy.—This useful condiment, said to form the basis of almost all the popular sauces made
in Europe, is prepared by the Chinese and Japanese from the fruit of Glycine Soja [Soja hispida],

which holds an important place among oil-yielding plants, and has been described under the article

on Vegetable Fatty Oils (p. 1378). The condiment is prepared by boiling the beans with an equal

quantity of roughly-ground barley or wheat, and leaving it covered for 24 hours to ferment ; salt is

then added in quantity equal to the other ingredients, water is poured over, and the whole is stirred

at least once daily for two months, when the liquid is poured and squeezed off, filtered, and pre-

served in wooden vessels, becoming brighter and clearer by long keeping. Its approximate value in

the London market is 2s. 3d.-3s. a gal. for Chinese, and 2s. id.-2s. 5d. for Japanese. It is not

specified in the trade returns, but doubtless forms the chief item in the unenumerated spices

imported from China.

Vanilla (Fb., Vanille; Ger., Vanille).—This name is applied to the pods of one or more
species of Vanilla, the bulk of the commercial article being probably derived from V. planifolia

Isatim, Myrohroma fragrans], a native Of Mexico, now largely cultivate! in many tropical countries.
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as will be preseutly doscrtbed. Other species said to afTord the spice are:

—

V. sylveslris, iu

Mexico, pprhnps identical with K plani/olii ; V. Pompona, in Mexico ; V. guiaruiisis, in British
and Dutch Guianri ; V. patmarum, in Bahia ; V. aromatica, in Brazil and Peru.

The culture and preparation of vanilla are subject to some variation in different localities. In
Mexico, plantations are established in virgin forests or open fields. In the former, all shrubs,
climbers, and trees causing an excess of shade are cut down, leaving only young trees-to serve as
supports for the climbing stems of the vanilla plant. Preference is given to those containing a
milky sap, as the plant attaches itself to the bark by means of aerial roots, produced from the nodes,
and constituting its true organs of nutrition, for the subterranean roots are quite insignificant, and
often suffer gradual decay. Close to each supporting tree, two vanilla cuttings are planted side by
side in the following manner; the cutting is embedded in a trench IJ in. deep and 15-20 in. long,
as far as 3 joints or eyes, the 3 leaves having been first stripped off, and then covered with dead
leaves, humus, coarse sand, brush-wood, &c., the bed being slightly raised above the surrounding
level, to prevent stagnation of water around the plant. The remainder of the cutting, 3-4 ft. long,

is tied up to the tree. The trees should be 12-15 ft. apart, to allow room for the rapid growth of

the plants. After 1 month, the cuttings will have taken root, and need to be carefully freed from
weeds and underwood ; in the 3rd year, they bear fruit. When planting a field or open level

ground, the land is first ploughed up and sown with maize. Meantime a number of young lac-

tescent trees of the fig tribe spring up all over the field, and, in 12-18 months, are capable of sup-

porting the vanilla-plants, which are then set out as already described. The finest product is

obtained in this way.

In Reunion (Bourbon), where artificial fecundation is practised, the plants are not allowed to

grow out of reach. When starting a plantation in a forest, the cuttings are set at the feet of the

trees, whose trunks are connected transversely by a rude trellis ; the trees are never lopped, na

vanilla requires humidity, and protection from the direct rays of the sun. In making a plantation

in an open field, the first care is to grow suppirts for the plants. Mangoes and fig-trees are

employed for this purpose, though preference is given to Curcas purgans [Jidropha Curcas2, the physic-

nut, which strikes readily from cuttings, is of rapid growth, and furnishes abundance of milky

juice as sustenance for the vanilla-plant ; but Holmes has indicated the possible danger of the acrid

matter contained in the juice of this tree (see Nuts, p. 1359 ; Oils, p. 1410) being absorbed by the

vanilla-plant. When Iho young supporting trees have attained sufficient growth to shade the

vanilla, cuttings of the latter are planted as follows :—A trench 8 in. deep is du^' between the trees

and along the lines in which they grow ; the cuttings are set in it, and covered with a little humus,
dead leaves, and straw. The rainy season is selected for the operation. When the young shoots

begin to grow, it is only necessary to guide them along the trellises, and allow the aijrial roots to

rejoin the trench between the supporting trees ; in 2 years, the plantation is in full bearing.

In Indiii, where the cultivation would doubtless be attended witli great success and profit, all

trees are good protectors except those which change their bark; the best are the mango (^Mangifera

indicd), jack (Artocarpus mtegrifoli<i), ouatier {Bombax malab:incum), and physic-nut (Curcas purgans

[^Jatropha CurcasJ). The last must not be planted alone, as it sheds its leaves when the vanilla is in

full bearing. Perhaps none is better than Erythrina indica, already widely utilized as a shade-tree

in Eastern agriculture. The best planting-season is March-JIay. The most suitable tiers are tho

leaves of the vacoua (Pani/anus utiiis), which will have rotted and fallen off by tho time that the

plants are able to dispense with them.

Spontaneous fecundation of the plant is comparatively rare, as the labellum or upper lip of the

stigmatio orifice completely covers the female organ, and the anther rests on that valve of tho

stigma. In countries where the plant is left to itself, a length of 12-26 in. of vine only produces

one pod, though the number of flowers in that length may be 40. All may be artificially fecundated

by slipping away the labellum from beneath the anther, and so bringing that organ into direct con-

tact with the stigma ; but only the finest flowers (about J doz.) on each bunch should be fecun-

dated, or the plant would die of exhaustion. Fecundation is known to be assured when the

flower is persistent and dries at the end of the fruit. The remaining buds should be cut off.

As already observed, the fecundated flower decays at the extremity of the ovary, and, after some

days, falls off, leaving the persistent gynostem attached to the fruit, which continues to grow for a -

month, but must be left on the stem for 6 months longer to allow it to ripen. Each pod should then

be out off separately, as it matures, instead of detaching the entire bunch, as is done in some

countries. The only certain indication of maturity is the crackling produced when the pod is

pinched between the flngers; the apple-green or greenish-yellow colour is not a sufficiently reliable

sign. It is quite as important to avoid gathering the pods too soon as too late. If unripe, the pro-

duct will lack fragrance, colour, &c. ; if over-ripe, the pod will be yoUow at the end, and, if not

already split, is apt to become so in curing.

The odour of vanilla does not pre-exist in the ripe fruit, but is developed by fermentation.

When a pod is allowed to remain on the plant, it splits into two unequal pai ts, becoming first yellow,
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then brown, and finally black. While it is drying, it exudes an unctuous liquid of dark-red colour

called " balsam of vauilla," and, when quite dry, becomes brittle and devoid of all perfume. The

following are the various processes for curing vanilla. In Guiana, the beans are placed in ashes,

and there left until they begin to shrivel ; they are then wiped, rubbed over with olive-oil, and, their

lower end having been tied, are hung in the open air to dry. In Peru, they are dipped into boiling

water, tied at the end, and hung in the open air for 20 days to dry ; they are then lightly smeared

over with castor-oil, and a few days later are tied up in bundles. In Mexico, as soon as gathered,

the beans are placed in heaps under a shed, protected from sun and rain, and, in a few days, when

they begin to shrivel, are submitted to the " sweating " process. This is carried on in two different

ways, according to the state of the weather. If it happens to be warm and fine, the beans are spread

out in the early morning on a woollen blanket, and exposed to the direct rays of the sun. At about

noon or 1 p.m., the blanket is folded around the beans, and the bundle is left in the sun for the re-

mainder of the day. In the evening, all the vanilla is enclosed in air-tight boxes, so that it may sweat

the whole night. The next day, the beans are again exposed to the direct action of the sun. They
then acquire a dark coffee-colour, the tint being deeper in proportion to the success of the sweating

operation. Should the weather be cloudy, the vanilla is made into bundles, and a number of these

are packed together into a small bale, which is first wrapped in a woollen cloth, then in a coating

of banana leaves, and the whole, enclosed in a mat, is firmly bound, and sprinkled with water. The
bales containing the largest beans are now placed in an oven heated to 60° (140° F.). When the

temperature of the oven has fallen to 45° (113° F.), the smaller beans are introduced, and the oven

is closed tightly. In 24 hours, the smaller beans are taken out ; and 12 hours later the larger ones.

During this process, the vanilla has " sweated," and acquired a fine chestnut colour. The delicate

operation of drying has now to be commenced. The beans are spread on matting, and exposed to

the sun every day for about two months. When the drying is nearly complete, sun-heat is no longer

needed, and they are spread o»it in a dry place until the necessary degree of desiccation is arrived at

;

they are then tied up in small packets. In the Eeunion process, the beans are sorted according to

length, to be scalded. The long ones are steeped in water heated to 90° (194° F.) during 10 seconds,

the medium size during 15 seconds, and the short ones fully a minute. Tijey are then exposed

to the sun between two woollen blankets until they acquire the characteristic chestnut colour.

After this exposure, which may last 6-8 days, the beans are spread out under sheds to dry

gradually. The sheds in this colony being roofed with zinc, they really constitute drying-

stoves, through Which a current of hot air continually circulates. This desiccation takes about

a month, during which time the only care necessary is to turn the beans frequently, so that they

dry evenly. At the moment when it is found that the beans may be twisted easily round the finger

without cracking—that is to say, when they have acquired a degree of dryness which can be known
only by experience—the operation requiring the most minute and vigilant care commences : this is

termed the " smoothing " process. The operator must pass every bean between his fingers, and repeat

this frequently, for, on drying, the beans exude from their entire surface a natural fatty oil. It is to

this oil, which exudes as the fermentation proceeds, that the lustre and suppleness of the bean is due.

When sufBciently dry, they are tied up in bundles of uniform length. In this manner, the three

commercial sorts are obtained :—(1) " Fine "
: 8-11 in. long, nearly black, unctuous, glossy and

clean looking ; these soon become covered with frost-like crystals. (2) " Woody "
: 6-8 in. long,

lighter in colour, more or less spotted with grey, not glossy ; these are the pods gathered in an

unripe condition ; they crystallize very little, if at aU. (3) " Vanillons,'' of which there are two

sorts, those obtained from short but ripe fruit, which are excellent, and frost well ; and those from

abortive and unripe fruit, whose perfume is simply the result of absorption from the fine beans with

which they have so long been in contact.

The main centres of vanilla-production are as follows :—Mexico : the slopes of the Cordillera,

N.-W. of Vera Cruz, concentrated about Jicaltepeo, near Nautla ; the bai/nillales on the W. declivity,

in Oaxaca State ; the States of Tabasco, Chiapas, and Yucatan. E. Mexico exported about

2 0,000 kilo, (of 2 2 lb.) in 1864, viS, Vera Cruz and Tampico, mostly to Bordeaux ; the French
importations had declined to 6896 kilo, in 1871, and 1938 in 1872. Ke'union (Bourbon) : exported

3 kilo, in 1849, and 30,973 kilo, in 1877 ; the crop of 1878-9 was 31,615 kUo. The plantations are

much injured by periodical cyclones, and by microscopic fungi (chiefly Bacterium patredinis), but
careful pruning and manuring (phosphoric acid and potash principally, also lime and magnesia)
have done much to counteract these evils. Mauritius : this island shipped 7139 lb. in 1872, and
20,481 lb. in 1877 ; the value was 299,510 rupees (of 2s.) in 1874, but only 169,966 in 1878.

Among other countries, it may be mentioned that the culture is much extending in the Seychelles,

and in Ceylon ; while the plant is abundant (wild) in Honduras, and grows successfully in

Madagascar. Also Panama exported 649?. worth to the United States in 1879 ; and Guatemala,
49 quintals to California in the same year. Tahiti exported 1719 lb., 575?., in 1878, and 1426 lb.,

570?., in 1879. Very large quantifies are grown in Java. The approximate London market
values of " salt " pods are 15- 40s. a lb. for good to fine, and 8s.-37s. 6(?. for inferior.
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UnenumcrateJ.—OnT imports of unenumerated spices in 1880 were from :—China 7 180 961 lb
143,470/.

;
British W. Indies, 5,106,803 lb., 104,494/. ; British E. Indies, 1,781 451 lb 128 440/ •

British S.Africa, 1,7.57,652 lb., 107,504/. ; Aden, 1,099,733 1b., 68,568/.; Native States E Africa'
723,320 lb., 43,061/. ; Holland, 414,095 lb., 38,414/. ; Germany, 213,686 lb., 3542/. ; other countries,
379,920 lb., 16,806/. ; total, 18,657,626 lb., 654,305/. The total in 1876 was only 7,553,328 lb. The
re-exports in 1880 were 12,687,818 lb., 408,623/., chiefly to Germany, the United States, Holland,
and Russia. Our imports of unenumerated sauces and condiments in 1880 were from:— China,
893,425 lb., 12,198/.; British E. Indies, 314,000 lb., 10,478/.; France, 165,040 lb., 4309/ • otiier
countries, 112,665 lb., 5169/. ; total, 1,485,130 lb., 32,154/.

Bibliograph;,.—A. Delteil, ' Etude sur la Vanille ' (Paris : 1874) ; J. E. O'Connor, ' Vanilla : ite
Cultivation in India ' (Calcutta : 1875) ; A. H. Hussall, ' Food ' (London : 1876) ; P. L. Simmonds,
'Tropical Agriculture' (London: 1877); F. Haberlandt, ' Die Sojabohne ' (Vienna : 1878);
Fluckiger and Haiibury, ' Pharmacograpliia ' (London : 1879) ; E. von Blaskovics, ' Die Sojabohne '

(Vienna
: 1880); E. M. Holmes, 'Star-Anise' (Pharm. Jour., Vol. XL [XL.], No. 547 (London:

1880).
^

SPONGE (Fa. ipow/e ; Geb., Schwamm).
The term " sponge " is commercially applied to the elastic homy skeletons of certain marine

animals belonging to the class Poriferw, order Keratosa, sub-order Spmgnice, family Spongiada:.
The commercial grades of sponge in Europe and America coincide very closely. The 3 principal
European species are the bath-sponge (Spongia officinalis), the horse-sponge (5. equina), and the
zimocca (5. agaricina); in America, these are represented by the glove-sponge (S. officinalis,

8ub-sp. tubuli/era) ; the wool-sponge (S. equina, sub-sp. goasypina), and the yellow and hard-bead
(both S. agaricina, sub-sp. corlosia). The most exhaustive account of everything bearing upon the
growth and physiology of sponges is contained in Hyatt's very able paper published by the Boston
Natural History Society, as quoted in the Bibliography (p. 1821). From it, much of the following
information has been derived.

Tlie whole group of Keratosa is confined to seas in which the differences between the winter
and summer isotherms are not excessive. No American members are found N. of Cape Hattems
and Bermuda ; and doubtless a similar limit occurs S. of the equator. On the Pacific shore,

S. California and Chili are the extreme points so far known. On the opposite coast of the Atlantic,

they are recorded from England to the Cape of Good Hope, and also at the island of Teneriffe. In
the Indian Ocean, they are found all along the E. coast of Africa, at the Mauritius, and on the
shores of India. They have been described from the 8. part of the Sea of Okhotz, on the Asiatic

continent, and specimens are not uncommon on the coasts of Australia and New Zealand. In the

Pacific, they have been found at the Kingmills Islands and Hawaiian Islands. The extreme
outlying form to the north, on both sides of the Atlantic, is the excessively coarse Dysidea fragHis,

with its fibres loaded with debris. Those from the Cape of Good Hope and S. Australia also

belong to the coarser genera. It would seem, therefore, that the finer skeletons of the Keratosa,

those of the genus Spongia, are only to be sought in the intermediate zone, where the waters are of

equable and high temperature. And in examining the species of this genus with relation to each

other, it becomes equally evident tliat they are finest and most numerous in archipelagoes, or

off coasts which are bordered by large numbers of islands or long reefs, or in sheltered seas. Tiie

sponges near Nassau (Bahamas) lie on reefs very much exposed to the action of the waves, often

30 miles from land, and always in currents, sometimes running 3-4 knots an hour. Such currents

are usual where groups of islands confine the tide-water within certain definite channels, and they

have aUo the effect of concentrating the floating food in the channels, or wherever tides meet.

Both these conditions are essential to successful sponge growth, viz. a continuous renewal of

aerated water, and a plentiful supply of food, and are probably partly the cause of the abundance

of sponges in such places. Constant reference to physical influence is also noticeable in the

method of classification adopted by Von Eckhel.

The marketable qualities of sponge are described as " sorts," and the different sorts are designated

by letters, as " sort A." These sorts are most conveniently arranged according to localities, and

thus under some sorts all three species are represented; all, however, are from the same place, and

all have some local peculiarity which makes them either of superior or inferior quality. The slimy

character of the bottom is often given as a reason for inferiority or dark colour. On the American

side of the Atlantic, this is also shown by the great difference in point of colour and fineness

between the Nassau and Key West sponges. Again, the shallow-water sponges are coarser than

the deep-water forms. This is probably due, in part, as in other species, to the quantity of sedi-

ment, which is of course less in deep than in shallow water, as, for example, at Key West in the

winter time. No fine qualities of any sponges are found witiiin the limits of the milky water, but

all the finer qualities of the marketable kinds in the deepest water in which the species occur,

except, perhaps, in the case of the reef sponge. Glove, reef, and hard-head are fished in shallow
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waters (greatest depth 2 fathoms), and the other aad generally finer marketable varieties at 2-5

fathoms. This fact also explains in a measure, but not wholly, the greater coarseness of American

sponges as compared with the European ; for though it may be assumed from the examination of

the skeletons that Mediterranean sponges are much less exposed to turbid waters, and though it

may be shown by the microscope that the primary fibres contain less debris, this does not wholly

explain their greater fineness and elasticity. This may be attributed either wholly or partly to

climatic conditions. Both the bathymetrical and geographical distributions of the Spongim seem to

be limited by the minimum temperature of 13° (55° P.). The N. shore of the ^gean Sea and the

E. shore of the Adriatic are populous with sponges, and yet the former throughout its whole

extent, and the latter from Eagusa to Istria, have nearly the same average winter temperature as,

and possess a colder climate in winter than, the coast of S. Italy or Spain, where no Spongim exist.

The sponges correspond in quality to this climatic change. The sort found at the head of the

iEgean is said to be S. officinalis alone, and to have a heavy, hard, close, very hairy skeleton, often

containing slime. The same species exists also alone at corresponding localities along the shore of

the Adriatic, and at the extreme locality, the island of Istria, upon the limit of its distribution, it

is said to be very rare, the form to be ugly, the skeleton hard, the colour dark. Farther south,

along the Dalmatian coast, it becomes abundant, finer in texture and of a lighter colour, but it is

still inferior to the more southern or Levantine variety. In considering such classes of facts, it

must also be borne in mind that the habitat of a certain sort or variety may largely determine the

quality of the skeleton, even where the temperature may be very favourable. Thus, to the south of

Quarnero, among the islands, a much better quality of S. officinalis occurs than in the milder sea

about the Ionian Islands, which is probably attributable to the slimy character of the bottom.

It would seem, from the absence of sponges where they might be expected to occur, that when the

limits of temperature are neared, the lack of small islands, or very slight local peculiarities, may
suiEce to account for commercial sorts (to which our knowledge is confined) being wanting.

The finest sponges in the Mediterranean, those of the Levant and off the Syrian and Tripoli

coasts, are found between the average aerial temperatures of 17° and 21° (63°-70° F.), and the

isochrymals of 10°-14° (50°-57° F.), .and probably at no time of the year are these, which occur in

the deeper water at a distance from the coast, exposed to a lower temperature than 15|° (60° F.).

In America, the whole region favourable to the production of the commercial qualities lies between

St. Marks, on the coast of Florida, with an isotherm for January of 17J° (63J° F.), and the

equatorial isotherm for January of 27° (80° F.) ; south of this equatorial isotherm, however, the

limits have not been ascertained, the data, both as regards the sponges and the temperatures,

being deficient. The finer sorts are only found along the W. coast of Florida, among the Keys, and

in the insular waters of the Bahama and Caribbean Islands. Their absence from a large part of

the shore of the Gulf of Mexico may be attributed to the sandy or soft character of ihe coast, the

silt of the Mississippi, and the absence of outlying islands ; the open and sandy or clayey

character of the Atlantic coast northward to New York explains their non-occurrence there.

The sponges of the Ked Sea are inferior to and rarer than those of the Mediterranean ; they

most resemble the zimocca kind, the skeleton being brittle, entirely red, and very dark at the

base ; and the two sorts are sold mixed. It therefore seems that the high temperature of the Ked
Sea, in presence of perfectly clear water, is not so detrimental as where the waters are more loaded

with sediment, as in the shallows of the Florida coast, or the specimens could not be sold com-

mercially in the company of even the inferior Mediten-anean qualities. The few true Australian

SpongicB are coarse, and have an excessively dark rough skeleton. The Sydney sponges, found

under the marine isochrymal of 62° F., on an open and unfavourable coast, are presumably beach

specimens, drifted from the coast of Queensland, which, inside the great boundary reef, is probably

exceedingly favourable to the growth of the true Spongice. From all the ascertained facts, Hyatt

deduces five rules as governing the quality of commercial sponges:—(1) The inferiority of the

skeleton, which is common at Key West, with the same isochrymal as the Eed Sea, is not found in

the same degree in the sponges growing in the clearer waters of the latter; (2) the coarsest

qualities of all the Mediterranean sponges, the " Gerbis " and others, grow in localities along the

coast, where they are most subject to the action of suspended matter in the water ; (3) but all of

these are, on account of the clearness and medium temperature of the Mediterranean waters, as

compared with those of other seas, of much finer quality ; (4) the coarser kinds of the same
quality or variety grow nearest the shore, and the finer kinds in deeper water, and, according to

Nassau (Bahamas) spongers, are more apt to occur upon marly ground, where the sediment is finer

than upon other kinds of bottom; (5) the inverse ratio between the quantity, and even the

prevalence, of different kinds of sediment, such as sand grains or spicules, and the resiliency and
flexibility of the fibres of the sponge, may be demonstrated with the microscope in any series of

specimens.

The openness or apertion which usually accompanies and appears to correlate with the coarse-

ness of fibre cannot be accounted for in this complicated way, but must be considered as an element
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of inferioi ity nl ways accompntiying a skeleton having looae microscopical texture or mesh, and harsh,
incliisHc, ensily turn fibres; but it is also, though rarely, found in specimens of viry fine quality,

especially at an early ago. It is a common characteristic of all inferior qualities of Mediterranean,
and of oil Caribbean commercial sponges witliout exception ; the latter, whetlier with very fine or
very coarse and inelastic fibres, are ulwaya permeated in the interior, and have the surface also cut
up, by larger and more numerous canals than the corresponding Mediterranean species. The
Australian Spongia spp., though coarser in fibre than the Caribbean, are equally open, and usually
much harder when dry. The evidence afforded by nnmarketiible varieties found in very hot climates,

and all of which have very open, coarse, and brittle skeletons, confirms the opinion that tiiis ohanic-

teriatic of apertion may with good reason be attributed perhaps exclusively to the influence of

unfavourable temperature, which may be either a degree of cold indicated by an isotlierm of about
50° F. for the coldest months, or the equally injurious heat shown by an average for the s;»me months
of (;rt°-80° F.

With regard to colour, a darkening of the fibres about the base, and frequently of the whole
sponge, may occur with any of the inferior qualities in any cold climate or unfavourable situation,

as at Istria, and varies witli the age and size of the specimen. These influences, however, never

produce bo marked an effect as in a hotter climate, nor does the deterioration of the fibre and of the

density of the skeleton go so far; nevertheless, the Nassau sponges, which are lighter coloured

than the Gerbis, and the foreguing remarks upon the influence of suspended matter near the shore,

point to the fact that heat does not entirely control the colour, though it may largely influence if.

Another point in this connection is that the deepest colour is always in the interior, and the lightest

coloured psirts are external, in tlie position most expoi^ed to the action of light ; and tliis, though

not necessarily, is probably the hottest part of the organism during the heated term of the year in

tlie shallower waters, where the darkest-coloured forma are mostly found. It has been suggested

that this coloriition was due to iron in the sediment or sea-bottom; but this could hardly be tlie

case in the vicinity of coral reefs, and tlie dark internal coloration appears to result from or corre-

late with tlio deterioration of the skeleton as an internal change in structure, varying with the

species, the nge, and the health of the specimen, and probably with the chemical composition of

the fibres tlieniselves.

The distribution of the species is quite remarkable. Only one species {Spongia officinale [adriatica])

is found on the E. shore of the Adriatic and coast of Greece, from Trieste to the Bay of Nauplia.

From Nauplia and the island of Candia to Eritra, on the coast of Asia Minor, two occur, .?. officinalis

and S. agaricatui [/mionvi]. Prom Eritra, opposite the island of Chios, to Tripoli, all tliree, S. offici-

nalis, S. agaricana, and S. equina, are fished, except at the island of Cyprus, where the zimocca

sponge does not live. From Tripoli to Tunis, two only occur, S, officinalis and S. equina; and from

thence to Oeuta, at the Straits of Gibraltar, a very peculiar dark-coloured and course variety of

S. equina is obtained, called the Gerbis (Gerba) sponge. The dealers have thus to do with a vast

variety of forms. They can, however, pick out the three species and their varieties without hesita-

tion, being led mainly by the general aspect of the surface. This has a distinct appearance in every

species, and, though much altered by the greater or less development of superficial tufts, is much
more constant than any other character. This is due to the fact that the surface takes its aspect

largely from the number, distribution, and size of the pores, cloacal orifices, superficial canals, and

primary fibres. These characteristics, of course, are directly correlatid with all that is important

iu the internal anatomy of the animal, and should therefore be more constant than the length, form,

or composition of the tufts of fibres, or the shape of the whole, which are capable of great modifica-

tion, according to the locality in which the specimen may be found. The forms of <S. officinalis may
vary from oup-aliape to fistular, and to irregular or lump-like. The latter are usually coarser and

looser in texture, the superficial tufts are longer and more numerous, and they approximate more

closely to the coarser varieties of sub-sp. tvbulifera of the Caribbean Sea, in the external aspect of

the surface and the apertion of the interior, than the finer varieties. The texture of the poorest

variety of the Mediterranean sponges is, however, always better for domestic purposes than the best

of the corresponding American varieties, being firmer and more elastic ; and it is also to be remarked

that the latter never have the cup-shape, which is so common in the sub-sp. mediterranea, and that

tlie fistular form takes its place. The forms of 5. agariclna, sub-sp. Zimocca, vary from saucer-shape

to irregular lump-like growth. As in S. officinalis, it may be shown that these aberrant forms are

quite similar to the aberrant or formless varieties of the sub-sp. punctata of Florida, as regards the

aBjuct of the surface ; but tlieae also are nevertheless much finer than the finest varieties of the

latter. Here, again, the platter- or saucer-shape, which is a modification of the cup-shape, is

absent. S. equina exhibits similar degrees of variation in the texture of the surface and the form.

There arc no proper cup-shaped specimens among the American varieties of sub-sp. gossypina, but,

in place of these, the fistular form. These occur generally associated in clumps, more or less densely

filled up into heads, and solid ; but sometimes the tubes are almost isolated. The younger specimens

of this species have a very loose and open texture, due to the approximation and large size of the
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openings, and, to a less degree, this is also to be remarked in the Gerbis sponge. The former

approximate in aspect to the coarser qualities of the American species ; so also does the latter,

which has very nearly the same colour and aspect as the dark-coloured Key West specimens, but it

is not so coarse and dark. It seems, then, that there are three sub-species of commercial value in

the Mediterranean, which find their way into the New York and European markets. Tlie coarsest

varieties of the European sponges are finer, firmer, and more elastic than the finest of the corre-

sponding American sub-species. This is directly traceable to the larger amount of foreign matter

included in the primary threads, and the looser mesh of the tissue ; the fibres are also comparatively

coarser, and the large oloacal channels more numerous throughout the mass. The shape does not

necessarily correlate with a finer or coarser skeleton, but probably with a more or less extended

base of attachment, and with local peculiarities, such as currents, the kind of bottom, &c., which

have not been investigated in this connection.

Sponges always grow on hard surfaces—rock, coral reef, bricks, the barren stems of sea plants,

&c. They are sought for in shallow water by the aid of a water-glass, which is a tube of thin boards

or iron pipe several feet long, with a pane of glass at one end (often merely a bucket with a glass

bottom), which, when submerged, prevents the sight of the fisherman being disturbed by the glare

of the reflecting surface and by its incessant motion. The latter obstacle alone is sometimes over-

come by simply pouring oil on the surface of the water. When found, they are dislodged either by

divers, or by so-called " harpoons." The divers descend either naked or in special dresses. When
naked, they are carried down by a block of stone weighing some 25 lb., held at arm's length in

front. The usual depth is 15-20 fathoms ; but some divers successfully reach 40 fathoms, after

inflating the chest for about 10 minutes. The ordinary duration of a dive is 1-2 minutes, and

3J is the maximum. The use of the harpoon, a kind of fork on a thin pole 3-6 fathoms long,

dispenses with diving; it is used for the coarser Mediterranean and most of the Caribbean

sponges, which grow in shallow water, and are not worth the risk and trouble of diving. A
third plan is by dredging with a drag-net, which tears up the sponges and collects them in a bag
behind.

About 12 hours' exposure to the air suffices to kill the sponge. Subsequent operations are

designed to free the skeleton from the animal's remains. In the Mediterranean, as soon as the first

sign of putrefaction makes its appearance, the sponges are tied to strings and kneaded in sea-water

with sticks or with the feet, till the " milk" or sarcode and the skin are quite removed, the latter

being sometimes scraped off with a knife. This is performed much more rapidly in warm than

in cold weather. Sponges should always be washed if possible within 24 hours of their capture,

never being so good if left till the next day. When perfectly clean, they are dried by exposure to

the air, and then packed in bales. If packed before fully dry, they heat and become spoiled,

assuming an orange-yellow colour
;
partial remedies for this have been found in the weak acids, as

citric, and in alkaline solutions. Sponges may be bleached by sulphurous acid, or by Blondean's

recipe, which is as follows :—They are first washed in warm water, and then in a solution con-

taining 0'5 per cent, of hydrochloric acid, to 'remove the carbonate of lime ; the actual bleaching

is effected by a 24 hours' immersion in a bath containing 5 pints hydrochloric acid, and 6 pints

hyposulphite of soda, in 100 pints water. This is said to be a more effectual and rapid process.

But all bleaching must be at the expense of the durability of the sponge. In America and the

Bahamas, want of care marks the conduct of the operations, the " killed " sponges being cast into

pens formed by stakes driven into shallow water, called " crawls," and left to decompose as they

may. They are finally squeezed, washed, dried, and sun-bleached. In the S. Pacific, much the

same method prevails, the sponges being suspended from a light framework, so that they are

washed by the tide when up, and exposed to wind and sun while the tide is out.

The chief localities of sponge-fishing cited by Eckhel are as follows :—The bays of Patras,

Corinth, Koron, Marathonisi, Nauplia, Kranidi, Budrum ; the islands of Cerigo, Hydra, Spezia,

Mgina,, Poros, Salamis, Astrupala, Samos, Pathmos, Leros, Nisseros, Kalymnos, Symi, Chalki,

Rhodes, Candia, Cyprus ; on the W. coast of Asia Minor, the localities of Chesme, Britra, Samos,

Mendelia, Dsohovata, Makry; on the Syrian coast, Latakia, Tarabulus, Euad Island, Batrun,

Dschebel, Beyrout, Caitfa, Jaffa ; the Straits of the Dardanelles, and the Sea of Marmora. The
" harpoon" fishing is carried on chiefly at Nauplia, Kranidi, Hydra, Spezia, Mgina, Poros, and
Salamis, while the divers affect Symi, Kalymnos, Chalki, and Castell-rosso. Eckhel further

classifies the 3 species into the following commercial sorts :—(A) Dalmatian : (1) Istria, (2)

Dalmatia ; (B) Patras or Gulf
;
(C) Greek : (1) Koron, Marathonisi, and Cerigo, (2) Nauplia,

Kranidi, Hydra, Spezia, .Sgina, Poros, Salamis ; (D) Turkish : Volo, Trikeri, Argalesti
; (E)

Bugaso : Dardanelles and Marmora
; (F) Astrnpalia

; (G) Island : (1) Samos, Pathmos, (2) Leros,

Nisseros, (3) Budrum, (4) Kalymnos, (5) Symi, (6) Chalki, (7) Ehodes, (8) Castell-rosso
; (H)

Kankava : Chesme, Eritra, Samos, Mendelia, Dsohovata, Makry ; (I) Candia ; (K) Karamania
;
(L)

Cyprian
; (M) Syrian : (1) Latakia, Euad, Tripoli, (2) Batrun, Dschebel, Beyrout, Caiffa, Jaffa ;

(N) Mandrucha or Barbarian ; (1) [Katomeri] Arabian Gulf, Gatta Gulf, Mellach, (2) [Panomeri]
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from Mclla to Demo, (3) Bombn, Tobruk, Bas-et-Tin, Tania ; (O) Bengazi
;
(P) Gterby or Sfax :

Tunis ; (Q) Red Sua
;
(R) Baliamas.

The exportB of sponge from Syra in 1879 were:—4023/. worth to Great Britain (18,689?. in

1877), TH21. to France, 1827/. to Austria. Tbe average value of the Greek sponge is 2». a lb.

Tripoli yearly produces 25,000-35,000 ; tbe exports in 1878 were 15,000/. worth to England and
France. The United States fisheries produced 12,995 lb., value 5044 dol. (of 4s. 2d.) in 1877 ; the

returns for 1877 and 1878 are incomplete. The exports of sponge from the Bahamas have fluctuated

in value as follows :—1869, 24,917/. ; 1870, 14,104/. ; 1873, 32,938/. ; 1877, 17,337/. ; 1879, 33,265/.

The qualities and values of the Bahaman sponge exported in 1878 and 1879 were :

—

Boat ..

Glove
Grass
Hardhead
Mixed
Reef ..

Refuse
Velvet
Wool
Yellow

lb.

19,165
17,292

174,228
37,630
4,320
33,840
14,322
62,708
86,393
35,787

485,585

£
686
521

2,003
1,560

149

2,934
210

5,277
10,406

990

24,736

lb.

19,817
10,866

132,491
36,538
9,082
42,334
1,972

101,184
102,862
41,301

504,447

£
737
369

2,987
1,704

271

3,682
24

8,843
13,2,"i8

1,410

33,285

Our imports of sponge from the Mediterranean were 189,828 lb. in 1851 ; 411,111 lb., 270,410/.,

in 1860; 453,819 lb., 113,384/. in 1870. Our total imports were 1,221,073 lb., 156,965/., in 1869;

837,159 lb., 160,162/. in 1870. There are no records since. The approximate Loudon market

values of sponge are :—Turkey : fine picked, 16-22s. u lb. ; fair to good, 7-lOs. ; ordinary,

8d.-3s. ed.; Bahama, 5-lOd. The ordinary applications of sponge are sufficiently familiar.

Attempts have been made to utilize the very inferior qualities, which are unfit for use as sponge,

for the manufacture of a kind of felt. The process consists in softening with glycerine, cutting

small, carding, and felting. The manufacture does not appear to have flourished long.

It would be an omission to conclude this article without an allnsiou to the eflbrts which have

lately been made to artificially improve sponge-culture. The object aimed at was the multiplica-

tion of sponges by cuttings ; but inasmuch as the cuttings were found to produce no greater return

than would have been given in the same time by the single specimen uncut, the only advantage

derivable from the process would be the possibility of populating suitable unoccupied ground with

cuttings of commercially valuable kinds. Details may be consulted in Dr. Marenzeller's paper

quoted in the Bibliography (translated in the Society of Arts Journal, Vol. xxix., No. 1488), and in

the Pharmaceutical Journal, Vol. xi. [xl.]. No. 547, pp. 491-3.

Bibliography.—O. Schmidt, ' Spongien des Adriatischen Meeres ' (Leipzig : 1862, sup. 1864)

;

G. von Eokhel, ' Der Badesohwamm' (Trieste: 1873); A. Hyatt, 'Revision of the N. American

PorifertB ' (Memoirs Boston Soc. Nat. Hist., Vol. ii.. Part iv., No. ii. [1875], and Vol. ii.. Part iv.,

No. v. [1877] ; E. von Marenzeller, ' Aufzucht des Badeschwammes aus Theilstucken
'
(Verhandl.

k. k. zool.-bot. Ges., Vienna: 1879) ; A. Hyatt, 'Commercial and other Sponges' (Boston: 1879).

STAKCH (Fr., F^oule, Amidon ; Geb., Starke).

The term " starch " is applied to the fecula or amylaceous matter contained in the fruits, roots,

or cellular tissue of by far the greater number of plants, and extracted from a few on a commercial

scale. It occurs in grains of various sizes, having when pure a slightly yellowish colour, and whose

form and structure are characteristic for each kind ; the bluish tint of laundry-starch is due to

the addition of a mixture of smalt and alum in water : such starch is considered unfit for dietetic

or medicinal use. The sp. gr. varies with the kind of starch, and with its dryness
;
the amount

of water reaches 30 per cent, in some instances, and at times descends to 7 when air-dry. The

formula is variously given as (OeH^O,)^ -|- SOH^, C,,n,fi,„ and O^eH^.O,, + 120H,. Some

starches arc prepared for use as alimentary substances, while others are only converted into an

article for industrial appUcation. The best qualities of starch serve for sizing paper, especially

fancy papers (see pp. 1489-90). The finest starch is used for the manufacture of white glucose

syrups (see Sugar-Starch-sugar), for finishing textiles (see pp. 770-6, 1185), for making white

dextrine (see pp. 1645-7), as well as for preparing farinaceous food and fine pastry. Inferior

sorts are used for the same purposes when the quality is not of such importance, as for instance,

for weavers' dressing, as a means of thickening mordants (see pp. 1293-1305), and colouring

substances for cloth printing (see pp. 835-54). By fermentation, it produces glucose and then

alcohol (see pp. 192-214). Another important application is the " dusting" of the forms m metal
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foundries, in lieu of charcoal dust. Its use for stiffening (" starching ") linen and washed clothes

is well known.

The principal kinds of starch will now be separately described. They can be distinguished

under the microscope by the shape of the granules : in rice, they are small and angular ; in maize,

angular but larger; in wheat, lens-shaped; in potato, arrowroot, and tous-les-mois, more or less

ovate ; in tapioca, muUer-shaped. They vary in size from ^^ to to^o i'^-

Arrowroot.—The name " arrowroot " embraces the amylaceous matter of several kinds of

plant very widely disseminated in the tropics. The most important of these is Maranta arundinacea,

a native of the W. Indies and Tropical America, from Mexico to Brazil, and occurring under the

form known as M. indica, which has narrower, sharper, and always smooth leaves, io Bengal, Java

and the Philippines. It is also cultivated in Mauritius and Natal, and on the W. coast of Africa.

In Bermuda, arrowroot is planted in May and ripens in March-April ; it is manufactured in

April-May, during the cold winds. The process is simple. The washed rhizomes are reduced to

a pulp, whicli is strained through sieves of progressive fineness, allowed to settle, collected, passed

through the finest sieve into clean water, settled, and the layer of brown colour removed from the

surface. This brown starch is the more astringent of the two, and is locally preferred. After a

final passing through the finest sieve, and settling, it is placed on cloths to liarden, broken up fine

on trays, and dried in the sun and wind. About 100 lb. good arrowroot may be got from 4 barrels

of the peeled and cleaned rhizomes, about 24 hours being the duration of the water process. In

Jamaica, rude machinery is used for the pulping operation. The one great precaution necessary is

the absolute avoidance of contamination with dust, rust, insects, or anything capable of communi-

cating odour or colour; hence a good supply of pure water (especially free from iron) is pre-

eminently requisite. • The refuse of the plant forms excellent pig-feeding material. The, pro-

duction and exports of arrowroot from the W. Indian Islands are exhibited in the following figures.

Bermuda shipped 10,334Z. worth in 1851, which gradually decreased till the quantity in 1870 was

only 25 cwt. The quality of Bermuda arrowroot has never been surpassed, mainly on account of

the care exercised in its preparation. Jamaica has about 50-60 acres under arrowroot ; the

exports were 70,204 lb. in 1866, 13,193 in 1871-2, 1636 in 1873-4, 21,983 in 1874-5, 3514 in

1876-7. St. Vincent shipped 10,379 bar. in 1870, 17,669 in 1877, and 14,916 in 1879. Barbados

exported Wil. worth in 1877, and 24/. in 1878. Grenada shipped 20 lb. in 1878. In the adjacent

colony of British Guiana, the plant is readily cultivated, but the product is very inferior through

carelessness in the preparation. Dutch Guiana (Surinam) exported 621J kih. (of 2'2 lb.) in 1877,

and 89 in 1878.

In Natal, arrowroot-culture is carried on chiefly in the counties of Durban, Victoria, and
Tugela ; also in Cape Colony. The land, preferably old, is well ploughed and broken up at the

commencement of the rains ; sets taken from old stools are planted thickly in a simple plough-

furrow, and covered with earth turned out of a parallel furrow. The plant grown is the same as

in the W. Indies, and the mode of preparation is practically identical. The area occupied by

arrowroot in Natal was 226 acres in 1864, and 386 in 1870. The yield varies much : 61 acres in

Tugela gave 1220 cwt. ; 66 in Victoria, 639 ; 98 in Durban, 488. The exports were 6366 cwt. in

1859, 1206 in 1874.

The same plant is considerably cultivated in India, but much of the E. Indian arrowroot is

afforded by another genus. In the S.-W. districts, notably Travancore, Cochin, and Canara,

Curcuma angustifoHa, C. leucorrhiza, and perhaps some other species, are extensively grown, and their

starch, known as tikor or tikhar, is prepared by rude processes.

Maranta nohilis seems to be the kind chiefly cultivated in New South Wales. Queensland grows

not only M. arundinaoea and C. eduKs, but also 3 species of Manihot (see Tapioca, p. 1828). The

area occupied by arrowroots of all kinds in Australia in 1879 was :—Queensland, 132 acres ; New
South Wales, 27 acres (produced 47,484 lb.) ; Victoria, 4 acres (produced 67 cwt.). Queensland in

1869 exported 26,368 lb., value 548/.

Several species of Canna are cultivated for their starch, that produced in St. Kitts being known

as tous-les-mois (a corruption of toulema, tolomane or touloula). The species have not been accurately

determined, but it would appear that C. edulis [indica'] is the one mainly or exclusively raised in

the W. Indies, while others mentioned are C. Achiras, a native of Peru, 0. flaccida, of Carolina, and

C. glauca and G. coccinea. The,island of St. Kitts (W. Indies) exported 51,873 lb. of this arrowroot

in 1876. Some is also produced in Australia (from C. edalis), the plants being set in ordinary

ploughed land, and harvested in April. Tous-les-mois, when boiled with 20 times its weight of

water, yields a more tenacious jelly than the JIforanio-starch.

Tahiti or South Sea arrowroot is obtained from the tuberous root of the pia of Tahiti {Tacca

pinnatifida), a plant affording over 30 per cent, of starch, also said to occur in China, Cochin

China, the Moluccas, Zanzibar, &c. The area occupied by the culture of tliis plant in Fiji in

1879 was 2215 acres. Other species met with in India, Madagascar, Guinea, and Guiana, might be

utilized in a like manner. The starch of T. involuorata is extracted on the W. coast of Africa.
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Arrowroot is also Iix'ally obtained and used from various species of Z mia • in Florida, under the

namu of boonti, from Z. inteijnfolia and Z. \_Encephalarto>\ spiralis ; in Queensland and W. Australia,

from another species, wliich contains 30 per cent, of starch resembling arrowroot in feel and taste.

Portland arrowroot, not now to bo met with in commerce, was formerly prepared from the roots of

Arum maculatum, in the island of Portland. Small quantities of starch are also obtained from

A. italicum in Italy. The starch of the root of Alstraemeria Ligtu and other species is used as

arrowroot in Chili.

Arrowroot is a brilliantly white, insipid, odourless powder, crackling under pressure in the hand,

of sp. gr. 1-565 after drying at 100° (212° F.). The various kinds may be distinguished by the

microscope by the differences in the size and form of the granules. The chief commercial kinds

and their values are :—Bermuda, Is.-ls. 6d. a lb. ; St. Vincent, 2i-7i(i. : E. India, lf-2Jd. ; Natal,

3J-7J. The imports of arrowroot into the United Kingdom in 1870 were 21,770 cwt., value

33,063/. ; the value in 1875 was 56,143/, ; there are no returns since. The domestic consumption

of arrowroot is sufficiently familiar.

Buckwheat-starph.—A few English firms prepare starch from buckwheat ^Polygonum

fagopyrum). It is a fine powder of nearly pure-white colour. (See Wheat-starch, pp. 1828-9.)

Ore&nheart-starch..—The starch obtained from the seeds of the greenheart or bibiri tree of

British Guiana {Nectandra Eodicei [leucantha], to tlio extent of 50 per cent, and upwards, is locally

used as food in times of scarcity. It has a bitter flavour and pale-brown colour, and is said to

possess febrifuge and tonic properties.

Horse-chestnut starch.—The fruit of the horse-chestnut (see Nuts— Chestnut, pp. 1352-3)

contains 16-30 per cent, of starch, which is readily extracted by the methods that are adopted for

corn-starch. 'I'lie preparation of the article is lurgely carried on in S. Franco, 100 lb. dry starch being

obtained on an industrial scale from 240-250 lb. of the " nuts." The bitterness is removed by
treating with water containing carbonate of soda.

Maize-stafch.—The grain of the maize or Indian com plant {Zca Mays) contains a largo

proportion of starch, the average quantity being about 53J per cent, in flat yellow American maize,

and 54J in the flat white and round yellow varieties. In its occurrence and association, the starch

of the maize closely resembles that of wheat ; it differs in that the accompanying gluten forms a

less tough mass, and may be separated without having recourse to fermentation, thus affording a
bye-product of greater value for cattle-feeding purposes. The grain is cleaned, soaked in water

for 24-30 hours, crushed in a roller-mill or ground to paste between millstones, and washed in

cylinder-sieves as described for potato-starch (see Fig. 1287, p. 1825). The starch-milk thus

separated is poured upon inclined tables where the starch granules are deposited, while the

nitrogenous matters pass on to capacious tanks, and gradually subside, to be subsequently

collected and mixed with the hulls for cattle-food. The starch which settles in the inclined

tables forms a good paste for finishing textiles, without further treatment. The quality

may be improved by the application of alkaline solutions, which dissolve the remaining

gluten.

There are several modified methods of manufacturing maize-starch. Watts steeps the maize nt

a temperature of 25°-00° (77°-140° F.) until slight fermentation has set in. Leconte soaks the

grain in a caustic soda solution, washes it in a wire sieve, and crushes it between millstones on

which plays a jet of water. The starch-milk is filtered on to the inclined tables.

Tho finer qualities of maize-starch are largely used as a substitute for arrowroot and for making
biscuits, while the lower grades serve for laundry purposes. The most extensive factories where

it is produced are Brown and Poison's in Scotland, Erkenbrecher's in Cincinnati, and the Glen

Cove Co. in New York ; it is also made in BrazU, New South Wales, France, and Hungary on a

consideiable scale.

Plantain-starch.—This starch, sometimes called Guiana arrowroot or plantain-meal, is

extracted from the unripe fruit-pulp of Musa paradisaica, by slicing, sun-drying, powdering, sifting,

and washing with water. The article is mostly exported as meal to Europe, and the staich is

manufactured after arrival. The flour is said to contain 66 per cent, of starch.

Potato-staroh (Fr., Fecule de Fomme-de-terre ; Ger., Kartoffektarke).—The potato (Solanum

tuberosum [esculentumj) contains starch to the extent of 15-25 per cent. ; the amount varies according

to the soil, climate, manuring, and storage—freezing and sprouting being alike detrimental. About

66-75 per cent, of the contents are obtained by the manufacturer.

There are chiefly two methods of manufacturing potato-starch. According to the older and

commoner plan, the potatoes are first cleaned and then grated. Tlie cleaning embraces the washing

away of the attached dirt, and the elimination of stones and other foreign bodies. Many machines

have been devised for the purpose, one of the best being Venuleth's, shown in Fig. 1282. It consists

essentially of an iron receptacle a for the dirty potatoes, a shaft b carrying wooden beaters c, which

revolve in a trough of water, provided with an iron grating which allows the dirty water to escape

into a lower trough d, whence it can be withdrawn at the door e. The washed potatoes pass into
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the box /, ready to be conveyed by the elevators g, into the grating-machine, which usually stands

on the floor above.

Another form of washing apparatus is shown in Fig. 1283, and is known as Champonn^is'. It

consists of a wooden tank a filled with water, in which revolves a cylinder 6, formed of open wood-

work. The potatoes are fed by the

hopper c, washed by the rotation of

the cylinder, and thrown by the lips

d upon the external inclined plane e,

also formed of laths.

The grating or grinding of the

washed potatoes ruptures their cells,

and liberates the starch to a greater

or less degree. Of the numerous

graters in use, one of the best is

Ohamponuois', shown in Fig. 1284.

The potatoes are introduced by the

hopper a, and are forced by the

rapid rotation of the fliers 5 (800-1000 rev. a minute) against the short saw-like teeth of the

raspers c. Water is at the same time injected at d ; e f are the fast and loose pulleys, and a fly-

wheel is fixed on the end of the shaft g. The motion of the machine is reversed every 6 hours to

equalize the wear, still the raspers require sharpening after 48 hours' use. The whole interior

needs frequent washing out with

clean cold water, and the raspings 1283.

should be removed at very short

intervals.

The grated paste next requires

treatment to separate the starch-

granules from the cellular and

fibrous matters. This is effected by

sifting-maohines of various kinds

with the aid of water. One of the

simplest forms is shown in Pig.

1285 ; the brushes b rotate over

the surface of the wire or hair sieve, while water is supplied by the pipes a ; motion is given

by the pulley o and bevel-wheels d.

Siemens' bolting-sieve is shown in Fig. 1286. The grating-cylinder c is secured to a simple

wooden frame e ; the paste falls from the cylinder upon the bolting-sieve h, supported from the
frame by bars /. The
grating-cylinderis driven '^'^

by a pulley, and trans-

mits motion to the pulley

d, which connects with

the sieve by the bar g.

The sifted paste is con-

ducted by k to the re-

ceptacle I. Water is

admitted to the cylinder

at u, and to the sieve at

i, while b is the feed-

hopper. The liberated

starch is conducted into

settling-tanks.

Buck's sieve. Fig.

1287, is composed of

three sieves a placed

end to end, but sepa-

rated by cylindrical

chambers b of greater

diameter. The mesh of the sieves is of increasing degrees of fineness. The sieves rotate in the
opposite direction to the brashes which impinge upon their surface, and to the iron arms in the
intermediate cylinders. The paste from the rasper falls into the first sieve, where it is strongly
agitated by the brushes, while water is admitted by jets throughout the whole length of the sieve.

In the intermediate cylinders 6, the paste is stirred up with the water by the iron arms.

i

^^*??^?^
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The Bifled and washed starch ia allowed to deposit itself in large tanks, and when this has
suffloiently taken plnce, the water is drained off; and the deposit ia again waahed with water. The
milky liquid is drawn off in a thin stream and passed over an inclined plane, on which the starch
deposits itself at varying distances from the head of the plane, according to its quality. It still

requires a washing in clean

water. Sometimes centrifugal I I
i^*'-

machines are employed. Fesca's

is shown in plan in Fig. 1288

;

the drum o, made of J-in.

sheet-iron, is driven by the belt

b. Other centrifugal machines
will be foil ad described under
Bleaching (pp. 495-6) and
Sugar.

Potato - starch is largely

bleached by the application of

sulphuric acid ; this being ab-

solutely requisite when the

potatoes are at all decayed.

After the use of the sulphuric acid, any possible remaining traces must be neutralized by ammonia
or milk of lime, fixed caustic alkalies being inadmissible. Chlorine is also much used for

bleaching starch, usually as a solution of calcium chloride in water soured by the addition of

:32

sulphuric acid ; this and some other salts cause the grains to swell, and render them soluble in

cold water. Sal ammoniac is another favourite agent.

The manufactured starch finally requires drying. Thia is primarily effected by spreading it on

bricks or gypsum slabs, and then by laying it on

" hurdles " in a room which is thoroughly venti-

liitcd, and through which is passed air heated by

a furnace beneath. An improved form of drying-

chamber by Lacambre and Persao is shown in

Fig. 1289. The starch is introduced at a upon a

series of linen trays 6, all of which revolve at a uniform speed, so that the starch is gradually

transmitted from one to the otlier till it reaches the receptacle c, having been completely dried in

its passage by encountering tixe hot air derived from the furnace d.

According to Schaer, potato-starch when mixed with 10 parts by weight of a mixture of 2 parts

6 A
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hydrochloric acid sp. gr. 1 • 12 and 1 part water, forms a jelly which gives off a distinct odour like

that of French beans, by which it can easily be detected in presence of other starclies.

Rice-starch (Fk., Amidon de Biz ; Geb., Jteisstdrie').—The grain of tlie rice-plant (Oryza sativa)

contains more starch than any other cereal, ranging between 75 and 85 per cent. The plant is

raised in enormous quantities

in irrigated fields in tropical

and sub - tropical countries,

notably India, China, Malaysia,

Brazil, the S. States of America,

and somewhat in Italy and
Spain. Mere steeping and
bruising do not suffice to sepa-

rate the starch from the other

components of the grain, and
recourse is had to caustic alka-

line lyes for the purpose.

Orlando Jones' method is as

follows. A lye of caustic soda

or potash is made of such a

strength that 350 parts of

water contain 1 of alkali ; 100

parts, of rice are steeped in 500 parts of this dilute lye, in a vessel of copper or tin-lined iron, fur-

nished near the bottom with a draw-off tap fitted with a gauze strainer. The liquor is drawn
off after 24 hours, and twice the bulk of pure water is run in ; the whole is well stirred, and the

water is again drawn off. Tlie clean grain is drained through sieves, ground in a roller-mill or

between millstones, and brushed through sieves, the coarse particles which refuse to pass being

reground as often as necessary. The
fine rice flour is next placed in a

'^^''

similar vessel to the first, with 10 times

the quantity of alkaUne lye, and the

addition of any solid matters which
may have settled out from the water

used to wash the whole gi-ain ; 24

hours' agitation is then given to the

mass, and it is allowed 70 hours' per-

fect rest for subsidence. The lowest

layer formed consists of heavy mineral

impurities, next follow the fragments

of the broken hulls, and finally (top-

most) the starch, above which is a

brownish-yellow turbid liquid contain-

ing the gluten in solution. This last

is drawn off by a tin siphon when the

operation is adjudged to be complete.

The layer of starch is then mixed with

water equal to twice the bulk of lye

last used, the mass is allowed to sub-

side for an hour, and the milky fluid

holding the starch is siphoned off

through silken sieves into a series of

large vats. The residues from the

previous operation are treated again

and again, to make them yield the

little starch they still contain. The

mUky liquid in the large vats deposits all its starch during 70 hours' rest.

with water, drained, and dried like wheat-starch.

Berger's process does not differ widely from the preceding. But in addition he has a plan of

fermenting the steeped and ground rice for such a period as to permit the removal of the gluten

by washing it out. Colman adopts somewhat the same principle, hastening the fermentation by the

addition of about 15 per cent, of the sour residue from the wheat-starch manufacture. Eansford

follows Jones' method pretty much up to a certain point, but keeps the grain and alkaline lye in

motion, either by allowing the lye to run out at the top of the tank and pumping it back through

the bottom, or by forcing it into an airtight tank at 20 lb. pressure. A part of the liquor is drained

It is again washed
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off, and the process is repeated with fresh lye. The completely saturated rice is fireed from gluten

by pressure tluough bags, and is then ground and treated for the production of the starch. The

Amorican plan differs from all the preceding. The rice is steeped with constant stirring for

1 8 hours in a caustic soda lye marking 1 • 75° B. (1 023 up. gr.), when tliu dirty yellowish lye is with-

drawn, and passed over long inclined tables, to separate the starch-yielding mucus from the lye.

The grain, thus softened so as to be easily bruised between the fingers, is repeatedly washed, and

then ground to a paste under a stream of very dilute caustic soda lye. Transferred to a vat, it is

mechanically agitated for 6 hours, then left to settle for 12 hours, the lye which separates being

siphoned off. The thick paste is rotated for } hour in a perforated centrifugal apparatus. The

starch-granules arrange themselves here according to their specific gravities ; the drained-off liquor

may be used again for steeping fresh quantities of rice. The raw starch gathered from tlie centri-

fugal Is elevated to the highest floor of the building, there stirred up with weak lye to make a

" milk," which is passed through cylinder-sieves to washing-out vats on a lower floor, and thence

flows to the depositing-vats on the ground floor, where it settles till firm, requiring 24-36 hours.

After the clear liquor has been drawn off, the starch is stirred up with water, and passed through

the centrifugals. These laat should have closed sides, and it is even then doubtful whetlier their

use is advantageous. The starch is rendered almost perfectly dry, but the pieces acquire a rough

surface when broken up, and their form renders them unsuitable for making crystal starch.

Sago.—Sago is the amylaceous matter extracted from the pith of several palms; the most

important are Metroxylon Sagu and M. Sumphii ; the former is abundant in Sumatra, and grows wild

aI»o in Java, Borneo, Celebes, and Malacca ; in the Moluccas, it is probably only cultivated ; and

it dues not reach so far east as New Oiiinea and the neighbouring islands. M. Rumphii, which

differs from M. Sagu in the leafstalk being armed with numerous straight brown spines 1 in. long,

has a more eastern range, being abundant in the W. parts of New Guinea, the Jloluccas, Mindanao,

Gilolo, Coram, and Amboyna ; but is not known to occur in Timor, or westward of Celebes, and is

thus absent from Sumatra and Java. Other palms yielding sago in less commercial quantity are

Phcenix farinifera in Singapore, Corypha Oebanga in Java, Caryota urens in Mysore, Borassus

flabelliformis and Arenga [SijMrws] aacclutrifera in other parts of India. In Jlalabar, a sort of sago

is proparoil from the seeds of Cycas circinalis, and in Japan from C. revoluta ; but tlieso do not

enter into Knglish commerce. Metroxylon Sagn grows in swamps, or in wet hollows on the rocky

slopes of mountains ; while U. Rumphii is a littoral species, forming dense impenetrable belts on

the shores of islands. The former is readily propagated from offsets, but seed is generally un-

productive. The advance in the price of and demand for the article is causing the Malays to

greatly extend the plantations. For making sago, a full-grown tree is selected just before it is

going to flower, which it only does when 10-15 yeai-s old, and then immediately dies.

In Ceram, it is cut down oloso to the ground, the leaves and leafstalks are cleared away, and a

broad stiip of the bark is removed from the upper side of the truidc as it lies upon the ground.

This exposes the pithy matter, which is of a rusty colour near the bnttoni of the tree, but pure

white higher up ; it is about as hard as a dry apple, but with woody fibres nmning through it

about J in. apart. This pith is cut or broken down into a coarse powder by means of a tool

constructed for the purpose— a club of hard and heavy wood, having a piece of sharp quartz rock

firmly imbedded in its blunt end, and projecting about J in. By successive blows of this, narrow

strips of the pith are cut away, and fall into the cylinder formed by the bark. The whole trunk is

thus progressively cleared out, leaving a skin not more than J in. in thickness. This material is

carried away (in baskets made of the sheathing bases of the leaves) to the nearest water, where a

washing-machine is put up, which is composed almost entirely of the sago tree itself. The large

sheathing bases of the leaves form the troughs, and the fibrous covering: (coir) from the leafstalks

of the young coco-nut (see p. 939), the strainer. Water is poured on the mass of pith, which is

kneaded and pressed against the strainer till the starch is all set free and has passed through,

when the fibrous refuse is thrown away, and a fresh basketful is put in its place. The water

charged with sago-starch passes on to a trough, with a depression in the centre, where the

sediment is deposited, the surplus water trickling off by a shallow outlet. When the trough is

nearly full, the mass of starch, which has a slight reddish tinge, is made into cylinders of about

30 lb. weight, covered with sago leaves, and in this state is sold as raw sago. Bjiled with

water, this forms a thick glutinous mass, with a rather astringent taste, and is eaten with salt,

limes, and chillies. Sago-bread is made in large quantities, by baking it into cakes in a small clay

oven. According to Crawford and Blume, 500-800 lb. of sago are derived from a single tree.

In Sumatra, the felled stems are cut into pieces 3-5 ft. long, from which the outer bark is

removed. After lying some days in the shade, they are taken indoors, and rasped into coarse meal

with huge graters. The meal is then placed on a cloth stretched over a tub, water is poured on,

and the mass is kneaded. The starch passes through with the water, collects in a receptacle, and

is removed and dried, forming sago-meal.

The process of preparation in Borneo closely resembles that current in Ceram. Borneo is the

A 2
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head-quarters of sago-oulture, the territory of Sarawak alone furnishing more than half the sago

produced in the whole world. The palm flourishes on the marshy hanks of the rivers all along the

Sar&wak coast to ahout 20 miles inland. Very large quantities are brought down from the

Limbang, and other rivers in the interior. It is sent down in the raw state, and is manufactured

into flour at two Chinese factories near Brunei, and three in Labuan. The exports from Borneo in

1879 were 20,000 tons, value about 161,432^. This was almost entirely sago-flour, the quantity of

raw sago being very small, and of pearl still less. As seen in commerce, sago is usually in the

form of grains. These are prepared by difierent methods in different localities, but the principle

is the same in all, viz. that of mixing the meal into a paste with water, and rubbing it through

suitable sieves to granulate it. It is made in a spherical form in New Guinea, according to Forrest,

by allowing the sago, as it drops from the sieves, to fall into a shallow iron pot held over a fire.

Blume states that in Singapore it is made by the Chinese in a, similar way, the grains being

constantly turned during the process. A factitious sago is prepared in Europe from potato-starch ;

the fraud is readily detected by the microscope.

Our imports of sago and sago-flour in 1880 were 377,025 cwt., 804,754?., from the Straits

Settlements; 4643 cwt., 3581^., from other countries; total, 381,668 cwt., 308,835?. Our re-exports

in the same year were: 10,954 cwt., 9224?., to Denmark; 17,357 cwt., 14,391?., to Germany:

14,006 cwt., 13,006?., to other countries; total, 42,317 cwt., 36,621?. Our direct imports from

Borneo were 5735 cwt., 3993?., in 1876. The approximate London market values of sago are :

—

Pearl, small, 17-20s. a cwt. ; medium and large, 19s.-21s. 6c?. ; flour, 16s.-21s. 6d.

Tapioca.—Tapioca is derived from several species of Manihot [Jatropha, Janipha], chiefly the

bitter or poisonous (A. utilissima), the sweet cassava, manioc or mandioo {M. Aipi), and M. Janipha.

They seem to be natives of Brazil, but are largely cultivated also in Guiana, Venezuela, W. Africa,

and the W. Indies, as well as in S. India and Malaysia. The bitter kind is propagated by cuttings

from the ligneous part of the stem, planted iu rich dry soU. It is more productive than the sweet

species, which latter will grow in almost any soil, though best in such as is suited to the former.

The tubers are ready for digging up in 6-12 months, according to the variety. The volatile poison

contained in the juice of the bitter kind is first removed in a measure by pressing the grated root,

the operation being completed by the subsequent heating passed through. There are two modes of

preparing this starch. In the " wet " method, the grated root is placed in water for 4-6 days, then

kneaded with water, and pressed t» extract the juice. The fecula is sifted and baked in earthen

ovens, some fresh manioc paste, which has fermented, being always added. In the " dry " process,

the root is rasped by hand, water is added, and it is put to be pressed; after drying and sifting, it

is baked. The fecula deposit is washed 3 times and sun-dried. The collected starch, heated on
iron plates, becomes partially cooked, and agglomerates in small, hard, irregular lumps, constituting

tapioca. In British Guiana, the juice is expressed from the grated root by means of a cylindrical

squeezer, called a matapi, made from the iia-palm {Mauritia fiexuosa). By attaching one end of the

filled bag to a beam, and suspending a weight from the other end, the contents of the bag are

compressed by its elongation, and the juice runs out. Pearl tapioca is likewise factitiously

prepared from potato-starch. The concentrated juice of the bitter cassava is the basis of the well-

known W. Indian sauce called " pepper-pot."

The culture of the plant is inexpensive, and the product is highly remunerative, so that the

growth of the plant is becoming very general throughout the tropics. BrazU exported about

7 million litres (of If pints), value 26,050?., in 1871. Dominica exported 246 bush., 63?., in 1872

;

2242 bush., 324?., in 1878. Brunei (Borneo) shipped 413 dol. worth to Singapore in 1879. The
approximate London market values are:—Eio, 8-6c?. a lb.; Penang and Singapore, 2i—3J(i. ; flour,

1|-2|A ;
pearl, 18-30s. a cwt. Kio tapioca is whiter than that of Bahia.

Wheat-starch (Fe., Amidon de Ble ; Gee., Weizenstdrke).—The ripe grain of the wheat-plant

{Triticum vulgare) contains 50-75 per cent, of starch. There are three chief methods for preparing

wheat-starch, based on different principles:— (1) By acetous fermentation, (2) without fermentation,

(3) from flour.

The first plan, which is still in wide use where flour-mills are taxed, labours under the

disadvantages that the gluten is destroyed for all practical purposes, and that noxious vapours and
foul liquids are largely produced. The wheat is first soaked in " steeping-troughs," capacious

tanks of wood, iron, masonry, or concrete, arranged so as to be readily supplied with clean water,

and as readily drained of foul liquors, and maintained at a temperature of 12J°-15° (54J°-59° F.).

The tank has a strainer-tap for drawing off the foul liquid, and a manhole near the bottom for

withdrawing the grain. The tank is half-filled with pure soft water ; some of the grain is intro-

duced, and thoroughly stirred up ; the hulls, empty grains, and rubbish are skimmed ofi^. This is

repeated with new quantities of grain, and water is let in till it rises 2-3 in. above the grain. This
water is generally used at a temperature of 10°-12J° (50°-54|° F.), but the operation may be much
hastened by employing it at 30°-38° (86°-100J° F.). The draation of the steeping depends much
upon the temperature, and upon the character of the water and grain respectively, but commonly
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amonnts to four days in siimmor and 10-11 iu winter. The foul water is drained off, and the

anaked mnsa is washed clean by running in fresh water, and allowing it to drain off for several

hours. The grain is then withdrawn at the manhole for bruising. It is necessary to watch that

the water does not become sour by the fermentation of extracted matters.

The bruising is very simply performed in a roller mill, the iron rods being adjustable, and a

smaller roll revolving above, and serving to regulate the feed. The mill must be set so that it will

bruise every grain without crushing the starch granules.

The bruised grain is conveyed for fermentation to large oaken cisterns, which, when new,
require to be filled with boiling water for three days to extract the tannic acid. For fermentation,

the grain is stirred up with pure water in summer, or soured water iu winter, the temperature is

maintained at about 20° (68° F.), and the operation lasts some 14 days. During its continuance,

the mass is well stirred up. Finally the scum subsides, the surface becomes covered with a fungus

{Penicillium glaucum), and the mass is " ripe." The result of the fermentation is that the gluten has

been so far decomposed as to liberate the starch granules; care must be taken to prevent its over-

stepping this limit, .ind affecting the starch granules themselves.

The impure liquor is drawn off from the starch mass, and the latter is transferred to washing-

drums (Pig. 1290) for evaporating the starch from the associated impurities. The side-walls 6 of the

drum are of wood with iron spokes, the drum
itself being a perforated copper plate e ; a per-

forated pipe c passes through the stuiEng-

boxes of the drum, and is surrounded by a

second casing d, also perforated. The drum
is emptied and filled by the door a. The
starch-milk flows from the drum into the box

/, which runs on rollers, and thence into the

depositing-tank g.

Here the gradual separation of the starch

takes place under the influence of agitation

and subsequent rest. All but the starch,

which forms the lowermost layer, is removed.

The starch is then passed through very fine

liair sieves, and again stirred up with pure

water, and again allowed to deposit after some

agitation. It is more convenient to effect the

sifting under water. The final deposition

takes place iu oblong troughs, with convenient

taps for letting off the liquids. The refining is not carried beyond the point when the staroh

ceases to show an acid reaction on litmua-paper. The washing is frequently done in centrifugal

machines. Lastly, the starch is dried, first partially by laying the cakes under bricks or gypsum
slabs, or by means of air-pumps, and completely in a drying-room at 60° (140° F.).

Iu preparing wheat-starch without foriuentation, the grain is steeped, bruised, and washed, the

last operation being best done in a centrifugal machine. The process is not a general one, in spite

of its affording the gluten as a by-product.

The prepai'ation of staroh from wheat-flour (Martin's method) has many advantages over the

ordinary plan. The flour is kneaded into a stiff dough with water, and, after one or two hours, the

dough is washed in a fine sieve under a jet of water till all

the staroh has escaped as a milky fluid. The washing is

best effected by a machine such as is shown in Fig. 1291.

The troughs a contain water, and are replaced at b by wire

cloth drawn over a wooden frame. Grooved wooden rollers

are made to move across the bottom of the troughs, while

constant jets of water play upon the dough. About one hour

suffices for liberating the staroh from 2 lb. of dough. The
atarch-milk flows off by a pipe into a receiver. The gluten

is freed from surplus water by kneading under the rollers,

and is then removed for utilization as food.

Bibliography.—J. Wiesner, ' Die Kohstoffe des Pflanzen-

reiches' (Leipzig: 1873); E. J. Bernardin, 'Classification de 250 Fecules ' (Ghent : 187G) ; P. L.

Simmonds, 'Tropical Agriculture' (London: 1877); C. Scheibler, ' Sfarkemehl Industrie' (in

A. \V. Hofnmnn's 'Chemische Industrie,' III. Heft, Brunswick: 1877); Fliickiger & Hanbury,
' Pharmacographia ' (London: 2nd ed., 1879); Frankel & Hutter, ' Starch, Glucose, &c.' (Phila-

delphia : 1881) ; F. Eehwald, ' Starke-Fabrikation, &c.' (Leipzig) ; Bentley &" Trimen, ' Medicinal

Plants,' pp. 265, 266, 278 (Lond. : 1875-80) ; Pereira's ' Materia Medica,' 5th ed., Vel. ii., part I.
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SUGAR (Fb., Swre ; Geb., Zucker).

The term "sugar" was originally employed and intended to classify all substaneea having a
sweet flavour, and tkua came to be used almost indiscriminately for cane-sugar, fruit-sugar, sugar
(acetate) of lead, and other bodies possessing that property. At present, in a general sense, it is
reserved almost exclusively to denote cane- and beet-sugar (true crystallizable sugar). In chemistry,
the word " sugar " is applied generically to a large class of organic bodies intermediate between
starch and alcohol, termed " carbohydrates," each having 6-12 atoms of oxygen and hydrogen
conabined in the proportion to form water ; they are nearly allied to, and may be considered as
derivatives of, the hexatomic alcohols (CsH„05), of which, mannite may be taken as a type.
Indeed, mannite, which can hardly be strictly classed as a true sugar, may be artificially formed
from glucose (G^'B.^fi^) by treatment with sodium amalgam, the glucose thereby taking up 2 atoms
more of hydrogen, and becoming converted into mannite :—

Glucose. Mannite.

Although the hexatomic alcohols are not to be regarded as true sugars, still, as each of them
possesses a marked saccharine flavour, and presents some of the other characteristics of the
true sugars, it will be convenient and instructive to include them in the subjoined tabular
classification :

—

Cakbohtdhatis.

Isomeric Saturated Hexatomic Alcohols.
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with a solution of cane-sugar, it converts nearly its own weight of that substance into the unorys-
tallizablo form

;
with allcalies, it darkens in colour, and forms soluble salts with them ; it reduces

nn alkaline solution of a cupric salt ; as a syrup, it is almost colourless, and, in the solid form,
the colour varies according to the care taken in its preparation. The two bodies of which it is

cninposi (1, namely dextrose or dextro-glucose and Isevnlose or laevo-glucose, dififer iu rotatory power,
and in otljcr particulars ; they are, however, seldom met with in a sepiirute state.

Dextrose (C.HuO,) rotates a ray of polarized light to the right. It may be obtained in the
form of needle-shaped crystals by the evaporation of an alcoholic solution ; when freshly prepared,

its rotatory power is 112", but after standing for some time, or immediately on heatinj;, the rotation

sinks to 56°, and remains constant; it is insoluble in ether, soluble in alcohol, and gives no
coloration when mixed with concentrated sulphuric acid ; with alkalies, on the application of heat,

it turns brown ; it reduces an alkaline solution of a cupric salt, and forms with metallic bases,

compounds called glueosates; when heated to 170° (338° F.), it gives oflF one atom of water; by
increasing the temperature, it turns browu, and is subsequently converted into caramel.

Ltevulose is isomeric with dextrose, but rotates a ray of polurized light to the left ; its

molecular rotatory power, which varies with the temperature, according to Dubrunfaut, is [a] j = —53°
at 90° (191° F.), - 79-5 at 52° (125-6° F.), - 106 at 14° (57-2° F.). It is a colourless, uncrystal-

lizable syrup ; on the application of heat, it behaves much in the same way as dextro-glucose. It

may be prepared by inverting cane-sugar with hydrochloric acid, and adding excess of calcic

hydrate ; the liquid after some time solidifies, and the solid mass, when submitted to pressure,

yields a solution of a calcium salt of dextro-glucose together with calcium chloride ; after washing

the cake of Isavo-gluoose with water, and treating with oxalic acid, a solution of loevo-glucose is

obtained.

Maltose, according to O'Sullivan, is a crystalline body yielding 50 per cent, of its weight of

alcohol when fermented with yeast. It is formed by the action of malt-extract on starch ; its

specific rotatory power is twice that of cane-sugar (147'6). 100 parts correspond to 77'32 of cupric

oxide, being i qual to 65 parts of invert sugar. By boiling with acids, it is converted into dextrose.

Those members of the third group (isomeric saccharoses) which are objects of manufacture will

be described in detail under their special heads; others are dealt with under Drugs—Ergot,

p. 810, Manna, p. 818.

It may here be explained that " barley-sugar " is pure sugar melted by heat, and allowed to

solidify to an amorphous muss instead of crystallizing. " Sugar-candy " is a solution of sugar

crystallized by very slow evaporation, the crystals being unusually large, and centred around

threads su.sponded in the liquid for the purpose of forming nuclei. " Molasses " is the dark-

coloured, impure liquid, consisting of a mixture of crystallizable and uncrystuUizablo sugar,

coloured by caramel (see pp. 598-9), and containing the greater part of the organic matters

separated in the processes of making and refining cane- and beet- sugars. " Syrup " or " golden

syrup " is the molasses obtained by washing and " machining" the higher classes of refined sugar.

"Glucose" is applied commercially only to artificial starch-sugar; in analysis, it signifies all

unerystallizable sugar found in cane-sugars : to avoid confusion, the term " uncrystallizablc sugar "

will be employed throughout this article to denote all forms of unerystallizable or very slightly

crystallizable sugar—(the very weak crystallizing power of dextrose and liBvulose causes them to

bo called «»-crystallizable)—met with or produced in the course of preparing crystallizable sugar,

and the special terms glucose, starch-sugar, will be reserved for their special application. The

commercial sugars, whose production and manufacture will receive detailed description in this

article, will take the following order :—Beet-sugar, Cane-sugar, Maple-sugar, Melon-sugar, Milk-

sugar, Piilm-sugar, Sorghum- and Maize-sugar, Starch-sugar and other Glucoses. Tliese will be

followed by sections on Sugar-refining, Summary of Patents, Analysis, Production and Commerce,

Bibliography.

Beet-sugar (Fb., Sucre de Bettcraves ; Geb. , Siibenzucker). Coltivation.-The beetroot (Beta

vulgaris), indigenous to Europe, is cultivated in France, Germany, Belgium, Holland, Scandinavia,

Austria, Russia, and to a very small extent in England, and recently established in Canada, the

United States, and New Zealand. There are many varieties. The most important to the sugar-

maker is the white Silesian, sometimes regarded as a distinct species (B. alba)
;

it shows very little

above ground, and penetrates about 12 in. ; it has a white flesh, the two chief forms being

distinguished by one having a rose-coloured skin and purple-ribbed leaves, the other a white skin

and green leaves. Both are frequently grown together, and exhibit no marked difference in

sugar-yielding qualities.

Good sugar-beets possess the following broad characteristics :—(1) Regular pear-shaped form

and smooth skin : long, tapering, carrot-like roots are considered inferior ; (2) white and firm fiesh,

delicate and uniform structure, and clean sugary flavour : thick-skinned roots are spongy and watery

;

those with large leaves arc generally richer ; (3) average weight li-2i lb., neither very large nor

very small roots being profitable to the sugar-manufacturer; as a rule, beets weighing more than
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3| lb. are watery, and poor in sugar ; and roots weighing less than i lb. are either unripe or too

woody, and in either case yield comparatively little sugar ; the sp. gr. of the expressed juice, usually

1-06-1 -07, even reaching 1-078 in English-grown roots, indicating over 14 per cent, of orystal-

lizable sugar, is the best proof of quality
;
juice poor in sugar has a density below 1-060; (4) in

well-cultivated soil, the roots grow entirely in the ground, and throw up leaves of moderate size.

The improvement of the sugar-beet has long been studied by Continental agriculturists. The

comparative values of the chief new sorts shown at the Paris Exhibition may be thus tabulated,

premising that the figures given are not attained on a working scale :.—
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arc, BO far aa cliraatc ia concerned, well suited to the caltivation of the sogar-beet ; Ijut it has hitherto

been very little encouraged by agriculturists.

Soil.—The best soil for beet contains a fair proportion of organic matter, is neither too stiff nor

too light, and crumbles down into a nice friable loam ; it must be capable of being cultivated to a

depth of at least 16 in. The subsoil should be thoroughly well drained, and rendered friable by
autumn-cultivation and free admission of air. A deep friable turnip-loam, containing fair propor-

tions of cliiy and lime, appears to be the most eligible land for sugar-beets. Lime is a very

desirable clement. Well-worked clay-soils, especially calcareous clays, are well adapted, if

properly drained and of sufficient depth. Peaty soils and moorlands are quite unanitable, as well

as landb which are too dry, like the thin gravelly soils resting on siliceous gravel sub-soils, or too

wet and cold, like many of the thin soils above impervious chalk marl.

Speaking generally, the best soils for sugar-beet are precisely those on which other root-crops

can be grown to perfection, that is, land which is neither too heavy nor too light, which has a good

depth, is readily penetrated by the roots, and naturally contains lime, potash, clay, and sand, as

well as organic matter, in such proportions as in good friable clay-loams. An analysis of the

soil should be made previous to planting it with the sugar-beet, as the salts presented in solution

in the soil will pass into the juice, and greatly interfere with the processes of sugar manufacture.

Certain soils may be at once indicated as unsuitable : they are clover-land, recent sheep-pastures,

forest-land grubbed during the preceding 15 years, the neighbourhood of salt-works, volcanic and

saline soils of all kinds. The beet requires a certain supply of potash and soda salts in the soil,

but if liiose arc present in excess, as in recent forest-land, the juice does not work well, nor give its

proper yield of sugar.

Manures.—Sugar-beets should be grown with as little farmyard manure as possible ; when dung
has to be used, as in the case of very poor soils, it should be applied in autumn, or as early ns

possible during the winter months. The effect of heavy dressings of animal nitrogenous matters

or ammoniacal salts, is to produce abundance of leaves, and big watery roots; the latter are

comparatively poor in sugar, and contain potash salts derived from the animal matters, which

greatly interfere with the extraction of sugar in a crystallized state. Common salt, and sahne

manures in general, though useful in moderate doses (2-3 cwt. per acre on light soils), should be

avoided on the majority of soils, for sugar-beets grown on soils highly manured with common salt

produce juice largely impregnated with salt, which is dreaded by the manufacturer even more than

albuminons impurities, and nearly as much as excess of potash salts.

If the land is in good condition, containing sufficient available nitrogen to meet the requirements

of the crop, neither guano nor sulphate of ammonia should be used. They largely increase the

weight of tlie produce per acre ; but heavy crops are generally poor in sugar, and furnish a juice

thut presents much difficulty to the manufacturer. If the land is very poor, and if farmyard

manure cannot be obtained and be applied in autumn, 3-4 cwt. of Peruvian guano, or 2 cwt of

sulphate of ammonia, mixed with 2 cwt. of superphosphate of lime, per acre, may be sown broad-

cast in autumn, and 2 cwt. more of superphosphate may be drilled in with the seed in spring.

Superphosphate of lime and bones are excellent for sugar-beets, and never injure the quality of the

crop, like the indiscriminate use of ammoniacal manures. On light soils, in which potash is often

deficient, the judicious use of potash salts has been found serviceable, but only in conjunction with

superphosphate and phosphatio guanos.

Analyses of sugar-beet ash show that this crop takes from 1 acre of land:— Potash, 161'92 lb.

;

nitrogen, 105'CO; phosphoric acid, 40*48 ; lime, &c., 31'68. The injurious consequences of a

heavy spring-dressing of dung for sugar-beets ai-e shown in the annexed analyses, representing the

composition of 2 very large white Silesian beets grown in Suffolk :

—

A. B.

Weight of root 11 lb. 6 oz. 6 lb. 8 oz.

Sp. gr. of juice at 18" (65° F.) 1-0431 1-0553

Moisture 9258 88-13

Albuminous compounds * 1-40 2-16

Crude fibre [pulp] .. 1-73 2-74

Crystallizable sugar 222 4-82

Pectin, &c 0-47 0-44

Mineral matter [ash] 1-60 1-71

100-00 100-00

• Containing nitrogen 0-225 0-347

Sowing.—Tlie best time for sowing beetroot in England is the beginning or middle of April. If

sown too early, tlio young plants may be partially injiued by frost ; if later than the first week in
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May, the crop may require to be taken up in autumn, before it has had time to get ripe. About
10-12 lb. of seed is required per acre. As regards the width between the plants, generally speaking,

the distance between the rows and from plant to plant should not be less than 12 nor greater than

18 in. Should the young plants be caught by a night's frost, and suffer ever so little, it is beat to

plough them up at once and re-sow, for they are certain to run to seed, and are then practically

useless for the manufacture of sugar. Sugar-beets require to be frequently horse- and hand-hoed.

As long as the young plants are not injured, the application of the hoe from time to time is attended

with great benefit to the crop. It is advisable to gather up the soil round each plant, in order that

the head may be completely covered with soil. Champonnois' researches point to the advantage of

planting in ridges, by which the supply of air to the roots is greatly facilitated.

On tlie Continent, the conditions best calculated to ensure the roots possessing the characters

most desirable from a sugar-maker's point of view have been much studied. They are chiefly as

follows :—(1) Not to sow on freshly-manured land : it is eminently preferable not to manure for

the beet crop, but to manure heavily for wheat in the preceding year
; (2) not to employ forcing

manures, nor to apply manure during growth
; (3) to use seed from a variety rich in sugar ; (4) to

sow early, in lines 16 in. apart at most, the plants being 10-11 in. from each other : there will then

be 38,000 beets on an acre, weighing 21-28 oz. each, or 52,800-70,400 lb. per acre ; (5) to weed the

fields as soon as the plants are above ground, to thin out as early as possible, and to weed and hoe

often, till the soil is covered with the leaves of the plants ; (6) never to remove the leaves during

growth
; (7) finally, not to take up the roots, if it can be avoided, before they are ripe, the period

of which will depend upon the seasons

.

Good seed may be raised by the following means. The best roots, which show least above

ground, are taken up, replanted in good soil, and allowed to run to seed. This seed is already

good ; but it may be further improved by sowing it in a well-prepared plot possessing all the most

favourable conditions; the resulting plants are sorted, set out in autumn, put into a cellar, and in

the spring, before transplanting, those of the greatest density, and which will give seeds of the

best quality, are separated. These are transplanted at 20 in. between the rows and 13 in. between

the feet, which are covered with about IJ in. of earth. Finally they are watered with water

containing treacle and superphosphate of lime, as recommended by Corenwinder.

Harvesting.—Sugar-beets must be taken up before frost sets in. When the leaves begin to turn

yellow and flabby, they have arrived at maturity, and the crop should be watched, that it may not

get over-ripe. If the autumn is cold and dry, the crop may be safely left in the ground for 7-10 days

longer than is needful ; but should the autumn be mild and wet, if the roots are left in the soil,

they are apt to throw up fresh leaves, and nothing does so much injury. In watching the ripening

of the crop, a good plan is to test the sp. gr. of the expressed juice. A root or two may be taken

up at intervals, and reduced to pulp on an ordinary hand-grater, the juice obtained by pressing

the pulp through calico, and the density observed by a hydrometer. As long as the gravity of the

juice continues to increase, the crop should be left in the land. Good sugar-yielding juice has a

sp. gr. of about 1 065, rising to about 1 • 070. Immature roots, cut across, rapidly change colour on

the exposed surface, turning red, then brown, and finally almost black. If newly-cut slices

turn colour on exposure, the ripening is not complete; but if they remain some time unaltered,

or turn only slightly reddish, they are sufficiently ripe to be taken up. The crop should bo

harvested in fine, dry weather. In order that the roots may part with as much moisture as

possible, they are left exposed to the air on the ground before being stacked, but not for longer

than a few days, and they need to be guarded against direct sunlight. Perhaps the best plan is

to cover them loosely with their tops in the field for a couple of days, then trim them, and at once

stack them.

Storing.—For storing roots, especial care should be taken to prevent their germinating and
throwing out fresh tops, which is best done by

^^^^

selecting a dry place for the storage ground.

They may be piled in pyramidal stacks, about

6 ft. broad at base, and 7 ft. high. At first, the

stacks should be thinly covered with earth, that

the moisture may readily evaporate ; subsequently,

when frosty weather sets in, another layer of

earth, not exceeding 1 ft. in thickness, may bo

added. This is essentially the method generally

adopted in this country for storing potatoes and

mangold.

In continental Europe and Canada, extra precaution is necessitated by the rigorous climate.

In S. Eussia, the plan shown in Fig. 1292 is sometimes used. The beets are disposed completely

below the surface of the soil, in a trench dug with sharply sloping sides. At about 15 in. from the
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bottom, is an openwork floor of reeda, on which the beeU are piled to within a few inches of the level
of the exterior boU. On the top, and following the apex of the heap, is laid a triangular ridge-
piece a, for the purpose of facilitating evaporation. The whole is covered with a layer 6 of straw
and fine earth, the thickness of which is varied according to the indications of the thermometer c
placed in the centre of the mass. Between the floor of the trench and the openwork floor is a
space (t, communicating with two vertical channels leading to the outer air, thus providing ventila-
tion. The outlets of the channels can be opened and closed at will. The Russians also often
employ regular cellars, as shown in Fig. 1293. The structure consists of two storeys, covered with a

bod of earth, each furnished with a floor of hurdles or open planking, on which the beets are piled

to the depth of about 1 yd. Lateral passages facilitate ventilation, and openings in the roof permit

tlie heated air to escape. The cost of erecting these cellars is heavy, but there is great saving of

labour in storing the beets, as it suffices to simply pile them up on the floors. Moreover, tlie

arrangement permits the examination of the contents beyond the indications of a thermometer ; and

enables any portion to be removed, even during snowy weather.

Diseases and Enemies.—The insects injurious to beet are principally three,—the beet carrion-

beetle, the beet-fly, and the silver-Y moth. The beet oarriou-beetle (Silpha opaca') gnaws away tlie

leaves till the fibres alone remain, but the roots escape. The egg is commonly laid in putrid

matter. The attacks of the grub last from about the 3rd week in May to the end of June ; no

damage seems to be done by the summer brood of beetles. Remedies are :—(1) sprinkling the

plants with a mixture of 1 bush, gas-lime, 1 bush, quick-lime, 6 lb. sulphur, and 10 lb. soot, made
into a fine powder, and applied while the dew is on the leaf, this quantity sufficing for about

2 acres
; (2) the substitution of superphosphate of lime for farmyard dung ; (3) the application of

dung, when used, in the autumn instead of the spring.

The beet- or mangold-fly (Anthomyia beta-) damages the crops by the attacks of its voracious

legless maggots, which feed on the pulp of the leaves, and reduce them to a diy skin. Their worst

effects are seen on peat and fen lands, and in wet seasons. A dressing of superphosphate seems to

bo effectual.

The silver-Y moth (^Plusia gamma), extending from Abyssinia to Greenland, and met with in

China, Siberia, and N. America, occasionally does great damage to the Continental beet-crops,

while in the caterpillar state. The latter are large, and consume the leaves rapidly. Dustings of

caustic lime, soot, or salt, and drenchings of liquid manure or simple water, are beneficial.

ExTRAOTiON. Purchase.—In the beet-sugar industry, the manufacturer very seldom grows the

whole of the beet that he works up, though he almost invariably raises a considerable proportion.

The basis upon which the manufacturer purchases from the grower is a matter of importance to

both. It is the interest of the manufacturer to base payment upon tlie quantity of sugar delivered

in the roots. To buy and sell on the weight of roots is unfair to both, taking no account of the

quality of the article, and removing all inducement to grow the most highly saccharine kinds. To

make an average analysis of a crop, would be very inconvenient ; but as the juice is denser according

as it is richer in sugar and poorer in other salts, it has been customary to base the value on this,

taking for foundation a sp. gr. of 1-055 (7-27° B.), called 5-5 degrees, and raising the price

proportionally above that figure. It has likewise been suggested that the price should be subject

in a corresponding reduction for juice below 5 '5, but this is generally deemed unfair to the grower,

as only arising through unpropitious seasons and other causes not within his control.
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The " Sooi^t^ Centrale de I'Agriculture du Pas-de-Calais" proposes the following scale:

—

Density.

sp. gr.

1-045

1050
1-055
1-060
1-065

Sugar Yield.

per cent.

8

9
10
11

12

Price,

Per 1000 Kilo.

fr.

16
18
20
21
22

Per Ton.

8. d.

12 10
14 6
16 2
17

17 10

An objection to this scale is that the progressive value is not geometrically increased with the

greater richness, whereas the yield of sugar is known to be augmented disproportionately in rich

juice. Thus, to produce 100 lb. of sugar will require : 1333 lb. of beetroot at 12§ per cent. ; 1593

at 11 ; 2213 at 9. In other words, while 620 lb. are needed to compensate for the diflFerenee

between 9 and 11, only 200 are necessary to counterbalance that between 11 and 12J.

When the roots are delivered at the factory, after having been deprived of leaves, rootlets, and
necks (the portion growing above ground), they are weighed, and a "tare" is deducted for earth,

badly-trimmed necks, and other useless matters. This is the point at which the manufacturers'

and cultivators' interests clash; in Germany, this weight is also the basis of taxation of the

industry. When the crop is paid for according to the density of the juice, a certain number of

roots are selected as a sample, their pulp is rasped up, and the juice is expressed and tested by a

hydrometer. Several instruments have been devised for rapidly dealing with suifioient roots for

this purpose, the most important being those of Possoz, Violette, and Thomas.

Transport.—The transport of the roots from the fields to the factory may be performed by rail,

road, or river, where such facilities exist ; but the rope-tramway system presents many advantages,

as it abstracts nothing from the land under cultivation, is very cheap, and can be moved about as

circumstances require. The labour, cost, and difficulty of conveying enormous quantities of roots

to the factory, where the juice is to be utilized and the pulp returned, have drawn attention to

means of transporting the juice alone, which has been independently extracted on the farm pro-

ducing the beet. A few years since, Linard, of Cambray, introduced a plan of sending the juice

to a central factory by means of an underground system of piping, which is gaining favour in

France and Belgium. A single factory is thus enabled to work up what would otherwise have to

be distributed among several factories, effecting at the same time great economy of transport, fuel,

plant, and labour. The juice, obtained by any of the methods to be described later, is received in

gauge-tanks, treated with 1 per cent, of lime, and pumped into the cast-iron subterranean conduit,

capable of withstanding a pressure of 15 atmos., and of a diameter (varying with the distance) of
2^-5 in. The juice is received at the central factory in large store-tanks. There is no apparent
effect upon the pipes after several years' constant nse. The set at Cambray takes the juice
produced by 10,250 acres of beet.

Cleansing the Boots.—The first step towards extracting the juice from the roots is to free the
latter from foreign matters. With this object, the roots are conveyed to a room capable of containing
2-3 days' supply. The damage done to machinery by the presence of stones has led to the intro-

duction of " stoning-machines." The stoner invented by Collas, of Dixmude, and made by Lecointo
et Villette, is shown in Figs. 1294-5. The tank a is divided into two compartments by partitions
b c, forming between them a right angle, the vertical one 6 constituting a strainer at its upper part,
and the horizontal one c occupying only about | of the length of the box, fixed at a certain distance
above the bottom, and having a circular central orifice. Therein is placed a horizontal screw d
with 4 arms, similar to those used in navigation. A horizontal grating is provided in the compart-
ment m on the left, in prolongation of the horizontal partition on the right, and an inclined grating e

in that (n) on the right, above the vertical partition. The apparatus being filled with water, and
the screw set in motion by the bevel-wheels /, a ciiculatory movement is communicated to the
water, which rises in the compartment m, passes above the strainer, and, traversing the inclined
grating e, returns to the compartment n, and again comes under the influence of the screw. If
beets are thrown into this rapid current in the compartment m, the stones rest on the grating or
fall to the bottom, while the roots, by virtue of their relatively small sp. gr., are taken up by the
current of water on to the inclined grating e, and tossed out of the machine by a little drum g armed
with sloping flanges h, and driven by cog-wheels i. A trap-door k allows the vessel to be emptied
of dirty water, and of the mud and stones which collect on the bottom. A vertical panel I of slieet
iron, placed above the compartment m, prevents the beets falling directly on the inclined delivery-
grating, and protects the driving-gear from splashings of water. The machine is already employed
in several factories, being generally placed after the washer, and performing a second washing,
which is especially valuable when the diffusion process is adopted.
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The washer, Figa. 129G-7, couaiste of a perforated shcet-iron cylinaer a, revolving on iU axis ia
o tiink of water 6. In front of the tank, is bolted a hopper c, into which the bouts full ; behind is a
strainer. The cylinder leaves a space of only about | in. at each end of the tank, that the roots
may not get wedged in. The washed roots are thrown out by a helical graUng d placed at the end

1294

opposite to the hopper. The rounded bottom of the tank is incliued towards an opening, by which
the dirt and rootlets can be discliarged. Anotlier form of washer, shown in Fig. 1298, is designed to

overcome the disadvantage manifested by the preceding, in requiring frequent stoppages while the
water is being clianged. It consists of an archimedean screw working in a trough. The beets

are fed in at a, and are carried by the screw against a descending stream of water in the direction

indicated by the arrow, escaping at b perfectly clean.

The processes described thus far are of universal application : the stoning and washing of the

roots are needful preliminary operations, whatever mode of extracting the juice may be adopted.

Here the parallel ends, and it is necessary to classify the succeeding methods of manipulation.

They may be grouped under the following heads :—(o) Rasping and Pressing, (6) Maceration,

(c) Diffusion.

Rasping and Pressinrj.—The principles which govern this process are essentially mechanical.

The aim of the operations is to first comminute the root so as to effect the rupture of the greatest

possible number of cells, and then to separate the liberated but still absorbed juice from the solid

matters by means of pressure, whether of a press or of a centrifugal hydro-extractor.

Baspers.—Machines for reducing beets to a pulp are of multitudinous forms, and it would be

impracticable to describe all of them. They universally consist of a revolving drum armed with

teeth, and differ mainly in having the dentition external in some cases and internal in others. The
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type of the first class is shown iu Fig. 1299. The cylinder a, 24 in. diam., has its surface formed by

a series of saw-blades (shown full-size in Fig. 1300), separated by wooden washers. The cylinder is

divided into 2 or 3 compartments by intermediate false bottoms, and is driven at a speed of

800-1000 rev. a minute. It rotates in front of an inclined table, on which a pusher, placed before

each compartment, is driven by an alternating motion, in such a

way that each beetroot that falls from the washer is pressed against

the teeth, which reduce it to a pulp, more or less fine according to

the dimensions, form, number, and wear of the saws.

The typical representative of the internal system of grating is Champonnois' rasper, shown under

Starch, p. 1824, Fig. 1284. The beets are introduced by the hopper a, and are forced by the rapid

rotation of the fliers 6 (800-1000 rev. a minute) against the short saw-like teeth of the raspers c.

Water is at the same time injected at d. Fast and loose pulleys are shown at ef, and a fly-wheel

is fixed on the end of the shaft g. The
machine is reversed every 6 hours to

equalize the wear, still the saws require

sliarpening after 48 hours' use. The
pulp falls into a receptacle beneath.

Presses.—The pulp obtained from

the raspers is carried or pumped up from

the cistern in which it has collected,

to be submitted to expression. -Tie

presses used are of two kinds, alternating

(including screw and hydraulic) and

continuous. For the hydraulic press,

the pulp is placed in woollen sacks,

containing 10-12 lb., superposed in the

press with their mouths doubled under,

and separated by iron plates ; about 25 are collected, and the pile is put into a screw-press, called

a " preparatory " press, which extracts about 45-50 per cent, of the juice. These pressed sacks

are piled anew on the movable plate of a powerful hydraulic press, which takes 50 at a charge.

Each preparatory press can supply 4 hydraulic presses, which are ranged around it, so that of

the 4 presses, there will be one

charging, one commencing to

press, one in full pressure, and

one discharging, at the same

moment. Motion is communi-

cated to the 4 hydraulic presses

by 4 pumps mounted on the

same bed, and tended by the

same workman who directs the

pressing. An improvement upon

the general form of hydraulic

press is that devised by Lalouette, which enables 2 workmen and 1 boy to keep 5 presses at work.

These presses turn out about 300 owt. per 24 hours in the first pressing, and 600 in the second.

Hydraulic presses are rapidly falling into disuse in the beet-sugar industry, by reason of the

superior merits of continuous presses, and the extended adoption of the diffusion system.

Continuous presses for beet were suggested by the roller-mills used in the cane-sugar industry.

But the conditions in the two cases are widely different : the begass of the cane is solid, and readily

jmmmm
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pnrU from the juice ; whereas the pulp and juico of the beet have a strong tendency to combine, and
the roller-surface must therefore be permeable only by the juice. In Poizot et Draelle'a press, the

pulp passes between two cylinders, carried by endless clotlis. The object is to unite the best

fuittuies of the hydraulic press. To this end, a first gentle pressing is produced against the first

cylinder by the elasticity of the principal cloth on which it is Iwrne. Then, encountering a series

of 4 little rollers, performing the functions of the preparatory press, it is next seized between the

second and first cyliuders, and deprived of the maximum quantity of juice. The press has been

much improved since it first appeared. Manuel et Socin's press, made by Gail et Cie., has an

ingenious modification by which the hair-cloth carrying the pulp is liept of a constant width. Each
press, worked by one man, will treat the pulp of 1375-1570 cwt. of beet per diem, requiring scarcely

1 H.P. The juice, filtered through the hair-cloth, is free from pulp. The cost of manipulation is

about id. per ton of root j the yield is 26-28 per cent, of pulp. The juice can only be perfectly

extracted by a second pressing. To effect this, two first-pressure presses are used for one second-

pressure. The pulp falls from the first into the trough of a screw, where it is mixed witli a large

quantity of water. Between the second and third presses, is another screw, which raises the

softened pulp to the third press for a second pressing. The whole operation only occupies 25-30

seconds. The juice of the second pressing is used instead of water in the raspers, as the rapidity

of the work prevents it undergoing any change, so that the juices are sent to the carbonization

stage almost at the degree of density which they possessed while in the root, and the pulp retains

but little sugar. Champonnois' press is composed of two permeable rollers partially immersed in

a cast-iron tank, forming a watertight joint with their bases and with the portion emerging at

the surface. The pulp can only escape between the rollers. A pump conveys the pulp leaving

the raspers, and forces it into the tank under a pressure of 1-2 almos. The juice passes out

between the rollers, while the exhausted pulp is raked away by two knives, which seize it imme-

diately at the exit, and falls by its own weight in front of the press, inclined for the purpose at 15°.

The cylinders are driven in opposite directions. The filtering surface is formed by spiral windings

of a triangular thread, the spaces being determined at 0' 004-0 -008 in. In this way, is produced

a filter-surface having narrow openings on the outside and widening inwards. On leaving the

press, the juice is received by a sieve, which prevents the loose pulp from mixing with the juice.

The press has been further improved in the hands of Gail et Cie., and is now one of ti.e most

perfect and least costly in the market. Leb&'s press is also composed of two filter-cylinders, in

appearance somewhat resembling Champonnois', but essentially different in construction. It is

formed of a series of portions of filtering surface, screwed on side by side, and enveloping the

cylinder ; each portion consists of 10 little strips of copper, curved longitudinally, soldered at the

ends, and separated by intervals of 0' 004-0 '008 in. Tliis press allows the filter-surface to be

changed more easily than in the Champonnois press, without removing the cylinders ; but it is not

so simple. Cuvolier's press, constructed by Lobbedez, has been at work for some years at Louez,

near Arras, and gives 28-30 per cent, of pulp retaining very little sugar. Pie'ron's system has been

adopted at the Montigny factory: the preparatory press treats nearly 2000 tons of beetroot per

24 hours ; the ordinary first press, nearly 800 tons ; and the second press, over 1500 tons. Sufficient

has now been said to illustrate the principles and essential features of continuous presses for

separating the juice from the pulp of mashed beeti. Examples might be multiplied almost

indefinitely.

Depulpera.—The term " depulpers " has been applied to a class of apparatus rendered necessary

by the inability of the ordinary filters to completely remove the fine pulpy matters from the juice.

They are really nothing more than effective mechanical filters. That of Loynes, made by the Cie.

de Fives- Lille, is largely used in other industries besides beet-sugar making. Those of MarioUes

and Mesnard are constructed by Gail.

Centrifugals.—Centrifugal hydro-extracting machines, which are described under Cane-sugar

and Eefining, have been tried for separating beet-juice from the pulp of the grated roots. In

practice, however, they are incapable of extracting more than 60-65 per cent, of the juice under the

most favourable conditions, and consequently they are not superior to hydraulic presses. Their

use in this sphere is virtually a thing of the past.

Maceration.—The shortcoming of the expression processes gave an impetus to experiment in

other directions, and notably with regard to the dissolving and displacing powers of water wlieu

applied to the pulp. One of the earliest plans based upon these principles was the maceration

system of Schutzenbaoh, illustrated in sectiou in Fig. 1301. The essential parts consist of round

sheet-iron vessels a, the bottom 6 of each being made sloping towards one side, where the liquid

can be completely drawn off by taps c. If the tap c is closed, the liquid rises in the tube d, and

flows thence by a lateral pipe into a second similar vessel placed at a lower level. Above the

bottom 6, is a false bottom e, furnished with a metallic strainer, which retains the solid pulp while

the juice escapes. At the top, in /, is a second similar strainer, formed in two pieces, and easily

removable. Tiie vertical bars g suspended from e ore for breaking up the pulp, and preventing
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its making a Bimple rotation, under the influence of the mechanical agitator h, attached to the

axis i, and actuated by the bevel-wheels k I. The same axis carries cleaning-brushes m, which

keep the orifices of the upper grating clear for the passage of air and water ; and a similar set

perform the same function for the lower strainer. In working, each vessel receives at first a little

juice (except at starting, when the juice is replaced by water) ; the pulp is then introduced, the

agitator being meantime kept in motion, or the densest pulp would fall to the bottom, and soon

choke the strainer. The speed of the agitator must be carefully regulated : too rapid movement

would create a large quantity of froth ; too slow would reduce the rapidity of the maceration, and

therefore the effective capacity of

the apparatus. A speed of 20-24

turns a minute would seem to give

the best results. Later, when the

juice is partly expressed, the agi-

tator may be left at rest ; the ligne-

ous portion ofthe cells, being lighter

than the water, remains on the sur-

face, and has no longer a tendency

to choke the metallic diaphragm.

Unfortunately, whatever precau-

tions are taken, a large proportion

of pulp always finds its way through

the strainer, and these solid matters

render the defecation more difiSoult

and imperfect, in consequence of the

large quantities of scum to which

they give rise. This inconvenience

Is partially remedied by passing the

juice, on its exit from the macera-

tion battery, and before defecation,

into another vessel, whose strainers

serve to detain some of the ligneous

matters held by the juice. With
the same object, it is well not

to reduce the root to too fine a

pulp ; but it is necessary to avoid

extremes in either direction, as a

too coarse pulp will not be com-

pletely exhausted, and will thus cause a loss of sugar. The process is only suitable for use where
fuel is abundant and cheap, in consequence of the very large quantity of water added, amounting
in all to 3-4 times the weight of the root. It is therefore more applicable to rich than to poor

juice. The cost of erection is moderate. Thus, for a factory taking 50 tons daily, the outlay would
be :—Easping-maohine, 1801. ; maoerating-battery complete, 600Z.

;
press, 200?. ; steam-engine,

8 H.P., 200Z. ; total, 1180?. The expenses attending the extraction of the juice would be :—6000
tons of beet at 19s., 5700?. ; transport and washing, 160?. ; interest at 10 per cent., 180?. ; repairs,

strainers, brushes, &c., 120?. ; wages of 24 workmen, 134?. ; washing the cloths, &c., 14?. ; fuel for

the steam-engine, 105 tons of coal, 150?. ; fuel to evaporate 35 per cent, of water, 420 tons coal,

605?. ; total, 7063?. The yield is 89 per cent, of juice, or 5034 tons in the season. The cost price

is therefore 31s. a ton.

L. WalkhofCa " mixed method " of extraction is illustrated in Fig. 1302. Its most essential part

is the filter-press or swinging vat A, resting by the axles 6 on cast-iron supports a ; it can be turned
round on its axis, and thus completely emptied. One or both of the axles h are hollow, and
furnished with a stufSng-box, so that water can circulate in the interior of the axles, whatever the
position of the vessel. A tap d regulates the delivery of water from a reservoir w, which may be
10-30 ft. above the apparatus. The water admitted by the hollow axles 6 passes by the pipe e into

a perforated worm, whence it escapes beneath the double false bottom/. Thus its level is raised

slowly and uniformly. At g, is a cover pierced with holes, forming a diaphragm, provided with a
handle, and resting in the interior of the vessel upon circular bearers, where it is held by screws.

To prevent the water passing directly along the sides, the double false bottom is fixed to a T-iron

rim riveted to the vessel. The large-bore tap n is for letting out the water rapidly when the juice

is displaced. At the top of A, is a tap m for outflow of juice.

Once the vessels A are full, the metallic strainer ? is placed on the pulp, and the cover g is

adjusted. The tap d is then opened, so that the water occupies 12-20 minutes in filling the vessel

A. The water enters at the bottom ; as it rises, it displaces the juice iu the pulp, mixing more or
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leas with it The liquid thus approaches the tap m, and escapes at ahout the normal density of the

juice. The workman soon learns the correct adjustment of the tap d necessary to give the proper

duration to the operation. The pulp, being lighter than the water, rises as a scum up to tho

strainer {, but is there retained, so that the liquid escapes quite clear. The usual length of opera-

tion required is 20 minutes. The diameter of the vessels A should not exceed about 28 in. With

this size, the pulp of about 8 tons of beet can be worked in a day of 21 hours, or say 6 vessels for

50 tons per diem. Tliis system has been very largely adopted in continental Europe, on account of

its good working results. The appended table exhibits its capabilities in comparison with other

modes :

—
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Schutzenbaoli'a, &c., but they do not poaaeas any yaluable feature entitling them to notice. The

preceding systems are those most generally and successfully applied. A comparison of the results

of the foregoing processes, in tabular form, is given on the authority of Walkhoflf: for 120 days'

work aud 6000 tons of beet, the production of juice requires :

—



BEET-SUGAR. 1843

ill the veesol has attained the same ap. gr. as that in the cells: the diffosioii ia then complete.

Supposing the juice in the cells to be at sp. gr. 1-0435 (equal to 12 per cent, by saooharometer),

and the surrounding water I* 0000, when the diffusion is complete, the water will be sp. gr. 1-0237

(equal to 6 per cent, by saccharometer), and the now diluted juice in the cells the same. Conse-

quently complete exhaustion can only be accomplished by fractional diffusion, i. e. by substituting

1304. 1305.

for the liquid obtained another of less

sp. gr., and this replacing of the more

saturated liquid by a less saturated one

must be continued until the desired

degree of exhaustion is readied.

The first step in the process is to

cut the roots into thin slices, great im-

portauce attaching to their thickness

being uniform. The machine in com-

mon use, invented ia 1850 for slicing

beets for the hot maceration process, ia

shown iu Fig. 1304. The cleaned roots

fall into the hopper 6, and encounter a

plate a which turns horizontally, and

carries 3 series of steel blades arranged

at right angles. The roots are thus divided into rectangular prisms of varying length, without

suffering any crushing or pressure. The slices fall into the space c, and escape at d. With li

H.P., this machine is 1305.

said to slice 100 tons of

beet per 24 hours. By
using two feed-hoppers,

the effect is doubled.

For diffusion, the slices

are about
.j-J^ in. thick

and -j^°j,- in. wide. The
cutting disc is furnished

with knife - edges, as

shown in Fig. 1805.

In Bobei't'a diffusion

process, the ribbon-like

slices of beet are con-

ducted to large closed

vessels, mixed with the

heated juice from a

previous operation, and

exhausted with cold

water. The diluted

juice is first heated to

75°-90° (167°-194° F.),

so that the mixture

assumes a mean tempe-

rature of 50° (122° F.),

which is considered

essential to success.

Displacement of the

Juice is performed by a flow of cold water throughout the whole battery (of 5 to 8 vessels), arranged

as in Figs. 1306 and 1307. The cylinders are furnished at top with manholes e for the introduction

U u 2
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of the slices. Near the bottom, a hinged door / permits the exhausted slices to fall upon an endless

web, which conveys them away. In the interior of the cylinder, is a case c pierced with holes, which
prevents the pipes being obstructed by solid particles. The pipes a e put the vessels into com-
munication with the reheating boilers, while the conduits e g and c maintain the circulation in

the various cylinders of

the battery. The steam- 4f^=s= m„& 1301.

pipe n furnished with a

clack serves for the in-

troduction of steam to the

several vessels. Pipes d
bring the water necessary

to the operation, while the

rich liquor passes away
by / to the defecating-

boilers.

Each vessel receives

2i tons of slices, occupy-

ing a space of about 132

cub. ft. The vessels are

not filled until the juice

or the diffusion-water, as

the case may be, has a

temperature of 87°-97°

(189° -207° F.). The
vessel is i filled with tliis

hot liquid, and then the

slices are fed in through e

from trucks holding about J ton. On emptying the fourth truck, the reheated juice is allowed to

run in at top, so that when the charging of the slices is completed, the vessel is full of juice. The
proportions of juice and pulp entering the vessel should be carefully adjusted. Whilst charging, it

is well to mix up the juice and pulp so that no part shall be left imperfectly exhausted, and the

liquids shall have uniform circulation. As the contents of 6 or 7 trucks are needed to fill the vessel,

and as the discharging of each occupies about 4 minutes, the whole charging requires nearly half

an hour. The vessel once full, the cover e is closed, and the matters are left for about 20 minutes.

At this moment, the presstu^e of the column of water from the tanks above the factory is brought

to bear upon the nearly exhausted pulp in the last vessel. As this vessel communicates with the

7 others forming the battery, the pressure can be conveyed to them all ; the juice is thus displaced

from the cylinder filled with fresh pulp, and proceeds while still hot to the defecating -boilers. In

practice, each vessel furnishes two full boilers of juice, varying in density according to the duration

and the number of vessels (5, 7, and even 10). Generally, the density fluctuates between 4° and
7° B., so that the juice is mixed with about 40 per cent, of water on the weight of beet.

The estimated cost of establishing a factory on the diffusion system to work 50 tons a day,

according to Walkhoff, is :—1 slicing-machine, liil. ; 10 cast-iron diffusors, weighing 1 ton each,

288;. ; 50 cast-iron valves, 180^. ; 20 traps, 52/. ; 30 elbow-pipes, 13/. ; 15 straight pipes, 221. ; 600

screws, &c., Ul. ; 3 tiuoks, weighing 6 cwt., 501. ; total, 763/. The cost of extracting 100 parts of

juice may be calculated thus ;—6000 tons of beetroot, 5760/. ; transport and cleaning, 1611. ; interest

and insurance at 10 per cent., 76?. ; 15 workmen per shift, or 30 per diem, 173?. : removal of the

residues (60 to 70 per cent, of tlie weight of beet), 4 workmen, 46?. ; repairs, sharpening knives, &c.,

58?. ; residue-press, interest, repairs, &c., 50?. ; fuel for 8-H. P. steam-engine, 88 tons of coal, 127?. ;

evaporation of 40 per cent, of water, requiring 480 tons of coal, 691?. ; total, 7142?. The product is

90 per cent, of juice at the initial density, or, on 6000 tons of root, 5400 tons of juice. The
juice, therefore, costs about 26s. 5Jd a ton ; thus diffusion presents no advantage in this respect

over the best systems of maceration.

A novel arrangement of diffusion apparatus, constructed by tlie Prager Maschinenbau Co.,

is shown in Fig. 1308. It is designed to take a maximum of 250 tons of beet per diem of 24 hours.

This quantity is worked in Bohemia, where the juices are very dilute; if, instead of having juice

at 3° B., it is desired to have it at 4° B., not more than 100 tons would be treated, at a sugar loss

of 0-2 per cent, on the pulp. Four workmen suffice for the daily labour. In effect, the apparatus

is rotary. The 9 diffusors a of which it is composed, having the form of inverted truncated cones,

are borne in a circle on a wheeled table b. The motive power giving the rotation is ingeniously

applied, and does not exceed 1 H.P. A complete turn is made in | hour. The slicing-machine

(cmipe-racims) e is placed above on a special stage, and supplies the slices to each diffusor by means of

an articulated funnel, formed of movable segments, so that its jnouth can follow the slow rotary
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movements of the diffusor which it is filling, until the quantity suffices. Tlie axis of rotation of the

apparatas is oomposetl of two concentric oast-iron conduits, one conveying the water, the other the

steam. Between each two diffusors, is a vertical cast-iron cylindrical

juice-reheatcr. Each diffusur being furnished with a reheater, the

temperature can be regulated at convenience, three taps sufficing

for each apparatus. All these taps are placed in the centre of the

system, at the height of the upper mouth of tho difiFuaor. A stage

fixed here allows a man to stund in the midst ; another'stage is

placed at the same height for the workman who opens and

shuts the diifusors, and for the one who directs the funnel.

The diffusors are closed at

top by a heavy cover, rest-

ing upon a circular india-

rubber tube, thus forming a

hermetic joint, steam being

admitted into the tube, so

that it never flattens. The
outlet of the diffusors is a

lateral door a opening from

above ; a trough is provided

for the reception of the ex-

hausted slices. The juice

is let out by taps d below

the ground. A perforated

sheet-iron plate forming a

false bottom prevents tho

slices from mingling with

the juice, when the tap is

opened and the outlet-vessel

is completely emptied of

slices. A workmau opens

the lower doors each time a

diffusor passes before tlie

trough for the slices. A
fourth workman is occupied

at tho slicing-machines. The
advantages claimed for this

system are as follows :—Easy
charging of the diffusors, the

slices passing diieot from

the slioing-machines, whence

arises great economy of

labour ; the discharge of the

exhausted slices takes place

always at the some point;

the duration of the diffusion,

being regulated by the speed

given to the apparatus, is

always the same, and not at

the discretion of the work-

men; there is great saving

in the construction, the

pipe system being central

ond necessarily short.

Numerous other modifi-

cations are being from time

to time introduced. For

instance, compressed air is

employed instead of water-

pressure for effecting the final

exit of the juice, so that the first diffusor, at the moment of emptying, contains only fairly dry slices.

The exhausted slices derived from the diffusors form a valuable cattle-food. But, as generally



1846 SUGAE.

discharged, they are too wet for immediate use, and require to be passed through a press for tho

removal of the excess moisture. This is commonly performed in the Kluzemann press, shown in

Fig, 1309. It is composed of a screw working in a conical space, which squeezes the pulp till it

contains no more than the desirable quantity of water. The objection to this press is that it breaks

up the slices. Skoda, of Pilsen, Bohemia, makes a continuous press, which avoids this disintegra-

tion of the exhausted slices. It consists of two eccentric cylinders placed one within the other,

of different diameters, moving in the same direction and at the same peripheric speed. A screw

causes the wet slices to fall into the inferior of the larger cylinder, and they are carried by the

general movement into the limited space between the outer surface of the small cylinder and the

inner surface of the large one, and which is regulated by a double iron ring fixed on the inside of

the large cylinder. This machine easily presses in the 21 hours the exhausted slices from 150-175

tons of beet, reduced to 40-45 per cent, of the original weight. The motive power required is about

lJ-2 H.P. The price of the machine is about 280?.

Defecation of the Juice.—The average composition of freshly-extracted beet-juice is approxi-

mately as follows :

—

In 100 parts of juice.
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very dark. The supply of carbonic acid is stopped wlien its further action would redissolve tlie

colouring matters. In the second carbonation, the lime-boiling destroys the matters which resist

the 8r8t carbonation. The excess of lime is finally removed by carbonic acid.

The apparatus and its manipnlation may be described as follows. At the exit from the presses

and the diffusors, the juice is received either directly into the carbonation-boilers, or into a tank

communicating with a pump or mmte-jtis, for filling the carbonators placed at a higher level. The
monte-ju), pumps, and defecating- and clarifying-boilers will be found described under the section

on Cane-sugar. The carbonating-boilers are of various forms, composed essentially of large

rectangular tanks (Pigs. 1310, 1311), generally of

greater depth than width. Around their circum-

ference, passes a steam-worm c of large diameter,

to rapidly heat the mass of liquor. At the bottom
of the tank, runs a pipe a, which separates into

two branches, or takes the form of the tank. This
pipe is pierced beneath with small holes, whose
total area is less than the section of the pipe ; at

the end, it rises in front of the boiler, and bears a
tap M within the operator's reach. It then con-

ducts to the carbonic acid source, and serves for

introducing this gas into the liquor. The bottom
of the boiler is inclined towards the front, and
has in the lowest part a large plug d, or a tap for

rapidly drawing off the liquid. Thermometers are

attached for ascertaining the temperature. The
boilers are the same for the first and secund car-

bonation, except that the first produces a tena-

cious scum which must be beaten down. This is

effected in two ways: either by furnishing the

boilers with ledges, and a cover provided with a

long chimney, when the scum stops at a small

height in this pipe ; or by placing at the top of

the boiler, throughout its whole length, perpen-

dicularly to the side where the workman stands,

and on each side, two pipes of small diameter

pierced laterally with little holes, through which
steam is passed at high pressure. The escaping

steam blows the scum back into the boiler. This

latter apparatus, termed " Evrard's skimmer,"

works well, but requires much steam.

Below each carbonating-tank, is placed a I3li.

decantation-vessol, generally of the same form and

dimensions, into which the liquid flows when let out of the carbonators by the plug. These

decantation-vessels, whose floor is also inclined and furnished with a plug, have in front an
extenial tap, connected inwardly with a flexible tube provided with a float which maintains the

mouth of the tube at the clear sm-face of the liquor. When the turbid carbonated juice has been

run into these vessels, it is allowed to settle and clarify itself, and is then decanted. The clear

juice is received in a conduit which conveys it to the second carbonation, or to the filtration.

When the float reaches the deposit, the workman closes the tap, opens the plug, and lets out the

semi-solid mass into a trough connected with the filter-presses (p. 1848). In some works, the

decantation-vessels are dispensed with, the operations being conducted in the carbonator.

The lime and carbonic acid employed in the operations are usually made at the factory. With
this oljject, a large continuous lime-kiln. Pig. 1312, is built near. The gases escaping from the

calcination of the limestone contain 25-30 per cent, of carbonic acid gas ; they are drawn away from

the exit of the kiln by the suction of a large pump, whose speed is regulated according to the state

of the kiln. This pump forces the gas into the general pipe serving all the carbonators, which

pipe is furnished with a safety-valve. Between the kiln and the pump, the gas traverses a

" washer, " a vertical cylinder with perforated trays, entering at the bottom by a perforated pipe,

and escaping at the top by the pipe /, while a stream of water, conveyed by the pipe p, falls in

showers over the trays and comes into contact with the ascending gas. According to the richness

of the gas, the kiln is regulated : it is thus necessary to make frequent tests of the gas. One of the

most convenient instruments for this puipose is that of Wigner and Hurland. The lime to be used

in defecating is first slaked in special tanks furnished with agitators. It is then dilated with

sufiBcient water, carefully strained, and constitutes a milk of lime having a density of 20°-25° B.
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Treatment of the Lime Scums.—The scuma collected in the lime defecation process contain, in

the fresh state, sugar, numerous nitrogenous matters, and other fertilizing elements. Plicque,

working upon scums having the composition :

Water

Sugar

Nitrogenous matter .

.52 '70 per cent.

3-50 „

3-72 „

Organic matter .. .. 9 -24 per cent.

Phosphates 4:'77 ,,

Lime, silica, iron, &o. . . 26 07 „

IP

^^^^-^^^?f^^

obtained the following products, estimated on the dry weight :

—

Animal black 50-0 per cent. I
Alcohol at 85° 2-0 per cent.

Lime 35 • 5 „ I
Sulphate of ammonia 1 ' 0-2 „

The excess of moisture is removed from the " green" scums by the use of filter-presses. The

scums of the two carbonations are collected in the same cistern, fitted with two monte-jus. The

escape-pipes from

these monte-jus re-

unite into one, so

that though the

monte-jus are used

alternately, there

is no fluctuation

in the supply of

scum to the fil-

ter-presses. The
systems most

largely used are

those of Trinks,

and Durieux et

Eoettger.

Trinks' press.

Fig. 1313, is com-

posed of a series

of cloth bags, held

against metallic plates pierced

with holes. The monte-jus forces

the dirty liquid into these bags

;

the juice runs away clear, while

each bag fills with the solid

scum, which is strongly com-
pressed by the steam in the

monte-jus. When the bags are

full, the juice no longer escapes

;

then, to remove the superfluous

moisture from the scum, steam

alone is forced in. The steam
condenses and washes the scum,

dissolving the last traces of

sugar, and yielding a slightly

saccharine liquor. The action

of the steam is continued until,

having forced a, passage, it

escapes at the lower part of the

apparatus. Steam is then shut

oif, and the operation is con-

cluded. To enable the bags to

be opened easily, they are

formed of two quadrangular

cloths put together, the four

borders of which are pinched,

two and two, between wrought-

or cast-iron frames, presenting an opening only for the passage of the scum and steam. The
frame, and consequently the set of cloths forming bags, are separated by metallic plates,

which permit the juices to escape ; these juices run along the plates, and collect in a gutter closed

by a tap, with screws to regulate the speed of the outlet, and even to suspend the working of a cloth,

when it is torn for instance, without stopping the whole press.
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Farinaux's press is composed of plates analogous to those of Trinks- In the upper part of the

frames are two bearers, on which is screwed a wrought-iron stirrup. A horizontal traverse is

fastened to one side of the fixed frame, and passes through all the stirrups, supporting the frames.

The advantages claimed for it are that it is easy to adjust all the frames to the same height,

and that the dismounting and replacing of the frames is much easier. According to another plan

of Farinaux's, the working of the press is rendered largely mechanical, so that one labourer out of

two is dispensed with. The bags are made of sail-cloth, and last 21-30 days, while those of jute

endure only 5-8 days.

Durieux et Roettger's press is shown in Figs. 1314 and 1315. Numerous other forms might bo
specified, but their effect is practically the same.

mimMmkMmm
Ammonium phosphate Process.—A process was invented some years ago by Lagrange, chemist

at the refinery of Guions, Paris, for separating the calcium and magnesium salts, with which beet-

sugar is especially liable to be contaminated (see analyses p. 1846). The object of the process

is to throw down the calcium and magnesium as tribasio phosphates, by the addition of tribaaio

ammonium phosphate, (NH,) SPO,, to the syrup. Much, sometimes nearly the whole, of these

earthy salts, exists as sulphates, though portions are usually chlorides or nitrates. The salts of the

earthy bases retard the crystallization of the sugar, with varying efiect according to the particular
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metah they may contain ; and the acids, especially if they be mineral acids, with which the earthy

metals are in combination, likewise possess specific powers of their own in retarding the crystalli-

zation of more or less sugar. Sulphuric acid would appear to be the most powerful, while

phosphoric acid seems to exert little if any influence ; small quantities of ammonium phosphate

are indeed stated to rather favour crystallization. Lagrange's process simply and ingeniously

contrives to get rid of the calcium and magnesium, and, by the same operation, to precipitate and
extract any sulphuric acid present.

A quantity of syrup having been made, the amount of sulphuric acid and earthy salts present

is ascertained, the latter by means of the soap test (see Analysis). It is now heated to boiling, and
a solution of barium hydrate in hot water is added in trifling excess beyond what is required to

combine with and throw down all the sulphuric acid ; this is immediately followed by an addition
of ammonium triphosphate, equivalent to or slightly in excess of the total earthy metals. These
will consist of any excess of barium hydrate that may have been added, together with any calcium
or magnesium originally present. A mixture of barium sulphate, barium triphosphate, and calcium
and magnesium triphosphates, goes down, sweeping with it from the syrup much of tlie glutinous
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and colouring matters. The syrup ia next passed through a Taylor filter, to separate the pre-
cipitftto; if the operation has been properly conducted, the syrup should contain some free
ammonia, and just a trifling excess of the ammonium triphosplmte, but no earthy bases nor
sulphuric acid. The syrup is now fit to be boiled and crystallized.

For some time after this process had been devised by Lagrange, it was impossible to procure
ommonium tripliosphate at reasonable prices, the only mode of manufacture being the produolion
(1) of neutral ammonium phosphate, by saturating pure syrupy phosphoric acid with ammonia, so
as to form a highly saturated solution of the salt, and (2) then adding one more equivalent of
ammonia, so as to throw down ammonium triphosphate, which latter salt is only soluble in weak
aqueous ammonia to the extent of about 6 per cent. F. Maxwell-Lyte, however, introduced a
method of producing pure ammonium triphosphate from the acid calcium phosphate afforded by
natural phosphates, which at once reduced the price of ammonium triphosphate from 28. ed. to 8rf.

a lb., and thus placed the salt within easy reach of the sugar-miikers. Guions, who employed the
process in their refinery, state that, besides affording an additional 5-10 per cent, of crystallized
sugar, thuy are enabled to work with far less animal-black (char). The process is equally adapted
to the defecation of raw beet-syrups, and was thus worked for some time by Daniel, near
Compi^gne.

Filtration through Animal-blaci.—The defecated and carbonated juice has in a great measure lost
Its alkaline character, having been deprived of the greater part of the dissolved lime by means of
the carbonic acid. There is, however, still some lime to be removed, as well as a considerable
quantity of gummy and albuminous substances. These, and the colouring matter which gives a
brown tint to the juice, are in a large degree eliminated by passing the juice through animal-black
(char, animal charcoal). Tliis is done by taking the juice from the carbonuting-pan intu an iron
oiatem, and there heating it nearly to the boiling-point, afterwards passing it tiirough vessels iHled
with granulated animal cliarcoiil. The juice finds its way through this gradually to the bottom ;

and runs out while a fresh supply is poured iu at the top. The charcoal has a considerable
power of absorbing bodies such as dextrine, and with long time and hot liquor, the action is

intensified, and the purification is materially great. This juice to be sent through the charcoal
filters is o turbid sticky mass ; it is clivattcl either by a pump or a monte-jus into a cistorn

situated above the series of filters. After the filtration, the juice is in the condition knnwn
as "thin"; it is nearly colourless, and is largely freed from lime, and from gummy and
albuminous bodies which escaped the action of the lime. In this state, it passes to the concen-
trating system.

The fillers used are of two kinds. The older sort, known as " Dumont filters," consist of cast-

iron cylinders, 6-12 ft. high, and 3 ft. or more diam., open at top, furnished with a false bottom

covered witli cloth, as well as a man-hole at the level of the false bottom. The cylinder is filled

with black, and the juice is run in at top at such a speed that the black remains always covered

with a thin layer of liquid, A pipe, leading from the -bottom, curves up, in the form of a swan-

neck, to half-way up the cylinder.

The other kind, termed " closed filters,'' are shown iu section in Fig. 131 6, and as a battery in

Fig. 1317. Tliey are 32 in. diam. and 12-16 ft. high; the juice enters by the pipe a b, coming from a
cistern placed at a higher level, and escapes by a pipe c leaving the bottom, and bent up to the

summit (I of the oylindfr. This modification possesses tlie advantage of effecting the filtration out
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of reach of air and oliills, and enables several Altera to be in communication, so as to multiply the

height of charcoal through which the juice passes. When a filter is judged to be no longer

effective, as seen by the questionable colour of the liquor, the supply of juice is stopped and

replaced by boiling water, and when the water has driven out the saccharine fluid, the tap e is

opened at the bottom, the liquor is run out, the black is withdrawn at the man-hole /, and the

filter is washed, and re-

charged with new black

over which a current of

boiling water is passed.

The filter is then ready

for use again.

Washing the Char-

coal. — The animal

charcoal used in these

filters is rarely pre-

pared in the sugar-

factory itself; but usu-

ally it there undergoes

a washing operation, as

well as a process termed
" revivification." The
washing is as follows.

After having been sub-

jected to fermentation,

or to a treatment with

alkali at 100° (212°

F.), the black is washed

with water till it ceases

to communicate the

least turbidity. Nume-
rous machines have

been introduced for

carrying out these con-

ditions, the main ob-

jects being to cleanse

thoroughly, employ a

minimum of labour,

and avoid disintegra-

tion of the black. A
typical form is Kluze-

mann's. Fig. 1318. It

consists of a chamber

divided by low parti-

tions into compart-

ments d, in which

slowly revolve arms c

mounted on shafts b,

and terminating in

flexible iron blades.

The black falls from

the hopper a into the

lowest part of the ma-

chine
I
it is successively

passed from one com-

partment to the next

by the revolving arms, each time attaining a higher level, finally reaching the upper end e, whence
it is ejected completely washed. The water admitted by the pipe / passes in a contrary direc-

tion through the black, and runs out at g. The machine is cheap and efScieut, and washes
about 15 tons per 24 hours.

Schreiber, of St. Quentin, has introduced a novel form of washer, in which the black is placed
in contact with a stream of water by means of its own sp. gr., without the intervention of any
mechanical appliance to cause its disintegration. The machine consists of a, horizontal air-tight

cylinder, 6 ft. long, and 28 in. diam., turning in external supports by means of toothed wheels
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enfi^giiig in toothed rings on the cylinder ; in the interior of the cylinder, are two paddlea or

curves, and it is prolonged by a cylindrical part of less diameter. The pipe conveying vfater enters

the cylinder at the axis of this smaller part. The black enters at the other end. In the centre of

tho cylinder, revolves an endless screw, which catches tip the black; and an annular space is left

throughout the cylinder for the passage of the water. During the rotation of the cylinder, the

black is continually lifted by the paddles by the simple act of rotation, and at the same time

a certain quantity of water is taken up, and fulls back into the same bath with the black. In this

movement, the grains of black traverse the water, and the washing is effected without shock or

injury. The paddles are so inclined, that the black entering at one end is propelled along one side

to the other end, returning in the same manner along the other side, and escaping finally at the

end where it entered. The machine is spoken of in the highest terms.

Revivification.—By "revivification" of the charcoal, is meant the separation from it of those

saccharine and other matters which it absorbs in the filtering process, thus rendering it fit for

re-use. With this object, it is fermented to destroy the organic matters ; washed with acid, with

hot water, with cold water, and with steam ; dried ; and finally calcined in furnaces of very various

construction. These all consist essentially of a system of cast-iron or earthenware pipes, heated

to dull-redness, and closed at bottom hy a method permitting the black to be withdrawn without
admitting air, which would immediately cause the combustion of the red-hot carbon. This last

condition is the one diflBoulty, and each maker strives to overcome it in a particular way.

Schreiber's kiln, shown in section in Fig. 1319, consists of a drier, vertical undulating pipes for

the calcination, and inclined cooling-tubes terminating in boxes for regulating the discharge of the

tubes. It is surrounded with masonry. On each side of the fire a, are placed the rows of cast-iron

undulating pipes b, each composed of three pieces, fitting one within another. They are prolonged

downwards by flat cast-iron tubes c, serving to cool the black, and forming an angle of 45° with

the vertical pipes b. At the top, are similar undulating pipes d, with lateral openings forming

Venetian blinds in front, and crowned by a hopper e for holding the supply of bluck for the kiln.

This forms the automatic dritr. The undulating pipes 6 serving for the revivification are plated

inside and out with slabs of fire-brick ; these protect the iron from the fire, and regulate the trans-

mission of heat, preventing the temperature exoroiling 375°-450° (707°-842° F.), beyond which the

black might be vitrified. The black is collected in the hopper c above ; thence it descends into

the driers d, enters the revivifiers 6 at about 90° (194° F.), and, when the operation is complete,

escapes by the refrigerating-tubes o. A fire of coke or other fuel being lit in the furnace a, the

flame spreads throughout the wliolo space of tlie fire-chamber / included between the two scries of

fire-slab coated tubes b and an arch at top, passes downwards, divides into two chambers right and

left, heats tlie backs of the tubes, and again rises into a single flue passing through the drier d.

The kiln is easy to build and manage, and turns out a black of superior quality.

The Euelle kiln, Fig. 1320, has several advantages, and differs from most others in its general

arrangement. It consists as usual of a series of cast-iron revivifying- and cooling-tubes. The
whole of these are arranged ill a bunch centred around a vertical axis, and suffer a slow, circular

automatic movement of 2 rev. per hour, within a cyliudrical furnace flanked by a lateral fire. Tho
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black is fed in a thin stream at the upper part of the kiln, and traverses the tubes, which are in

turn presented to the fire, so that they are successively brought to a dull-red heat, thus ensuring

regularity in the roasting, and avoiding those excesses of temperature which are always to be

feared with fixed tubes. The rotary movement enables the discharge to be made automatically

;

each time a pipe reaches a certain point it meets a cam, which opens the outlet. A little elevator

carries away the black as fast as discharged. The waste heat from the furnace circulates beneath

a platform for performing the preliminary desiccation. This form of kiln is much used.

The Blaize kiln possesses a most interesting feature in the novel method of manipulating the

revivifying-pipes with regard to the escape of the gases and watery vapour during the heating.

The black, after washing and vaporizing, still retains some internal humidity, which can only be

driven off by calcination. If the kiln is charged with too-wet black, this forms a plug at the top

of the tube, preventing the escape of the vapour, which is then forced throughout the column of

red-hot black ; the latter is thereby decomposed, the carbon is calcined, and the combustible gases

escape at the first opening which presents itself, usually between the joints of the pipes, dislodging

them, to the deterioration of the kiln, the formation of white char, and the general interruption of

the process. Ordinarily these evils are avoided by drying the black as strongly as possible before

putting it into the tubes ; the moisture then remaining can force a passage between the grains.

In the Blaize kiln, the liberation of the vapours is facilitated in the following manner. The heads

of the tubes are furnished with a transverse iron bar, composed of two sections, united by a

simple covering of sheet iron, and supporting in the axis of the tube another pipe of smaller

diameter, made of wrought iron, pierced with slots throughout its whole length, and which, pene-

trating the mass of black to its hottest part, favours the ready escape of the vapours, and

conducts them to the chimney. The black reaches the tubes in a dry state, as it previously passes

through the drier,—a chamber traversed by a large number of metallic tubes, through which

travel all the combustion-gases, and which can be cleaned by opening the end ; there is a trap for

discharging the drier. The black has to undergo many changes of position before reaching the

floor, thus ensuring its complete desiccation.

The second important feature in the Blaize kiln, is the construction of the tubes, which are of

enamelled fireware. Oast-iron tubes wear out rapidly, and unenamelled firewaie tubes produce

white char, by reason of their great porosity, which allows air to pass. The enamelled tubes do

not suffer from the heat of the kiln, as the enamel is put on at a white-red heat, such as is never

attained in the black-kiln. Broken tubes can be readily mended by a special composition, and

thus rendered as good as new. Moreover earthenware tubes afford a much superior black to iron

ones. The construction of the kiln is very simple, and obviates the use of arches, which never

withstand fire well. The upper bed and the second floor are formed of square blocks of fireware,

through the centre of which pass the tubes. The tubes support the blocks, so that the expansion

is uniform, and does not damage the kiln. Broken tubes or blocks can be removed and replaced

without pulling the kiln about. The second floor rests upon the cooling-tubes, which are of

cast iron, and furnished at bottom with traps and drawers, facilitating the discharge of a set

every 20 minutes.

Other forms of revivifying-kiln are described under Kefining.

Concentration of the Syrup.—The next operation is the concentration of the " thin " juice, the

removal from it of the excess of water, so that the liquid may become sufficiently dense, or

saturated witli sugar, to enable the latter to crystallize out.

Principles.—While the primary object of concentration is to get rid of useless water and form a

solid material, the purification of that material by mere crystallization must not be overlooked.

By this act, the particles leave in solution those bodies which are present in too small proportion

to admit of their crystallizing out, as well as those incapable of crystallizing. The crystals,

freed from their mother-liquor, are considerably purer than the original solution from which they

have formed. Crystallization is the property which many bodies (including true sugar) possess of

assuming a definite solid form out of a saturated solution when cooled : it is based upon the

power of water to hold these bodies in solution in a degree varying with the temperature, this

power (in most instances) increasing with the temperature. Thus if a gallon of hot water is made
to dissolve as much sugar as it is capable of holding in solution at the temperature exhibited, and

this " saturated solution " is cooled, the decreasing solvent power of the water compels the sugar to

separate from it in crystals. These crystals are a combination of sugar and water : but the water

is chemically combined, and cannot be driven off without decomposing the sugar ; consequently

this " water of crystallization " is regarded as an integral part of the substance, and the crystals

are looked upon as pure bodies. Their size depends partly upon the conditions under which they

are formed, these conditions being chiefly the duration of the operation, the bulk of water present,

and the agitation or quiescence of the liquor.

In concentrating sugar-liquor to a saturated solution, it is necessary to bear in mind the changes
which sugar suflers when subjected to heat. First it melts ; then, if the heating be continued
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slowly and regularly, it parts with enooeesive molecules of water, becoming converted into »
number of nnorystallizable non-aaccharine bodies, and ultimately into " caramel," a dark-brown
substance used for colouring porter and other liquids (see pp. 598-9). This conversion takes place
in concentrated solutions, as well as in the dry state. As evaporation proceeds, the mass thickens,

and the di£Soulty of equalizing its temperature increases, with consequent liability of certain

Scahe.'A Inch-) Foot

1322.

portions becoming transformed into caramel. Another change which is constantly proceeding in

the liquor is the inversion of crystallizable sugar into uncrystallizable. This is caused by pre-

existing uncrystallizable sugar, acids, and mineral salts, and is favoured by exposure to air and

heat. The consequence of these changes is "molasses,"—an artificial product, composed of

uncrystallizable sugars, and coloured by caramel. The value of molasses being far below that of
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sugar, the prevention of its formation is one of the chief aims of modern improvements in sugar-

making plant.

The difBculty of boiling dense liquids is well known. The cause of this difficulty is the

lessened ability of the vapourized water to overcome the pressure of the atmosphere, normally

amounting to about 15 lb. a sq. in. By relieving the liquid of this pressure, the " boiling " (i.e. the

driviug-off the watery vapour) can be effected at far lower temperatures, reductag the consumption

of fuel, and lessening the danger of burning the liquor. To apply these principles to the con-

centration of sugar-syrups, the various forms of vacuum-pan have been introduced, in all of which

the boiling proceeds in vacuo.

The first step with beet-syrup is to boil the watery liquor in a " double-effect " or " triple-

effect" apparatus till it marks 25° B., then known as "thick juice." It next goes to a cistern

where it is heated to boiling, and is again filtered through animal charcoal, by which more

colouring matter is removed, as well as some albuminous bodies that are more readily absorbed

from dense than thin liquors. After this second filtration, the juice is brilliant, transparent,

and almost colourless, but still contains much water. This is finally removed by boiling in

vacuo.

In the matter of concentration, the treatment of beet-sugar and cane-sugar are precisely similar

;

but there are a few variations in the apparatus, the forms employed in the cane-sugar industry

being largely of English manufacture, while those used in beet-sugar factories are essentially

Continental.

The vacuum-pan and its accessories are shown in elevation and plan in Figs. 1321 and 1322.

The pan a is mounted on a cast-iron framing, carried by 8 cast-iron columns. Boarding or iron

plates form a staging round the pan. The pan is fitted with thermometer 6, vacuum-gauge c, sight-

glasses d, proof-stick e for extracting samples of sugar, slide / for discharging sugar, cock g
to admit steam to clean out the pan, and arm-pipe and receiver h to catch any sugar that

may boil over. The receiver is fitted with delivery-cock and air-cock for destroying the

vacuum when necessary. The condenser i is fitted with a perforated pipe and stop-cock, a

lever, and an index-plate, to regulate the supply of water for condensing the vapour from the pan

;

j is the measure for regulating the supply of syrup, fitted with stop-cook and inlet-pipe from the

filtered-juice tank, a glass gauge to indicate the quantity of syrup, an outlet-pipe with stop-cock

opening into the pan, and an air-pipe having a cock communicating with the pan for forming a

vacuum in the measure. ^ is a valve for the supply of steam from the expansion-vessel to the

worm of the pan ; I, a pipe for carrying off condensed water from the steam-coil of the pan to the

condense-box m, which communicates by a pipe with a brick tank from which the feed-water is

supplied to the boiler; n, air-valve mounted on the air-main, for regulating the communication

between the air-pump and the pan ; o, dividing-box for distributing the flow of air from the pan
to the air-pumps ; p, two 16-in. air-pumps, 1 ft. 9 in. stroke ; q, 10-H.P. high-pressure beam-
engine fitted on diagonal frames, with 11-in. cylinder, 3 ft. 6 in. stroke, and 12-ft. diam. fly-wheel

with 6-in. elliptic rim, 4-in. plunger feed-pump, stop-cock, clack-box, copper air-vessel, and feed-

water supply-pipe r to a Cornish boiler ; s, pipes

for supply of steam to the engine and pan through '^^^'

the expansion-vessel ; t, sluice-cock for regulating

the supply of steam to the mercurial regulating-

valve M, by which the supply of steam is regulated

to the expansion-vessel v, fitted with a whistle-

valve and safety-valve, to prevent excess of pres-

sure in the worm of the pan ; the steam passes

from the expansion-vessel through the pipe w to

the steam-valve k, which regulates its admisssion

to the pan.

The pan is shown in section in Fig. 1323. The
copper pan a is fitted in a cast-iron steam-case 6,

with steam-space left between, and is surmounted

by a copper dome c. The copper and iron pans

and the dome are bolted together through their

flanges with a wrought-iron ring and bolts so as

to be air- and steam-tight throughout. A man-hole

d, with a, ground gun-metal cover, is attached

to the top of the dome, from which proceeds the arm-pipe opening into the receiver h. A steam-

valve h opens into the copper steam-worm y. This worm gradually diminishes in diameter from

the entrance-point at the steam-valve to the exit at the bottom of the pan. A wrought-iron

pipe X is fitted into the cast-iron pan b, to carry off the water from the steam-case ; the slide-valve

n at the bottom of the pan is for discharging the sugar. The dome of the pan is mounted with »

SccbU'/iin^flt'
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vaoimm-gauge, thermometor, " sigbt-gloae," and " |.roof-etick " for testing the concentration of the
liquor.

The proof-stick (Pig. 1324) is simply a brass or gun-metal tube, which U driven from the upper
part of the side of the vacuum-pan down an aperture made of the same size aa the rod. When it

1324.

reaches tlie bottom, the tube is twisted half round by the cross-handle, and opens a communication
between the end of the tube and the syrup. In the end of the tube is a groove, into which the
syrup enters

; the handle is half-turned again, the tube is drawn out, and the entrance is closed as
before. The liquor can thus be examined without destroying the vacuum in the pan. The sight-
glass is shown in Fig. 1325 : a, gun-metal rings ; b, vacuum-
pan ; c, leaden ring ; d, |-in. bolt ; e, glass plate. Figs. 1325.

1326, 1327 show a side-view and plan underneath of a slide.

It consists of a gun-metal cup and slide a, and wrought-iron
lever-bar b, fitted with bearings, and of the form and dimen-
sions shown.

Curing.—The sticky mass of impure sugar-crystals ob-

tained from the vacuum-pan has to undergo treatment which
will separate the crystals in a pure white state. The old
methods of drainage are described under the head of Cane-sugar ; in the beet-sugar industry,

centrifugal machines are now exclusively employed for the first operation : their principles and
construction are detailed under Cane-sugar and Refining.

First, Second, and Third Sugars.—The centrifugal charged with the dirty crystalline mass is

made to revolve rapidly till the colour has changed to reddish, when, without stopping the rotation,

a small quantity of

clairce (pure syrup at

30° B.) is poured in ;

the result of this is a

clear-yellow tint in the

whole mass, where-

upon dry steam is in-

jected, and soon the

sugar becomes per-

fectly white. This is

termed sugar of pre-

mier jet (" first throw-

ing"). About f of

the total sugar re-

coverable in a crystal-

line form is thus ob-

tained. Tiie liquid

flowing away, contain-

ing the remaining ^
of crystallizable sugar, besides the unerystallizable, is run into large tanks, reheated, filtered

through animal charcoal, boiled to a stringy consistency, and stored in cisterns during the whole

period while the first sugars are being cured. It is then passed through centrifugals, either

alone, or with the addition of a little pure syrup, and thus affords a certain quantity of second

sugars. The molasses drained off in the centrifugals is stored in immense tanks in a room heated

to 40° (104° F.), termed the salle des emplis ("filling room"). At the end of a year or so, this

molasses is put through a centrifugal, and yields third sugars, with which are crystallized large

proportions of saline impurities.

Yields.—The results ordinarily obtained in making beet-sugar are :—100 lb. of beet afford 10 lb.

of raw (uncured) first sugar, which loses 50 per cent, of its weight in the centrifugal, thus leaving

5 lb. of firet sugars. The Sowings from the first sugars yield 88J per cent, of raw second sugars,

which, after curing, furnish 37i per cent, of their weight of second sugars, or IJ lb. on the 100 lb.

of beetroot. The curing of the second sugars gives a very variable quantity of molasses, which

renders up 19-20 per cent, of its weight of sugar, or about J lb. of third sugars on the 100 lb. of

beetroot. The molasses proper contains 50 per cent, of sugar, and as it amounts to 3 per cent, of

6

w
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the beet, it carries away IJ lb. of sugar on the 100 lb. of beet, bringiug the total yield of sugnr

to 8J per cent., out of the 10 per cent, originally contained in the roots, the IJ per cent, difference

representing losses during manufacture. Thus, 100 lb. of beetroot give :

—

First sugars 5-00 lb.

Second „ 1-50 „

Third „ 0-50 „

Molasses 1'50 „

Losses: sugar in the pulp 0'50 „

„ „ scums 0'35 „

„ lost in the filters, &c 0-59,,

Miscellaneous 0'06 „

Total lO'OO „

Thus the average yield of crystalline sugar from the beet is 7 lb. on the 100 lb. of root, or Jj of

what the root contains ; while the final molasses takes away as much sugar (which is lost so far as

its sugar is concerned) as is represented by the actual yield of second sugars.

The Molasses.—The average composition of final beet-molasses is :—Sugar, 50 per cent. ; non-

saccharine matters, 30 ; water, 20. Of the 30 parts non-saccharine matters, 10 are inorganic

substances, principally potash ; the other 20 parts are organic bodies, various acids united to the

potash, and other bases, compounds derived from the decomposition of the albumen (pectose),

" betaine," and many other substances which have not yet been isolated. These 30 parts of non-

saccharine matter contain 5J per cent, of potash, and l" 8-2-0 per cent, of nitrogen in combination.

The annuiJ production^ of final beet-molasses in continental Europe is estimated at 250,000 tons,

representing 125,000 tons of sugar, 13,750 tons of potash, and 4500-5000 tons of nitrogen.

Until recently, the recovery of the 50 per cent. (125,000 tons) of sugar has not been attempted.

The ordinary methods of utilizing the molasses have been (1) to convert the sugar present into

alcohol by fermentation (see pp. 203-4), and (2) then to carbonize the residuary matters after the

distillation of the spirit, and operate upon the ash to obtain the salts, principally carbonate of

potash (see pp. 257-9). Some 12,000 tons of potash were extracted from beet-molasses in this way,

in 1875, in 18 factories situate in France, Germany, Belgium, and Austro-Hungary. These modes
of utilizing the molasses are not the most rational, inasmuch as alcohol can be produced much
more cheaply and advantageously from starch. Several methods have been proposed for extract-

ing the sugar contained in the molasses. The most important of these are Dubrunfaut's
" osmosis " process, largely adopted in pussia, Germany, Belgium, and France ; Scheibler's

" elution '' process, renowned in Germany ; and various plans devised by Seyferth, Manoury, and

others.

Osmosis.—The osmosis process is based on the same principles as the diffusion method for

extracting beet- and cane-juices (see pp. 1842-5), the salts contained in the molasses diffusing

much more rapidly through a porous diaphragm than sugar. The difference of time is, however,

insufficient to enable direct separation to be made. At the commencement of the operation, the

membrane is traversed by much salts and little sugar, whilst later on, the reverse takes place ; the

operation is, therefore, interrupted when a part of the salts is extracted, so enabling a part of

the sugar to be crystallized by evaporation. The second molasses separated from the crystals is

of the same composition as the first ; this is again diffused, and the operation is repeated until

the product is too impure to be worked further. The process is inexpensive, but it causes a loss

of nitrogenous matters and potash salts, and it is difficult in some oases to get rid of the washings,

which are apt to contain deleterious matters.

The " osmogene " employed in the process is shown in Figs. 1328 and 1329. It consists of two
chambers, separated by a suitable diaphragm. One chamber contains molasses, while the other

is filled with ordinary water, the two being parted by a septum of parchment-paper. Each com-
partment is a wooden frame 39 in. wide, 26 in. deep, and about i in. thick; 4 wooden stays

divide the interior of the frame into 5 compartments, communicating by openings. On each face

of the frame, are fitted leaves of parchment-paper, held up by,thin cords. The molasses, entering

at the bottom, rises in a serpentine into the 5 compartments of the frame, and escapes at the top.

A second similar frame, filled with water, is placed in juxtaposition to the first, so that the same

sheet of parchment-paper serves to separate the two frames, and consequently the two liquids.

Tills constitutes one " element " (oouple) : several such placed in rotation form the complete

osmogene. Circulation is established by channels in the frames, one at the left, below, com-

municating only with the molasses frames, the other, above on the right, for the circulation of

water. The frames are screwed together by long bolts ; they usually number 50, sometimes 100.

To change the tapes, the screws are undone, and the frames laid on a table. The molasses enters
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at a temperatnro of C0°-75° (U0°-167° F.), and the water nt 85' (185° F.); the density of
the molasflcs is reduced from 41° B. to 30° or 25° B. It might be still further lowered, with
corrosiioiiiling cost In evaporation.

A modificaUon of the osmogene, introduced by Lilpop, Eau, and LSwensteiii, of Warsaw, takes
the form of Trinks' filter-press. The frames, to the number of 51, rest by means of projections
upon two horizontal arms, and are screwed together. The discharge of the apparatus and change
of liquids is facilitated by arranging the whole to rotate on its axis.

Elution.—In this process, the sugar of the molasses is converted into tribasio suorate of lime,
by mixing the molasses with about a quarter of its weight of lime, when tlie mass solidifies ; it is

treated with water, which removes the organic
matters, while the sucrate of lime remainssolid. '^^''•

This latter is carbonated (like lime juice), and
gives a syrup of 23° B., containing 33-7 per
cent, of sugar, and 5-7 of impurities. Much
sugar is lost in the washing-water; it has
been proposed to remedy this by washing with
alcohol of 37", instead of water. The loss is

then much less, and the exosmosis waters con-

tain for 100 parts sugar 131 parts of total im-
purities. The former process is due to Lair et

Bilange ; the latter has been named " elution "

by Dr. Scheibler.

Seyferth has modified the elution method
by using molasses at 13°-I4:° B. at a tempera-
ture of 30°-33° (8G°-91i° F.), filtered through
a perforated plate to remove foreign matters.

Then 30-40 per cent, of quick-lime,—free from
clay, dry, and very finely powdered,—is made
into a cream with water, and added to the

molasses in little vats. The mass heats to

125° (257° F.); the water evaporates, and
swells the bulk 3- or 4-fold. At the same
time, ammonia is disengaged, in the propor-

tion of 2-35 parts of steam for 0-008 parts

of ammonia, per 100 of molasses. During the

swe)ling-up, the mass is btirred, to prevent it

running over. When the opei-ation is finished,

the whole is cooled. The vat is opened, and
the cake is broken into fragments the size of

a nut, without making any powder. These
fragments are regularly supplied to large

" eluturs," having the form of diifusors,

arranged in a battery, and surmounted by an
outlet-tube for the displaced air, which tube

plunges into a sort of condenser for the purpose

of retaining tlie alcohol disengaged with the

gases. Alcohol of 35 per cent, is introduced

into the elutora from below, and remains for

12 hours upon the lime mixture. It is then

drawn off, and replaced by another charge for

a further 12 hours. This latter, being but

slightly charged, serves for the maceration

of a fresh quantity of lime mixtme. The
sucr.ite is thus treated 5 or 6 times, till at

^^^'

last it is quite white and pure. At this moment, steam is injected into the elutor. The alcohol

which remained imprisoned in the sucrate distils, while the sucrate itself is reduced to a paste, and

can be readily drawn off.

The elution process is now largely used, and famishes, in the form of suorate, about 80 per

c«nt. of the sugar contained in the molasses. This sucrate may most advantageously replace milk

of lime in the defecation of beet-juice (see pp. 1846-7). Opinions differ as to the relative value of

osmosis and elution, the question often depending upon lix;al conditions. The balance would

seem, however, to be in favour of the latter. It necessitates expensive plant ; but presents the

ndvantngcs that, when the spirit is evaporated from the leys, the potash salts and nitrogenous

6 c 2
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matters are recoverable in a sufficiently concentrated form to be immediately available for

agricultural purposes.

Manoury's Process.—Mauoury has introduced another method for extracting the sugar from

the suorate of lime formed, and has worked it at the Capelle Factory, near Dunkerque, with

complete success. The principle is the same as in the German elution process, but the application

differs. Into a special mixer, is introduced the molasses with 3 per cent, of lime in the state of

milk of lime of 20 per cent. The combination there takes place, and the sucrate of lime leaves it

in a granular condition, not larger than a pea, and mixed with excess of pulverulent lime. A
bolter separates the powder, while the grains fall into washers with alcohol at 40 per cent. There

the sucrate is purified from soluble matters (salts and organic substances), and, from a deep-

brown, comes out greyish. It contains about 20 per cent, of lime, and, when dissolved in water,

forma a syrup of 26° B., containing an average of 15 per cent, of sugar for 1-30 per cent, of ash.

About 100 lb. of molasses give 250 lb. of sucrate. The washers being closed, the loss of alcohol,

including revivification, reaches only 2 per cent, of alcohol at 40 per cent. The cost of making

the suorate is placed at Id. per cwt. of molasses. The suorate is used instead of lime for car-

bonating raw juice. The apparatus is inexpensive, the manipulation is simple, and the alcoholic

purification of the granular suorate is very perfect.

Cane - sugfar (Fb., Sucre de la Canne ; Ger. , Hohrzucker).—Oultivation op the Plant.—
The Plant.—The sugar-cane is a kind of gigantic grass, belonging to the genus Saccharum. Mosl
botanists ascribe all the sorts of sugar-cane to a single species, Saccharum officinarum [Arundo

saccharifera], supposing all the forms now met with to be varieties induced by cultivation. The
best authorities are not absolutely agreed upon this subject, however ; and it is probably impossible

to arrive at a reliable decision, while the original home of the sugar-cane remains unknown.

Varieties.—Practical ends are served by a knowledge of the characteristics developed by
education in the difierent varieties. Many of these have been raised to the level of distinct

species ; but it will suffice here to give the names by which they are generally known to planters.

1. The Bourbon cane, introduced into the W. Indies from Bourbon, came originally from the

coast of Malabar, there growing as a small-sized, but soft and juicy cane ; affected by the change of

climate and soil, and cultivation, it so increased in size and richness that it at length entirely

superseded the old species.

2. The Otaheite canes are two ; the yellow or straw-coloured, and the purple-striped or ribbon.

The former and the Bourbon are much alike, if they are not the same variety. With a good soil

and favourable season, 1st year's plants are often 12-14 ft. high, 6 in. in circumference, and with
joints 8-9 in. apart. Such yield (in Jamaica, Bengal, and the Straits) 2§-3 tons of sugar per acre.

They attain maturity in 10-12 months, and require a generous soil, and attentive management.
The purple-striped Otaheite cane is often called the Otaheite ribbon cane, in contradistinction

to the ribbon cane of Batavia. It is hardy and esteemed, of large size, soft, juicy, and sweet.

.3. Batavian canes are four, viz., the yellow-violet, purple-violet or Java, "transparent" or

ribbon, and Batavian proper. The " yellow-violet " differs from the Bourbon in being smaller, less

juicy, considerably harder, of slower growth, and more erect. When ripe, its rind is thick and pith

hard ; but its juice is rich and abundant. It grows in inferior soil ; its sugar is of fine quality, but

less in quantity than from the Bourbon. The " purple-violet," or large black cane of Java, is as

tliick as the Otaheite, with joints 3-7 in. apart, and is 8-10 ft. high. It yields a very sweet
rich juice, but being very hard, it is difficult to crush, and affords a comparatively small quantity
of juice. It is very hardy, thriving well in poor dry soils : in Jamaica, it is often planted in the
outer rows, to stand the brunt of trespassing cattle. The " transparent," or ribbon cane, is much
smaller than the Otaheite ribbon cane. It grows 6-10 ft. high, with joints 4-8 in. apart and 4 in.

in circumference. It is generally planted in light sandy soils, where no other cane will thrive.

Though its rind is thick, and its general texture hard, yet it yields a good quantity of juice of
excellent quality. The Batavian cane is common in the Straits of Malacca, where it is cultivated

by the Malays. The joints are seldom more than 3-6 in. apart. In height, size, and foliage, it

closely resembles the yellow-violet ; it differs in being softer, more juicy, and less hardy. In a
rich soil, it is prolific, and ratoons well ; but, on the whole, it is inferior to the Otaheite, while
requiring an equally rich soil.

4. Of E. Indian canes, the large red canes of Assam are very juicy and sweet ; their sugar is of
fine grain and good colour ; they are, moreover, strong in growth, and much less apt to fall over
than the Otaheite, to which they are equal in size, and in quantity and quality of juice. They
can be out in 10 months from being planted. In Lower Bengal (near Calcutta), and in the Straits
of Malacca, a large red cane abounds, which bears a close resemblance to the preceding. The fine
red cane of Bengal is much used about Calcutta ; sugar made from it by the natives shows a grain
of good size, strength, and brilliancy. The black and yellow Nepal canes are large-sized and fully
equal in appearance to the Assam. The small-sized canes cultivated in India are very numerous
the most common being the hajUe and pooree. They are very inferior.
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5. The Chinese cane possesaes the advimtage of being so hard and solid as to resist the white
ant and the jackal—two great enemies to E. Indian sugar plantations. It is difficult to crush with
the native mill, but bears drought mucli better tliau the sorts in general cultivation, producing ii

pr.ilitable crop even to the 3rd year, while the common cane of India must be annually renewed-
It is extremely hardy and prolific ; during very hot seasons, it remains uninjured in every respect.

By September, it reaches 12 ft. in hcigljt, 3 in. in circumference, and with joints 6-8 in. apart.

These, cut in October, may be plnnted out during a tolerably severe winter. The variety is well

suited to India, though far inferior to the Otaheite, wherever that cane can be cultivated success-

fully. It is rarely more than 1-lJ in. diam., but is sweet, and makes fair sugar. The Chinese
assert tliat it is bitter adapted for making sugar-candy than any other cane. This must not be

confounded with the Chinese cane experimented upon in Demerara in 1854-5, which was Holcus

saccharaius (see Sorghum-sugar) ; it gave 3 or 4 crops u year, but its annual aggregate yield fell

short of common cane.

6. The "elephant" cane of Cochin China has been stated to reach a height of 11 ft. and
diameter of 7 in. in 6 mouths. It is there only cultivated for chewing, but might succeed better

elsewhere. In a good soil, it requires 2 years to reach 10 ft. in height ; after 5 or 6 years, it may
reach 16-32 ft. In Mytho, it is cultivated in humid alluvial soils on a considerable scale. It

possesses a very brittle rind, breaking into small fragments when passed through the mills.

7. The Straits Settlements grow eight kinds of sugar-cane, faremost among which is the

Salangore. This is one of the finest cams known, attaining a weight of 2.5 lb., a length of over

13 ft., and a diameter of 3 in., under favourable conditions. It "ratoons" betttT than .any other

kind in the Straits, and has been known to yield tlieru 40 pioals (of 133^ lb.) of granulated

undraiiied sugar on 1 orlong (1^ acre) of ground iis 3rd ratoons. As " plant canes," tliey have
given an average of 65 picuh of granulated sugar from each orlonj, or 6500 lb. to the acre, some-

times increasing to 7200 lb. They t^row firm and strong, remaining much more erect than the

Otaheite; and afford abundance of juice, which is sweet, easy of clarification, boils well, and

produces a very fair sugar of bold and sparkling grain. The Salangore cane has been introduetd

into Brazil and tlio British and Frencli \V. Indies. Planted at 2 yd. by 2 yd., and propc rly manured,

in 5-6 months it forms such a thick vigorous growth as to keep down weeds. The clumps yield

25-40 canes, thus producing a weight per acre much in excess of ordinary canes. As many ns 16

clumps have been cut from 40 sq. yd., giving a nett weight of over 800 lb., or at the rate of more

than 80,000 lb. to the acre, while the ordinary canes vary from 20,000 to 60,000 lb.

8. The S. Pacific Islands produce a number of forms of cane which are strictly local. Cuzent

enumerates seven kinds in the Society Islands. On the flanks of some of the mountains, two other

varieties are met with : they are both small. Canes growing in the Pacific Islands are said to

yield more juice and considerably more crystallizable sugar than the bulk of those raised in our

Colonies ; and the Otaheite [Tahiti] canes cultivated in the W. Indies degenerate in course of

time, and should be renewed by the importation of fresh stock from the Pacific groups, and
perhaps New Guinea. The Sandwich Islands are accredited with 35-40 distinct varieties. One

of these, grown on 30 acres of good land under irrigation, gave an average yield per acre of 12,000 lb.

(6 hhds.) of No. 16 sugar. It is hardy, and grows freely up to 2000 It. in its native country.

9. H. Prestoe recently published an official report, describing the 14 best W. ludian varieties of

cane, among 32 surviving kinds of a larger number sent from Mauritius ; 18 seem to be distinct

varieties, deserving of culture, as possessing, in one way or other, superiority over the few sorts

at present in cultivation, and among which the yellow Otaheite takes by far the largest place.

Some of the new varieties are peculiar for length of joint, and some for length of joint united with

stoutness. One is remarkable for these combined with very soft tissue. It also bears drought

well, and is prolific. A richer and moister soil will improve all. Purple and purple-striped canes

are generally admitted to be preferentially adapted, by their hardihood, to the poorer drier soils;

but they have a strength of tissue which gives increased trouble in orushin?;. There are remarkable

exceptions, however. There is no reason to doubt that, with selection and nursing, superior and

fixed qualities can be obtained in sugar-cane, as freely as they have been in beet and other agri-

cultural crops in Europe and America.

More recently, particulars have been published of three new varieties, named " Caledonian

Queen," " Green Salangore," and " Violet Salangore." The first is close-jointed and extremely

vigorous, and the ready way in which the length of joint and diameter of cane are affected by

manure, indicates great variability of habit, and suggests gigantic growth under the influence of

rich alluvial soil. The Green Salangore is the freest-growing of all, except the giant Claret cane

;

and its erect habit is even more striking than in that sort. In respect of length of joint and diameter

of cane, it is equal to it, thus being the largest yellow cane grown in Trinidad. The foliage is

completely deciduous, so that " trashing " is reduced to a minimum. The Violet Salangore has the

habit of erect growth most strongly developed, besides being distinctly the longest-jointed and

tallest, with a full average diameter.
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The erect habit in theae two Salangores is a character which, considering the inilueneea most

conducive to a large yield of sugar, is of importance. One of the most commonly observed facts

on a sugar-estate is that canes grown erect (and therefore enjoying full sunlight and air) are

yellow, and "full of sugar," whereas canes lying on or near the gi'ound (and thus deprived of light

and air by their erect companions) are green and deficient in sugar. The erect or decumbent

posture of the canes is in a measure dependent on the soil, and on the kind of culture they are

treated to, especially when young ; but, under any circumstances, a marked disposition to maintain

an erect habit of growth is an obvious advantage in respect of the sugar yield.

With regard to the several varieties already introduced from the East, as well as the three now

newly brought into notice, there has not been any means for testing their specific habit of growth

and sugar yield under extended cultivation.

The planter should make a selection of the two or three best sorts adapted to his estate, and

not confine his attention to a single kind, however superior its qualities may be, for experience

has proved tliat one class of cane, grown for successive seasons over many years, suffers material

deterioration. The occasional exchange of new varieties therefore becomes imperative, in order to

secure tlie maximum results that the land is capable of affording.

Structure and Development.—The sugar-cane has a knotty stalk, and at each knot or joint is

a leaf and an inner joint. The stole or " stool " is divided into two parts : the first is formed of

several (5-7) peculiar joints, placed very near to each other, and having rows of little points at

their surface, which are elements of roots and are called radicles ; the whole forms the primitive

stole. The joints are likewise endowed with several rows of points, elements of roots, which

develop themselves when requisite, and form, with the joints whence they issue, the secondary

stole. The roots issue from the development of the sap-vessels, which are disposed in concentric

rays round each point, on the surface of the joint. They are very slender, almost cylindrical,

scarcely ever more than 1 ft. in length, and have a few short fibres at their extremities.

The number of joints on the stalk or cane proper varies from 10 to 60 (even 80 in Brazilian)

;

but there are much fewer in the Otaheite, whose internodes or so-called "joints" are 8-9 in.

long, while the finer specimens of Brazilian are but 2-3 in. The joints vary much in dimensions.

The knots of the canes are rings i-f in. wide ; 4-5 rows of semi-transparent points occupy their

circumference, and a circular semi-transparent line divides the outer from the inner joint. At the

upper part of this, is a sliglit circular hollow, called the "neck," terminated by the leaf belonging

to the joint. The inner joint performs the most important function of the plant from an economic

point of view ; in it, the juice, after undergoing various modifications, an-ives at the condition

which gives it its value as a sugar-yielder. On every joint is a bud, which encloses the germ of a

new cane.

The sap-vessels are large, and number more than 1500. The buds always grow alternately on

the opposite sides of the joints. The semi-transparent ring which forms a line of demarcation

between the outer and inner joints is the weakest part of the cane, and where it is most apt to

break. The rind consists of three distinct parts : the rind properly so called, the skin, and the

epidermis. The rind is formed of sap-vessels, ranged in a parallel direction, on a compact circular

surface. The skin, which is very thin, is at first white and tender ; it becomes green and then

yellow, as the joint approaches maturity. The epidermis is a fine and transparent pellicle, which
covers the skin.

Under very favourable circumstances, immediately after the first development of the cane-

joints which form the secondary stole, the bud of the first of these jofnts may throw out its radicle

roots and form a second filiation on the first ; the bud of the first joint of tliis second filiation also

sometimes forms a third ; the second and third soon become very nearly as forward.as the first,

and, like it, form canes.

The first joint requires 4-5 months for its entire growth, and, during this time, 15-20 joints

spring from it in succession. Wlien the leaves of the first two or three joints have died away,
there are then 12-15 leaves at top. In its natural state, the cane has at this stage completed
its growth, and arrived at the usual period of its fiowering; if it blooms, the principle

of life and generation passes entirely to the development of the parts of fructification. At this

time, the joints which spring forth are deprived of tlieir bud, and the sap-vessels, with which they
were supplied, pass into the leaf; whence it happens that, as the number of these vessels is con-

stantly diminishing, the joints in a similar proportion become longer, and their rind thinner. The
last joint, which is called the " arrow," is 4-5 ft. long ; it is terminated by a panicle of ibterile

flowers 18-20 in. high. If the period of flowering is delayed by cultivation, the principle of life

passes to the generation of new joints, and this continues till the sap-vessels of the stole become
woody, and do not afford a passage to the juices. Under cultivation, very few canes flower at all ;

exceptions occur on some soils, when the canes are planted early, and their vigorous growth is

suddenly checked.

Eange.—The sugar-cane has a wide range, succeeding in almost all tropical and sub-tropical
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countries, nnd reaching an elevation above sea-lovel amounting to 4000 ft. in tlie S. Pacific, and
5000-6000 ft. in Mexico and S. America. It is cultivated in many parte of the level country in

India and China as fur as 30° or 31° N. lat. Its exact geographical range may be more

conveniently studied in the section on Production and Commerce.

Climate.—The sugiir-cane thrives best in a warm moist climate, with moderate intervals of hnt dry

weather, tcmpfred by refreshing sea-breezes. Its most luxurious development occurs on iilanda

and sea-coasts, leading to the supposition that the saline particles conveyed to it by the winds are

beneficial ; but perhaps the exuberance of the plant in such situations is due to the moisture

which accompanies the sea-breezes, even in the hottest and driest weather. Tlie cane attains its

greatest perfection within the tropics: cold in any degree opposes its growth and development,

hence it can be cultivated but little in Europe. A singular change in the nature of the juice

is occasioned by frost. While the fiost continues, the low temperature prevents fermentation

setting in ; but should a thaw intervene, viscous fermentation takes place, and will prevent the

crystallization of the juice if subsequently concentrated. In the npper districts of India, frost

frequently does great harm to the cane crops. Eain at the proper season is equally necessary for

cane-culture, though it may be to a great extent replaced by irrigation ; but rain when the canes

are maturing, if in great quantity, may do much mischief. As the canes are approaching maturity,

2-3 months of hot and fairly dvy weather are exceedingly beneficial, bringing tlie juice to the

highest degree of sweetness, and assuring a large yield of fine sugar; slight showers at long

intervals serve to maintain the vigour of the plant without appreciably weakening the juice. In
the case of vegetation being renewed by rains after a drought, if it occur in a locality where
frost is not to be feared, it will sometimes be advantageous to leave the canes on the ground much
later than usual, as the juice will gradually become much richer than it can be immediately after rain.

Should an alternation of sunshine and rain be fallowed by long-continued drought, the growth
of the plants will be checked, and there will be a disposition to arrow. If cut now, the juice will

be of good quality, but deficient in quantity, owing to the small size of the canes. When a

drought sots in only a short time before commencing to reap the crop, the effect is eminently

beneficial, causing an inspissation of the saccharine contents of the cells by the evaporation of their

water. But if the drought should continue beyond the time necessary to produce the effects just

mentioned, the stems assume a red and scorched appearance, and not unfrequently split; the canes

then are said to be " burnt." The juice is reduced in quantity, and its quality is altered. In
extreme cases, it is strongly acid, but it varies much in this respect. Frost will also cause canes to

burst.

Soil.—Decomposed granite in the Straits Settlements affords really desirable land for sugar

culture, being well fertilized by a proportion of decayed vegetable matter. In both E. and W.
Indies, there abounds a kind of soil called " brick-mould," which is considered most advantageous

for sugar-planting. It is a mixture of sand and cluy, in such proportions that air and water can
penetrate to some depth with facility, thus constituting a mail which can be worked with ease.

Its property of retaining moisture, even in the hottest season, is remarkable ; while in heavy rains,

the water escapes quickly where drains exist. Deep black moulds are less suitable for cane-culture,

tending to produce exuberant plants, rather than a rich and plentiful juico. Some of the very best

sugar is produced on limestone soils, though they do not promise great fertility. In the Straits

Settlements, Demerara, Louisiana, and other places, it often occurs that lands are strongly im-

pregnated with saline matter, which causes the cane to grow most luxuriantly, but affects the juice

(and consequently the sugar made from it) very prejudicially. Where salt is present in the land,

as from the overflowing of tides, the course to be pursued is, after banking out tlie tide and pro-

perly draining, to plant Indian corn, Guinea corn, or Guinea grass for 2-3 years, until the saline

matters have become in a degree exhausted ; canes may then be planted without fear.

Manuring.—The object of manuring is to supply to the plant those chemical constituents which

the soil is deficient in. The sugar-grower's efforts must be directed to the production, not of the

tallest and stoutest canes, but of the greatest possible quantity of orystallizable sugar.

Composition of the Canes.—Before discussing what cane-manures should consist of, it is

necessary to know the composition of the canes to be grown, and of the soils to grow them.

The average composition of a fully-developed sugar-cane is :

—

Water 71-04
1

Sugar 18'02 I Derived almost

Cellulose 9'56 / wholly from
Albuminous matter 0'55 the air.

Fatty and colouring matters • 35 J

Salts soluble in water 12 1 Derived from
,, msoluble lb ^ ^

SUicB 0-20
)

IIIOOO
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Therefore 1000 tons of cane take up from the soil rather more than 4 tons of mineral ingredients,

and ahout 1 ton of nitrogen is required to form their albuminous matter. Manures deal only with

the materials supplied through the soil, except in supplementing the amount of nitrogen. The
nature and relative proportions of the mineral ingredients are ascertained by analysis of the ash of

the full-grown entire cane. Much discrepancy exists in the analyses of cane-ash hitherto made,

which is due in part to variety of soil, different ages of the plants, and omitting the leaves.

Subjoined are some analyses of cane-ash, by Dr. Stenhouse :

—
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magnesia (though originally the lime was higher than the magnesia), the crops of cane will fall off

year by year, ami most careful manuring will be necessary to regenerate the soil.

Jlanures obtained from Foreign Sources.—The only manures fit to be used on a partially-

ozhausted soil are good stable-manure, well-fermented farmyard dung, or manure made from night-

soil. These are natural products, and not only contain all that the plant requires, but in the

proper state for assimilation. Superphosphates have little beneficial effect upon graminaceous

plants (including the sugar-cane and the cereals); and though excellent special manures have
been compounded, nothing can equal dung and night-soil. Dung is precluded from wide use by
reason of its bulk, but a product is now prepared from night-soil and urine which well compares, in

composition and fertilizing qualities, with concentrated farmyard manure. It is got by evapo-

rating excreta as nearly as possible to the dry state ; as it holds only 12-16 per cent, of water, its

transportation can be effected as easily and cheaply as with guano. Analysis shows it to contain

all the ingredients of rich farmyard manure in a concentrated state, and in the same assimilable

form. It is manufactured by the Urban Manure Company, at Bloxwitch and Churchbridge, and

is eminently adapted for long-worked cane soils.

Perhaps the best method of using tlie acid superphosphate manures would bo to mix them

intimately with one-quarter their weight of good Peruvian guano, and one-quarter their weight of

cane ash, and apply the mixture at the rate of 5-8 cwt. an acre, according to the mechanical

condition of the soil, and its more or less effective drainage. A good mixture for most soils

consists of Peruvian guano, cane ash (or burnt begass), and stable manure or compost heap, to

which mixture one-quarter its weight of gypsum might be added. This last ingredient supplies

lime, which has already (p. 1864) been alluded to as of primary importance. Lime is equally well

supplied by chalk, unbuint limestone, or broken sea-shells ; it should never be applied in the

caustic (burnt) state.

Sulphate of ammonia and nitrate of soda act as powerful stimulants, but the plants feel a great

relapse shortly afterwards. Moreover, nitrogenous manures do great harm in another way, by

increasing the albuminous matters in the cane-juice, to the double detriment of the sugar, first by

reducing the amount of sugar in the plant, and next by destroying a portion of tiie sugar in the

already-extracted juice during the process of manufacture.

Manures Produced on the Estate.—The waste produced on a sugar estate consists of the follow-

ing materials :— (1) The " trash," or dead leaves which are stripped from the canes during growth,

as well as the " tops " which are not used for planting ; (2) the " begass," or crushed cane from

which the juice has been (more or less perfectly) extracted; (3) the " feculencies " collected in

the clariflers, &o. ; (4) the " dunder," or wash-waters, containing salts in solution and otlier

matters. To these must be added the night-soil and dung accumulated on an estate.

The leaves should be hoed in as fast as the trashing (p. 1867) proceeds ; but this cannot be done

in localities frequented by the white ant. In such cases, tlie vegetable matter must first be fer-

mented in tanks under sufficient moisture to repel ants, and then ploughed or trenched in between

the rows of canes. The same applies to the waste cane-tops.

The begass may be carried back to the fields by the carts which bring in the canes, and imme-

diately ploughed or trenched into the soil. But the general plan is to use the begass for fuel, and

return only its ashes to the soil. Burning reduces the ashes to an insoluble condition, and their

value is greatly diminished. The question of returning the begass to the soil depends upon the

circumstances that the estate requires both manure and fuel, and that the fresh begass will afford

either one or the other (but not both) ; consequently the one not so supplied must be derived from

other sources. The highly-concentrated form in which cane manures are now supplied, and the

invention of furnaces for burning undried begass (p. 1876), are inducements to adhere to the current

custom. Thus only the ash of the begass can be counted on as manure. This amounts to about 5 cwt.

from each 100 tons of cane crushed and burned ; its manurial value is 8s, a cwt. It should be pre-

served with the other waste under a shed out of the rain till used. There wUl probjibly be an

additional 5 cwt. of ash from other sources (trasli, wood, &c.), worth about 6s. a cwt.

The feculencies and skimmings, say 6 tons (from 100 tons of cane), if pressed as soon as col-

lected, yield 3 tons of juice and 3 tons of cake ; this cake, dried, with or without previous fermen-

tation, yields i ton of dry nitrogenous manure, worth 3/. The sediment of fermenting-vats, also

containing some nitrogen, say 4 cwt. when dry, would be worth 10s.

The " dunder," being to the extent of | used over again daily in making up the wash, would

leave ^ to be dealt with as manure, say 800 gal. or 4 tons (from 100 tons of cane). It would dry

to about J ton, and be worth about 3/.
, . .

Green-soiling, Rotation, Fallows, and Tillage,-" Green-soiling" consists in plantmg beans,

lucerne, iudigo, or other plants, between the cane-rows (when canes are first planted), and plough-

ing them in whilst they are green and succulent; this has a powerful fertilizmg effect. Indigo

phmted by a drill (in regular lines), just at the commencement of the rains, may, in 2 months after,

be uprooted, laid along near the roots of the young canes, and moulded over. If cut to within a few
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inohea of the ground, when they have attained a good growth, they will furnish another fine bushy

plant before the end of the rains ; this may then be rooted up and moulded over as the first. The
indigo-plant is continually appropriated to this end by the natives of India, although not until the

colouring matter (see Dyestuffs—Indigo, pp. 858-61) has been extracted, and the plant becomes

partly decomposed. The greatest good can only result from ploughing in plants whilst quite green

and succulent, and the best time for the operation is just before they blossom. In Demerara, the

castor-oil plant (see pp. 1380-2) is highly esteemed for the purpose ; and the same may be said

of the pigeon-pea (Cajanus indicus) in the W. Indies and Australia.

Eotation of crops as a means of refreshing the soil has long been known and applied in European

agriculture, and some sugar-planters have at last appreciated the advantages to be derived from it.

In Mauritius, it is now becoming the general custom, after the land has borne canes for 2 seasons,

to plant it with maize (Indian corn), arrowroot, manioc (cassava), or peas, allowing a period of

3 years between the cane crops.

Fallows and tillage may be considered together, as there is very little good in allowing land to

lie fallow (unoccupied by any crop) without subjecting it to thorough tillage, so as to open it up,

and expose it thoroughly to the action of the air. Green-soiling is probably more beneficial than

merely allowing the land to lie fallow. In Demerara, rotation is rarely practised, the same land

growing canes for many successive years; but care is taken to manure well, and to make constant

interchange of plants between difierent estates.

Laying-cut an Estate.—The laying-out of a sugar estate is a much more complicated afiair ia

British Guiana than elsewhere, as it mostly includes provision for drainage and irrigation. Here

the plantations are mostly narrow rectangular strips of land, with a water-frontage varying from

100 to 300 Eheinland ruthe or roods (of about 12^ ft.). Every estate is bounded by 4 dams : the front

dam excludes the sea, river, or canal ; the back dam excludes the bush-water, which, in heavy

weather, would inundate the cultivation. The clay thrown out in forming the adjacent canals or

trenches affords the material of which the dams are formed. Along each of the remaining sides,

runs a dam from front to back, usually termed " side lines "
; they serve two contiguous estates,

and prevent the influx of water from the sides. The dams answer the purpose of a road round the

estate; but the produce is brought to the buildings (often situated in front) by canals. The
arrangement of the navigation system is very simple. From front to back, through the centre of

the estate, runs a dam called the " middle walk," with a canal on each side, termed " central

canals," wide enough to admit two punts abreast. The dam forms a path for the cattle that draw
the punts. At intervals, branch canals strike off at right angles, and proceed to within a rood of

the draining or side-line trenches, which are parallel and adjacent to the side dams. These branch

canals constitute the transverse boundaries of the fields, and navigation canals thus lie on three

sides of every field, and admit of canes being carried by a short path to the punts. On some

estates, there is only a single central navigation canal. Tliese canals are principally supplied by
the rain, but in protracted droughts, and especially when they are shallow, they are liable to run

short of water : hence, whenever access can be got to creek-, lake-, or bush-water, it is brought

from behind to supply the navigation system. In other instances, salt water has to be taken in

from the front. The drainage of the estate is equally simple. From back to front, and imme-
diately adjacent to the side-line dams, run the 2 main draining-trenches, generally dug considerably

deeper than the navigation canals. The small drains, again, cut at distances of 2-3 roods apart,

commence within a bed of the middle-walk side of the field, and terminate in the side-line draining-

trenches, having a fall in that direction. The small drains are thus at right angles to the main
draining-trenches. In the front dam, the sluices or "kokers" are placed. Sometimes there is

one on an estate, but generally two, one at the end of each draining-trench. The main draining-

trenches are generally connected by a trench running behind the front dam.
Drainage.—The proper drainage of a sugar estate is a most important matter. This is especially

the case in localities which possess no natural means of taking off the -surplus water, as for

instance, the flat lands of British Guiana. Open drains are at present the only ones in use on
almost all sugar plantations. Besides being very ill adapted to the purpose, they entail great

expense yearly to keep them clean. But perhaps their greatest disadvantage is the extent of land

they occupy. On an estate of 500 acres, no less than 50 acres are lost in drains alone. Moreover,

however well constructed, the sides are perpetually slipping in, and greatly preventing the flow of

water. Other drawbacks are the inability to use the plough or tilling-machine, and the loss of fine

earth which is being continually swept away during rainfall.

The remedy lies in the adoption of tile drains on ordinary soils, and stone box drains on heavy
clays. The objection to these is the large first outlay necessary ; but this would be more than
compensated for by the value of the land rendered available for culture, and the reduction in the

cost of maintenance.

Irrigation.—In part of Upper India and in Pem, it is impossible to cultivate even the common
native cane without constant irrigation ; in the W. Indies, Straits Settlements, and many other
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parts, the cane is grown without other moisture than that obtained b; rain. But though long

periods of dry weather very frequently occur, when planters are in despair at the ruin and destruo

tion of their crops, few recognize the value of irrigation.

Kiver water generally contains silica, potash, oxygen, and other substances conducive to

fertility, indipendent of the extra matters contributed during heavy rains. In the dry season,

when irrigation is necessary, the water would only supply those substances ordinarily held in solu-

tion. The sugar-cane thrives luxuriantly where the change of water constantly renews tlie supply

of dissolved silica. The potash abstracted is also restored to the soil by irrigation. In irrigating

during hot weather, there is an additional benefit derived from vapour passing up through the

foliage.

Propagation.—The propagation of the sugar-cane is effected exclusively by cuttings from the

stems. For this purpose, none but the healthiest and most vigorous canes are selected ; neglect of

this point results in disease and deterioration, and, even with every care, it cannot be continued

indefinitely with impunity, and sooner or later new plants have to be introduced. Every part of

the st,em having a perlect "eye" or bud will put forth a new plant, and it sometimes becomes

necessary to utilize every portion of the sound canes in this way ; but where there is room for

choice, preference is generally given to the few joints nearest the leaves, usually termed the

"cane-top." This is not the case in Louisiana; preference is there given to the main stalks, and

tops are used only for economy sake. When planted, the eyes at the joints commence to spring

forth, and at the same time a number of roots are thrown out around the whole of each joint. As

the development of the shoots advances, the parent cutting gradually dies and decays, while the

young shoots become furnished with perfect roots of their own.

Planting.—The land having been brought into a fit condition to receive the cuttings selected,

planting is the next operation. Tliis naturally divides itself into beveral distinct sections :
—

Lining-out and Holing.—Regularity in the rows of cane is very important. This is atUiined by
" lining-out " the fields with great care, by means of long lines and poles (much the same as lor

Coff'ee, see p. 693). Each field of 5-25 acres is first divided into sections by tall poles, placed

say 100 ft. apart on each side. Between these are stretched long tapes carrying pieces of rag,

fastened at the distance apart which the holes are intended to be. Small stakes are then diiven

in at the rags, each stake occupying the centre of tlie hole to be dug.

The distances apart and dimensions of the holes are subject to no rule. Very often, the holes

are made 2 ft. apart in rows 3 ft> asunder, but much depends upon the soil and climate. Common
dimensions in the W. Indies are 15-18 in. sq., and 8-12 in. deep; in Guiana, 3 ft. sq. at top,

diminishing to 14 in. at tho bottom, and about 8 in. deep, each plant having an area of 4-5 ft. sq.

Tliero is a growing disposition to replace hand-dug holes by furrows turned by the plough, the latter

effecting a great economy of labour ; ploughing is universal in Louisiana. It is generally necessary

to still retain the lining-out.

Setting out the Cuttings.—The number of cuttings to be placed in each hole, or each 2 ft. of

trench, is 1-4, according to their vitality and the prospects of their striking root. With good

sound cuttings, 2 placed at about equal di.stanoes from parallel sides of the hule suffice ; when 3

are set out, they are laid parallel with each other, and with two sides of the hole; when 4 cuttings

are necessary to ensure a plant from each hole, they are commonly arranged in a square, correspond-

ing with the sides of the hole. The three usual plans of setting out in trenches are (1) end to end

at a little distance apart in one continuous straight line, (2) overlapping each other zigzag fashion,

and (3) side by side obliquely across the trench. It is preferable to plant too heavily rather than

too lightly.

The cuttings, when in the holes or trenches, are covered with a thin layer (say li-2J in.)

of earth. They thus lie sheltered from direct sun-heat at the bottom of a more or less deep hole,

which forms a receptacle for moisture. The time for planting is governed by the character of the

local seasons ; no absolute rule can be laid down for it.

Moulding and Banking.—In about a fortnight, young sprouts push themselves up through the

covering of earth ; these are immediately " moulded " round with some of the soil still remaining

from the hole or trench. This is repeated at intervals, as the plant grows, till the hole or trench

is filled up, and further till the stem of the cane is " banked up '' for a certain distance, to favour

its retaining an erect position.

Weeding and T/asAwy.—Simultaneously with the moulding and banking, the land should be

thoroughly weeded with a hoe. As the plants progress, "trashing" also becomes necessary. This

consists in removing from the stem every dry and fading leaf. In rich land, it requires to be

frequently resorted to during the wet season, but may be done at longer intervals when the rains

are over. Constant trashing admits to the plants that abundance of light and air which is essential

to the production of a heavy crop of sugar. Green living leaves must on no account be removed.

Equally demanding removal when too numerous, are the suckers thrown up by the roots ; in

Louisiana, however, they are encouraged. Both leaves and suckers should be buried in trenches
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between the cane rows, and covered with a thin coaling of earth ; there they decay, and form

excellent manure for the growing crop.

Ratooning.—The first crop from newly-planted cuttings is called " plant " canes ; when these

have been cut, the stole or " stool " sends up another growth of canes, which are termed " ratoons."

The first crop of ratoons is designated '' first ratoons," and so on progressively. Batoons annually

diminish in length of joint and circumference ; but they are 'said to yield richer juice and
finer sugar. On some soils, it is found best to depend chiefly on ratoons. A very general practice

is to plant a proportion (i) of the land in annual succession. The stoles remain in the ground,

and vacancies are filled up as they occur. By constant ratooning, the produce of sugar per acre, if

not equal to that from plant canes, yields, perhaps, in the long run, quite as much profit to the

grower, if the relative proportions of the labour and expense attending the two methods be

considered. As soon as the canes are cut, the laud intended for ratoons requires attention. The
trash should be buried with other manure about the roots of the plants, the earth around being well

loosened and cleared of all weeds, before the rains set in. The number of ratoons depends much
on the productiveness of the soil. A good rule in most cases is to replant when ratoons give only

1-lJ hhds. of sugar per acre.

In some countries, as Bengal, good ratoons are never met with. First ratoons may be allowed,

but white ants swarm in the old roots, and do mischief to the growing canes ; whereas when planted

yearly, or every 2nd year, the stirring which the land receives drives them away. In replanting,

the old roots should be burnt, and the cuttings planted between the rows of the former crop.

Harvesting.—When the canes are ripe and ready for the harvest, they are cut with hatchets as

close to the stole as possible ; thus new vigour is given to the ratoons that are to spring from the old

root. The top is discarded ; it may perhaps suffice to cut oif only one joint with the top, from canes

grown on very dry soils; but otherwise, two should be out, for if they are immature, their juice will

injure the sugar, instead of augmenting its quantity. All leaves are also stripped off; rat-eaten or

otherwise damaged canes should be thrown out.

The canes, being cut, are tied into bundles for the convenience of taking them to the mill. On
the mountains, they are carried by mules ; in some parts, the bundles are rolled down the steep

places, or shot down wooden spouts ; in the plains, they are conveyed in carts, drawn by oxen, mules,

or road engines, to enclosures near the mijls ; in Guiana, by flat-bottomed punts on canals which

intersect the plantations for this purpose ; wire-rope tramways have also been used to a limited

extent.

Windrowing.—In Louisiana, frost so often occurs before the harvest is complete, as to have

resulted in the adoption of a method of keeping tlie cut canes uninjured, termed " windrowing."

For cane that is waiting for the mill, the usual plan is to throw into one furrow 2-4 rows

of cane, so that the tops of the last will cover the butts of the preceding. The proper way to

windrow cane for seed is first to throw to the centre of the water-furrow one or two furrows of dirt

from each side ; a harrow is then run over to pulverize it thoroughly, and give the cane a soft bed,

at such an elevation that,the cane cannot be injured by water standing on it. Upon the cane, 2-4

more furrows of dirt are thrown, to protect it from the cold. Some are in favour of " round mats,"

or standing the canes upon their butts on a dry piece of land, and throwing dirt around the outside

to the height of 3-4 ft. ; the cane from about J acre is usually put in each mat. The addition of a

square wooden tube, running up through the centre for ventilation, prevents dry rot. The " flat-

mat" method (laying down in beds about 15 ft. wide, on elevated ground, to the depth of 2-4 ft.,

then lightly covered with earth) is much more common and popular.

Diseases and Enemies.—Some of these are common to both wild and cultivated cane ; but others

are developed upon the latter alone, and have originated in defective culture, improper or insufficient

manuring, or unsuitable conditions of climate or soil.

Eats.—Eats are one of the most troublesome pests, as they gnaw the standing canes, thereby

admitting air, and setting up destructive changes in the juice. Some estates have been rid of rats

by rearing numbers of the mongoose ; it will thrive in any climate that will grow sugar-cane.

Ants.—In some localities, white ants are a great nuisance. They are driven away by tillage

;

and tops or cuttings soaked for a few minutes in water tainted with petroleum will never be attacked

by them.

Pou blano.

—

Pou blanc, or more properly, pou a poche blanche, is a collective name applied to two
species of " louse " {Icerya sacchari and Pulvinaria gasteralpha). Their ravages are familiar to the
planters of Mauritius and Bourbon, and specimens of one of the species have recently been dis-

covered in Queensland, upon canes grown from joints newly imported from Singapore. In dry hot
weather, these insects frequent the roots of the canes, and do much injury to the fresh rootlets

thereby greatly retarding the growth of the plants. The young run about on the green shoots and
leaves, until they find a suitable spot where they may fix themselves for life. They are armed
with a long sharp probe, which they introduce into the new sap-wood, and suck away the juices of
the plant, sometimes till they have quite destroyed it. They spread rapidly, and are very
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tcmuious of life. Dr. leery found that washing the canes with alcohol killed the iiisectfl at once,

and ho rtcommends a solution formed by Ijrdling a mixture of sulphur and lime in water. The
insects rarely appear on healthy well-developed canes, and though these remedies may prove useful

for checking their ravages for the moment, their complete extermination will only be secured

by attention to all the conditions required by the plants. W. Bancroft Eapeut believes that the
" rust " deaeribt d further on is caused by these insects, being in fact abrasions produced by the

young feeding on the surfaces of the leaves. The " waxy " powder which is usually described as

coating the fully-matured insects, is ascribed by him to the saccharine juice of the cane. It is

this exudation which forms the great attraction to the ants, in quest of which the latter scrape the

lice incessantly with their mandibles, till the victims die of starvation.

Borers.—Tlio term " borer " is applied generically to the caterpillars or " grubs " of a number
of species of moths, beetles, and other insects ; they are sometimes (in America) also called

" worms," which is a misleading name, from its being correctly and more generally applied to a

distinct class. One of the most common is Proceras sacchariphagus, long dreaded in Ceylon, aud the

cause of great destruction in Mauritius, since its introduction in 1848. Two kinds prevalent in

British Guiana are Sphenophorus sacchari, and the tacuma, a large species of Rhyncophorus, very like

E. Zimmermanni, but not identical with it ; another is Phalcena laccharalis, which produces 6 genera-

tions in a year. The grub of a beetle ( Tomarus bituberculatiis") also has recently given much trouble

in that colony. The list might be greatly extended. The habits of the grubs appear to be nearly

identical in all cases. They are provided witli powerful mandibles, and their mouths are armed

with lance-like instruments, which enable them to pierce the silicious (flinty) outer rind of the

cane. Once within the soft juicy mass of the interior of the cane, they effect its destruction with

extreme rapidity, and the juice is rendered useless. Among the means to be adopted against these

insects, are the encouragement and cultivation of their natural enemies. Principal among tlie

latter are ants, wliich attack the insects both in their'caterpillar state, whether just issued from the

eggs or about to enter the " pupal " condition (commencing to spin their cocoons), and in their

perfect or "imago" form, i. e. as moths or beetles. Turkeys and the smaller insectivorous birds

devour enormous numbers of the " grubs " (caterpillars). Bancroft Espeut has had singular success

in cultivating other enemies of these insects, notably the lohueumonidas (" lady-bird beetles "), by

planting a hedge of the Congo or pigeon pea (Cyimtts indicus) around each field, and growing the

bonavist bean {Doliohos LabUi) and pigeon pea on fallow fields, ploughing in the latter as a green-

soil manure afterwards. When the estate is quite overrun with the caterpillars, it may be necessary

to burn all vegetable matters likely to harbour them. But this should be avoided if possible, as it

entails the desti'uotion of the best manure the land can have (see p. 1865). The abundant applica-

tion of lime to the soil is generally very beneficial in destroying the insects, besides its manurial

value (see p. 1864). A widely-adopted plan is to cut off and burn the first shoots that spring from

the planted cuttings ; tlieso are allowed to grow for about three months, by which time the grubs

will have congregated on them. The second crop of shcxits soon appears ; and their skins are

tougher, and better able to resist the attack of the grubs which have escaped burning. Not only

borers, but many other injurious insects are propagated on the canes year after year. Hidden in

the Ciine-tops, are the oliryiialides of the insects, which in due course are transformed into moths and

butterflies, whose eggs supply a new swarm of cuterpillars and grubs, and thus the evil is con-

stantly maintained. Obviously, therefore, great good may be gained by ridding the cane-tops of all

vermin before planting. A very simple plan is to soak the cuttings for 24 hours in water which is

sufficiently hot to destroy larvse, without being hot enough to injure the germinating powers of the

plant. More effective is the use of antiseptic preparations, as they attack parasitic growtlis which

would be unaffected by mere warm water. Carbolic acid (see pp. 671-80) has long been used.

Dr. Bancroft has published exact directions for a treatment which he has adopted with success : as

follows :—(1) Carefully clean the joints of the cuttings entirely from trash (leaves), (2) immerse the

cuttings for 24 hours in a mixture of 1 lb. carbolic acid to 50 gal. water heated to a degree that the

hand can bear ; (3) immerse the cuttings for a few minutes in milk of lime, made by mixing 2 lb.

slaked lime with 1 gal. water
; (4) spread the cuttings out to dry in the sun, and turn them

occasionally, for one day before planting.

Bust. A disease termed "rust" has been noticed in Queensland, the Malay Archipelago

Mauritius, the Society Islands, and Bahia. It is characterized by a dark-brown or reddish granular,

incrustation, which makes its appearance on the leaves and stem, and which M'Lachlan has deter-

mined to be due to the punctures of a minute Acarus (mite), which exists upon the diseased cane

in myriads. The creature looks very like a Tyroglyphus, though its habits do not altogether accord

with those of that genus. A black-spored fungus is eventually produced by the red spots on the

leaves ; this is regarded by Berkeley as a new species {Depazea sacchari) ; he considers that it

merely occupies the already-destroyed tissues. The Bourbon canes suffer much more than any

other variety. Prof. Liversedge, nf Sydney University, considers that rust is not a disease, but

rather a result of an existing diseased condition. This he ascribes to bad cultivation, want of
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drainage, and improper manuring, to which must be added. In some instances, unsuitability of

climate and poverty of soil.

Smut.—In Natal, the canes are attacked by a kind of "smut" (_Ustilago sacoAaW), analogous

to the well-known disease which affects the cereals of this country ; it is entirely due to faulty

cultivation.

yields of Canes and Sugar.—Statistics of the cane and sugar production of certain districts are

useful for reference in drawing conclusions as to the results of new processes.

Barbados.

1 ft. sugar-cane weighs about | lb.

1 clump „ ,, „ 64 lb.

1 „ „ yields „ 4 gal. juice.

4 gal. juice „ „ 4 lb. muscovado sugar.

1 acre ripe cane (holes 6 ft. x 5 ft.) yields 1452 clumps.

1452 clumps cane yield about 5808 gal. juice.

5808 gal. juice „ „ 5808 lb. sugar.

1 acre, planted 6 ft. x 5 ft., at 50 lb. to the clump, will give 72,600 lb. or 36 tons

ripe cut cane, or 2^ tons raw sugar.

Louisiana.

1 acre yields 44,000-60,000 lb. cane.

The average cost per 2200 lb. is 2i-5 dol.

The density of the juice varies from 6° to 10° B., and averages 8°-8|° B. ;
8° B. is

equal to 14'4 per cent, pure sugar per 100 lb. juice, or 12'96 lb. sugar for the

901b. juice contained in 100 lb. canes ; 8J° B. would mean 15 '33 per cent.

pure dry sugar.

1240 gal. juice at 8i° B. produce 1048 lb. sugar, and 480 lb. molasses; with the

best modem machinery, more sugar and less molasses is got.

1 gal. juice at 8i° B. weighs 10 62 lb.

1240 gal. „ „ 13,169 „
100 lb. cane contain 90 lb. juice.

12,345 „ yield 11,111 „

11,111 lb. juice at 8J° B. should give 1700 lb. sugar.

The actual yield of combined sugar and water of crystallization is 14 -89 per

cent.

11,111 lb. juice therefore afford 1655 lb. sugar and molasses.

Of the 1655 lb., 1173 lb. are sugar, and 482 lb. molasses.

Thus 427 lb. sugar and molasses are lost in the manufacture.

11-8 lb. cane give 1 lb. sugar and 0'48 lb. molasses.

10 '5 lb. cane would have given 1 lb. sugar and 0'66 lb. molasses, if no loss had
occurred.

7 26 lb. cane would give 1 lb. sugar, if there were no loss, and no molasses produced.

1 acre will grow 13,000-45,000 canes.

The length of the canes varies from 3 to 8 ft.

„ weight „ averages 10 oz. per ft.

Canes 4§ ft. long, weighing 3 lb. each, and growing 850 per row of 100 ft., will give

61,125 lb. canes per acre.

Planters require 35-55 lb. cane to make 1 lb. sugar and 66 lb. molasses.

The average for the State is 2-25 lb. sugar and 1'50 lb. molasses from 100 lb. cane.

Thus 100 acres give 6,000,000 lb. cane, affording 135,000 lb. sugar, and 90,000 lb.

molasses.

But 6,000,000 lb. cane, if no loss occurs in manufacture, can give 571,428 lb. sugar,

and 380,952 lb. molasses.

And, if made into first, second, &o., sugars, could yield 750,000 lb. white suo'ar,

and 140,000 lb. molasses.

While the same cane would make 867,510 lb. concrete sugar.

Mauritius.

1 barrel cane juice weighs 530-544 lb.

1 „ „ yields about 95 lb. sugar

1 acre cane produces 3500-5500 lb. sugar.
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Egypt.

1 acre cnno affords about 500 lb. refined sugar.

Juice from 100 lb. Cane.

100 lb. caiie giving juice at 10° B. will yield :

—

4 '71 4 gal. juice at 50% extraction.

5-185 „ „ 55 „
5-657 „ „ 60 „
6-128 „ „ 65 „
6-600 „ „ 70 „
7-071 „ „ 75 „

7-543 gal. juice at 80 °/o extraction.

8-015 „ „ 85 „ ,.

8-486 „ „ 90 „
8*958 „ ,, 95 „ „
9-430 „ „ 100 „

Composition op Cane-juiob.—Before detailing the many processes and apparatus used in

making sugar, an idea must be gained of the nature and characters of cane-juice. Mention has

already been made of the structure of the sugar-cane. Within tlie cells, is contained a sweet

watery juice, a sugiir-water holding a variable quantity of organic and mineral matters in solution.

This is the juice which is extracted for tlie purpose of being made to yield its sugar. The nature

of the ingredients composing it is not liable to variation ; but their proportions fluctuate with the

Boil and climate, the age of tlie cane, the portion of the cane affording the juice, and other circum-

stances. E. H. Harland states the composition of some cane-juices expressed from ripe canes grown
in Queensland, as follows :

—

Density at 15i° (00° F.)

Crystallizablc sugar
TJncrystall izable „
Ash (soluble salts)

Other organic matters .

.

Total solid matters

Quinghan
Cane

China
Cane.

Mixed
Canes.

11 -5° B. 10-5° B. 11 -6°

B

per cfrit.

19-.')0

0-25
0-70
1-17

per cent.

16-40
0-41
1-11
2-51

21-62 20-43

Samples of unripe cane-julce showed :

—

Crystallizablc sugar ..

Unerystallizable „
Ash (mineral matters) ..

Unknown organic matters

Total solid matters

per cent.

8-60
3-10
0-21
1-27

II. ni.

per cent.

7-76
2-30
0-25
1-74

13-18 12-05

per cent.

7-24
2-50
0-34
2-80

12-97

In general tei-ms, cane-juice consists of about 81 per cent, of water, 18 of sugar, 0-6 of organic
matters, and 0-4 of inorganic (mineral) matters ; further, about 0-5-0-6 per cent, of tlie sugar in

the juice of ripe canes (it is much greater in unripe ones, as shown) is unerystallizable. These
substances are very intimately combined, but the juice is not of one constant quality through-
out the whole cane. Thus planters reject the tops of the canes before extracting the juice.

Further, the juices contained in the soft central (medullary) part of the cane are much richer in

sugar than those of the nodular (the " knots ") and cortical (the rind) portions. Conversely, the
saline and organic matters (other than sugar) are in increasing proportion in the harder parts of the

cane ; when an extra yield of juice, therefore, is obtained by the exhaustion of the harder portions,

the quantity is at the expense of the quality. This has a bearing upon the question of the relative

advantages of mills extracting only 60 per cent, and those getting 85 of the 90 per cent, of juice

usually present in the cane.

It is now necessary to separately consider each component part (or group) of the raw juice.

The Crystallizable and Unerystallizable Sugar.—The artificial conversion of unerystallizable into

crystallizable sugar remains an impossibility, though the latter can be readily '• inverted " into the
former. From experiments by Harland, it would seem that in the growing or ripening plant

a conversion of unerystallizable into crystallizable sugar does take place, the proportion of the
former being markedly decreased in juice expressed 8 days after the cutting. The occurrence of

unerystallizable sugar in the juice works a twofold mischief:—(1) The unerystallizable sugar ia
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itaelf a loss, i.e. it has no value as sugar
; (2) its existence in the syrup so affects the remainder as

to hinder, if not prevent, the recovery of an equal quantity of the crystallizable sugar in a saleable

form, for the liquid containing the altered sugar has a treacly consistence, and cannot be con-

veniently deprived of its water by evaporation to such a degree as will leave the unaltered sugar

in a saturated solution capable of clean crystallization on cooling. Practically, therefore, it may

be said that every 1 lb. of sugar rendered uncrystallizable means a loss of 2 lb. of crystallizable

sugar.

The chief cause of alteration in the sugar is fermentation of certain constituents of the juice, viz.

the organic matters other than the sugar. The essential conditions are mainly access of air to the

juice, and a moderately high temperature. Consequently fermentation begins in the living cane,

when injuries (gnawing by rats) admit air into the cells. Artificially, it is set up the moment the

juice is extracted, and is maintained by the heat necessary for carrying on the manufacture,

augmenting as the time is prolonged and the heat increased. Acids also provoke fermentation

;

they are nearly always present in a free state, as shown by the juice giving a red colour to litmus-

paper. Hence the importance of rapid treatment at low temperatures, and with the least possible

exposure. Fermentation does not commence in the juice while still in uninjured canes. In

Louisiana, sound canes may be kept for S-i months after cutting, the only result being the loss of

a portion of the water of vegetation. In the Philippines, sound cut canes may be kept for a week

at least, despite the high temperature of an Eastern tropical summer. This seems to indicate that

canes could be kept and transported long distances without undergoing loss of crystallizable sugar

;

but it applies only to sound canes, and the result might be different in cases where the rind was

cracked or eaten into. Obviously something also depends upon the climate, as in the W. Indies

and Demerara, the juice must be expressed within 48 hours after cutting, to prevent an excessive

inversion taking place ; this is retarded by antiseptics, and salicylic acid is now much used with

this object.

The quantity of sugar in a sample of cane-juice may be approximately ascertained from its

density. This is observed by a hydrometer. As the indications of this instrument refer to the

proportion of solid matters in the liquid, without reference to their character, they need correction

for the solids other than sugar. The following table will be found useful for this purpose :^

Baume Degrees
at 25° (77° F.).

i
5
6

6i
ei
6|
7

Vi
V*
71
8

8i
8*

8i

Weight of Sugar
per cent, of

the Juice (indi-

cated).

2-8
4-9
7-8
8-5

19
9-8
10-5

U-l
irs
12-4
13-1
13-7
14-4
15-2

Weight of Sugar
per cent, of the
Juice (actual).

2'

4
7'

7'

8'

9'

9'

10'

11'

11

12
12'

13'

14'

Baume Degrees
at 25° (77° F.).

Weight of Sugar
per cent, of
the Juice (indi-

cated).

9

9i
9J
91

10

lOJ
lOJ
lOf
11

Hi
"i
llf
12

15-9
16-5
17-2
18-0
18-8
19-6

20
21

21
22
23
23
24-4

Weight of Sugar
per cent, of the
Juice (actual).

14-9
15-5
16-1
16-7
17-4
18-0
18-7
19-4
20-0
20-6
21-1
21-6
22-7

The Mineral Matters.—The quantity of mineral salts in the juice of canes best fitted for sugar-

making is about • 29 per cent, of the liquid. They are found in greater proportion in the head

than in other parts of the cane. The nature of the soil has a marked influence, and to it the

variations in the figures must be referred. The principal mineral matters are potash, soda, lime,

and iron, as oxides, carbonates, chlorides, sulphates, biphosphates, and silicates ; with these, are

salts of alumina and magnesia. The annexed analysis of cane ash shows the average proportions

of the most important :

—

Potash aud soda .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

18 • 83 per cent.

Lime ,
8-34 „

Oxide of iron .

.

. . .

.

. . .

.

.

.

.

.

.

.

1
' 99 „

Silica 11-48 „

Alumina, magnesia, and acids in combination with the bases .. 59' 36 „

TJie Organic Matters.—The vegetable (organic) matters contained in cane-juice (excluding the

sugar itself) may be divided into 3 groups ;—(1) Substances which communicate a milkiness to the
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liquid. Olid aro with difficulty precipitated from its upper layers on standing, but may be easily

and almost completely separated by filtration, juico thus filtered having the property of keeping

nearly 24 hours without undergoing fermentation
; (2) albuminous material capable of coagulation

by boiling, or even by heating to 80° (176° F.), and precipitable by strong acids witliout being re-

soluble in excess
; (3) albuminous bodies not coagulated by heat, but precipitable by alcohol and

by lead acetnte, and soluble in alkalies and acids (even tannic acid). Juico which has been heated

and filtered may be kept perfectly fresh for some few hours, at a temperature of 30" (86° F.). At
the end of this period, a thin pellicle is seen, and on the next day, a slight cream covers its surface,

and the colour changes ; but it is only at the end of the second day that fermentation positively

shows itself. It thus appears that it is sufficient to rapidly heat the newly-extracted juice, and filter

it immediately, in order to have a limpid liquid, which can be kept for a considerable time without

very great alteration. Further, these substances develop acidity in the juice, and are one of

the principal causes of the formation of uncrystallizable sugar. When they are eliminated, acidity

is only feebly increased by the action of heat.

Extraction of Cane-Juice.—The juice in the cane exists in the plant enclosed in little cells,

which are surrounded and protected by lignose (woody matter), the latter forming about -jL of the

total weight of the cane. The liberation of the juice may be effected (1) by rupturing these cells,

so that their contents flow out
; (2) by combining the crushing process with maceration in water

;

(3) by utilizing the membrane of the cells as a means of allowing the escape of the sugar and other
" salts" in solution, by the process known as " diffusion."

Cane-mills.—An account of all the introduced or proposed forms of mill for crushing sugar-cane

would fill a large volume. Practical ends will be served by describing the typical forms.

Bousselot'a 3-roller mill, as made by Fawcett, Preston, & Co., is shown in Figs. 1330-1332.

The bed-plate D is seated on a strong timber framework, through which the large bolts I (Fig.

1330) pass, allowing the top roll to lift a little when any extraordinary strain occurs. The canes

pass by the carrier H (Fig. 1331) down tho slide E, through the rolls, and the bcgass emerging at
D is taken away by a carrier worked by the drum I. The ordinary frame of cast iron is not
exposed to tension. The resistance of the canes between the rolls A B C is taken from the top roll

A through the cap and bolts, and compresses the frame, whUe the tendency to separate the
bottom rolls is controlled by the horizontal tie-bolts ; for all practical purposes, the frame might
be made of oak instead of iron, as the working strains are thrown upon the wrought iron, instead of
being borne by cast iron, as in other mills. The 3 cast-iron rollers are keyed on to the wrought-
iron shafts. The " returner-bar," or " knife," or " ti-ash-turner," as it is variously denominated,
is a flat or curved plate, placed at a distance of 2}-3 in. below the bottom of the top roll, made to

touch the circumference of the front roll, and to stand off about J in. from the lower back roll, so as
to allow the juice to run down. The mill shown in Fig. 1332 is composed of two cast-iron frames
rf, secured to the bed-plate e by bolts at the four comers. Seats are prepared on the frames d for

carrying the brasses for the shafts of the rolls ah c. The bolts i j pass through the frames and
bed-plate and through the timber h, and take the strain of the top roll, and the bolts h, of which
there are 4 for each frame, take the strain on the caps g f. In this manner, the strain is borne
by the wrought-iron bolts instead of being thrown on the oast-iron frames, enabling more juice

to be extracted with safety than can be done with the ordinary cast-iron frame. The yield of

sugar from the cane crushed in this mill at the central factory in St. Lucia, during the season
ending in May 1881, is stated at 8 per cent, of the weight of the cane ; the cane there seldom gives

juice of 10° B., yet by the careful use of a Eousselot mill and the necessary adjuncts, with a

G D
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very limited consumption of animal black, 10,000 tons of cane give '800 tons of sugar of superior

quality, averaging in London 25^. a ton.

Formerly the returner-bars were much slighter than those ordered and supplied at present.

When canea are passed through a mill without choking, everything works smoothly ; but from the

moment tliat a cane doubles up, trouble begins. The rolling friction of the mill is a light matter

;

but the sliding friction in the confined space between the top roll, the front roll, the returner-bar,

and the back roll, is very gi'eat. If the returner-bars are slight, they bend by the pressure, and the

jaw is relieved. The bar is taken out and straightened, and work is resumed. A pressure of

50 lb. a sc[. in. drives the mill when there is no jamming ; but 80 lb. is required when it is

"braked" by accumulation of trash between the rolls and the returner-plate; orders are daily

given for stronger returner-bars, so that where the massive rolls are " braked " with trash, that

becomes hot and hard with friction, the resistance has to be overcome, and returner-bars are made
to resist the force of a 60-H.P. engine, geared 20 to 1, and making 40 rev. Many engineers con-

tend that tliose who are trying to increase the yield in juice by very slow movement are in

error, and recommend experiment in the direction of lighter and repeated crushings, combined

with maceration. By using two mills of moderate proportions, more effective work is said to be

obtained, because there is less sliding friction ; and it is questioned whether the extra quantity

of juice obtained by the extra force of a large mill is not at the expense of the quality.

Ou the other hand, the rolls of the mills erected at Aba-el-Wakf, by Eastons and Anderson, in

1872, measured 48 in. diam. and 5J ft. long, had a, surface-speed of 27-36 ft. a minute, took a feed

15-18 ill. deep, and did excellent work. A comparative trial of a small rapid and a large slow mill

on the same estate in Porto Eico, under like conditions, is interesting. The rapid mill had rollers

22 in. diam. by 48 in. long, and an average speed of 24 ft. a minute ; the slow mill had rollers 36 in.

diam. by 66 in. long, and an average speed of 9 ft. The rapid mill ground cane in good season,

yielding juice of 10° B., and having 10 per cent, of woody fibre; the slow mill had average good
canes, a little over ripe and dry, yielding juice of 11° B., and 14 per cent, of woody fibre. The
results were :

—

Eapid Mill.

QuaD titles.

387 loads

1 load
100 1b. ..

Igal...

Canes in

lb.

1,170,332

3,024
100

nearly 18

Juice in

gallons.

Juice in

lb.

Sugar in

II).

Molasses in
lb.

65,442
169-1
5-59
1-00

702,092
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mills, 56-4 per cent. ; with animal power, 58*5 per cent. ; with water power, 59-3 per cent.
;
with

steam power, 61 '8 per cent.

Figs. 1336 and 1337 show an economical combination of a vertical beam-engine arranged so as

to wort two large air pumps, and with power enough to work the cane-mill at the same time.

This style of engine is applicable when the sugar-factory is organized so as to run day and night,

as all should to work profitably. The engine is constantly at wort, and its exhaust-steam is as

constantly absorbed

by the juice. It is i^^^-

evident that by using

one large engine in-

stead of three (one

each for the oaue-

mill, the triple-

effect, and the strike-

pans), much loss by

friction and expense

of attendance are

saved. In the figure,

E represents an en-

tablature carrying

the beam A, mounted

by 8 columns on the

bed-plate C ; H are

two large air-pumps

in connection with

the triple-effect and

vacuum-pan ; a mas-

sive fly-wheel G is

necessary to secure

regularity of motion.

Fuels and Fur-

naces.—The use of

coal and wood as fuel

needs no remark.

Whether wisely or

not (see p. 1865),

begass is largely em-

ployed for this pur-

pose. Approximately, 2 lb. of begass equal 1 lb. of coal, or 16 lb. of begass to evaporate 1 gal.

of water. So that the refuse of the canes should give fuel sufficient to make the sugar, when the

canes are not completely exhausted of the saccharine juice. Ordinarily the begass requires pre-

liminary drying by the sun and wind, but furnaces have lately been introduced for burning it in the

wet state, as it leaves the mill.

Marie's begass-fumace, made by Manlove & Co., is shown in Figs. 1338, 1339, respectively in

section and as attached to a boiler fire-box. The chamber A is constructed of cast-iron plates «

stiffened by ribs b, bolted together by flanges, and encased in brickwork. The pyramidal crown

B is also of cast-iron plates, bolted upon A, and surmounted by the hopper 0, in which the begass

is dried, and through which it is fed to the furnace. An inclined balance-door D is placed in the

hopper, working on pivots at d, supported in the sides of the hopper, one having a lever-arm e, upon

which is an adjustable counterweight /, to regulate the quantity of begass admitted. The fire-

bars g are inclined ; their lower ends extend through an opening h, and are supported by an
inclined bridge i, bolted to extensions i of tho side walls of the furnace. The upper part of h is

surrounded by a flange I, the dimensions of the flanged opening being varied as circumstances may
require. The doors m give access to the furnace. The most exposed parts of the sides a are lined

internally with fire-brick, and the walls n are similarly faced. The begass-fumace is shown
supported at front on feet o, and at back upon a wrought-iron girder p, whose ends are built into

the walls that support the fire-box s of the boile^. The lower part of the boiler fire-box is

completely closed by brickwork r, supported on girders built into the side walls ; the interval

between the begass-fumace and the fire-box being also built up, the air to support combustion

must come in through the fire-bars g,

Begass coming wet from the mill requires to be dried to render it fit for fuel, and it receives

its preliminary drying in the external furnace. A coal fire having been first lighted in A, its

walls become highly heated ; the wet begass is then fed in through C, whose balance-door D gives
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passage to and spreads the begass onUbrmly npon the grate g, cloriDg again immediately to

re-establish the draft throngh the grate. In this arrangemeat, the heat which would go to

evaporate the water, is stored up in the walls of the furnace, which quickly become hot enough to

almost instantly dry the begass, and render it eminently fit for burning. As all the gases are com-
pelled to pass through the mouth leading to the boiler-furnace s, perfect combustion is ensured,

and there is little or none of the usual deposit in the boiler-tubes. The advantages of a furnace

1338.

X̂43^

which will burn wet begass extend to the important gain represented by the avoidance of risk of

fire, constantly to be feared when dried begass is stored in large quantity. The Marie furnace has

been applied also to the "copper walls" for making muscovado sugar.

Norbert Billieux, of Paris, also has a plan for drying the begass on its way to the furnace. His

apparatus ia shown in Figs. 1340, 1341. The wet begass is delivered by elevators a into the

hopper h, leading at bottom into a chamber communicating with the furnace c of the steam-boiler h.

i.<wn. 1342.

In this hopper is a hinged horizontal flap d, on which the begass falls, and which is held by a

balance-weight till the load accumulated upon it overbalances the weight, when the begass is dis-

charged down the chamber, and passes into the furnace to be burnt, the flap being closed again by
the balance-weight. While the begass is retained in the hopper, and descends through the chamb.er,

it is subjected to currents of hot gases from the furnace, so as to become dry before passing into the

fire. The hot currents may be accelerated by connecting the hopper by a pipe e with the

chimney / of the lioiler, the draught being regulated by a throttle-valve ; and if required, a
blowing-fan g may be provided in the pipe, and regulated so as to |produce the required degree of

desiccation.
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Disintegrating.—1:10.6 imperfect liberation of the cane-juice by the crushing process of the

ordinary mill has led to experiments in other directions. One result has been the invention of

machines for effecting a more thorough mechanical disintegration of the cane-tlssue. These may

be conveniently considered under three sections :—(a) Defibrators, (6) Bessemer's press, and (c)

Bonnefln's rasper.

a. Defibrators.—This term (Fr. defibreur) is employed by several inventors. In Mignon et

Eouart's, the cane is reduced to pulp, and by subsequent pressure, 77 per cent, of juice is said to be

separated by the first crushing, and a further 25 per cent, on the weight of the begass by a second

operation. The machinery is in operation in Guadeloupe.

Faure's defibrator, made by Manlove, AUiott, Fryer, & Co., is shown in perspective in Fig. 1342,

and in horizontal section in Fig. 1343 : a is a shaft carrying a cylinder, whose surface is provided

with teeth running in a helical direction ; b, a strong frame ; an articulated cane-carrier receives its

motion from the defibrator itself ; c, inclined plane bringing the canes in front of the cylinder ; e

strong spur-wheel fixed to one end of the shaft a, and receiving motion by a pinion / ; 9, pinion

fitted to the other end of the shaft a, and communicating movement to another spur-wheel A,

in front of which is another toothed wheel i for a pitch-chain ; m, drum of polygonal form

keyed on to the shaft a, and to which are attached the toothed defibrating-plates « ; 0, a double

counter-plate, formed of two distinct parts : the front part is on the feed side, where the opening is

wider, and its teeth project in the same direction as those of the drum, although inclined inversely,

their object being to rectify the position of

canes which are presented endwise ; the back

or working counter-plate at the outlet side

has teeth which project in the opposite direc-

tion, and effects the defibration of the canes,

which it arrests and rolls on, crushing tliem

under the teeth of the drum. The small

quantity of resulting juice passes through

little holes in the counter-plates, into the

channel p, whence it is conducted to the juice

expressed by the cane-mill. The canes are fed

by hand or by the carrier broadside-on upon

the inclined plane which conveys them in

front of the defibrator. The object of the ma-
chine is to prepare the cane for the ordinary

cane-mill, by breaking up the fibres and knots

lengthwise. It is stated that by its use the yield of juice has been increased from 70-71 to 78-82
per cent.

b. Bessemer's press.—An account of the cane-squeezing macliine invented by H. Bessemer in
1849-52 is not necessary, as many such accounts already exist, and the machine never came into
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general use. Thr macliiiie cmisisted of plungers working in cylinders, across whose patli the canes

were passed endwiae, and were thus crushed bei tion by section. When applied to freshly-cut canes

in thi' W, Indies, the results fell short of the ordinary 3-roller cane-mill.

c. Boiinefin's rasper.— Kig. 1314 shows a side view of the apparatus, and Fig. 1345 a back view of

the frame of sawa. a is the rack in which is placed the bundle of canes to be cut ; '<, a frame carrying

a number of parallel saws c. The lower end of each saw has a rod d pas^eil through it, and the

saws are kept apart by distance-pieces slipped on to the rod and interposed. The upper mis of the

saws hook over a rod e, and are similarly kept apart; they are clamped and huld by the screw-nut /
screwing on to the end of the rod. The lower end of the saw-frame is jointed to rods, free to move
to and fro in guides iu the direction of the arrow. The upper end is jointed to a crank g, to which

a revolving motion is given. The saws will thus alternately move through the cradle, cut through

any canes placed in it, aiid move baek into the position shown by the dotted line -i-y, so as tu be

ready to act upon a fresh bundle of canes. Wlicii the cane has been rapped to shreds, it is reduced to

pulp by disintegrating apparatus, and then the juice is separated by pressure. The predecessors of

this plan were Manfold's sawdust method and Murdoch's system of cutting obliquely and disin-

tegrating.

Maceration.—It has been sought to facilitate the extraction of the juice by submitting the cane to

the action of water or steam, either before the crushing operation iu the roller mill, or at an inter-

mediate stagu between two such crushinga. It seems to be undecided whether the saturation or

the extra crushing should be credited with the increased yield of juice. Probably both assist ; but

it has been stated that the return of juice is raised from UO per cunt, to 75 per cent, by previously

slicing the canes longitudinally, without any application of water or steam.

Several methods have been devised for carrying out the saturating process on a practical

scale, known as "maceration" or "imbibition" processes. The most inipurtant of these is

Duchassaing's, shown iu Fig. I'Siii. The mill a reorivos the canes and crushes them, giving 68 per

cent, of juice. The
begass falls upon an '•"*•

endless cloth 6, which

conducts it to a se-

cond mill c ; d is a

tank containing boil-

ing water ; e are

tubes terminating in

pipes / parallel to

the endless cloth,

which sprinkle water

from the tank d upon

the begass passing

from the first to the

second mill ; g are

beaters which turn

the begass and thus

equalize the imbibi-

tion ; A la a tank

which receives the

juice from the mill

c ;
»' is a monte-jiis

which sends this

juice, if its density

is not sufficiently

great, into the tank d, to serve for a second maceration of new begass, or, if it is dense enough, by

the joint k to the defecation. The endless cloth b dips so that the portion between q r immerses the

begass in boiling water contained in tlie vessel m nop, thus increasing the maceration. Since the

apparatus has come into extensive use, it has been simplified by dispensing with the beaters g and

the vessel mnop. The system raises the yield of sugar from 9-40 per cent, on the cane to

] 1 • 04 per cent. ; it received an award of 4000/. from the General Council of Guadeloupe

in 1876.

It may be mentioned on the authority of Col. Thomas P. May, the well-known American author,

who was formerly a large sugar-planter in Louisiana, that auxiliary mills (double crushing) have

given highly satisfactory results iu Louisiana during the season just ended (1881-2). These mills

are being erected by Leeds & Co., for over 50 years the laigest makers of sugar-machinery in that

state. Five rolls are the number adopted by this firm, and, on the Poydras plantation, one of

these mills yielded the unusual result of 126 lb. of sugar from 1 ton (2000 lb.) of canes.

\-y
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Diffusion.—All the processes hitherto described for extracting the juice from the cane have

depended for success upon the more or less complete rupture of the juice-containing cells.

"Diffusion" differs from them essentially, in dispensing with the breaking up of the cells,

and the machinery required therefor. The chief development of the diffusion process has been

ia the beet-sugar industry (see pp. 1842-6), but several methods of applying it to cano have been

introduced. The cane is even said to possess an advantage over beet with regard to diffusion, m
that the nitrogenous matters are so placed in the secondary cells that water at a high temperature

can be used without injuring the membrane.

Slioing-machines.—The first operation is to reduce the cane to diagonal slices 3-4 in. long, and

^ in. thick. One of the most successful machines for this purpose is that made by A. Jouin et

Cie., Paris, extensively used in Guadeloupe, and shown in Figs. 1347-1350. It consists of a disc,

the periphery of which, formed like a truncated cone, either simple or double, is armed with a

series of blades, whose inclination with that of the periphery is such that the sliced matters are

driven by centrifugal force away from the wheel. A pair of feed-rollers, placed in front of the

disc, pass forward the canes to be out, at a speed proportioned to the capacity of the machine, and

the thickness of slice desired. The apparatus is supported on a foundation-plate, fixed to the

ground or the floor of the works. A suitable cover surrounds the machine, to prevent the slices

being scattered, and make them fall into the pit below, whence they can be withdrawn in any

convenient manner. An endless feed-apron conducts the canes to the machine, as in ordinary

roller-mills.

Bouscaren's System.—This system, introduced into Guadeloupe by L. F. G. Bouscaren, is

shown in Figs. 1351-2. The cane as sliced at c is conducted in measured quantities to each in

succession of a circuit of 12 open diffusorsr, consecutively subjected to elevation and depression, so as

to cause the liquor to flow by gravity from one to the other. Each has a steam-chamber for heating

its liquor, that the albuminous impurities in the cane may be coagulated before they mingle with

the sugar. Elevation and depression are obtained by supporting the circuit upon an annular double

inclined track 6, slowly and continuously rotated, each diffusor being held by vertical guides n.
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The bottom of each is kept in constant oommnnication with the top of the one next below, by means

of an extensible pipe. The apparatus is provided with means of agitating the contents ; a series

of straining-diaphragms and devices for keeping their meshes open, so as to retain suspended im-

purities without interrupting the flow

of liquor ; and mechanism for dis-

charging the spent contents and
cleansing the vessel, without inter-

rupting tlie operation, and for strain-

ing and delivering the solid refuse.

At Monrepos, Guadeloupe, with an
apparatus consisting of 6 diffusore,

juice having a density nearly equal to

that of the natural juice is obtained,

li hour being sufficient for extracting

the sugar. The yield of white sugar

amounts to 12J-13 per cent, of the

weight of the cane.

Kobert's System.—Julius Eobert's

process, sufficiently familiar to those

engaged in the beet-sugar industry

(see pp. 1843-4), is coming into use

among oane-planters. The machinery

required comprises a 45-H,P. steam-

engine, oane-cuttere, diffusion-vessels,

and a heater. The cane-cutters are

constructed by Franz Kebicek, of

Vienna ; they make about 225 rev. u

minute, effect a clean sharp out, ellip-

tical in shape, 3-4 in. long, and J-,if

in. thick, and slice up a minimum
average of 6000 lb. an hour. The
elliptical cut severs the maximum
number of central cells, wherein the

sugar is said to chiefly reside. The
diffusion-vessels are of light boiler-

iron with oast-iron bottoms. They
measure 120 cub. ft., and contain

about 4200 lb. of eane-ohips and 3250

lb. of water, 10 forming a battery.

Each vessel has 5 pipes—for water,

to send juice to the heater, to receive

juice from the heater, to discharge

juice into the clarifiers, and to pass

juice from one vessel to another, be-

sides one du-eot from the boiler for

steaming purposes, and one for dis-

charging the water from the vessel be-

fore emptying the exhausted chips.

The vessels have a manhole at top

for receiving the chips, and another

4 ft. sq. next the bottom for discharg-

ing the exhausted chips. The concen-

trated juice is drawn from the vessel

through » perforated false bottom.

The heater, of boiler-iron, and in direct

communication with the steam-boiler,

is used for heating the juice on its

passage from one diffusor to another,

ns it traverses a system of copper pipes

completely surrounded by steam.

Hydrostatic pressure is used in passing juice from one vessel to another, through the heater, and
into the sugar-house ; this is obtained by a water-tank of 1500 gaL capacity, placed about 20 ft.

above the diffusors. As soon as vessel No. 1 is filled with chips, and whUe No. 2 is being fiUed,
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direct steam is let in until it begins to escape at the top. Steam is then shut oflf, and water is let

through the heater until the vessel is full, when the manhole is closed. No. 2 being filled with

chips and duly 8teamed,water is again let down from the tank through the heater into No. 1, driving

the liquid into No. 2 through the connecting-pipe. No. 3 is filled, steamed, and charged with juice

through No. 2, in the same way. When No. 4 is filled with chips, cold water is let directly from

the tanls into No. 1, driving the juice which was in it through the heater into No. 2, and from 2 to

3 and 3 to 4. Next, cold water is run into No. 1, and from No. 1 to No. 2, from No. 2 through the

heater into No. 3, then directly into 4 and 5, and so on, care being taken to preserve the tempera-

ture of the last vessels filled at about 88°-93° (190°-200° F.). When the hot juice has passed

through No. 7, it is sufficiently concentrated, and is discharged into the sugar-house ; No. 1 is now
emptied, and No. 2 becomes the first vessel in the battery, and the work goes on as before, there

being always 7 vessels working, one emptying and two refilling : so that practically, when the work

is in full operation, as fast as one vessel is filled, a charge of concentrated juice goes into the sugar-

house, and one vessel with exhausted chips is emptied. The exhausted chips are discharged

through the large manliole near the bottom of the diffusor, and received on a carrier which

drops them into the begass carts. A vessel is emptied by two men in 6-8 minutes, including

opening and closing the manholes ; filling requires 12-15 minutes.

The normal condition of the battery in regular working order is :

—

No. of
Vessel.
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A week's run of the process iu Louisiana, workiog up 987,945 lb. of cane, gave :—
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The water required to work the diffusion apparatus is about one ton to every ton of cane

;

it is important to have pure water, as it has a great influence on the quality of the juice. Water
containing organic impurities in partial decomposition would add to the juice similar elements of
fermentation to those which the process aims at leaving in the cells of the cane. About 6-7 per
cent, of the water is saved, if, instead of emptying the water from the vessel containing exhausted
chips, it is forced into the next. A peculiar difference exists between mill-juice and diffusion-juice,

iu that the latter requires longer to crystallize when brought to syrup. Brsidea this, by the

continued application of high temperature, part of tlio crystal lizable sugar is inverted, as proved

by the excess of molasses. In tlie matter of rapidity nf crystallization, diffusion-juice apparently

labours under a disadvantage as compared witli mill-juice ; but tliis is obviated by supplyin"

more receivers for the syrups, and by lieating the " cooling-room." The begass forms an excellent

material for paper-making. The eliicf drawback to diffusion is the large quantity of water
required, which, though much of it can be utilized for condensing purposes, represents a proportionate

extra evaporation and extra cistern space ; but under favourable circumstances, the larger yield

of sugar more than compensates for the extra cost.

The Robert process is in use at the Aska works, Ganjam, Madras, whei-e the sugars made by it

analyze :

—

FiioM Unchaiicoaled Juici:.
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the lower chamber b ia empty, the valve c is raised by turning the handle d, while the tap of the air-

pipe e is opened. The juice contained in the upper chamber a immediately descends through the

valve 0, any air that may have been imprisoned in the chamber 6 escaping through the air-pipe e.

This air-pipe extends about 6 in. into the lower chamber b, for the purpose of ascertaining when the

chamber is sufSciently full, the escape of air through the pipe e being stopped as soon as the juice

reaches its lower end. The cessation of the whistling noise made by the air rushing through the

end of this pipe e constitutes the signal for screwing down the

valve 0, to prevent any further flow of juice into the lower

chamber 6. The air-tap is then closed, and the steam-tap /of
the steam-pipe g, communicating with the boilers, is opened,

when the empty space between the sm'face of the juice and the

top of the lower chamber b fills with steam, which drives the

juice out through the discharge-pipe h. As this pipe is carried

down to within a short distance of the bottom of the monte-jus,

nearly the whole of the contained liquor is forced out of the

lower chamber 5. As soon as any indications of steam appear

at the mouth of the discharge-pipe, the steam-tap / is shut, and

the valve c and air-tap e are opened to let in a fresh charge. It

will thus be seen that the action of the monte-jus is exceedingly

simple, only one precaution being necessary, viz. to shut the

valve 0, through which the juice is running, in time. If the

juice be allowed to reach the top plate of the chamber b, the

steam, when let in through the pipe g, will mix with and boil

the juice, but will not elevate it ; considerable difiSculty and
delay sometimes arise from this circumstance. As a precau-

tion against carelessness, an overflow-tap i should be fitted to

the shell of 6, a few inches below the top, so that the super-

abundant juice might be drawn off. The juice, as it comes

from the monte-jus, is sufficiently warmed to retard fermentation

on its way to the olarifiers.

While this instrument remains by far the most generally

adopted means of raising juice, it has been objected that its

interior is not readily accessible, and that it is therefore difficult

to keep clean, whereby fermentation may be caused in the

juice. It is also urged that the liquor is diluted by the admix-

ture of condensed steam. Hence, in many cases, the monte-jus

has been replaced by centrifugal pumps. In favour of these,

it is advanced that there are no valves nor other mechanism
to become a refuge for dirt, no air nor steam is forced into the

liquor, and, with properly adjusted arms, the juice is raised in a solid column without churning.

Many statements, however, point to the fact that the churning is often seriously worse than with
the monte-jas. In the best central factories, steam in the monte-jus is replaced by air under a pressure

of 60 lb. a sq. in., thus obviating most of its drawbacks.

Defecation aud CLARrFiCATiou.—Having, by any of the methods described, extracted as

much as possible of the juice from the cane, the next operation is to eliminate from that juice all

matters regarded as impurities from the sugar-maker's point of view, i. e. everything except the

sugar and the water holding it in solution.

Preliminary Straining.—First of all, unless the juice has been extracted by diffusion, it is

necessary to remove the gross impurities derived from the breaking-up of the canes. This may be
done by a series of strainers, arranged so as to be easily removed, cleaned, and replaced. One of

the best contrivances is a modification of the endless wire-web strainer, not essentially different

from that on which the rag-pulp of paper-works is agitated and filtered from a great part of its

water. The wire-gauze in common use has 40-60 threads per in., but it can be obtained of 80-90 :

the finer the better, provided the web presents a clean surface as fast as necessary. The
strained juice is received in a shallow tray placed immediately under the horizontal part of the
straining web, and passes thence by a gutter to the clarifier.

The chief means introduced for cleansing the juice are heat, chemicals, and filtration.

ffcat.—Heat alone will exercise beneficial effect both by checking acidity—scalding the juice
prevents acetous fermentation setting in, probably by destroying the fungoid germs which are its

necessary accompaniment (presumably its cause); and by evaporating a portion of the acids
holding the albuminous matters in solution, whereby the albumen is coagulated and rendered
insoluble. It is also a valuable aid to the action of chemicals upon the juice, increasing the
energy of the reactions set up, and thus greatly reducing the duration of the operation. Hence
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heat 18 now aniversally availed of in recognized processes of defecation and clarification. Bat if

the heat is applied injudiciously, much of the crystalUzable sugar is inverted.

Bteam Defecators and Clarifiers.—As the degree of heat employed is a matter of vital im-
portance, it is most conveniently applied in the form of steam, that being readily controlled.

Figs. 1354 and 1355 represent respectively an elevation and plan of a steam defecator made by
Fawcett, Preston, & Co., Liverpool. The part B is composed of a copper, spherically-shaped lining,

mounted in a cast-iron casing, to whicli high-pressure steam is admitted. The upper part A is a
light curb of copper or iron to give capacity, and is clothed with lagging to prevent escape of heat.

D are pipes for juice and water ; E is the steam-cock ; F, the cock for drawing off the defecated

contents
; and G, a swivel-mouth pipe to direct the contents of the defecator as required into the

clear-juice gutter, the turbid-juice gutter, and the washings-gutter. As the steam condenses in

the double bottom of the defecator, the water flows away through the condense-water box H.
Lately many planters have adopted another system of defecating. Instead of providing 4, S, or

12 separate defecators, with corresponding equipment of double bottoms, cocks, and pipes, they

establish a powerful juice-heater, or vessel full of tubes fixed between two tube-plates. The steam

is outside the tubes, and the juice from the mill traverses the space inside the tubes. If the mill

gives 1500 gal. of juice per hour, a heater with 300 sq. ft. of surface will deliver the whole into

say 3 empty tanks of 500 gal. each ; there tlie juice is defecated and left to subside. By using a
juice-heater and 3 tanks, the same result is obtained as by a costly steam-boiler working at high

pressure and 4 very costly defecators with their mountings.

1355. 1357.

Figs. 1356 and 1357 represent elevation and plan of a steam clarifier and evaporator, made by

Fawcett, Preston, & Co., Liverpool, which is used for treating tlie syiup after it leaves the triple-

effect (see p. 1895). It is a cylindrical vessel provided with a steam-worm B fitted in the lower

part ; at the upper part, a border and gutter is formed, into which the scum is brushed as it rises

on the syrup. The condensed steam in the shape of hot water passes through the box D, which has

a float and cock to prevent uncondensed steam from passing uselessly away. Tlie exterior A is

lagged to economize steam by preventing the syrup from cooling. Every means must be adopted

to save heat and fuel in a sugar factory, as it may be stated generally that 210 H.P. of steam are

required to make a ton of sugar per hour, or 20 H.P. per hour for 12 hours ; and in many sugar-

producing countries, coal at the furnace-mouth costs 3/. a ton.

The use of the clarifier may be described in general terms as follows. The juice is raised to a

temperature of 80° (176° F.), and sufficient milk of lime is added to neutralize the acid in the

juice. The heat is then continued till a scum of impurities has risen to the surface, and com-

mences to crack. The time occupied in this should be about 10-12 minutes from the commence-

ment of the operation. The steam is then shut off, and the liquor is allowed to subside for 15-20
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minutes, when the scum remains at the top ; some heavy matter will have fallen to the bottom,

and between them will be the clarified cane-juice, clear and of a pale straw-colour. The
clarification being complete, the two-way cook is first turned on to the smaller aperture, until

the top scum begins to appear ; the cock is then turned to the large way, and the plug is

taken out. The bottom sediment and top scum are conveyed to a cistern, whence they are placed

in bags, and any juice remaining in is squeezed out, leaving only a small portion of solid matter

behind.

Chemicals.—Of these, the most important and most widely used is slaked lime ; following it

come bisulphite of lime, sulphurous acid, lead acetate, and sundry special compounds, as well as

antiseptics.

Lime.—The efiects of heating are greatly augmented by the simultaneous application of a strong

alkaline earth, such as lime, which combines with the liberated acids, and with any carbonates

present, and thus forms an insoluble precipitate, which carries down much of the impurities. But
any excess of lime beyond what is required to neutralize these acids will re-dissolve the coagulated

albumen, and preserve it in a state of solution, until the excess of lime is again neutralized by addition

of acid. The operation, which is called " tempering," is thus obviously one of extreme delicacy.

The first point to ascertain is the exact amount of lime required by a given quantity of cane-juices.

A bottle containing exactly 250 septema (^ gal.) is filled with filtered cane-juice of known sp. gr.,

and the juice is transferred to a beaker over a spirit-lamp, and stirred occasionally with a glass

rod till it boils ; after boiling for about a minute, clear saturated lime-water is poured in, a few

drops at a time, till the juice shows a neutral reaction. The beaker is then taken off the lamp,

and its contents are allowed to settle for a minute. If a coagulum of large fiakes fioats about

in the transparent slightly-coloured liquid, and readily separates and subsides, the points of

neutrality and of proper clarification coincide. The exact number of septems of lime-water used

is then noted. If the floccules are small, and do not readily separate, the juice if boiled would

throw up scum, and is not properly clarified. More lime-water is added till the indications of

proper clarification are attained. The juice will now have a deeper tint than if excess of lime had

not been required. The total number of septems of lime-water being noted, the calculation as to

how much quick-lime is required for a given number of gallons of juice is :—If 250 septems of

cane-juice required 20 septems of lime-water to render it neutral, and 1 more for clarification,

then 30 X 40 = 1200, the number of septems of lime-water that 1 gal. of juice would have taken

;

saturated lime-water at the temperature common in tropical boiling-houses contains 0'00862618

gr. of quick-lime, therefore 1200 X 0-00862618 = 10 '351416 gr. of quick-lime required by 1 gal.

of juice. As a rough rule, the proportion of 1 septem of lime-water to 250 septems of cane-juice is

nearly equal to IJ dr. of quick-lime to 100 gal. of juice. Hence the number of the test, multiplied

by IJ dr. gives the weight in dr. of quick-lime required for 100 gal. of juice. This result is 1 per

cent, too little. The test should be frequently repeated.

In the test, saturated lime-water is used, because it is easy to have it of uniform strength ; but

on the large scale, to use lime-water would entail great dilution of the juice, and waste of fuel in

the subsequent evaporation. Hence " milk " or " cream " of lime is resorted to. The lime used

must be thoroughly burned, quickly slaked with clean water (enough water being used to

impart a creamy consistence), and carefully filtered through a very fine wire sieve, to remove all

fragments of flint and unburnt and unslaked lime. The weight of these impurities removed must
be deducted from the amount of quiok-lime originally taken. Quick-lime can only be kept in

perfect condition in closed vessels. The juice being tested as to its density and acidity, and the

milk of lime being prepared, the twin process of defecation and clarification commences.

There are several ways of carrying it into operation. One of the most simple is that known as
" cracking." It necessitates the use of two or more clarifiers, and is conducted as follows. The
strained juice is admitted into the clarifier till sufficient has accumulated to prevent injury by
heat. Fire is then made under the clarifier (or steam is admitted into the jacket or coil), and by
the time it is full of liquor, the temperature will have risen to about 54° (130° P.). The " temper-

lime" is then thoroughly incorporated, and the heating continued. A thick greenish-yellow scum
appears on the surface, and increases in thickness, changing colour from exposure to the air; at

about 79°-82° (174°-! 80° F.), numerous minute air-bubbles form a frothy layer under the thick

scum, by and by forcing their way at a few points through the scum, which soon cracks, and shows
the bubbles. The heat is then quickly withdrawn, and the contents of the clarifier are allowed to

rest for 15-30 minutes or more. Ebullition is avoided, because it would break up the floating

scum and difluse it through the mass. The time allowed for settling depends on the nature of

the juice and the proper apportioning of the lime. After settling, there is a layer of coagulum at

top, and a precipitate at bottom, while the body of the liquor is bright and transparent, with a more
or less deep sherry-tint, and minute flakes floating thick in it. If it is hazy, the heat has not

been enough to clarify, or the lime has not been sufficient. After standing, the clear liquor is

run off into the filter, and thence to the evaporating apparatus ; the scum and sediment, with the
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oonsiderablo quantity of juico that invariably accompaniea tbeni, are nsnally run oflf to the

akimraings-cistem, to be used in setting up liquor for rum (aoe p. 228).

When the clarifier has a steam-coil or -jacket, little loss of time occurs, for as soon as enough

Hqnor is in the clarifier, steam is turned on so as to attain the desired temperature by the time

the vessel is full. Fire-clarifirrs are discharged by a stopcock near the bottom, till the liquor

begins to run muddy ; bteam-elarifiers, by a valve in connection with a tube that rises 4-6 in. above

the bottom, so as not to disturb the sediment.

This method is open to the objections that :—(1) Clarification is rarely attainable below the

boUing-point of the juice, consequently the juice wants brilliancy and transparency, and minute

floating particles render the filtration unsatisfactory; (2) the floating matter is thrown up as scum
during the concentration, causing waste of juice in the skimmings.

Dr. Shier's modification is as follows :—The strained juice is boiled briskly for 5 minutes, the

sound being constantly beaten down. While boiling, the proper quantity of temper-lime is added

mixed with clay-batter, gypsum, or whiting-batter ; the boiling, stirring, and beating down are con-

tinued for a few minutes. Neutralization being effected, the whole contents are rapidly withdrawn

into a subsider, and left till the coagulated flocculent matter has subsided. The clear juice is drawn

off and passed through a filter mto a cistern. Here, excess of lime is corrected by careful addition

of dilute sulphuric acid. It is safest to cease adding acid when the alkaline reaction becomes

extremely feeble. Were the limo in excess, the sugar would be dark-coloured ; were the acid in

excess, tlie grain would be fine and soft, and part of the sugar would become uncrystallizable.

The addition of heavy matter to the temper-lime causes the impurities to form a sediment which

may be filtered oif, instead, of a scum which needs skimming. It is said to effect a great saving of

juice. Clay-batter is prepared from stiff clay (containing as little sand and organic matter as

possible), well dried, crushed to powder, and screened through a wire-gauze sieve of 10-14 threads

per in. The sifted cLiy is mixed up with clean water to tlie consistency of cream or batter. About
4-8 gal. of this batter, mixed with tlie eream of limp, go to 500 gal. juice. Gypsum or whiting used

in place of the clay must be in very fine powder.

Howard's process, strongly recommended by Wray, is as fellows :—The juice is strained and

gently warmed ; for each 100 gal. of juice, 2 oz. of finely-sifted quick-lime, made into a cream with

water, are added ; tlio whole is well stirred, and heated to S2" (180° F.), until a thick crust forma

on tlio surface, and shows a disposition to crack. This occupies 15-20 minutes after the addition

of the limo ; if it is very slow, the heat may bo raised to 93° (200° F.), but not beyond. When the

crust shows signs of cracking, the fire is stopped ; the liquor is allowed to rest for 10 minutes, and

drawn off through a fine strainer into a " precipitator." Here the firing is urged as high as possible

without actual boiling, the rising scum being constantly skimmed off. The liquor is then boiled,

continuing tlio skimming for 10-15 minutes, after which, the " finings " are well stirred in, and the

boiling is prolonged for another 2-3 minutes, when the whole is thoroughly agitated, quickly run

off into a subsiding-tank, and allowed to rest for 2-6 hours before passing through charcoal-filters

into the evaporators.

The " finings " are thus prepared. Well-burnt lime is slaked with boiling water so as to form

a cream ; an equal bulk of water is added, and the mixture is boiled for some minutes, until the

lime assumes the appearance of fine curd ; the extraneous matter is then washed away, and the

lime and liquor are run through a fine sieve. About 2J lb. of alum for every cwt. of solid sugar

(say 100 gal. of cane-liquor) is dissolved in 6 gal. of water, adding about 3oz. of whiting (purified

chalk) for each 2J lb. of alum, the mixture being stirred until effervescence ceases. It is allowed

to subside, and the solution (containing sulphate of potash, which is very injurious to sugar) is

drawn off from the precipitated matters (alumina and sulphate of lime). After this, the precipitate

is well shaken up with the prepared lime-curds, which are in such proportion that turmeric-paper

barely changes colour by immersion in it, and recovers its yellowness when dry. The finings settle

to the bottom of the vessels, and, after draining off the supernatant liquor, are placed on blanket-

filters, until the mass contracts, and cracks on its surface ; the finings are then fit for use. Cane-

liquor is added in such proportion as will bring it to a creamy state, and then the whole is mixed

equally into the liquor to bo fined. The clarified cane-liquor remains for several hours before the

bright liquor is drawn off. Tlie object of the process is to procure sulphate of alumina free from

potash and ammonia (see Alumina, p. 333). The alumina greatly assists the purifying action of the

lime. (See Refining.)

Bisulphite of lime.—The bleaching and cleansing action of sulphurous acid led to experiment

upon its opplicability to the defecation of cane-juice, and the first form in which it was employed

was as a compound with lime, known as bisulphite of lime. About 1 per cent, or less of solution of

bisulphite is added to the juice immediately it is extracted, or even while it is being extracted.

Heat is then applied, and after the juice has been boiled and stirred for a few minutes, a mixture

of cream of lime and clay-batter is added. The exact quantity of cream of lime is ascertained by

test (p. 1886), sufiicicnt only being used to produce neutrality. After boiling for 5-10 minutes.
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and beating down the scum, the contents of the olarifler are run into a subsider, and thence filtered

out for concentration. The subsidence is not efficient without the addition of some weighting

matter ; but the syrup has a very fine colour, and gives a superior-looking muscovado sugar. An
objection is the high price of the bisulphite.

Sulphurous acid.—Next came the separate introduction of the lime and the sulphurous acid

into the juice. This system has grown into very wide use in the United States, W. Indies, and

other places. There are two principal ways of carrying it into effect :—(1) By first passing

sulphurous acid gas into the juice, and then adding lime : known as Col. Stewart's process,

patented in Louisiana and the W. Indies, and recently adopted in Egypt and elsewhere ; (2) by

first adding the lime, and then passing the sulphurous acid gas : Beanes' system, chiefly employed

in Cuba, but also in Java and Australia. The effect is probably identical in both cases. The first-

described plan is far the most common.
At Aba-el-Wakf, the following plan has been introduced. As fast as the raw-juice tank is

filled, its contents are raised to the clarifiers, steam at 60 lb. being turned on as soon as the

bottoms are covered. When the juice begins to boil, it is stirred with a copper pipe, through whose

lower perforated end, sulphurous acid gas is injected, and allowed to dissolve in the juice, till the

colour of the latter becomes considerably lighter, and a decided separation of the flocculent matter

takes place. The quantity of sulphurous acid to be added varies : approximately, 450 gal. would

require the combustion of -Jj-I lb. of sulphur. The sulphurous acid is forced into the juice by an

iron pump (with indlarubber flap-valves), whose speed can be adjusted to the quantity required.

The gas is generated by the combustion of crude sulphur in a cast-iron D-shaped mufile, the

necessary air being sucked through by the pump ; as the combustion depends on the air-supply, and

the latter on the speed of the pump, the whole apparatus is self-adjusting. Some 50-60 ft. of 3-in.

cast-iron cooling-pipe, with numerous holes for removing "flowers" as formed, conduct the gas

to the tanks.

As soon as the boiling juice is sufficiently " gased," milk of lime mixed with China-clay is

added at the rate of J-3 gal. per 450 gal. of juice, till it is perfectly neutral ; it is then let into

subsiders to stand till the impurities have settled. The use of sulphurous acid necessitates

the employment of about 4 per cent, additional lime. The combination of sulphurous acid and
lime permits the production of a grey-white muscovado (" grocery ") sugar.

Other Alkaline Earths.—It has been proposed to replace lime in defecation by other alkaline

earths, such as barium and strontium. Their effect is more powerful than that of lime, but they

have not come into general use on account of the prejudice regarding their poisonous qualities, and

the risk of some being left suspended in the sugar. As regards barium, there is no proof of its

deleterious qualities when present in such quantities as are found in sugar treated with it ; but an

expert can at once detect the use of any barium salt, by the modified form of the sugar-crystals,

which modification shows that barium salts are still present, and hinders the sale of such products.

Lime sucrate.—This process is described under Eeflning.'

Lead acetate.—Many years ago Dr. Scoffem employed the subacetate of lead ("sugar of

lead ") as a defeTiating agent, and many inventors have since improved on his method of manipula-

tion. This carries down many of the impurities as a precipitate, leaving sugar in solution, and
any possible excess of the lead salt is thrown down as insoluble sulphite by the injection of sulphurous

acid. Sugar was prepared by this process, without any injury resulting, but an outcry against the

poisonous nature of lead acetate, and the dread that some might be accidentally left in the sugar,

caused the process to be officially condemned. Lead certainly was present in the sugar, but it is

not known whether it was in a poisonous form or not.

Sulphur and Chlorine compounds.—One of the most recent innovations in defecating iS the

invention of Bastes, Lukin, and Boyd, of Brisbane, and known as " Eastes' process." The juice

may be tempered and clarified either hot or cold, but the liquor must be heated to boiling-

point to coagulate all the albumen. When the juice is in the clarifier, 4-8 oz. of chloride of

sulphur are added to each 100 gal. of juice, according to the supposed quantity of albuminous

matter present, the necessary quantity first being mixed thoroughly with a small quantity of the

juice in a small vessel, and then gradually poured into the clarifier, whilst the liquor is agitated.

In addition to the chloride of sulphur, in the case of juice containing free acid, sufficient lime
must be used to neutralize it. Sulphide of lime and " chloralum " (chloride of aluminium) may
replace the chloride of sulphur. After the application of the particular chemical selected, the

liquor is brought to boiling-point, and allowed to rest for not less than 45 minutes, by which
time the precipitate will subside, and a perfectly clear liquor remain. This is then run ofl' to

be evaporated.

Sulphur, Lime, and Charcoal.—John McGregor, of Tobago and Trinidad, has recently
introduced a plan called the "arvation" process. It consists in burning sulphur, lime and
charcoal in a furnace, and conducting the fumes into the liquor ; its advantages are nil.

Yellow Crystals.—The beautiful Demerara " yellow crystals" owe much of their brilliant colour
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nnd tranaparency to delicacy of tempering. The temper need is lime-water rather than cream of

lime, the density being only 10° instead of 17° B., and preference is given to rain over trench-

water. The olariflor is filled with sulphured juice, tested repeatedly, while it is entering and while

lime is bc>ing added, to ascertain the exact quantity of lime necessary : when it is known, the whole
quantity is for the future introduced before the clarifier is one-quarter full.

The exact pnjportion of temper ia decided (1) by the neutral reaction on test-paper, and (2) by
the a])pearance of the limed and agitated jnice when filled into a foot-glasa placed in the light

and allowed to subside for 5 minutes. The appearance wished for is brilliant transparency com-
bined witli a golden colour. The right quantity of lime is that which will give this result, though

the liquor may be a trifle alkaline. With inferior juice, colour must be sacrificed for tranaparency,

and lime added till transparency is attained, even though the colour be intensified to light-red.

Too light a colour, which is sometimes compatible with good transparency in the case of superior

juice, will result in a groen-coloured sugar. Over-tempering causes the sugar to turn greyish-

brown when cured. For the subsequent treatment of the liquor in the vacuum-pan, see pp. 189i-5.

Futration.—Filtration of the juice is a ueces-^ary adjunct to the defecation by heat and chemicals,

its object being the removal of the matters rendered insoluble by these operations. The chief kinds

used are bag-, charcoal-, nnd capillary filters.

Bag.filters.—The construction and arrangement of these are shown in Figs. 1358 and 1359.

The filter consists of a wrought-iron caae a, with openings at 6, nnd an internal flange at top to carry

a cast-iron box c, having holes in the

bottom, for the reception of gun-metal

bells (i, to which are attachcil the cotton-

twill filter-bags a. Fig. 13G0 shows an

enlarged section of the gun-metal bell d.

The bags e fastened to these bells are

3-6 ft. oiro. and 6-10 ft. long, woven

without a seam. They are crumpled

up inside "sheaths" of strong upen

webbing, about 18 in. cire., which

restrict thoir expansion. They are

arranged in series of 100 or more.

Oliarooal-flUers.—These are large,

slightly tapering, cylindiical vessels,

generally of wrought iron, with per-

forated falso bottom about \\ in, from

the bottom. A blanket covers this

false bottom, to prevent the charcoal

from being carried through with the

liquor. Some charcoal, hnwcvcr, always

accompanies the first liquor, which is

caught in a separate receiver, to be

filtered over again. . In filling these

vessels, the first few inches of charcoal

should be pressed compactly down, after which, it is packed lightly but evenly ns near to the top as

will leave a convenient space for the liquor. The object of these filters is to remove the vegetable

colouring matter from the liquor, together with the fine suspended impurities that have escaped

the bag-flltera. Use is made of both animal charcoal (bone-black) and wood charcoal, but the

former is in most general favour. (See also Beet-sugar, pp. 1851-4 ; Kefining.)

Capillary fllters.—A representative filter of this class ia that invented by F. A. Bonnefin, of

Guadeloupe, and made by Corcoran & Witt, 30 Mark Lane, London. It is intended to be used in

conjunction with his " continuous preparator" (see p. 1898), which effects the removal of the coarser

impurities prior to the tempered juice entering the filter proper. This latter separates solid matters

from liquid by capillary action taking place through fibres held between surfaces of a yielding

material, and aided by pressure or auction. The bundles of fibres are usually, for convenience,

woven into an exceedingly loose fabric, preferably of pure cotton. At one end, they are in contact

with the mixture to be filtered ; the capillary action of the fibres draws the clear liquid past the

yielding surface, whilst the solid matters are left beliind.

Figs. 1361-2 show an elevation partly in section, and a transverse section of one way of arranging

the filter. The apparatus consists of a central chamber a, to which the material to be treated is

supplied by a pipe d, pressure being obtained by a pump, or by allowing the material to descend

from an elevated cistern. The two sides of the chamber a are slotted, as shown at 6, to allow the

free escape of the material on either side. Tlie two faces of the chamber a are also grooved all

round, and the grooves are filled with soft indiarubber c, an as to project above the face of the

6 E

1 c
1
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chamber a. Against the face, is placed the filtering fabric, of such a size as to overlap the india-

rubber all around; holes are cut in it, corresponding to the slots 6. Against the fabric, is placed a

rectangular brass frame e, grooved and fitted with indiarubber iu the same way as the faces of the

chamber u. Another fabric is placed next, then another frame, and so on in succession. The
alternating series of brass frames, filter-cloths, and indiarubber terminates in a cover-plate /.

1361. 1362.

The bolts h, fixed to the chamber a, hold the filter together. The outlet is at i. The material is

admitted to the filter throughout its whole length by a gutter leading from the feed-pipe.

Filtration takes place, not through the fabric, which is woven so loosely as to be transparent, but
from its edges, the pure liquid traversing the fibres longitudinally till it escapes at the margin,

while the solid matters are arrested, and range themselves concentrically upon the fabric around
the indiarubber surface. A filter with plates 15 in. diam. and containing about 30 duplicate

surfaces of fabric, will pass 120 gal. per hour. The dirty fabrics need only a few minutes' rinsing

in hot water to cleanse them from the adherent solids, and are at once ready for re-use. The action

of the filter is purely mechanical, and it ia not capable of removing impurities in chemical
combination or solution.

Galvanism.—W. Eathorne Gill, of London, proposes a system of defecating by galvanism in
conjunction with chemical agents and filtration. Galvanic and chemical actions are set up by the
use of zinc sti'ainers and strips, coated with a composition whose base is clean grease, the other
ingredients consisting of charcoal, metallic sulphides, silica, alumina, and any insoluble lime salt

reduced to powder, and intimately blended. A zinc strainer receives the juice, which escapes by
the orifices into a surrounding separator, where the lighter impurities rise, while the heavier pass
into a bed of clean sand. It is claimed that the combined effect of the composition and the
galvanic action set up in the juice is complete defecation, and prevention of all fermentation.
But the only efficient part seems to be the sand-filter, which has long been known and appreciated.

CoNOENTEATioN AND Gkanulation.—The canc-juice, reduced to the condition of a clear solution
of sugar (with some few salts as impurities) iu water, has next to be deprived of so much of its

water as will permit the sugar to assume a solid (usually crystalline) form. This operation termed
'' concentration" and " granulation," has been described in principle on p. 1854. The inversion of
sugar during concentration of cane-syrup is said to be prevented by the introduction of
superphosphate of lime into the juice before boiling. There is no evidence as to the practical
utility of this plan ; but phosphoric acid appears rather to aid the crystallization of sugar (see
p. 1850), and the process would therefore seem to be based on good ground. Both heat and cold
have been applied to the concentration of caiie-syrup, but chiefly the former.

Heat.—Tlhe means by which heat is applied to the evaporation of cane-juice may be described
under five separate heads, according to their principles :—(a) Pans heated by fire, (6) pans
heated by steam, (c) film evaporators, (rf) vacuum-pans, (e) bath evaporators, (/) Fryer's concretor.

a. Pans heated by Fire.—The earliest and crudest system of evaporation was the " copper-
wall," or " battery " of open pans called " teaches " (taohes, tayches, &o.) The first two pans of
the series are the clarifiers ;

thence the juice flows into the teaches, sheet-copper pans set in
masonry on a descending plane. As the juice concentrates, each lower pan fills up with liquor
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from tho one immedlutdy above it, until the density of the liquor in the " strlking-teach " perraita

prauulation, when the mass is ladled into shallow wooilen vessels, and conveyed away to be
" cured." By .the oldest method, the liquor was ladled throughout the series. More recently an
inipiovoment was introduced, consisting of a copper dipper, fitting inside the striking-teach, and
having at the bottom a large valve, opening upwards and worked by a Lver. The dipper is

attnrheil to a crane, which commands the striking-teach and the gutter leading to the coolers.

Tliis greatly economises time. The furnace for heating the series is set under the striking-teach ;

the heat passes by flues to the chimney or to the boiler-flue.

In working a battery, the difficulty ifl determining the exact moment wlien the bniling of the
" sling " in the striking-teach must cease, i.e., when to make a " skip ;" great skill and experience

are re(iiiirej to suit each kind of juice. The main point is to bring about crystallization in the

sling in as great mass as possible after it cools : if the sling be taken out too soon, there will bo
only a few large irregular crystals, and a quantity of sugar will be left in the molasses ; if the

sling be boiled too long, a sticky mass of tiny crystals and syrnp will result, from which the

niolas.ies can only be drained off witli great dilficulty, and from wliich it is impossible to obtain

clean, dry, and hard crystals. An experienced " wall-man " knows tlie approach of the striking-

point ; but a good test is the following :—Pour a spoonful of the boiling sling into a glass of clear

water; if, aft<r a minute's cooling, the sling can be formed into a ball which does not stick to the

fingers, and slightly flattens itself on the bottom of the glass on being dropped in, the correct

period has arrived for striking.

The continued use of the copper-wall is an illustration of the backwardness of the cane-sugar

industry in many places. Its drawbacks are:—(1) Waste of fuel; (2) tbo amount of labour

required and length of time occupied ; (3) considerable waste of liquor in the sloppy manipulation

;

(4) the proportion of molasses produced is intensified by the chuming-up of the liquor and
consequent admixture of air, and by tlie irregular and uncontrollable action of the heat upon the

surface of the metal wilh which the liquor is in contact. The temperature prevailing in the

striking-teach is not less than 110°-113° (230°-235° F.) in any' port, and much greater at the

bottom of tlie mass. It is therefore not surprising that liquor showing 10 per cent, of inverted

(uncrystallizable) sugar in the first pan, should have 22-23 per cent, by tho time it is finished in

tho striking-teach.

6. Pans heated by Steam.—The simplest form of steam cvaporating-pan consists of a

rectangular wrought-iron tank, at the bottom of which is a series of copper steam-pipes, connected

by gun-metal bands brazed to them, and carried on wrought-iron supports. The tank is fitted at

the side with a steam-valve at cue end of the steam-pipe range ; at the other side, is a oast-iron

box, fitted with a wrought-iron pipe, for the escape of the condense-water to a condense-box. This

form of evaporator presents a largo heating surface, with facility for cleaning. By passing the

ends of tlio stenm-pipe range through stuffing-boxes, tho pipes can be turned up, and all parts of

the interior of the tank be readily cleaned, a matter of great importance.

Under Pressure.—The 5 steam conceutrating-pans erected at Aba-el-Wakf receive the juice

when it has fallen to a temperature of about 71° (160° F.) Each consists of a copper tray, 23 ft.

long and 6 ft, wide, heated by a steam-boiler beneath, and covered by a sheet-iron casing which
confines tlie steam evolved from the juice. The steam-boilers work under 60 lb. pressure. The
heating surface of each tray is increased by 495 vertical nozzles screwed into it ; tliese are of brass,

oast very thin, and slightly tapered. Their mean external diameter id 2^ in., and they project

I.J in. above tlie plate. If the juice is in good order, it makes very little foam; if not properly

tempered, a thick froth soon forms, but appears to condense against the cover, ami drop back into

the boiling fluid. Each particle of juice takes about 18 minutes to pass through the tray, and
though exposed to the temperature due to 3-4 lb. pressure of steam on its surface, the syrup gains

hardly more colour than would be due to the increased density. The steam generated from the

juice is collected into a wrought-iron main, and taken by one branch to the vacuum-pans, and by
another to the vacuum-pumps and centrifugal-engines, which it actuates, supplying all the power
necessary for boiling to grain, curing, and raising the water required throughout the mill. A
great drawback to the use of steam from tho juice is its low pressure (3-6 lb.).

The advisability of concentrating syrnp under pressure in this manner has been the subject

of much discussion. It is usually held that any temperature above 60° (140° F.) is prejudicial to

sugar solutions, and that above 74°-77° (165°-170° F.) the proportion of sugar inverted to the

uncrystallizable condition is very large. A perfectly white refined sugar exposed to a temperature

of 107° (224° F.) for 3 hours becomes quite yellow. The normal boiling-point of syrup at 10° B.

is about 101° (214° F.). In these pans, the extra pressure of 3-6 lb. of steam means an increase

of 8°-16° v. in the temperature in order to arrjve at the boiilng-point, which would seem to be

highly injurious. Long oxposm'e, however, is quite as mischievous as high temperature. It is

easy to avoid one by incurring the other ; the difficulty is to avoid both. Perhaps the chief harm
of rajiid concentration at a high temperature is the violent ebullition of the mass, whereby

G K 2
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portions of heated surface are momentarily left dry. The Aba pans, working with a steam

temperature of 143° (290° P.) on the under side, and the juice being at 105i° (222° F.), actually

made less molasses (i. e. inverted and charred sugar) than some more generally-recognized plans.

Still the system cannot he recommended for adoption where there is no necessity for using the

water evaporated from the juice.

c. Film Evaporators.—Under this head are particularly included those evaporators which

depend upon the principle of exposing thin films of liquid to the action of a heated surface in

the open air. They are generioally known as " wetzels " among planters, and comprise the "pans"
bearing the names of Gadsden, Wetzel, Sohroeder, and Bour, and many modifications, some of

which, such as Murdock's, have steam-heated coils. The original form was Aitohison's simple

cylinder revolving with partial immersion in the liquid, and heated internally by steam. In its

revolution, the cylinder carries on its surface a film of liquor, whose water is soon evaporated.

In the Gadsden pan, the cylinder is replaced by a skeleton cylinder, consisting of two metallic

discs connected by a series of metallic rods fixed at short intervals around the periphery of each

disc. Here the drawbacks are the churning of the liquor (except at very Sow speeds), and the

insufficiency of the heat derived from the steam-jacket of the pan.

Wetzel's improvement upon this is the substitution of steam-pipes for the solid rods. This

overcomes the deficiency of heat, and has been very generally adopted, though the churning is not

reduced. Fig. 1363 shows the Wetzel pan and its special engine, as made by Fawcett, Preston, & Co.,

Liverpool. The pan a contains the liquor; the pipes 6 are heated by steam passing through them
;

and the whole cylinder c is caused to revolve by the engine d. The large heating surface enables
steam at very low pressure to be used, exhoust-steam from the cane-mUl engine^being sometimes
utilized for the purpose. By fitting the pipes diagonally (instead of horizontally) between the
discs, the churning is modified, but not altogether prevented. The greater exposure to the air also

causes increased oxidation of the juice and inversion of the sugar.

1364,

Schroeder overcomes the churning by having a^ jacketed pan fitted with a set of revolving solid

metallic discs strung upon a square shaft, and fixed about 6 in. apart. The apparatus has the

additional advantage of cheapness, but the heat derived from the steam-jacket requires to be
supplemented by a coil of steam-pipe winding between the discs, which constitutes an evil.
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The liquor U brought to them at u density nl'

Bour, obsorving that larger grains of augar are produced on the discs in Wctzel'a pan than on

the pi])e8, concluded that hollow steam-heated discs would increase the evaporating surface, and

produce belter grain. A front elevation of his pan is shown in Fig. 1364 ; and vertical and tran.-vcrso

sections of the disc on an enlarged scale in Fig. 1365. a, is the steam-engine ; b, exhau^t-pipo to

heat the revolver; c, revolver consisting of 10 copper discs ; d, copper pan for holding the liquor

under treatment, and discharged by the valve e at bottom ; /, pipe for carrying off the condensed

water from pan
; g, pipe for carrying off air and uncondensad steam ; h, safety-valve. The discs

are mounted on an axis which allows the steam to communicate freely with them, at the same

time collecting the condense-water and carrying it off at one end. Inside each disc are 2 spoons

Ic, running from tlie extreme diameter and terminating in the axis, into which the water is

delivered. Outside the discs c, are small buckets i, which lift the liquor as the discs move round,

and spread it as a thin film over the surface which is not immersed. The speed of the revolver is

10-20 rev. per minute. Where steam is plentiful, equally good sugar is produced by the quicker

speed, and nearly double the work is performed in the same time. One pan cooks 12 cwt. of

sugar per hour, from 20° B., as taken from 1366.

the battery, the temperature never exceed-

ing 77° (170° F.). The distributing-cups

churn the liquor excessively.

One of the most recent modifications is

Pontifex's, shown in Fig. 1366, The pan

a contains the liquor to be evaporated,

within which revolves a coil of steam-

pipe b. Thus a large heating-surface is

obtained, without the drawback of churn-

ing up the liquor.

It is to be observed that all these forms

of film evaporator are destined only to

finish tho concentration begun in tlie battery.

26°-27° B.

d. Vacuum-pans.—The principles controlling the boiling of juices in vacuo, and the details of

the construction of vacuum-pans and their accessories, have been already given under Boet-sugnr

(see pp. 1850-7).

Figs. 1307-1370 show vacuum-pans as used on nearly all large sugar plantations. The grain

formed from syrups boiled m vacuo is larger and more solid than that from syrups simply concen-

trated to crystallizing-point in open batteries. A Cuban hogshead will contain only IGOO lb.

of sugar made in a copper-wall, but 1800 lb. of vacuum-pan sugnr. By the use of the vacuum-pan
also, the planter is enabled to boil his molasses, aud to extract from 1 gal. some 4-5 lb. of sugar,

still having a second molasses for the distillery.

Working the A'aeuum-pan.—The air-pump is started, and so soon as tho vacuum reaches

26-27 in., the foed-cock on the side of the pan is opened, and sufBoient liquor ia drawn in to com-

pletely cover the first coil ; eteam is next turned in, and the liquor rapidly concentrates ; fresh

supplies are admitted at short intervals, the feed-cock being opened say for 15 seconds at a time,

until the mass commences to show " grain." Tho grain is fed carefully, the cock being opened

frequently, and each time the quantity admitted is increased. As the amount of sug:ir in the pan

continues to augment, steam is turned into the 2nd and 3rd coils, until, at the completion of the

charge, the pan is nearly full, or just below the sight-glass. In this way, the grain " grows " in

size. On the conclusion of the boiling, the vacuum is destroyed, and the charge is run out into a

tank, and allowed to stand for an hour or two, when a further crystallization takes place.

It is customary to draw in as much syiup as will cover the bottom coil (when reduced by

concentration), called " graining low-down." Some prefer to gmin higher; some when the pan

is half-full. An objection to graining high is that the grain has not so much time to grow, but

it does not always hold good. A pan taking 7 hours to boil a strike of 8 tons of masse-cuite

(concentrated juice) grained low, will only take 6 hours if grained higher. The crystals in the

second case will not be so large, but, in an 8-ton pan, they will be of fair size, even by the quicker

method. The drawiug-in is conducted thus :—The charging-cock is opened, and shut off again

08 soon as the liquid boils up to the " bull's-eye " on the opposite side. The contents quickly boil

down ; the cock is opened again, and shut off as before when the liquor boils to the same height.

This is kept on until the syrup intended to form grain has been taken in : roughly speaking, 2000

gal. of good 18°-20° B. syrup to a 5-ton pan is about the correct amount.

The granulating-point is easily recognised by a practical pan-boiler: a "proof" of the syrup,

taken between the thumb and finger, should draw to a thread |-in. long; but this test is of no

value if the syrup is sticky, resulting from under-tempering or sour canes.

In boiling for large grain, it is essential to grain low. The grain commences to form in minute
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specks ; these rapidly increase in number and size, until the whole mass of liquor is filled with them.

As each lot of syrup in admitted, it deposits oa the grains already formed, causing these to grow

larger. During granulation, the temperature should never be more than 71°-78° (160°-172° F.),

though raised later on to harden the crystals ; but this must not be done too soon after graining, or

the crystals will melt.

Bules for graining syrup in the vacuum-pan are :—The thinner the syrup admitted, the bigger

will the crystals be ; for large-grain sugar, few and heavy charges must be admitted, so as to give

1^?^^^'.^''V^,;^^^iW''^'l'%^il^^-^^'^i* gga^*w

the grain time to grow ; the larger the crystals are required, the more quietly and slowly must the

boiling be carried on ; to make regular grain, granulation is brought about very slowly, and ou

no account must the grain be forced by boiling very high before the first charge.

It is important in pan boiling to avoid forming " false grain." The two stages when the danger

of it is greatest are :—(1) The time when the sulphuric acid (for producing " yellow crystals ")

is admitted into the pan ; (2) the " opening " of the sugar when re-starting the pan to " double,"

i. e. when, having struck out half the contents of the pan, fresh portions of syrup are admitted

on to the masse-cuite left in the pan. If the contents are not suifioiently high when sulphuric

acid is admitted, false grain forms whilst working up for striking. Unless the masse-cuite be
" opened " very slowly, the new lot of syrup, instead of depositing on the already-formed crystals and

increasing their size, will form an independent grain, called " false grain," which not only spoils

the sugar, but prevents the molasses leaving it in the centrifugals.

When false grain is very bad, the best course is to strike it out immediately, and spin it in

the centrifugals, mixing it with warm water if absolutely necessary. When not very bad, and
the pan is little more than half-full, the heat and washing of a few heavy charges of new syrup

will remove it.

Demerara " yellow crystals."— Sulphuric acid imparts to the sugar the delicate yellow bloom so

much admired in " Demerara crystals," instead of the ordinary green-grey colour-. If too little is

mixed vrith the masse-cuite in the pan , the colour is scarcely improved ; if too much, the sugar

turns quite red a day or two after curing. It is admitted last of all
;
pan-boilers should not be
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allowed to moko a chnrge of syrup on to it immpdintcly previous to strikins. The quantity of

Bcid to bo used depends on the colour of the inaase-cuite ; as a rule, 3 gal. of acid diluted with

H gal. of cold condensed water to 5 tons of sugar is about right. In all cases, the least possible

quantity should be tised compatible with securing the desired result.

The proper striking-point is of great importance, and arrives when the proof will scarcely run

out of the socket of the proof-stick. Masse-cuite on leaving the pan should have a light-red colour

tinged with gold, and a temperature of 66° (150° F.)—never higher. Tlie objects of doubling are

to increaao the size of the grain, so that the market value of the sugar may be enhanced, and to

save time. Some syrup makes sugar that will bear doubling 2-5 times ; while some gets sticky

after the Ist cut of the pan. Great care must be taken while opening the masic-'-mlc kft in

the pniis ; for the 3rd or 4th cuts, a temperature of 71° (165° F.) may be raaintaineil while

opening slowly and carefully, the operation requiring 15-25 minutes. The drawing-in of syrup

demands more care in subsequent cuts than in the first.

Great loss of sugar is caused by doubling, depending on the amount of acid used, and on

the quality of the syrup ; it is estimated to amount to 20-25 per cent, of the sugar, and some hold

that a better return is obtained from the larger quantity of dark sugar at a lower price ; but on

the other hand the "loss" means sugar converted into a high class " golden syrup," and the extra

market value of the yellow crystals is affirmed by some of the best authorities to more than

atone for the extra cost and increased inversion of crystallizable sugar.

When sour canes are sent to the buildings, the sugar is apt to gut sticky in the pan, and

occasionally to such a degree as to interfere with the formation of grain, and endanger the whole

strike of sugar. If the stickiness is not very bad, 2-3 buckets of strong lime-water, taken into the

pan through the acid-cock, will put things straight. Besides this, the cxr^ss of acidity should be

neutralized by lime-water, leaving the syrup only slightly acid before drawing into the pan.

Molasses.—" First molasses " runs from masse-cuite which has had no molasses boiled into it

;

" 2nd molasses " drains from massii-cnitc boiled with molasses in it; "3rd molasses" drains from

vacuum-pan molasses-sugar (not muscovado sugar). These are kept distinct. Third molasses is so

sticky and impure that it is sent to the rum distillery (see Alcoholic Liquors—Bum, p. 22S),

as is also sometimes the case with 2nd molasses, when low quotations do not pay to convert it into

sugar. Only Ist molasses should be used for mixing with syrup-sugar in the pan, and 2nd molasses

for boiling molasses-sugar (" 3rd sugar ") ; 2iid mdlasses should never be used for boiling with pure

syrup-sugar in lieu of 1st molasses. There is a great difference of opinion about the boiling of

molasses ; but tho plan now to be described is the best, provided arrangements permit the molasses

to be boiled within 1-2 hours of separation in the centrifugals.

Supposing that the pan has struck out 3 tons, been refilled and cut a second time, leavuig it

still half-full, for a third time fresh molasses tempered with lime-water, and reduced with water to

30° B., is drawn in. The contents, struck out and " spun " in the centrifugal, should yield 2J-3 tons

of 2nd sugar, i. a. syrup-sugar with which molasses has been boiled, giving about 1 2 tons of sugar

from molasses, much improved in colour, in addition to the 2 tons obtained from the syrup, and

upon which the molasses was admitted. To make a very pale sugar, this process will not answer,

and the molasses must be made into fine quality 3rd sugar, or into rum.

For tempering molasses, lime-water should be stirred in until most of the acidity is destroyed,

and only a faintly acid reaction is shown on litmus-paper. For 2nd and 3rd syrups, or molasses

which is to be boiled for grain, the density must be reduced to ,30° B., either by blowing in live

steam, or, if this be inadmissible, by tlio addition of condensed water. The boiling is performed in

an exactly similar way to 1st syrup, except that it is useless to try for large grain, as the impurities

effectually prevent the grain from increasing beyond a certain size. It is not an unusual custom

to considerably raise the temperature before striking, by dropping the vacuum 2-3 in. ; this is

readily done by checking the supply of water to the condenser, and keeping the steam full on the

coils and jacket. The temperature of the masse-mite is then about 77° (170^ F.), whereas it has

previously been about 68°-74° (155°-165° F.). The object of this is to harden the grain, in order

that it may be washed in the centrifugal. The masse-mites from 2nd and 3rd syrups should always

be allowed to stand 2-3 days in coolers, to " grow " the crystals before centrifugaling. Molasses

from 3rd sugar of about 34°-36° B., are always "jellied " or " boiled smooth," and it is not then

necessary to reduce the density. If very acid, they should be nearly neutralized, and boiled until

a proof will draw out in a thread 1-1J in. long between the finger and thumb. At this stage, and

before any sign of granulation has commenced, the contents of the pan are discharged into a

cooler, and allowed to stand for 1-2 weeks, until the sugar has properly granulated, before

centrifugaling.

Multiple-effects.—Figs. 1371, 1372 show an elevation and plan of a set of horizontal triple-effect

apparatus by Fawcett, Preston, & Co. ; and Figs. 1373, 1374, an elevation and plan of a set of

vertical triple-effect apparatus by the same firm. This apparatus enables the planter to make use

of all the exhaust-steam that can be collected in the sugar-house, gives a syrup in good crystal-
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lizable condition, and eaves labour. It also permits the use of a vacuum-pan in many places,

where with a double-effect or a simple evaporating-pau it would be impossible, on account of

scarcity of water. The exhaust-steam enters the heating-space of the pan C, and is condensed by

the juice contained in the tubes. The first pan is therefore a surfaee-oondenser, and requires no

injection-water ; and the condensed water runs away to a receptacle, to be used again in the

boilers. The vapour from the juice in C passes into the interior of B, producing a second ebullition,

and is condensed here again by surface-condensation. The condensed water from this pan is water

of vegetation, as it comes from the cane-juice ; it is taken for washing the animal black. Fiually,

the vapour from B enters A, and the vapour formed in A is condensed by direct injection. As,

therefore, injection-water is only used for condensing the vapour formed in the pan A, great

economy is obtained. Triple-effects can be constructed either of vertical or of horizontal vacuum-

pans. Each system has its advantages, but when equally well constructed and worked there is little

or no difference in their results. On the whole, it may be said that the horizontal system does

not require such expensive machinery and such good execution as the vertical.

The saving in labour secured by the employment of triple-effect apparatus may be conveniently

illustrated by some actual figures obtained on two similar estates, with syrup and sugar of identical

quality and value, and under equally able management. On the estate using open batteries and a

single vacuum-pan, the labour (negro) was as follows :—17 hands at centrifugals, 25 at batteries,

4 at vacuum-pan and engine, 8 collecting fuel, 4 at steam-boiler : total, 58, working 18 hours a day
= 1044 hours of labour. The second used a juice-heater, defecating- and subsiding-tanks, a triple-

effect, and a vacuum-pan, and employed the following labour :—12 hands at centrifugals, 3 at

triple-effect, 2 at vacuum-pan, 4 collecting fuel, 6 at steam-boiler, 3 engineers, 4 at defecators, 2 at

Bcum-tanks, 2 at syrup-tanks, 2 at molasses-tanks ; total, 40, working 13 hours a day = 520 hours

of labour. Bach factory turned out 13 tons of 1st and 2nd sugars per diem.

Pigs. 1375-137S show an arrangement by Manlove, AUiott, Fryer, & Co. In each pan, is a

vacuum above the boiling liquor—slight in the 1st, better in the 2nd, and very complete in the

3rd. This is attained by a vacuum-pump, driven direct by a steam-engine, and similar to the vacuum-

pump of an ordinary vacuum-pan. The flow of the liquor through the three pans is continuous,

no stop requiring to be made for the discharge. The vapour rising from the boiling liquor in the

1st passes through a " save-all " (which catches any priming juice) into the steam-drum of the 2nd,

whence it is removed as oondense-water after giving up its latent heat to boil the liquor around it.

Similarly, the vapour from the Uquor thus set boiling in the 2nd passes through a save-all into the

steam-drum of the 3rd, where in turn it condenses itself, parting with its latent heat to the liquor

now in the 3rd stage of concentration. The vapour rising in the 3rd pan, being at so slight a
tension as to part with its latent heat only at a temperature too low for it to be further utilized,

passes through a save-all to a condenser, whence it rushes as condense-water into the pump. Thus
almost all the heat supplied to boil the liquor and evaporate its water is used again to repeat the
operations to a further extent in the 2nd and 3rd pans. Hence the economy of fuel, as compared
with ordinary steam evaporating-pans. The temperature of the liquor in the 1st pan is below that
of the same liquor boiling in the open air

; it is reduced for the denser liquor in the 2nd pan, and
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still further for the most concentrated liquor in the 3rd pau, in consequence of the progressive

coinplctoness of the vacuum.

Rillieuz's Triple Apparatus.—Norbert Eillieux's improvements in triple-action apparatus, with
the object of attaining a maximum useful effect, are as follows : —Tlie recipient for discharge-steam

1315.

1311. 1318.

(A, Fig. 1379) is provided with an equilibiium-valve C, which regulates the maximum quantity of

steam that can bo used. The first recipient being the steam-generator of the entire apparatus, and
heated by the discharge-steam of all tlie engines, is also connected with the discharge-water from

the coils of the boiling-pan D through the check-valve a and pipes b. By this means, the smuU
excess of steam that escapes with the water, assists in heating the first pan, while the combined
condonse-water from the coils and pan passes off through another pipe d o into a reservoir g for the

feed-pump to the generators.

To effect boiling with double action, considerable pressure is required in the first pan,—J-f
atmos., and even more, according to the size of the coils. Tlie vacuum is very small in the second

pan. The pressure is regulated by introducing into the feed-vessel for the triple-action a suflScient

quantity of direct steam, so that it does not interfere with the action of the apparatus. To
maintain normal pressure in the first pan, special apparatus is provided. If the boUing-pan is

heated by direct steam at high pressure, the discharge is conveyed to the 1st evaporating-pan ; if

steam from the expansion-chamber is used, or escape-steam from the engines, the discharge from

the boiliug-pan is conveyed to the 2nd evaporating-pan; if steam from the Ist evaporating-pan

is used for boiling, the discharge passes to the 3rd evaporating-pan, and thence to the condenser.

In triple-action apparatus, the 1st evaporating-pan is provided with two small auxiliary pans, ono

to evaporate the syrups that have been subjected to osmosis, the other for evaporating the saline

liquors, both being connected to the same condensing-column. Improvements are also made in the

pumps for drawing off the condense-water from the 2nd and 3rd evaporating-pans. To obtain

maximum effect from the apparatus, it is necessary to maintain a considerable vacuum in the last

lian. The condensation is effected by bringing the steam into contact with very extended surfaces,

over which water flows in thin films, thus obtaining a very complete contact of the steam with the

water. The steam from the safety-chamber is, as usual, subjected to a water-jet.

The system is receiving considerable attention from beet-sugar makers in France, though

devised more especially for cane-sugar. One manufacturer, whose diffusion process gives a very

low juice (sometimes only 2J° B. , and generally not more than 3i° B.), states that with the ordinary

arrangement of the triple-effect he evaporated 1800 hectol. (of 22 gal.) of juice at 3-2° B., with

150 hectol. of milk of lime, making a total of 1950 hectol. to 18° B. per 24 hours ; with Eillieux's

modification, he evaporated to 25° B., which, with the increased quantity worked off, is equal to a

total evaporation of 5158 hectol. per 2-t hours, or a gain of 3208 hectol. This gain is said to be

effected at the cost of only a little (quantity not stated) additional steam. The Rillieux apparatus
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ia now rarely used in Louisiana, being considered too complicated for plantation purposes ; the

tendency there is towards very large single vacuum-pans.

e. Bath-evaporators.—This system may be illustrated by the plan adopted by F. A. Bonnefin,

of Guadeloupe, whose capillary filter has already (p. 1889) been described. The apparatus is

intended for use with the filter, and is made by the same firm.

The tempered juice, prior to evaporation, passes through a " continuous preparator," a metallic

vessel 32 ft. long and 18 ft.

broad, divided by partitions into

4 chambers of 2 ft. in width;

each chamber has a central par-

tition not quite extending to one

end, with holes for the inlet aud
outlet of a heating liquid, which

therefore travels 36 ft. in the

chamber, on leaving which it is

reheated. On the partitions, is a

copper pan divided so as to form

a continuous zigzag channel,

about 1100-1700 ft. long, the

bottom being immersed in the

heating liquid circulating in

the chambers below. The juice

is admitted at one end, and
issues at the other. Along one

side of the pan, are hollows

to collect the heavy bodies de-

posited during the flow of the

liquid.

The juice, introduced at 15°

(59° F.), being in contact during

a travel of 1100 ft. or more with

a liquid at about 99° (210° F.),

leaves the further end of the pan

at 80°-90° (176°-194° F.), de-

prived of heavy organic or inor-

ganic matters in suspension, aud

of light matters which become

separated and rise to the surface.

It successively fills capillary

filters (p. 1889), and is delivered

in a pure state to be concen-

trated.

The vacuum -pan is con-

structed like the preceding, with

modifications to maintain the

heat in the coils at about 99°

(210° F.), the heat being regu-

lated in proportion to the juice

being more and more concen-

trated, and always below 100°

(212° F.) For generating heat,

Bonnefin employs a small fur-

nace for heating oil to 250°-280°

(482°-536° F.). This hot oil is

conveyed through a coil of pipes

in a vessel containing water, and
connected with the vessel which

receives all the condense-water

of the factory. After the oU has done duty in the evaporating apparatus, it is returned to be
reheated by the furnace.

/. Fryer's Conoretor.—In Fryer's concretor, no attempt is made to produce a crystalline article,
but only to evaporate the liquor to such a point that when cold it will assume a solid (concrete) state
The mass ia removed as fast as formed, and being plastic while warm, it can be cast into blocks of any
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convenient shape nnd size, hnnlcninK as it cools. In this state, it can be shipped in bags or
matting, suffering neither deliquosconce nor drainage. The o,„.t of an apparatus capable of
making 10 cwt. per Iiour is about 1000/. It is the invention of Alfred Fryer, of Manchester and
Antigua, and is made by Manlove, AUiott, Fryer, & Co., Nottingham and Kouen. It is shown iti

side elevation and plan in Figs. 1380, 1381. It eonsists of a series of shallow trays A, placed end

to end, and divided transversely by ribs running almost from side to side. At one end of these
trays is a furnace B, the iiue of which nins beneath them ; and at the other end, are a boiler C and
an air-heater D, which utilize the waste heat from the flue, employing it both to generate steam
and to heat air for tlie revolving cylinder.

The whole series of troys A is placed on a slight incline, the upper end being next the furnace.
The topmost 3 trays are made of wrought iron, since tlie intense heat here would render cast-iron

liable to fracture. The clarified juice from the pipe M flows first upon the tray nearest the
furnace ; it runs down the iuci ina towards the air-heater D, meandering from side to side ia a
shallow stream. Thus it has to traverse a channel 400 ft. long, before it can leave the trays at the
end adjacent to the air-heater, although the distance between the furnace and tlie air-heater in a
direct line is not quite 50 ft. While flowing over these trays, the juice is kept rapidly boiling

by means of the heat from the furnace ; and although it only takes 8-10 minutes to traverse its

density is raised from about 10° B. to about 80° B.

From the trays, the thickened syrup flows into the tank F, and thence passes out into the
revolving cylinder E. The cylinder is full of scroll-shaped iron plates, over both sides of which
the thickened syrup flows as the cylinder revolves, and thus exposes a very large surface to the
action of hot air, which is drawn through it by means of a fan Gr. Motion is given to the whole
apparatus by means of a small engine. In this cylinder, tlie syrup remains for about

20 minutes, and at the end of that time, flows from it at a temperature of about 91°-94°

(195^-200° F.), and of such a consistency that it sets quite hard on cooling. By the use of

dampers, the hot gases from the flue may be directed either under the boiler, returning through it

to the heater, or direct to the heater. At J, is an auxiliary furnace for raising steam, when the

heat from the concretor flue is insufiicient or not forthcoming,—as, for instance, when beginning

to crush canes, and before the juice has covered the trays. K is a smoke-door for cleaning out the

boiler-tubes. L is a chimney, either of brick or iron, for the last escape of the gases.

F. J. G. Minchin, of the Aska Sugar Works, Ganjam, Madras, gives the following result of using
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Fryer's ooncretor with diffusion-juice. It was in work 2 months, during which period there ran

over it 1,030,680 gal. juice, and were delivered from it 500,225 gal., hence it evaporated

530,455 gal. This gives a daily evaporation of 9557 gal. For this, wood fuel was used at the

rate of about 15 tons per diem. The juice ran on at 6°-6J° B. cold, and ran off at 11°-12° B. cold.

The ooncretor was used as an auxiliary to double-effect.

"W. F. Ashby has published some statistics of the use of the ooncretor by the TJmhloti Sugar

Co., Natal, from which it appears that with the 1876-7 crop, 610,900 gal. of juice gave 507 tons

6 owt. 3 qrs. 7 lb. of sugar, or 1-86 lb. per gal. of juice; the 1877-8 crop gave, from 586,300 gal. of

juice, 450 tons 15 owt. 1 qr. 14 lb., or 1-72 lb. per gal. of juice.

B. By Cold.—^More than 30 years ago, Kneller proposed to concentrate syrups by forcing cold

air through them, and his plan was much improved by Chevallier. Sugar made in Chevallier's

apparatus rivalled that of the vacuum-pan in every respect. A vessel holding 200 gal. of syrup

(comprised of 3 parts of sugar to 1 of water) is estimated by Wray to turn out 12 tons of sugar

daily. The cost of the apparatus is small ; the power required is trifling ; the ordinary air of the

estate could be used at once in dry weather, and would entail an insignificant expense for drying

in damp weather ; and the quality of the sugar is unsurpassed. In 1865, Alvaro Eeynoso proposed

to rapidly cool the syrup in suitable machines, and thus form a confused mass of particles of frozen

water (ice) and dense syrup. The mixture is afterwards separated in centrifugals, and the syrup

deprived of ice is evaporated in vaoim ready for crystallization. It seems most singular that, in the

face of the many drawbacks and great cost incurred by concentration by heat, and in presence of

the many improvements introduced of late years into refrigerating and cold-producing apparatus

(see pp. 1017-20, 1134-42), so little effort is made by sugar-growers to adapt the latter system to

their needs. A similar crystalline product, namely common salt (see p. 1718), is obtained by

hundreds of tons from sea-water by the eifect of natural cold, in favourable localities ; and there

would appear to be no valid reason why a modification of the plan should not succeed on an

extensive scale with sugar solutions.

CnRDiG.—" Oui-ing " embraces the drying and whitening or bleaching of the sugar. The several

plans will be discussed in succession.

Simple Drainage.—This is tlie oldest and "crudest method. To remove a certain amount of the

molasses and other impurities, the semi-liquid mass, dug out of the coolers as soon as sufficiently

cold, is placed in casks with perforated bottoms-; the holes in the casks are loosely filled with

canes, twisted leaves, or rushes (the latter long enough to reach above the contents of the casks),

in such a manner as to form a rough strainer. The casks stand meantime on rafters over an

immense tank. Here the draining process slowly and imperfectly goes on, a portion of the molasses

escaping into the tank below, but much still remaining in the mass of sugar, imprisoned between

the minute crystals. Even after months of standing, the separation of the molasses is so incomplete

that very great leakage and waste continue while the sugar is on its way to European markets.

Sugar cured in this way is termed " muscovado," and is the most impure form of " raw " (" grocery,"

" moist," or " brown ") sugar. It is nearly obsolete in the English and French colonies, and its

manufacture is decreasing rapidly in Louisiana.

Claying.—The first improvement introduced is based upon the fact that the impurities of

muscovado sugar are much more soluble in water than the sugar itself : thus washing with water

effects considerable purification. The earliest

"manner of carrying this out was by placing

the sugar in inverted cones with a minute

aperture in the apex, stopped up during the

filling and for about 12 hours afterwards;

upon the mass of sugar in the cone, was
placed a batter of clay and water (hence the

term " claying "), the object being to ensure a

very gradual percolation of the water through

the mass. This water carries with it the un-

crystallizable sugar and colouring matters im-

bedded between the crystals. The resulting

sugar is much lighter-coloured than musco-

vado, but the gi'ain is very soft, and the opera-

tion is most wasteful. In Bengal, a wet rag

is sometimes substituted for the clay batter.

The process continues but little in vogue.

Spirit-washing.—The very slight solubility of sugar in alcohol, coupled with the ready solubility

in that medium of many of its impurities, suggested the practice called "spirit-washing." This
consists in substituting cold alcohol or alcohol and water for simple water. The results are not
perfect, however, and the costUuess of the method soon caused its abandonment in this connection.
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Vacuum-chesl.—The vacuum-chest consists of an iron box with a tray of wire-gauze above, and
connected witli air-pump suction below. The sugar is spread on the tray, and the downward
suction produced by working the air-pump creates a tendency in the fluiil portion of the mass to

separate itself. Effectual separation, however, can only be attained when the grain or crystal of

the sugar deolt with is large, hard, and well formed ; with small or soft grain, the process ia

utterly inapplicable. This fault ha.s restricted its use.

Centrifugala.—The preceding modes have been generally superse led by centrifugal machines or

hydro-extractors. There are many varieties, but all consist essentially of a cylindrical basket
revolving on a vertical shaft, its sides being of wire-gauze or perforated metal, for holding the

^^

sugar. The basket is surrounded by a casing at a distance of about 4 in., the annular space thus

left being for the reception of the molasses, which is expelled by centrifugal force through the sides

of the basket when the latter revolves at high speed. A spout conducts the molasses to a receiver.

An example of a simple centrifugal is shown in Fig. 1382 ; more complicated forms are used in

refineries (see Eefining). The machine comprises a revolving basket a, carried by a cast-iron dome

b upon a. central shaft, arranged with driving-pulley, footstep, and neck-bearing, on the central

bracket c, the whole being supported by the outer cast-iron casing d, which collects the liquid

thrown off from the material in the basket, and conveys it away through a discharge-pipe. The

brake e, for stopping the motion of the basket, is applied by the lever-handle / acting upon the

angle-iron ring A riveted to the cylinder bottom. The sugar is discharged through two copper

doors i covering openings in the cylinder bottom, and passes down the shoot k cast in the outer

casing, into a receptacle below. The treatment of the molasses separated from the sugar has been

already described (see p. 1895).
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Complete Factory.—Figa. 1383, 1384 represent a modern sugar-house of economical and

convenient design. The cane-mill and engine for driving it, with Its cane-carrier and begass-

carrier G P, are shown on the right. The steam-boilers are in the house A. The defecators are

shown at H, and the clarifier at I. After the juice is defecated, it passes through the triple-

effect T, where it becomes syrup, and is clarified in I, whence it goes as required to the vacuum-

pan S, where it is concentrated and becomes masse-cuite, of larger or smaller grain as desired.

From S, it falls into waggons W, and from these waggons it is discharged into the mixer of the

centrifugals at L. These centrifugals are driven by the engine B, which works the vacuum-pump

for the triple-eifect and vacuum-pan. The sugar is finally packed in the area P, and delivered at

the door on the extreme left of the house.

Maple-sugar.—The rock or sugar-maple (Acer saccharinum) is a tall ornamental tree, flourishing

throughout most of the N. American continent. In sections of the United States where it has not

been exterminated, the manufacture of sugar and syrup from it is a remunerative adjunct to other

farming industries, occupying a period in which little other farm work can be pursued. The
apparatus for collecting the sap and manufacturing the sugar, involves a very small investment;

the fuel consumed usually consists of the prunings of the maple grove, which is benefited thereby

;

and at least 90 per cent, of the gross return is net profit.

An interesting point connected with the production of maple-sugar, is the variability of the flow

of the sap, dependent on diurnal changes of weather. The rising of sweet sap commences imme-
diately after the first break-up of the long frost, about mid-February, continuing through March
and into April, but varying in different localities and at different seasons. A cold N.-W. wind, with

frosty nights and sunny days in alternation, tends to incite the flow, wliich is more abundant in the

day than at night. It is, however, most sensitive to unfavourable changes, and a run of 3 gal. »
day from one tree may almost cease in a few hours, and then gradually recover itself. Hence the

yield from day to day is uncertain, and reliable statistics are difficult to record. A continuous

course of favourable weather tends to the largest production, a rising and falling supply reducing the

total of the season. The flow commences earliest in warm and low situations. A thawing night is said

to promote it ; it ceases during S. winds and at the approach of a storm. On the S. and E. sides, it

has been noticed to be earlier than on the N. and W. sides of the same tree. There are generally

10-15 good " sap days" in the season, which continues on and off for about 6 weeks ; after this, as

the foliage develops, the saccharine matter is reduced, and the sap is said to be " sour," though a
restricted flow still continues. Emerson considers that the sugar-yield depends also on the

character of the previous summer, and that plentiful rain and sunshine prepare for an abundant

harvest in the succeeding spring. Open winters are thought to render the sap sweetest ; while

much freezing and thawing make it most abundant and of the best quality. The sap of isolated

trees is richer in sugar than that of those which are massed together in the forest.

The produce of sugar may average 1 lb. to 4J-5 gal. of sap, but instances are given of 1 lb. of

sugar from 3 gal. of sap. In a good sap season, an average tree will run as much as 3 gal. of sap in a
day, occasionally more, and afford about i lb. of sugar in the season ; Emerson records cases of 10, 20,

33, and 43 lb. of sugar from single trees, but such weights are altogether exceptional. The average
quantity of sap per tree would be 12-24 gal. in a season. Trees under 25 years old are seldom
tapped, scarcely paying for the trouble, apart from the debility it produces in them. Repeated
tapping of mature trees causes no apparent injurious effect : in many instances, trees have been
tapped for 40 consecutive years, and it is said that both the quality and quantity of sap are visibly

improved after the first tapping.

The trees are usually tapped at a height of 3-4 ft. from the ground, with a f-in. auger to a

depth of 2-6 in., into which a perforated plug is driven, to lead the sap into the collecting-vessels,

or a simple notch 1 J in. deep is cut with the axe. One to three taps are inserted in each tree, and
have to be removed in succeeding years to fresh places, generally alternated on opposite sides of

the tree. In the United States, the large branches are punctured, as well as the trunk. The sap

is evaporated either in iron caldrons, or in shallow boilers, 6 ft. long, 2J ft. wide, and about 8 in.

deep. Those of copper are preferred to iron, as they are said to yield a whiter sugar. Care is

taken to keep the boilers filled up with fresh additions of sap during evaporation, and to stir it well

with a wooden spade, till the syrup attains a sufficiently thick consistency (which is ascertained by
its " breaking " or crystallizing when dropped into cold water), and exchanges its white colour for

golden-yellow. It is strained during evaporation, a small quantity of lime or soda being added to

neutralize any free acids that are present, and a little white of egg or milk to clear it. After
straining and skimming, it is poured into pans or moulds to crystallize, and may be further clarified

by gently boiling in tapering cans, with a tap at the bottom, towards which the molasses gravitates,

and is drawn off as the crystallized sugar sets. Earthenware pots are said to improve the colour

but injure the quality.

Many improvements have been made in the manufacture during the last few years. Formerly
the highest attainments only resulted in a fine muscovado-like sugar ; but now, specimens are
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oxbibiteil vying \\itli tlie best loaf-su^-nr. This has been effected by greater cleanliness in the
prepHmtion of the sap, anj improvcmenta in draining and refining the sugar. A few years ago, a
premium wae awarded by the Oswego County Agrle. Soc, New York, to E. Tinkor, for tlie following

method of prtjuiring maple-sugar. The sap is boiled in a potash-caldron to a thick syrup, strained
wliilo warm, let stand for 24 hours to stttle, then poured off, leaving back nil that is impure. To
clarify 50 lb., 1 qt. of milk, 1 oz. of saleratus, and the whites of two eggs are well mixed ; the

sugar is then boiled again, until it is hard enough to lay upon a saucer, and finally allowed to

stand and co<j1. Very little stimng will prevent it caking in the caldron. For draining, a funnel-

shaped tube, 15 in. sq. at the top, and coming to a point at the bottom, is used. The sugar is put
in when cold ; a tap is inserted at the bottom, and a damp flannel cloth of two or three thicknesses

is kupt on the top of the mass. When drained, the sugar ia dissolved in pure warm water, aud
clarified and drained as before.

Maple-sugar is made mostly for the home use of the producers, and as an article of merchandise
it seems in a fair way of extiuotion. Thousands of splendid trees nre yearly cut down and con-

verted into broom-handles ; and at the present rate of destruction, maple-sugar will before long be
unknown in the trade. The amount of maple-sugar made in the Status is reported at 40 million lb.

annually, but this is considered to be
.J
below the actual quantity. According to the last census

returns, Vermont reported a yield of almost 10 million lb. The production of New York is

Bomewliat larger, but nothing compared with the difference in area ; in 1860, there were in this

State about 10 million acres planted with sugar-maples at t)ie rate of 30 to the ucre. The only

other States which return more than 1 million lb. are :—Michigan, 4 ; Ohio, 3J ; Pennsylvania,

nearly 3 ; New Hampshire, 2J ; Indiana, IJ ; Massachusetts, 1. The total production of maple-

molasses is 1,500,000 gal., of which, Ohio returns nearly 400,000 ; Indiana, nearly 300,000; Ken-
tucky, 140,000 ; and Vermont only 16,000. In addition to the large production of maple-sugar in

the States, the estimated quantity made by the Indians living east of the Mississippi is 10 million

lb. per annum, and the quantity manufactured by those living west of the river is set down at

20 million, but is probably much greater. The maple-sugar product of Canada was stated in 1849

at 2,303,000 lb. for the Lower Province, and 4,161,000 lb. for Upper Canada. The census of 1851

gave the total at 10,000,000 lb., exclusive of what was used locally without being brought to market.

The market value fluctuates between 8 and 22 cents (4-1 Id.) a lb., according to the ruling prices

of cane-sugar.

In Nebraska, no maple-sugar is made, but an equally good article is manufactured to a con-

siderable extent from the ash-lcavrd maple or box elder {Nojmuio fraxinifolium), growing on the

banks of rivers from Pennsylvania to Carolina. Some inveotigations made in Illinois, with reference

to its value for sugar, are reported to decide—(1) That it produces more sap than the sugar-

maple of equal size, J gal. per day being obtained from a small tree of 3i in. diam. and 5 years

old; (2) that the sap is richer in sugar—the yield of dry sugar averaging 2-8 per cent, of the

weight of the sap ; (3) that the sugar produced is in general whiter than that from sugar-maple

treated in tiio same way, These facts should recommend tliis tree to the attention of planters,

especially in prairie regions.

Melon-sug^ar.—The preparation of sugar from the melon {Cucumis Melo) is fast assuming

some importance in America. The long delta between the rivers Sacrami.nto and San Joaquin,

California, when nilaimed by embankments, is exceptionally productive. Melons constitute a
crop that never fails in this climate, and a factory has been erected on Andros Island to work up
the melon-juice derived from a large area at small expense for transport. Water-melons with white

pulp are preferred, and it is said that seed obtained from Hungary has yielded plants whose fruits

surpassed any produced from native American stock. The plants are set out at distances of 12 ft.

apart one way and 6 ft. the other. Their leaves cover the ground and kill all weeds before the

latter have time to develop. Besides, they form an impenetrable mulching, which keeps the soil

moist.

The juice of the melon is asserted to be free from those non-saccharine bodies which make the

extraction of beet- and cane-sugars such an expensive matter. On the other hand, the sugar is

unorystallizable, and does not amount to more than 7 per cent, of the weight of the fruit. Usually

the juice is only evaporated to such an extent as to afford a syrup, the ordinary yield being 1 gal.

of syrup from 8 gal. of juice. The flavour of melon-syrup is said to be much superior to that of

common beet-sugar. The cost of production is set down at 5J cents (2Jc?.) a lb., as against beet-

sugar at 7 cents (,3Jd.). One grower in California made 125 bar. of syrup in a single season several

years since. No doubt is felt that melons would thrive luxuriantly in New Jersey, Delaware, and
Maryland. The same may bo said of all sub-tropical lands possessing a sufficiently damp climate.

It must also be remembered that the seeds afford a valuable oil (see p. 1395), aud that the pulp

and seed-cake arc excellent food for cattle.

SEilk-Sugar, Lactine, or Lactose (Fk., Dechet dc hit; Ger., Schottensand, Zuckcrsand).—
Ihia is obtained from milk by precipitating the casein with a few drops of dilute sulphuric acid, and
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filtering and evaporating the liquid. Crystals are deposited, which are purified by re-dissolving and

treating with animal charcoal. In Switzerland, considerable quantities of milk-sugar are prepared

by evaporating the whey which remains after the separation of the cheese. At Marbach, Canton

of Lucerne, Switzerland, half-adozen refiners are said to make a handsome income from the manu-
facture of milk-sugar. The raw material used for the reorystallization comes from the neighbouring

Alps, in the cantons of Lucerne, Berne, Sohwyz, &c. ; a considerable quantity is supplied also

by Gruyferes. Notwithstanding rises in the price of the raw material, consequent upon the demand,

and increased cost of labour and fuel, the manufacture continually expands, and now amounts to

1800-2000 cwts. yearly, with a gross value of about 12,500?. The manufacture of the crude sugar

is only carried on in the higher mountains, because there the whey cannot be used profitably for

fattening swine, which are found chiefly in the valleys ; and the wood required for the evaporating

process is cheaper in the highlands.

The crude sugar is sent to the manufacturer or refiner in sacks containing 1-2 cwts. It is

washed In copper vessels, and dissolved to saturation at the boiling temperature over a fire ; tlie

yellow-brown liquor, after straining, is allowed to stand in copper-lined tubs or long troughs to

crystallize. The sugar-crystals form in clusters on immersed chips of wood ; these are the most
pure, and therefore of rather greater commercial value than the milk-sugar in " plates," which is

deposited on the sides of the vessels. In 10-14 days, the crystallization is complete, and the milk-
sugar has finished growing. The crystals are then washed with cold water, afterwards dried in a
caldron over a fire, and packed in casks holding 4-5 cwts. As the crude sugar can only be obtained

in summer, the recrystallization is not carried on in winter. The entire manipulation is carried on
in a very primitive manner : with a more rational method of working, a whiter and finer quality

of sugar could probably be produced. Milk-sugar finds its chief application as a basis for

homoeopathic medicines, and in infants' foods.

Palm-sugar.— Palm-eugar, often called date-tree sugar, is a product of the juices of many-

kinds of palm, the most important being the wild date-palm (JPhcenix sylvestris), which thus gives

a name to the whole class. Other species are the palmyra (_Borassus fiabelliformis), (see p. 932) ; the

coeo-nut (Cocos nucifera), (see pp. 939, 1353, 1383) ; the gomuti (^Saguerus [Arenga] sacaharifera),

(see pp. 919, 1827); the nipa (,Nipa frutkans), (see p. 985); and the kittool (Caryota urens), (see

p. 938). All these are essentially natives of the E. Indies, including India, Ceylon, Siam, the Malay
Peninsula, and the E. Archipelago.

The portion of British India particularly occupied by this cultivation extends nearly due

E. and W. from Kissengunge, in Kishnagur, to a little beyond Nollohit in the Backergunge
district ; and N. and S., from the vicinity of ComercoUy in the Pubna district, to the borders of

the Sunderbunds, thus occupying on the map a surface of about 130 miles long by 80 broad.

Its principal districts are Jessore, Furreedpore, and Backergunge, with portions of Nuddeah,
Barastt and Pubna; beyond this tract, little or no date-tree sugar is manufactured, although the

tree is often cultivated in other districts, and may be occasionally met with inmost parts of India.

Here one species only, JPhcenix syhestris, is availed of, though many others might be profitably

utilized. From Cocos nucifera, good goor is commonly made in Province Wellesley ; and from
Borasms flabelliformis, throughout Bengal, a saccharine juice is obtained, used for intoxicating

purposes (see Beverages—Toddy, pp. 425-6), frequently as a substitute for yeast in making bread,

and is said by the natives to yield a sugar of good grain and greyish complexion.
The sugar obtained by the natives of Bengal and Siam from the various species of palm is, on

account of the crude way in which it is manufactured, of very inferior quality, and is mainly con-
sumed in the countries where it is grown. The juice of the nipa palm (Nipa frutkans) is almost
equal in saccharine richness to that extracted from the sugar-cane, with the advantage that it is

much cleaner, and contains no colouring matter nor chlorophyll ; the vegetable matter being easily

precipitated, it gives a liquor as clear as spring-water. This species, fiourishing near the sea, or

on the edges of brackish pools, takes up a large quantity of salt, which makes its appearance in
the juice, in quantity sufBcient, in some cases, to give the liquor a decidedly saline taste. Were
it not for this drawback, a large quantity of excellent sugar would be obtained from this source.

The date-palm (Phmnix syhestris) requires a humid soil and climate, and flourishes best in the
vicinity of water, though it must be above the reach of annual inundations from the rivers.

The trees are planted by the natives mostly in the hedges surrounding the flelds appropriated to

rice and other grain. Where regular plantations have been attempted, the trees are placed
10-15 ft. apart, so that sufBcient space is left for cultivating an oil-seed or other dry crop between
them, without its being injured by the shade of their leaves ; indigo is said to be the only crop
which suflers through not obtaining the full benefit of the sun's rays.

As the modes of planting the tree, extracting the juice, and boiling down into goor diff'er

but in trifiing detaUs throughout the date-tree tract, a description of the routine practised in the
principal district, Jessore, will serve for the whole.

Planting.—The trees are always raised from seed. The fruit ripening in June-July, the seeds
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are collected and sown shortly afterwards a few inches apart, in a moist spot near the cultivator's

house. They are weeded and watered occasionally daring the following dry season, and are ready
for pliinting out in the succeeding April-May, after the first showers of the season. Tlie ground
is well ploughed, and without any manure, the plants are placed each in a hole made with the hoe
or kodavl. By the time the rainy season closes, about the following October, they are strongyoung
trees, the leaves 3-4 ft. high ; vacancies are then filled up. The roots are occasionally cleared of

weeds ; and should the ground not be in yearly crop, a ploughing is sometimes given, as this

loosens the earth around them and allows more scope for the roots. No other expense or trouble is

incurred in their cultivation. The trees arrive at full growth at about their 7th year, but the

native cultivator seldom allows them to reach beyond 5 years, before commenoing to extract the

juice; should the young trees be forward, he even commences at 2 or 3 years old, though this

early exhaustion injures the after-productiveness of the plant, and probably shortens its life.

Frequently the trees are tapped when the stem is less than 1 ft. high from the ground, a hole being
dug in which to lodge the earthen pot that collects the juice. When not weakened by too

early tapping, the average age the trees arrive at id about 30 years, being 25 years for sugar pro-

duction after allowing the first 5 for their undisturbed development. On the borders of the

Sunderbunds, however, where the trees grow in strong marshy soils impregnated with salt, it is said

that their excessive vegetation causes them to exhaust their strength sooner, and that their age in

such places does not exceed 17-18 years.

Tlie quantity of juice obtained before the trees have reached their 5th year is small and
uncertain ; if allowed their full 5 years for growth, and first cut in their 6th year, the juice

for that year is found to be yielded iu the proportion of about one-half the yielil of a tree of

full maturity; in the 7th year, three-fourths of the full quantity; and it is not until the 8th

year that the tiee is found to give its full average yield of juice.

The natives reckon a beegah to contain 160 trees, or two puiia of 80 each, planted about

10 ft. apart; then the cost may be estimated thus :

—

B. A. p.

160 plant-trees, sowing, watering, &c 100
Planting, and filling up vacancies 100
Half-yearly* rent of 1 6e«gaA of ground at 2 Ks 10
Ploughing twice per annum, nt 2 annas 4

Weeding ditto ditto, at 4 annas .. 8

Yearly expense 1 12

Which, for 5 years, is 8 12

10 12 (21s. 6J.)

Add compound interest on the yearly account, at 25 per cent, per annum 10 7 2

Nett cost of 1 6e«gaA of trees ready for producing E. 21 3 2 (42s. 4|rf.)

• The other half being chargeable on the other crop grown between the trees.

Cutting the Trees and Collecting the Juice,—The trees are first out about the 20th October. This

is done by stripping off the lower leaves of the branching head of the tree on one side, so as to

leave a denuded space 1 ft. long ; from this, a piece of the bark is removed in the shape of a

triangle, each side of which is about 8 in. long, and having one angle pointed downwords. For the

next 8-10 days, the cut part is left to harden, and what little sap exudes from it is allowed to run

to waste, as not being sufficient for use. Collecting the juice, therefore, does not commence before

about the 1st November, a few days earlier or later, according to the season, the first cold nights

causing the sap to run freely. As soon as this is observed by the ganchea or date-tree labourer, he

ascends the tree in the evening, and slices away a further portion, cutting deeper this time, so as to

divide the sap-vessels, and from the centre of the triangle towards its sides, in such a way that

along the latter a sort of channel is formed, which conducts the juice to the lower point of the

triangle ; here in a notch is inserted one end of a piece of reed or grooved stick, about 6 in. long,

its other end hanging over the earthen pot which is suspended by a string close under it, and

into which the juice trickles as it flows from the tree. The instrument used for cutting the

trees is a daw or billhook, of peculiar shape.

A man having less than 80 trees lets them out, at u yearly rent for their use, to a neighbour

who has more, as they would not yield sufficient juice to compensate for the expense of the necessary

arrangements. The number worked by any one ryot or familyvaries from 80 to 300-400 ; but for

ijacility of calculating the expense, a farm of 160 may be assumed, all full-grown, and capable of

yielding the average quantity of juice. Whatever the number of trees, they are lotted off into

7 equal divisions. The trees of one division are cut every evening in succession, so that the whole

are cut regularly once in 7 days. The first division may be taken as containing 23 trees, on which
6 K
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the work proceeds as follows. The gauchea having out this number, and suspended the pots on

the previous evening, obtains in the morning, as their 1st day's produce, an average of 10 seers

(of 2 lb. 1 oz.) of juice from each tree ; on the 2nd morning, 4 seers ; and on the 3rd, 2 seers; after

this, the reed and pot are removed, and for the 4th, 5th, 6th and 7th days, the trees are left to

recover themselves, the little juice that still exudes being allowed to run to waste, as not worth the

labour of collecting. On the evening of the 7th day, these 23 trees are again cut ; this is done by
peeling off a further portion from the already open cutting, which again divides the sap-vessels,

and the juice recommences flowing; and the same process is repeated throughout the season.

Thus the ryot by newly cutting a f division of his trees every evening, will have every morning to

gather the juice from 3 divisions, yielding respectively 10, 4, and 2 seers of juice from each tree ;

by this system, a uniform quantity of juice is daily procured, and the labour is equally distributed

over the time given for it. The ryot having 160 trees would collect daily the juice of 68 or 69,

yielding juice as follows :

—

M. s.

23 trees first day's runnings, at 10 seers each 5 30

23 „ second „ „ 4 „ 2 12

23 „ third „ „ 2 , 16
Total juice per diem from 69 trees 9 8 (758 lb.)

This refers only to the juice exuding during the night, and collected early in the morning, from
which alone sugar is made. It is sometimes customary, with trees which bear well, to collect what
may run from them during the day ; but as rapid fermentation takes place soon after sunrise, the

day-juice is unfitted for crystallization into goor, and is boiled up only for sale as molasses. This

practice, however, is far from general, and, at the ordinary market rate for molasses, barely repays

the labour required. The gauchea commences collecting the juice a little before daybreak; as soon

as a sufiBcient number of pots are collected to commence a boiling, they are carried to the boiling-

hut. The emptied pots from the trees are ranged on the ground in rows of about 20 each, with
their mouths downwards over a layer of straw or dry leaves ; the latter is then set fire to, and gives

the pots a thorough smoking, covering their inner surface with an even black coat. The object of

this is to prevent acidity, which would set up fermentation in the fresh juice, were any of that

from the previous night allowed to taint the vessel, but which is neutralized by the alkaline salts

contained in the smoke. As an additional slice is pared from the face of the incisions In the trees

once every 7th day, this forms towards the end of the season a very deep notch, reaching some-

times nearly half through the trunk. Each succeeding year the trees are cut on opposite sides, so

that they have, when a few years old, a deformed zigzag appearance.

Boiling the Juice.—This is conducted in 4 shallow earthen pans, about 2 ft. diam. and 1 ft. deep,

set in a square furnace, formed by digging a hole in the ground, and raising a mud structure over

it, about 6 ft. sq., in the dome of which are cut the 4 holes in which the pans are set. A hole

on one side for feeding the fire, and on the other for the escape of the smoke, completes the arrange-

ment of the furnace ; over this, a light roof is usually thrown, supported by bamboos, and thatched

with the dried leaves of the date-tree, as a partial shelter from the sun and rain, though the latter

is unusual during the season when the work is in progress. The fuel used is the soondry wood,

with which the date districts are all more or less easily supplied from the neighbouring Sunder-

bunds, assisted by the dried leaves of the date-tree itself.

The 4 pans are kept about half-full of date-juice, and as the contents diminish by evaporation,

fresh juice is supplied, until each is sufficiently filled to complete the boiling into goor without

further addition. Up to this point, skimming goes on, and the small end of a date-tree leaf is kept
floating in each pan, as it is believed to assist the clarification, though probably a mere fancy. No
lime nor other alkali is used : the juice is simply boiled until it arrives at its proper granulating

consistency, which is known to the natives by long practice, from the appearance of its tenacity

when allowed to drop from the end of a stick, and from its colour and appearance while boiling.

The juice, as brought from the trees, is clean, white, and transparent, resembling that of the

coconut, both in appearance and taste, though much sweeter. These qualities give it a decided

advantage over the juice of the sugar-cane, it being quite uncontaminated with feculeucies, the
separation of which from cane-juice causes so much trouble. The skimmings from the boiling of

date-jtoor are consequently trifling, and probably consist principally of vegetable albumen. They
are turned to no useful purpose.

The boiling occupies 5-6 hours with each pan, and as soon as it is complete, the goor is ladled

into a vessel near. If it is intended for immediate sale to the moyrah (sugar-maker) this vessel is

a long jar-shaped earthen pot, holding 2 seers to J maund,—the size and form varying much. If

the pots are large, they are not filled at once, but the boilings of several days are poured in
successively, so that 3, 4, or more pots are filled simultaneously, and contain layers slightly varying
in quality, though the average in all is the same. A great deal of goor is, however, converted by
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tho ryotB themselves into a degcription of sugar called naund-dulloah, in which case the boiling is

not carried to so high a point; and this allows it to form a larger crystal, and to part with its

molasses more freely. In such case, it is ladled at once from the beiling-pans into a largo naund

(couical-ehaped vessel) holding 2-3 mounds, and in this it is cured and drained in the simplest

possible manner.

lu'tums.—Dry cold weather is most favourable for the date-juice, both as to its quality and yield

;

the ffoor-manufacturing season in Bengal extends on the average over 3J months, from Ist

November to 15th February, Little is made earlier than the former date, and such is generally

of small grain, and inferior ; any made later than mid-February is of soft grain, and contains an
undue proportion of molasses. Occasionally the warm weather sets in earlier, and cuts short

further goor-maMng, though if there be a good fall of rain, this is followed by a temporary

return of cold nights: the goor season may then be said to commence anew, and very fair produce

is obtained even in the first days of March. The finest yield is in December-January, during

the coldest part of the season ; and on the whole, the estimate of 3J months (107 days) is the

time occupied by an average season. In estimating the yield of good goor for a season, ^ of the

total should be deducted for the diminution caused by impropitious weather. Tlius, 160 trees

yielding 9 maunds 8 seers of juice per diem throughout the season, multiplied by 107 days, and
allowing \ deduction for loss by variations of the weather, loaves bazar mds. 787-20-13 (56,964 lb.)

as the nett produce in juice for the season, and this, divided over 160 trees, gives mds. 1-30-4

(356 lb.) as the average total produce ofjuice from each tree. The proportion of goor obtained from

date-juice averages ^l by weight, and the density of the latter does not appear to vary nearly so

much as that of cane-juice. At this average, the yield by the above calculation from 160 trees

would be bazar mds, 78-30 (5702 lb.) of goor, or nearly 19J seen from each tree, or 49 maunds

Si seers (3554 lb.) per 100 trees per annum.

The expense of extracting and collecting the juice, and converting it into goor, is calculated as

follows :

—

K. A. 1'.

Cultivating 160 trees on 1 beegah of ground, as before calculated,

= E. 21-3-2 ; assuming these trees to be in full heaving for the

average 20 years, the expense per annum is 1 Oil
Half the annual rent, at R. 2 per becgah 100
Labour of colli cting and boiling the juice ; 2 gaucheas at R. 3 per

month each, and one headman at R. 4 to boil the goor, can fully

manage 200 trees, on which their wages for 3i months will

amount to E. 35 ; for 160 trees 28

Earthen pots for holding goor, say 296, of 1 seers each, and costing

12 annas jR-r 100 2 3 6

Earthen pane for boiling, extra jars, &o 6

Soondry wood fuel (in addition to dried date-tree leaves) for boiling

ffoor, 400 mcfa. at R. 5 per 100 mrfs 20

Knives, ropes, and boiling utensils 100
Setting up furnace and chopper roof 100

60 4 5

Deduct value of soondry wood charcoal from the furnace 10
Nett cost of 78| bazar mds. (5615 lb.) of goor at the average rate of

12 annas (Is. 6d.) per maund 59 4 5 (5^. 18s. 6J(i.)

From an estimate of the quantities of palm-sugar purchased for European refineries, added to

the native refined sorts sold for export in the Calcutta market, under the names of gurpotta and

dobarrah, Robinson concluded that 9500-10,000 tons, or at least | of the whole annual quantity of

sugar exported to England from India was in 1850 composed of palm-sugars. The attentinn

bestowed by Europeans on the production of these sugars for the Calcutta or home markets, has

been confined to the remanufaoture or refining of the native raw material {khaur, dalloah, &c.) ; for

this purpose, it is held in great esteem, producing a good-coloured and well-crystallized sugar, and

yielding a greater percentage in weight of refined goods than can be obtained of equal quality from

the same weight and class of cane-sugars. On the other hand, raw palm-sugars are more liable to

deteriorate by being liept in store, losing both colour and strength rapidly; this applies, however,

In the raw products only, the refined or reboiled sugars bearing transport and storage as well as

those from cane.

The cause of these peculiarities appears to lie in the larger proportion of glutun present in palm-

sugars ; they arc no less remarkable in the molasses than in the sugar itself, that from palm-sugar

jxissisbiug far lei's saccharine matter, and being of much darker colour than that from cane, which

6 r 2
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is probably caused by the gluten being partly decomposed by the lime and heat of the boiling

process. Another distinguishing feature is the absence from palm-sugar of the empyreumatio oil

observable in the cane product, and -which gives to rum its well-known flav^ur.

Considering the low cost of palm-sugars, and the little trouble and risk incurred in rearing the

trees, it seems at first glance remarkable that European planters have not entered upon this culti-

vation for producing sugar on a large scale. But discouragements no doubt exist in the nature of

land-tenure in Bengal, the length of time the trees occupy in coming to full bearing, and the

difficulty of collecting the juice for boiling into sugar by the European method after they have been

reared. It has been shown that the annual produce of a full-grown plantation is equal to 78|
maunds oigoor per Bengal beegah, which, converted into i/iaur, may be taken as equivalent to about

5J tons of muscovado sugar per acre.

Sorghum- and Maize-sugar.—The saccharine value of the graminaceous plants known as

N. China cane, Guinea com, millet, durra, imphee, soi'go, &c. (chiefly Sorghum saccharatum, S.

milgare, and S. caffrorum), has for ages been recognized in Africa and China ; and it would seem

that sugar was extracted from maize (Zea Mays) by the ancient Mexicans. Of late years, new
attention has been attracted to these plants as sugar-producers, principally in the United States,

but also in Canada, Australasia, India, England, and France.

Qualities.'—The cultivation of sorghum, maize, and pearl-millet, and the manufacture of sugar

from their stalks, were made the subject of extensive experiments by the U. S. Department of

Agriculture, during 1879, and again since. The investigations demonstrate little difference

between the various kinds of sorghum as sugar-producers ; and seem to prove that each of them is,

at a certain period, nearly as rich in sugar as the best sugar-cane. This maximum content of sugar

is maintained too for a long period, and affords time to work up a large crop.

The varieties grown and investigated were Early Amber, White Liberian, Chinese, and
Honduras sorghums, and pearl -millet. The analyses of each of the plants in successive stages

showed that the uncrystallizable sugar diminishes as the true sugar increases. They differ widely
in the date when the crystallizable sugar is at its maximum, but are alike in that it is attained at

about the same degree of development, viz. at full maturity, as indicated by the hard dry seed, and
the appearance of offshoots from the upper joints of the stalk. Analyses of several sorghums
after they had been subjected to a very hard frost, sufficient to form ice § in. thick, and
continued for 4 days, exhibited no diminution of crystallizable sugar, and no increase of

uncrystallizable ; but the influence of the subsequent thaw was noticeable in the diminution of

crystallizable and increase of uncrystallizable sugar. Thus it would appenr that protracted

cold is not injurious to the quality of the canes, but that they should be worked up before they
have thawed.

The Early Amber, Chinese, Liberian, and Honduras sorghums, and the pearl-miUet, were
planted on the same day, May 15, 1879. The relative weights of the different kinds of stalk are :

Early Amber, average of 40, 1-73 lb.; White Liberian, average of 38, 1'80; Chinese, average of

23, 2-00 ; Honduras, average of 16, 8 '64.

These were grown side by side on land of equal fertility, and afford data for calculating the
average yield of each per acre. Early Amber and Liberian closely correspond in their develop-
ment. While these two attain a sugar-yield equal to average sugar-cane by mid-August, the
Chinese does not reach this condition until late September, and the Honduras not unlil mid-
October. An average of all the examinations of the four sorghums during the periods when they
were suitable for cutting gives the following results :—Early Amber, Aug. 13-Oct. 29 inclusive
14-6 per cent, crystallizable sugar; Liberian, Aug. 1.3-Oct. 29, 13-8 per cent. ; Chinese, Sept. 18-
Oot. 29, 18-8 per cent. ; Honduras, Oct. 14-29, 14-6 per cent.

Varieties.—The Department now has 30-40 varieties of sugar-producing sorghums, all valuable
to a greater or less degree, according to the soil, climate, cultivation, seasons, and process of
manufacture. Other useful varieties are doubtless to be obtained. The so-called " Honduras

"

sorghum is only one of the kinds indigenous to Honduras ; and there are probably several varieties

growing in Central America, and even as far south as the Eio de la Plata in S. America. Early
Amber is the favourite variety with planters in Minnesota and the N.-W. Minnesota Early Amber
is claimed as an improvement upon the Early Amber, obtained from selected seed sent to a more
southern latitude to be grown and then returned to Minnesota.

Early Amber receives its name from its early ripening, and from the bright amber colour which
characterizes its syrup when properly made. It is very rich in saccharine matter, and when
properly treated, its products are devoid of the peculiar " sorghum " taste formerly complained of
the flavour being similar to that of pure honey. The Chinese sorgo is about the same height as
the Early Amber. Its seed-heads are fuller and more compact, somewhat resembling a head of
sumach, whence the synonym " sumach-cane." White Liberian is rather taller than Early Amber.
The stalk curves at the top, leaving the head pendent ; hence the synonym " Gooseneck." It is
also styled a variety of the White Imphee. The Honduras cane grows about one-half taller than
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either of the other varieties. Its seed-top is redtUsh-brown and spreading ; hence its name
" sprangle-top." It is also called " mastodon " and " honey-cane."

Cultiviition.—Soil—Some cultivators fear that new land imparts a strong flavour to the syrup.

Others say that old land produces a syrup of brighter colour, but not of better flavour. An advan-
tage of new timber land is the small amount of cultivation required. Costly culture on old land

will not pay in opposition to cheap culture on new land. New laud is comparatively free from foul

seed, and consequently less liable to weeds. If it is necessary to clear old land of weeds, or to

fertilize it with farmyard manure, a crop of com should flrst be grown on it. General opinion is

in favour of a sandy, upland soil, well drained, but not freshly mauured. Manuring spoils the

flavour of the syrup. The majority of cultivators are in favour of indefinite repetition of the crop

on the same soil. Some have cultivated the same ground for 7 years without deterioration, the

product ranging from 250 to 300 gal. of syrup per acre. The soil is not required to be very rich.

Land too poor for wheat has given 200 gal. per acre of excellent syrup.

Preparation of the Ground.—Fall (autumn) ploughing, putting the plough to the beam, causes

all foul seed, and especially pigeon-grass, to germinate in the fall, and be killed in winter. Another

advantage is that the crop is less liable to injury from droughts in the early season. A large crop

can be raised the first year on open prairie and at the first breakage, especially if the La Dow
harrow be used. When the ground becomes sufficiently warm In the spring, some go over it with a

Beaver Dam seeder, and then with a drag and roller. This treatment effectually disposes of the

grass, generally considered of first importance.

Time of Planting.—The cane should be planted as early as It is possible to work the ground

properly, avoiding late frosts. The ground should be well warm before the seed is put in. In

Minnesota, the average seeding-time is early May ; it should not be quite so early on ground

impregnated with grass-seed. If postponed till the season is warm enough to germinate the seed

quickly, better results may be got, as a late spring frost may cut down early plants, and, before

they grow again, pigeon-grass is apt to start up profusely.

Seed.—By steeping the seed in warm water for 24-48 hours, it becomes sprouted, and grows

more rapidly ; but a dry season will kill the sprouted seed, and the crop will be a failure. Seed

brought from the latitude of St. Louis is in great favour. Some Minnesota growers send their seed

to Missouri and Kansas to have a crop grown and its seed returned. Seed imported from S.

Indiana produced, on its first sowing, stalks 12-15 ft. high ; but by planting the seeds of each crop,

' its successor showed a declining height, until it was but 7-8 ft. The sugar-yield also diminishes.

The deterioration of the

seed is generally not very

marked till the third year.

Southern seed excels less

in an earlier ripening of

the crop, than in incrensed

product, in some cases

amounting to one-third.

The seed has a value of

its own for feeding hogs,

sheep, and poultry.

Planting. — Planting

must be deep enough to

secure moisture, hence,

early plantings should be

shallower than late ones.

Some growers plant in

rows 3-3i ft. each way,

and use 2 lb. of seed

per acre, or 6-7 seeds to

the hill, thinning out at

the second hoeing. Seed

should not be planted in

tlie trough of the marking

furrow, where heavy rain

is apt to wash it away, but on the edge. Others plant at 15-18 in. one way and 3 ft. the other,

the rows running north and south. A tract of 4 acres sown broadcast produced at the rate of

450 gal. per acre. Many planters pracUse stepping upon the seed as placed in the ground, urging

that the close pressure of the soil around the seed enables it to germinate more rapidly. Stepping

the seed causes the ground to bake, if it is wet clay.

Culture.—The leading point presented in the culture is keeping clear of weeds. This requires
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prompt action with tLe hoe, drag, and cultivator. The plants are too t nder ^^
J^^^

«

J*™^"
The crop should be thoroughly hoed, until large enough to cultivate with theplongh or """^vator

Time to Cut the Cane.-The best results may be got from early cuttings, if there s a r.sk hat

extremely hot weather will invert the crystallizable sugar. The proper time ,s when the Beed^"»

the "stiff dough," or from Aug. 28 to Sept. 1. The juice seerns to improve
^^ ^

/^^/^^' ^l
afterwards it begins to decline in saccharine matter. The earlier the cutting after the seed has

reached the dough stage, the larger the product, and the brighter and cleaner the syrup

Harvesting.-With regard to stripping off the leaves, it is urged t^-t if the l^fves are put

through the mill with the stalk, they absorb a lai-ge portion of tl>e jmce but this should not be the

case with mills of sufficient power. The cost of stripping the leaves before cutting is estimated at

$15 (30 per acre, and it would not pay unless labour were plentiful and cheap. The Agriculture

Department experiments show little or no difference between stripped and unstripped cane,

although the mill used vpas an indifferent one. The cane should be cut, some say, at 6-8 in. from

the ground, and others, at the first joint. The top should also be cut off at 18 in.-2 ft. Some
planters lay the cane in windrows, and others oppose the practice, as exposing the leaves, if not the

stalks, to mildew. Some insist that cut cane should be immediately placed under cover, to avoid

evaporation by the sun ; others pile in ridges i ft. high, and cover the mass -with marsh hay,

laying poles along the piles every 2 ft., in order to admit fresh air ; others again pile it as sugar-

cane is sometimes piled in the iield, crossing the hills in such a way as to secure ventilation, and
shed the rain. Crops kept in these different ways for several weeks are reported to have produced
large and fine syrup returns.
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Transport to the Mill.—It is best for the farmer to manufacture the cane as well as raise it. In

moving tlir cano from the fielil, there is much to be said in favour of bundling it. Some decapitate

it with a broad axe, after binding. The points to be kept in view, both in the transportation and
in the storing of the cane, are protection from the weather, aud such ventilation through the mass
as will prevent mildew.

Manu/aclure.—'VlK extraction of the juice from sorghum-stalks, and its conversion into sugar,

is almost an exact repetition of the operations connected with the manufacture of cane-sugar

(see pp. 1860-1902). The machinery and apparatus are identical in principle and purpose, but are

usually constructed on a much smaller scale, as well as being often of a portable nature.

Crushing-mills.—The Victor mill, made by the Blymyer Company, Cincinnati, is in very
common use in the United States. It is arranged either vertically or horizontally, and is adapted
to all kinds of motor. There are 7 sizes.

The smallest requires 1 H.P., gives 40 gal. 1389.

of juice per hour, weighs 395 lb., and
costs about Wt. ; the largest takes 4 H.P.,

runs 170 gal. per hour, weighs 1900 lb.,

and costs about 4ti(.

Evaporators.—Figs. 1385, 1386, show
respectively a portable and stationary

Cook evaporator made by the same firm.

The former consists of pans 44 in. wide,

and 6-9 ft. long, ranging in capacity from

40 to 90 gal. a day. When the pans are of

galvanized iron, they cost 13-17/. ; when of

copper, 11-Ul. more. Each contains a
portable furnace. The whole can be lifted

into a wagon by two men, and conveyed
thus from field to field. The stationary evaporators are made in 7 sizes, 44 in. wide, and 6-15 ft.

long. With a capacity of 40-180 gal. a day, the prices are 6-18/. for galvanized iron, aud 16-42/.

for copper.

Fig. 1387 shows McDowell's evaporator, 6 ft. diam. and 2 ft. deep. It is furnished with steam-
coils 125 ft. long, and a diaphragm directing the currents of evolution over the steam-coUs, up the

*=^Jp"-^*=^^

outside, and dovm the middle axis. In the centre, is an adjustable funnel-shaped skimmer, which

can be raised or lowered to the level of the boiling juice. It catches the scum, and delivers it by

a pipe through the bottom of the evaporator. Two evaporators will reduce 600 gal. of defecated

uioe by one-half in IJ hours.
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McDowell's concentrator, Pig. 1388, differs In having a closed top and a water-jet condenser,

producing a vacuum. In this, 600 gal. of evaporator-juice are reduced to 200. The product is

then "semi-syrup," and can he stored, or shipped to a refinery, or further reduced in a

vacuum-pan.

Fig. 1389 is a direct steam evaporator, which hoils clarified juice by means of a steam-coil,

the scum passing over into the trough around the upper edge.

Pig. 1390 is a steam-train, made at the Colwell Iron Works, New York. It consists of 3

clarifiers.and an evaporator,requires

little labour, dispenses with pumps i39i.

and ladles, and finishes the syrup

up to the vacuum-pan.

Fig. 1,391 is a cheap home-made
evaporator, which canbe puttogether

by an ordinary mechanic. It is con-

structed by putting wooden sides

and ends upon a galvanized iron or

copper tray.

Pig. 1392 shows Stubb's evaporator. The first compartment occupies | of the whole pan,

leaving J for the second. The juice enters the first compartment near the smoke-stack in a

regular stream, passing around the semi-circle over the fire-box to cross-partitions, where it thickens

to a semi-syrup. Being over the hottest part of the furnace, it rises to a light foam, which breaks

to the lowest point where the cool juice enters, not only keeping back the green scum, but carrying

all the scum off 30 ft. of surface, where

it is scraped off without loss of sugar. 2392.

The semi-syrup is turned into the

second compartment at intervals, to

be finished under full control of heat

governed by dampers.

Defecators.—Pig. 1393 is McDowell's

defecating-tank, 8 ft. long, 5 ft. wide,

and 2 ft. deep. The bottom is covered

with a steam -coil, and contains a

strainer, through which the clear juice

can be drawn. Each tankful can be

treated in 30 minutes. Two of these

tanks suffice to defecate 600 gal. per

hour.

Pig. 1394 represents the apparatus required in P. L. Stewart's process : a defecating-tank D,

a short 10-gal. cask C, a lacquered funnel P with indiarubber ring around the neck, a plug r for

thrusting into the throat of P, and a piece of indiarubber piping R. Directions for its use are as

follows :—Place the cask on a bench nearly level with D. Pour 1 gal. of water into the cask,

then pour J gal. sulphm-ic acid into a wooden bucket, allow it to flow thence into the cask, and well

mix it. Next insert the rubber-covered neck of the funnel tightly into the larger hole in the head

of the cask. Compress one end of the long tube slightly, and insert it in the smaller hole. Insert

the plug with the rubber ring around it in the throat of the funnel closely, and it vrtll be air-tight.

This is then ready to work, as indicated.in section 6.

Some of Stewart's patent powder is dropped quickly, 1 lb. at a time, through the funnel

into the cask containing the diluted acid, the plug is quickly inserted, and immediately sul-

phurous oxide escapes through the tube into the clear juice in the tank D ; 1 lb. of powder is

usually sufficient for 150 gal. of juice when its gas is all discharged. The juice must absorb the

gas until it becomes acid. Never allow the cask to get more than half-full of the mixture, or

the sulphuric acid may foam over into the juice and decompose some of the sugar. Lift the

end of the rubber tube out of the tank when the gas ceases to flow, or the juice may be forced

back into the cask. In factories where 1000 gal. of juice are run into the defecating-

tank at once, a 40- or 50-gal. cask should be used. The sulphuric acid is neutralized when
about an equal weight of the powder has been dropped in; therefore 1 gal. of acid poured into

2 gal. of water will eliminate the gas from about *14J lb. of the powder. "When this proportion

has been reached, or when the gas ceases to flow upon the addition of more powder, empty the

contents of the cask, preserving the fine sediment for use as a fertilizer : it is principally sulphate

of lime. Einse out the cask, and go on as before.

The complete operations are :—(1) Heat the freshly-expressed juice in a copper or tinned-iron

vessel to 82° (180° P.) ; (2) stir in gradually milk of lime until the red test-paper turns blue : about
8 pints to 100 gal. of juice is generally needed

; (3) heat rapidly to the boiling-point, and then shut
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off the heat, or remove the'vessel from the fire
; (4) as soon as the sediment hegim to settle, siphon

off the clear liquid from near the top into cooling- or defecating-tank, until at least ^»^ of the juice

has been removed, leaving a thick muddy sediment at the bottom
; (5) sweep out this muddy

sediment with a broom tlirough a large opening at the bottom of the heater, into a smaller vessel

below, and rack off any

clear juice that afterwards '393.

separates from it, and add

to the contents of the de-

fecating - tank ; (6) into

each ISO gal. of this clear

and partly cooled juice in

the defecating-tank D, in-

troduce as much gas as is

produced by operating with

1 lb. of the powder, or until

blue litmus-paper is reddened ; (7) the juice is run into the evaporator, and boiled rapidly in as

shallow a bed as possible, removing any scum that forms : it should continue acid until the close

of the boiling ; (8) before the syrup has become very dense, it is passed from the evaporator into

the flniahing-pttn. Evaporate here rapidly to a dense syrup, stirring constantly at the last, when a

white cloud begins to be seen

in it at about 113° (235° F.)

;

turn out into the cooler, and

remove to a warm place to

crystallize ; when cooled to

about 38° (100° F.), stir a few

grains of sugar in to hasten it.

Coolers.—Fig. 1395 shows

a very convenient arrange-

ment for cooling syrup.

Complete Factory.—Fig.

1396 illustrates the arrange-

ment of a complete sorghum-

sugar factory. The juice,'after

running from the crushing-

mill into a tank on a lower

level, is pumped iuto the juice-tank a. b is the defecator; c, settling-tanks; d, supply-tank for

evaporator e ; /, supply-tank for striko-pau g ; A, receptacles for scum ; i, trucks for conveying the

syrup to the sugar-room. The cost of such a factory is about 2000/. for a small size.

Local Details.—In New South Wales, sorghum has been found to stand frost better than the

sugar-cane proper, and is little affected by floods. It comes to maturity in 5 months, and therefore

may be employed as an interval crop,

alternating with sugar-cane, and

keeping the sugar-mills going. In

1868, there were 296 acres planted

with sorghum in various districts

;

but in 1872, this was reduced to

32 acres. Growers expect li-2 tons of

sugar to the acre. When not grown

for sugar, the plant yields abundance

of valuable food for cattle, at the rate

of 30-40 tons of cane per acre.

In France, Vilmorin states that

it is capable of yielding on an

average, from an acre of land,

26,000 lb. of juice, containing 10-13 per cent, of sugar ; and that is more than the average

yield of the sugar-beet. It is alleged, however, that the plant is adapted to only a few parts of

S. France.

Wray asserts that some of the varieties which he introduced from Natal gave 30 cwt. of sugar

per acre, and that it has yielded from a poor hand-mill 68 per cent, of juice, containing 15 per cent,

of sugar. Where the sugar-cane has yielded 30 cwt., sorghum has given 25, but then there is often

a second and a third crop to be obtained within the year. Sorghum can in many localities be

advantageously utilized for preparing syrup. For this purpose, the juice is expressed at the time

of flowering, and simply evaporated ; the yield is about 100 gal. per acre.

i5=3
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Since 1855, Its cultivation has steadily increased in many countries. It is grown in France and

Algeria, for alcohol chiefly ; in Italy for its syrup in wine-making.

In the N.W. States of America, where it flourishes, there were in 1864, 366,670 acres under

sorghum, and sorglium-sugar was selling in Oliioago at 4JA a lb. In 1860, nearly 7 million gal.

of sorghum-syrup were produced in the United States. Tins had increased in 1870 to 16,050,089

gal., and 24 hhds. of sorghum-sugar were made. In Kansas, there were 23,026 acres under

sorghum in 1875. The produce was 2,542,512 gal. of syrup. Sorghum is cultivated to a con-

siderable extent in the Ohio belt of counties, W. Virginia. It is used entirely for the manufacture

of syrup for home consumption, where the locality has been more or less denuded of its maple-

trees. Most persons prefer the syrup prepared from the maple (see pp. 1902-3) to that from

sorghum, as the latter has too commonly an acid taste. The total production for W. Virginia was

given in 1876 at 780,829 gal.

W. Ingram has reported on experimental cultivation of Minnesota Early Amber sorghum, on

the Duke of Rutland's estate at Belvoir, in the season 1880. Two sowings were made in April :

one within the shelter of a frame, and one in the open ground. In the latter instance, the seed

failed to germinate in April, and only a few grains vegetated in May. This was much owing

to the ungenial weather. The portion sown in a frame appeared in April, and made rapid and healthy

growth. But owing to the subsequent very unfavourable weather, the crop failed to reach the

point of maturity indicated by production of seed, and did not attain sufficient ripeness to elaborate

the juice in sufficient quantity for experimental manufacture of sugar. It seemed, however, to

promise a valuable nutritious food for pigs. The occurrence of severe frost in October completely

destroyed the crop, showing that it must be harvested before the end of September, or early enough

to secure it from frost. The seed cannot with safety be sown so early as April, and probably the

2nd or 3rd week in May would be early enough ; the rows need not be more than 2 ft. apart. The
inherent vitality of the plant is encouraging. After being checked and injured by 3 months of

cold, wet weather, with the arrival of a little warmth, it speedily regained health, and made active

and vigorous growth. In America, the best results have been obtained on light loamy soils,

resting on porous subsoil. The plant will bear removal from its seed-bed remarkably well.

Starch-sugar, and other Glucoses.—Under this head, are included the various factitious

sugars, syrups, and brewing compounds, obtained by the artificial conversion of starch (see

pp. 1821-9) into sugar, and from the refining of cane-sugar.

Formation.—From the theories of different chemists concerning the formation of dextrine (see

pp. 1645-7), and the transformation of starch into dextrine and starch-sugar, the following conclu-

sions may be deduced :—(1) Starch torrefied at a temperature not exceeding 180°-200° (356°-392° F.)
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in largely transfomnil into dextrine. (2) Starch licatcd with diluted acida changes in the first

plnoi' into soluble sliirch, and then into di'xlrine and Btiirch-engar. The quantity of the sugar

formed depends on the concentration of the iicids, and iacrcasea considerably during the period of

its notion, wliilw the amount of the dextriuo at the snuie time decreases. (3) Starch hented with a
solution of diiistnsc (malt-extract) will likewise at first change into soluble starch, of which the

larger part is first turned into dextrine and the lesser into sugar. The quantity of otarcli-sugar will

depend mainly on the temperature under which the diastase operates. A large quantity of sucjar

is formed at G0°-C.'5° (140°-149° F.) ; but at increased temperatures, say 65°-70(U9°-lG7° F.),

larger iiuantitiea of dextrine are formed, until finally, by continued increase of temperature, the

diastase itself is destroyed. (4) Sugar formation increases during the action, by the diminution of

the dextrine, especially when the sugar formed is caused to ferment by yeast, and is thereby

removed. The quantity of sugar formed but little exceeds that of the dextrine, even in the most
favourable cases.

Prindples of Mannfacture.—Stnrcli-sugar finds no application which mixtures of crystallizable

and uncrystallizable sugars cannot fulfil, and is merely a substitute. Hence its manufacture is

only advantageous when it can be produced more cheaply than cane- or beet-sugar. The article

appearing in commerce is very often far from being pure grape-sugar, and contains upwards of 50
per cent, of water and unfermentable substances.' The relative quantity of sulphuric acid used in

the transformation is of importance, as the time needed for conversion is dependent upon it. The
transformation occurs much more rapidly when 2 than when 1 per cent, of sulphuric acid is added.

Boiling under increased pressure also reduces the time of the operation. The sulphuric acid

remains unchanged by the process ; but u, full explanation of its action has not been given. It

can be removed from the liquid by carbonate of lime.

According to calculation, every 220 lb. of dry starch should furnish 238 lb. of dry sugar,

corresponding to 264 lb. of crystalline starch-sugar, if the transformation were perfect. But
complete transformation does not occur until after the lapse of 36 hours, or even longer, when, by
the simultaneous action of the sulphuric acid upon the sugar that had been formed many hours

previously, large quantities of other products accumulate in the solution. The products of

decomposition thus formed constitute a greater evil than the small quantities of dextrine otherwise

retained in the finished sugar. Too long boiling of the starch with sulphuric acid produces an

entirely useless article. The transformation of starch into dextrine and starch-sugar by diastase

(malt) occurs moat rapidly and completely at the " mash " temperature of 60°-65° (140^-14'J° F.).

The formation of soluble starch in this case takes place in a very short period. Starch-gum and -sugar

are produced simultaneously, and the starch-gum (dextrine) itself cannot be completely trans-

formed into sugar, even by continued action of the diastase ; if, to the solution thus obtained, about

1 per cent, of sulphuric acid is added, and then boiled, an approximately complete transformation

takes place, especially if the boiling is done under pressure.

These general remarks suggest the following rules for practice :—Pure crystalline staroh-sugar

can only be produced by means of sulphuric acid and long-continued boiling, A short boiling in

Bulphuric-aoid water produces a glucose containing considerable quantities of an intermediate

product between gum and sugar. The sugar thus obtained is not hard and crystalline, but soft and
tough, and becomes moist in the air. From a syrup thus produced, no solid sugar separates,

because the staroh-gum prevents the separation. With a syrup obtained by too long boiling, there

ensues a separation of starch-sugar in a grainy condition. This is considered as spoiled glucose.

[The term " glucose " in America is reserved for starch-syrup which will not become solid.] Syrup

prepared by means of malt alone contains a considerable amount of dextrine. By the application

of sulphuric acid, after the use of malt, the dextrine can be transformed in a great measure into

sugar. Starch-sugar can be made directly from potatoes, grain, moss, wood, fruits, honey, &c. In

the manufacturing industries, it is mainly made from starch ; but the manufacture from wood is

now being carried on in one factory. In the United States, corn-starch is with but few exceptions

employed ; in Europe, potato-starch. Quite recently cassava-roots (see Starch—Tapioca, p. 1828)

have been used ; the yield from an acre of this crop is said to be 20 times as great as that from an

equal area of corn.

Staroh-sugar appears in commerce in 5 different forms, (1) starch-syrup ; (2) a sticky mass,

termed " imponderable syrup " or " glucose "
; (3) granulated sugar

; (4) common solid sugar

;

(5) refined solid starch-sugar, distinguished by its whiteness and sweet flavour, which are secured

by refining.

JIanupactcke.— The manufacture of starch-syrup and starch-sugar by means of sulphuric

acid is divided into the following operations :—(l) Boiling the starch in sulphuric-acid water;

(2) removal of the sulphuric acid (in the state of sulphate of lime) from the solution;

(3) evaporating and refining the sugar solution. These are performed in various ways.

Boiling.—The boiling of the starch in water containing sulpliurio acid is best performed in a

wooden vessel by direct admission of steam, with, however, the disadvantage of introducing much
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139J.

water. Lining the vessel with lead is not necessary, but increases its durability. Formerly the

boiling-vats were constructed in such a manner that they could be heated under pressure ; but

the starch becomes somewhat thin and liquid, because the steam condenses.

The modern stirring-tub (Fig. 1397) has a spiral copper worm, through which steam circulates.

By this means, the mass is brought to a boil without being diluted, so as to show 19°-20° B. when

cooked. There is thus a great saving of fuel. The staves

for the vat are of good pine, 2J in. thick. A vat to boil

twice a, day 3300 lb. of green starch, should be 8J ft.

high. Its diameter below is 5f ft., and above 5§ ft.

;

it is open above, with a cover to be laid on, and a

chimney. The chimney is square, and made of f-in.

pine boards, lOJ in. wide in the clear, and of a height

to project above the roof, to carry off the odours. The

vat is placed upon a strong framework, so that the boiled

starch can run into the neutralizing-coops by means of

spigots above the bottom. The copper worm has a

diameter of J in., bo that it may be inserted in the vat

without trouble. The rings are fastened with brass

Nothing is made of iron ; all screws and nuts

are of copper. The condensed steam escapes at the side through a pipe connected with the copper

worm and is carried to the condensed-water tank.

The requisite quantity of water is placed in the vat, and heated to boiling, after the previously

diluted sulphuric acid has been added. The starch, mixed with lukewarm water to a milky

consistency, is gradually run into the vat from the stirring-tub, while the liquid in the boiling-tub

is kept at a constant boil. As the starch deposits quickly from the starch-milk, the solution must

be constantly stirred. The larger the quantity of the boiling liquid, the less tendency there will be

towards the formation of a paste. If no stirring-vat for the starch-milk is placed over the boiling

apparatus, the starch-milk must be poured into the boiling sour water in portions. For each 220 lb.

of air-dry starch (holding 10 per cent, of moisture) about 40-55 gal. of water, and generally 4J lb.

of sulphuric acid are used, when syrup is to be produced ; for the manufacture of solid sugar, the

acid may be increased to 8| lb. The water stated includes that used for stirring the starch. The
quantity must at any rate be such that the worm in the converter is covered. As the starch used in

glucose-factories is generally prepared there, and as the green starch can be well preserved in vats

and barrels, it is generally applied in a moist condition ; hence, instead of using 440 lb. of dry

starch, a larger quantity of green starch is taken, and the water contained in the green starch is

allowed for.

When the entire quantity of starch-milk is in, the boiling is continued until the transformation

is accomplished. If syrup is to be produced, the boiling is of shorter duration than for solid

sugar. During the boiling of potato-starch, a very disagreeable, penetrating odour is developed.

At short intervals, the liquid is tested, first with a solution of iodine, and afterwards with alcohol.

For the iodine test, a few drops of the sugar liquid are placed in a test-tube, diluted with cold

water, and treated with a few drops of solution of iodine ; when the liquid is no longer coloured

violet or reddish, the transformation into dextrine and starch-sugar is finished. For the alcohol

test : a little of the liquid in a test-tube is added to an equal or double volume of strong alcohol
;

the stronger the white separation caused thereby, the larger is the quantity of dextrine still

present. Even when the precipitation ceases, some dextrine is still unchanged ; a ready means
for determining its complete transformation into sugar is not yet known.

Neutralization and Filtration.—When the transformation is sufficiently complete, the sulphuric

acid is neutralized by the application of carbonate of lime. The acid decomposes the lime, carbonic

acid gas escapes, and insoluble sulphate of lime is produced ; the liquid loses its acid reaction,

and becomes neutral. This operation can be conducted in the boiling apparatus, but, in most oases,

is performed in neutralizing-vats. These are flat vessels, whose height stands to their width in the

proportion of 1 to 3. The most suitable form of carbonate of lime is chalk, but limestone free

from clay can be applied. It is indispensable that it should be in fine powder. A handful of this

powder is thrown at a time into the hot, acid liquid, constantly stirred and mixed till no further

ebullition ensues. Some manufacturers apply the chalk in bags, whereby the settling and refining

are simplified. Each 1 lb. of sulphuric acid contained in the liquid requires 1 lb. of pure carbonate

of lime ; of chalk or limestone, more must be taken, as they are not pure carbonate of lime.

Excess should be avoided, so as not to unnecessarily increase the sediment. As soon as titrations

show a perceptible approach to neutrality, the liquid is boiled for a short period before more
carbonate is added. The cessation of effervescence is a partial index of neutralization. The final

additions should be of chalk-milk,—powdered chalk stirred in water to a milk, and used after the

coarser parts have settled. Slaked lime is inadmissible, because it destroys the starch-sugar.
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Neutraliziitiim being complete, the muddy contents of the boiling-tub are run into a wooden

ilopositing-tank, of greater height than wiillh, siipplii-d with spigots for drawing off the liquid.

In large csbiblislimcnts, a reservoir ia placed in the ground adjacent to tlio boiling apparatus, ami
lined with briekwnrk. Into this, the contents of the boiling apparatus are drawn, and afterwards

puinptil Into tlio depositing-vat. After the lapse of 12-24 hours, the sulphate of lime is di pojited,

Bu tliat the saccharine liquid may be drawn off. The sediment still contains a considerable

amount of saccharine liquor. For the recovery of this residue, various methods have been

applii'd, such as the following.

Filtering-barrels consist of vertically placed barrela with sieve-bottoms. Above the sieve-

bottom, a piece of coarse cloth is spread, covered with cut straw or coarse river-sand, for the recep-

tion of the residue. The liquid runs out by the stopcock in the lower bottom, pure and clear.

The first portion is returned to the filter. Upon the residue, gypsum-water is carefully poured,

after the upper layer has been made even, and is somewhat loosened ; the absorbed sugar-liquor is

thereby dislodged. Or tlio residue is strained through bags or cloths, the press-cakes being again

saturated with water, and the pressing repeated. The most general practice is to use bag-filters

(described on p. 1889), or filter-presses (described on pp. 1838-9, 1848-9).

Evaporation and Refining.—The evaporation of the clear sugar-liquor is accomplished eitlier over

a direct fire or by steam. In the first case, flat pans are used, whose bottoms are only touched by
the fire ; in the other case, vacuum-pans. The evaporating cannot, however, be conducted uninter-

ruptedly, since the solution yet contains dissolved gypsum, which begins to separate during the

evaporation, by letting the liquid stand. The evaporating, therefore, is divided into two periods

:

(1) to a thin syrupy consistency, and (2) to a dense syrup after the removal of the gypsum. It does

no harm to add sugar-liquor to the pan in the same ratio as the contents diminish by evaporation.

The scum produced during the process is taken off with a skimmer.

As soon as the separation of gypsum makes it neeessiiry, or when the liquor has reached a con-

centration of 20°-30° B., it is transferred into upright barrels, provided with spigots, for depositing

and separating the gypsum. When. finer cloths are put into a filter-press, the latter may also be

used with advantage for separating the gypsum. When this is accomplished, after the lapse of

several days, or at once if filter-presses have been used, the clear liquor ia drawn off and evaporated

in the same pans, or in extra pans, to a dense syrupy consistency (40--45° B.). In large factories,

vacuum-pans are used for this purpose. The deposits of gypsum from the barrels are placed in

bag-filters, and then pressed.

Evaporation in open pans does not allow of economy of the steam or fuel ; besides this, the

liquor, when exposed to too high a temperature, acquires a dark colour, and, at the finish of the

boiling, a strong formation of scum will ensue. Hence closed evaporating apparatus has for some

time been used. Steam- and vacuum-pans have been already described (see pp. 1891-8).

As a brown colour is desired for glucose-syrup, if it is intended to be substituted for or mixed

with cane-sugar syrups for making stout or porter, decolorization by means of bone-black (animal

charcoal) is not always demanded. If the syrup is not to be decolorized, it is boiled down in the

vacuum-pan to 40°-42° B. at 60°-65° (140''-149° F.), and again forced through the filter-press.

The syrup, while passing through the filter-press, must be kept at a temperature of 75° (167° F.).

The saccharine liquor is passed through filters of coarsely powdered animal charcoal (as is

done in beet- and cane-sugar manufactories), or refined with fine charcoal, to produce an

absolutely decolorized syrup, and to improve its fiavour. The filtering through bone-black is

best accomplished at 32° B. at 60°-65° (140°-149- F.). This is done after the gypsum has

deposited Itself by prolonged rest, the liquor being previously re-heated. If starch-syrup is

long kept at a temperature near its boiling-point, it assumes a darker colour and becomes

sweeter.

On the manufacture of solid sfcirch-sugar, little needs to be added to the preceding remarks.

Whether the syrup remains liquid, or in time congeals into solid, grainy sugar, depends less on its

conceutratlon than on its quality. If a quantity of dextrine is still present, the syrup will remain

liquid even at 45° B. If the starch has been very completely transformed into sugar, the resulting

syrup will, by good concentration, gradually congeal entirely to a grainy sugar. Such syrup is

permitted to stand in moderately warm rooms, in wooden or earthen vessels, until it congeals. For

pi-oducing a solid white sugar, the treatment with bone-black for the purpose of decolorizing is

indispensable.

Liquid syrup is generally packed in strong casks or tuns of soft wood, and is liable to excessive

shrinkage. During hot weather, its transportation is difficult, since the syrup often absorbs

the water contained in the wood, the casks become dry, and the syrup leaks out. In case the

boiling process has not been properly attended to, the product will easily ferment and spoil. Hence

the article appeors in commerce principally in a solid form. If the concentrated syrup, after

cooling off, is stirred or beaten, it will coagulate in 8-10 hours so perfectly as to assume a soap-

like consistency, without altering its quality. In this condition, it can be far better preserved and
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more easily transported. But liquid glucose which coagulates very quickly is not adapted to form

an article of the syrup trade.

When the product is to be disposed of as solid sugar, and not as syrup, the liquor is evaporated

in flat vessels to 40°-42° B., and then placed in crystallizing-pans. After the crystallization has

commenced, the sticky liquid is filled into small barrels, where the mass in a short time entirely

coagulates, and can be shipped. It may also be allowed to become solid in the pans, and then be

ground and packed. Some manufacturers produce a dry and grainy sugar ; it is then of importance

that the transformation of the starch into sugnr is as complete as possible, since the presence of

great quantities of remaining dextrine will hinder granulation.

Common starch-sugar is identical with liquid starch-syrup, except in the proportions of water

present ; but in general, the composition is so varied that scarcely two samples are exactly alike,

as may be seen from the subjoined analyses :—
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*3'^

Roesling and Reichardt's Prooesa.—Eossling and Eeichardt's apparatus for the manufacture of

starch-augnr on a small scale is shown in Fig. 1399. a is the furnace-opening ; 6, the fireplace

;

od, the mechanism for supporting the barrel, consisting of a ring-plate and pipe ; «, the ashpit;

/, apertures with pipes and cocks
; j, the neck of the boiler ; h, the barrel of white pine, with a

bottom at least 1 in. thick ; t, u tube made of 1399

linden or maple, 2 in. thick and f in. wide

;

*, a pipe with four steam-outlets below, two of

which are visible at I m.

Anthon's Method.—Excellent sugar is fur-

nished by the method invented by E. F.

Anthon, and patented in many countries. The
manipulation is as follows :—2640 lb. of dry

starch are stirred up in 373 gal. of w.ater to a

homogeneous milk, and run uniformly into

the converter, previously charged with 53

gal. of water and 48 lb. of oil of vitriol, and

brought to the boiling-point, so that the mass

boils uninterruptedly. During winter, the

starch may be stirred with tepid water, but

not so warm that it becomes pasty. When
the mixture has been kept at a boil for about

1 hour after the entire mass has been emptied

in, the boiling is continued for 4-5 hours longer

for making hard crystallized sugar, but when
syrup is intended, 3 hours' boiling suffices.

For the neutralization, G6 lb. of good bone-black and 55-66 lb. of purified chalk are used. The
chalk must previously be mixed in water and strained through a fine sieve. At first, 22 lb. of bone-

black are gradually thrown in, and then the chalk-milk is poured in through a leaden pipe reaching

down to the lower half of the boiling-vat. But great care must be taken that the seething liquid

does not flow over. When the mixture reacts but moderately acid, the adding of chalk is inter-

rupted, and the balance of 44 lb. of bone-black is added. It is a rule that J of the bont'-ljlafk

should be added before tlie chalk, and
-J

afterwards. The finished mixture is boiled gently for

about 10 minutes, and passed through a Taylor-filter.

For common coagulated sugar, the syrup is condensed to 33°-3G° U. (hot); for hard sugar, to

about 33° B. (hot). The syrup is passed through a small Taylor-filter, cooled, and a few lb. of

half-congealed sugar of a former boiling are added and thoroughly stirred in. After 10-30 liours,

the mass will become so stiff that for common sugar it can be put into barrels and left to harden.

For hard sugar, the evaporation is stopped at 33^ B., the stirring is not so strong, and is not so

often repeated when the partly-coagulated sugar is being added. When the body of the sugar has

attained a completely stiff consistency, so that it can only be scooped out with difficulty, it is

subjected to pressure in a filter-press or centrifugal machine (tee p. 1900).

To make " loaves," the press-cakes or sugar taken from the centrifugal are broken up into

small pieces and melted, without adding water. This is done in a kettle over a steam-bath, aided

by occasional gentle stirring, in a temperature as low as possible, continued until all lumps have

crumbled, but not until the fine parts are dissolved. For 880 lb. of sugar, the operation occupies

3-4 hours. Complete solution of the sugar must be avoided, since those particles which float in

the solutiim favour crystallization. When the mass has attained the proper consistency, it is cast

into the moulds ; in 2 days, it is entirely solid.

The press-syrup can either be mixed with such syrup as contains a large amount of dextrine,

and sold as such, or boiled and worked over again so as to make a second product of press-cakes.

To this end, it ia evaporated to 36°-37° B. (hot), cooled off and coagulated as usual, and pressed

out. The press-oakes thus obtained are inferior, and it is best to dispose of the press-syrups as

such.

To obtain a product of the whitest possible colour, the application of sulphurous acid is resorted

to. After half the chalk has been applied in the neutralization, 3-4 lb. of dry or II lb. of liquid

sulphite of lime are added, continuing the boiling for 10 minutes, and then adding the rest of the

chalk. It is imperative to carry out the process with great cleanliness, and to use no water which

contains hygroscopic ingredients.

In Anthon's method for producing 3-4 cwt. of starch-sugar per 24 hours, the ingredients for a

boiling are :-

370 lb. of air-dvy starch.

11 „ of sulphuric acid of 6G° B.

3 '70 „ of bone-black.

2 -46-3 -70 lb. of pure lime.

4 '95 lb. of prepared chalk.
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The apparatus is very simple, and is represented in Fig. 1400 : a is the pan ; b, a vat of about

8J bush, capacity, with a wooden spigot g at the bottom ; c, a Taylor-filter in a case 4 ft. high and

2 ft. wide and deep, arranged for the reception of 9 bags, each about 2J ft. in length, and 6-7 in.

diam. when filled, and set np so that the thin liquor can be drawn off by a small gutter into e.

The bags are made of grey linen of prime
^^^^

quality and uniform weft, and are fastened

over the funnels/ with strong cord.

Gapillair-syrup and -sugar,—Some few

establishments have furnished quite re-

cently a water-clear syrup, wliioh, in a

very condensed state, is known in the

market as " capillair-syrup," and is ex-

tensively used by confectioners and others

iu the United States. The mode of pro-

ducing it is as follows:—After the usual

boiling and neutralization, the clear, thin

liquor of 16°-20° B. is concentrated in a

vacuum-pan to 30° B. (boiling hot). The
vacuum-pan is of copper, because by this

process the gypsum deposits itself on the copper pipes as firmly as stone, and the pipes have to

be frequently cleaned by the aid of hydrochloric acid.

If the temperature can be maintained at 57j°-63j° (145J°-146|° F.), the syrup will remain of

a lighter colour, as also with rapid evaporation. Since the gypsum never completely separates

from this heavy syrup, filter-presses are used. Thus the clarifying is much accelerated, and the

thin syrup issues from the filter-presses free from gypsum, and entirely clear. It is directly pumped
into the reservoir, thence to the bone-black filter, and is then drawn into the vacuum-pan, and

evaporated at 56i°-62J° (133|°-144J° F.). If the syrup is for exportation, the concentration is

carried to 44° B. at 61° (142° F.). The evaporation goes on very quickly, since the syrup already

possesses a consistency of 28°-30° B. It has to be filled into the casks while yet lukewarm. If it

cools off entirely, it will not run out of the vats at all.

The perfectly white and finest quality of starch-sugar, which also passes through the bone-black

filters, is known as " oapillair grape-sugar," and is manipulated in a similar way, with this difference,

that the syrup at the last stage is condensed to 44°-45° B., while for the production of sugar, the

process of evaporating must be stopped as soon as the syrup has reached the consistency of 40°-41° B.

This sugar has been mostly packed in cases of 1 cwt. ; but more recently it is cast into blocks and

loaves, which are afterwards grated, and the sugar packed in bags. This method of packing in

bags is more practical and advantageous than in boxes, since the sugar adheres to the wood of the

boxes, and much of it is lost.

Granulated Starch-sugar.— The manufacture of granulated starch-sugar was introduced by
Fouchard, at Neuilly, France, The transformation of the starch into sugar is accomplished in the

ordinary manner, but at an increased temperature and pressure, as a great amount of dextrine would

hinder the granulation of the sugar.

The liquor, saturated with lime, is run through a bone-black filter, to impart to it the colour of

a nice clear " covering " sugar. The filtered liquor is evaporated in summer to 30° B., in winter

to 28° B . (boiling), and run into capacious clearing-tanks, where the greater part of the gypsum
settles

I
the tanks are in a cool place, or the cooling is accelerated by the use of worms in which

cold water circulates, so as to avoid fermentation. After the lapse of 24-30 hours, the syrup is cool

and clear, and is then placed in vertical barrels, left open above, and whose bottoms are perforated

with small holes, thus forming a sieve-bottom. During the process of crystallization, these openings

are kept closed with small wooden pegs or taps. The barrels stand on a framework over a lead-

lined gutter. In 10-12 days, crystallization begins by the formation ot small accumulations in the

syrup, which gradually increase. As soon as the syrup is about f filled with crystals, the holes in

the bottom of the barrels are opened, draining off the molasses, while the soft crystalline accumula-
tions remain in the baiTels.

As soon as the draining appears to be finished, this is perfected by placing the barrels in an
inclined position. The molasses thus obtained is again boiled in sulphuric-acid water, to transform
the dextrine present into sugar. The granulated sugar is then placed on gypsum slabs to the
thickness of 4 in., and dried at 22°-25° (71J°-77° P.). By increasing the temperature, the crystals

would melt and stick together. This lump formation cannot be entirely avoided. If the lower part
of the layer begins to get dry and white, it is turned. In 3-4 days, the sugar becomes perfectly

dry, and is then, for the purpose of an even separation, rubbed through a sieve, and the lumps
which do not pass are ground between a pair of porcupine-rollers. Usually the sugar is again
spread on gypsum slabs.
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Uses of Starch-svgar and Glucoses.—Tliesc products are used chiefly for brewing, for the Hianufoc-

turu of table-synips aud candies, as food for bees, and for making artificial honey. All soft candies

and taffies, and a liirgo proportion of stick candies and caramels, are made of glucose-syrup. Very
often a little cane-sugar is mixed, in order to give a sweeter taste to the candies, but the amount of

this is maile as small ns possible. A. very large percentage of all the starch-sugar made is used for

the manufacture of table-syrups. Some kind of cane-sugar syrup is added until the tint reaches a
certain standard. The amount of cane-sugar syrup required varies from 3 to 10 per cent., according

to circumstances. These syrups are graded A, B, C, &c., the tint growing deeper with each
succeeding letter. Small quantities of glucose-syrup are used by vinegar-makers, tobacconists,

wine-makers, distillers, mucilage-makers, and perhaps for some other purposes.

The solid sugar is also used for many of the purposes enumerated, but chiefly for the adultera-

tion of other sugars. When it is reduced to fine powder, it can be mixed with cane-sugar in any
proportions, without altering its appearance. Since starch-sugar costs less than half the price of

cane-sugar, this adulteration proves immensely profitable,

Tlie cost of manufacture is about id. a lb. Some 26-32 lb. are made from a bushel of com. It

is sold by manufacturers at l^d.-id. a lb.

Sugar-refining (Riffinage du Sucre ; Gee., Zackersiederei).—Very large quantities of sugar are

consumed in their " raw " state, jtist as they reach the home markets from the plantations ; but

others are so impure as to be unfit for immediate use. The purification of thcse'Iatter, and the

preparation of fine sugars from the low grades, is the work of the rtiiner. The estimation of the

impurities, and the qualities of the various kinds of sugar, will be found detailed under the section

on Analysis. The appended analyses, however, present a comparison of the relativo mineral im-

purities in cane- and beet-sugars as regards bases, the phosphoric and carbonic anhydrides and the

chlorine having been displaced by the sulphuric acid employed in the analysis, and the results

being calculated on the ash. It will be noticed that cane-sugar ash contains larger proportions of

lime, magnesia, ferric oxide, and sand, tlian beet-sugar; while potash and soda largely pre-

dominate in the latter :
—

Potash
Soda
Lime
Mngncsia
Ferric oxide and alumina
Sulphuric anhydride .

.

Sand and silica

Cane-sugar Ash.
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be too hot, neither should the baga be steeped for too long a time, more especially in the case of

mat or grass baga from China and the East, as they frequently contain notable quantities of

alkaline salts and colouring matters, which are readily dissolved by treatment with boiling water,

rendering the refiner's work more difficult, and leaaening the quantity of refined sugar produced.

The sweet waters from bag- and cask-washing are run into the blow-up pan before they have

time to ferment.

The blow-up is set immediately below the mixing-floor, and is a cast- or wrought-iron tank,

provided with a vertical shaft and mixer, aa well as one or two copper coils through which live

steam can be introduced. It is capable of holding 7-10 tons of sugar, which when melted to

28°-30° B. will measure 3000-4500 gal. ; the steam coils are covered either with sweet water from

bag-washing, or fresh water. Steam is turned on, and the raw sugar is either shovelled in from the

mixing-floor above, or-delivered direct from the bags. In working, it is customary to run in water

up to a certain mark on the blow-up ; the water of condensation produced by the live steam adda

further to this quantity, and probably filla the blow-up aomething less than half full. Mixed or

analyzed sugar is then filled in gradually until the blow-up is full to within 4-6 in. of the top,

steam blowing in during the whole time. When the sugar is thoroughly melted, the sp. gr. is

taken with a Baum^ hydrometer, and should be 25°-27° B., which will equal 27°-30° when cold.

The quantity of sugar melted at one time varies from 5 to 8 tons ; it of course greatly depends upon

the quality of the raw sugar used ; a much larger quantity of low-class augar is required to fill the

blow-up than is necessary when good crystallized sugars are used. The time occupied in melting

this quantity of sugar is about J hour, and it is necessary in the case of very low sugars to partially

neutralize the acidity with a few buckets of lime-water thrown into the blow-up during the operation

of melting. This causes a precipitation of some of the soluble organic impurities, which are thrown

down in brown flocks, and removed in the subsequent stages of the process. It is also necessary

during this operation to remove by skimming the pieces of wood, cane, grass baga, and other

raiacellaneous articles which are present in low sugar, and which rise to the surface along with a

dirty scum. The liquor thus prepared is run first through a wire strainer which removes

hairs, sacking, and fibres, and any pieces of matting which may have escaped the operation of

skimming.

The liquor runs from this strainer (or in some cases the valve at the bottom of the blow-up

delivers the liquor directly into the bag-filters, without passing through the wire strainer) into the

bag-filter box.

Bag-filters.—Those generally in use are Taylor's, and have already been described on p. 1889.

Refineries are always provided with a large number of boxes, each box holding 400-500 bags, and
placed immediately below the blow-up pans, The filtration through these is a tedious operation,

on account of the exceedingly slimy nature of the insoluble organic matter, which though small in

amount, is of such an objectionable character as to coat the inside of the bags with a tenacious

deposit not more than -^^-^ in. thick, which prevents the liquor finding its way through ; for this

reason, the quantity of liquor filtered through a box of 400 bags is not much more than 2000-

.SOOO gal., or say about 5 tons of sugar per day. Of course this amount depends greatly upon the

quality of the raw sugar, and the amount and nature of the insoluble organic matter which it

contains. Previous to starting the filter, it is necessary to steam out the box containing the bags,

so as not to cool the first portion of the liquor running through. After the filter has finished

working, the upper part is filled up with boiling water, and allowed to stand some hours, until the

whole of the water has filtered through the bags, removing with it the greater part of the sugar ;

the bags are then steamed, rewashed if necessary, taken from the box, and dried ready for

further operations.

The liquor as it runs from the bag-filters is dark in colour, but clear and bright, and it now
remains to remove from it the whole of the colouring matter and soluble organic impurities, which
is done by means of filtration through animal charcoal. The action of the charcoal in removing

the colouring matter is not clearly understood. It is sufficient to say that almost any sugar, no
matter how dark in colour, can be rendered as clear as water by using sufficient bone-black in a

finely divided condition, taking care that the liquor when filtered is as nearly boiling as possible.

The liquor from the Taylor's filter is received or pumped into tanks placed above the charcoal

cisterns, provided with sleam-ooils in order to heat up the liquor previous to passing into the char.

Charcoal cisterna.—These are now made of cast-iron, and in large refineries are capable of
holding 30-40 tons of char

; they are enclosed at the top, the charcoal being packed tightly, and
the liquor being forced through under 3-7 lb. pressure (see pp. 1851-3). The cisterns are packed
tightly with well-burnt dry char, and the hot liquor is run in at the top, the cook at the bottom of
the cistern being open so as to allow the confined air to escape. When the cistern is full of liquor,

it is allowed to stand for 3-4 hours " to settle." At the expiration of this time, the cock drawing
from the bottom, on the upright pipe which leads the fine liquor above the aurface of the char
on the outside of the cistern, is opened, and the stream of liquor, which is perfectly clear, is
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adjusted BO that the dicolorizing power of the char is not too rapidly spent ; or in other words the
liquor must be left a euffloient time in contact with the char to allow the latter to act upon the
orgiinic impurities. As a rule, all tlie discharge-pipes from the cisterns are brought into one room,
and arranged over a number of gutters communicating with an equal number of tanks to receive
the fine liquor. At first, no colour can be detected in tlie liquor, but after a while, the time
depeuding upon the purity of the sugar operated upon, and the quality of the char, the liquor
beRins to assume a yellowish tinge. Previous to this, however, the attendant has altered the course
of the liquor, and it is now flowing into another tank, the first portion being used for making tho
finest refined article, either loaves or crystals; the second portion, received in a separate tank, is

used fur making crystal-sugars, which have not a similar degree of whiteness and brilliancy. Tho
cistern is worked until the decolorizing power of the char is exhausted, or until the liquor
running away is only slightly superior in colour to the liquor as delivered into the cistern.

Occasionally the liquors having a slight tinge of colour are reheated and used to " settle " a fresh
cistern of revivified char, following with the liquor from the bag-filters

; by this means, a
larger quantity of liquor of Ist quality is obtained at a comparatively small cost, as the amount of
colouring matter which these liquors possess is not sufficient to materially reduce the decolorizing

power of the animal charcoal.

As a nile, charcoal cisterns are always "settled" or started «-ith fairly good liquor, which is

followed by raw sugar liquors, or syrups. If the charcoal is not thoroughly exhausted after the
syrup, molasses (or more correctly syrup from last boiling) is run through the cistern.

It is necessary so soon as the charcoal is exhausted to wash it free from sugar. Boiling water
is run on to the char, which carries before it in its downward passage the sugar liquor. The
washings of the char are run into the syrup-tanks so long as they stand at or above 18° B. •

below this the liquid gradually getting weaker and weaker is run into a separate tank, the wnshin"
being continued until the liquor marks l°-2° B. At this stage, the bottom eock on the cistern

is opened, and sufficient boiling water is run through the char to thoroughly wash it free from
traces of sugar and organic impurities ; the cistern is then emptied, and the char is dried and
revivified. The weak waters used for washing, and marking 7°-15° B., can be used for washing
off another cistern, or in the blow-up for melting a fresh quantity of raw sugar. It id important

that they should be used quickly, as otherwise they are very liable to undergo fermentation.

The quantity of charcoal used depends entirely upon the quality of the raw sugar passing through

;

in general, |-1} tons are required per ton of sngar, and, with low Manilas, even more than tiis.

Charcoal attains its greatest power of decolorizing syrups after being 4-6 months in use; each
revivification seems to greatly increase its absorptive powers, until a certain point is reached, after

which it gradually deteriorates, and requires mixing with a proportion of now charcoal in order to

keep up its action.

Hevwification of the Charcoal.—(Several forms of revivifying-kiln have been described under Beet-

sugar, pp. 1853-4.)

The practice of washing the char, after its removal from the cylinders, with hydrochloric acid,

with the object of taking out salts of lime absorbed from low sugars, appears to be rarely adopted
in this country. But when the washing with hot water is performed too slowly, the weak saccha-

rine solution which results is apt to acetify, and this produces a similar result, which is reco"-

nized by the solution being opaque and milky when it is run off. This acetification is more likely

to occur when the ohar has been in use for too long a time, and more readily in old than in new
char. New char will often give off liquors smelling of sulphuretted hydrogen when the sugar
refined is acid. Acetification will also occur under conditions which are little understood, but

over which refiners have no power of control. Also when imperfectly washed char, which after

draining may still retain sweet water, is allowed to stand for some indefinite time before being
reburned, it is apt to ferment and acetify. This fermentation is sometimes regarded as a benefit to the

char, serving to open it by removing matters within its pores which mere washing will not get rid of.

The principal forms of kiln used in this country are as follows :

—

The pipe or tubular kiln, made by McLean and Angus, Greenock, is illustrated in Figs. 1401-3.

Each reburner consists of a series of Hi iron pipes c, arranged in two banks or groups of 32
each on either side of a central fire, the whole being raised upon iron columns d, which, being
hollow, are made to serve as flues. The flame from the fire plays among these pipes, and is

regulated by appropriate dampers. In the brickwork enclosing the pipes, opposite each group,

is an iron plate a, with an arrangement for viewing the several rows of pipes. Beneath each

of the six rows into which the pipes are distributed, is a narrow iron box e, freely exposed to

the air, and serving as a cooler for the reburned char. A slide-valve at b permits the discharge

into the cooler of the lower portion of the contents of the pipes from time to time, the coolers

being emptied below upon the floor, or into vessels run in under them. The top of the kiln

where the open ends of the pipes appear forms a platform near the roof of the building

where the apparatus stands. Upon this platform, the damp char is heaped up, and there

6 G 2
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undergoes some preliminary drying by evaporation. Whenever a cooler is refilled, the char

sinks commensurately in the pipes corresponding to it, and a workman upon the platform at

once -with the shovel refills the pipes to the top. Whatever vapours are evolved by the

reburning escape from the top of the char-pipes, and pass out of the building through openings

in the roof.

The Buchanan & Vickess rebume^i8 a modification of the preceding, which, while it is said to

burn the char more equably, provides for the collection of the vapours that are given off. Fig. 1401

Scale y<6uv=1 fP
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thocliimncy. The two retorts

are providoil with a Bcries of

iiitiTUfil lliingea at intervals

ol' ahnut 0-8 in., mid ledges

are formeil between the

flanges for carrying up the

charcoal as the retorts reci-

procate. An opening is made
througli eaeh flange, and all

these openings are disposed

in a lino with each other.

To cause the charcoal to

travel continuously along the

retorts during the process of

revivifying, an angled pro-

jection, somewlmt after the

form of a ;^-sil]ed pyramid,

is cast inside the cylinder in

each of the intervals or spaces

between the several internol

rings or flanges, and exactly

in the centre lino of the

openings in these flanges.

The two opposite siiles of

these projections present re-

verso angles, both of which

direct the oliarcoid into tlie

next space on the partial

rotation of tlie retort. The
ujipor retort is driven direct

by a mauglc-wheel and pinion

arraugement; and this motion is transmitted to the lower retort by means of an endless chain, sus-

pended from the rear end of the upper retort, and passing under the corresponding end of the lower
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retort. Both ends of the retoits are supported upon anti-friotion pulleys, carried in the transverse

framing, bolted to the main supporting column. The feeding hopper opens to a flue, from which the

charcoal is shovelled when being supplied to the retorts, the feed being nicely adjusted by means of

the slidiug-door, worked by a winoh-handle and screw-spindle. A sliding door, covering an opening

in the inclined side of the hopper, is for the purpose of inspecting the interior of the retort ; a spy-

hole is also provided in the stationary front cover of the lower retort. The upper retort discharges

its contents into a conduit, which conducts it to the lower retort, after traversing which, it is

discharged down a pipe into an enclosed receiver. From this receiver, it passes through the cooler,

which consists of a number of long narrow passages, placed side by side, and having intervening

air-spaces between them for the more effectual cooling. By the time the charcoal has traversed

these coolers, it is sniBciently cool to be exposed to the action of the atmosphere, and is discharged

into a small truck. The vapours which are evolved during the reburning are carried off by a

pipe, provided with a throttle-valve, communicating with the chimney. The entire arrangement

is supported upon strong iron girders, resting upon columns in the/ basement.

When the revivified char is cold, it is sifted, and the dust is sent away to the manure-makers,

as is also the finally spent char from the filters (see p. 1266).

Under the moat favourable circumstances, the vapour that issues from char in process of

revivifying has usually a sweetish and slightly empyreumatic odour, but is never overpowering,

though sometimes sufficiently pronounced to be very disagreeable. Whatever ill odours may attach

to the vapours must depend upon the evolution of sulphuretted hydrogen, and the products of

decomposition of the organic matters taken out of the raw sugar in its passage through the

charcoal. The remedies obviously consist :

—

1. In the thorough washing of the char before reburning, so as to remove from it as much as

possible those matters which by their burning give rise to offensive effluvia. At James Duncan's

refinery, pressure-cisterns are in use to hasten the passage of the syrup through the char, and the

washings, similarly hastened, are continued for 6-7 hours after the last of the sweet water has been

removed. The time that elapses from charging a charcoal cistern to the char again going to the

reburner is not more than 35 hours. Fermentation is thus altogether prevented.

2. Means should be adopted for collecting and disposing inoffensively of the vapours proceeding

from the reburning. When Brinjes' reburner is in use, the vapours are collected as a matter of

course, being conducted first into a
long brick chamber or flue 3 ft. sq.

internally, and thence into a chimney-

shaft at a point below that at which

the furnace-flue enters ; this shaft dis-

charges them at a sufficient elevation

to prevent any nuisance. At other

works, the vapours are discharged at

once into a tall chimney-shaft, without

occasioning nuisance. Should it be

thought necessary, means of condensa-

tion might readily be added to this

apparatus. There may be some diflS-

culty in collecting the vapours pro-

ceeding from pipe-kilns, but it is

nevfertheless practicable. At Duncan's

works, a space 6 above each stack of

pipe-kilns a is boxed with a, wooden

cover c d ; hot air is conducted into

this space from the fire by means of an

appropriate flue e/at oneend, and passes

out at the other end, carrying the

vapours with it into a chimney. This

arrangement is shown in Fig. 1409.

At one part of these worlcs is a common
horizontal flue to receive all the vapours

from a row of reburners ; and, should

it be requisite, the vapours might very

readily be condensed. After condensation of all that is condensable, the remainder might be passed

through a fire. One of the advantages of Buchanan's reburner is that provision is made for the

collection of the vapours.

Boiling.—The next operation is the boiling of the decolorized liquor ; this is performed in

vacuum-pans already described (pp. 1854-7), the method ofboiling not essentially differing from that

L
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dctiiilod on pp. 1 893-5. In tlio case of crystal sugar, the grain is obtained low down in tlie pan, tho
crystals being fed by tlie admission of fresh liquor ; care is taken not to drown the small crystals of
sugar already formed, and not to boil so low as to cause fresh crystallization.

Several methods are employed in order to obtain a l.irge grain, such as cutting the charge, i. e.

when the pan U quite full, half the sugar is run out, and fresh liquor let in upon the rem"iining
half in thn pan, and tlje pan is boiled full; the crystals in this case are considerably increased in
size, as tho fresh liquor deposits its sugar on the surface of the crystals remaining in the pan. It
is important in boiling for grain to feed the grain often, and with a comparatively small amount of
liquor each time

; to boil at as low a temperature as possible, with a good vacuum of '.;(5-27J in.

;

and to take a, proof at least every few minutes, especially when grain is expected and when the
crystals are " growing." The proof is carefully examined on a sheet of glass ; when the bulling is

nearly finished, the " proofs " are almost solid, and the liquid in which the crystals are suspended
sets almost immediately on being spread about on the plate of glass. At this stage, it is sometimes
customary to increase the temperature some 10°-15°, in order to harden the grain. The masse-cuite

is quickly let out of the pan into a tank, which is sometimes circular and provided with a mixer
and steam-jacket ; this arrangement is called a " heater " ; from tho heater or tank, it is delivered
by suitable mechanical appliances to the centrifugals. Numerous mechaniciil contrivances are in

use for delivering the masse-cuite from the heater or tank to the centrifugals. Small iron trucks
suspended or running on rails, passing under the heater and over the centrifugals, and making a
comjilete circle, are frequently employed ; the truck, which is of a convenient size to supply one or

two centrifugals, is passed under the heater, the slide-valve is opened, and the truck is iiileil with
masse-cuite

;
this is run over the first centrifugal, a slide-valve is opened at tho bottom of the

truck, and its contents arc delivered into the centrifugal, which has previously been started and is

running at a slow speed.

The " heater " is now dispensed witli in most refineries, and its place is taken by some less com-
plicated form of apparatus ; it is certainly not necessary to provide it with a steam-jacket ; the
stirrers require powerful machinery to drive them, and it is questionable whether they really fulfil

any useful purpose, provided the masse-cuite is centrifugalled within a few hours after its leaving

the pan. First mnsse-cuites from fine liquor are generally boiled to a high degree of consistency

;

the amount of water which they contain varies within slight limits, but is generally between 7 and
10 per cent. The colour should be only very slightly yellowish. The yield of crystal sugar from

highly-refined masse-cuites is from slightly under 50 to perhaps 55 per cent, of the weight of the

masse-cuite
; it rarely runs above the latter figure.

In the ease of loaf or cube sugar, the liquor is boiled for small grain, and the masse-cui'te is run

out very stiff, containing not more than 7 per cent, of water. Tho masse-cnile is filled into moulds.

In the case of loaf, tho loaves are kept in a warm room for some hours, until the sugar is nearly

set ; the moulds containing the sugar are then elevated to the upper portion of the house, and the

sugar is allowed to solidify and liquored witli fine liquor at 25°-30° B. ; when the requisite degree

of whiteness is obtained, as much of the liquor as possible is drawn away by means of suction, aud

the sugar is dried in ovens, and turned out of the moulds, when it is ready for sale. With cubes,

the masse-cuite is filled into peculiarly-shaped moulds which fit into a large centrifugul machine

;

after the sugar has set, the moulds are transferred to the centrifugal machine, washed or liquored

in the machine, dried, and packed. The yield of refined sugar by this means is 70-80 per cent, of

the weight of the masse-cuite ; but the extra time and labour required in handling the loaf-sugar

does not more than pay for the increased yield by this method, over the 50 per cent, obtained in the

mode of making crystal sugar already described.

The Alum Process.—The " alum process " for removing potash, ammonia, and other impurities

from saccharine solutions (see also pp. 330-2), is due to James Duncan, and John A. K. and Benja-

min E. B. Newlands. Beet-syrups contain a notably large proportion of potash salts, which much
retard crystallization. The salts in beet-molasses, according to Dr. Wallace, are :—Chloride of

potassium, 18 -70 per cent. ; sulphate of potash, i'lS; carbonate of potash, 53"80; carbonate of

soda, 20 81 ; carbonate of lime, • 35 ; magnesia, 27 ; moisture and loss, 1 99. A sample of

French beet-molasses gave 10 86 per cent, of ash, 4 • 88 being potash. Out of 3 40 per cent of ash

from English beet-syrup, 1'36 is represented by potash. Low-class cane-sugars also contain

notable proportions of potash:—Dutch Bastards, 0'33; Guatemala, 0-40 ; Penang, 0'71; Low
Penang, 0-57; Medium Penang, 0-23; Egyptian, 0-63, 0-53, 0-80; Jaggery, 0-49; Clayed

Manilla, 0'23; Iloilo Manilla, 0-58 per cent.

The alum process consists of two parts : 1st, precipitation of the potash in the form of alum

;

2nd, neutralization of the residual acid liquor by means of lime.

1. Precipitation.—This is accomplished by adding to the cold syrup a solution of sulphate of

alumina, suflieieut to form an alum with the whole of the potash present. It is convenient to work

with syrup at about 38° B., and solution at 27° B. ; if the syrup be much over 38° B., the alum

cannot easily settle out. The mixture is well stirred for \-l hour, and the whole is allowed to
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repose for 4-5 hours, until the deposit—which consists of small alum crystals, known as " alum

meal "—has completely subsided. The " alum-tank " in which this operation is performed is

provided with mechanical stirring-gear. The three principal requisites in order to obtain the best

results, and to prevent the formation of uncryatallizable sugar, are :—(1) To work at the lowest

temperature ; (2) to employ solutions as dense aa possible ; (3) to perform the whole operation as

quickly aa is consistent with separation of the alum.

The amount of potash present in syrups is generally equal to | of the ash, determined in the

usual way (see p. 1946). Every 1 part of potash requires for conversion into alum about 9^ parts of

sulphate of alumina, of which, 2J parts are required to convert the potash into sulphate, and the

remaining 7 to combine with the sulphate of potash, so as to form alum. If the liquor contains free

or combined sulphuric acid, or if the solution of sulphate of alumina contains any free sulphuric

acid, the 2J parts of sulphate of alumina required to convert the potash into sulphate may be partly

or entirely dispensed with. For practical purposes, it suffices to determine the percentage of ash,

to assume | of this to be potash, then to multiply the percentage of potash by 9 • 5, which gives

the dry sulphate of alumina, and, lastly, to ascertain the amount of solution corrresponding

to this.

2. Neutralization.—The alum-tank is provided with several taps, at different heights ; when the

aliun has well settled down, the clear acid liquor is run oft', by means of these taps, into a " liming-

tank " placed on a lower level, and also provided with mechanical stirring-gear. As soon as the

acid liquor has been thus decanted into the liming-tank, a little finely-divided chalk, previously

made into a paste with water, is added, so as to produce a slight effervescence. Milk of lime is then

added at frequent interval?, until the froth has nearly, but not entirely, disappeai-ed : the gradual

abatement of the froth indicates when the neutralization is nearly complete. This operation takes

1-2 hours. The point at which the neutralization is practically complete may be known by :

—

(1) The absence of any large amount of froth ; (2) the absence of any taste of aluminous compounds

;

(3) the liquor should give only a duU-tei tinge to blue litmus-paper. When the neutralization is

thus pr.iotically complete, the treated liquor ia subjected to the same routine as ordinary sugM-
solutiona in a refinery : it is heated in the blow-ups to 65° (150° F.), but not higher, then passed

through filter-presses, and through char, and boiled down in the vacuum-pan.

To wash and dry the precipitated alum, it is convenient to employ a small centrifugal machine.

After once " machining " for a few minutes, a little water being added as usual during the

operation, the alum appears white and dry, but still retains a small amount of syrup. It is then

mixed with some cold water, and machined a second time, after which it is free from sugar, and
fit for sale.

The following analyses show the effect of the process on beet-syrup treated on a large

scale ;

—

Sugar..
Ash ..

Water, &o.

Beet-Syrup.

60-18
3-61
86-21

100-00

After Treat-
ment, and

before Char.

40-51
1 33

58-13

100-00

After Treat-
ment,

and after Char.

41-60
0-47

57-93

100-00

The advantages of the process are :—(1) The removal of potash and ammonia from syrups
without, much dilution ; (2) the removal of much colouring and albuminous matters

; (3) con-
siderable improvement in flavour and odour ; (4) the alum produced is nearly equal in value to

the sulphate of alumina used, so that the expense of the process is not great
; (5) the plant

required is of the simplest description, the cost of labour is small, and the operations are con-
tinuous and rapid.

The process has been in constant operation during several years at the sugar-refinery of James
Duncan, Clyde Wharf, Victoria Dock, London, where tlie syrup from many thousands of tons of
sugar have been treated with excellent results, several hundred tona of potash-alum of good quality
being during the same time produced, and sold at a fair market-price. Licenses to work the
process have been taken by nine of the principal refinera of the United Kingdom, and others
have been granted to aeveral refiners in Holland, Belgium, and the United States.

The foregoing description applies to the process as actually conducted at the Clyde Wharf
Eefinery ; various alterations are advantageous under particular circumstances.

/S<con«rani.r—Strontium is a powerful base for extracting sugar in the refinery, as it combines
with 3 equivalents of sugar. Native strontianite, containing 90-95 per cent, of pure carbonate
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of strontium, is said to be now largely employed in C!ontinental gngar-rofineries. This lias hitherto

been obtainable only with difficulty, but recently in Westphalia it has been worked to a great

depth in mines, and a supply of many thousand tons per annum is said to have been secured.

Oxalic Acid.—0. H. Gill has proposed to effect the removal of potash from saccharine solutions

by the addition of oxalic acid, in the state of powder, or of hot or cold solution, in quantity suffi-

cient to form oxalate, binoxalate, or quadroxalate of potash, or a mixture of these, which, being

comparatively little soluble, crystallize out more or less completely. To cool syrup at 26°-35° B.,

contained in a suitable vessel provided with means of stirring its contents, is added a quantity of

oxalic acid equal to 63 (or even up to 252 lb.) of the crystallized acid for each 39 lb. of potassium

present in tlie syrup operated on. Tlie mixture is stirred till the reaction is complete (say, 1 hour),

and then either allowed to rest till the crystalline oxalates of potash have settled to the bottom of

the liquid, or filtered. The clear syrup is drawn off into another vessel, also provided with stirring

gear, and together with the syrup separated from the magma of crystalline oxalates, neutralized by
addition of milk of lime, or whiting stirred up in water. The neutral or nearly neutral syrup is

then boiled, bag-filtered, and treated in the usual way.

The advantages of this process are :—That the removal of a portion of the potash allows the

recovery of a quantity of crystallizable sugar, which would otherwise go to form molasses ; that on
neutralization by lime or chalk, a very large proportion of the iron present is precipitated and
removed ; that when soda salts are present in large quantities, a portion of the soda will be pre-

cipitated as oxalate with the oxalates of potash, and will be removed from the solution with them ,•

that saccharine solutions containing a very large proportion of potash can be operated upon, since

the precipitate formed on neutralizing the acid liquid separated from the oxalates of potash places

no difficulties in the way of filtration.

The expense of carrying out the process is reduced to a comparatively small amount, either by
soiling the oxalate of potash obtained, as such, or by recovering the oxalic acid for re-employment,

and selling the potash separated at the same time. For the latter purpose, the oxalate of potash

may be dissolved in hot water and decomposed by a sufficiency of lime (caustic, carbonate, or

chloride), and tlie insoluble oxalate of lime is separated from the solution of potash simultaneously

produced. Tiiis oxalate of lime, together with that obtained on neutralizing the acid saccharine

liquor separated from the original precipitate of oxalates of potash, can then be decomposed by

sulphuric acid, and the oxalic acid thereby brought into solution. Afterwards, the oxalic acid is

crystallized. Tlie liquids containing the potash in solution can likewise be evaporated and brought

into marketable form. It must not be forgotten, however, that oxalic acid is a powerful poison

;

and if a small quantity were from any cause allowed to remain in the refined sugar, the consequences

would be most serious.

Tannin.—Gill and Martineau propose to use tannin for separating from sugar-solutions iron and

other bodies, such as albumen, which are thus precipitated. For this purpose, an excess of tannin

is added to the sugar-solutions, and subsequently removed by the addition of alumina. The
alumina may either be precipitated in the solution, or may have been previously precipitated. The
sugar-solution subjected to this process may be crude juice, or a solution of raw sugar, or drained

syrups. By preference, the sugar-solution is boiled with the tannin, and then alumina which has

been precipitated from a solution of alumina by means of whiting or carbonate of lime is added.

After boiling, the solution is passed through bag-filters and animal oharcoEd, and evaporated and

crystallized in the usual way.

Chloride of Sulphur.—In Eastes' process, the raw or low-quality sugar is dissolved, clarified, and

tempered with 2-8 oz. of chloride of sulphur to 100 gal. of liquor, or the same proportion of any

compound of chlorine of sulphur, or sulphide of lime, or oliloralum, according to the quantity of

albuminous matter contained in the liquor. After clarification, the liquor is allowed to subside,

and passed through the vacuum-pan in the ordinary way. For extracting the crystallizable matter

from molasses, the latter is heated and tempered as follows :—If recently-made molasses are

treated, one of the agents simply is used ; in the case of molasses that has been made for a con-

siderable time, and contains free acid, sufficient alkali is used in addition.

Alcohol.—Duncan and Newlands propose to treat raw or low-class sugar by alcohol (ethyl or

methyl alcohol, or methylated spirit). The sugar, containing more or less uncrystallizable sugar, is

agitated in a close vessel for about J hour, with a considerable quantity of alcohol, as near the boiling-

point as possible. About 3 gal. of alcohol to 10 lb. of sugar is usually sufficient. The alcoholic

solution is then separated by decanfation, filtration, or a closed centrifugal machine, and allowed to

cool, when the greater part of the uncrystallizable sugar and other matters are deposited. The

alcoholic solution is next separated from this deposit, in a similar msmner, and is then reheated and

re-used for the purification. After the alcohol has thus been alternately heated, used for washing

sugar, and cooled several times, it is distilled, to separate it from water and other impurities. The

sugar deprived of its impurities is heated with or without water in a still, so long as any eidhering

alcohol distils over.
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The principal advantage of this mode of employing alcohol over those previously proposed, is

that by alternately heating and cooling, the same alcohol can be made to serve several times

without distillation, instead of its having to be distilled after every operation.
'

Sucrate of Lime Process.—This process, which has been successfully worked both for refining

raw cane- and beet-sugars and for defecating cane-jnice, was invented about 1865 by Boivin et

Loiseau, of Paris. Successive improvements have since been made by the original patentee and

others. The process effects great purification of sugar-solutions by means of a compound of sugar

and lime, denominated " sucrate of hydrocarbonate of lime," formed in syrups which have been

treated with calcium hydrate and submitted to the action of carbonic acid gas ; but careful mani-

pulation is necessary to ensure the desu'ed result. When the compound is treated as will be after-

wards described, it produces a very flocoulent precipitate, which, in subsiding, carries with it,

mechanically or in chemical combination, most of the colouring matters and other impurities

present in the juice or unrefined sugar. The process depends mainly upon this peculiar decom-

position of the sucrate of hydrocarbonate of lime, and on the difference in solubility of the several

sucrates of lime in saccharine solutions.

Chemists have long known that sugar is capable of acting the part of a weak acid and

combining with bases. With calcium hydrate, it forms a series of compounds known as calcium

sucrates, all of which when suspended in water are decomposed by carbonic acid gas into calcium

carbonate and sugar. When a proportion of calcium sucrate (say 5-10 per cent.) is formed in a fairly

poncentrated solution of cane-sugar, and partly but not entirely decomposed by passing carbonic

acid gas, a compound. is formed containing calcium hydrate, sucrio acid, and carbonic acid

chemically combined. This compound is the sucrate of hydrocarbonate of lime of Boivin et

Loiseau ; but if the current of gas is continued too long, this compound is decomposed, and calcium

carbonate and sugar result.

The following table gives the density of lime sucrate solutions :

—
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when tho tank is full, the proportion of limo is made up to 1-1 J per cent., and the whole is

thoroughly mixed. These operations are carried on at the plantation, and the juice is then pumped
through pippM, in some cines several miles in length, or conveyed in tank-barges, to the central

factory ; agitation being continued during the pumping, the pipes do not choke.

2. Reliming.—When the juice is received at the factory, a further proportion of slaked lime is

added ; if it is from good sound canes, about i per cent, suffices, but if from uiiripe or damaged
canes, a larger quantity of lime is used. The store-tanks in which the juice is received are mostly

made of concrete or of iron ; they are of large capacity (30,000-50,000 gal.), and fitted with

agitators worked by macliinery, which keep the lime constantly suspended. If properly agitated,

the rulimed juice can be kept for several weeks without undergoing any decomposition. It is now
ready for gasing.

3. Gasing.—A kiln is constructed for obtaining carbonic acid from the calcination of lime-

stone ; the lime is afterwards used for liming the juice, and the carbonic acid gas is drawn off by

pimips or exhausters. The kiln la constructed to burn continuously, the limestone being fed in

from the top. The products of combustion are drawn away through a 16-ln. wrought-iron pipe,

and cooled and washed by passing through a couple of scrubbers, so that the temperature of the

gas when used is not more than 18°-24° (C5°-75° F.). The lime taken from the kiln is carefully

hand-picked, and, for the preparation of the sucrate, only those lumps are slaked which are

properly burnt, and free from the mineral matters introduced by the fuel used in the kiln.

The limed juice in quantities of 1000-1500 gal. is pumped into tanks, called emcmsseurs, of

5000-7000 gal. capacity, provided with revolving stirrers consisting of a hollow vertical shaft fitted

with hollow arms, arranged to revolve in a horizontal position within a short distance of the

bottom. The hollow shaft is connected with the exhausters by which the carbonic acid gas is

being drawn from the kiln ; and the hollow arms are perforated with a series of holes, so as to

allow the gas to escape within a few inches of the bottom of the imousseurs. This hollow agitator

is kept in rotation by machinery, and the tanks are \ filled with relimed juice, which must be cool.

Carbonic acid gas is then forced under pressure in a rapid stream through the juice. At first,

the liquid froths excessively, the froth frequently rising nearly to the top of the tank ; to modify

this, the vertical shaft is fitted with rakes, which revolve with it and break the froth. Tho
appearance of the juice is carefully observed, and a point is at length re£iched when the froth

commences to subside. This is the indication of the approach of the completion of the first

gasing, and the current of gas is then stopped, the agitation being continued, and a small sample

of the juice drawn off for testing, as follows.

A sample is rapidly boiled and filtered while hot, the amount of clarification being noted by the

appearance of the liquor, which should be then of a pale straw-colour.

The appearance of the partially decomposed precipitate of sucrate of hydrooarbonate of lime on

the filter is examined. If too gelatinous, it indicates that stronger sucrate is present in the com-

pound than necessary, and that more carbonic acid must be added in order to eliminate a larger

proportion of the sugar. If, on the contrary, the precipitate is granular, the liquid of a dark

sherry-colour, and all or nearly all the lime has been precipitated as carbonate of lime, too

much gas has already been passed. The degree of alkalinity of the juice is also ascertained by

titrating it witli sulphuric acid, which affords a fairly effectual check on the amount of lime still left

in solution. This quantity, if the process has been carried out successfully, is 'IS- -2 per cent.,

varying within small limits, according to the richness of the saccharine juices, and the quantity of

glucose which they contain. The point which it is desired to reach by this process is such that the

quantity of sucrate of hydrooarbonate of lime in solution is sufficient to ensure that, during the

subsequent processes, the impurities present in the juice shall be effectively carried down ; but any

excess over this quantity not only incurs loss of sugar, but increases the difficulty of filtration.

4. Boiling.—When the liquor is successfully gased to this extent, it is run down from the

imausseur into a circular closed vessel heated by steam, in which it is rapidly boiled for a few

minutes. This boiling precipitates certain compounds of lime and sugar, probably in the form

of basic sucrates of lime mixed with carbonate of lime and with nearly the whole of the impurities

contained in the juice. This precipitate contains also a small proportion of the undecomposed

sucrate of hydrooarbonate of lime.

5. Filtering.—After boiling, the hot juice containing the precipitate and the precipitated

impurities is run into a monte-jus, and forced by air or steam at a pressure of 40-50 lb. a sq. inch

through filter-presses. These vary little from those in ordinary use, and commonly called " yeast

presses." The mode of filtration is simply to force the precipitated liquor into a press untU all the

partitions, or " leaves," as they are technically called, as shown in Fig. 1313, p. 1848, are full of

precipitate. This is known by the liquor ceasing to run from the taps of the presses. If the

process has been properly carried out, the liquor will filter very rapidly, leaving the presses full of

a good firm cake containing 9-12 per cent, of sugar, which can readily be removed by washing in

the press (by a special arrangement) with boiling water and steam. In a juice-factory, it is found
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better to reject this sugar than to incur the trouble and expense of recovering it, more especially as

the wash-waters are weak in sugar, and contain some impurities dissolved from the cake ; they

therefore require considerable evaporation before the contained sugar becomes available. In

practice, for every 100 lb. of lime added to the crude juice, there will be about 250 lb. of

molaxa; as the proportion of lime used seldom exceeds li-2 per cent, on the juice, the loss of

sugar incurred would be neglected in a cane-growing country, where the actual cost of the

canes forms by far the smallest portion of the cost of the manufactured sugar. The filtered juice

as it runs from the taps in the filter-press is perfectly bright and clear, of a light straw-colour, and

slightly alkaline to test-paper. It is now submitted to a second gasing.

'6. Second Gasing.—The clarified juice while still hot is pumped into tanks and regased, whereby

a further quantity of lime is precipitated as carbonate of lime. The gasing is continued until the

liquor is supersaturated with carbonic acid gas ; the liquor is then boiled by steam-coils or other-

wise, and run into subsiding-vesstls, after which tlie supernatant liquid is filtered, generally

through Taylor's bag-filters, and is ready for concentration, if sugar of low quality is required, or

for treatment with animal charcoal. The produce of sugar obtained is better in quality and

quantity if char is used, and one of the remarkable features of this process is that the quantity of

char necessary is only ^-i of that which is required in the ordinary refining processes. After

passing through the char, the juice is ready for concentration and crystallization. In some

cases, it is considered desirable to re-treat the molasses, i. e. to carry them through the same routine

again.

It will be apparent that the process is one' of unusual complexity, and requires careful

supervision, more careful, in fact, than most chemical processes. The advantages claimed for

it are:—(1) Increased sugar-yield from a given quantity of juice, (2) improved quality of sugar,

(3) reduction in size of charcoal plant, (4) decreased yield of molasses. On the other hand, it

is evident that for a colonial sugar-house the following disadvantages will be found :—(1) The
plant is expensive ; (2) the labour required is of a high class, and skilled chemical supervision

is essential in order to ensure correct and successful working; (3) when the juice is impure or

from unripe canes, and contains much uncrystallizable sugar, a large proportion of glucate of

calcium is formed, which, on account of its solubility, goes through all the stages of the process.

The greater part of this glucate is thrown out in the molasses, but a small trace of it remains

in the crystal sugar, and causes it to deliquesce and to have an offensive odour. When the

proportion of glucate becomes high, it forms a sticky mass, which prevents a considerable

proportion of the sugar from crystallizing out after the boiling of the syrups. It is stated that

the best results hitherto obtained are:—From every gal. of sound juice at 10° B., nearly 1'5 lb,

of pure crystallizable sugar have been extracted ; but the molasses is so heavily charged with

calcium salts as to be only fit for producing a very coarse spirit. It is especially necessary in

this process to guard against the slightest tendency to fermentation, for when once ferment

germs have been introduced, it is quite impossible to form the precipitate of hydrooarbonate of

lime. When this is the case, the precipitate thus formed is of a slimy character, which clogs

the filters so that no amount of pressure will force the liquor through the press.

Although such satisfactory results have in certain cases been obtained by this process, there is

little doubt that it is too complicated for ordinary plantations, and must be much simplified before

it will come into general use, except in large central factories capable of treating at least 30,000-

50,000 gal. per diem.

For Eefining Sugar.—Although the clarification is carried out in the same way, and similar

chemical reactions take place in the precipitation of the impurities, yet the mode of conducting

the process is necessarily somewhat different. It is essential to successful working that the raw
sugar to be operated upon should contain only small proportions of uncrystallizable sugar, certainly

not more than 6 per cent. ; for this reason, beet-sugars are more easily refined than cane-sugars,

and it is sometimes advisable to mix the two. Commercially, the standard quality of the raw

sugar is kept up to a certain definite percentage of available sugar. This is done by analysing

each parcel of sugar, and mixing so as to enable the refiner to work for one week or more on

raw sugar of a constant composition. The standard of available sugar preferred is generally

high, say 80-85 per cent., with a proportion of uncrystallizable sugar not exceeding 2-3 per cent.

The method of working may be best described under the following heads :—(1) Melting the raw

sugar, (2) preparing the sucrate, (3) application of the sucrate, (4) proportion added, (5) filtration,

(6) regasing the filtered liquor. TliC raw sugar is melted in an ordinary blow-up, fitted with

copper coils, so that closed steam is used instead of live steam, as in the ordinary method of refining.

The sugar is melted witli water to a density of 27-30° B. (cold). The thick sucrate is prepared by
dissolving good beet- or cane-sugar, which should contain not less than 90 per cent, of available

sugar, in cold water to 22° B. The quantity of crystallizable sugar in this solution is determined,

and i of its weight of freshly-burnt caustic lime is slaked to a thick paste with water and added ;

the solution is kept cool and constantly stirred, and is pumped in quantities of say 1000 gal. to the
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hnoimeurs, and gased in a Bimilar manner to cane- or beet-jaice, except that In this caso it is not
neicHsary to have rt revolving shaft, and the rakes can also be dispensed with, as the amount of
frothin;; is less than in the case of low-density liquors : in fact some sugar-solutions do not froth at
all. Fixed perforated pipes laid along the bottom of the tank supply the carbonic acid gas from
tlio lime-kiln, and the gasing is continued until the liquor becomes thick and gelatinous from the
formation of suorate of hydrocarbonate of lime. Tlie exact point at which nearly the whole of
the crystallizHble sugar is chemically combined with lime and carbonic acid is ascertained by tlio

appeaninoe of the substance, and its alkalinity to test-paper. It is important during this part of the
process to keep the liquor as cool as possible, and the temperature should on no account be allowed
to rise above 29J° (85° F.). The appearance of the suorate is that of a cream-coloured gelatinous
mnsa of tlie consistency of strong jelly ; its chemical composition is—SCaOO,, C,;HjjO,i, 3 CaO 2 HjO.
It is discharged from the gasing-tank through a slide-valve into a gutter or pipe communicating
directly with the blow-up, or into a reservoir placed underneath in such a position as to allow the
Bucmte to be readily run into the blow-up.

The reservoir into which the sucrate is discharged is made of a size to act as a measure of the
quantity to be added to the raw liquor. Experimental tests are made with the sucrate to discover

the right proportion to add to the raw sugar liquor, so as to obtain the best clarification with the
greatest possible speed of filtration. It is sometimes necessary to determine the sp. gr. of the

sucrate, and add the proportion by weight, as it not unfrequently happens that numerous bubbles
of gas remain entangled in the gelatinous mass. The required proportion is added either to

the liquor iu the blow-up, or at the time of melting, running the sucrate in while the raw sugar is

being melted. The proportion added varies greatly with the quality of the sugar and the
strength of the sucrate formed, but it may be taken generally that 2000 gal. of liquor at 27° B.

require 200-500 gal. of sucrate for clarification.

After mixing with the sucrate, the liquor is pumped into the heater and boiled rapidly, and
then forced by steam or air-pressure from a monte-jus at a pressure of 50-60 lb. a sq. in. through
the filter-presses. The filtered liquor, freed from impurities, and very slightly alkaline, is

regased, boiled, and refiltered, and is then ready for passing through animal charcoal, which
easily removes the small amount of colouring matter and impurities left.

On account of the large percentage of sugar which the molaxa or cake contains (25-30 percent.),

it is necessary to re-treat with water, either in a mortar-mill, in which case it is of course necessary

to refilter, or better to wash the cake in the presses by means of steam and water, which can be

readily done, so that the cake contains no more than 1-2 per cent, of sugar, the resulting sweet

waters being used in the blow-ups for melting the sugar.

The advantages claimed for tliis process are—decreased cost of working, great saving of animal

charcoal, and increased yield of sugar. From the success which it has attained in England and on

the Continent, it is evident that, although somewhat complicated, it can successfully compete with

the commoner systems. The great drawback is that with cane-sugars of low quality, much
difficulty and uncertainty is experienced in working, partly on account of the large proportion of

uncrystallizable sugar, also from the fact that the soluble salts of lime formed seriously retard the

crystallization of the sugar. With beet-sugar, this objection does not hold good, and it is

probable that this metliod or some modification of it will in the future supersede to a great extent

the present processes.

Elution.—In the elution process (see pp. 1859-60), a sucrate (" saccharate" or " melassate") of

lime is first formed, and then purified by the action of alcohol. For this purpose, Duncan and

Newlands add to an aqueous concentrated solution of any compound of sugar with lime, a quantity

of alcohol, and agitate the mixture for a short time, when the suorates of lime are mostly pre-

cipitated, and can be separated by decantation or filtration. Good results are attained by an

admixture of 1 vol. of the concentrated solution of sucrate with 2 vol. of alcohol. The deposited

Buerates after separation may be washed with alcohol to further free them from saline and other

impurities; sufiBcient water to dissolve the sucrates is then added, and the mass is heated in

a still, to recover any adhering alcohol

.

The purified suorates may be decomposed by caibonation, or by the action of dilute sulphuric

acid of sp. gr. 1'182, whereby the lime is precipitated, and the sugar is rendered available. The

alcoholic solution remaining after the precipitation and separation of the sucrates ia heated in a

still until all the alcohol comes over.

They also purify by means of alcohol, the peculiar compound of sugar with lime and carbonic

acid known as " sucro-carbonate of lime." This substance, prepared by Johnson's, Murdoch's, or

other process, is washed with alcohol, to remove saline matters and other Impurities. The purified

Bucrorcarbonate ia then heated with water in a still, to separate adhering alcohol, and is lastly

decomposed by carbonation, or by the action of sulphuric acid of sp. gr. 1 • 182.

They further remove lime salts, produced by the action of lime upon saccharine solutions

containing uncryatallizable sugar, by alcohol. The saccharine solutions are heated with sufficient
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lime to destroy any unorystallizable sugar present (a quantity equal to the uuerystallizable sugar is

sufficient), the syrup being afterwards preferably neutralized by earbonation ;
the syrup, now

containing a quantity of lime salts, is concentrated, after which, alcohol is added, and a large part

of the lime salts is precipitated. About 2 gal. of alcohol to 10 lb. of syrup gives good results. In

this manner, syrup may be freed from uncrystallizable sugar without permanently increasing its

saline constituents. The precipitated lime salts are separated by decantation or filtration. The

alcohol contained in the syrup, and that adhering to the deposited lime salts, is recovered by

distillation.

In the elution process as ordinarily conducted, the washing of the sucrate with alcohol occupies

considerable time, and involves the use, even in a small factory, of a number of elutors of large

dimensions. These inconveniences Newlands avoids in the following manner. In lieu of the

ordinary atmospheric temperature for the elution of the sucrate, he employs alcohol at an elevated

temperature, by which means the operation is performed in a very short time, and with the aid of

small plant, whilst the results are equal, if not superior. With alcohol at 74°-77° (165°-170° F.),

the washing may be performed in a few minutes. The alcohol may be heated by means of steam-

jackets. After the washing, the purified sucrate is further treated in the usual manner.

The alcoholic solution containing the impurities is distilled to recover tlie alcohol, and the

remaining residue, which contains a considerable quantity of sugar, is converted into sucrate of

lime by any of the usual methods, and washed with alcohol at 74°-77° (165°-170° F.), by which

means a large portion of the sugar is recovered.

Centrifugals.—Ordinary centrifugals for curing raw sugar have been already described (see

p. 1900).

Those used in refineries do not materially differ from those used in faetories, except they are

made of larger diameter, and therefore capable of holding a much larger quantity of masse-cuite.

The time occupied in oentrifugalling a charge of first crystal masse-cuite is 2-6 minutes, including

washing or liquoring ; the quantity of sugar turned out depends entirely upon the size of the

machine, generally a turn-out of one or more cwt. of refined sugar constitutes a fair charge. The
masse-cuite should be fed into the centrifugal a few moments after the latter has been started, but

before it has attained its full speed. The syrup from centrifugals, if sufficiently pure and free from'

colour, is diluted to 30° B., and boiled for second crystals. These are smaller, and obtain a sale as

such; occasionally, however, a special mechanical appliance is attached to the vacuum-pan, by

means of which a quantity of these crystals can be drawn in during the boiling of the liquor, and

after the pan has started (but before grain has been obtained), without destroying the vacuum.

These crystals are fed in the usual way, and any slight colour or blemish which they may have

had is coated over with the sugar deposited in increasing their size. After two boilings, the syrup

again becomes discolored, and contains the whole of the mineral and organic impurities. These

syrups are reboiled to a " jelly," run into coolers, and, after standing one or two days to crystallize,

are centrifugalled in machines capable of liolding 10-20 cwt. The sugar obtained, which of course

has considerably decreased in yield, is of a light-yellowish colour, soft, and having little or no grain,

and is known under the name of " refiners' pieces." The yield depends entirely upon the quantity

of available sugar which the masse-cuite contains, but generally amounts to 20-40 per cent, of the

weight of the masse-cuite. The final syrup is boiled, and allowed to stand in coolers for some weeks,

in order to obtain the whole of the sugar capable of crystallizing. It is machined, and forms a

lower quality of " pieces," or, if too bad for this, is sent to the blow-up to be again passed through

the refining operations. Generally it requires three or four crystallizations before the whole of the

sugar is obtained. The residual syrup or molasses is highly charged with impurities, and is either

sold as such, or partially purified, and inverted by treatment with acid, as described on pp. 1915-6,

and sold as brewing sugar.

Duncan and Newlands dispense with the direct action of steam, as sometimes employed, and

subject the sugar contained in the centrifugal to the action of a spray produced by causing steam

or air to act upon water, saccharine solutions, or alcohol, in such a manner as to diffuse them in a,

fine state of division ; and construct the centrifugal with a hollow spindle for this purpose.

Fig. 1410 shows a vertical section of the machine, a is the hollow spindle, with a passage 5 for the

introduction of the spray, turning in a footstep-bearing c, and working in a bearing d, carried by a

projecting bar e, secured to the frame /in such a manner as to admit of the requisite freedom of

movement of the machine, whilst retaining the bearing d firmly in position. This bearing is

recessed on its interior, so as to form an annular duct g for the admission of the spray, which is

thence conducted into the passage 6, through apertures h, and is discharged into the sugar through

other perforations i, formed in the sides of the spindle, or in the top. The central pipe k is pro-

vided for lubricating the bearing d. The removable casing, constituting a core around which
the sugar is introduced, is constructed with sides of the cores I perforated ; and the core is retained

in the machine after charging, the spray passing through the sides of the core into the charge in

the annular space m between the exterior of the core I and the interior of the lining n of the drum
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or ctLgo 0, The lid p, attached to the drum o instead oF to the onter casing q, entirely covers the

drum 0, and is provided with an annular rim r to encircle the upper end of the core /, the lid p
with the core I being together retained in position by a nut s screwed into the threaded upper

extremity of the spindle a.

Sugars cleansed in centrifugal machines by steam admitted to the inside of the drum are apt to

have a grey appearance. Boegel and Uill found this to result from particles of dust lodging

between and on the crystals

of sugar, this dust being ^ '

carried in by the air which

is drawn through the centri-

fugal. To remedy this defect,

the casing by which the re-

volving drum of the cen-

trifugal is surrounded, is

covered at top by a lid,

whose under side carries a

hollow casing, called the

" distributor," which enters

and occupies the greater part

of the central space of the

revolving drum. Means are

provided for forcing into the

interior of this distributor

either moist or dry, warm,

clean air. The air escapes

into the lower part of the

drum, and is thrown against

the wall of sugar. When a

cliarge of sugar has been

filled in, the lid is lowered,

the drum is revolved, and

warm, moist, clean air is

forced into the lower part of

the drum. When the sugar

has arrived at a clean crys-

talline state, the warm
moist air is replaced by
warm dry air, and the sugar is thus quickly dried,

the cover is lifted, and the sugar is cut out.

Many other processes have been from time to time employed for the purpose of dispensing with
the use of charcoal. Weinrich's machine, which consists of a covered centrifugal described on

p. 1934, Fig. 1410, is in use for freeing beet-crystals from some of their objectionable salts
;

it has been applied also to cane-sugars, and answers fairly well when the sugars are grainy in

character ; but for soft raw sugars containing much molasses, the time occupied in purifying the

sugar, and the great loss of weight caused by the steam melting the fine grains of sugar, render it

of little value except under peculiar circumstances. The yield with raw non-grainy sugars is

50-60 per cent., and the time occupied in purging a charge of 300 lb. sugar is 40-50 minutes.

Eaw sugar containing about 80 per cent, of crystallizable and 6 per cent, uncrystallizable would
yield about 50 per cent, of sugar in hard blocks, of a dirty grey appearance, polarizing say

96 per cent., but containing a considerable proportion of the mineral impurities, with probably not

more than 1 per cent, of uncrystallizable ; the remainder of the crystallizable sugar has been melted

by the action of tlie steam, and carried into the molasses. This process is at work in the refinery of

James Duncan, for purifying beet-sugars, and at the Oriental Refinery, Hong-kong.

Where raw sugars are prepared by melting and graining in the vacuum-pan, and passed through

this machine previous to being refined by charcoal in the manner already described, it is necessary

til first grain in the vacuum-pun, otherwise the objections to the process when used for soft sugars,

already urged, hold good. Of course, the larger the crystals, the less time does it take to purify,

and consequently the greater the yield. Eefining by successive crystallizations is of little or no

value. It is carried out by melting the sugar, boiling for grain, centrifugalling, and rebelling the

successive syrups. Only three crystallizations can be obtained by this plan, and the third is almost

as bad if not worse in colour than the original sugar. About 50 per cent, of the total sugar is

obtained from the first masse-cuitc, 16-20 from the second, and 8-12 from the third, the molasses

being tit for nothing except distilling.

The movement of the drum is then arrested.
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Summary of Patents.—A short summary of the various patents which have been taken out

for the manufacture of sugar, and for the various processes connected therewith, affords a con-

venient mode of tracing the progress of inventions in this industry, and of indicating what processes

and methods tried by previous inventors have not proved commercially satisfactory, or have failed

to secure acceptance by practical manufacturers and refiners, These notes will include some pro-

cesses which, even after the patents have lapsed, have come into use, but they will not include

second or tfhir.i repetitions of a patent.

Since the commencement of the patent law, nearly 900 patents have been taken out for

different processes, apparatus, and methods in connection with the manufacture or refining of sugar.

These will be divided into classes, eliminating all such as show no clear novelty, or indicate

nothing upon which a fresh invention can be readily based. A large number of processes which
seemed to promise good results have failed when brought into actual work ; and although some-

times a following inventor has improved a little on the original, it is impossible in every case to

enter into the details essential to show in what points the subsequent improvement differed from it.

Several of the most successful processes in use at present in sugar-refining do not appear at all in

the records of the Patent Office, and some of the lapsed patents contain the elements of what have

subsequently proved valuable processes. The summary will therefore consist of short notices only

of patents in which novel ideas are put forward.

1. Treatment of the Sugar-cane.—The current systems of extracting cane-juice are described on

pp. 1873-83. The methods which have been proposed for the purpose of more fully extracting

the juice are :

—

1848, No. 12033, Newton : cutting the sugar-cane into small pieces, afterwards dried in a kiln,

and pulverized so as to facilitate the extraction of the sugar from the powder. This cutting and

pulverizing has been repatented on various occasions since.

1853, No. 1243, Manfold and others : reducing canes to " saw-dust " by means of circular saws,

and then pressing the juice out with the aid of live steam to dissolve the soluble matters. This

also has been repeatedly patented sinc-e, but the mechanical power required has proved too

great.

1876, No. 3539, Murdoch : cutting the canes into thin slices at an angle of about 45° to the

length of the cane, grinding them between rollers of peculiar construction (the surface being cut

with heliijal or screw threads in reverse directions, in order that the thin slices might be dis-

integrated), and afterwards subjecting the pulp thus obtained to pressure for extracting the juice.

None of these peculiar processes seem to have come into practical use.

2. Evaporating Apparatus (see pp. 1854-7).—A large number of patents have been taken out for

evaporating sugar-liquors by supposed economical methods :

—

1871, No. 4130, Wyatt : rotating discs, cylinders, or tubes, the lower part of which dip during

the rotation into the vessel which contains the boiling juice or liquor, while the upper part is

exposed to the air. This idea has been patented many times with slight modifications ; the main

difficulty in connection with its use is that the sugar dries on to the discs during the rotation in

the form of a concrete or almost gelatinous mass, containing a large proportion of inverted sugar.

1845, No. 10474, Gadesden : an apparatus almost identical with M'^yatt's.

1862, No. 1242, rietcher : another similar one,

1865, No. 418, Fryer : the first step towards what is now known as " Fryer's Concretor " (see

pp. 1898-1900).

1867, No. 3721, Tooth : a scrubber similar to that ordinarily used for gas-works. Obviously this

would only be applicable to dilute solutions ; if concentrated solutions were used, the packing of

the scrubber would become coated with the sugar, and the sugar would be destroyed or inverted.

1868, No. 796, Tooth : the application of an exhaust to this scrubber, with arrangements for

heating the lower part, to facilitate the evaporation.

1 870 No. 1900, Johnson : a series of vacuum-pans placed on ascending levels so that the

vapour rising from the lowest might be used as the heating agent for the one next above, the series

comprising a multiple-effect (see pp. 1895-8).

1877, No. 3477, Fryer : improvements on his concretor, which have come into practical use to a

considerable extent (see pp. 1898-1900).

Vacuum-pans.—The more modem forms of these are described on pp. 1893-8. As at present

worked, they are used for almost all classes of raw and refined sugars.

The inventions to be referred to now mainly relate to the earlier stages, but it does not appear

from the patent records that any one specifically patented the vacuum-pan itself or claimed its use as

a distinct invention. All that is evident is that step by step improvements have been made in the

mode of using it, or in the appliances connected with it, without anything to indicate to whom the

invention originally belonged, as far as its application to sugar is concerned.

1867, No. 2213, Gordon : a discharge-chamber fixed to the bottom of a vacuum-pan in the form

of a pocket, with the object of allowing the removal from time to time of the heavier crystallized
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IKiftions of the sugar settled at the bottom, without the aJmiasion of atmospheric air and consequent
destructiou of the vacuum.

1S71, No. 1777, Brough & Fletcher: alterations in the air-pumpa anil injection-nnzzle, the

object being to allow tlic injet'tinn-jit to spread aa a solid sheet of water instead of a^ a spray ; also

elootro-platin;:; the interiipr of the vacuum-pan, to prevent the action of the sugar-liquors upon the

metal of which it was composed.

1871, No. 3232, Robertson : exhaunting the pan by means of steam-jets instead of an air-pump,
using the jet on the principle of the now well-known Giffard or Kiirting injector.

1872, No. 287, Chapman : constructing a triple-effect in wliioh the vapour from the first pan
passes into the tubes of the second, and that from the second into the tubes of the third, the tliree

pans being placed vertically on ascending levels, and differing very little, except in the number of

the pans, from Johnson's. As regards real improvements in double- and triple-i ffeets, and in the

construction of the panSj so as to get better results from the same amount of tteam, there is hardly

anything in the patent records worth noting, except Rillieux's (see p. 1S97).

3. Filtration.—ConsiderUig the great importance of this iinicess in connection with the

manufacture and treatment of sugar, the Patent Office records contain singularly littlo infoimatiou

of value.

1824, No. 4949, Cleland : bag-filters 6 ft. long uiid 3-4 in. diameter, which practicidly formed

the first step towards the well-known Taylor-filter now univers.Tl in sugar-refineries.

1854, No. 792, Nash : accelerating filtration of sugar-liqunrs and liquoring of loaves liy

producing a vacuum below the sugar to bo filtered or liquored, or by iiicreiujiug the utmospherio

pressure on the top.

185(1, No. 1083, Finzell and others: the uso of Needham & Kite's prensrs, better known in

their modern forms as " yeast-pres-es," working under pressure, for fiieilitating the filtration of

sugnr-liquors.

18G3, No. 2282, Cowen ; the use of a vacuum for assisting filtration of the liquor through

charcoal.

Charcoal nnd Snlislitulee for it.— These form a brunch of filtration.

18G0, No. 212, Dunoiin and others: the use of internal tubes inside the retorts in which the

animal chnreonl is reburnt, for the purpose of nUowing the gaseous prodnels of combustion to

escape more readily, and effect considerable improvements in the quality of the reburnt charcoal.

1860, No. 2104, Belton: an artificial substitute for charcoal, made by caloiniu;,' a mixture of

bog-peat nnd chalk.

1861, No. 3275, Le Plat: revivifying animal charcoal by a wet process, consisting in washing

with boiling water and milk of lime, and treating with live stenm until the (lisen^a;;c-nient of

ammoniacal vapours entirely eenses; also the addition of hilia-i' phosphate of lime or phospliato

of magnesia to Iho revivified charcoal. In some eases, he uses acid to wasli out any excess of

carbonate of lime, nnd in some casts carbonate of soda or caustic soda to remove any organic acids

which might remain.

1865, No. 1409, MuUer and others : a substitute for charcoal, consisting of a mixture of

China-clay, whiting and charcoal, saturated with a solution of ulmate of anmionia, and carbonized.

1864, No. 2409, Gaade : an artificial refining powder made from powilered animal charcoal

mixed with argillaceous earth into a pasty mass, dried and calcined before use.

1865, No. 3078, Gaade: the use of soot, carbonized blood, and carbonized flesh, mixed with

clay or other suitable plastic material, and then dried and calcined.

liSdll, No. 258, Montelar : another mixture of soot, with vegetable or animal chaiconl, coke,

gns-carbon, carbonized animal matters, and other carbonized matters, all being powdered, mixed

with urine or solutions of gelatine, and dried and calcined.

1866, No. 1640, Patrick : a process of revivifjing spent chai-coal by allowing it to ferment, and

then passing carbonate of soda through it prior to washing.

1870, No. 309, Eipfeldt and another: treating the charcoal after fermentation and steaming

with caustic ammonia until thoroughly cleansed.

1876, No, 2535, Lugo: treating spent charcoal with solution of boric acid, in the proportion of

y'j-1 part by weight ^ the acid, to 100 parts of the bone-black, and afterwards i alcining it.

4. Centrifugal Machines.—The patents under this head are not of much importance, and

as descriptions of the better classes of machines are given on pp. 1900, 1934-5, few will be referred

to here.

1843, No. 9898, Hardman : appareutly the first patent for the use of a centrifugal machine

;

from Fig. 1411 it will be seen that though the idea was somewhat crude, it was a remarkably good

first step towards the process now almost universally employed for draining the mother-liquor

from the sugar.

1847, No. 11920, Playfair & Hull ; arrangements for toutinuous feeding of the masse-cuite into

the machine while it is running.

6 H



1938 SUGAE,

I860, No. 1981, Fryer: keeping the atmosphere inside the casing of the machine in which the

drum rotates warm and damp by means of a jet of steam.

1867, No. 1178, Merrill : an arrangement for removing the charge of sugar from the machine

without stopping the rotation of the cage, effected by an internal receiver furnished with a series

of scrapers hanging upon pivots, so that when these scrapers are simultaneously opened by a

handle or lever, the dried sugar is removed
^^^^

from the cage and brought into the internal

receiver, which is afterwards lifted from the

machine while it is running.

1869, No. 235, Lafferty & Lafferty : im-

provements in the meehanioal details of i

the machines so as to provide for more

effective lubrication, and to diminish the

vibration in case the cage is unequally

loaded ; also driving the machine by cone-

or friction-gearing instead of spur-gear.

1870, No. 679, Wigner : a scoop, actuated

by a slide-rest for removing the sugar while

the cage is running.

1870, No. 2886, Lesware : a machine in

which the basket is made removable from

the spindle, so that as soon as the charge is

dried, the cage may be lifted off and replaced

by another containing a fresh charge.

1871, No. 3222, Lafferty & Lafferty : im-

provements in the friction-gear for starting

and stopping the machine.

1874, No. 755, the same: further im-

provements, as shown in Fig. 1412, the

most important having reference to pro-

viding an easy mode for discharging the

dried sugar while the drum is rotating.

5. Brewing - Sugars, Starch -Sugar, and

Invert Sugar.

1855, No. 565, Eiley: manufacture of

starch- or grape-sugar from starch by

boiling flour or meal of any cereal with

sulphuric acid under pressure, say 10 lb. a

sq. in.

. 1859, No. 451, Garten : dissolving cane-sugar in water, and heating it to about 71° (160° F.)

for 48 hours, agitating it during the first few hours, and then adding acid, which is neutralized by
chalk at a later stage.

1859, No. 2138, Manbre : making brewers' sugar from a mixture of potato-starch and dextrine

with rice- or maize-flour, and with diastase, malt, or sulphuric acid, and heating until the

conversion into starch-sugar is complete; also defecating by lime, blood, animal charcoal, and

other matters.

18G4, No. 552, Manbre : use of strong iron vessels lined with lead, to serve as converters, and

raising the temperature of the starch during the process of conversion to 160° (320° F.), or say

90 lb. a sq. in., by which to avoid the formation of gummy matters and empyreumatio acrid oils

;

also the use of a much larger quantity of sulphuric acid, viz. 20 per cent., whereas 2-5 per cent,

had been tlie maximum formerly used.

1867, No. 2760, Hallihoue & Manbre : lining the high-pressure boilers used for conversion with

lead, tin, copper, brass, silver, or platinum, by turning the edges of the sheets of metal between

the flanges of the segments of which the boiler is composed, so that no portion of the iron is exposed

to the action of the acid used in the process.

1869, No. 1897, Manbre : steeping barley, rice, maize, wheat, and other grains, nuts, roots, and

other vegetable products in water, and masticating and grinding them for the purpose of separating

the starch before submitting them to the converting process.

1870, No. 1562, Manbre : further improvements in the converters, consisting mainly in the use

of cast-lead linings, instead of the rolled lead previously employed.

1870, No. 205, Garton : adding to the solution in the converter, animal char, or other

substance containing phosphate of lime, so that when the excess of acids is neutralized, the

precipitate of phosphates may defecate the sugary liquid.



SUMMARY OF PATENTS. 1930

1871, No. 1232, Gorton: the preparation of brewing-sug.ira direct from raw cane-juloe or beet-
juiw, by treating th.m with acid in the usual process of conversion, but without the juice having
undergone the usual prullrainary process of manufacture into sugar or syrup.

1874, No. 3i;3ri, Manbre: process and apparatus for converting starch into a mixtnro of
dextrine and glucose, by agitating the starch witli acidified water, and submitting it to dry heat

over an open fire or in a stove, stirring continuously, so as to obtiiin a product in the form of a
powder.

in?."), No. 1724, Manbre: the addition of raw cane-sugar to the converted starch as it is run out
from the convortor in the form of glucose, and subsequently heating the mixture in a vacuum-
pan for J hour at u temperature not exceeding 1 19° (800° F.), at which temperature a chemical
reaction is said to take place, producing a compound or now sugar, which is identical in

sweetness and other properties with those sugars yieldid by grapes and which produce the best

brands of wine. After filtration, the mixed sugar can be again concentrated so as to form a solid

sugar.

1874, No. 309, p'SuUivan & Valentin : the production of a compound solid body from starch or

staix'hy substiinces, to which they applied the terra " dextrine-maltose," and which is stated to

consist of the same proportional quantities of dextrine and maltose as are ordinarily obtained from
malt by the mashing process. The mode of operation is as follows :—Tlie meal of ri'-e or any
otiier starchy substance, is introduced gradually, with constant stirring, into acidulated boiling

water, containing lJ-3 per cent, of concentrated sulphuric acid in the proportion of 100 parts by
weight of the meal to 250 parts of the acidulated boiling water, the mixtiire being made in an
ordinary mash-tun. The transformation or conversion is arrested when the liquid contains in

solution the requisite proportions of maltose and dextrine, ascertained by neutralizing the free

acid, filtering, determining the sp. gr. of the filtrate, and estimating the proportion of oxide of

copper reduced by the known weight or measure. The conversion is supposed to be complete

when. the quantity thus reduced indicates that about 44 per cent, of the glucose calculated on the

total solid matter derived from the starch has been reduced. Another test given is that the

transformation is complete if the specific rotatory power of the substance in solution fur the transition

tint is about 171°. The acid liquor is then neutralized with chalk or milk of lime until it is as

nearly neutral as possible ; to avoid excess of alkali, the liquor is evaporated in vacuum-pans until

the compound body retains only 4-5 per cent, of moisture. It is directed that care be taken iu

packing the substance so as to prevent it from absorbing moisture.

1876, No. 2025, Valentin : the manufacture of " dextrine-maltose," and further improvements

in the method of evaporation, consisting essentially in additioual fdtralion, and in finishing the

6 H 2
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concentration in the open air Instead of a vacuum-pan. By this change, it is claimed that the

albuminoid substances which have not been removed by filtration are more completely oxidized,

and that the finished article is consequently superior in quality.

6. Various Chemical Substances.—The number of chemical agents which have been patented for

use, either in the treatment of cane- or beet-juice, or in refining and purifying sugar, is so great

that space will not be occupied by always entering into the details of the manipulation proposed.

In the absence of any statement to the contrary, it may be assumed, either that the experiments

proved unsuccessful, or that the process was not brought to a practical trial.

1774, No. 1061, Fordyce: the use of blood for clarifying sugar.

1813, No. 3754, Howard : the use of alum, lime, and chalk (see p. 1887).

1815, No. 3912, Martineau and another : the use of animal charcoal, coke, certain kinds of

ochres, and lamp-black.

1825, No. 5272, Jennings : washing raw sugar with rectified spirits of wine, or other alcoholic

liquids, for the purpose of dissolving out the colouring matters and impurities.

1833, No. 6442, Terry & Parker: mixtures of sulphate of zinc, prussian blue, and lime, so

proportioned as to produce what the inventors call "ferrocyanio acid." The sugar-liquor to be

treated is boiled and " .scummed " in the ordinary way, blood or white of eggs being used, and

then the solutions containing the substances above mentioned are added while the liquor is

boiling.

1838, No. 7573, Stolle : the use of alcohol charged with about 2 per cent, of sulphurous acid,

suhsequently washing the sugar with pure alcohol to remove the excess of sulphurous acid,

1847, No. 11790, Sievier: the use of the carbonaceous matter produced by the action of

sulphuric acid on sugar as a means of purifying other sugar.

1847, No. 11991, Sooffern : acknowledging that salts of lead had previously been used for

purifying sugar, claims the use of sulphurous acid for extracting the excess of lead which may
have been left in the liquor ; also a special mode of preparing the acetate of lead, which presents

very little peculiarity (see p. 1888).

1849, No. 12617, Eeece & Price : the use of hyposulphite of lime, in conjunction with

acid sulphate of alumina, acetate of alumina, or similar substances ; also the use of the com-

bination of sugar and lime known as " saccharate of lime," to produce a magma of carbonate of

lime and sugar, for the purpose of neutralizing the excess of acid which may have been used in any

process.

1851, No. 13634, Oxland & Oxiand : the use of phosphoric acid in a state of combination,

for separating the residual lime or other chemicals which may have been left in the refined

sugar.

1852, No. 14233, Egan : the expressed juice of the plantain for defecating raw sugar liquors or

juice. The idea is doubtless taken from the custom which the natives of the Straits Settlements,

China, &c., have of expressing the juice from the Musa spp., diluting it with water, and using it to

liquor the pots oi pilones of raw sugar; the juice is rather acid, but it really purges the sugar very

well, though it considerably reduces the weight by formation of molasses.

1852, No. 366, Nash : the use (1) of salts of tin for defecating the sugar—this has since been

repatented upon several occasions
; (2) of chlorine for removing or destroying the colour ; (3) of

ammonia for dissolving the albuminoid impurities from the sugar.

1853, No. 431, Hills : a filter of sawdust, phosphate of lime, or animal charcoal, to remove any
residue of lead left in the sugar from the use of the subaeetate of lead process for refining.

1853, No. 487, Brandeis : the use of salts of lead, tin, zinc, and bismuth, the only one which
appears to be new being the bismuth ; also removing the excess of these metallic salts through a

filter of calcined shale or schist.

1853, No. 1510, Galloway: tannic, oxalic, gallic, or other acids, or combinations of these acids

with potash or soda, for removing residual lead.

1853, No. 2358, Way : soluble silica to neutralize excess of lime.

1858, No. 655, Gilbee: washing the crude sugar with alcohol, and then treating it with
sulphuric, tartaric, or otlier acids or salts.

1859, No. 58, Reynolds : the use of stannate of alumina.

1859, No. 370, Eousseau : the use of hydrated peroxides of manganese and iron.

1859, No. 1131, Reynolds : tlie use of meta-stannic, stannic, or tunstio acid, free or in

combination.

1859, No. 1861, Possoz: the use of lime with subsequent carbonation at a somewhat high
temperature, the resulting syrup being again treated with lime and recarbonated.

1861, No. 1956, Gemini: fullers' earth.

1861, No. 3112, Mennons : egg-albumen.

1862, No. 2294, Herepath : bleaohing-powder.

1863, No. 2053, Dubrunfaut
: the first application of the well-known phenomenon of osmosis
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for the Beparotion of the organic and inorganic Baits present in saccharine Bolntions from the

sugar.

18C0, No. 594, Gcdge : cutting the cane or beet into small slices, and extracting the snccliarine

matters slowly by passing these slices successively through solutions containing less and less

quantities of sugar, and finally into clean water, thus extracting the sugar by what is called the

diffusion process (see pp. 1842-5, 1880-3).

1866, No. 2645, Boiines : the use of ozone.

1866, No. 3146, Jiiiiemann : a gelatinous precipitate of saeoharate of lime.

1867, No. 54, Johnson : treatment with lime and carbonic acid in a somewhat peculiar way.

1869, No. 1498, Eobert : further modifications to adapt the diffusion process to the treatment of

raw canes, so as to extract the saccharine matter by one continuous feeding process (pp. lS.'^l-3).

1871, No. 1235, Duncan & Stenhouse: tlie use of sulphides and hydrosulphides of the alkaline

earths for extracting iron from refined sugar.

1871, No. 1406, Dawlings: the use of carbonized iron ore.

1871, No. 1619 : Duncan & Stenhouse : the use of aulpliuretted hydrogen and ciikium sulphides

and hydrosulphides, for removing metallic impurities.

1871, No. 2090, Duncan, Newlands, and Nuwlauds : the use of sulphate of alumina to remove

the potash salts present in tho sugar or syrup, and the manufacture of alum thereby. Tiiis process

is more fully described on pp. 1927-8.

1873, No. 3151, Tamin : the use of soluble silica and fluorides.

1874, No. 1736, Johnson : the use of alkaline carbonates prior to treatment of the sugar witl>

alcohol.

1876, No. 210, Barrault : the " sucrate " process, which is more fully described on pp. 1930-3.

1877, No. 190, Bernard & Ehrmann : the use of magnesia.

1877, No. 583, Stunrt : the use of hypochlorite of sulphur.

1878, No. 2211, Barrault: the re-treatment of the first crystal sugar by the sucrate process, in

order to avoid tho use of animal charcoal.

7. Sundries.—Under this heading are included a number of patents which are not readily classi-

fied with those previously referred to. Some two or three are noted mainly because of their

peculiarities, and it is quite possible in one or two cases that useful ideas may be found in them.

1852, No. 797, Bessemer :
" to pruvent the drying of sugar, and to render it permanently moist,

by the addition of saccharine or such other matters as do not readily evaporate on exposure to tho

air." This addition is to be effected by adding a solution of chloride of sodium, or such other

saline matters as would render the sugnr solution deliquescent, or uncrystallizable, and give the

requisite moisture. In some oases, gelatine or glucose is proposed for the same purpose.

1862, No. 822, Fryer : tho use (1) of very large crystallizing vessels not less than 30 fl. deep,

and holding 50 tons of sugar, for crystallizing the sugar contained in the residual syrups
; (2) after

expressing the remaining syrups from the crystals, placing the masse-cuite in bags, and expressing

the syrup by placing the bags one on another so as to form a column 20-50 ft. high. The first part

has, with modifications of tho size of the vessels, come into general use in many sugar-refiiicrics

;

the second portion has, after repeated trials, been abandoned by tlie majority of refiners.

1864, No. 1342, Bertholomey : a process of feeding the growing crystals in the vacuum-pan by

successive supplies or additions of concentrated syrup or clarified sugar. The patent hardly seems

to have held its ground as a patent, but the process has come into considerable use, especially with

those refiners who aim at the production of large crystals.

1868, No. 1845, Linard : the first step on the patent records towards the central factory system

(see p. 1836). Although the invention as described here had not been patented before, very similar

apparatus had been tried previously, substantially consisting in extracting the juice of the cane or

beet on or close to the spot where they are grown, and supplying the juice as expressed to a central

factory.

1871, No. 1185, Weini-ich & Schroder: chilling the rmssc-cuite in moulds, and afterwards

moving these moulds bodily into the centrifugal machine, so that the syrup is forced out, forming

a kind of crude loaf; also liquoring this sugar in the machine, by meansof " warm water in a state

of mist," this wai'ra water being obtained from a jet of steam let in with air into the interior of the

revolving cylinder.

1874, No. 1870, Duncan (a communication from Weinrich) : the addition of ultramarine or

artificial ulti-amarine to the powdered, crushed, or crystallized sugar, in order to improve its quality

and appearance ; also certain modifications of centrifugal machines, so as to render them more

suitable for this process, consisting essentially in the use of an inner cylinder, so arranged as to cause

tho sugar to form an oven layer over the drum of the machine, which, being suspended in the

drum by a swivel-joint, is capable of being removed shortly after the machine has been started,

and while it is running.

lS7."i, Nn. 4107, Duuciin & Newlands: further improvements for the .same purpose; also
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suggestions for the use of a spray of saccharine solution or alcohol in addition to water, for washing

the sugar in the centrifugal (see p. 1934).

1875, No. 4420, Kijrting : another form of fog or damp air washing apparatus, for use in centri-

fugal machine.

1876, No. 2728, Gill : purifying the air which is conducted to the interior of the centrifugal

machine by freeing it from dust (see p. 1935).

1876, No. 2685, Duncan & Newlands : further modifications of the centrifugal, to dry the

steam supplied to the revolving cage.

1876, No. 2305, Schwartz : liquoring the dried sugar in the machine with water at 0° (82° F.).

1877, No. 3749, the same : a process for "imparting abloom or complexion" to the sugar, by

treating white or crystallized sugar with syrup or suitable solution of some uncrystallizable sugar.

Sugar Analysis.—The complete analysis of sugar, or of cane- or beet-juice, is in most cases

a problem of considerable difficulty, because in all except the most pure white sugars, some organic

matters are present, consisting of inverted sugar, colouring matters, waxy substances, and

nitrogenous impurities, the accurate separation of which is all but impossible. For chemical

purposes, it is customary, and one may almost say necessary, to put all these bodies together under

a single heading as "organic matters not sugar." By this means, the analysis of sugar is

brought within the compass of ordinary commercial work, and can be executed in a reasonable

time.

It will be necessary to describe separately the analysis of cane-juice and beet-juice, but first the

analysis of an ordinary raw cane-sugar or a refined sugar of moderate quality may be dealt with.

The determinations usually made in such analyses are (1) cane-sugar, called crystallizable sugar,

(2) uncrystallizable sugar, which includes invert sugar, (3) salts or ash, (4) moisture, (5) organic

matters not sugar, generally reported as " unknown organic matters," (6) insoluble constituents, if

any. Sufficient description will be given of what is included under the general term " uncrystal-

lizable sugar "; but it is desirable to point out that the " salts " may be both organic and inorganic.

Tlie latter are by far the more important to the sugar-refiner, and consist chiefly of potash and

lime salts, and smaller proportions of salts of soda, magnesia, and iron. These are frequently

combined in the form of sulphates, phosphates, chlorides, carbonates, and silicates ; but in raw

beet-sugars, saccharates of lime and potash are very common.

Some 20 organic acids have been reported to be found in combination with the bases in

sugar ; but only an alphabetical list of them can here be given. They are,—acetic, asparlio,

apoglucic, butyric, citric, formic, glucic, humic, lactic, malic, melassic, metapeptic, oxalic, peotic,

succinic, tartaric, and ulmic. The organic matters in sugar contain certain alkaloids, especially

betaine, peculiar to beet-sugar ; certain nitrogenous matters, mainly albumen, legumine, and

ferments ; and certain non-nitrogenous organic matters, such as pectose, peptin, mannite, starch,

colouring material, caramel, cellulose, gum, fat, and wax. The insoluble matters consist almost

entirely of accidental mechanical impurities, such as sand and clay, with small proportions of the

fibrous matter derived from raw sugar.

The process of analysis may now be described, with one preliminary remark. The difficulties

which occur in the analysis of samples of sugar are due more to imperfect sampling than to

error in analysis, owing to the fact that most low sugars contain such a very notable quantity of

moisture that it is difficult to draw small samples such as may be used for the various processes

with sufficient accuracy to represent the bulk. When the sample is a dark-coloured low sugar of the

Jaggery class, it may contain as much as 10 per cent, of its weight of lumps of pottery and
stones, and in many cases 7-10 per cent, of moisture. Great care must be taken to ensure

thorough admixture before weighing the samples on which the analysis has to be made ; it is also

very essential to preserve the samples in well-closed bottles to prevent loss of moisture.

Characters of Cane-sugar.—Cane-sugar or sucrose is the variety of sugar which is.extracted from

the sugar-cane, a plant which grows only in tropical and subtropical climates, and which at one

time supplied nearly the whole of the sugar consumed in Europe. It is extenbively cultivated

(see pp. 1860-71), and the manufactured product, under the name of " raw sugar," forms the

staple produce of many of our colonies. Until recently, both the cultivation and manufacture (see

pp. 1871-1902) of this most important article have been much neglected, and even at the present

day some of the largest sugar-producing countries are exporting sugar, which, from its appearance

and characteristics, has evidently been sadly spoiled during preparation. Sucrose is also extracted

from the juice of the beetroot; it is identical in chemical composition with sugar extracted from
the cane, and a considerable quantity is produced for consumption in Europe. More care is taken
in the manufacture of sucrose from beet than from cane. Sucrose is likewise contained in the
juices of many other plants, notably the sorghum and the palms ; its manufacture is, however
virtually restricted to the sugar-cane, beetroot, sorghum and sugar-maple in America, and a small
proportion from the wild date-palm in the East. Sucrose is found associated with invert sugar in

the juice of many fruits : the following table by Payen shows the peicentage proportions :

—
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Cane- Total

siiKar. Sugar.

Plum, Keine Olande 1-23 5-55

Orange 4'22 8-58

Lemon 0-41 1'47

Kaapberry 2-01 7-2'.i

Peach 0-92 1 99

Pear, St. Germaine (preserved) 0'36 7-81

Pear 0-63 8-78

Cano Total
sugar. Sugar.

Pineapple (Montierrat) .. ..11-33 13-30

Strawberry (Cullina d'Elirherdt) 6-33 11-31

Apricot 6-04 8-78

Apple, grey Reinette (freBh) .. 5-28 14-00

„ „ (preserved) 3-20 15-83

„ English 2-19 7-65

„ Cnlville (preserved) .. 0-43 625
Plum, Mirabelle 5-24 8-67

Sucrose separates from a supersaturated solution in the form of monoclinio prisms, generally

with liemihedral faces; its sp. gr. is 1-606; it is very soluble in warm water, but insoluble in

ether and absolute alcohol ; absolute alcohol wlien warm takes up u small proiKirtion, which is

again deposited on cooling. Heated to 160° (320° F.), it melts, and solidifies again on cooling,

forming " barley-sugar." At higher temperatures than this, it suffers decomposition, losing water

aiid becoming converted into a mixture of dextrose and IsBvulosan; and ut still liiglicr tem-

peratures, it is converted into caramel. Its concentrated solution can be kept exposed to the

atmosphere for some considerable tim without suffering any sensible amount of deterioration; in

weaker solutions, however, the sucrose is gradually transformed into invert sugar, more especially

if the sugar be at all impure, in which case it is very prone to undergo fermentation.

Long-continued heating converts it into invert sugar, this change being more rapidly brought

about in the presence of an acid ; when treated with concenlr.ited sulphuric acid, it is transformed

(with evolution of sulghurous acid and other volatile products) into a black carbonaceous mass.

With bases, it forms a class of salts known as sucrates; the alkaline earths combine with it, and

its optical power is reduced, not however proportionally to the quantity of the base, but to the

concentration of the sugar solution. Its specific rotatory power, which does not vary with the

temperature, is 73° -8 for the transition tint. Various salts have the property of preventing

sucrose from crystallizing.

Sodium chloride forms with it a compound having the formula C^li^fiii, NuC1.2Hj,0. Con-

centrated sugar solutions dissolve a large proportion of lime, forming thereby compounds

contairung one, two, or thrie equivalents of lime, which are readily decomposed by carbonic aeid

gas. The calcium sucrates formed by treating concentrated solutions of sucrose with calcium

hydrate are four in number. As several methods have been proposed for manufacturing or

refining sugar by the aid of these compounds, they may be shortly described. The monobasic

suorate (C,2H22O,i0aO), prepared by precipitating a saturated solution of sugar containing excess

of lime with 85 prr cent, alcohol, forms a white precipitate which, on drying, forms a brittle

substance easily soluble in water. The bibasic sucrate (C,2H,20i,2CaO) has been obtained by
Boivin et Loiseau by several methods ; it is easily prepared by precipitating with alcohol of 65 per

cent, a saturated solution of sucrose with excess of lime, and boiling ; it is decomposed by water

into the trilnisic salt and sugar. Sesquibasio suorate (2C,2lIjjO,i3CaO) is formed by boiling a

solution of sugar with excess of lime ; tlie compound sepai utes out, and m,\y be obtained as a white

friable mass by evaporation in an atmosphere of carbonic acid. Tribasic suorate (Ui^H^jOnSCaO)

is precipitated in flocks resembling albumen, when a sugar solution containing excess of lime is

heated ; it is reidily soluble in sugar water.

The formation of the peculiar sucro-carbonate of lime, the " sucrate of hydrocarbonate of

lime " of Boivin et Loiseau, has been fully described under Sugar-refining (see pp. 1930-3). The

chemical composition, which, however, varies with the density of the solutions, temperature, and

proportions of sugar and lime, is SCaCOa, 0,2H220,,.3Ca02H2O.

Sucrose is not directly fermentable, but first requires inverting. When its solution is mixed

with yeast, it gradually becomes converted into invert sugar, and subsequently into alcohol and

carbonic acid,

—

CeH,A = 2C2HeO + 2C02.

Other compounds are also formed, as shown by Pasteur, e. g. glycerol (glycerine) and succinic

acid, amounting to nearly 5 per cent., so that the proportion of alcohol produced is only 51-51J

percent, instead of 54-97. the theoretical quantity. The action of the yeast is not thoroughly

understood. Mineral acids greatly retard fermentation, which is also prevented by carbolic and

sulphurous acidSt

Detennlnntim of Crystallizahle Sugar.—This is now universally made by means of the polarizing

saccharometer, some forms of which are more fully described hereafter. All these polarisoopes are

graduated, so as to require a solution of sugar of some definite strength. With those which are

most frequently used, viz. the Penombre and the Duboscq, the graduation is made for a 16-35

per cent, solution of sugar. Tlie process will be described on the supposition of this being the
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required strength. Tables are given witli the various instruments, and instructions as to the normal

quantity of sugar to be talten.

The special apparatus required consists of weights weighing IS- 35 grm. (the normal quantity),

otiiers for 13- 175 grm. (the hulf-normal), and measured flasks having 2 marks on the neck, which

is greatly elongated to allow of this. The lower mark represents 100 cc, and the upper 110 co. In

addition to these, it is useful to have one or two flasks containing 150 cc. to the lower mark and

165 oc. to the upper. The balances should be capable of weighing this quantity within O'Ol grm.

To prepare a liquid for polarization, proceed as follows. Take a counterpoised basin provided

with a lip well adHpted for pouring, and weigh 16 'S.") grm. of the sample to be polarized. After

weighing, pour about 50 co. of water, preferably slightly warmed, on to the sample. As soon as the

greater part of the sugar is dissolved, decant the solution into a lOO-oo. flask, carefully dissolve out

the remainder of the sugar, avoiding the addition of more water tlian is necessary, so as to keep the

total volume of the solution below 80 co. In the case of pure loaf and crystal sugars, this solution

will be sufficiently clear and transparent to be capable of being polarized, an4 the solution may be

at once made up to tlie full volume of 100 cc. ; but the analysis of such samples is but rarely

required, and in all other cases it is necessary to clarify the solution, in order to remove the colouring

matter and render it sufficiently clear to be examined in the polariscope. This clarification is

effected by the addition of an excess of a solution of basic acetate of lead, which causes an immediate

precipitation of the colouring matters present in ordinary commercial sugars, and^jrobably converts

the glucose and invert sugar into salts of lead (glucate of lead), which have little or no action on
polarized light. No precise rules can be given for the quantity of basic acetate of lead that is

required; too large a proportion introduces eri-or into the analysis, since it causes an increased

volnme of precipitate, and, according to some authorities, slightly increases tl^e rotation of the sugar

solution. With light-coloured refined sugars and pieces, 2 per cent, is generally sufficient ; with
darker muscovados, 3-5 per cent, is often required ; and in the case of very low-grade sugars and
molasses, the proportions may sometimes be as much as 7 per cent. The only guide is that enough
must be added to completely precipitate the whole of the colouring matter, and the filtered liquor

must be sufficiently bright and clear to enable the readings on the polariscope to be taken with ease.

After the addition of the basic acetate of had, the flask is stoppered, thoroughly shaken and

after standing until the froth has subsided, filled with cold water to the 100-cc. mark, and
stoppered and shaken again sufficiently to mix the contents thoroughly. If the sugar is of low

quality, it is generally better to add a small quantity of finely-powdered bone-black (say about

i arm.), after which the liquid is again shaken. In dealing with sugars of medium colour, it is

frequently a great improvement to remove the excess of acetate of lead by the use of sulphite

of soda. The solution of this salt should be made of such a strength that vol. for vol. it is

nearly or quite equivalent to the basic acetate of lead solution which is in use, and if say 5 cc. of

basic acetate of lead solution have been used, 3 cc. of the sulphite of soda solution may be added
after the flask has been shaken and before it has been filled up to the lOO-oc. mark. This sulphite

of soda cfi'ects the entire removal of the excess of lead, which is otherwise apt to become carbonated
on exposure to the air, and so render the clarified solution turbid. Whichever method is adopted,

the solution must now be allowed to settle, and filtereil. The filter should rest in a suitable

cylindrical vessel, so that tlie drops falling in the funnel shall be exposed but little to the air. A
funnel 2J in. diam. with a 4J-in. filter is the usual and convenient size.

Tlie filtered S(jlution is carefully transferred to one of the tubes of the polariscope; the long
tube of 200 mm. length is that which is almost universally used, although for rather dark liquids

a shiirter one (100 mm, in length) is sometimes convenient. When properly filled and capped, the

tube is triinsferred to the polariscope, and the rotation is read.

If the solution is too dark or coloured to polarize well, it is far better to weigh out a fresh

quantity, and use an increased proportion of acetate of lead, rather than accept the indifferent or

uncertain reading on the polariscope.

Determination of the UncrystallizaUe Sugar.—This deteimination is less accurate than any other

made in the ordinary course of sugar analysis, although with proper care the error should not

amount to more than a fraction of a per cent, in ordinary cases, and 1 per cent, or thereabouts in

the case of dark sugars and molasses. What is known as Fehling's solution is almost always

adopted, although certain modifications have been introduced, which there will be occasion to refer

to. This method depends iipon the fact that an alkaline solution of sulphate of copper holding a salt

of an organic acid (such as tartrate of potash), when added to a solution containing uncrys-

tallizable sugar, and boiled, is decomposed, and a portion of copper present is precipitated in

the form of cuprous oxide. The end of the reaction is ascertained, when the process is used as a

volumetric 6ne, by the disappearance of the blue colour of the solution of copper, or by the entire

removal of the copper, as shown by testing a drop of the filtered liquid, previously acidified with
acetic acid, with ferrocyanide of potassium. When the process is used as a gravimetric one, the

precipitate is weighed as cuprio oxide.
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The Fcliling solution is prepared ns follows ;—34 64 gr. of dry crystallized copper sulphate are
dissolved in not more than 200 cc. of dihtilled water; in another vessel, 150 grm of neutral sodium
potassium tartrate (Uocliello salt), to which is added 10 gr. of caustic soda (stick), are dissolved in

about 100 IT. of water. The two solutions are mixed in a litre flask, diluted with water, and made
up to 1 litre at 15° (59° F.); 10 cc. of this solution is equivalent to 0'05 grm. of invert sugar,

and to ilifferent proportions of the other sugars by which it is reduced. This solution will not

kepp long, and on this account it is especially desirable that it should not be exposed to tlie light or

air ; but if the two solutions are kept separately, and mixed in the proper proportions shortly before

use, they may bo depended upon to remain unolianged for some months. Among the modifications

whii'h have been proposed is Iheuse of ammonia, to which a small proportion of chloride of ammonium
is added, and the quantity of caustic .soda considerably increased ; also that of Poasoz, in which the

quantity of hoilium and potassium tartrate is greatly increased, and a large proportion of bicarbonate

of soila is added ; but it is doubtful whether either of these is any real improvement. In any case,

it is especially desirable that pure crystallized sulphate of copper should be used, free from adhering

moisture. It must not, however, be dried, except by pressing between sliects of filter-paper.

Wliat is called the normal solution of sugar for tlie pnrix)8e of the uncrystallizable sugar

det»rminiition, consists of 5 ijrm. of sugar made up to 100 cc. of solution in water. This strength

answers well for most samples of raw ond low refined sugars, as it will Ihen correspond to about
0-5-0 -2 per cent, of uncrystullizable sugar; but for sugars containing a large quantity of uncrys-

tallizable sugi'i', thi' strenfjth of the solution must be decreased, especially in the case of molisses;

while for high-cluss crystallized sugars, it will sometimes be necessary to use a 20- or even 30-per

cent, solution.

The volumetric test is canicd out ns follows :—A proportion of the before-mentioned solution of

sugar is measured into a porcelain basin of 4 in. diam., supported on a retort-stand over an Argand
burner, and diluted with about 100 cc. of water, and heated to boiling for a minute or two. A portion

of tlie copper solution judged to be nearly sufficient to precipitate the uncrystallized sugar present

is added from a graduated burette, and the solution is again boiled for one or two minutes. The
lamp is withdrawn, and the liquid is allowed to settle. If it has attained a distinct blue tint, the

proportion of Fehling solution added is tuo great, and it is necessary either to add a further propor-

tion of the sugar to be tested, or to commence a fresh experiment. If, however, the solution is not

blue, a few drops are removed by a pipette and transferred to a very small filter, the filtrate being

collecte<l in a suitable vessel. One drop of this flitiate is transferred to a porcelain slab or testing-

tile, aoidifieil with acetic acid, and a drep of a dilute solution of ferrocyanide of potassium is added.

If u, red colour is produced, sufficient copper solution has been added ; if the colour is intense,

or a precipitate forms, considerable excess has probably been used, and in that cjise the experimeut

should be repeated. If, however, no brown coloration is produced, more copper is required, and
the few drops of filtrate are returned to the basin in which the boiling is taking place, and a further

measured addition of copper solution is made. The whole is then boiled again, being previously

diluted with water, if necessary, so as to prevent too much concentration ; and the test with ferro-

cyanide of potassium is repeated in exactly the same way. These successive additions of copper are

made and the tests are repeated until the drops of filtrate and ferrocyanide of potassium when
mixed show a very faint coloration.

The first analysis is now complete, but as soon as the burette has been read ofi', it is desirable to

repeat the analysis, as follows. Take another 50 cc. of the sugar solution, and run in from the

burette a measured quantity of copper solution, to within 1-2 cc. of the total quantity used in the

last experiment. Dilute, boil, and test the filtrate as before, and, if necessary, make successive

additions of 1-2 cc. of copper solution, testing after each addition. The second test should be
considered as the accurate one.

The gravimetric method depends upon the separation of the precipitated cuprous oxide. The
process is carried out as follows. 100 cc. of the sugar solution are measured, and mixed with

25 cc. of the Fehling solution. The mixed solutions are heated on the water-bath for some
minutes, and finally boiled. The solutioii must be examined to ensure that the copper solution

is iu excess, ns indicated by the blue colour of the liquid. If this is not the case, a further

measured quantity of the copper solution must be added. The precipitate is allowed to subside,

the clear liquor is decanted through a filter, the precipitate is washed by decantation with hot water,

the washings being passed through the filter, and finally the precipitate itself is washed with

hot water on to the filter. The precipitate must be dried, the precipitated cuprous oxide

carefully detached, the filter ignited in a spiral of platinum wire, the ashes added to the bulk of

the precipitate, and the whole thoroughly ignited in a platinum crucible at a strong red heat.

The residue must be moistened with a few drops of nitric acid, dried, and again ignited, and the

cnpric oxide weighed : 220 '5 parts of cupric oxide correspond to 100 parts of anhydrous grape-

sugar or dextrose. The washing of the filter free from alkali must be carefully attended to, as

an error is very liable to be introdund from this cause, on account of the obstinacy with which
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the alkaline salts cling to the precipitated cuprous oxide, so that it is essential that the filter should

be washed first by deeantation, and then thoroughly with boiling water.

Brief reference must be made to one or two other methods occasionally used for the determination

of uncryatallizable sugar, although not so often applied to the ordinary raw or refined sugars of

commerce. In Gentele's method, when an alkaline solution of potassium ferrioyanide is heated

with invert sugar, it is reduced to ferrooyanide, and the yellow solution becomes decolorized.

The standard solution is prepared by dissolving 109 '2 grm. of potassium ferrioyanide and 50 grm. of

potassium hydrate in water and diluting to 1 litre ; 10 cc. of this solution equals • 010 grm. of invert

sugar. 50 co. of this standard solution are heated in a porcelain dish to a temperature of 75°-85°

(167°-185° F.), the sugar solution being slowly added until the colour is discharged. The process

is far more suitable for the brewing sugars commonly sold under the name of " glucose " than for

ordinary raw sugars.

Determination of Water.—This is effected in the same way as the moisture of most vegetable

products, by weighing a known quantity iuto a counterpoised watch-glass or capsule, and drying at

a temperature of 101°-102° (214°-216° P.). With raw sugars of good quality, and especially large-

grain refined sugars, there is no difficulty in the process, provided the temperature to which the

sugar itself is actually exposed exceeds the boiling-point of water by 1° or 2°. The drying can be

completed in 2-3 hours if a small quantity (1-1 J grm.") is taken. Some sugars, especially beef, absorb

moisture so rapidly that it is essential that the cooling should take place under a desiccator, and

that the drying should be repeated, and the dried sugar reweighed to see if any further loss fakes

place.

With low-grade sugars, such as Jaggery, and especially with molasses, the difficulty of drying

is very great. It is essential in this case to reweigh 2 or 3 times. Sometimes when dealing with

molasses containing a large amount of uncrystallizahle sugar, and especially with molasses con-

taining notable quantities of glucate of lime, it is necessary to add sand or powdered glass. The
best method is to take a known weight of thoroughly washed and dried sand, and transfer it to a

tared capsule, adding a small quantity (1-2 (/rm.) of the molasses to be examined, weighing again,

tlien stiiTingthe whole together with a piece of platinum wire of known weight, so as to produce

an intimate admixture, and placing the capsule with all its contents, platinum wire included, in the

air-bath. The temperature must be raised to at least 105° (221° F.), and the contents should be
stirred with the platinum wire at intervals of J hour for some 3 hours, then moistened with alcohol,

and redried. It will be necessary to weigh and redry once or twice, even after all these precau-

tions ; but when the loss between successive weighings falls as low as 0-2-0 '3 per cent., it may be

ignored, as the strong probability is that the decomposition of the sugar which is then taking place

is producing a greater error than that which is caused by the comparatively small proportion of

water which is not estimated. It is imperative to use a gas-regulator of some kind to regulate the

heat of the air-bath. Borradaile's or Peeble's answer well for the purpose, or, if gas is not available

for heating, a copper water-bath filled with the solution of chloride of calcium boiling at a tem-

perature of 105° (221° F.) should be used instead.

Determination of Ash.—In this country and in France, it is the universal practice to return the

ash as follows. It is ignited, moistened with sulphuric acid, again ignited, and weighed, and ^ of

the total weight thus found deducted. The reasons for this are two-fold: (1) the addition of the

sulphuric acid facilitates the combustion of the sugar, and prevents the charred mass from
becoming hard

; (2) the bases present are all converted into sulphates, chlorine and carbonic acid

being expelled, by which means the loss by volatilization and the error incurred by the expulsion

of the carbonic acid gas at a red-heat are greatly diminished.

The ash should always be determined in a tared platinum dish of small size (2—4 grm. of the

sugar sample are sufScient). The heat should be applied at first to one side of the platinum dish,

and the flame gradually biought under the centre, so as to raise the whole to a moderate red-heat.

The completion of the ignition is far more advantageously performed in a muffle, because the

direct radiated heat from the top of the muffle burns ofi' any carbon which may have assumed a

graphitic character. When thoroughly ignited, the asli must be cooled under a desiccator, and
weighed ; the weight after deducting the tare of the dish is reduced by Jj, and calculated to per
cent, on the sample. If this ash is excessive in quantity, it is frequently necessary to determine

the insoluble ash as distinct from the soluble. This occurs most frequently with low sugars of the

Yloilo and China class ; in such cases, the insoluble impurities consist almost entirely of sand
alumina, and other such mechanical matters, and are of no more importance to the refiner than
is represented by the proportion which they form of the sample. The soluble ash, on the other
hand, represents those salts which pass into solution, and which hinder the crystallization of the
sugar.

Sometimes it is necessary to determine the amount of alkaline salts, viz. carbonates of
potassium and sodium present in the ash. This may be done accurately by executing a full

miniral analysis of the sulphated ash, obtained as before described ; but for commercial purposes it
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i« generally suniciont to adopt the following much more rapid process. The sugar is igiiite<l

without the addition of sulphuric acid, and calcined to a fairly grey aeh. The re^idue in the

platiniiTii basin is boiled in water, and filtered. A few drops of carbonate of ammonia aro

added, the solution is evaporated to dryness and gently ignited at a low red-heat, and the contents

of the liasiu are wasliod out into a flask and titruted with normal acid, calculating the results of

tiie titration to potassium carbonate. As beet-sugar ash contains some 50 per cent, of potassium

cnrt)nnate and 15-20 per cent, of sodium carbonate, the error incurred by this process is very

small.

Unknoxm Ori/anic Matter.—For ordinary commercial purposes, this is always determined by
difference, i.e. by adding together crystaUizable sugar, uncrystallizable sugar, ash, and moisture, and
deducting the product from 100. It is obvious that this metliod affords no check upon the figures

which have been obtained from the other processes, but it is practically essential in dealing with

samples the analysis of which is required promptly, to use methods which are capable of rapid

execution.

Besults.—The results obtained by these analyses are always worked up in France, and
practically in this country, to what is called the reniement. Tliia figure is obtained in the case of

beet-sugar by deducting the uncrystallizable sugar present, and 5 times the proportion of ash from
the crystallizable sugar found. Thus supposing the crystallizable sugar was 90 per cent., the

uncrystallizable sugar 1 per cent., and the ash 1 per cent., the rcndemcnt would be worked up by
saying 90 - 1 = 89 — (1 x 5) = 84, and this would be, according to the view thus taken of it, the
actual rendement or proportion of sugar which a refiner would be able to extract.

In the case of cane-sugar, only 3 times the ash is deducted, as, from the much smaller quantity
of alkaline salts which these sugars contain, only about 3 times the weight of ash is rendered
uncrystallizable instead of 5. It is often the case that with ordinary commercial sugars, the
rendement tlius obtained gives a very accurate estimate of the value of the sugar to the refiner, but
there are certain cases in which the errors incurred are considerable.

Special Processes.—Having dealt with the ordinary and recognised commercial modes of sugar
analysis, reference will now be made to those methods which are used as subsidiary processes

in some cases of commercial work, and in other oases only for the purpose of special tesLs in

refineries or sugar-wsmos.

Payen's process.—The alcohol process, which is often also called Payen's process, consists

in washing the sample on a filter with alcohol of 88 per cent, strength, which has already been
saturated with cane-sugar, and slightly acidified with acetic acid. The washing alcohol bein"

already saturated with pure cane-sugar, cannot dissolve any more of that substance; but it is

capable of dissolving uncrystallizable sugar and the salts occurring as impurities, while the acid

which is present is suflicicnt in quantity to dissolve almost if not quite all the soluble matters

not soluble in alcohol, and to decompose the suorates. The test is carried out as follows. Three
solutions aro prepared, viz. (1) a mixture of absolute alcohol and ether, (2) 88 per cent, alcohol

to which has been added 50 cc. of acetic acid per litre, and which has been saturated with pure

crystallizable sugar (loaf-sugar answers perfectly well), (3) 95 per cent, alcohol also saturated in the

same way with sugar.

Tlie sample to he tested is weighed and transferred to a small tube, similar to a chloride of

culcium tube, but preferably longer. Solution No. 1 is then passed on to the sugar in quantity

equal to about tlje bulk of the sugar itself, so as not only to remove the water, but to precipitate

any cane-sugar which moy be in combination or solution in the water. If the raw sugar is too

moist, it is desirable to dry it previously, so that it does not contain more than 4-5 per cent, of

moisture. The chloride of calcium tube should be provided with a stopcock at the bottom, to allow

the solvents to remain in contact with the sugar for a sufSoient time.

After 10-15 minutes, the liquid may be run off by the stopcock at the bottom, and solution

No. 2 added. The sample to be acted upon by this solution wUl be practically freed from water,

and the diluted acetic acid solution will dissolve out any lime-salts which may be present, and so

free the crystals of sugar from mineral impurities naturally existing in it. This solution is

withdrawn in the same way as No. 1, and solution No. 8 is then poured on, a 2nd or 3rd portion

of this solution being used if necessary until it ceases to take up anything more, and the sugar

under treatment has reached its greatest whiteness of colour. After this, it is necessary to draw

air through the tube containing the sugar, in order to remove the alcohol, and the residue of the

sample is emptied from the tube into a tared capsule, dried and weigh( d, or if prefeired, tlje

cryslals of sugar thus obtained may be dissolved in water made up to a, definite volume, and

polarized.

This process reads as a complicated one, and it is no doubt difficult of exeoutinn by those who
aro unused to it; but the opinion of some who have employed it is that the residue thus obtained

(which is called crystallizable sugar) does really represent very closely the amount of crystallizable

sugar whioli can be obtained by ordinary refining processes. The differences which occur in the
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execution of the analysis are mainly those due to alteration of temperature and possible changes in

the strength of the solutions of sugar. A rapid fall in temperature in the laboratory during the

process of washing will render the results incorrect, owing to the deposition of sugar on the surface

of the crystals of the sample being washed.

Fermentation Process.—It has been proposed, and to some extent practically carried out, to

determine the proportion of cane-sugar in the solution by means of the estimation of (1) the

proportion of alcohol formed by fermentation, and (2) the amount of carbonic acid evolved during

fermentation.

(1) A solution of cane-sugar when fermented yields 51-51 -2 parts by weight of alcohol.

The process is carried out by placing a dilute solution of the sugar to be tested, mixed with

a small proportion of yeast (4-5 per cent.) in a flask, keeping it at a temperature of 22°-25°

(71J°-77° F.) until the fermentation has ceased, which will be in 3-4 days. The solution is after-

wards distilled, and the amount of alcohol is determined in the distillate in the usual way. The
calculation from the proportion of alcohol found to cane-sugar is of course easy, although not

always accurate, because secondary fermentation attended with the formation of lactic acid and

other bodies may take place.

(2) The sugar solution is fermented in a similar way, but in a flask closed except through one

outlet, by which the evolved gases are allowed to escape into a suitable absorption tube or tubes,

the first of which is filled with chloride of calcium or sulphuric acid, so as to absorb the moisture,

and the second with a weighed solution of caustic alkali, to absorb the carbonic acid. It will of

course be necessary in this case to draw, by means of an aspirator or other suitable appliance, a

considerable amount of air through the apparatus after the conclusion of the fermentation, in

order to remove the last traces of carbonic acid. Unorystallizable sugar will, according to this

method of analysis, yield both alcohol and carbonic acid, and the carbonic acid is determined by

the gain in weight of the caustic alkali due to absorption of carbonic acid.

Fehling's method.—It is well known that acids have the property of converting cane-sugar into

invert sugar in definite proportion. It is thus possible to heat a solution of' cane-sugar with a

proportion of acid, and after the inversion of the sugar, to determine the total proportion of

invert sugar present by means of Fehling's solution ; but this method has proved very inaccurate

in practice.

^Inversion.—It not unfrequently happens that commercial samples of sugar contain substances

which have an optical rotatory effect on the polariscope, and in this case it is necessary to employ

the process of inversion. Cane-sugar is the only sugar which is capable of inversion by acids.

Solutions of cane-sugar left in contact with air, especially when those solutions are diluted, do

invert, and when acid is present they invert much more rapidly : the rate of inversion seems to be

dependent partly on the time, partly on the strength, and partly on the amount of acid used, but

for practical analytical work a definite process is carried out which results in the transformation of

the whole of the cane-sugar into invert sugar in a very short time.

This process is as follows. 50-100 cc. of the clarified sugar solution is diluted with JL its

volume of concentrated hydrochloric acid, and after admixture, the acidified solution is gradually

heated to 68° (154° F.), the heating being so arranged as to occupy about 15-20 minutes. By this

time, the cane-sugar present is wholly converted into invert sugar, and the solution is capable of

being polarized, so that two readings of the polariscope before and after inversion may be

compared.

If both readings are on either the right or left of the scale, the smaller is deducted from the

greater, to give the angle of rotation sought ; if, however, after inversion, the right-handed rota-

tion is changed to left, so that the two readings are right and left of zero, their sums are taken,

and the percentage of cane-sugar is found either by Clerget's tables, or by the following rule :

—

A 16'35 per cent, solution of pure sugar, reading 100° to the right, will, when inverted, read

44° to the left, at 0° (32° F.) ; this action is expressed by

T = 144 - J T.

Therefore if S represents the sum or difference of rotations, T the temperature, and E the

percentage of cr ystallizable sugar sought

;

then 144 -JT : ioo::s :E.

In this case, it is essential to note the temperature of the liquid when the second reading

is taken, because invert sugar changes rapidly in its angle of polarization, according to its

temperature.

This is not the case with cane-sugar.

Tlio following are Clerget's tables referred to :

—
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Cane- and Beet-Juice.—In the ordinary average- work of the factory, the percentage of sugar

present in the juice being treated is determined mainly by means of the saccharometer, according

to the following tables :

—

Table showino the Belatidn of Percentages, Specific Gbavities, and Dbobebs Baume

IN Cane-Sugab Solutions.

Per cent

of
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Table bhowlno the Relation of Pebcentages, &c.—continued.

Percent
of
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Table SHOwma the Eelation op PEBOENTAass, &o.

—

continued.

Percen
of
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a way as to obtain a fair proportion of the joints in the canes, so as to faithfully represent the whole

of the sample itself. Slice the canes longitudinally with a sharp knife, making at least 3 or 4 outs,

BO as to divide them into narrow pieces or slips not more than |-|- in. diam. Pass these pieces

between the rollers of a hand roller-press provided with a tray underneath and a spout to carry

away the liquid which is pressed out. After passing the pieces through twice, increasing the

pressure on the second occasion, dip them into hot water for a few seconds, so as to moisten them,

and pass again through the press 2 or 3 times, still increasing the pressure each time.
^
The

begass or trash brought out should not contain more than about 15 per cent, of moisture, if the

operation has been properly performed. When this has been done, the liquid pressed out

is in a state fit for analysis, and this may be carried through at once on the liquid, calculations

being made on the dry material, i. e. the sugar-cane originally put into the press.

Determination of Sugars— Optical Methods—Polarized Light—Vihen a ray of light a b (Pig. 1413)

falls upon a polished surface of glass or other non-metallic substance, inclined to an angle of

35° 20', the reflected ray is altered in character, and acquires

peculiar properties : it is in fact said to be " polarized." In

order to show the character of the change which has been

produced in the ray of light, the polarized ray may be

received at o upon a second reflecting surface fixed at the

same angle to the already reflected ray. If the two reflecting

surfaces are parallel one to another, the polarized ray will be

reflected again ; but if the second reflector is rotated around

the axis c d until the reflecting planes are perpendicular to

each other, no light is reflected, and, at intermediate points

in the rotation, the amount of reflection differs. If the

angle aba differs within moderate limits from 35° 20', some

portion of the light is polarized, but the maximum effect is

obtained only at this angle. The angle, however, differs for

different substances ;—thus for water it is 36° 49', and for

quartz 32° 28'.

The light may also be polarized by refraction. Calo-

spar and all other doubly-refracting crystals have the

power of polarizing light. A ray of ordinary light passed

through a crystal of calo-spar, in any direction except its

optical axis, is divided into 2 beams of equal intensity, called

the ordinary and extraordinary rays. By a suitable adjust-

ment of the position of the prism, it is of course easy to

throw the ordinary ray entirely out of the fleld of view of the

optical instrument in which it is to be used, and if the ^^^^

extraordinary ray is then passed through a second rhomb

of calc-spar, it experiences double refraction, giving rise to 2 beams of unequal intensity, and the

2 rays resulting from the double refraction are found to be polarized. Tourmaline, selenite, and
other crystalline bodies, as well as glass, when submitted to strains or pressure, become double-

refracting. A plane of polarized light is that in which the ray incident at the polarizing angle is

reflected or transmitted in the greatest degree, and it is obvious that when the polarization has

been produced by refraction, the plane of polarization is parallel to the plane of refraction.

The Nichol prism, which is probably the most valuable device used for producing polarized

light, or analyzing it, consists of a rhomb of calo-spar slit along the plane passing through the

shorter diagonal ; the two halves are cemented together again with Oanada-balsam, the refracting

index of which is intermediate between that of the extraordinary and ordinaiy indices of the crystal.

The result of this arrangement is that when the ray of light s (Fig. 1414) enters the prism, the

ordinary ray is totally reflected on the surface of the internal layer of balsam a 6, and is refracted

out of the crystal in the direction cdo, while the extraordinary ray o e emerges alone in a direction

not differing greatly from that of the principal axis of the crystal itself.

When a ray of light iu which a state of circular polarization has been produced is refracted by

a Nichol prism, and viewed through an analyzer, the rotation of the analyzer causes no variation

in the intensity of the light ; but this oii'cular polarized light is not identical with ordinary light,

as may be proved by interposing a plate of selenite in the course of the ray, when the light

becomes elliptically polarized. Kotation of the plane of polarization of crystals of quartz or calc-

spar causes a rotation of the polarization-plane around its axis. There are 2 varieties of quartz,

known as right-handed and left-handed, one of which rotates tlie plane of polarization to the

right, and the other to the left. If a plane ot quartz cut perpendicularly to its axis is placed

between the analyzer and the polarizer, the ray of polarized light is rotated, and, instead of being
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white, is coloured, the tints of oolour changing in the order of the colours of the spectrum as the

analyzer is turned. If monochromatic light is used instead of white light, it is found that when
the Niohol prisms are adjusted so as to produce darkness, corresponding to total extinction of the

ray of light, the introduction of the plate of quartz in the course of the" ray partially restores the

light, hut total extinction is again produced on rotating the analyzer. The angular rotation which

has been experienced by the ray may be measured by the degree to which it is necessary to rotate

the analyzer to produce this effect.

Two facts must be borne in mind here. The angle of rotation is directly proportional to the

thickness of the quartz, and it varies for the different rays of the spectrum, being greater for those

rays which are more refrangible, as shown by the following tabic, which gives the rotations produced

by a quartz plate 1 mm. thick :

—

Red 19°

Orange 21°

Yellow 23°

Green 28°

Blue 32"

Indigo 3«°

Violet ir

Polariscopes or Optical Sacoharometers.—Solutions of cane-sugars as well as many other bodies

possess the property of deviating the course of a ray of polarized light in a fixed and definite

degree. Other sugars deviate the course of this ray to degrees which differ not only in amount but

in direction. Thus cane-sugar and dextrose deviate the plane of rotation to the right, while

IsBvulose and other sugars deviate it to the left. It has consequently been possible to construct

instruments in which, by measuring the degree of rotation or deviation produced by a solution

contained in a tube of a certain length, it is easy to determine the percentage of sugar present,

because by numerous experiments it has been proved that the angular rotation produced by

different sugars is directly proportional (within certain limits of error, controlled by well-

understood circumstances)- to the bodies present.

The " polariscopes," as they are called, i. e. optical sacoharometers of different makers are hero

described. The three instruments in common use are the Soleil-Ventzke, Soloil-Duboscq, and

Shadow (Penombre).

In construction, the Soleil poloriscope is simple. The tube which contains the liquor consists

of 3 parts (Fig. 1415), of wliioh, 2 parts a 6 are capable of being screwed on to the remaining

portion c, which consists
^^^^

of a glass tube encased ui6.

in metal, the ends of

the tube being carefully

ground off to an exact

length of 20 centim., and
provided with screws d.

Two small flat pieces of

glass are arranged to cover

the ends of this tube, and

these are secured in place

by the caps a b, which
are furnished with in-

ternal screws fitting on to

the screws of the central

part 0. This provides for mi ir^

—

^tt 011 M IC'

a column of liquid con-

tained in the tube exactly

20 centim. long. Another

tube of the same kind, but 22 centim. long, is requisite for use in those cases

in which sugar solutions have to be inverted. This tube is preferably con-

structed as in Fig. 1416, with an outlet or T-piece rising from the centre of

the tube, through which a thermometer can be passed to ascertain the exact

temperature of the contents of the tube, the instrument being so arranged that

this tube can be dropped in between the eye-pieoe and objective.

The instrument consists of 2 distinct portions, one designed to polarize the

light, and the other to analyze or test the character of the ray of light passing

through the solution contained in the tube, both of which are capable of

rotation, the former, i. e. the objective, to a small extent only, and the latter

through the complete circle. This latter portion of the instrument is, accord-

ing to the character of the polariscope, furnished with a graduated circle for indicating the degree

of rotation, or with a divided scale showing the thickness of the quartz, hereafter referred to, which
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has been introduced between the sugar solution and the eye. The optical part ofthe instrument, as

well as its general form, is shown in Fig. 1417.

The Soleil-Duboscq polarisoope consists of 2 metallic tubes mounted on a tripod. The light

enters at H by a circular opening having a diameter of 3 mm., and traverses the achromatic

polarizing prism P. E is a plate of quartz called the plate of double rotation, composed of

jv XL c A. fine R Pm
2 half-discs of quartz of equal thickness, cut perpendicularly to the axis of crystallization, turned

in opposite directions, and cemented together so that the plane of separation is in a vertical

direction. The half-discs have contrary rotations, one being left-handed and the other right-

handed . The light then passes on to the tube T containing the solution to be examined, and

encqjinters Q, a quartz p ate either right-handed or left-handed, of arbitrary thickness. From Q,

the ray reaches K, which are wedge-shaped quartz plates having the same kind of rotation, but

differing from that of Q. These are fixed in brass slides, covered with plain brass plates on each

side, so as to protect them from injury. They are so fixed that they can be moved to and fro at

will and by this means the optical thickness of the quartz through which the polarized rays have

to pass may be increased or diminished. The light then passes to the analyzer A and quartz

plate C ; a telescope X L defines the field of view of the instrument. The doubly-refracting prism

N is placed relatively to the diaphragm of the telescope, in such a way that the passage of one

of the rays transmitted by the polarizer is intercepted. Either the ordinary or the extraordinary

ray, according to the thickness of the quartz-plate, will pass through. From the construction of

this apparatus, it is evident that on making an observation through the ocular or eye-piece, there

will appear a luminous disc with a vertical line in its centre, the latter being produced by the

junction of the 2 quartz plates E. The sum of the thickness of the two prismatic quartz-

plates at a certain position is exactly equal to that of Q, and as the rotations are different, one

being right- and the other left-handed, it follows that they neutralize one another, and produce

no change of colour on the polarized ray.

"When the instrument is properly adjusted, and the tube fiUed with distilled water, each

side of the field will be of the same colour. The tube containing the distilled water is now

withdrawn, and another tube containing a liquid having a rotatory power which wiU act on

polarized light is introduced. The uniformity of the colour will be destroyed, owing to the rotatory

effect of the liquid itself, which vitiates the compensatory effects of the plate R and the quartz

wedges.

The direction in which the ray of light is rotated will depend upon the character of the

liquid. Thus with cane-sugar, the deviation will be to the right, and this, with that of the right-

handed plate of quartz, produces an inequality in the polarizer, and consequently the production of

unequal colour in the two halves of the field.
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1418.

The only way to restore the field to umformity is by turning the screw, by which the quartz-w^gca are moved to and fro, whereby the thickness of the quartz is increase.1 or diminished
Ihiaincreaso or diminution compensates for the deviating effect of the liquid, and shows the
dogroo to which the ray of light has been rotated. The action of the compensator aUo shows
whether the substance examined is right or left rotating.

The degree of rotation is measured by the thickness of quarte necessary to uontralize the
deviation of the body examined. This thickness is

estimated by a graduated scale fixed to one of
the slides R (Fig. 1418), in such a way that the one
carrying the scale is read off upon the other serving
ns an indicator.

In the instrument as ordinarily constructed, the
scale is graduated into degrees indicating percentages
of sugar on each side of the zero division.

A thickness of quartz equal to yj^ mm. is equiva-
lent to a displacement of 1 division on the scale,

compensating a rotatory effect of 1 per cent, of sugar
when the solution is made of the proper strength.

This polariscope has been greatly improved over
its original form by placing in front of the ocular
of the telescope a Nichol prism N capable of rotation. This arrangement is for the purpose of
producing what is called the sensitive tints, i.e. that tint in which the change from one colour to
another is most readily appreciated by the eye. The colour of the liquid under examination is to a
considerable extent destroyed by this prism.

The zero point is determined by filling one of the tubes with distilled water, pultin.' it into
position, observing the reading, focussing, and then adjusting by means of the screw B °

Fig. 1419 gives a perspective view of the Soleil-Ventzke Saccharometer in its most improved
form, and Fig. 1420 the section of the optical arrangement. A support standing on a tripod

D

CD

C B

holds the main portion of the apparatus, the middle part of which consists of a metallic receptacle,

provided with a hinged cover to prevent access of light while an observation is being taken.

At each end of this support, a brass tube is fixed, one containing the double quartz plate d and the

polarizer o. A is the regulator for changing the tints of the double quartz plates C. It consists

of the Nichol prism o and quartz plates b, cut perpendicularly to the axis of the crystal, both of

which can be caused to rotate by appropriate means. B, the polarizer, is an achromatic calc-spar

prism. As its principal section is vertical, the extraordinary ray is totally reflected at the axis

and only the ordinary ray is transmitted. The convex surface turned towards A renders the rays

parallel. The double quartz plate C is precisely similar to that of the Soleil-Dubosoq apparatus.

Its thiokncss may be either 3 ° 75 mm. or 7
' 50 mm. D is the observation tube. The compensator E
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conBists of the right-handed plate of quartz c, and the wedge-form plates d, which are left-handed,

one being fixed and the other movable by means of a rack and pinion, to increase or diminish the

thickness of crystal through which the polarized ray has to pass ; o may be of left-handed quartz,

but in that case the optical rotation of the wedges must be in an opposite sense. The analyzer F
is an achromatic calo-spar prism, whose principal section must be parallel to that of the polarizer B
when the thickness of the plate C is 3

' 75 mm., or perpendicular to it when the latter is double that

thickness. 6 is a small Galilean telescope, consisting of objective e and ocular /.

The Shadow polariscope is constructed as follows. It possesses certain peculiarities, the

principal of which is that the field of the optical part of the instrument appears to the eye to be

divided into two halves, one light and one dark (in shade, not tint or colour), divided by a vertical

line, and the analyzer has to be rotated till the two portions of the field appear of the same shade.

The apparatus was devised

by Duboscq and Oomu, and
is shown in Fig. 1421. The
polarizing prism consists of

a rhomb of calc-spar, divided

longitudinally, following the

plane of the smaller diagonal

A B, as shown in Fig. 1422.

Each of the cut faces being

removed for an angle of 2J°,

the remaining sections IBM
and O B G are cemented

together again on the planes

passing through B I and.

BO. A double prism is

produced' by this means, the

principal sections having an

angle of 5° ; the effect of

this is that small changes in

the illuminating field pro-

duce relatively large changes

in rotation in the ray of polarized light, and the analyzer has to be rotated relatively to a

large extent to neutralize the effect. This increases the delicacy of the instrument. If the prisms

are not properly adjusted, they are rectified by turning the Nichol prism by means of a button,

until the whole field becomes of a uniform slate or French-grey colour, and the zero of the scale

exactly corresponds to that of the Vernier. When this is the

case, the instriunent is in proper adjustment, and ready for 1*22.

use.

The observation is made in the same way as in the last polari-

scope mentioned, with the exception that the ocular analyzer is

rotated instead of being moved in a transverse direction to the

field of view.

In analyzing a sample, the arm is rotated until the field

assumes a uniform tint, and the difference between the two sides of

the field ofview has disappeared, the vertical linealone remaining.

At this point, the rotation is stopped, and the scale is read.

This polariscope is much employed in France. It is very

accurate, moderate in price, and on the whole one of the most

useful. A great advantage which it possesses is that persons

who are wholly or partially colour-blind can read it with reasonable if not perfect accuracy. The
light needed for it is monochromatic, and may be obtained by means of the Laurent lamp, or any
other lamp which introduces a sodium compound into the flame of a Bunsen burner.

The optical parts of Laurent's polariscope differ considerably from those last described.

Figs. 1423, 1424, show the construction of the apparatus ; a is a thin plate of bichromate of potash,

inserted to cut off any blue or violet rays in the sodium light which is used for the purpose, so as

to render it more thoroughly monochromatic.

The polarizer 6 is a calo-spar prism, both parts being placed in a movable brass tube ab
(Fig. 1424) ; is a round diaphragm covered by a plate of glass, on which a thin section of quartz

is cemented, the quartz being cut in such a way that only half the aperture is covered by it ; e is

the analyzing Nichol, and fg the lenses of the telescope. The theory of this saccharometer is as

follows. Supposing the plane of polarization to be vertical to the optical axis of the quartz plate,
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the light will troYereo it withoat deviation ; if the analyzer is rotated, advance is made pro-
grcasively to the maximum or total extinction of the light; consequently, by turning the analyzer
through any given angle to the right, the plane of polarization being no longer parallel to the axis
of the crystal, the polarized ray wUl pass without deviation on the right side on which there is no
quartz, but it will be deviated on the left, and on thU side there wUl be determined a principal

JiS=

t
ou

142-1.

section symmetrical to that of the polarizer on the right side, but turning to the left. If the

analyzer be now turned until the principal section is perpendicular to that of the polarizer,

there will be a total extinction of the light to the right, but only partial to the left. If, on the

contrary, the principal section of the analyzer is perpendicular to that which corresponds to that

of the quartz plate, there will be a total extinction to the left and partial to the right. Finally, if

the principal section of the analyzer is intermediate in position, i. e. perpendicular to the axis of

the crystal, or horizontal, there will be partial extinction of the liglit both to the right and left,

and the luminous disc sighting the field of the Instrument will appear uniformly obscured.

Hence a small rotation of the analyzer tends to change the uniformity of the shade, and renders

this polariscope specially delicate with small angles. The distinctive peculiarity of this instrument

is that by turning A B (Fig. 1423), the angle of rotation is augmented, and by this means the field

is greatly brightened, and observation may be made with darker solutions than can otherwise be

used.

This polariscope has been adopted for use in the French Government laboratories for sngar

analysis; although it is stated that recently some very considerable modifications have been

made in it, mainly in the direction of working with observation-tubes of 1 or even 2 m. in

length, and in the graduation so as to enable small proportions of sugar to be estimated more
conveniently.
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Specific Rotatory Power.—The peculiar tint called the " transition " tint (teint de passage) is

produced when a ray of light is caused to pass through a quartz plate 3 '75 mm. thick. The tint is

perhaps best described as rose-purple of a somewhat delicate character, but it is easily altered by
the slightest movement in the position of the analyzer. To most persons who are not colour-

blind, this is a most delicate colour for detecting changes in the shades of tint produced by
polarization.

The mode in which the specific rotatory power of liquids is measured is somewhat peculiar.

It follows from what has been said that the rotation is directly proportionate to the length of the

column of liquids through which the ray passes, and is also proportional, sometimes directly and

sometimes indirectly, to the quantity of active substance dissolved in the liquid. If e be the amount
of substance dissolved in a unit of weight of the solution, I the length of the liquid column, and a

the observed angle of rotation for any particular column, at the transition tint the angle of rotation

for the unit of length will be —^ ; but as the solution of the optically active body is often attended

with alteration of volume, it is desirable, in order to obtain an expression independent of such

irregularities, to refer the observed angle of deviation to a hypothetical unit of density—that is to

divide the quantity—, by the density g of the solution. The expression [a] j = —=— is called the
€ I e t g

specific rotatory power, and represents the angle of deviation which the pure substance in a

column of the unit of length and density 1 would impart to the ray corresponding to the transition

tint. For instance, a solution containing 0'155 grm. of cane-sugar to 1 grm, of liquid has a sp. gr.

of 1-06, and deflects the polarized ray for the transition tint 2i° in a tube 20 mm. long. The
specific rotatory power is therefore

24
M^' = 155 X 20 X 1-06 = '^'^''•

[a] is the expression for the specific rotatory power in general; a letter affixed shows the

particular ray of the spectrum at which the deviation was observed, thus [a] D and [a] j are

the expressions for the line D of the spectrum, and for the mean yellow ray or transition

tint respectively. The minus sign is prefixed to the degree when the substance rotates to

the left.

The following table shows the equivalence in degrees of different polariscopes :

—

1° Scale of Mitscherlich

1° „ Soleil-Duboscq

1° „ Ventzke-Soleil

1° „ Wild (sugar scale)

1° „ Shadow sacchar. (of

Grm. Sugar
in 100 cc.

•750

•1619

•26048

•1000

Laurent and Duboscq) = • 1619

1° Mitscherlich
1°

= 4 •635° SoleU-Duboscq.

= 2 •879° Soleil-Ventzke.

1° Soleil-Duboscq =
1° —
1° —
1° „ Ventzke =
1° —
1° —
1° Wild (sugar scale) =
1° —
1° —

•215°MitscherUoh.

•620° Ventzke-Soleil.

1-619° Wild.

•346° Mitscherlich.

1-608° Soleil-Duboscq.

2-648° Wild.

-618° Soleil-Duboscq.

-384° Soleil-Ventzke.

-133° Mitscherlich.

Equivalence in Circular Degrees.

—

Wild (sugar scale) 1° = • 1328 circ. degree D.

Soleil-Duboscq j
1° = -2167 „ „ D.

j 1° = -2450 „ „ j.

Soleil-Ventzke j 1° = •3455 circ. degree D.

j 1° = •3906 „ „ j.

Instruments reading angular degrees, such as Wild's, Laurent's and Duboscq's saccharimetre d

penombre may be made to give the concentration—i.e. the number of grm. of sugar in 100 cc. of

solution—by the following formula

100 a
^ " F[a]D

in which a is the observed angle of rotation, k the length of the observation-tube in decimetres,
and [a] D the specific rotatory power of cane-sugar for monochromatic light, which, for most
purposes may be placed at 66-4°. When the sp. gr. of the solution operated upon is known, the
percentage by weight can be calculated by dividing the value of C obtained as above by the
density.
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Annlyais of Commercial Glucose or Starch-sugar.—The production of this sugar has already beeu

described (see pp. 1914-21). It occurs either as solid and granular powder, or a syrup of the

character of honey. As in the case of cane-sugar, the full or complete analysis is attended with

considerable difficulty, and it in therefore customary to return only 4 or 5 leading figures, which in

most coses are sufficient for commercial purposes. The different processes will first be dealt with

separately, and then the way in which they are carried out, and the mode in which the results are

retiurned.

The sp. gr. of dextrose solution differs somewhat from that of cane-sugar containing the same

amount of solid matter ; Pohl gives the following table :

—

Density of Solution.
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(b) The sp. gr. of a solution of 20 grm. of the sample diluted to 100 cc. was 1063-32 at 15J°

(60° F.)- This figure divided by 3- 85 gives :—

Total solids 82-23 per cent.

Less ash 0-63 „ „

Carbohydrates ,
81-60 „ „

(c) By Fehling's test, the sample was found to have a reducing power equivalent to 72-6 per

cent, of glucose. The reducing power of maltose may be taken as -j^ that of glucose.

(d) A solution of 20 ^nn. per 100 cc. observed in a 2-deoim. tube caused an angular rotation of

+ 23-7° for the sodium line D. Hence the value of [a] D for the sample was + 59-25°, thus—

90.7

[«> = ^0= ^^^^•

^^kTo

The values of [a]D for dextro-gluoose, maltose, and dextrine are respectively + 52°, + 139°,

and + 193°, ignoring fractional parts of a degree.

Let [aJD be the apparent specific rotatory power, K the cupric oxide reducing power of the

sample, and g, m, and d the respective amounts of glucose, maltose, and dextrine contained in

1 grm. of the sample. Then from the above data the following equations result :
—

1. g + mJrd= -816.

2. (7+ -62m+ = K = -726.

3. 52
ff + 139 m + 193 (i = [ajo = 59 • 25.

From these

g = -726 - -62 m. d + g = -816 — m.

d + -726 - -62 m = -816 - m.

and(i= -09 - -38 m.

Substituting the above values for g and d in equation 3, we get

52 (-726 - -62m) + 139 m + 193 (-09 - •38m) = 59-25.

Simplying this,

37-752 -32-24m + 139 m + 17-37 - 73-34m = 59-25.

Simplifying again, and transposing, we get

33-42m = 4-128,

whence m = -1235.

The value of m being found, those of g and d are easily derived from equations 1 and 2. Thus :

—

5 = -726 - -62 (-1235) = -726 - -07657 = -64943.

d = -816 - m - 3 = -816 - -1235 - -6494 = -0431.

As these values represent the respective weights of glucose, maltose, and dextrine in 1 grm. of

the sample, the percentages will be 64-94, 12-35, and 4-31, together making up 81-60 per cent.

Determination of Sugar by Fehling solution.—This process alone is incorrect as applied to

brewing sugars, because maltose, which is almost invariably present in large quantity, acts upon

oxide of copper in a different proportion to that in which true grape-sugar acts; thus, whUe
] 00 parts of dextrose throw down 220 parts of suboxide of copper, 100 parts of maltose only reduce

141 parts of suboxide of copper. This test, therefore, is only of relative value.

Eumpf and Heinzerling state that solutions of (1) caustic soda and cupric sulphate at the

boiling-point do not act on dextrine entirely free from sugar, which corrects Gerhardt's observation,

who asserted that dextrine caused a reduction
; (2) solutions of alkaline tartrates and Fehling's

solution each act upon dextrine, making the results of the dextrose estimation too high in

direct proportion to the length of time the heating is continued. When the reduction is quickly

effected, and the heating continues only a few minutes, they have found that the error in the estima-

tion of dextrose in the presence of dextrine in starch-sugars is too small to sensibly affect the results.

Anthon's method depends on the fact that the impurities present in commercial starch-sugar

have a greater density than'the sugar. The process is somewhat empirical, but is said to give fairly

accurate results. A saturated solution of starch-sugar is made by dissolving an excess of sugar in

a finely divided state in water. The sp. gr. of the clear solution thus produced is ascertained, and
from tliis the percentage of impurity is calculated according to the following table :

—
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character, the difference being dependent partly upon the character of the hones used in maMng
it, viz. whether they are fresh or stale, whether they have been thoroughly freed from membranous

matters, and more especially whether they have been boiled so as to separate the fatty matters

(see pp. 1448-50), or simply cleared from meat in the ordinary way practised by butchers. The

greater part of the animal char used in this country is made here from bones obtained from dealers

who buy up the residues from butchers and from honse use.

Animal char has a remarkable decolorizing power, not only on sugar, but on other coloured

solutions. This power has been known and in many cases used chemically for 60-70 years, but it

appears to have been in 1821 that Bussy & Pan first thoroughly investigated its manufacture and

modes of action. At first it was customary to use it in a fine powder, in which state it is doubtless

more efficient ; but after once using in this condition, its power is almost destroyed, and it is

Incapable of being revivified, whereas Dumont discovered in 1828 that by recaloining char which had

been used in the form of grains, it was possible to use it repeatedly without any notable diminu-

tion in its decoloriziug power.

The manufacture from bones is in this country practically in the hands of some 3 or 4 firms.

There is nothing peculiar about the process. Certain volatile products pass over from the retorts,

•—bone-oil (see p. 1360) and animal pitch, both of which have certain limited commercial uses, and

a considerable quantity of gas is given off, which is in one or two cases used to light the factories

in which the process is carried on (see p. 1450). The general composition of an average sample of

good char is similar to the following. Further on will be pointed out alterations in character

which take place as the char is used and revivified.

Sulphate of lime 0-20

Oxide of iron O'lO

Silica 0-30

Carbon H'OO
Carbonate of lime 8 00

Phosphate of lime and magnesia .

.

80
' 00

Alkaline salts 0'40

It is probable that the action of charcoal in removing colour is entirely physical. Some soluble

colouring matters are absolutely absorbed, but these in most cases are given up again to the wash-

ing-water, and are therefore simply removed from the refined sugar to the sugar of inferior grades.

The following analyses, taken from the working of a sugar-refinery, show the absorptive power

of char for impurities found in sugar solutions :

—

Sugar
Grape-sugar
Organic matter not sugar

.

Ash

Raw
Liquor.

93-50
2-14
3-56
0-80

100-00

Filtered

Liquor.

95-30
2-25
2-00*

0-45t

100-00

Char
Washings.

78-50
3-23

U-05
7-22

100-00

' 43-82 per cent, absorbed. f 43-75 per cent, absorbed.

It is probable that the absorptive power of this bone-black is owing to the presence of carbon

in a minutely divided state deposited upon what may be called a framework or skeleton of

phosphate of calcium in an extremely porous condition, and hence the lighter the char the better it

is likely to act.

The substances taken up by the char divide themselves naturally into 2 or 3 different groups ;

organic bodies of the albumen class are retained with such great tenacity that even after long

washing with hot water they are not removed. Certain inorganic salts, such as carbonate of lime, are

also obstinately retained, while other soluble substances which are taken up, such as gums and colour-

ing matters, and inorganic bases combined with organic acids, comparatively readily wash out from it.

Walkhoff, many years ago, working with weak solutions of potash and soda salts, arrived at the

following results as to the absorptive power of char on the salts mentioned :

—

Per cent,

absorbed.

Potassium hydrate, at 60° (140° F.) 13 5

„ „ at 15° (59° P.) .. 16-6

„ carbonate , .. 25-0

„ phosphate 30-7

„ nitrate 6-5

„ chloride 3-0

, 1-3

„ citrate 12-2

„ sulphate 22-4

Per cent,

absorbed.

Sodium carbonate 24-0

„ „ at 60° (140° F.) .. 18-3

„ phosphate 32-3

.,
28-0

„ nitrate 5-0

„ sulphate 20*4

Magnesium sulphate 49-0

Sodium chloride 1-0
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The oharBcter of aDimal obar differs greatly; that of thoronglily good qnality is of blaok

colour, and is entirely free from the appearance of incipient fusion or glazing on the surface. If

this glazing is visible, it indiuates a very inferior quality in the sample. The charcoal should not

contain any undue proportion of white or grey particles, which result from excessive burning or

access of air during the process. It should be tolerably uniform in size, according to the sized

grain at which it is bought, and hard enough to resist the necessary handling to which it must
be subjected.

Tlie process of revivifying (see pp. 1923-6), consists in washing the char with liot water,

which removes the traces of sugar which are left, and occasionally, though not always, washing
it with dilute acids, so as to remove any excess of carbonate of lime which may be present in

it ; and after this washing or washings, calcining it in a closed retort in a similar way to that in which
it was first calcined. If the washing is not carried far enough, the ignition of the residual sugar

produces an increased amount of carbon, and so injures the quality of the revivified char. The
heat employed in the revivification must be sufficient to perfectly char any organic matter which is

present ; the consequence is that in this burning process an additional quantity of inert non-

nitrogenous carbon is deposited in the body of the grain, which not only makes the char itself more
dense, but decreases the amount of cellular particles, and diminishes its decolorizing power. It is

generally possible to distinguish old char from new char by the proportion of carbon present. The
following table (from Tucker) gives a series of analyses of char which had been used in a refinery

for diiferont periods :

—
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neck of it has fastened to it a thin indiarubber bag or bladder, similar to those commonly used for

making toy balls. TuVeg has a piece of indiarubber tubing connected with it, which is closed by

a pinohcock while the estimation is being made, and serves to bring the vessel B into communica-

tion with the air when necessary. The glass tube n connects the interior of the vessel B with the

top of the graduated tube 0, which is divided into 25 equal parts (about 4 cc. each), each

division being subdivided into tenths; the lower part of this is in communication with the

straight tube D, which is

open at the upper end, and i*25.

closed at the lower end by

an indiarubber cork pierced

with two holes, through one

of which is passed a pipe

leading from the graduated

tube and through the

other tube to the two-

necked Wolff-bottle E, the

action between the two being

regulated by the pinohcock

P. E is a reservoir for water,

and C D are filled from it

by blowing through the

flexible tube b, the pinch-

cock P preventing the reflux

of the water. The whole

apparatus excepting the

bottles is fastened to an up-

riglit board, and the bottles

are supported when neces-

sary on a shelf attached to

the board.

The test of a sample of

char is carried out in the

following way. By blowing

through the flexible tube b,

the liquid is forced into the

tubes C D until it reaches a

little above the zero point

in 0, when it is allowed to

fall by opening P vmtil the

level in C is at zero. The
water must not be allowed to

flow into B, as if this were

done it would be necessary

to .take the apparatus to

pieces to dry B. A sample

of the char is pulverized,

and the normal weight, viz. 1'702 grm. is placed in the flask A, carefully dried before usei

and the small test-tube S, filled with dilute hydrochloric acid of sp. gr. 1'120, is cautiously

placed in the flask, so that none of the acid shall be spilt. The stopper, which should be well

greased, is now placed in A, and connection made with B by means of the tube r. If the levels

of the liquids in D and C are unequal, the cock g must be opened for a few seconds to allow

them to recover their normal level. The vessel A is now lifted from the shelf into the upper

position shown, so that the acid may flow out of the tube and come into contact with the char ;

the flask being gently shaken causes the acid to mix thoroughly with the sample. The gas

evolved escapes into the indiarubber bag contained in the flask B, which forces air up the capillary

tube n, and depresses the column of water in the graduated tube 0. The stopcock P is now
cautiously opened, so as to let the water in the tube D flow out, keeping the levels of water in the

two tubes as nearly as possible alike. When all the gas has been given off, and the level of the

liquid in the tube becomes stationary, the liquid in the two tubes is brought to the same level

by opening the pinchcook P, and the volume and temperature are read off. The following table

gives the percentage of carbonate of lime found corresponding to each division as read off on
this instrument when the normal weight has been used, with the proper corrections for tempera-
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ture (in ilogrecs C). The use of Ibis (Ictcrmiiinliim in practical work is for the purpose of enabling
a refiner to remove tbe cnrboniUe of lime by washing with dilute acid. It may be assumed tlmt

7 i«r cent, is the normal amount of carbonate of lime contained in animal char, and this table gives

tbe quantities of commercial hydrochloric acid containing 33'3 of real acid necessary f^ir the

purpose of removing any excess of carbonate of lime which may be found.

Table for GALOixATrNQ the Percentage of Carbonate of Lime from the Voume of
Carbonic Acid : fob use with Soheibleb's Calcimeteb.

Volume
read.
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with the sample of char, shaking it gently bo as to ensure its being properly packed, and filling up

to the mark. The weight of the contents, after deducting the tare of the flask, as compared with

the weight of the same flask in distilled water, gives the apparent sp. gr. of the char. The actual

or real sp. gr. is obtained by weighing 100 grm. of the char in a tared 200-cc. flask, partially filling

it with distilled water, boiling for some minutes to free the char from air, then cooling, filling up

to the mark, and weighing. The amount of water displaced by the char is obtained by comparison

with the actual contents of the flask, and gives the real sp. gr. of the char.

The decolorizing power of char on sugar is determined by taking solutions of dark coloured

sugar, and diluting them until the tint is such that they are capable of being estimated in one of

the numerous forms of colorimeters now in use. Duboscq's colorimeter, which is perhaps most

generally used, consists of two glass cylinders side by side, one of which is destined to receive the

solution to be examined, and the other the standard liquor. Two small tubes capable of being

moved up and down through the corks which close the tops of the larger tubes are shut at the

bottom by clear glass plates, and passed through the corks. Below the larger tubes, is a mirror to

reflect the light in a vertical direction through them, and above them are two double-reflecting

prisms, which bring the images of the two smaller tubes side by side into the luminous field of

a small Galilean telescope. In this case, the samples are worked against a standard solution made

by dissolving caramel in water. Practically the test is best made by shaking a weighed quantity

of the charcoal to be tested and a sugar solution of known quality, and comparing with another

standard sample of charcoal weighed in equal proportions to the same sugar solution, then

examining the relative decolorizing powers by any of the known colorimeters.

Milk-sugar, Characters and Analysis.—Milk-sugar, lactose, or lactine (CijHjjOn), an isomer of

cane-sugar, is prepared from milk, which contains about 4 per cent., in the manner described on

pp. 1903-4 ; the product thus obtained can be further puiified by passing its aqueous solution

through animal charcoal, evaporating the water, and recrystallizing. Milk-sugar crystallizes in

hemihedral trimetric prisms, of the composition CijHjjO^-l-HjO ; by heating to 130° (266° F.), the

crystals melt and lose one atom of water ; the anhydrous milk-sugar, which remains in the form

of a liquid mass, solidifies into small crystals on cooling. Milk-sugar dissolves readily in weak

acetic acid, and ciystallizes again unaltered ; it is insoluble in absolute alcohol and ether, soluble

in 5-6 parts of cold and 2J parts of boiling water. A saturated solution in water has a density of

1'055, and contains 14 "65 per cent, crystallized milk-sugar; when concentrated, this solution

deposits crystals so soon as it has attained a density of 1-062; it then contains 21 -64 per eent.

milk-sugar. This change in solubility is accounted for by Hesse on the supposition that the size

of the molecules of the two modifications of milk-sugar stand to one another as 3 to 2, so that

by boiling, the variety is produced, the molecules of which occupy ^ less space. The specific

rotatory power for the o variety is [o]d + 80°, and for /3 variety 52 7°- Milk-sugar is charred by
warm concentrated sulphuric acid ; heated with the diluted acid, its optical rotatory power is

increased, galactose (fi^H^fi^) being formed ; according to more recent researches, two sugars are

formed (corresponding with dextrose and Isevulose from cane-sugar), both fermentajjle, but

diff'ering in their solubility in alcohol, and in their specific rotatory power, though both are dextro-

rotatory. The specific rotatory powers for the two are given as

—

[a]D .. .. 92-83°
I

[a]D .. .. 62-63°

Both are birotatory.

Milk-sugar ferments with yeast, but more slowly than grape- sugar or dextrose, yielding alcohol

and carbonic acid ; with most of the bases, it forms well defined compounds ; it does not combine

with sodium chloride. There are two calcium cornpounds of it, one soluble and containing equal

numbers of molecules of lime and sugar, the other insoluble and containing a larger proportion

of lime.

To determine the amount of milk-sugar present in milk, it is necessary first to remove the fat

and caseine : the former obscures the liquid to such an extent that it is not possible to obtain

accurate readings if the determination is made by polarisoope, nor accurate results if by means of

Fehling solution
; and the caseine has a considerable left-handed rotation. Owing to the birotation

which is exhibited by milk-sugar, it is undesirable to employ the optical method if it can be
avoided, and the Fehling process is the more reliable of the twp.

The mode in which the estimation is carried out is similar to that used for glucose and invert

sugar (see p. 1963), except that the solutions have to be heated or boiled somewhat longer, as the

action does not take place so rapidly, though the volumetric or gravimetric methods may be used.

It is preferable to employ a dilute solution of milk-sugar, say 0-1 per cent.; to a measured
quantity while boiling, is added excess of boiling Folding solution ; the mixture is boiled for a few
minute^ and the precipitate is allowed to settle, filtered, and treated as described on p. 1945

:

1 equivalent of milk-sugar reduces 7 of cuprio oxide.
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Composition of Commercial Sugars.—The following are analyses of characteristic raw and refined

commercial sugars made in 1881, by Wigner and Harland for the Food Collection at Bethnal

Green Museum :

—

Raw Sugam.

Dominica
Grenada ..

Guatemala
Havana .

.

Jamaica
Porto Rico
8t. Kitts

St. Lucia
St. Vincent .

.

Surinam
Trinidad
Grainy Peruvian .

.

Cheney
China
Benares
E.I. Date .. ..

White Java ..

Uuclayed Manilla..

Refined Sugars

—

Tate's crystnls

French pulverized .

.

Martineau
Duncan's granulated
Say's loaves .

.

Martineau's tablets

Buyd titlers ..

Bout-sugar loaf

„ crystals

No.
CrysUl-
lizable

Sugar.

Uncrj-sUl-
lizable

Sugar.

5930
5931
5932
5933
593ti

5940
5941
5942
5943
5947
5948
5949
5951
5952
5957
5960

5962

5973
5983
5984
5!IS5

5987
5988
5989
6074
6070

88-30
87-00
82-40
91-90
90-40
87-50
t<8 70
84-20
92-50
86-80
88-00
?4-80
87-40
72-50
94-50
86-00
99-20
82-00

99-90
i);t-70

99-70
99-80
99-80
99-80
99-70
99-60
99-90

3-36
3-61
5-48
2-98
3-47
4-84

418
5-38
3-61
4-31
5-14
1-44
3-18
919
2-6
2-19
•20

0-79

none
truce

none
trace

1 - -22

-90
78
-72
• m;
•81

1-02
1-32

2-28
-96

-60

1-33
1-80

1-50

95
74
'30

70
22
25
79
39
81

20
-00

trace
•10

•10

•10

-10

•10

•10
•!.">

trace

423
1-02
2^74

676
•98

€•04
•40

5^97

trace
21)
-20

•10

-10

-10
-20
2->

trace

Unknown
Organic
Mattors,

17
7.>

04
70
:>.")

(Ill

21
'71

45

34

67
14

35
7~>

•39

2 89
tracu

3 •24

G. W. W. & R. H. H.

Pboduotiok and Commerce.—Abyssinia.—Our imports thence of unrefined sugar were 1880 cwt.,

2430i., in 1877.

Argentine liepMic.—The provinces of Tuouman and Santiago, in the central part of the

Republic, have lately imported much English machinery for sugar-making. The annual crop has

a value of about 150,000/.

Australia.—The area occupied by sugar-oane in 1879 was 17,652 acres in Queensland, and 7778

in New South Wales. S. Australia is also entering on the culture. Queensland exported 5500 tons

of sugar iu 1880, the total crop amounting to over 20,000 tons. We imported 4525 cwt. of molasses,

value 1628/., from New South Wales in 1880.

Austro-ITungary.—The beet-crop in 1880 was 32,968,757 met. centners (of llOJ lb.). The
exports were :—Refined sugar : 675,000 met. cent. ; raw : 1,624,000 met. cent.

Belgium.—Our imports therefrom of refined and candy were 35,775 cwt., 62,739/., in 1877

;

108,313 cwt., 155,340/., iu 1880. Unrefined: 578,931 cwt., 621,945/., in 1876; 493,349 cwt.,

540,241/., in 1880.

Borneo.—In 1863, 200 acres were planted with cane ; and in 1865, 10,000 dol. worth of sugar

was exported.

Bourbon.—Cane acreage, 43,672 hectares (of 2J acres) in 1874; exports to France in same year,

8,876,298 W/o. We imported thence 14,750 cwt. unrefined sugar, 16,880/., in 1877.

Brazil.—The sugar-oane grows throughout Brazil, but chiefly iu the provinces of Rio Janeiro,

Sao Paulo, Bahia, Pemambuco, Parahiba, Ceara, Alagoas, and Rio Grande del Norte. Central

factories are being widely established. The exports were :—From Maceio, in 1880, 366,443 bags

(of 170 lb.), chiefly to the Channel and New York. Araoaju : 32,608,750 kilo, (of 2^2 lb.) iu 1877,

19,422,075 in 1878, 15,871,240 in 1879 ; in the last year, 3,162,792 kilo, were white sugar, value

64,076/., and 12,708,450 kilo, brown, value 177,968/. Pemambuco: 1626 tons, 17,670/., in 1871;

10,278 tons, 117,860/., in 1877; 9920 tons, 106,610/., in 1880. Ceara: 48,846 bags in 1876, 560 in

1878. Total Brazilian exports : 206,682,123 kilo, in 1874-5 ; 146,857,810 in 1878-9. Our imports

from Brazil were :—Unrefined : 1,860,707 cwt., 1,692,088/., in 1879; 1,484,924 cwt., 1,512,709/.,

in 1880.

6 K 2
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Canada.—Both beet and sorghum growing are commencing to attract attention in Canada, where

the climate is found to be well adapted to sugar raising. As yet there are no exports.

Cape Colon!/.—Our imports thence of unrefined sugar were 13,513 cwt., 13,352/,, in 1876

;

45,277 cwt., 47,486?., in 1880.

Cayenne.—The cane acreage in 1874 was 235 hectares (of 2J acres). The annual production has

fallen to about 250,000 kilo, (of 2-2 lb.)-

Central America.—Onr imports thence of unrefined sugar were 15,552 cwt., 18,228?., in 1877 ;

1738 cwt., 1737?., in 1880.

Chili.—OaT imports thence of unrefined sugar were 29,590 cwt., 29,672?., in 1876 ; 79,658 cwt.,

90,766?., in 1880.

China.—The total annual production is estimated at 200,000 tons, mainly from cane. There

are two refineries in Hong Kong, and a third at Swatow, di-awing supplies from China, Cochin

China, the Philippines, Straits Settlements, and Java. Our imports of unrefined sugar from China,

including Hong Kong and Macao, were 1,115,758 cwt., 1,150,653?., in 1877 ; 369,821 cwt., 301,307?.,

in 1880.

Colombia.—The sugar-cane is grown in Carthagena province to a limited extent. Our imports

thence were :—Unrefined : 31,772 cwt., 31,567?., in 1876 ; 17,919 cwt., 20,277?., in 1880.

Danish W. Tndies.—Owc imports of raw sugar thence were 3 cwt., 3?., in 1876, and 52,113 cwt.,

68,859?., in 1880.

Ugypt.—Nearly 100,000 acres are under cane. The values of the exports in 1880 were :

—

320,554?. to Great Britain, 284,273?. France, 123,542?. Italy, 35,465?. Turkey, 700?. Greece, 22?.

Austria, 11,196?. other countries; total, 775,752?. Our imports thence were :—Kefined and

candy: 8840 cwt., 11,340?., in 1876; 59,474 cwt., 78,465?., in 1880 ; unrefined : 220,459 cwt.,

204,220?., in 1876 ; 195,217 cwt., 229,381?., in 1880 ; molasses : 1212 cwt., 360?., in 1879 ; 30,057 cwt.,

9408?., in 1880.

France.—The annual production of beet-sugar is about 400 million kilo, (of 2' 2 lb.), requiring

8 million tons of beet. The imports of sugar are about 180 million kilo. ; the local consumption,

270 million. In 1875-6, 525 factories made 449 million kilo. ; in 1879-80, 509 made 278 million ;

in 1880-1, the make was 320 million. The exports were :—From Calais : raw French, 298,922

kilo, in 1879, 11,614 in 1880; refined, not French, 24 in 1879, 108,709 in 1880 ; Dunkiik : sugar,

15,689,947 kilo, in 1879, 15,014,370 in 1880 ;
glucose : 2,722,048 in 1879, 70,473 in 1880 ; all to

England ; Nantes : in 1880, 8,402,800 kilo, refined sugar, to England, Spain, Turkey, Chili, and

Switzerland ; and 236,274 kilo, treacle to Norway. Our imports from France were : Eefined and

candy : 2,313,676 kilo., 3,391,378?., in 1878 ; 1,586,416 kilo., 2,342,912?., in 1880 ; unrefined : 698,201

Mlo., 707,929?., in 1876; 115,298 kilo., 136,089?., in 1880.

Germany.—The 1879-80 beet crop gave the following result:—Factories working, 328 : 291 by

diffusion, 28 by presses, 8 by maceration, 1 by centrifugal; beet used, 4,628,748 tons ; yield of

washed and topped roots, 25 • 2 kilo, (of 2 • 2 lb.) per hectare (of 2J acres) ;
yield of masse-cuite, 1 1 • 54

per cent.; yitld from 100 kilo. o{ masse-cuite, 73 '85 kilo, sugar, and 23 '70 molasses; 100 kilo, of

sugar required 1174 kilo, of roots. Our imports from Germany were :—Kefined and candy

:

30,976 cwt., 48,562?., in 1876 ; 244,645 cwt., 339,969?., in 1880 ; unrefined : 1,516,233 cwt., 1,688,786?.,

in 1876 ; 4,384,268 cwt., 4,728,916?., in 1880. The receipts of raw sugar at Hamburg were :—

Whence received.

Interior of Germany
Brazil

Porto Kico .

.

Great Britain

Cuba
Holland (by sea) .

.

Dutch East Indies

Other countries

Total

1,500,597
n*

5*

12,146

4,822

12,320
23,584

14,500

1,567,981

1811.

cwt.

1,548,745
22,181
15,881

16,928
tt

29,666
67,436
9,878

1,710,715

1S18.

cwt.

1,977,488

566
15,778

7,078
..*

9,739

32,042
3,042

2,045,733

1819.

cwt.

2,467,966

19,237
5,111

9,649
*

3,185
53,902

4,412

2,563,462

cwt.

4,379,716

Seawards
127,946

4,507,662

* In these years a total failure of the crop occurred.

Guatemala.—The exports of good sugar in 1879 were :—52,500 quintals (of 110 lb.) to England,

68,550 to California, 10,000 to S. America, 3000 to Central American States. Of common sugar,

in the same year :—49,650 to England, 38,100 to New York, 53,700 to California, 19,900 to Central

American States. Totals, 134,050 quintals, 13,405 dol. (of 4s. 2d.) ; and 161,350 quintals, 5647 dol.

Escuintla is the centre of the principal sugar-growing district.

Guiunet.—The cane acreage in May 1881 was 40,877 acres in Demerara, 18,286 in Essequibo,
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15,294 in Borbice. The exports iu 1880 were :—From Demerara, 09,682 hhds., 8228 tierces, 2321

bar. Bugar; 16,976 casks molasses. Berbice: 1247 hhds., 37 tierces, :'.81 bar., 34,895 bags sugar;

25 puns, raolatses. Our imports thence were :—Refined : 11 cwt., 19/., in 1877; 16,338 cwt.,

22,85W., in 1880; unrefined: 1,569,893 cwt., 1,920,769/., in 1876; 1,-327,084 cwt, 1,778,481/., in

1880 ; molusses: 2034 cwt., 765/., in 1876 ; 20,888 cwt., 10,189/., in 1880.

Holland.—Five years' commerce in raw and refined sugars, in Netherlands lb. (of 2 • 2 lb.),

was :

—

Imports, raw ..

Exports „

„ refined

N. lb.

62,700,000
17,556,000
76,778,400

N. lb.

69,900,000
29,000,000
74,800,000

1878.

N. lb.

58,500,000
16,000,000
62,500,000

N. lb.

59,000,000
18,800,0011

64,400,000

1879.

N lb.

43,000,000
21,300,0(10

63,800,000

Of 45,852,681 N. lb. of refined exported from Amsterdam in 1879, 32,639,733 N. lb. came to

England. Our total imports from Holland of refined and candy were 647,605 cwt., 929,985/., in

1876 ; 876,471 cwt., 1,275,717/., in 1880. Unrefined : 298,440 cwt., 316,705/., in 1876 ; 205,001

cwt., 223,900/., in 1880.

Mondunis.—Cane-sugar is easily produced here at 10/. a ton, and the rate of 2 tons per acre.

Ounes ratoon well for 10-12 and even 20 years. The area under tane is over 10,000 acres. The

exports were 177i tons in 1862, 2203 in 1872. Our imports thence of unrefined were 36,656 cwt.,

32,078/., in 1876 ; 18,207 cwt., 18,273/., in 1880.

India.—The area under sugar-cane in Biitieh India is over IJ million acres, chiefly in the

N.-W. Provinces. The exports were 1,144,467 cwt., 999,503/., in 1877; 368,506 cwt., 350,425/., in

1879. Our imports of unrefined sugar were :—Madras : 150,484 cwt., 112,411/., in 187!!
;
487,048

cwt., 349,803/., in 1880. Bengal and Burma : 558,139 cwt., 646,844/., iu 1877 ; 25,851 cwt., 27,113/.,

in 1880.

,^a»o.—Cnne acreage, about 70,000 acres. Crop of 1879, 3,933,000 pic«/s (of Kl.^iJ lb.); 1880,

3,294,500. Exports of 1879 crop :—2,350 530 piculs to Channel for ordLTS, 329,0.53 Holland,

328,967 Australia, 281,158 America, 161,1171 France, 115,975 Persian Gnlf, 35,125 Singapore, 19,088

Lisbon for orders, 12,133 China, 10,403 Cadiz for orders, 2104 Siam; total, 3,.')75,867. Our

imports from Java were :— Uurelined : 1,215,800 cwt., 1,400,981/., iu 1870; 1,703,522 cwt.,

2,226,225/., in 1880.

Jl/oMci««s.— In 1876, the export of home-made sugar was 115,801 tons; in 1877, 130,292;

iu 1878, 128,329. Our imports thence of uurefined sugar were 1,205,354 cwt., 1,747,147/., in

1877 ; 120,516 cwt., 137,021/., in 1880.

Mexico.—Our imports thence of unrefined sugar were 30,500 cwt., 82,532/., in 1870; 94,879 cwt.,

98,113/., in 1880.

Natal.—The 1881 crop was estimated to produce 15,000 tons of sugar. Plant cnnes give

2} tons sugar per acre, and Ist and 2nd ratoona, IJ tons, on the aveiage. Our imports thence of

unrefined sugar were 22,189 cwt., 22,027/., in 1870 ; 31,405 cwt., 29,234/., iu 1880.

New Zealand.—Beet has been grown in the Waikato distiiot yielding 15 per cent, of sugar, and

a German company are erecting a factory to make 10,000 tons of sugar per annum.

Facifia Islands.—Tho Sandwich Islands produce yearly about 30 million lb. of sugar, and

500,000 gal. molasses. Fiji had 1838 acres under cane in 1879. Tahiti has about 300 acres under

cane.

Peru.—Annual production, about 100,000 tons of cane-sugar. The crop is remarkably certain.

The exports were 60,000 tons in 1875, over 70,000 in 1870. Our imports of unrefined sugar thence

were 1,000,987 cwt., 1,128,002/., in 1880.

Philippines.—The sugar-cane is grown in Negros, Pauay, Cebu, Luzon, and nearly every part of

the Archipelago; the best sugar is from Pampanga and La Laguna, the worst from Taal or

Batangas. The 1880 exports were 1,581 188 pictds (of 139J lb.) from Manilla, 1,004,394 from

Yloilo, .321,574 from Cebu; total, 2,907,150 ^icu/s, 2,020,000/. Our impoits thence of unrefined

sugar were 1,027,365 cwt., 894,000/., in 1870 ; 1,175,140 cwt., 983,590/., iu 1880.

San Domingo.— Expoits in 1 880 .-—Sugar : 3138 tons to the United States, 134 VV. Indies, 25

Great Britain; total, 3297; molasses: 172.440 gul. United States. The actual total exports were

at least 5000 tons, and eaue-culture is spreading.

Servia.—A Russian company is about to introduce the culture of beet and manufacture of

sugar. Tlie climate promises success.

S»om.—Naolionyhaibi and Petno are the chief sugar districts, but the cane is also grown at

Paklat, Bangpasoi, Chautibon, and Pctchabure, to a cousiderable extent. The exports were

101,307 piculs (of 133S lb.) in 1870. Our imports of unre£ncd were 20,107 cwt., 2o,140'., iu 1^77.
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Spain.—The sugar-cane ia cultivated in Spain on that portion of the Andalusian coast which

lies between 36° and 37° N. lat. The area is very limited. Beet is about to be introduced.

Straits Settlements.—Our imports thence of unrefined sugar were 101,219 cwt., 83,762^., in 1876
;

195,527 cwt., 159,155^., in 1880.

Surinam.—In 1879, the cane acreage was 4389 hectares (of 2J acres) ; the crop yielded 11,023,130

hilo. (of 2 2 lb.) of sugar, and 2,501,928 litres (of If pint) of molasses ; the exports were 11,633,892

iilo. of sugar, and 1,936,802 litres of molasses. Our imports thence of unrefined sugar were 81,232

ewt, 85,73«., inl876; 74,959 cwt., 86,069?., in 1880; molasses: 642 cwt., 301?., in 1876 ; 2307 cwt.,

846?., in 1880.

United Kingdom.—No sugar is at present produced in the United Kingdom, but beet-sugar was
largely made at Lavenham, Suffolk, a few years since, and the industry will probably be reyived

at no distant future. For bett-oulture in England, see pp. 1832-4, for sorglium-culture, p. 1914.

Starch-sugar and brewing compounds are largely manufactured in London ; and extensive

sugar-refineries exist in London, Bristol, Greenock, &c.

Our imports in 1880 were:-Ktfined and candy: from France, 1,586 416 cwt., 2,342,912?.;

Holland, 876,471 cwt., 1,275,717?.; Germany, 244,645 cwt., 339,969?.; Belgium, 108,813 cwt,

155,340?.; United States, 103,396 cwt., 161,384?.; other countries, 116,833 cwt., 161,550?.; total,

3,036,074 cwt., 4,436,872?. Unrefined: Germany, 4,384,268, cwt., 4,728,916?.; British W. Indies,

2,578,971 cwt., 2,738,322?.; Java, 1,763,522 cwt., 2,226,225?. ; Brazil, 1,484,924 cwt, 1,512,709?.;

British Guiana, 1,327,084 cwt, 1,778,481?. ; Philippines, 1,175,140 cwt, 983,590?. ; Peru, 1,000,987

cwt., 1,128,062?. ; Spanibh W. Indies, 640,810 cwt, 770,673?. ; Belgium, 493,349 cwt, 540,241?.
;

Madras, 487,048 cwt., 349,803?. ; China, 359,821 cwt., 301,307?.'; Holland, 205,601 cwt.,

223,900?.; Straits Settlements, 195,527 cwt, 159,155?.; Egypt, 195,217 cwt, 229,381?. ; Mauritius,

120,516 cwt, 137,021?.; France, 115,298 cwt., 136,089?.; Mexico, 94,879 cwt, 98,113?. ; Chili,

79,658 cwt., 90,766?. ; British S. Africa, 76,682 cwt., 76,720?. ; Dutch Guiana, 74,959 cwt., 86,069?. ;

Danish W. Indies, 52,113 cwt, 63,859?.; Bengal and Burma, 25,851 cwt, 27,U3?. ; Honduras,

18,207 cwt., 18,273?. ; New Granada, 17,919 cwt., 20,277?. ; other countries, 33,262 cwt., 32,898?.

;

total, 17,001,613 cwt, 18,457,963?. Glucose, solid or liquid: Germany, 218,745 cwt., 213,166?.

;

United States, 100,467 cwt, 91,063?.; France, 70,151 cwt, 69,733?. ; other countries, 16,397 cwt.,

13,775?. ; total, 405,760 cwt., 387,737?. Molasses : United States, 92,000 cwt., 39,685?. ; British

W. Indies, 42,476 cwt, 16,937?.; Egypt, 30,057 cwt, 9408?.; British Guiana, 20,888 cwt,
10,189?.; Germany, 3515 cwt, 1571?.; Mauritius, 3475 cwt, 1379?.; other countries, 19,130 cwt,
7082?.; total, 211,541 cwt, 86,251?.

Our exports in 1880 were:—Refined and Candy: Portugal, Azores, and Madeira, 28,031 cwt,

36,815?.; Malta and Gozo, 17,103 cwt, 23,338?.; Channel Islands, 1.5,411 cwt, 22,666?.;

Australia, 13,039 cwt, 19,470?.; Argentine Republic, 8742 cwt , 12,972?.; Gibraltar, 7635 cwt.,

10,663?. ; Turkey, 5218 cwt., 7590?. ; France, 3712 cwt., 4581?. ; Roumania, 3426 cwt., 5108?.

;

British S. Africa, 3221 owt;, 5210?. ; Norway, 2166 cwt., 3323?. ; Persia, 2005 cwt., 2754?.

;

Morocco, 1456 cwt., 2130?.; Cliina, 1157 cwt., 2703?. ; Italy, 1149 cwt, 1540?.; other countries,

11,771 cwt., 16,924?. ; total, 125,242 cwt., 177,787?. Unrefined Beet-sugar : Portugal, 12,132 cwt.,

17,020?.; other countries, 2842 cwt, 3738?.; total, 14,974 cwt., 20,758?. Cane and other sorts:

Denmark, 71,108 cwt., 82,703?. ; Portugal and Azores, 60,977 cwt., 71,465?.; Sweden, 41,312 cwt,
53,371?. ; United States, 38,960 cwt., 42,634?. ; Belgium, 21,581 cwt, 24,705?. ; Holland, 19,935
cwt, 22,558?.; Germany, 15,554 cwt., 17,947?.; Italy, 10,949 cwt., 14,916?.; France, 9200 cwt,
12,049?.; other countries, 9085 cwt, 11,337?.; total, 298,661 cwt, 353,685?. Glucose: Australia,

23,075 cwt, 21,800?.; other countries, 770 cwt, 807?.; total, 23,845 cwt, 22,607?. Molasses:
British N. America, 13,457 cwt., 9165?. ; Norway, 9938 cwt., 5015?. ; other countries, 15,631

cwt., 9435?.; total, 39,026 cwt., 23,615?.

United States.—Cane-sugar is mainly produced, but also beet-, maple-, melon-, and sorghnm-
sugars, as well as very large quantities of starch-sugar. The home growth of cane-sugar in 1870
was 80 million lb., and of maple, 28 million. The New York imports of sugar in 1880 were :

Foreign direct, 555,553 tons ; melado, 6239 ; Texas, 895 ; Louisiana, 5260 ; other coastwise 5167

;

total, 573,114 tons. Of molasses:—Foreign direct, 10,393,585 gal.; Louisiana, 4,382,595; other
coastwise, 73,580 ; total, 14,849,760 gal. Exports : Molasses, 2,626,947 dol. worth ; sugar, 59,348 432
dol. worth. Our imports thence were:—Refined sugar: 439,914 cwt., 624,670?., in 1879 •

103,396 cwt., 161,384?., in 1880 ; unrefined: 4623 cwt., 5056?.-, in 1878 ; 14,796 cwt., 14,466?., in

1880 ; molasses: 511,699 cwt, 186,219?., in 1879; 92,000 cwt, 39,685?., in 1880.

Venezuela.—The 1873 crop of cane-sugar was about 5,000,000 lb. The exports from Puerto
Oabello in 1879 were 38,760 kilo, (of 2-2 lb.) to Holland.

W. Indies.—The areas under cane culture are as follows :—Jamaica, 47,565 acres ; Barbados
35,000 acres; Martinique, 19,314 hectares (of 2^ acres). Sugar production:—Barbados 37 400
hhds. ; Trinidad, 59,000 ; Grenada, 3800 ; St. Vincent, 9000 ; Tobago, 4000 ; Santa' Lucia,
10,200 ; Martinique, 75,000 ; Dominica, 3700 ; Guadeloupe, 35,088,944 hilo. ; Antigua, 7700 hhds.

;
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St. KitU, 10,600; Porto Eico, 140,030,0001b.; Jamaica, 29,074 hhds. Exports: Barbados, 1880,

54,217 bhds. sugar, 81,791 puns, molasses; Jamaica, 1874, 28,398 hhds. sugar; Dominica. 1871,

66,220 cwt. sugar, 94,015 gal. molasses; Montserrat, 1871, 1891 hbde. sugar, 466 pnns. molasses;

Trinidad, 1874, 99 million lb. sugar, 1J million gal. molasses ; St. Croix, 1873, 10 million lb. sugar,

350,000 gal. molasses; Porto Eico, 1873, 101,195 tons sugar, 6 million gal. molasses ; Cuba, 1873,

714,960 tons sugar, 189,333 tons molasses. Our imports from the British W. Indies were:

—

UnreBned : 3,242,034 cwt., 3,056,564/., in 1879 ; 2,578,971 cwt., 2,738,322/., in 1880 ; molasses

:

137,405 cwt., 56,385/., in 1879 ; 42,476 cwt., 16,937/., in 1880. French W. Indies :—Eefined : 28,095

cwt., 35,411/., in 1876 ; unrefined : 116,993 cwt., 169,739/., in 1879. Spanish W. Indies :—Unrefined

:

2,260,193 cwt., 2,299,764/., in 1879 ; 640,810 cwt., 770,673/., in 1880 ; molasses : 37,303 cwt.,

15,604/., in 1876 ; 156 cwt., 35/., in 1880.

^an^iior.—Exported 3000/. worth in 1864.

Consumption.—Following are approximate statistics of consumption in various countries :

—

Year.
Aggregate
Consumption.

United Kingdom .

.

Holland
Belgium
Hamburg (imports)

Germany
Denmark
Sweden
Norway
France
Austria and Hungary
Switzerland
Portugal
Spain
Eussia and Poland
Turkey
Greece
Italy

United States

British America
Brazil

Peru
Eiver Plate States

Other S. and Central American States

W. India Islands (British and Foreign)

N. and S. Africa

Australia
India, China, and the Eastern and Pacific

\

Islands
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TANNIN (Fb., Matieres tannantes ; Gee., Gerhstoffe).

The word " tannin " does not, as formerly supposed, denote a single definite compound, but is a

generic name applied to a large class of organic bodies, mostly uncrystullizable, which often differ

widely both in chemical constitution and reaction, but have the common property of precipitating

gelatine from its solution, and forming insoluble compounds with gelatine-yielding tissues. By
virtue of this power, they convert animal hide into the insoluble and imputiesuible material

called "leather" (see pp. 121;!-40). Tluy all form blackish-blue or blackish-green compounds
with ferric salts, and are precipitated by acetate of lead and of copper; but these propertiia

are commoii to many other organic substances. They give insoluble precipitates with many
organic bases, and with a large number of metallic salts. In some rases, the taiiuin combines

with the base only, liberating the acid; but frequently the salt as » whole enters into

combination. This is the case with the precipitates formed with acetates of lead and copper.

With alkalies, the tannins and many of their derivatives give solutions which oxidize and darken

rapidly, usually becoming successively orange, brown, and black. A. H. Allen has shown that

these bodies also give instantaneously a deep-red coloration with a solution of potassium

ferrioyanido and ammonia. The reaction is one of considerable delicacy.

The tannins are very widely distributed through the vegetable kingdom. They are probably

to be regarded in most cases rather as waste products eliminated by the plant, than as bodies stored

up for future nutrition, like starch and suKar, and are enclosed in the tissue-cells.

General Chemistry.—A large nuiuber of plants, from every part of the world, contain principles

varying in properties and constitution, but having the common characteristics of an astringent

taste, of precipitating gelatine from solution, and of giving a blackish coloration wilh persalts of

iron. The whole class are denominated " tannins ;
" but it is obvious that the different tannins are

often widely distinct, and that the general statements frequently made are usually true only of certaiu

individual members of the group. On the same grounds, it may also be concluded that any
general method of analysis can only give arbitrary percentages, which afford no safe means of

comparing tannins of different species, although it may be of considerable use in deciding the

relative values of different samples of tlie same material.

From the tanner's point of view, tannins may be divided into two principal classes, viz. those

which produce a light fawn-coloured deposit on leather (technically known as " bluom "), and

those which do not. To the first of these, belong the tannins of gall-nuts, valonia, oak-bark,

myrabolans, sumach, and divi-divi, while the second includes cutch, ganibier, hemlock, larch,

rhatany, and mangrove, and all the varieties of mimosa. Bearing in mind that the same plant

frequently contains more than one species of tannin (of which the different characters of the

tannins of gall-nuts, valonia, and oak-bark, all produced by oaks, is a striking example), it will

appear that this classification is generally coincident with an important difference of chemical con-

stitution ; most tannins which give " bloom " are derivatives of gallic acid (see Acid— Gallic, pp. 50-1),

while those which deposit insoluble red and brown colouring matters are derived from protocate-

chuic acid,—oak-bark and valonia excepted. To the chemical student, it may be interesting to note

that both these bodies are benzene derivatives, belonging to the "aromatic" group of carbon com-

pounds, of which benzene is the simplest type. Their relation is shown by the following formula :

—

Benzene.
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acid derivatives, and likely to give bloom to leather ; while those which give a green-black are

derived from protocatechuio acid, and will probably yield no bloom. Gallic and pyrogallio acids

give with ferric acetate a purple-black; while protocatechuio and pyrocatechuic acids give a

dark-green.

When natural tannins are boiled with dilute sulphuric acid, they are decomposed, generally

yielding glucose, often also insoluble red bodies, called phlobaphenes. These bodies, when fused

with caustic potash, give protooateohuic acid, and either acetic acid or a peculiar sugar called

phloroglueine. Hlasiewetz gives the following table of the derivatives of tannin so treated :

—

Source of Tannin.

Gall-nuts

Pomegranate-bark, in

company with gallo-

tannic acid in sumach,
myrabolans, &c.

Coffee

Cinchona-bark

« I, ....
Male fern

Kbatany-bark

Cliestnut

Cutch and gambier

Fustic (^Morus tinctoria)

Name of Tannin.

Gallotannic acid

Pomegranate tannin

Caffetannic acid

Quinatannic „
Quinovatannio „
Filicitannio „

Bhataniatannic „

Chestnut tannin

Products on boiling with
Sulphuric Acid.

Glucose and gallic acid

„ ellagio „

„ caffeic „

„ quina red

„ quiuova ,,

filix „

„ rhatania „

„ chestnut „
Catechin
fMaclurin or morin-1

1 tannic acid /

Product of the last column
fused with Caustic Potash.

I Pyrogallic and carbonic

I acids.

Gallic acid (?)

(Protocatechuic and
\ acetic acids.

/Protocatechuio acid

\ and phloroglucin.

From Hlasiewetz's table, it would appear that a very large proportion of tannins yield glucose

on digestion with a dilute mineral acid. They appear, however, to differ materially from the class

of bodies known as gluoosides, which are generally crystalline, and yield their glucose very easily

under the influence of acids, while tannins (except perhaps morintannic acid) are amorphous, and

require somewhat prolonged digestion. Hlasiewetz suggests that they may be " gummides," or

compounds containing gum or dextrine, which is converted by digestion with acid into glucose

(see pp. 1914-21). But it is by no means certain that glucose should be regarded as an essential

constituent of tannins, since, by repeated precipitations with lead acetate, and decomposition of the

taunatewith sulphuretted hydrogen, gallotannic acid may be prepared almost free from any glucose,

yielding constituent, and retaining all its characteristic properties. Schiff, by acting on gaUic acid

with phosphorus oxychloride, has produced gallotannic acid synthetically, and this artificial

tannin yields no glucose, but only gallic acid, by digestion with acids. This synthesized tannin

appears to be A'gallio acid, formed from two molecules of gallic acid by the simple abstraction of

one molecule of water. Thus, its constitutional formula is

CaH,

CnH.

CO.OH
OH
OH

\
.

CO/
OH
OH
OH

C,.H,|,0„

Natural gallotannic acid is probably a molecular compound of this digallio acid with glucose or
dextrine.

In digesting ordinary gallotannic acid, from gall-nuts, sumach, myrabolans, and other sources,
with sulphuric acid, or in its decomposition by natural fermentation, besides glucose and gallic acid
a varying quantity of a grey or fawn-coloured deposit of ellagic acid is always produced. This is

closely allied to tannic (digallio) acid, differing from it only by the abstraction of 2 atoms of
hydrogen, and may be produced from it by heating it with dry arsenic acid (which oxidizes the
hydrogen). It is, however, probable that it is produced in the cases named from a peculiar tannic
acid, called by Lowe ellagitannic acid, which exists in divi-divi, myrabolans, pomegranate-rind and
other materials, in mixture with ordinary gallotannic acid. This body is what Hlasiewetz calls
" pomegranate tannin." Oak-bark and valonia yield abundant light-coloured deposits, which are
probably ellagio acid.



GENERAL CHEMISTRY. 1979

On heating dry gallotannio or gallic acids to 180°-210° (356°-410° F.), they are decompoBed,

and partially sublime in white prismatic plates of pyrogallol, or pyrngallic acid, while a black

residue of luetagallic acid remains. By heating a solution of gallic acid in glycerine to 200°

(392° F.), it is completely converted into pyrogallol, without production of metag.iUic acid.

PyrogiiUol (C,H,0,) has a feebly acid and very bitter flavour. It fuses at 131° (268° F.), is soluble

in less than 3 partd of cold water, and still more soluble in hot. It is also soluble in alcohol and

clher, but not in absolute chloroform. In presence of alkalies, it absorbs oxygen with groat aviility,

turning brown or black. It reduces Fehling's solution, and those of gold and silver, and gives

purplish-blacks with ferric and ferrous salts. Probably its most characteristic reaction is the fine

but very fleeting purple coloration which it gives with lime-water. Since all vegetable extracts

containing gallic or gallotannio acida yield pyrogallol, its production has been used as a test for

the presence of tliese bodies by Stenhouse, thus distinguishing again between the two classes of

tannins derived from gallic and protooatechuic acids respectively. It is a singular fact that although

oak-bark and valonia tannins give blue-blacks witli iron salts, and yield abundant white deposits

supposed to be ellagic acid, they give no pyrogallic acid on heating; but on the contrary, are

stated by Johansen to yield protooatechuic acid on fusion with potash. They thus present important

differences from gallotannio acid on the one hand and from mcst red-yielding tannins on the

other, and urgently demand further investigation. Experiments made by the writer suggestt he

probability that oak-bark tannin contains phlorogluoin as well as protoeatechuic acid.

Associated with different species of catechutannic acids in cutch and gambler, considerable

portions of a white crystalline body (or possibly clats of bodies) are found. Tliis is Ciitechin. It is

contained in large quantity in cube gambler, forming a great part of the pale-coloured crystalline

interior. It is readily soluble in boiling water, but very slightly so iu cold ; hence, on allowing a

boiling solution of gambier to cool, it is deposited in large quantities as a whitish sediment. Its

solution does not precipitate gelatine. Its relation to the tannins of cutch and gambier is not well

made out, but they seem to be anhydrides. Its lower anhydrides are soluble in water, and precipi-

tate gelatine ; while with every successive molecule of water which they give up, they become more

insoluble, and the higher anhydrides are reds similar to phlobaphene, insoluble in water and ether,

but soluble in alcohol. Thus to an extent the relations between catechin and the catechu tannins

are similar to those between gallic acid and gallotannio acid, but catechin is a body of much more

complicated structure than gallic acid. Its formula is probably OijHuOg, and both it and its

anhydrides, when fused with potash, yield protooatechuic acid and phlorogluoin.

It may be well to remark here that tlie question of hydration plays an important and imperfectly

understood part iu the chemistry of tannin. When hemlock tannin is reduced to a thick extract by

evaporation in the vacuum-pan, it appears to part with some of its combined water, and a portion

only of the tannin is soluble in cold water, the remainder being precipitated as an insoluble anhy-

dride or phlobaphene, which cannot be dissolved even by subsequent boiling. If, on the other

hand,; water of as high a temperature is employed as has been used in the evaporation of the

extract, the whole is brought again into solution, unless the extract has been thickened at too high

a temperature. This is true of most tanning extracts besides hemlock.

It will thus be obvious that our knowledge of the chemistry of the various tannins is very

imperfect, and it is useless to try to fill up the gaps by mere speculation.

As regards analytical examination of mixtures of tannins, a quantitative separation of the different

species is as yet quite impossible ; but qualitatively, tannins may at least be detected when not in

too complicated mixture. The following table gives distinctive reactions of some of the principal

tannins and their derivatives.

Reagent.
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A. H. Allen, in his ' Commercial Organic Analysis,' gives tlie following table for the distinction

of gallic, pyrogallic, and gallotannio acids :

—

Reiigent.

With solution of

,

gelatine.

Heated with Fehling's
solution.

With ferrous sulphate
free from ferric salt.

With ferric chloride.

With excess of lime-

water.

No change except in

presence of gum.
No change.

White ppt. concen-

trated; no change
dilute.

Deep blue colour de-

stroyed by boiling.

White precipitate be-

coming purple or

deep brown very
rapidly.

Tyrogallic Acid.

No change.

Eeduction and preci-

pitation of OujO.
Blue solution.

Eed colour, turning
brown when heated.

Immediate purple
colour, changing to

brown in the air.

Gallotannlc Acid.

White or brownish
ppt.

Keduction and preci-

pitation of Cu^O.
White concentrated ;

no change dilute.

Blue-black ppt.

;

lour destroyed
boiling.

White precipitate

slowly darkening.

CO-

by

Quantitative Determination.—Many processes have been proposed for the quantitative estimation

of tannins, but it cannot be said that any method yet known is wholly satisfactory. The oldest,

that of Sir H. Davy, recently improved by Stoddart and others, consists in precipitating with
gelatine, and drying and weighing the precipitate. This was almost impossible to filter off as

directed by Davy ; but by the use of a little alum, and by pouring hot water on the precipitate, it

becomes curdled into a mass which may be washed by decantation. As the precipitate contains

varying quantities of tannin, according to the strength of solution employed; as it is soluble in

excess of gelatine solution, and as it is almost if not quite impossible to wash it free from gelatine

im.\ alum, the method can hardly lay claim to much accuracy. A somewhat better one consists in

the employment of a standard solution of gelatine with a little alum, determining the end of the
reaction by filtering off a portion and ascertaining if another drop of the reagent produces a further

precipitate. This method is very tedious, the end reaction is difBcult to hit, the standard solution

is very unstable, it is inapplicable to gambler and outoh because the mixture will not filter clear

and its results are irregular, probably from the power of tannin to combine with various propor-
tions of gelatine. A third plan, which has a most seductive appearance of simplicity, is that of
Hammer ; he takes the sp. gr., then absorbs the tannin with slightly moistened hide-raspings
again takes the sp. gr., and from the difference calculates the percentage of tannin, a difference of
5 per cent, of tannin corresponding to one of 1 020 sp. gr. (20° barkometer). Unfortunately the hide
is more or less soluble in the liquor, and absorbs acids other than tannic with considerable energy

;

the moistening of the raspings introduces an error, and the smallness of the quantity to be
measured makes a slight error completely vitiate the results. With extreme care, due corrections

for temperature, for the water introduced with the raspings, and for their solubility, and by sub-
stituting evaporation of the infusions to dryness for mere calculation from their sp. gr., the method
is useful as giving almost the only information obtainable as to the actual weight of tannin in

any material capable of being absorbed by hide. It is, however, only suitable for use as a check
on easier and more rapid methods, such as Lowenthal's, which give accurate relative results but
no information as to absolute weight of unknown tannins. A modification of Hammer's method
has been introduced by Miintz and Eamspacher, in which the liquor whence the tannin is to be
removed is forced through a piece of raw hide by pressure. This method, except that it is more
rapid, has all the evils of Hammer's original in an intensified form, and gives such variable results

as to be quite useless in practice.

Several other methods have been proposed : such as Gerland's, with a volumetric solution of

tartar emetic, used in presence of ammonio chloride ; Fleck's, by precipitation with acetate of
copper, and subsequent washing with ammonic carbonate and gravimetric estimation, either of the
tannate dried at 100° (212° F.), or of the oxide of copper left on ignition ; and Carpene's, by precipita-

tion with ammoniacal zinc acetate, and subsequent estimation with permanganate and indigo.

These, though giving fairly accurate results on some tannins, are only of limited application. They
may be passed over,- as well as Jean's method with a volumetric solution of iodine in presence of
sodic carbonate, and Allen's method with acetate of lead, which, though accurate, are somewhat
tedious and difBcult, and present no advantage over Lowenthal's improved process. This last is

easy of execution, constant in results, and universally applicable. Before proceeding to describe it in
detail, it may be well to give some hints as to the best modes of sampling and preparing tanning
materials for analysis, since this is often more difficult and tedious than the actual analysis.

Sampling.—Samples should always be drawn from at least 10 sacks or separate parts of the
bulk, and, in the case of valonia, special care should be taken to have a fair average quantity of
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" l)earil." If sovcral sacks nro sproad in layers on a levtl floor, and tlien portions going quite to the
ground are taken from several parts of the floor, this will be accomplislied. Where samples must
be dealt with whieh have not been specially drawn, it might be safest to weigh out from each the
same proportion of beard and whole cups, bearing in mind that the bean! is always the richest part
of the valonia. In sampling myrabolans, it should be remembered that the poor and light nuts
will rise to the top, and hence the hand should be plunged well into tlie sack. Grinding when
practicable is probably best done in a small disintegrator, fitted with gratings. The material, of

which some pounds must be used, is screened over a sieve of say 15 wires per in., and all coiirser

parts are returned to the mill till they will pass. The mill must grind into a close box, that no
dust may be lost. The advantage of this plan is that samples can be ground witliout previous

drying, and thus in many cases time may be saved and separate determination of moisture avoided.

When this is not practicable, the sample of some lb. at least is ground in an ordinary

bark-mill, well mixed, spread out flat on a floor or table, and several portions are taken as already

described, say 50-100 grm, in all, and dried in a water- or air-oven at 100° (212^ F.). The moisture

is best determined, to save time, in a small separate portion of 10 grm., which must be dried till it

ceases to lose weight, and the loss taken as moisture. It must be weighed in a covered capsule, as it

is very hygroscopic. When the larger portion of the sample has been dried some hours, it is passed

twice through a good coffee-mill, and then returned to the oven till thoroughly dried, for which,

12-24 hours is generally sufficient. Another method sometimes convenient is to take each ncom,
or each piece of bark of the sample to be tested, and snip a piece from it with a jiair of tinners'

shears, taking care that in the case of valonia the section runs right to the centre of the cup ; and

in bark, that fair shares of the outer and inner layers are taken. The reason for drying before

grinding is, that unless hard dried, tanning materials cannot be passed through a small mill. Bark
and valonia usually contain 12-16 prr cent, of moisture.

Lowenthal'a Process : Exhaustion.—10 gi-m. of valonia, 20-30 grm. of bark, or corresponding

quantities of other materials, are boiled for 10 minutes with 250 cc. of distilled water, great care

being taken at first to avoid frothing and boiling over. The clear liquid is then poured into a

gauged flask, the residue is boiled up for 10 minutes, a second and a third time, with 250 cc. of

water, and is finally rinsed into the flask, allowed to cool to 15° (59° F.), and made up to 1 litre.

In the case of sumach, a little more boiling even than this is desirable. Another method is to boil

for J hour with 259 cc. of water, then pour the whole on a filter, wash with boiling water so long

as a drop of the filtrate blackens paper moistened with a dilute solution of ferric acetate, and
finally make up to 1 litre. Many materials, however, clog the filter to such an extent that

washing is almost impossible. Kathreiner uses 15 litres of water, and corresponding quantities

of material, in u, large steam-jacketed copper pan, for each exhaustion, making the weight up
finally to 15 kilos., and obtains very uniform and excellent results. With all materials which
deposit ellagio acid or other insoluble derivatives, on cooling and standing, considerably higher

results will be obtained if the titjatiou be made as soon as the liquor is cold, than if it be

allowed to stand 24 hours; in this respect, a uniform practice should be adhered to. Addition of

i cc. of glacial acetic acid renders the infusions less liable to change.

Reagents.—Solutions are required of (1) Pure permaganate of potash, 1 grm. per litre. (2) Pure
sulphindigotato of potash, 6 grm., and concentrated sulphuric acid, 50 grm. per litre. (3) Pure oxalic

acid, 10 grm. per litre. The sulphindigotato of potash (indigo carmine), must be filtered, and when
oxidized by permanganate, should give a pure clear yellow, free from any trace of brown or orange.

Any contamination with indigo purple, which gives brown oxidation-products, is quite fatal to the

accuracy of the analysis. The permanganate solution is standardized by measuring 10 cc. of tho

(decinormal) oxalic acid solution, adding a little pure sulphuric acid and distilled water, warming

to 58° (136° F.), and running in the permanganate till a faint permanent pink is produced, for which

about 50-51 cc. should be required. The indign-carmine solution should be of such strength that

14-16 cc. of permanganate are required to bleach the quantity employed, which may be 20-25 cc, ns

convenient. (4) Gelatine solution : 25 grm. of gelatine or finest glue are dissolved in 1 litre of

water, and saturated with table-salt. (5) Salt and acid solution: to a saturated solution of

common salt, are added 50 cc. of concentrated hydrochloric acid per litre.

Actual Analysis.—25 cc. of indigo solution are diluted to about f litre with distilled or good

drinking-water in a white porcelain basin, and the permanganate solution is added drop by drop

from a burette with constant stirring till the last trace of green disappears. Cull the quantity of

permanganate used A. 23 co. of indigo solution and 10 cc. of the tannin infusion are treated

as above. Let the quantity of permanganate be B. (If it exceeds 25 cc, less tannin infusion

must be taken, and the results calculated accordingly.) 100 cc. of the tannin infusion are well

mixed with 50 cc. of gelatine solution, and then with 100 cc. of salt solution, shaken for some

minutes, allowed to stand several hours, and filtered. The filtrate should be perfectly bright

and clear. 50 cc. of this filtrate ( = 20 of original infusion) are titrated with permanganate

and indigo as before described, the permangam'ite being run in very slowly, 5-6 minutes beinj
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taken for the process. Let this be called C; it is the amount required to oxidize the "not-

tannin."

Then B — A — J (C — A) is the quantity of permanganate required to oxidize the tannin.

4' 156 grm. of pure gallotannio acid (Neubauer) and 6 '236 grm. of oak-bark tannin (Oser) are said

to be equivalent to 6 3 grm. of oxalic acid, and these numbers may be used to calculate percen-

tages ; but as the equivalents of most tannins are unknown, it would probably be better simply to

calculate out the equivalent percentage of oxalic acid, which does not differ sensibly from that of

oak-bark tannin. Then calling T the permanganate consumed by the tannin of 10 cc. infusion,

O that required by 10 cc. of the oxalic solution, and x the percentage, and supposing 10 grm. of

substance to be employed, O : T : : 100 : a; ; or the quantity of permanganate required to oxidize

the tannin, divided by that required to oxidize the oxalic acid, and multiplied by 100, gives the

percentage. Gallic acid needs more permanganate than the same weight of tannic acid, or even

than the quantity of tannic acid from which it is derived.

A slight error is introduced by the presence of a trace of oxidizable matter in the glue, and

when very great accuracy is required, it is well to make a blank estimation of " not-tannin

"

without tannin infusion, and deduct J of the permanganate consumed as a correction from the not-

tannin ; but this may usually be disregarded. Bach titration should be made twice, and successive

tests should not differ by more than 1 co. of permanganate.

It is obvious that it is impossible by analysis to compare the relative values of different tannins,

such as those of myrabolans and gambler, or hemlock and valonia. All analysis can reasonably

be expected to do is to give the relative values of different samples of the same substance, or at

the most, of materials of the same class. All other comparisons are misleading ; and would be so,

even if the exact percentage of each tannin could be calculated ; since the commercial and practical

value of different materials does not depend on the quantity of tannin only, but on the character of

the leather it produces, hard or soft, dark- or light-coloured, and heavy- or light-weighing.
H. E. P.

Algarobilla.—The seed-poda of Prosopis pallida and P. Algarroho are known as algarohilla,

the two kinds being distinguished as negro and bianco. The trees are abundant in mountainous

parts of S. America, notably Chili and the Argentine Republic. The pods contain up to 50 per

cent, of a bright-yellow tannin, somewhat resembling that of myrabolans. The friable tannin is

readily soluble in cold water, and is so loosely held in the fibrous network of the pod, that great

loss is sustained by careless handling. The commerce in algarobilla does not figure in the ofBoial

trade returns ; but J. Gordon & Co., Liverpool, obligingly state that they imported 50 tons, at an
average value of 18Z. 10s. a ton, in 1880. Widow Durauty & Son, also of Liverpool, are good
enough to add that they received 160 tons in 1881, the first that had reached them for a long time-

Havre imported 50 tons in 1881.

The name algarroho is also applied to Palsamocarpon brevifoHum in Chili, and to Rymencea Courbaril

(see p. 1666) in Panama.

Chestnut-extract.—The wood of Castanea vesca (see Nuts—Chestnut, pp. 1352-3
; Timber)

contains 14-20 per cent, of a dull-brown tannin. It is quite different from the bark and bark-
extract of the American chestnut-oak (Quercus sessiliflora). Its extract is used largely to modify
the colour produced by hemlock-extract, and for tanning and dyeing. The pulverized wood is also

extensively employed in France. The imports are included in barks and extracts, p. 1988.

Cork-bark. See Oak-barks.

Cutcli, Catechu, or Terra Japonica (Fb., Cachou
; Ger., Catechu).—The term Ut, hut,

or " cutch," is applied to the dried extract, containing 45-55 per cent, of dark-coloured mimo-
tannic acid, prepared chiefly from two trees :— (1) Acacia Catechu {Mimosa Catechu, M. sundra'], a
tree of 30-40 ft., common in most parts of India and Burma, growing also in the hotter and
drier districts of Ceylon, and abundant in tropical E. Africa—the Soudan, Sennar, Abyssinia,

the Noer country and Mozambique, though the utilization of its tannin is restricted to India ;

(2) A. [if.] Suma, a large tree inhabiting S. India (Mysore), Bengal, and Gujerat.

The process for preparing cutch varies slightly in different districts. The trees are reckoned
to be of proper age when their trunks are about 1 ft. diam. They are then cut down, and the
whole of the woody part, with the exception of the smaller branches and the bark, is reduced to

chips : some accounts state that only the darker heart-wood is thus used. The chips are placed
with water in earthen jars, arranged in a series over a mud fire-place, usually in the open air.

Here the water is made to boil, the liquor as it becomes thick and strong being decanted into
another vessel, in which the evaporation is continued until the extract is sufficiently inspissated,

when it is poured into moulds made of clay, or of leaves pinned together in the shape of cups, or
in some districts on to a mat covered with the ashes of burnt cow-dung, the drying in each case
being completed by exposure to the sun and aii-. The product is a dark-brown extract, which is

the usual form in which cutch is known in Europe.

In Kumaon, N. India, a slight modification of the process affords u, drug of very different
appearance. Instead of evaporating the decoction to the condition of an extract, the inspissation
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Is stopped at a certain point, and the liquor is allowed to cool, coagulate, and crystallize over

twigs and leaves thrown into the pots for the purpose. By this method is obtained from each
pot about 2 lb. of kath or catechu, of an ashy-whitish appearance. In Burma, the manufacture
and export of cutch form one of the most important items of forest revenue. The quantity of

cutoh exported from the province in 1869-70 was 10,782 tons, valued at 193,602/., of which, nearly

half was the produce of manufactories situated in British territory. The article is imported in

mats, bags, and boxes, often enveloped in the large kaf of Dipterocarpus tuberculatus. It is

brought down from Berar and Nepal to Calcutta. That of Pegu has a high reputation.

Our imports of cutch in 1880 were 5155 tone, value 173,010/., from the British E. Indies; 539
tons, 15,572/., from other countries ; total, 5694 tons, 188,612/. Our exports in the same year

were :—892 tons, 28,527/., to Germany ; 676 tons, 24,562/., to the United States ; 478 tons, 15,505/.,

to France; 303 tons, 10,537/., to Holland; 177 tons, 5859/., to Russia; 141 tons, 4835/., to Belgium;

245 tons, 8719/., to other countries ; total, 2912 tons, 98,544/. The approximate London market
value of Pegu outoh is 21-42s. a cwt.

An astringent extract prepared from the Areca Catechu (see Nuts—Areca, p. 1351) is said to

contribute to commercial cutch ; if so, it is a totally distinct product from those just described.

Divi-divi, or Libi-dibi.—These names are applied to the seed-pods of Cwsalpinia coriaria,

a tree of 20-30 ft., indigenous to several of the W. Indies, Mexico, Venezuela, and N. Brazil, and
naturalized in Madras and Bombay Presidencies, and in the N.-W. Provinces. The pod may
be known by its drying to the shape of a letter S I i' contains 30-50 per cent, of a peculiar

tannin, somewhat similar to that of valonia. It is cheap, and may be used in admixture with

barks ; but it is dangerously liable to undergo fermentation, suddenly staining the leather a dark-

red colour, and is therefore not in extensive use. The imports of it are mainly from Maracaibo,

Parniba, and St. Domingo. Maracaibo, in 1880, exported 197,i;74 lb. of divi-divi, value 3222J del.

(of 4s. 2f/.), to New York. Our imports of divi-divi into Liverpool, according to figures kindly

furnished by Haw and Co., were 2200 tons in 1877, 1740 in 1878, 2132 in 1879, and 780 in 1880.

The approximate market value is 12-17/. a-ton.

Galls.—The generic tei-m " gall " is applied to those excrescences on plants which are produced

by the punctures of insects, for the purpose of depositing their eggs. The excrescences are usually

considered to be a diseased condition of vegetable tissue, resulting from the injection of some
secretion of the insects. But this has been combated by A. S. Wilson, of Aberdeen, who considers

that all insect galls are in reality leaf-buds, or fruit-buds, and not mere amorphous excrescences.

The vascular linos which would form leaves can easily be followed up in the structure of the oak-

leaf galls. And in oases where the egg has been deposited in the tissue of a young branch, the

cap of the gall is sometimes surmounted by a leaf 2-3 in. long. But in the large blue Turkish

galls, many lacunsa occur where the Heshified leaves have not filled up the spaces between them.

If a dissection be made of one of the weevil-galls on the bulb of the turnip, the second or third

slice will show the outer foliations, exnctly similar to those of the root-buds. When the centre

has been reaohetl, where the maggot will be found, there will also be a vascular pencil running

up from a medullary ray in the bulb, and bearing on its top a bud of tlie same description as that

produced by a ray running out from a root. The insertion of the ovipositor brings a medullary

ray into action, producing a tuberculated bud, and it is only the bud which the larva feeds upon.

The growth of a bud is an intelligible cause of the growth of a gall, but nothing can be inferred

from the injection of a iluid. The analogy to leaves is further shown by the fact that various

microscopic fungi are matured in the interior of imperforate galls.

The principal commercial kinds of gall are oak-galls and Chinese galls.

Oak-galls, Nut-galls, Aleppo or Turkey galls (Fr., A'oLc de Galle, Galte d'Alep ; Ger., Levantische

or Aleppische Gallen, Oalldpfel).—These are formed by the punctures of Cynips \_Diplolepi»] GoUcb

tinctorim on Quercus lusitanica var. infectoria [Q. infectoria"], a shrubby tree of Greece, Cyprus, Asia

Minor, and Syria, and probably other varieties and even species of oak. Tlie female insect is

furnished with a delicate ovipositor, by means of which she pierces the tender shoots of the tree,

and lays her eggs therein. In the centre of the full-grown gall, the larva is hatched and under-

goes its transformations, finally (in 5-6 months) becoming a winged insect, and boring for itself a

cylindrical exit-hole. The best commercial galls are those which have been gathered while the

insect is still in the larval state. Such have a dark olive-green colour, and are comparatively

heavy ; but after the fly has escaped, they become yellowish-brown in hue, and lighter. Hence

they are distinguished in the London market as " blue " or " green," and " white." In Smyrna,

they are classified as " white," " green," and " black," the first two sorts generally fetching nearly

the same price, while the black obtain considerably more, the approximate quotations being :

—

white and green, per Turkish oke (of 2-83 lb.), 8J-9 piastres (of id.) ; black, 13J-14 piastres. The
" nuts ' come mostly from Melemen, Cassaba, and Magnesia, also from the Syrian coasts, being

plentiful on the east of the river Jordan, and are chiefly forwarded to France, England, and

Salonica. The triennial yield is said to be invariably the best. They begin to reach Smyrna from

the interior towards the end of July. The crop of 1880 was estimated at over 50,000 okes. The



1984 TANNIN.

province of Aleppo, which used to afford 10,000-12,000 quintals (of 2 cwt.) annually, only exported

3000 in 1871. The galls collected in the Kurdistan mountains are marketed at Diarbekir, and

Bent thence to Trebizonde for shipment. Bussora, Bagdad, and Bushire also export considerable

quantities.

The exports from Aleppo (including yellow berries, see p. 864) in 1880 were :—60 tons, 3600/.,

to Great Britain; 322 tons, 19,320?., France; 15 tons, 900/., Italy; 44 tons, 2640/., Austria,

55 tons, 3300;., Turkey ; 30 tons, 1800/., Egypt ; total, 526 tons, 31,560/. In 1878, the figures were

673 tons, 38,400/. Alexandretta exported in 1879 (including yellow berries) :—41 tons, 2460/.,

to England; 299 tons, 17,940/., France; 20 tons, 1200/., Italy ; 25 tons, 1500/., Austria; 87 tons,

5220/., Turkey ; 6 tons, 360/., Egypt; total, 478 tons, 28,680/. The shipments from Trebizonde by

steamer iu 1880 were (from Turkey) :—47 sacks (of 2 cwt.), 188/., to Turkey ; 240 sacks, 960/.,

Great Britain ; 264 sucks, 1056/., France ; 103 sacks, 412/., Austria and Germany ; 26 sacks, 104/.,

Greece ; total, 680 sacks, 2720/. ;
(from Persia) : 25 sacks, 100/., Great Britain ; 31 sacks, 124/.,

France ; 30 sacks, 120/., Austria and Germany; total, 86 sacks, 344/. Bushire despatched 5000r.

worth to India in 1879. Syra sent 248/. worth to Great Britain in 1879. Venice exported 1745

tons of galls and bark, value 34,906/., in 1879.

The best oak-galls contain 60-70 per cent, of tannic or gallotannio acid, and 3 per cent,

of gallic acid. " Kove " is a small crushed gall, containing 24-34 per cent, of gallotanuic acid.

There are many other varieties of non-commercial oak-gall.

Chinese or Japanese Galls.—These are vesicular protuberances formed on the leaf-stalks and

branches of the Bhus semialata [_Backi-amela'], a tree of 30-40 ft., common in N. India, China, and

Japan, ascending the outer Himalaya and the Khasia Hills to 2500-6000 ft., by punctures of the

female of Aphis chinensis. The galls a-e collected when their green colour is changing to yellow, and

are then scalded. They are light and hollow, 1-2^ in. long, and of very varied and irregular form.

The Japanese are the smaller and paler, and usually more esteemed. The galls contain about

70 per cent, of tannic or gallo-tannio acid, and 4 per cent, of another tannin. They are consumed

mainly in Germany, for the manufacture of tannic acid.

Hankow exported 30,949 piculs (of 1331 lb.) in 1872 ; and 21,611 piculs, value 136,214 taels (of

about 6«.), in 1874. In 1877, the total Chinese export did not exceed 17,515 piouh. Hankow
exported 24,742J piculs in 1878, and 28,392 piails, 59,614/., in 1879; Pakhoi, 62/. worth in 1879;

Canton, ?il55\ piculs in 1877, 1939 in 1878, 3163J in 1879 ; Ichang, lOOJ piculs, 132!., in 1878, 402i
piculs, 586/ , in 1879 ; Shanghae, 27,659J piculs in 1879.

In China trade returns, they are always miscalled " nut-galls " or "gall-nuts" : correctly, they

are wu-pei-tze. Oak-galls are exported from China resembling those of W. Asia. Japanese galls,

hifnshi, are sent in increasing quantities from Hiogo.

Our imports of galls in 1880 were:—24,590 cwt., 68,697/., from China; 17,311 cwt., 60,648/.,

from Turkey ; 9182 ewt., 9013/., from other countries: total, 51,083 cwt., 138,358/. Our re-exports

in the same year were :—6260 cwt., 18,479/., to Holland ; 6022 owt., 18,147/., to Germany ; 3214

cwt,, 11,002/., to France; 3045 owt., 8598/., to Belgium; 2651 cwt., 11,004/., to the United States;

1625 cwt., 5205/., to other countries; total, 22,817 cwt., 72,435/. The approximate London market

values of galls are : —Bussora, blue, 82-1 02s. a cwt.; do., white and in sorts, 50-90s. ; China,

50-70s. ; Japan, 55-56s.

Gambler, Pale Catecliu, or Terra Japonica (Fr., Gambir, Cachou jaune; Geb.,

Gamhir).—These names are conferred upon an extract from the leaves of Uncaria Gambier [_Naaclea

Gambir'] and V. acida, containing 36-40 percent, of a brown tannin, which rapidly penetrates

leather, and tends to swell it, but alone gives a soft porous tannage; it is largely used in

conjunction with other materials for tanning both dressing- and sole-leather. The plants are stout

climbing shrubs, the first-named being a native of the countries bordering the Straits of Malacca,

and especially the islands at the E. end, though apparently not indigenous to any of the islands

of the volcanic band, growing also in Ceylon, where no use is made of it ; while the second,

probably a mere variety, flourishes in the Malay islands.

The shrubs are cultivated in plantations, often formed in jungle clearings ; the soil is very

rapidly exhausted, and further injured by excessive growth of the ineradicable /a/anjt-grass

QAndropogon caricosus). It is found advantageous to combine pepper-culture (see pp. 1812-4) with

that of gambier, the boiled leaves of the latter forming excellent manure for the former. The
gambier-plants are allowed to grow 8-10 ft. high, and as their foliage is always in season, each
plant is stripped 3 or 4 times in the year. The tools and apparatus for the manufacture of the

extract are of the most primitive description. A shallow cast-iron pan about 3 ft. across is built

into an earthen fire-place. "Water is poured into the pan, a fire is kindled, and the leaves and
young shoots, freshly plucked, are scattered in, and boiled for about an hour. At the end of this

time, they are thrown on to a capacious sloping trough, the lower end of which projects into the

pan, and are squeezed with the hand so that the absorbed liquor may run back into the boiler.

The decoction is then evaporated to the consistence of a thin syrup, and baled out into buckets,
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Wlicn sufBciontly oool, it is Bubjected to curious treatment: instead of simply stirring it round,

the workman pushes a stick of soft wood in a sloping direction into each bucket ; and, placing two
such buckets before him, he works a stick up and down in each. The liquid thickens round the

stick, and, the thickened portion being constantly rubbed off, while at the same time the whole is in

motion, it gradually sets into a mass, a result which, it is said, would never be produced by simple

stirring : it is reasonable to suppose that this manner of treating the liquor favours the crystalliza-

tion of the cateohiii in a more ooncrote form than it might otherwise assume. Tlie tliickencd

mass, resembling soft yellowish clay, is now placed in shallow square boxes ; when somewhat
hardened, it is out into cubes, and dried in the shade. The leaves are boiled a second time, and
finally washed in water, which' is saved for another operation.

A second plan is as follows :—The leaves are boiled, and bruised in a wooden mortar (Jcsong),

from which they are put into a kind of basket of rattan open-work, which is pressed by a long

piece of wood acting as a lever ; the liquid is received into a trough, and there allowed to settle.

When the sediment has acquired sufficient substance, it is put into a kulit-kai/o, formed like a tub

without a bottom, which lets the superfluous water drain off; when that is done, it is taken out,

made into small cakes, and dried for use. A plantation employing 5 labourers contains 70,000-

80,000 shrubs, and yields 40-50 catties (of 1^ lb.) of gambier daily.

Plantations were commenced in Singapore in 1 829, and once numbered 800 ; but owing to

scarcity of fuel, abundance of which is essential to the manufacture, and dearness of labour, the

culture was fast declining in 1866. In 1872, it had much recovered. It is largely pursued on the

mainland (Johoro), and in the Ehio-Lingga Archipelago, S.-E. of Singapore; on Bintang, the

most northerly of the group, there were 1250 plantations of it in 1854. None is cultivated in

Sarawak, though found wild in many parts ; the foreign export from Sarawak in 1879 had a total

value of 88,148 del. The best kind is brought largely from Sumatra, but is often adulterated

with sago. The Ehio product is also thus sophisticated, and rendered heavier by the Chinese

purposely pacliing it in baskets lined with wet cajangs, occasioning a loss to the purchaser of about

30 per cent.

Singapore is the great emporium for gambier, and exported 34,248 tons in 1871, 19,550 tons

having been imported, chiefly from Rhio and the Malay Peninsula. In 1876, the export iucraosed

to over 50,000 tons of pressed block, and 2700 tons of cubes. In 1877, it fell to 39,117 tons, owing

to differences with the Chinese dealers concerning adulteration ; of this quantity, 21,607 tons were

for London, 7572 for Liverpool, and 2345 for Marseilles. The United Kingdom imports in 1872

were 21,155 tons, 451,737/., almost all from the Straits Settlements ; in 1880, tliey were 26,061 tons,

461,781/., from the Straits, and 352 tons, 6408/., from other countries; tutal, 26,413 tons, 468,249/.

Our re-exports in 1880 were :—2487 tons, 48,507/., to Holland ; 1591 tons, 31,542/., to Germany
;

1137 tons, 23,694/., to Eussia; 594 tons, 12,026/., to other countries; total, 5809 tons, 115,769/.

The approximate London market values are 15s. 6c/. -21s. 6d. a cwt. for block, 18-24s. for pressed

cubes, and 23-27s. for free cubes.

Hemlock.—The bark of the hemlock or hemlock spruce (Abies canadensis), of Canada and the

United States, contains nearly 14 per cent, of tannin. Tlie stripping of the bark commences in the

southern parts of the United States in spring, and lasts during April-May; in New York,

Michigan, and Wisconsin, the season is June-July ; and further north, it is still later. It is said

that the best product is obtained furthest south. The destruction of the hemlock forests is fast

approaching. Within the last 25 years, the preparation of an extract from the bark, containing

18-25 per cent, of a deep-red tannin, giving considerable weight and firmness to leather, has

superseded the export of crude bark. The mode of preparing the extract is as follows :—The bark

in pieces J-l in. thick, and several inches long, is soaked for about 15 minutes in water at 93°

(200° F.) ; it is then fed into a hopper, which conducts it to a 3-roller machine, something like a

Bugar-oane mill (see p. 1873), through which it passes, coming out lacerated and compressed ;
it

next falls into a vat of hot water, where it is agitated by a whe6l, that the tannin from the crushed

cells may be dissolved in the water; hence it is raised by a series of buckets on an endless chain,

somewhat in the manner of a grain-elevator, to another hopper, whence it is fed to another 3-roUer

miU; here it receives its final compression, and comes out in flakes or sheets, like coarse paper,

and almost free from tannin. The buckets are made of coarse wire, that the water may drip

through during the elevation. In order to avoid the blackening action of iron, wherever this

metal is brought into contact with the solutions it is thickly coated with zinc. The solution is

evaporated to a solid consistency, generally by vacuum-pans. About 2 tons of bark are represented

by 1 bar. (of less than 500 lb.) of extract. The chief makers are A. S. Thomas, Elmixa, N.Y.

;

5 Brown & Co., New York ; Canada Tanning Extract Co., St. Leonard and Bulstrode
;
J. Miller

6 Co MiUerton, New Brunswick. The total production is probably over 10,000 tons annuaUy,

ranging in value between 17/. and 23/. a ton. Our import* are included in barks and extracts,

p. 1988.

Kino.—Bee Eesinous and Gummy Substances, pp. 1667-8.
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Mimosa- or Wattle-ljark.—The bark of numerous Bpeoies of Acaeia, natives of Australia,

contain considerable percentages of deep-red mimo-tannio acid, which forms a hard and heavy

tannage if used strong, though soft upper-leathers may be tanned with it in weak liquors. The

chief kinds are as follows :—The common wattle {Acacia decurrms), including its variety A. mol-

lissima, is known also under the names of green, black, and feathery, but must not be confounded

with the silver wattle (A. dealbata), though but doubtfully a distinct species. The bark is obtainable

in vast abundance, and is much used by tanners. The trees are stripped in September and the

two or three months following, and the bark, being allowed to dry, is then in a marketable con-

dition. This tree, which grows in the uplands, affords a larger percentage of tannin than the

silver wattle.

Blackwood or lightwood {A. melanoxylon) yields tanners' bark, which is inferior, however, to

that from A. decurrens. The bark of A. penninervis yields of tannic acid 17 '9 per cent., and of

gallic acid 3 • 8 per cent. The bark of the native hickory (_A. suppurosa) yields of tannic acid 6 • 6

per cent., and of gallic acid 1 • 2 per cent.

The bark of A. saligna, of S.-W. Australia, is much used by tanners, as it contains nearly 30 per

cent, of mimo-tannin. A. harpophijlla, of S. Queensland, furnishes a considerable share of the

mercantile wattle-bark for tanning purposes. The bark of A. lopliantha contains only about 8 per

cent, of tannin.

The broad-leaved or golden wattle (A pycnantha), of Victoria and S. Australia, deserves extensive

cultivation. It is of rapid growth, will succeed even in sandy tracts, and yields seed copiously, which

germinates with the greatest ease. TJie perfectly-dried bark contains about 2,5 per cent, of tannin.

The aqueous infusion of the bark can be reduced by boiling to a dry extract, which in medicinal and
other respects is equal to the best Indian cutoh. It yields approximately 30 per cent, of tannin,

about half of which, or more, is mimo-tannic acid. Probably no other tanning plants give so quick

a return in cultivation as the A. pycnantha and A. decurrens of Australia. The latter varies in its

proportions of tannin from 8 to 83 per cent. In the mercantile bark, the percentage is somewhat

less, according to the state of its dryness, it retaining about 10 per cent, of moisture. The bark of

the silver wattle (^A. dealbata) is of less value, often even fetching only half the price of that of the

black wattle. The bark improves by age and desiccation, and yields 40 per cent, of tannin, rather

more than half of which is tannic acid.

Amongst all the kinds, the bark of the broad-leaved wattle is considered the most valuable,

containing the greatest quantity of tannin ; that of the silver wattle is not so valuable, being

deficient in tannin ; the black wattle is considered the most productive species ; it can be barked

at 8 years of age, and will produce 40-60 lb. dried bark, and full-grown trees will yield 100-150

lb. per tree.

The cultivation of wattles for commercial purposes has till now remained undeveloped ; but no

doubt, as soon as it is understood, the utilization of many acres of land lying waste, or which has

already been exhausted and rendered unfit for the growth of cereals,_will be effected by the cultiva-

tion of the wattle. It requires so little attention as to make it very profitable, and wattle-growing

and grazing can be combined satisfactorily. After the first year, when the young trees in the

plantation have reached the height of 3-4 ft., she.ep can be turned in.

Wattles grow in almost any soil, even the poorest, but their growth is most rapid on loose

sandy patches, or where the surface has been broken for agricultural purposes. When the soil is

hard and firm, plough furrows should be made at a regular distance of 6-8 ft. apart, into which
the seeds are dropped. The seed should be sown in May, having been previously soaked in hot

water, a little below boiling temperature, in which they may be allowed to remain for a few
hours. The seed should be dropped at an average distance of 1 ft. apart along the furrow, in

which case, about 7200 seeds would suffice for one acre of land. The seed should not be covered

with more than about J in. of soil.

On loose sandy soil, it might even be unnecessary to break up the soil in any way : the furrows

may be dispensed with, and the seed sown broadcast after the land is harrowed. After the plants

have come up, they should be thinned so that they stand 6-8 ft. apart. When the young trees

have attained the height of 3-4 ft., the lower branches should be pruned off, and every effort

afterwards made to keep the stem straight and clear, in order to facilitate the stripping, and
induce an increased yield of bark. It is advisable that the black and broad-leaved should be grown
separately, as the black wattle, being of much larger and quicker growth, would oppress the
slower-growing broad-leaved one. Care should be taken to replace every tree stripped by re-

sowing, in order that there should be as little variation in the yield as possible. The months of

September-December, in Victoria, are those in which the sap rises without intermission,

and the bark is charged with tannin. Analysis proves that the bark from trees growing on
limestone is greatly inferior in tannin to that obtained from other formations, differing 10-25

per cent.

The estimated expenditure on a wattle-bark plantation of 100 acres during 8 years is :

—
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Hent of 100 acres for 8 years at 6j. per acre per annum 240

Ploughing 100 acres in drills 10 ft. apart 25

Sowing wattles anil actual cultivation, including cost of seed .. .. 37 10

Supervision for 8 years (nominal), say 10/. per annum 80

Pruning the trees, tuMng off useless wood (necessary for 2 years), 10s.

per annum 50

Incidental and unforeseen expenses 27 10

Interest on the whole amount expended during 8 years 240

700

Actual cost of stripping and carting, OS shown below 1515

£2215

The receipts derivable from a wattle plantation of 100 acres, planted in the manner proposed,

would be :

—

£ •. d.

Each acre planted with wattles, 10 ft. apart, would carry 400 trees, and

at end of 5th year trees would yield say 56 lb. matured bark : strip-

ping only every 3rd tree, 332 trees would be obtained off 100 acres

:

this, at 4/. per ton, would give for 1st stripping 1332

In the Cth or following year, a similar number of trees would be

stripped : the bark having increased in weight (say 14 lb.), the in-

creased yield of 2nd stripping would be 400 tons at 4/. per ton . . 1600

In the 7th year, the remaining trees would be stripped, from which a

still greater increase would be obtained, say 480 tons at 4/. per ton .. 1920

Total yield of bark 4852

The cost of stripping would not exceed 15s. per ton, on account of the

facilities presented by the regularity of the trees, while carting would

represent another 10s. per ton : those combined charges would be 25s.

per ton, and on 1215 tons, would be 1515

Leaving a clear profit on the 100 acres of £2637

The exports of mimosa-bark in 1876 were 11,899 tons from Victoria, 4758 from S. Australia, and

1735 from Tasmania. Later returns are included in barks, p. 1988. Shanghai imported 7038

pioula (of 133^ lb.) in 1879. The approximate London market values of mimosa-bark are :—Ground,

6-18/. a ton ; chopped, 5-12/, ; long, 51.-91. lOs. A very superior extract has been made from this

bark.

myrobalans or Myrabolams.—The fruits of several species of Terminalia constitute the

myrobalans of commerce ; they are chiefly T. CheJmla and T. Bellerica, natives of India, the former

being a tree 40-50 ft. high, and esteemed for its timber also. The fruits contain 30-35 per cent,

of gallotannio acid, producing a soft and porous tannage, and good samples giving a bright-yellow

colour. The tannin exists in the pulp, and is absent from the very hard " stone." The dried

fruits are known locally as har, harra, or hahera, and are used commonly for dyeing, but not for

tanning.

Our imports of myrobalans in 1880 were:—238,151 cwt., 121,465/., from Bombay and Smd

;

115,670 cwt., 51,339/., from Madras; 11,020 cwt., 4717/., from Bengal and Burma; 3520 cwt.,

1402/., from other countries ; total, 368,361 cwt, 178,923/. Our re-exports in 1880 were 8015 cwt.,

4328/., to Germany ; 16,127 cwt., 8515/., to other countries ; total, 24,142 cwt, 12,843/. The

approximate London market values of myrobalans are 7-14s. a cwt. for good, and 5-lOs. for

common. Shanghai imported 4403 pimls (of 133| lb.) in 1879.

Oak-barks {¥r., Ecorces de Chene ; Gbr., Eichenrindeii).—The barks of several species of oak

have valuable tanning properties. They are chiefly :—The common oak (Quercys Robur), which is

of eveu greater importance as a timber-tree (see Timber—Oak) ; the cork oak {Q. Suher), described

at length under Cork (see pp. 722-9) ; the evergreen oak (0. Ilex); and the American chestnut-

oak (C- sessiliflord). These barks are among the most esteemed tannins as regards quality of leather,

but are incapable of giving much weight, and from their bulk are costly to handle, containing

only 10-12 per cent, of tannin (quercitannic acid). They give a reddish fawn-coloured leather,

and deposit a good deal of bloom, but yield no gallic acid. The barks of the cork-oak and evergreen

oak from S. Europe, are stronger and darker-coloured than English bark. The American chestnut-

oak contains a peculiar fluorescent principle like sesculin.

6 t 2
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Ouv imports of unspecified barks for tanners' and dyers' use in 1880 were :—189,399 cwt.,

101,108/., from Australia ; 123,302 cwt., 32,97«., Belgium; 57,232 cwt., 20,988/., United States;

22,100 cwt., 6030?., Holland; 18,648 cwt., 3676/., Italy; 16,161 cwt., 6972/., Algeria; 22,669 cwt.,

8838/., other countries ; total, 449,501 cwt., 180,586/. Our imports of unenumerated bark-extracts

in the same year were valued at :— 516,578/. from Holland, 92,654/. France, 30,187/. United States,

16,315/. British N. America, 12,796/. Belgium, 13,769/. other countries ; total, 682,299/. Our

re-exports of barks in 1880 were :—19,548 cwt., 10,348/., to Germany; 14,627 cwt., 7425/., France
;

4555 cwt., 3041/., Holland; 10,304 cwt., 6080/., other countries ; total, 49,034 cwt., 26,894/.

With regard to cork-tree bark, James Gordon & Co., Liverpool, obligingly write that very little

comes to England, the great bulk going direct to Ireland, where the consumption is large. The

imports at Liverpool in 1880 were 186 tons, average value 8/. per ton. Of oak-bark, Hungary, in

1877, produced 25,000 tons, of which, 20,000 were exported to Germany for tanning purposes. The

approximate London market values of oak-bark are :—English, 12-16/. per load of 45 cwt.

;

Foreign, tree, 5-8/. a ton ; ditto, coppice, 6-8/. In 1879, Algiers exported 12,600,047 kilo, (of

2 2 lb.) of tanning bark.

ftuebracho.—The local name quebracho, contracted from quehra-hacho ("axe-breaker"), is

applied to several S. American trees possessing hard wood, belonging to distinct genera. They

are chiefly as follows :—(1) Aspidosperma Quebracho, the quebracho bianco, a tree growing in the

province of Catamarca, Argentine Eepublio ; (2) Loxoptsrygium \_Quebrachia'\ Lorentzii, the quebracho

Colorado, most prevalent in the province of Corrientes, the wood and bark of which come largely

into commerce as tanning materials; (3) lodina rhomMfolia, the quebracho fiojo, whose wood and

bark are mixed with those of No. 2 ; (4) Machcerium fertile \_Tipuana speciosa'], the tipa, which

affords both wood and bark of less tanning value than No. 2. It would seem that the wood and

bark of No. 2 are by far the most largely employed, containing 15-23 per cent, of a bright-red

tannin. The wood and an extract from it are imported into Europe.

From information kindly furnished by James Gordon & Co., and Haw & Co., of Liverpool, it

appears that the imports of quebracjio-wood into Liverpool in 1880 were 200 tons, value about

4/. 10^'. a ton ; and of quebracho-bark, about 20 tons, none of which had been sold.

Sumacli or Shumac (Fk., Sumac; Gek., Gerbersumaoh, Schmack).—The commercial term

"sumach" is applied to the dried leaves of a number of S. European and American tannin-

yielding plants. These are chiefly as follows :—In Sicily, the European or tanning-sumach (-H/ius

Coriaria) ; in Tuscany, R. Coriaria, often adulterated with leaves of Pistaeia lentiscus ; in Spain,

several Rhus spp., the products being divided into 3 kinds—Malaga or Priego, Malina, and Valla-

dolid ; in the Tyrol, the smoke-tree or fragrant or Venetian sumach (iJ. Cotinus) ; in France,

Coriaria myrtifolia, divided into 4 aorta—fauvis,. douzere, redoul or redon, and pudis, in Algeria,

Tezera sumach (E. pentaphylla), used by the Arabs for making morocco-leather ; in N. America,

the smooth or white sumach (if. glabra), the Canadian sumach (iJ. canadensis), the staghorn sumach
{E. typhina), and the dwarf or black sumach (iJ. copallina). These are found growing wild in the

countries indicated, and are further subjected to cultivation in some districts, notably in Sicily.

B. glabra and S. copallina are recommended chiefly for extended cultivation in the United

States.

The soil usually chosen for cultivation of the plants is poor and light; but a mnch larger

crop of leaves can be secured from strong, rich, deep soils, and it is generally admitted that the

product in the latter case is also better. In Italy, limestone soils are considered to be especially

suited to this culture, but the American varieties appear to be well adapted to sandy and clay soils

as well. Tlie primary requisite in a soil is that it should be well drained, the presence of stagnant

water about the roois being exceedingly prejudicial. To prepare the soil for planting, it is

ploughed as deeply as possible, and laid out in rows about 2 ft. apart. In Italy, small holes are

made about 2 ft. long, 7 in. wide, and 5 in. deep, and a plant is inserted at each end. A more
convenient method would consist in marking the field in shallow furrows in one direction 2 ft. apart,

and then, with a heavy plough, tolerably deep furrows the same distance apart as, and at right angles

to, the first. A plant may then be placed in the deep furrows at each intersection, the furrow
again filled with the plough, and the earth pressed about the plant with the foot. If this were done
in early spring-time, as soon as the earth is sufficiently dry to be conveniently worked, there can
be no doubt that it would be successful, while it would cfertainly involve little cost. Plants are

generally propagated from the young shoots which form each year about the base of an older

plant, but may also be produced from cuttings made from young well-ripened wood, rooted by
setting in a nursery or in frames, as in the propagation of grape-vines from cuttings. This latter

method is scarcely ever required, however, when the cultivation has been started. Plants are also

raised from seed, and seedlings are always found to be strong, vigorous, and thoroughly hardy ; but
on account of the greater time and labour involved in their production, this method of propagation
has not received extended application. The first-mentioned generally gives the quickest, and
probably most satisfactory results.
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In selecting planU fh)m any source, there are certain points to be observed :—(1) The shoots

should come from young vigorous plants; (2) they should be over 1 ft. long; (3) those with

large roots and few rootlets should be rejected ; (4) those having white roots, covered with n

fibrous, white, silky down, are also to be rejected, this being an indication of the presence of a very

injurious subterranean parasitic fungus, cnpable of destroying the entire crop; (5) a good shoot is

straight, at least J in. diam., 18 in. long, furnished with numerous buds close to each other, root

short, but covered with rootlets. Shoots for planting may be collected in autumn, after tlie leaves

have fallen, and be preserved in a nursery until spring ; or this may be done in early spring, when
the ground is very moist and soft. In either case, care should be observed that the rootlets are not

injured by drying, or from any other cause.

The culture to be given the plant is somewhat similar to that required by Indian corn: the

earth about it should be kept tolerably mellow and free from weeds, and such conditions can

probably be maintained to a degree sufficient for sumach, by working several times during the

growing season with a cultivator, and passing through the rows occasionally with a plough. All

this work is not absolutely necessary to the life of the plant, hut its vigour, and consequently its

yield in leaves, may be considerably increased and strengthened thereby. After the first year, tho

number of operations may be diminished, but they should always be sufficient to keep the groimd

free from weeds and grass.

Sliurtly after planting, and when the plant is well set, tho i-tock is pruned to a length of G-8 in.,

wlien the plant is left to assume any form, and is no further pruned except by the process of

collecting the leaves, unless hand-picking is resorted to ; in such case, after the 2nd year, pruning

takes place each year in the fall or winter, the plant being reduced to a height of 6-10 in. After

tlie 3rd year, the plant begins to produce tlie shoots from about its base, already mentioned ; these,

if not needed for new plantations, should 1j<< removed each year, for if left to develop, they weaken
the plant. If not removed during the summer, the operation should without fail bo effected during

the fall or winter.

The Ist crop of leaves may be secured during the year following that of planting. Tliis

develops and matures somewhat later than that from older plonts, and in Italy it is not coUeeteil

until the end of August or the 1st of September; but there are reasons for believing that in the

United States, especially in the N. States, the collection of leaves from native varieties should be
made much earlier, because the summer is much shortej-, and the habits of the varieties grown
differ from tlio Sicilian. All tho leaves, except the young and tender ones of the extremities of

the branches, are stripped off and placed in baskets, in wliich they are carried to a threshing-floor,

where they are spread out in thin layers to dry. Here they must be frequently stirred and turned

over, for which purpose a fork with wooden prongs is employed. In the fall, when grow tJiis

finished, and before the leaves have had time to become red, those remaining on the extremities

are collected. To this end, the branches are broken just below the tuft of leaves, and the latter

are allowed to remain suspended to the branch by a piece of bark not detached, and left in this

condition until nearly or quite dry. They are then collected and treated in the same manner as

other leaves, but the product obtained in this way is always of inferior quality.

After the 2ud year, crops of larger quantity and superior quality are obtained, and the collec-

tion is made in a different way, and much more frequently. The two methods followed in Sicily

are (1) pruning, and (2) defoliation. The first, which is the more ancient, but much less costly,

requires less care, and is simple and rapid ; but it is injurio\is to the future condition of the plant,

and the quantity of subsequent crops. The second, though slower, serves to better maintain tho

vigour of the plant, and the uniform quantity of the crop from year to year ; in consequence, it

reduces the necessity for frequent renewal of stocks.

Harvest by pruning is carried on in Italy as follows. During May, the lower leaves, which,

from greater age, appear to have attained full maturity, and may be in danger of loss from falling,

are removed in the same manner as described for collecting the leaves from yearling plants. Toward
the end of June, and during the course of July, all branches bearing leaves are cut away, reducing the

plant to the principal stock : by this means, the crop is harvested and the plant is pruned at the

same time. But even in Sicily, the time for this operation is limited to no absolute period, and

varies with the development of the leaf, as indicated by cessation of growth and increase in size.

In this condition, also, the leaves will ha^e acquired their deepest green colour, and attained their

maximum weight and best quality. It is further stated that while this time varies according to

locality, about Palermo it is never earlier than June nor later than July. The harvest by pruning

must always be made by men accustomed to the work, and equal to the exertion required.

Provideil with a pruning-bill, they cut off all leaf-bearing branches, collecting them on the left

arm, until each has cut as much as he can conveniently carry, when he places the armful on the

ground with the butts in the direction of the prevailing wind, which, if tolerably strong, might
carry away some of the leaves if turned in the opposite dii'ection ; finally, he presses down tha

branches with his foot, to make the heap more compact, and leave less surface exposed to the wind
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and aun. Another labourer deposits a second armful in the same place, presses it with his foot in

Uke manner, and the two deposits constitute a bundle. At the close of the operation, there remain

the young shoots which are formed about the base of the plant, the leaves of which are not fully

developed, and consequently not fit for collection until at least 20 days later. After this time, they

are removed by hand, care being observed not to injure the buds, especially if the shoots are to be

used for stocks in the formation of plantations of the following year.

Defoliation, or collection by hand, is carried on whenever the leaf may be fully developed and

ripe, beginning at first with the lower leaves, and continuing eventually to the ends of the

branches. It takes place at 3 different times during the season: the Ist in May, the 2nd late in

July or early August, and the 3rd in September. At the last collection, the extremities of the

branches are broken down, and the leaves are allowed to dry before removal from the plant, as

described under collections of the 2nd year. In the application of this method, the regular pruning

is effected during the fall or winter, when the plant is dormant, and under such conditions the

operation becomes a regenerative one, giving in this particular an advantage over the other

method, in which the pruning is effected in the summer when the plant" is in full vegetative

activity, and so has a strongly deteriorating influence. In both methods of pruning, care should

be observed to leave a long slanting section, upon which, water will be less likely to settle and
promote decay.

The leaves collected by either method are dried in the open field where they have grown, and
when dried, are carried to a threshing-floor to be beaten, or at once to the threshing-floor and dried

there. In the former, the operation is rather more rapid, but there is greater danger of injury by
rain, the effect of which is very deleterious, especially if it fall upon the leaves when they are

partially dried. The damage resulting from this cause is less if the leaves are not lying upon the

ground, and are so arranged that the air may circulate freely about and under them. In the

pruning method, the leaves are dried upon the branches and in the heaps where they are first

deposited. Sometimes they are turned, but generally it is considered better not to disturb them
until completely dried, and ready for transportation to the threshing-floor. In this way, they are

protected to a greater extent from the action of direct sunlight, which is said to be injurious to the

quality of the product. When the leaves are collected by hand, they are dried upon the threshing-

floor, where they are spread in thin layers, and stirred 8-4 times a day. They are then beaten

with a flail to separate the leaves from the branches and stems. If this be done during the middle
of the day, when the leaves are most thoroughly dry and consequently brittle, they are reduced

to small particles, producing what is called " sumach, for grinding." But if it be done in the
morning, or on damp days, when the air is charged with moisture and the leaves are tough, they
are separated from the stems more nearly entire and less broken, and the product obtained is called
" sumach for baling." The sterna remaining after the separation of sumach for baling still retain

small particles of leaves attached to them, and they are therefore again beaten when perfectly dry
for the production of a low-grade sumach, called by the Italians gammuzza. The producta are

classed as follows :

—

Sumach for baling relative market value 2-5

„ „ grinding
, „ 2-3

„ from yearling plants „ „ 1-5

„ „ ends of branches collected in autumn „ „ l-Q

To prepare these different grades for ultimate consumption, they are ground in mills similar to

those employed for crushing olives, that is, in which two large stone wheels follow each other,

revolving upon a circular bed, the whole construction being about the same as the Spanish or

Mexican arrastre. The sumach thus pulverized is passed through bolting-screens, to separate the

finer from the coarser particles.

In Virginia, the leaves are collected and cured by the country people, and sold and delivered

to owners of mills for grinding. Their particular object being to secure the largest possible

quantity of product at the lowest cost, little attention is given to the quality obtained, or the

manner of collecting. The most intelligent dealers in the raw material urge upon collectors to

observe the following particulars:—The leaf should be taken when full of sap, before it has turned
red, has begun to wither, or has been effected by fros't, to ensure a maximum value for tauniug

purposes. Either the leaf-bearing stems may be stripped off, or the entire stalk may be cut away,
and the leaves upon it allowed to wither before being carried to the drying shed ; but care must be
observed that they are neither scorched nor bleached by the sun. When wilted, they are carried

to a covered place, and spread upon open shelving or racks to dry, avoiding the deposit in any one
place of a quantity so great as to endanger the quality of the product by overheating and fermen-
tation. Sumach should be allowed to remain within the drying-house at least one month before
sending to the market; in case of bad weather, a longer period may be required. When ready for
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packing for sliipment, it should be perfectly dry and very brittle, otberwise it is likely to suffer

injury in warehouses from beating and fermentation.

Buyers of sumach leaves for grinding depend largely upon colour for tlio determination of the
value

; the leaves should, therefore, when ready for market;, present a bright-green colour, which
is evidence that they have suffered neither from rain after Iwing gathered, nor from heating during
the process of drying. Leaves having a mouldy odour or appearance are rejected. The Virginian
cmp roaches 7000-8000 tons, and is collected at any time between July 1 and the appearance of

frost.

There is an important difference in the value of the European and American products. The
proportion of tannic acid in the latter exceeds that found in the former by 6-8 per cent., yet the
former is much preferred by tanners and dyers. By using Sicilian sumach it is possible to mike
the finer white leathers, so much used for gloves and fancy shoes ; while by the employment of the

American product, the leather has a disagreeable yull)w or dark colour, apparently due to a colour-

ing matter, which, according to Loewe, consists of quercitrin and quercetin, and exists in larger

quantity in the American than in the Sicilian.

The experimental results obtained by collecting sumach at different seasons were :

—

Virginia, mixed, collected in June, gave .. .. 22 '75 per cent, of tannic acid.

.. ., ,, July,
,

27-38 „

„ S. glabra „ August,,, .... 23 '56 „ „

„ iJ. copallina „ „ „ .... 16 -99 „ „
Sicilian, B. Coriaria „ „ „ .... 24 -27 „ „

It is evident, therefore, that in order to secure the maximum amount of tannic acid, the sumach
should be collected in July, but the colouring matter of the leaves has an important influence upon
the value of the product. The leaves of the upper extremities of the stalks are always richer iu

tannic acid than those of the base ; and the increase of age of the plant is accompanied by a

general diminution of this acid. Yet the collection of the crop should be delayed aa long as

possible, because the diminution of tannin iu the leaves will be abundantly compensated for by
the quality of the product.

Experiments upon the presence of colouring matters were made by treating gelatine solutions,

and gave the following results :

—

Virginia, mixed, collected in June, gave . . A nearly white precipitate.

„ „ „ July, „ .. A decidedly yellowish-white precipitate.

„ S. copallina, „ August, ,, . . A dirty-yellow precipitate.

„ JR. glabra, „ „ „ . . A very dirty-white precipitate.

Fredericksburg mixed, „ „ „ ..A dirty-yellow precipitate.

Sicilian „ „ „ . . A slightly yellowish-white precipitate.

It is therefore advised that for the purpose of tanning white and deliaitcly-colourcd leathers,

the collection should bo made in June ; while for tanning dark-coloured leathers, and for dyeing

and calico-printing in dark colours, where the slightly yellow colour will have no injurious effect, the

collection be made in July. It appears that for all purposes, the sumach collected after the 1st of

August is inferior in quality.

Pig. 1426 shows a mill for grinding sumach-leaves ; it consists of a heavy solid circular wooden

bed a, 15 ft. diam., with a depression around the edge 6, a few inches deep and 1 ft. wide, for the

reception of the ground sumach from the bed, and 2 edge-rollers c, weighing about 2500 lb. each,

5-6 ft. diam., and provided with numerous teeth of iron or wood, thickly inserted. Most mills have

to be stopped to allow the unloading of the bed, but this delay is obviated by an apparatus consist-

ing of an angular ai'm d, attached to a scraper e, and worked by a lever /, which passes through the

hollow shaft g and extends to the room above, where it terminates in a handle h. The scraper

carries the ground sumach to the opening t, whence it is taken by an elevator to a revolving

sieve or screen in a room above. After screening, the sumach is packed in bags, 15 to the ton,

being always sold by that weight. The chasers and beds are inclosed in a case or drum, aud the

grinding is done by the application of power to the upriglit shaft g. The mills are fed from above.

The packing is sometimes done by machinery alone. The best mills cost about 600/. In Europe,

and in some parts of the S. States, sumach is still ground by stones revolving on a stone bed, and

the sifting is often done by hand.

E. Ooez & Co., St. Denis, near Paris, make a sumach extract. It is concentrated to a syrupy

oonsiatenoe in a vacuum-pan, and keeps well, exhibiting none of the acidity which is manifested

by a simple decoction of sumach leaves. Sumach contains 16-24 per cent, of gallotannic acid, and

is somewhat similar in tanning properties to myrobalans, but paler in colour. It is principally

used for tanning morocco and other fancy leathers.
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The district of Anoona yields 200 tons per annum of sumach, said to be equal to and cheaper

than the Sicilian, but mostly consumed locally. Palermo exported of " ventilated " sumach to the

United States 120,043 bags (14 = 1 ton) in 1877, and 50,085 in 1878, the average value being 14«. a

ton. Trieste exported 7800 owt. by land in 1877; in 1878, the shipments to England were

16,600 fe'to. (of 2-2 lb.), value 1328 fl. (of 2s.), and in 1880, 91,800 kilo., 7344 fl. Eustchuk in 1880

exported 1400 tons, chiefly to

Koumania and Austria. Our ,:~^.

imports in 1880 were 10,573

tons, 133,249/., from Italy, and

1047 tons, 12,416?., from other

countries; total, 11,620 tons,

145,665?. The approximate

London market value is 15s.-

16s. Qd. a owt. for Sicilian, 10-

11s. for Spanish.

Valonia (Fb., YelanMes

;

Geb., Valonia). This is the

commercial name for the large

pericarps or acorn-cups of

several species or varieties of

oak, chiefly' Querous ^gilops

and 0. macrolepis. The former

is found growing in the high-

lands of the Morea, Eoumelia,

the Greek Archipelago, Asia

Minor, and Palestine ; the latter

constitutes vast forests in many
parts of Greece, and especially

on the lower slopes of Taygetos,

towards ^tylou and Mani
(Laconia). Prof Orphanides,

of Athens, alludes to a third

species or variety called porta

galussa, which yields a superior

kind of valonia, and named by him Q. stenophylla. The chief localities of production in Asia

Minor are Ushak, Borlo, Demirdji, Ghiordes, Adala, Nazlii, Buldur, Sokia, Balat, Troja, Aivalik,

and Mytilene. The annual exports, mainly from Smyrna, reach 600,000 quintals (of 2 cwt.), value

about 400,000?. In Greece, the production is chiefly centred in the following districts : (1) The

province of Lacedemonia, which afforded 10,000 owt. in 1872; (2) the province of Gythium, in the

lower part of Mount Taygetos, which gave 60,000 cwt. in 1872 ; (3) the island of Zea, which

formerly yielded 80,000-40,000 cwt., lately reduced to 15,000 cwt. yearly; (4) Attica, especially

the neighbourhood of Cacossalessi, grows 3000-5000 owt., shipped from Oropos, in the Strait of

Chalois ; (5) the island of Buboea, whence about 1000 owt. are shipped annually at Bouffalo

;

(6) the province of Triphyllia raises 3000 owt., which go to Trieste, via Cyparissie
; (7) the

province of Pulos, especially the commune of Ligudista, grows over 2000 cwt., despatched from

Navarino to Trieste ; (8) the province of Aohaia has a yearly crop of 30,000-40,000 owt., shipped to

Trieste from Courupeli and Garavostassi, between Patras and Cape Papa ; (9) the small towns of

Anatolico and Astakos (Dragomestre) collect the valonia of the eastern parts of .aitylon, Acarnania,

and Cravassaras (a port in the Gulf of Arta), and of all the other western parts, to be sent to

Trieste for shipment to England and Italy. MioMa, and Acarnania furnish abundant crops, that of

1872 exceeding 100,000 owt. The total area of the Greek valonia-yielding forests is said to be about

13,000 stremme (of 119§ sq. yd.). Tlie total production in 1877 was estimated at 2,601,000 quintals

(of 2 cwt.) ; the greater part is exported, about | going to Austria, and the rest to Italy and

England. The proportions of tannic acid in the valonia from different districts of Greece are said

to vary as follows : Patras, 19-28J per cent. ; Gythium, 27i-35J ; Zea, 12i-25J ; Vonitza, 18-20.

In Turkey, the fruit ripens in July-August, when the trees are beaten, and the fallen acorns left

on the ground to dry. The natives afterwards gather them, and ti'ansport them on camel-back to

stores in the towns, whence they go by camel and train to Smyrna, and are there placed in heaps
5-6 ft. deep in large airy stores for some weeks, during which the mass heats, and the acorn itself,

which contains but little tannin, and is used for feeding pigs, contracts and falls from the, cup.

This incipient fermentatioh is attended with considerable risk ; if carried too far, a large proportion

of the valonia becomes dark-coloured and otberwise damaged. When ready for shipment, the heaps
are hand-picked, the best being reserved for the Austrian market (Trieste); and the rest going to
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EnglanJ. In some cases, the rnbbish having been removed, the remainder is known as " natural,"

and is thus exported to England.

In Greek commerce, three qualities are distinguished, ehamada, rhabdisto, and chardtala. The
chamada (^cantata and camatitia of Asia Minor) is the best ; it is collected in April, before the acorn

is matured, hence the cup which encloses the acorn is small and incompletely developed. The
rhabdisto is the second quality ; it is collected in September-October, and is distinguished by the

fruit being larger and riper ; the name means " beaten," the fruits being beaten down from the

trees with sticks. After mid-October the collection ceases, because the first rains cause the fallen

fruit to ferment or turn black, and they then take the name of charchala. They are distingnished

by the cups being completely open, and containing no acorns. They are considered much inferior,

possessing little tannin.

Sometimes the acorn cup is attacked by a kind of honey-dew, which deposits on the cup, and

makes it very liable to heat when gathered, the cup becoming very dark and deficient in tannin.

The Turkish crop of 1875 was much damaged from this cause, many parcels reaching England

in an unsaleable condition. The cause of the disease is yet unknown ; it seems specially prevalent

when the crop is large and the aoom fully developed. A good sample of valonia should he com-

posed of medium-sized cups, with the rim or wall very thick, and the exterior spines small and

uniform. The cut or broken cup should show a bright-drab fractured surface. Valonia contains

25-35 per cent, of a tannin somewhat resembling that of oak-bark, but giving a browner colour and

heavier bloom. It makes a hard and heavy leather, and is generally used in admixture with oak-

bark, myrobalans, or mimosa-bark.

The Greek crop in 1880 was much damaged by the cold spring : it gave 600 tons in Acamania
and .ffitolia, 650 in Cape Papa, and 1400 in Mania ; total, 2650 tons. Calamata and Messenia pro-

duced 115 tons, 1700/. Syra exported in 1879, 1174/. worth to Great Britain, 348/. Austria, 259/.

Bussia, 250/. Turkey, 178/. Egypt. Hungary exported 942 tons in 1880. Adana shipped 9450/.

worth in 1878 ; and Dedeagatoh, in the same year, 1,500,000 lb,, 9000/. Musyna [Mersineh] sent

670 tons, 3350/., to Italy, and 450 tons, 2250/., to Austria, in 1879; and 480 tons, 2210/., to Italy,

and 128 tons, 640/., to Greece, in 1880. Our imports in 1880 were :—From Turkey, 30,391 tons,

471,637/. ; Greece, 2916 tons, 41,312/. ; other countries, 466 tons, 7105/, ; total, 33,773 tons,

520,054/. The approximate London market values are :—Smyrna, 12s. Gd.-20». Gd. a cwt. ; Camata,

15-19S. ; Morea, 10s. 6d.-Us.

SUscellaneous.—Besides the foregoing tannins, which already occupy prominent places in

European and American commerce, there are many others as yet of minor importance, but

possessing qualities which may bring them into note in the near future. They are as follows :

—

Abies Larix bark, the larih, contains 6-8 per cent, of a red tannin.

Acacia albicans fruits, the hiusache of Mexico, are used as substitutes for gall-nuts, costing

locally about 5d. a lb. A. nrabica, the babul of India, yields a tannin which gives a nearly pure-

vthite precipitate with gelatine: the proportions nru 12-55 per cent, in trunk-bark, 18'95 in

branch-bark, 15'45 in twig-bark. The supply is unlimited. It works well with myrobalans.

A. Cebil, the red cebil of the Argentine Eepublic, contains 10-15 per cent, of tannin in the bark, and

6-7 per cent, in the leaves ; another variety, the white cebil, contains 8-12 per cent, in the bark,

and 7-8 per cent, in the leaves. A. Cavenia, the espinillo of the Argentine Eepublic, has 33-4 per

cent, of tannin in the fruit-husks. A. penninervis bark, the " hardy " acacia of Australia, contains

18 per cent, of tannic aoid and 3-4 of gallic.

Alnus glutinosa bark, the common alder, contains about 16 per cent, of tannin.

Ca-salpinia Cacalaco fruits, the cascalote of Mexico, are very rich in tannic and gallic acids, and

locally used for tanning.

Comptonia asplenifolia leaves, the sweet-fern of the United States, contain 9-10 per cent, of tannin.

Coriaria ruscifolia bark, the tutu of New Zealand, contains 16-17 per cent, of tannin.

Ulceocarpus dentatus bark, the kiri-hinau of New Zealand, contains 21-22 per cent, of tannin.

E. Bookerianus bark, the pokako ofNew Zealand, contains 9-10 per cent, of tannin.

Ephedra antisyphilitica, on the^table-lands of Arizona and Utah, gives 11-12 per cent, of tannin.

Eucalyptus /oreffi/o/Za bark, the "woolly-butt" of Australia, contains 8 -3 per cent, of tannic

aoid and 2-8 of gallic. The "peppermint " tree contains 20 per cent, of tannic acid in its bark.

The " stringy-bark " (/?. o6/ig«a) gives 13J per cent, of kinotannio acid. The Victorian " iron-bark "

(E. leucoxylon) contains 22 per cent, of kinotannio acid, but is available only for inferior leather.

Eugenia Maire bark, the wtiau:hako of New Zealand, contains 16-17 per cent, of tannin. E.

Smithii bark, the " myrtle "-tree of Australia, contains 17 per cent, of tannic acid and 3-4 of gallic.

Fuchsia macrostemma root-bark is thin, brittle, and easily extausted ; it contains about 25 per

cent, of a bright-red tannin, which has been successfully tried. It is the churco bark of ChUi,

which, however, is attributed by the Kew authorities to Oxalis gigantea.

Inga Feuillei pods, the pay-pay of Peru, contain 24 per cent, of an almost colourless tannin.

Laurus J'eumo rind is used in Chili for tanning uppers.
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Malpighia pvmicifolia bark, the naueite, or manquitta bark of Nicaragua, contains 20-30 per cent,

of a very light-coloured tannin.

Persea Lingue bark is red-brown, soft, and easily exhausted by water ; it contains 20-24 per cent,

of tannin, and much slimy matter which promotes the swelling of the hides. It serves in S.

America, especially in the Ghilian province of Valdivia, for tanning Valdivia leather. In S. Chili,

are enormous forests of the tree. The imported bark has given good results with heavy leathers.

Phyllocladm tricomanoides bark, the kiri-toa-toa of New Zealand, contains 23 per cent, of tannin.

Polygonum amphihium leaves, an annual plant abundant in the Missouri Valley, contain 18 per

cent, of tannin, and can be mown and stacked like hay. It is largely used in Chicago tanneries,

and said to give a leather which is tougher, more durable, of finer texture, and capable of higher

polish, than that tanned with oak-bark.

Punica Granatum fruit-rind, the pomegranate, contains about 13
' 6 per cent, of a tannin like

myrobalans, and a considerable quantity of starch ; the tannin is greatest in the bitter kind, which

is used for preparing morocco-leather ; the root-bark also ia rich in tannin.

JRhizopfiora Mangle bark, the mangrove, of Venezuela, contains 24-30 per cent, of deep-red

tannin, if obtained from young stems; samples from the W. Indies have given 11 "94 per cent.,

probably by the gelatine process ; two samples from Shanghai, by Lowenthal's improved method,

gave respectively 9 • 8 and 9 5 per cent, calculated as oak tannin, and 71 ' 96 and 78 • 52 of woody
fibre. GuayaquQ exported 9328 cwt. of the bark to Peru in 1879.

Tecoma pentaphylla bark, the rdble Colorado of Venezuela, contains 27 per cent, of tannin,

accompanied by a soluble orange-red colouring matter.

Wagatea spicata pods contain 15 per cent, of tannic acid. The plant, a scrambling shrub, is a

native of the Conoans.

Weinmannia racemosa bark, the tawhero towai, or kamai of New Zealand, contains 12-13 per cent,

of tannin.

Bibliography.—J. G. Neubrand, ' Die Gerbrinde ' (Frankfurt-a-M. : 1869) ; J. Wiesner, ' Die
Kohstoffe de Pflanzenreiohes ' (Leipzig : 1873) ;

' Wattle Bark ' (Kep. Board Inquiry, Melbourne :

1878); L. Wittmack, 'Die Nutzpflanzen aller Zonen' (Berlin: 1879); W. McMurtrie, 'Culture

of Sumac, and preparation for market ' (Dep. Agr. spec. rep. No. 26, Washington : 1880) ; A.

Hansen, ' Die Quebracho-Einde ' (Berlin : 1880); E. J. Bernardin, ' Classification de 350 Matieres

Tannantes ' (Gand : 1880) ; F. K. v. Hohuel, ' Die Gerberinden ' (Berlin : 1880).

(See Acid—Gallic ; Leather).

TEA(Fb., The; Ger., Thee).

The term "tea" is widely and vaguely applied to many plants (see pp. 2010-1), but is properly

restricted to the numerous varieties derived by cultivation from two species of Thea, the Chinese

(T. chinensis \Camellia ?%ea]) and the Assamese (T. assamica). As a result of long cultivation

and promiscuous planting, there is scarcely n. tea-garden but what is mainly filled with hybrids of

all degrees between these two species. The Assam plant is vastly superior to the Chinese, and
should be selected in all oases for rational culture. The seed of all is the same in appearance, and
cannot be distinguished. It ripens about one year after the ilower has faded. When picked in the

shells, it is sunned for | hour daily for 2-3 days, " shelled," and spread to dry within a building.

It should be sown as soon as possible after shelling : if kept for 2-3 weeks, it is best in layers under

dry earth ; if for longer, thinly spread on the drying-floor. It travels well in bags \ filled, or in

layers between charcoal in boxes. Its formation reduces the leaf-crop, and should be limited to

actual needs. It furnishes a valuable oil (see p. 1411), not to be confounded with the essential oil

of the leaves (see p. 1431). About 30,000 seeds are contained in 1 mav,nd(pi 80 lb.), of which
about f may be expected to grow.

Cultivation. Sowing.—Seed is sometimes sown in nurseries, where they can be well tended
;

but this is costly, and the plants lose 3 months' growth when put out. Nurseries may be dispensed

with where cool weather and spring rains are certain, but not otherwise. Nursery-beds are made
in the poorest soil of the plantation, where watering is convenient. Artificial shade is essential.

The beds are generally lower than the paths, to accumulate moisture, but may need to be above in

some cases. The soil is loosened only to a slight depth, and the seed is sown in drills 6 in. apart,

and the seeds 2-3 in. apart, if good. In the preparation of the ground, erection of shade, and general

operations, there is little variation from the systems adopted with coffee (see pp. 691-8). The shade
is removed gradually and piecemeal when the seedlings bear 4 leaves.

When nurseries are dispensed with, the seed is sown where the bushes are intended to remain
(called sowing " at stake "). About 4 weeks previously, holes are dug 9 in. diam. and 12 in. deep,

the soil being placed where it will not fall back ; and these holes are filled up with surface soil (not

that dug from them), with perhaps a handful of manure if the land is poor, and well pressed down
for the reception of the seed. Two or three seeds are sown in this 6 in. apart, and gently pushed
down about 1 in. The ground is then kept clean by hand-weeding, and lightened up at intervals
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by a koorpee. The best plant ia left at each hole, the othera being taken up and transplanted to

vacancies.

Col. Money advocates another method of planting. The seed ia pnt in layers alternating

with mould, the seeds lying close together, and the earth covering them 2 in. deep. Each layer is

examined every 3-4 days, and seeds which have burst are planted out root-side downwards. Only
one seed need then be placed in each hole, as it is sure to grow ; but great care is demanded in
performing the operation.

Soil and Sitvation.—Tea grows on almost all soils, and flourishes on many. A light sandy loam
is about the best, and the more humus there is on the surface the better ; if 3 ft. deep, it matters little

what the subsoil is, otherwise a mixture of sand and clay is desirable. Col. Money considers the
light loam of Kumaon the best tea-soil in the world, being enriched with long accumulations
of oak-leaves. Soil cannot be too rich for tea growing, provided it is sufBciently light and friable

;

the latter condition is absolutely essential, to permit the penetration of the spongioles (ends of tlio

feeding-roots). Existing vegetation forms a pretty fair index of the fertility of the soil. Oak-
bearing land is preferable to all others ; but the removal of heavy forests adds much to the cost of

taking in new land. Facilities for obtaining an abundant water-supply are quite indispensable
;

and the presence of means of water-carriage for conveying the crop to market materially adds to the

advantages of the estate. Flat land is preferable to steep slopes ; but the lower parts of slopes

which are covered with jungle above are admirably adapted, as the vegetation diminishes the wash,

and contributes rich fertilizing matters. Table-land cannot be too flat, but perfectly flat valleys are

not eligible. Very narrow valleys are objectionable on all scores, and preference should be given

to those which have a slope two ways. An adjacent stream for irrigation purposes is a great

desideratum. Flat land always yields more heavily than slopes, as it admits of high cultivation.

When planting on slopes, aspect is a primary consideration ; it should be carefully chosen with a

view of counteracting the extremes of climate : thus the coldest aspect will be the best in very hot

climates, and vice versd.

Forming a Tea-garden.—The first step will usually be to cut and bum the jungle, much in the

same way as already described for coflee (see p. 692), a few large trees being left here and there

(say 1 on every 2-3 acres) for sheltering the workmen, and shading picked leaf before it goes into

house. Lining and holing are performed as in the case of coflfee (see p. 693), the holes being 10 in.

diam. and 15 in. deep. A garden of 100 acres is usually quite large enough to commence with.

This should be divided into plots of 5-10 acres each, by means of paths or prominent stakes, the

main object in view being to make separate sections for each portion of the crop that manifests any

peculiarity in the number of its " flushes " or the quality of its leaves, many advantages arising

from treating the crop in a piecemeal fashion, as the forwardness or backwardness of any section

may require. Close planting is recommended by the best authorities, say 4-4J ft. apart each way
on flat ground, and 3^ ft. between the lines and 2 ft. apart in the lines wlien on slopes, to prevent

wash. Close planting gives a greater number of bushes per acre, and keeps down weeds ; but

sufficient space must be left for digging between the bushes and picking the crop. Col. Money gives

the following useful table showing the number of plants per acre, and the area covered by one lakh

of seedlings, at the distances named :

Distances in ft.
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Flanting.—A.hout a fortnight before setting out the seedlings, they are " tipped " by pinching

off the closed leaf" at the head (see Fig. 1430), which makes tbem hardier. The removal of the

seedlings ia much facilitated by flooding the bed with water, as described for cinchona (p. 803),

and similar care should be taken to have a good mass of soil around the roots. A good plan in

taking up is to cut a trench below the bed, and then turn over line after line of seedlings by

inserting a prong behind. The plants are carried in baskets to the garden, and there placed in

little holes made with the hand or a narrow kodalee within the soft soil which has previously

(p. 1994) been filled into the pit. The planting must be done so that the tap-root shall not turn

up, that the rootlets shall preserve their lateral position, that the " collar " of the plant (where it

issued from the ground in the nursery) shall be IJ in. higher than the surrounding surface, and

with so much pressure that the soil shall not cake about the plant, and shall be equally close at all

depths. Cloudy and rainy days are the best for transplanting, but very wet weather is highly

objectionable. In India, the operation is best performed by mid-June, and should not in any case

extend beyond the end of July. Jeben has recently introduced some new tools for transporting

and transplanting, which are highly approved of.

Cultivating and Pruning.—The soil overlying the roots of each plant should be repeatedly

lightened up for the admission of air. This is best done by digging round the bushes with the

kodalee, beginning at about 9 in. from the stem, and extending 2 ft. in all directions after the

second year, taking care to use the blade of the tool so that it follows the line of the roots. A wide

hoe is perhaps as useful a tool for this purpose. Till the plants are 1 year old, the soil for 6 in.

round is only opened up about once a- month with the koorpee. Weeds must be rigorously kept

down, which is best done with a Dutch hoe. The weeds may be buried in trenches between tlie

lines.

As it is only young wood and shoots that give leaf, pruning is essential to produce large crops.

It must be done while the sap is down, and should be as soon as possible after the sap has gone

down. It can only be performed in a rough and ready way, as the time is limited and the number
of bushes to be treated is very great. Pruning-knives and hedge-bills, such as supplied by Brooker,

Dore, & Co., London, are the best instruments. The same care in pruning the large branches must be

exercised as with all other plants : tlie out must be clean, sloping upwards, and not near enough to

a bud to injure it. Such care cannot be taken with the numerous twigs. The plant should be

induced to grow laterally, but not to exceed 4 ft. high. All branches less than 6 in. above ground

should be pulled off downwards with a sharp tug. The centre of the bush must be opened out.

No plant should be pruned for 18 months after transplanting, or the tap-root will not descend

sufSciently. After that, all must be pruned, but some more than others. Two-year old plants

over 2i ft. high may be reduced to 20 in., and their tliick wood to 11-18 in. It is better to prune

too much than too little. The prunings are buried while green between the lines, and form good

manure.

Other tools supplied by Brooker, Dore, & Co., to Indian tea eiJtates are the solid kodalee

(Fig. 1427), the cast-steel wedge-axe weighing 3 lb. and upwards (Fig. 1428), and the steeled

Assam fork, with either 8 or 4 tines, weighing 4-5J lb. (Fig. 1429).

142?.

V 7 7

Filling up Vacancies.—Filling up the vacancies left by the failing of some plants is usually a
hopeless undertaking in the case of tea, as the young seedlings get destroyed by the weeding, and
are starved out by the surrounding mature plants, consequently Indian tea-gardens have 12-40 per
cent, of their area wasted by vacancies. Jebeu's transplanter may perhaps succeed in overcoming
the difficulties encountered. Meantime Money recommends a plan of planting in pots and staking
the young plants, which has answered well. Earthenware pots 7J in. diam. and 7J in. deep with
a 2-in. hole in the bottom, are filled with soil from the garden ; 2 or 3 seeds are put into each near
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tlie centre nnd } in. below the Bnrface; and the pots are placed near water and under artificial

shade. Wlieu germinated, the best t.ti;dling is left in the pot to grow till the rains, being watered

occasionally, and gradually deprived of shade. After the first rain, the pot is removed to a hole

prepand at tlie vacancy ; the bottom of the pot is knocked off, the sides are broken and partially

removed, and the whole is planted and eartli is filled in round. With care, the rootlets are not

disturbed, and the growth is not checked for a day. Bamboo baskets do not give such good

results. Money proposes to modify this plan so as to avoid destruction of the pots, as follows :

—

The pots are made larger, and provided with a tin lining about 1 in. less in diameter, the inter-

vening space being filled with sand ; the tin lining is then removed, and the layer of sand permits

the subsequent extraction of the plant with mould caked around it without breaking the

jiot, which may thus be used indefinitely. A somewhat similar plan is adopted with cinchona

(see p. 802).

Manures.—Judicious manuring nearly doubles the yield of tea, and at the same time improves

its flavour and increases its strength. An excellent manure available on all tea-gardens consists

of tlie prunings of the bushes themselves, and the weeds and general garden rubbish. Of animal

manures, the best are nightsoil and bird-droppings, and the next best is cattle-manure ; horse-dung

is heating, and needs to be used with care. Artificial chemical manures will probably come into

extensive demand, as they have done for coffee, sugar, and other tropical crops. One highly

spoken of is known as Money and Pender's, and is manufactured by J. Thompson, Kooshtea,

Bengid.

Manure should be applied to each bush, by laying it in a trench 9 in. wide and 6 in. deep, dug

all round the bush at a distance of 6-12 in. from the stem, according to age, and covering it over

with earth. Wliere there is not suCScient for this plan, it may be put into trenches between the

lines, so that it will be accessible to the feeding-rootlets. The quantity of cattle-manure suitable

for 4-year old bushes is 1 maund (of 80 lb.) for each 10-20 bushes, decreasing for younger

plants.

Diseases and Enemies. Crickets.—These insects attack only young seedlings, whether in the

nurseries or in the fields, about 2-3 in. high, cutting through the stem, and carrying away the

leafy top tci their holes. They seem to be most destructive on low lands, but their ravages cease

when the stem of the plant is as thick as a stout pencil. The only remedy is to set boys to work

to iind their holes, and unearth the insects, paying according to the number brought in.

Ants.—White ants are a much more formidable pest, as they work in myriads, and attack even

the largest bushis. Fortunately they have a deadly enemy in the black ant, but other precautions

are necessary against them. Between the rains and the setting-in of the cold weather they most

frequent the bushes, which latter should be examined for them in the autumn and the spring, and

well shaken to effect their dislodgment. The best application to drive them away is petroleum,

the refined kinds being more effective but more expensive than the crude. It may be sprinkled

after diluting with water, or simply painted in rings around the stems and on the infected spots.

Water impregnated with tobacco or tobacco-oil is less permanent in its efficacy.

Blight.—This is most detrimental to the yield of a garden, as the young leaves become covered

with brown spots, and shrivel up. Money recommends pruning off the diseased branches, and

admitting aii' to the roots by scraping back the soil for 2 ft. round the stem, till the roots are

nearly bared.

Flushes and Picking.—A " flush " of the tea-plant is when it throws out new shoots and leaves,

the latter constituting the tea of commerce ; thus the return from a tea-garden is governed by the

number and extent of the flushes per season. These again depend upon the climate, soU, pruning,

and cultivation ; they may be said generally to range between 25 (in good soil and climate, with

high cultivation and plenty of manure), to 18 (where no manure is used, and the cultivation is not

high). The average flushing-period is 7-9 months, except for very elevated gardens, when the

climate reduces it. Thus, in moderately high situations, it may last from early April to late

October, giving 12-15, perhaps 18, flushes; in Upper Assam, Feb. 25 to Nov. 15; Lower Assam,

Feb. 20 to Nov. 20 ; Caohar, Feb. 20 to Nov. 20; Chittagong, Mar. 10 to Dec. 20; Terai below

Darjeeling, and W. Dooars, Mar. 1 to Nov. 20. These dates are fixed upon by Money, who

considers that 25 flushes should be got within the periods stated. The average intervals between

the flushes are approximately 7-14 days, varying with circumstances, and including abnormally

long breaks which are sometimes caused by untoward weather.

Fig. 1430 illustrates the way in which the successive flushes occur, and the system of picking

recommended by the best authorities. The harder a tea-bush is picked, within certain limits, the

greater effort it will make to renew the leaves thus lost, and the greater the yield of leaves to be

picked. The ordinary plant at the end of the season measures 3J-4 ft. high and 5 ft. diam., and

is then pruned down to 2 ft. high and 3 ft. diam. ; thus it remains during hybernation. In the

spring, the buds at the bases of all the leaves, and which are the germs of future branches,
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gradually develop into shoots having 5 or 6 leaves with a closed bud at top. At the bases of these

leaves are other buds, which similarly develop in time. The fully developed shoot has 6 leaves,

including the bud, marked abode f; it has started from a bud k at the base of the leaf h, and

now forms a complete " flush." The leaves a i, &e. have also buds 12 3 4, which will likewise

develop in turn.

Assuming the shoot k to be the first on the branch i, it forms the basis of future crops on that

part of the bush, and must not be removed. But its tendency to throw out new shoots is much

increased by nipping off the bud a, in such

a manner as not to injure the bud at the

base of 6. The lines indicate the points

at which the leaves are nipped so as to

avoid hurting the buds. The leaves ab

are covered with a white silky down, and

make a white or very pale yellow tea (not

infusion), which, mixed with ordinary tea,

constitutes " Pekoe tips," and adds much
to the value. With the advance of the

crop, it is practically impossible, by reason

of the great cost for labour, to pick the

various kinds separately : but in the first 2

or three flushes, no more than a and b ought

to be picked, and they will then make a

small quantity of white Pekoe tips. Later

on, the colour becomes orange.

The value of the leaves depends on

their succulence, which is coincident with

their youth. The youngest leaf makes the best tea, and the order of merit is :

—

a gives Flowery

Pekoe ; b, Orange Pekoe ; c, Pekoe ; d, First Souchong ; e, Second Souchong
; /, Congou ; abc mixed,

Pekoe ; abode mixed. Pekoe Souchong ; if there were a leaf picked below / it would make
Bohea. The best cultivators do not take any leaf below e. The succulent stalk down to the line

marked 2 also forms good tea. It would be a great advantage to the product if each leaf could be

separately picked and manufactured, so as to modify the treatment according to requirement, but

the labour entailed is enormously costly, and the universal practice is to pick and manufacture all

indiscriminately, trusting to the final sifting and sorting process (p. 2002) to separate the various

kinds with more or less precision.

Money recommends the following plan in picking. If the garden has been pruned as It ought

to be, take only a for 2 flushes ; for 2 more, nip the stalk above 1, taking the upper part of c, as

shown ; from the 5th flush, take off the shoot at the line above 2, and by a separate motion of the

fingers take off at e at the line. By this plan, when the rains begin, the trees will show

a large picking surface, for plenty of buds will have been preserved for new growth. After

August, pick lower if desired, as the trees cannot be hurt : for instance, nip the stalk and upper

part of e together, and separately the upper part of/. The principle of picking is to leave intact

the bud at the axis of the leaf down to which picking is carried. Some planters pick all through

the season at the line above 1, and take d and perliaps e separately. This plan will make strong

teas, but the yield will be small ; the plants will also form so much foliage that they will not flush

well, and will grow so high that the boy pickers will not reach the top. The principle advocated

by Money is to prune severely, so that the plant shall throw out many new shoots ; to be sparing

with these until the violence done to the tree is in a measure repaired ; till September, to pick so

hard that the wants of the plant in foliage are never quite attained ; and after September, to take

all that can be got.

Manufaotdke.—The aim of the manufacturer should be to produce those qualities which are

Bought after by the buyer. Brokers judge of tea by the tea itself, the infusion or "liquor,"

and the spent leaves or " out-turn." The tea should be of uniform greyish-black with a gloss on

it ; it should be regular in length and twist, and all of one kind. The liquor should have a strong,

rasping, pungent flavour ; there are many special sub-flavours which cannot be described. The
out-turn should be uniformly of the colour of a bright new penny, with greenish rather than black

leaves interspersed. Every parcel of tea should be infused and tasted as made, and binned with

great care according to its quality. The one difBculty in tea-making is to get Pekoe tips in all

Pekoe teas. If the leaves giving tips are separately manufactured,—rolled very little and lightly,

not fermented at all, sunned after rolling, and finished in the sun or above the drawers in the

d/iofe-house,—they will give perfect white tips ; but if mixed with the other leaVes, they absorb

juice from them in the rolling, and become all black alike. In some instances, it will pay to
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BcpBrato the a and b leaves by hand ; machines invented with that object will be described in due

order.

The several processes to which tea is subjected are withering, rolling, fermenting, sunning,

and firing or dholing.

Withering.—Withering is effcctrd by a combination of light, heat, and air, best attained by
spreading in the sun, when the weather is favourable. Failing this, withering in pans and dholes

may hv resorted to, but always renders the out-turn more or less green. It is better spread on

bamboo mechans placed in every available sheltered and ventilated space, and on wire-mesh frames

suspended so as to draw up under the roofs of the buildings. Ventilated houses of iron and glass

have also been built for this purpose. But artificial withering is always inferior to the action of

the sun, In dry weather, the lea f as brought in should be spread thinly anywhere that is con-

venient, and turned once in the night ; if not ready for rolling next morning, J hour in the sun

will generally complete the withering. In unsettled weather, every hour of chance sunshine should

bo availed of. The tests for properly withered leaf are that it gives no crackling sound on being

crushed in the hand, retains the sliape to which it is compressed, feels like old rags, and the stalks

bend without brdaking. Blen put in charge of the withering operations should be kept to that

alone, and the same rule should be adopted with the other processes.

liolUng.—Some planters advocate circular rolling ; some roll the leaf forward, but bring it back

without letting it turn; the ordinary forward and backward 'motion is the simplest and quickest,

and that which rollers adopt when given a certain quantity (say 30 lb.) of leaf to roll fcr a day's

work. Rolling in hot pans, formerly cxlcnsively practised, is not much done now, and has no

advantage. Rolling on coarse mats placed on tho floor is a great mistake, as the coarse bamboo

mat breaks the leaf, and much of the juice from the leaf, which adds to the strength of the tea,

runs through and is lost.

A smooth rigid table 4J ft. wide, with planks well joined so that no apertures exist for tlie juice

to run through, ia best to roll on, especially if covered with a fine seetul-putie mat, nailed down over

the edges. A border of wood 1 in. above tlie surface of the table is screwed on to tho cilges over

the mat, to prevent leaf falling off. The leaf is rolled by a line of men on each side, who pass it

up one by one from the bottom of tho table to the top. The passage of each handful of roll is

regulated by the man at the end, who, when it is rolled enough, forms it into a tightly compressed

ball, and puts it on an adjacent stand. The roll is ready to make into ball when it is soft and
" raashy," and when it gives out juice freely. This juice is mopped up into the roll, again and

again in its passage up the table, and finally into the ball when made up.

Coarse leaves in the roll cannot be twisted, and if left would give much red leaf in the tea.

They should be picked out by the 3rd or 4th man from the head of the table, who should not have

to roll at all. lie spreads the roll and picks out as much as he can between the time of receiving

and passing it on, in no case allowing roll to accumulate by him, or it hardens and dries, and gives

extra work to bring it into a mashy state again, besides helping to destroy Pekoe ends, and being

injurious to the after-fermentation.

Many apparatus and machines have been invented for rolling tea, mainly with the object of

reducing the labour, and increasing the proportion of Pekoe tips.

McMeekin's rolling-table is constructed of battens, so that while rolling, many of the small

leaves (Pekoe tips) fall through. This table is well known in Cachar, and used in several gardens, but

the objection to it is that the leaf must be rolled lightly, and such leafcannot make strong tea. Pekoe

tips may be in a great measure preserved by rolling all the leaf lightly on a common table, but this

plan will not give sg many Pekoe tips as McMeekin's table. Planters still feel the want of

a machine to separate quickly and cheaply the two said small leaves from the others after

they have been picked together. All the other processes can be done cheaply by hand, but this

cannot.

Kinmond's rolling-machine consists of two circular wooden discs, the upper one moving eccen-

trically on the lower, which is stationary. The adjacent faces of the discs are made rough by steps

in the wood, cut in lines diverging from the centre to the circumference, and over these rough faces

is nailed coarse canvas. The leaf is placed between the discs and rolled by the motion described,

the lower disc being arranged by weights and pulleys, to press against the upper with any force

desired. The motive power may be animal, water, wind, or steam. The machine is shown in

Fig. 1431. The rolling of the leaves is efiected between superposed horizontal plates, a b, the

opposite faces of which are recessed to a depth of 3-4 in., these recesses being corrugated to aid the

rolling and prevent tlie leaves from slipping. The under plate a is mounted upon 3 strong cranks

arranged equidistantly in a triangle; the shafts supporting them are carried by exterior plummer-

blocks, one having a revolving motion imparted to it by bevel-gearing e from a driving-shaft /,

carried also by exterior plummer-blooks, and provided with fast and loose pulleys. The plate a

tlius receives a horizontal circular traversing motion, but it has no rotating motion around its own
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axis, neither has it a rising-and-falling motion. Tlie upper plate b is similarly suspended from

cranks connected by a triangular frame, the shaft g having a revolving motion imparted to it by

spur- and bevel-gearing A from the shaft /. The various levers and vreights shown are for the

purpose of raising the upper plate for the tea to be fed in, and to enable the pressure to be adjusted

according to requirement.

Jackson's rolling-machine is an improvement upon Kinmond's, but is declared to be an infringe-

ment of the latter. It is shown in Figs. 1432, 1433. a is a cylinder composed of teak staves, with an

uneven internal surface, mounted so as to be capable of rotation, supported at one end on rollers 6, on

the main frame of the machine, and at the opposite end upon a sleeve c, supported in a bearing on the

frame. Through the sleeve passes a central shaft d, bearing at the opposite end on the main frame

This shaft carries a roller e, having an uneven external surface, and of such dimensions that an
annular space is left between it and the cylinder a. Eotary motion is imparted in opposite direc-

tions, as indicated by the arrows, the roller receiving the greater speed. A supply of tea-leaf is
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introduced into the fccding-trough /, wl.ence it passea down a I.opper g, an.l through nn opening h,
in the non-rotating end of the cyhnder a.
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which 18 obtained by the hand. By employing both, very few rolling-men suffice to manufacture a
larfjo quantity of leaf.

Nelson's rolling-machine docs not profess to do more than prepare the green leaf for rolling.
The leaf is placed in bags, and compressed under rollers attached to a box weighted with stones.
1 he inventor states that it will prepare 80 lb. of green leaf in 15 minutes, and that one man can
then finish as mucli prepared leaf in 3 minutes as would otherwise occupy him 12 minutes. The
machine is inferior to Kinmond's in arrangement, and ought to be very clieap, as it is simply a
mangle.

Fennenting.—The balls accumulated by the rolling-men are allowed to stand until fermented,
which is, perliaps, the most important point in the whole manufacture. Some planters collect the
roll in a basket, and let it ferment there instead of in balls. But when a quantity is put into a
basket and allowed to ferment a certain time, the first part is more fermented than the last ; while
balls can bo taken in the order in which thc-y were laid on the table, and thus each will receive the
same amount of fermentation. Further, tlie twist is better preserved by the balls, and a large
quantity in a basket is apt to ferment too much in the centre. It is impossible to describe with
useful accuracy when the balls are sufficiently fermented. The outside is no criterion, as it varies
much, according to the degree of withering. The more the leaf is withered, the thicker in con-
sistency and the smaller in quantity ia the juice that exudes, as also the yellower m colour

;

further, the darker is the outside of the balls. Bright rusty-red is the colour of moderately-
withered leaf; very dark greenish-red when much withered. A good rule is that half the twisted
loaves inside shall be rusty-red, half green ; but practice alone can guide. The process is quicker
in warm than cool weather, but requires no fixed time. It should be stopped in each ball just at
the right moment by breaking up the ball, and spreading it out very thin ; at the same time any
remaining coarse leaves are picked out.

Stmnimj.—The fermented roll is immediately spread very thin on d/iallis or mats in the sun.
When become blackish in colour, it is collected and re-spread, so that (he whole shall be equally
affected. In bright sunshine, an hour or less suffices ; it is then placed at once in the d/ioles, pre-
viously got ready to receive it. In wet weather, directly the balls are broken up, and the coarse
leaf is picked out, the tea is sent to the dholes ; but the best tea is made in fine weather.

FHng or Bhotiwj.—The least delay between breaking up the balls and bef!inning to drive otf

the moisture is injurious. In wet weather, unless there are many ditoles, time will not permit each
roll to be finished. The only plan then is to half-fire tliera, to avoid injury by delay ; but in any
other case, the roll should not be removed from the drawer until it has become tea. The roll in

each drawer is shaken up and respread 2 or 3 times during the firing. The rolls remain in the

drawers under the influence of the heat of the burning charcoal till it is quite dry and crisp, and
thoroughly brittle.

By the old plan of firing, a single wicker sieve was inserted in a bamboo frame called a dhole,

placed over a charcoal fire in a hole in the ground. Several inventors have improved upon this

crude and wasteful method. MoMeekin's chest of firing-drawers, now generally used, consists of

a system of drawers or trays fitted in a frame one above another, the bottom of each tray being

made of fine iron wiie, so that the heat of the charcoal, in the masonry receptacle over which
it ia placed, ascends through all the drawers, and " fires " or dries a large quantity of " roll

"

at the same time. The economy of fuel is great, but Money thinks that with 4 or 5 super-

imposed drawers, the steam ascending from the lower ones must more or less injure the roll above

;

he confines himself to two, and in the top tray leaves a small circular space by which the steam

from the lower drawer can escape. The escaping heat is partially utilized by placing dhallas in

tiers above, with roll in them, supported by iron rods let into the wall ; they are useful for partly

drying roll, and for withering leaf when there is no sun.

Some planters have proposed to do away with charcoal under McMeekin's drawers, supplying its

place by hot air. It was long supposed that the fumes of charcoal were absolutely necessary to

make good tea. Col. Money has disproved this by making as good or better tea without charcoal,

and drying chambers using hot air generated in outside furnaces are coming into favour. The
advantages are :—(1) The economy of ^ of the fuel used

; (2) cleanliness and absence of charcoal-

dust
; (J^) absence of the objectionable carbonic acid fumes of charcoal ; (4) immunity from fire

;

(5) greater speed in the firing process, and saving of all the labour employed to make charcoal

;

(C) reduced tempeiature in the tea-houses.

Grern Ten.— For green tea, the leaf is brought in twice daily : that coming in at 1 p.m. is partly

made the same day ; that brought in at evening is spread G in. thick till next morning. If either

6 M
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iimvea wet, it must be dried, the former before going into the pans, the latter before being spread.

The dry leaf is put into thick pans, 2 ft. 9 in. diam. and 11 in. deep, set sloping over fireplaces,

and numbering 4 or 5 for every maund (80 lb.) of tea to be made per diem. The pans are heated

to about 71° (160° F.), and the leaf is stirred for about 7 minutes with flat sticks, till it becomes

moist and sticky. It is next rolled on a table till it gets a little twisted (say 2 or 3 minutes), and

is laid out 2 in. thick on dhallas in the sun for 3 hours, being rolled three times in that period, for

not more than 3 minutes each time, when it has become blackish on the surface ; it is then spread

out as before. After 3 rollings, it should have a good twist. It is replaced in the pans at the same

heat, and worked with the stick till it is too hot to hold (say 2-3 minutes). Next it is stuffed as

tightly as possible into bags 2 ft. long and 1 ft. broad, made of No. 3 canvas ; the mouths are tied

up, and the bags are beaten heavily to consolidate the contents, and thus left for the night. In the

morning, the tea is turned out, and worked with the sticks in the pans at a temperature gradually

falling from 71° (160° P.) to 49° (120° F.) : the green colour is thereby produced. The leaves of

the Chinese plant make the best green tea, while hybrids are best for black.

Sifting and Sorting.—The.se operations constitute a very important item in the manufacture, as

they may make a difference of 2-3 annas a lb. in the selling-price of the tea. Tea-sieves are round,

and either of brass wire with wooden sides 3J in. high, or of cane with-bamboo sides 1J in. high. The
latter are Chinese, and superior in every way to the former. Both are numbered according to the

orifices in 1 linear in., the brass numeration including the diam. of the wire, and thus giving a

slightly less aperture than the corresponding number in cane sieves. Tea should be sifted daily,

taking that made on the previous day, and be binned in that state. For daily sifting in an

ordinary garden, the sieves (Chinese) required will be : 4 of No. 4, 6 of No. 6, 6 of No. 7, 9 of No. 9,

9 of No. 10, 6 of No. 12, 4 of No. 16. Red leaf is carefully picked out before commencing to sift.

No rules can be laid down for sifting and sorting ; much practice is required to make an efiScient

sifter, and no two batches of tea will demand precisely the same treatment. Hence the general

failure of sifting-maohines for this purpose, since they cannot be worked economically and at the

same time adjusted to suit all needs; fanning-machines, however, may be used to separate dust

and open leaves.

The classifioatiou of black tea is according to the size, make, and colour of the leaf, the ordinary

descriptions being Flowery Pekoe, Orange Pekoe, Pekoe, Pekoe Souchong, Souchong, Congou,

Bohea ; and of broken kinds, Broken Pekoe, Pekoe Dust, Broken Mixed Tea, Broken Souchong,

Broken Leaf, Fannings, and Dust.

Flowery Pekoe generally preserves a uniform greenish-grey or silver-grey tint. Its liquor is

very strong, in flavour approaching green teas, but infinitely superior, having their strength and

astringency without their bitterness ; it is pale, and the infused leaf ia of a uniform green hue.

When too much heat has been employed, dark leaves are intermixed, and the prevailing green is

sprinkled with leaves of a salmon-brown tinge, which is the proper colour for the out-turn of any

other ordinary black tea. A common mistake is to call ordinary Pekoe containing an extra amount

of Pekoe ends. Flowery Pekoe. When strong and of Flowery Pekoe flavour, it is called a Pekoe of

Flowery Pekoe kind. In England, Flowery Pekoe is worth about 4s. 6(i.-6s. fid. a lb.

When the Pekoe ends are yellowish or orange, and the leaf is very small and even, the tea ia

called Orange Pekoe. In flavour, it ia much the same as ordinary Pekoe, and many growers send

away the two varieties in the finished state mixed together. Its value is 2-4d. a lb. more than

Pekoe.

Ordinary Pekoe ia of blackish or greyish-black aapect, dotted over with greyish or yellowish

leaves possessing the downy appearance which gives the name to Pekoe. In general, the whole

leaf is not covered with down, but only a part of it which has been developed late. These are

called " Pekoe ends " when very small. Pekoe ia generally of good to fine flavour, and very

strong, and its liquor is dark. Its value ia 2s. 9d.-3s. 8d. a lb.

The term Pekoe Souchong ia generally applied to a Pekoe that is deficient in Pekoe ends, or to

a bold Souchong leaf with a few ends mixed. It is often applied to an unassorted tea, including

perhaps Souchong, Congou, a few Pekoe ends, and some broken leafs. Prices average 2s. Sd.-

2s. lOrf. a lb.

Broken Pekoe ia Pekoe which has been broken in manipulation or otherwise. It possesses the

strength and fine flavour of a full leaf of Pekoe, being therefore only inferior to it in point of leaf.

In value, it is very little inferior to Pekoe, sometimes even superior, as the tender Pekoe ends are

frequently broken off in large quantity, adding to the value of the broken tea, while deteriorating

the Pekoe. Ordinary prices are 2s. Gd.Ss. id. a lb.

Pekoe Dust is broken so small as to resemble duat. It is of great strength, though often not

pure in flavour, as frequently any dust or sweepings from other tea is mixed with it to make the

lot larger. The price may range from Is. Gd. to 2s. 8d. a lb.

Souchong may be taken as the medium quality, and, when experience and skilled labour are

employed in the manufacture, as the bulk of the produce of an estate. The qualifications are an
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oven, straight, or Bligbtly curved leaf, J-1} in. long. It hiu not the deep strength of Pekoe, bat is

generally of good flavour and fair strength. Prices are Is. 10d.-23. 8d. a lb.

Oongou may be either a leaf of Souchong kind, but too large to come under that class, or a

smallish-sized leaf, too unevenly made, or too much curled. The flavonris much the same as that

of Souchong, but the tea has lees strength. Some of the lower and large-leaf kinds may be only

worth Is. Sd.-ls. 6c/., whereas finer qualities sell at 2s.-2s. 3d. a lb.

Bohea may be either of too large a leaf to be called Congou, or, as is generally the case, may
consist principally of old leaf, which, on being fired, does not attain the greyish-black colour

desirable in all black kinds except Flowery Pekoe, but remains of a brownish or pale-yellowish

line. It has scarcely any strength, is generally of coarse flavour, and is never of much value

unless of Namuna kind. Prices are 3rf.-ls. 2d. a lb.

Broken Mixed Tea is a mixture of the various kinds broken, and may include some of the lower

classes, or approach Broken Pekoe in character and value ; but it is usually worth Is. Sd.-2s. 6d. a lb.,

and of a blackish aspect, containing a few Pekoe ends.

Broken Souchong is a tea, which, though broken, has some approach to a full leaf of the even

Souchong character. Value, Is. 6<i.-2s. 2d. a lb.

Broken Leaf is a term of great comprehensiveness, but generally signifies a tea worth 8d.-

Is. Id. a, lb., of brownish, brownish-black, or blackish colour. Its strength is seldom great ; ita

flavour may be fair or good, but in the lower qualities is generally poor, thin, or coarsa

Fannings is similar in colour and class to broken leaf; in value it is also much the same,

perhaps on the average a little lower.

Dust is very small broken tea. It is often very coarse or " earthy " in flavour, owing perhaps

to sweepings and dust having become mixed with it. Its value is 6d.-ls. 6d. In any worth more
than these quotations, a few Pekoe ends or tips will be found, bringing it under the name of

Pekoe Dust.

Another class of tea possessing very great strengtli and very fine flavour is known as Namuna.
The leaf may have perhaps the ordinary groyish-black aspect, with generally a greenish tinge. In

the pot, it produces a very pale liquor, but its quality is stronger by far than ordinary Pekoe ; in

flavour, it is about half way between Flowery Pekoe and a green tea, quite distinct from Flowery

Pekoe, possessing somewhat of the rasping bitterness of the green-tea class with the flavour a little

refined. The out-turn is generally green, sometimes with brownish leaves mixed. Any black tea

may be of this class, from Pekoe to the lowest dust, and all, if the flavour be distinct and pure, may
have their value enhanced i-lOd. a lb.

Similar in all respects but one, is Oolong. The wanting quality is strength. Sometimes the

flavour is a little difierent. It is generally composed of greyish-black leaves with a few green ones

intermixed; it always has a pale liquor, generally a greenish infused leaf; but its flavour is

frequently burnt out, though its weakness and green appearance are often caused by deficient

firing. Teas of this kind on the average sell below the ordinary-flavoured teas of the same class

of leaf.

In teas of ordinary flavour, the following rules hold good :—The darker the liquor, the stronger

the tea ; and the nearer the infused leaf approaches a uniform salmon-brown, the purer the flavour.

Whenever black leaves are mixed with the out-turn, the tea has been over-fired, and the strength

is either burnt out of it, or a burnt or smoky flavour is given. An altogether black or dirty-brown

out-turn is certain to give pale liquor of little or no strength, and no flavour unless it be sour.

This sourness is of various grades,—slightly sourish, sourish, and sour, depreciating the value 3d.-

Is. 6d. a lb. The flavour is hardly capable of description. The least tendency to it condemns the

parcel at once. The cause assigned for it is that the leaf after being picked is allowed to remain

too long in the raw state before being fired, undergoing fermentation.

Burntness may either destroy the strength and flavour altogether, or, without destroying the

strength, add an unpleasant burnt flavour, when the tea is called " smoky "or " smoky burnt,

"

and deteriorated in value 2d.-\s. a lb. Symptoms of burntness are a dead-black leaf, having a burnt

smell which often entirely neutralizes the natural aroma. The terms " fresh burnt," " brisk burnt,"

" malty burnt," are not condemnatory, and the word burnt, as used here, would be better expressed

by flred. " Malty " means of full rioh flavour. " FuU," applied to a liquor, does not signify strength

or flavour, but is opposed to thinness. A green tea may be strong or of good flavour, but its liquor

is never full. Fulness is generally characterised by a dark liquor, and is akin to " body " in a

wine. '' Chaffy " is generally used for Bohea and other brown-leaf classes. A light, open, brown

leaf would be called chaffy. The lower classes, especially dusts, are often described as "earthy "

in flavour, perhaps caused by the admixture of real dirt.

When a tea is spoken of as " well made," " fairly made," &c., the manipulation is referred to.

There are " straight " and " curled," or, as the latter is generally expressed when applied to large

leaf, " twisted " leaves. It may be " flattish made," indicating that though the leaf is not open, it

wears a flattish aspect, or it may be open, which betrays a want of sufficient or skilful manipulation.

6 M 2
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A "wiry" leaf Is small, perfectly rolled, and very thin (in diameter) generally rather curled,-

60 as to resemble small pieces of bent wire. Only the finer teas can have a wiry leaf, principally

the Orange Pekoes and Pekoes. Sometimes a fine Souchong may be thus described.

Of green tiias, Gunpowder is the most valuable description, its price ranging from 2s. 8d. to 3s. 8d.

a lb. Instead of possessing the long and thin finished leaf, which is tlie desideratum of black teas,

it is rolled into little balls -i-i in. diam. Sometimes it has some long leaf mixed.

Tea of the shape of Gunpowder, but larger, is called Imperial. Prices are 10d.-2s. Gd. a lb.

Hyson may be taken as the parallel of Souchong in black-leaf descriptions. There is often

much young Pekoe leaf in it, but all chance of discovering it in the finished leaf is precluded by the

change in colour. Hysons sell at Is. 2d.-3s. 6d. a lb.

Young Hyson is smaller than Hyson, occasionally slightly broken. It fetches 7d,-2s. 6d. a lb.

Hyson skin consists of bold broken Hyson and young Hyson. A small broken green tea is

seldom sent on the home market. Tlie reason is obvious: when Hyson skin only fetches Id.-ls.,

anything approaching dust would give very little chance of profit. It would be well if all planters

would take a lesson from the Cliiuese, and not send home their very low teas, black or green, as

they are very difiioult of sale in London, and in many cases cannot pay the cost of packing and

shipping. The Chinese make much of their broken teas into brick tea, and send it into Central

Asia, where it meets with a ready sale. In the N.-W. Provinces, the natives are beginning to

consume largely, and will pay 8 annas to 1 rupee for tea that would not fetch more than Is.-ls. Gd.

in England. Whether the natives of India, as a whole, do or do not take to drinking tea, will have

a material effect on the future prospects of the industry. The manufacture of green teas is probably

less remunerative tlian that of blacks, and there is far less demand for tliem in England, though

considerable in America.

Caper is made in large quantity in China. It forms a link between the black and green

descriptions. The colour of the leaf is a very dark green ; in form, it is similar to a Gunpowder,

Imperial, or round-leaf Congou ; the liquor is pale, and the out-turn green ; flavour, perhaps

nearer to that of green tlian black tea.

Packing.^The best tea-boxes are of teak, made at Rangoon. The wood is sawn by machinery

into pieces which will make each chest measure inside 23 x 18 x 18J in.; the contents are 7659

cub. in., sufficing for above 1 maund (80 lb.) of fine, and under 1 maund of coarse tea. Each box

is composed of fourteen pieces, nailed together with " French pins," If in. long. It is extremely

important tliat the tare of all the boxes shall not vary more than J lb., or the whole will be turned

out and reweighed in London. All the boxes are lined inside witli a thin leaden shell.

Tea may be packed only on fine hot days. It is first " bulked," i. e. turned out on a cloth and
mixed most intimately. It is also finally dried to remove the moisture imbibed during storage, even
thougli kept in zinc-lined bins. Sun-drying is far best. The tea is put into the box while hot, first

taking enough to J fill the box. This is rocked till it is thoroughly settled, and then trodden down
by a man standing on a piece of carpet ; this is repeated with decreasing instalments, dispensing

with the rooking for the last 2 or 3 additions. When full, a sheet of " silver " paper is laid on the
tea to catch drops caused while soldeiing the top, which, witli the nailing on the cover, is the final

operation. To take tlie tare of the boxes, tliey are weighed with the leaden lining and leaden top ;

when filled and soldered, but before putting on the wooden top, they are again weighed for the

gross. The tares must be equalized by adding nails, solder, or hoop-iron bands. The boxes are
finally marked.

Cost of a Tea Garden.—Col. Money gives the following approximate estimate of the cost to

establish a 300-acre tea-garden :

—

1st year. Ss.

700 acres of land, at Rs. 8 5,600(5600
40 maMjM^s of seed, at Rs. 70 2,800 (280^
Nurseries for vacancies, and labour of transplanting . . . . 200 (20^.)

First temporary buildings 1,000 (100/.)

Cost of planting 100 acres, at Rs. 80 8,000(800/.)
Cultivating 100 acres 1st year, at Rs. 50 5,000(500?.)

22,600 (2,260?.)

27id year.

60 maunds of seed, at Rs. 70 4 , 200 (420?.)

Nurseries, and labour of transplanting .', 300(30?.)
Repairs and new buildings 50O (50?.)

Cost of planting 2nd 100 acres, at Rs. 70 7,000(700?.)
Cultivating 1st 100 acres, at Rs. 60, and 2nd 100 acres, at Es. 50 11 ,000 (1,100?.)

23,000 (2,300?.)



TEA.

3id year. Ss.

70 HuiimJa of seed, at lU. 70 4,000(490/.)

NuFbtriua, and lubour of transplanting 400 (40/.)

Buildings for manufacture (temporary), and repairs .. .. 3,000(300/.)

Cost of planting 3rd 100 acres, at Kb. 60 6,000(600.)

14.300 (1,430/.)

Cultivating 1st 100 acres, at Bs. 70, 2nd at Bs. 60, and 3rd at

Rs. 50 18,000(1,800/.)

Interest on 1st year's outlay for 2J years, 2nd year's for
1 J year,

and 3rd year's for J year, at Bs. 5 per cent, per annum .. 5,357 (535/.)

Total cost of making 300-acre garden 83,257 (8,325/.)

ith year.

20 maurtrfs of seed, at Bs. 70 1,400(140/.)

Nurseries, and labour of transplanting 500(50/.)

Repairs to buildings 500 (50/.)

Cultivating 1st 100 acres, at Bs. 80, 2ud at Bs. 70, and 3rd

atBs. 60 21,000(2,100/.)

23,400 (2,310/.)

5M year.

10 mattnrfs of seed, at Rs. 70 700(70/.)

Nurseries, and labour of transplanting ."jOO (50/.)

Repairs to buildings 500 (50/.)

Cultivating 1st 100 acres, at Rs. 90, 2ud at Bs. 80, and 3id

atRs. 70 24,000(2,400/.)

25,700 C2,.570/.)

6th year.

Nurseries, and labour of transplanting 500(50/.)

Repairs to buildings 500 {Ml.)

Cultivating 1st 100 acres, at Rs. 100, 2ud at Bs. 90, and 3rd at

Rs. 80 27,000(2,700/.)

28,000 (2,800/.)

7th year.

Nurseries, and labour of transplanting 500 (50/.)

Building permanent factory and store, and repairs to buildings 12,500 (1,250/.)

Cultivating 1st 100 acres, at lis. 100, 2nd at Bs. 100, and 3rd

atBs. 90 29,000(2,900/.)

42,000 (4,200/.)

8th year.

Nurseries, and labour of transplanting 500(50/.)

New permanent bouses for manager and assistant, and repairs

to buildings 8,500(850/.)

Cultivating 1st, 2nd, and 3rd 100 acres, at Bs. 100 30,000 (3,000/.)

39,000 (3,900/.)

9th and all sticceeding years.

Nurseries, at Bs. 500 1 j „„y /Joo/^
Bc|iuirs to buildings, at Bs. 500 / '

Cultivating 300 acres, at Rs. 100 30,000(3,000/.)

31,000 (3,100/.)
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PacUng.
Ibox 1 13

4 sheets lead, viz. 2 large and 2 small 166
Labour of Uning box with lead, solder, closing lead, closing wooden box,

stamping, and nails 009
Labour of drying previous to packing, in sun or over dholes, including

charcoal if latter are used 009
Labour of filling box, shaking, and pressing the tea (2 men) 6

Transport,

Freight to Calcutta for 1 mound tea

9
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to obip anil crumblo at the edges, while great stress is laid on the perfect appearance of the brick

by the Sibirians. Both methods of manufacturing brick-tea have a serious drawback in the

clamping of the dust by steam, which robs it of all its fragrance. To remedy this defect, hydraulic

presses have been introduced, which turn out small corrugated cakes, weighing J lb. each, retaining

the original aroma in all its freshness. It is yet uncertain whether the compressed tea will prove

a success, but samples sent to Siberia have been favourably reported on ; aAd though probably the

brick will keep its position among the masses, the compressed tea will become popular with the

better classes, and if really fine dust be employed in its manufacture, it may, from its portability and
cljeapnuss, generally take the place of the leaf-tea at present annually sent overland from Shansi.

The following is the method of producing the brick-tea. There are at present 6 manufactories

in Hankow, 3 of which use boilers eitlier for steaming the tea, or both for that and furnishing

)iower for pressing. The dust from which brick-tea is made comes principally from Ningchow in

Kiangsi, and Tsung-yang and Yang-lout'ung, in Hupeh, and varies both in fineness and cost

according as it belongs to the first, second, or third crop. The first operation is to sift the dust and

reject all the sand and rubbish contained in it, usually amounting to about 5 per cent. It is then

placed in a winnowing- machine, having 3 different-sized sieves, with troughs corresponding, and

passed into baskets. The residue which is too coarse to pass any of the sieves is taken out and

trodden until it is reduced to the proper consistency, when it is placed in iron pans over a charcoal

fire until it is sufBoieutly brittle, and is again taken to be winnowed ; this operation is repeated

until all has been sifted to the requisite degree of fineness. Throe sizes are produced, the coarser

ones being employed to constitute the brick, while the fluest dust is only used as a facing. The
dust having been properly sifted, the next step is to prepare it for pressing, by exposing it to the

action of steam for 3 minutes ; it is this steaming that robs brick-tea of its scent and flavour, and

for which a remedy is eagerly sought.

The old-fashioned apparatus of native design consists of 6 iron boilers heated by charcoal, and

having spaces above fitted with rattan covers. When the dust is to be steamed, it is spread out

on a sheet of cotton cloth, placed over the boiler, and covered up ; but with the improved European

apparatus, the dust is simply put into iron boxes, and the steam is passed through them. After

having been sufficiently steamed to make it adhesive, the dust is put into a strong wooden mould

(on the movable cover of which, tlie trade-mark of the hong or firm is engraved, so as to leave the

corresponding impression on the brick), and firmly wedged down. It is then pressed, and placed

on one side for 2-3 hours to cool. Eaeli brick should weigh 1 catty (l\ lb.), and all those that do

not come up to the proper standard of weight, or are defective in any way, are rejected and

remade. For tliis purpose, they are taken to an edge-runner mill, constructed of two heavy circular

stones, moved by a horizontal wooden bar, and working in a channel, where the condemned bricks

are thrown and crushed by the wheels. Having again become dust, the operation already described

is repeated. The haud-press turns out 60 baskets a day, with 25 per cent, of failure bricks; while

the steam-press produces 80 baskets a day, with only 5 per cent, of bad work, and the saving, by

the employment of the improved machinery, amounts to 1 tael (5s.) a basket, or, according to the

above-stated out-turn, 80 laels (about 20/.) a day. The bricks found to be correct in weight and

free from defects are stored in the drying-room for a week, when they are carefully wrapped

separately in paper, and packed in bamboo baskets containing 64 each. Green brick-tea is made in

the same manner, but of leaf, not dust, and the bricks are larger.

It is expected that in a short time the whole trade will be transferred to Hankow. In addition

to brick-tea proper, there is another kind of tea, called " medicine tea," wliich is composed of coarse

leaf and stalks, mixed with various kinds of medicinal herbs, and packed in bundles weighing

64 catties (of \\ lb.). It is valued at 5 taels (25s.) per/)ic«/ (133^ lb.), and in the event of the cost

of transhipment to Central Asia viS, Tientsin, instead of as hitherto from Sliansi, proving sufficiently

low, it is expected that the trade will receive increased attention. Owing to the immense quantities

of brick-tea now arriving at Tientsin for transport overland, it is anticipated that the sea and river

route via Tientsin and the Amoor will soon be substituted for camels. KiuMang exported

681,333 lb. of brick-tea in one year.

Production and Commerce.—America.—Tea culture was attempted more than 10 years ago in

Califoruia, and great expectations were expressed with regard to the Sacramento Valley in par-

ticular ; but no material success seems to have been gained. More recently, renewed attention

has been given to the subject in the S. States, and a plantation has been selected near Charleston

for experiment, it being supposed that the climate of S. Carolina, near the coast, is very suitable

for tea-growing. The main difficulty ia want of cheap labour. America forms the chief market

for green teas.

Azores.—It was officially announced in 1879 that the tea plant wag growing luxuriantly

in St. Michael's, and that Chinese were engaged to teach the methods of preparing the leaf.

Satisfactory results were obtained iiom experiments.

OyloD.—Tea cultivation is progressing rapidly in several districts and at various elevations
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up to 4500-6000 and even 7000 ft., and a very flne-flavoured tea can be produoeil. In 1880, about

100,000 lb. were exported ; and in 1881, up to the close of the season (30th Sept.), 278,5iJ0 lb.

Ceylon teas distinguished themselves at the Melbourne Exhibition.

China.—The districts specially devoted to tea-farming in China lie between 23° and 25° N.

Iftt., and 115° and 122° E. long., comprising portions of the provinces of Canton, Chekiang, Fokien,

Honan, Hupeh, Kiangsi, and Kiangsu. Now that Western science and skill have been intro-

duced with such marked effect in the preparation of tea in India, there is no valid reason for

reproducing an account of the complicated Chinese methods ; in fact, thougli China remains by far

the largest producer of tea, that country will henceforward be of far less interest to the English

tea-grower and merchant than our own tropical possessions. The exports to foreign oountiies

from Amoy in 1879 were :

—

Destination.
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Hankow in 1879 exported 5il,213picu/s (of 133^ lb.) of black tea and dust, value 3,810,197/.

;

H4,756 piculs of black brick-tea, 145,957/. ; and 25,IJ51 piculs of greeu brick-tea, 35,619/.

Ichang exported of black tea only 36 piculs in 1878, and 91 in 1879. The Chi tea, so called

from the place where it is grown,—Lo-tien-chi, near Ichang.^is considered very good, but
la scarcely known to foreigners. Hao-feng, Shi-nanfoo, and Patung are aUo tea-growing
districts, but little of the tea comes to this port. Large quantities of a coarse-acrid leaf called

tea, and sometimes wild tea, are brought down the river to Ichang, and thence sent to small towns
below ; it is very cheap, and used only by the poor.

The values of the tea exports from Kiukiang in the years 1877, 1878, 1879 respectively were :

2,333,094/., 2,333,784/., 2,005,086/. ; the quantities of the various kinds were: black, 17(;,4'.)8 picnis,

206,798, 190,150; green, 51,476, 40,316, 40,368; brick, 7452,11,285, U,7'JG; leaf, 480, 516, 510;
dust, 9236, 9181, 3663.

Tea forms the principal export from Macao, being grown in the neighbouring district of

Tayshan. It is brought down in a half-prepared state in bags, and undergoes the necessary firing

and manipulation at Macao, where it is packed in boxes, and shipped by river steamer to Houg
Kong, the bulk of it finding its way thence to London, a little going also to Australia and New
York. The export in 1879 was about 9,000,000 lb. Ningpo e.xported of green tea, 145,018 picuis

in 1877, 103,006 in 1878, 127,821 in 1879.

The exports
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fanninga, 15,397 ; fannings, 13,120 ; total, 370,901 ; average yield per acre of mature plants, 288 lb.

In the Sibsagar district, which is second only to Cachar among all the tea-growing districts of

India, the area under tea in 1874 was 22,573 acres; the total out-turn, 4,528,329 lb. The total

area taken up for tea to the end of 1874 was 108,050 acres. The approximate yield in 1872

was:—Congou, 210,026 lb.; Pekoe, 1,006,874; Pekoe Souchong, 85,266 ; Souchong, 526,150;

fannings, 866,784 ; total, 3,199,500 lb. The average yield per acre of mature plants was 238 lb.

The exports from Lakhimpur in 1871 were :—5461 tons, iSfiSOl. The area in 1874 was 89,370

acres (ll,680"in bearing) ; total out-turn, 1,811,920 lb.

Sylhet, in 1874, had 19,190 acres in tea-gardens, of which 5297 were actually under cultiva-

tion. The out-turn was 567,567 lb. In 1876, it was estimated at 655,600 lb. The average per

acre of mature plants (upwards of 2 years) is 111 lb., as against 200 lb. for the -whole province.

Sylhet and Cachar combined gave 4,600,000 lb. in 1870, and 9,000,000 lb. in 1878. Darjeeling,

the Terai, and the Dooars had 144 gardens, yielding 7,530,940 lb. in 1878, and 152 gardens, affording

5,538,040 lb. in 1879. Chittagong- produced about 1,000,000 lb. in 1878 ; and other outlying districts,

about 500,000 lb.

Japan.—The tea-plant grows well here, and tea forics one of the chief exports to foreign

countries, not even excluding China itself. The best leaf comes from the neighbourhood of Uji,

in the province of Yamashiro, to the S.-B. of Kioto ; but tea is also largely produced in the fertile

district in the east of the main island, and exported from Yokohama. Japanese tea is driving

Chinese green tea from the American market; 11,000,000 lb. went there in 1879.

Java.—The tea-gardens of Java are situated mostly in the Batavian department of Buitenzorg,

and in the Preanger Kegencies. The production of tea was stated at 5,700,000 lb. in 1879. The

Chinese variety is the only one grown to any extent ; trials are being made with the Assam shrub,

but have not yet had any practical result. The Java teas are somewhat similar to'Assams, and

are readily saleable in England, where they are chiefly used for mixing with Indian. The 1879

crop was exported thus :—England, 31,814 piouls and cases; Holland, 31,382; Persian Gulf, 930 ;

Australia, 440 ; Japan, 100 ; Singapore, 68.

Adulterants and Substitutes.—The adulterants of tea are exceedingly numerous, and the Chinese

manifest wonderful skill in this direction. Among the first class of adulterants, viz. foreign

leaves, are included those of the ash, plum, dog-rose, Bhamnus spp., Rhododendron spp., and Chrysan-

themum spp., as well as tea-stalks and paddy-husks, all for the purpose of increasing the bulk

;

also the scented flowers of Olea fragrans, Chloranthus inconspicuus, Aglaia odorata, Camellia Sasanqua

Gardenia fiorida, Jasminum Sambac and other species, to impart fragrance to inferior samples. Some-

times the true tea is almost replaced by a factitious compound known as " lie-tea," composed of a

little tea-dust, blended with foreign leaves, sand, and magnetic iron by means of a solution of starch,

and coloured with graphite, turmeric, indigo, Prussian blue, or China clay, according to the kind of

tea it is intended to simulate. Mineral adulterants are used to give weight and colour. In addition to

those employed in the fabrication of lie-tea, are soapstone and gypsum. The adulteration practised

after the ai-rival of the tea in this country embraces the substitution or admixture of the leaves of

the beech, box, elm, hawthorn, horse-chestnut, fancy oak, plane, bastard plane, poplar, sloe,

sycamore, and willow, and artificial colouring by means of cutch, indigo, Datch and rose pinks,

sulphate of iron, Venetian red, chromates of lead and potash, carbonates of copper, lime and

magnesia, arsenite of copper, and Prussian blue.

Besides the well-known varieties or species of Thea, two new kinds have recently been

described by Consul E. Colborne Baber. One is grown by the monks on Mount Omi (Ngomi),

and gives an infusion tasting like coarse Congou highly sweetened with brown sugar. The other

Is found wild in the uninhabited wilderness west of Kiating and south of Yachow, at 6000 ft. and
upwards, notably on the Hwang-mu-chang plateau, among the gorges of the Tung river ; it is a

shrub 15 ft. high with a stem 4 in. thick ; every part except the root is used in the infusion, which

has a buttery flavour. A third new species is reported from the neighbourhood of Trebizonde

where the leaves are picked and sun-dried, and seat in large quantities to Persia.

The name " tea " has been popularly applied to many other plants, the principal being as

follows :—Abyssinian or Arabian (_CatIia [^Celastrusl edulis), the leaves of which are used by
the Arabs in the preparation of a beverage possessing similar properties to tea; Appalachian

( Viburnum cassinoides and Prinos glaher), the infusion of the latter resembling mate ; Australian

{Leptospermum, and Melaleuca spp.) : the leaves of L. lanigerum, of Tasmania and S.-E. Australia;

were used as tea by the early colonists, for Melaleuca see Cajuput-oil, p. 1418; Bencooleu

(filaphyria nitida), whose leaves are infused like tea by the Malays ; blue mountain or golden

rod {SoMago odora) ; Botany Bay (Smilax glyoiphylla), in Australia ; Bourbon or Faham {Angrcecum

fragrans), largely grown in Bourbon, and the leaves made into an aromatic tea-like beverage;

Brazilian (Stachytarpha [_StachytarpJieta'] jamaicensis), whose leaves are said to possess medicinal

virtues, being sold in Austria as " Brazilian tea," and sometimes used to adulterate tea ; bush
(^Cyclopia genistoides), the leaves of which have a tea-like fragrance, and are used in infusion at
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the Cape to promote expectoration ; Canary (_Sida canariensis) ; Carolina (Ikx mmitoria) coffee-

leaf (see Coffee, p. 707); gout (Cordta globosa), in the W. Indies; Jesuits' (Psoralea glandulos.i),

the ciileti of Chili, whose leaves give a not very aromatic infusion, and are more useful as a
vermifuge and stomachic ; Labrador (see Narcotics—Ledum, p. 1308) ; lemon-grass (see p. 1421),

tlie leaves of which are used like tea in the interior of India ; Malay {Eugenia variabilis), see

also Bencooleu
; Mexican (^Ambrina ambrosioides), used mediciually as a vermifuge and anti-

spasmodic (also Paoralea glandulosa) ; mountain {GauHheria prommbena'), whose leaves are used

to flavour tea, or as a substitute (see also Wintergreen-oil, p. 1431); New Jersey [Ceanothua

americanua), tlie leaves of which were used as tea during the American War of Independence;
New Zealand (Leptospermum scopariuin), allied to and used like Australian tea; Oswego (Monarda
didymn), so called from the leaves being sometimes used as tea in America; paigle- (pagle,

peagle) tea, an infusion of the dried blossoms of the cowslip {Primula veris), possessing narcotic

properties, and drunk in some counties of England ; Paraguay-tea or mate' is an infusion of the

leaves of Ilex paraguayensis and probably /. Gongonha and /. theezaris, which are prepared by

roasting the branches on hurdles over a wood fire, and then beating the dried leaves to powder by
sticks on a hard floor ; 3 kinds are distinguished : caa-cuys, the half-expanded leaf-buds ; caa-miri,

the leaf deprived of midrib and veins without roasting ; caa-gvaza or yerva de polos, the whole

leaf with the petioles and small branches roasted ; the consumption in S. America is 8 million lb.

yearly ; saloop-tea is an infusion of sassafras (called " sassafras-tea ") flavoured with milk and

sugar, and said to be formerly drunk by the working classes in London ; ijouth Sea, see Carolina
;

sweet, see Botany Bay ; theezan-tea is an infusion of the leaves of the tia {Sageretia theezans), native

of Penang, the Philippines, and S. China, and said to be sometimes used as tea by the poorer

Chinese; W. Indian (fiapraria hiflora); wild {Amorpha canescens).

Imports, Exports, and Values.—Our imports of tea in 1880 were :—From China, 158,195,142 lb.,

8,849,699?.; Bengal and Burma, 44,437,406 lb., 3,032,354/.; Holland, 2,426,738 lb., 120,738/.;

Bombay and Bind, 618,062 lb., 34,840/. ; United States, 335,804 lb., 19,313/. ; Straits Settlements,

242,222 lb., 13,975/. ; Japan, 213,804 lb., 1 1,552/. ; Ceylon, 150,395 lb., 10, 132/. ; Madras, 82,643 lb.,

5728/.; other countries, 269,284 lb., 15,067/.; total, 206,971,570 lb., 11,613,398/.; retained for

home consumption, 158,570,842 lb., 3,964,290/.

Our exports in 1880 were ;—To Germany, 22,713,650 lb., 1,394,008/. ; British N. America,

6,257,384 lb., 406,943/.; Russia, 5,557,571 lb., 333,656/.; Holland, 3,176,343 lb., 187,026/.;

Denmark, 832,951 lb., 55,481/.; Chili, 727,421 lb., 41,251/.; Portugal, Azores, and Madeira,

662,033 lb., 57,489/. ; United States, 652,179 lb., 38,014/.; Channel Islands, 611,253 lb., 38,341/.;

Morocco, 432,629 lb., 38,318/. ; France, 424,042 lb,, 33,371/. ; Brazil, 395,572 lb., 33,070/.

;

Turkey, 348,832 lb., 22,593/.; other countries, 1,802,986 lb., 124,007/.; total, 44,594,846 lb.,

2,803,568/.

The approximate London market values per lb. of teas in bond (duty Gd. a lb.) are :—Congou :

brown leaf siftings, 4-10(i., ordinary to leafy, 7-lOd., good ordinary to middling, 7}-llc/., ditto

export kinds, 8J-llid., fair to medium, 9-17(i. ; Kaisow, 2nd class, 14-20c/., 1st to finest, 18-27d. I

black leaf, common, 7J-14it/., good common, 8i-32i(i., fair to medium, 9i-17d. ; Oopack and

Moning, 8-27d.; ditto fine to finest, 19-30d ; Tayshan, 7-18(i.; Ning Yong and Oolong, 8-24(i.

;

Souchong, common to good, 8i-20(i., fine to finest, 12-24d. ; Flowery Pekoe, 12-19(/., fine to finest,

19-40(i. ; Caper, scented, 6J-15(i., fine to finest, 10J-21d. ; Orange Pekoe, scented, 6-lSd., fine to

finest, 12-24(/. ; Twankay, 4J-13rf. ; Hyson, common, 6J-14(i., fair to fine, W-ild., finest, 21-42rf.

;

Young Hyson, common, 5J-14(/., good to finest, 9-30c/. ; Imperial, 6-15rf., good to superior, 10-22<i.

;

Gunpowder, 7-19c/., good to finest, 12-42</. ; Canton, 8-12d. ; Japan, uncoloured, 8-16d. ; Indian :

broken, 8i-28d., Congou, 9-16d., Souchong, 9-24c/., Pekoe Souchong, 12-32rf., Pekoe, 10§-38c/.

;

Flowery Pekoe, 18-45rf.

Bibliography.—S. Ball, ' Cultivation and Manufacture of Tea in China, &c.' (London : 1848)

;

K. Fortune, ' Tea Districts of India and China ' (London : 1853) ; W. Nassau Lees, ' Tea Cultiva-

tion in India ' (London : 1863) ;
' Papers on Tea Industry in Bengal ' (Calcutta : 1873) ; A. H.

Hassall, ' Food : its Adulterations ' (London : 1876) ; L. & S. Bitter von Fries, ' Tbee-cnltur und

-handel in China ' (Vienna : 1878); E. Money, 'Cultivation and Manufacture of Tea' (3rd ed.,

London and Calcutta : 1878) ; W. Cochran, ' Capabilities of New Zealand for Tea Culture' (Jour.

Soc. Arts., Vol. XXX. No. 1524, London : 1882) ; J. H. Haworth, ' Information and Advice for Tea-

plantors' (Jour. Agri.-Horti. Soc.Ind., Vol. xiv., Calcutta: 1865); also the following papers in the

Jour. Agri.-Horti. Soc. Ind., on Tea Culture, &c., in:—Kumaon, Gurhwal, and Deyra Doon, i.

288, ii. 323, iv. 173, v. app. 146, vi. 81, app. 14. viii. app. 1 : Chittagong, ii. app. 408 ; Assam, ii.

337, iii. 1, 61, app. 102, v. 79, app. 132, xiii. pt. i. 31 ; Java, v. 162, 206, vi. 72, vii. 292 ; Darjeeling.

vi. 123, vii. 31, viii. 91, xiv. sup. p. xxxvii. ; Cachar, ix. 201, xiv. sup. p.i. ; Sylhet, ix. 207, 342;

Himalayas, xiv. pt. ii. 119.

(See Beverages—Tea.)
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TIMBER (Fe., Bois Scemre; Gee., Nutzhoh).

Properly speaking, the term " timber " is confined to those kinds of wood which are eligible for

building purposes ; but in the present article, it will be extended to embrace all useful woods,

except such aa have been already described under Drugs (Quassia, p. 820) ; Dyeatuffs (Barwood,

p. 855 ; Brazil-wood, p. 856 ; Camwood, p. 856 ; Logwood, p. 862 ; Sanders-wood, p. 867 ; Sapan-

wood, p. 867) ; Perfumes (Sandal-wood, pp. 1527-8) ; and Tannin (Quebracho, p. 1988). They
will be arranged in alphabetic order. The terms used in describing the characters of the various

woods may be explained once for all. The "cohesive force" is the weight required to pull

asunder a bar of the wood in the direction of its length ; the figures denoting the strength, tough-

ness, and stiffness, are in comparison with oak, wliioh is taken as the standard, and placed at

100 in each case ; the " crushing-force " is the resistance to compression ; the " breaking-weight "

is the weight required to break a bar 1 in. sq. supported at two points 1 ft. apart, and the weight

suspended in the middle.

For more detailed information regarding the peculiar properties of building-woods, and the

many methods of preserving timber, the reader is referred to the new edition of Tredgold's

Carpentry, by Hurst, and to other works quoted in the Bibliography at the end of this article

;

a copious list of books on forestry will be found in Daydon Jackson's ' Vegetable Technology.'

Acacia or American Locust-tree (Robinia pseudo-acacia).—This beautiful tree, of con-

siderable size and very rapid growth, inhabits the mountains of America from Canada to Carolina,

its trunk attaining the mean size of 32 ft. long and 23 in. diam. The seasoned wood is much
valued for its durability, surpassing oak. It is admirable for building, posts, stakes, palings,

treenails for ships, and other purposes. Its weight is 49-56 lb. a cub. ft.; cohesive force,

10,000-13,000 lb. ; and the strength, stiffness, and toughness of young unseasoned wood are

respectively 95, 98, and 92.

Alder {Alnus glutinosa).—This small tree inhabits wet grounds and river-banks in Europe and
Asia, seldom exceeding 40 ft. high and 24 in. diam. The wood is extremely durable in water and
wherever it is constantly wet ; but it soon rots on exposure to the weather or to damp, and is much
attacked by worms when dry. It is soft, works easily, and carves weU ; but it is most esteemed
for piles, sluices, and pumps, and has been much cultivated in Holland and Flanders for such
purposes. Its weight is 347-50 lb. a cub. ft. ; cohesive force, 5000-13,900 lb. ; strength, 80 ; stiff-

ness, 63 ; toughness, 101. It is one of the woods used in making gunpowder (see p. 882).

Alerce-wood (CalUtris quadrivahis),—This is the celebrated citrus-wood of the ancient
Eomans, the timber of the gum sandarach tree (see pp. 1681-2). The wood was esteemed above
all others for roofing temples and for tables, and is employed in the cathedral of Cordova. Among
the luxurious Romans, the 'great merit of the tables was to have the veins arranged in waving
lines or spirals, the former called "tiger" tables and the latter "panther." Others were marked
like the eyes on a peacock's tail, and others again appeared as if covered with dense masses
of grain. Some of these tables were 4-4J ft. diam. The specimens of the tree now existing in

S. Morocco resemble small cypresses, and are apparently shoots from the stumps of trees that have
been out or burnt, though possibly their stunted habit may be due to sterility of soil. The largest

seen by Hooker and Ball in 1878 were in the Ourika valley, and were about 30 ft. high. The
stems of the trees swell out at the very base into roundish masses, half buried in soO, rarely

attaining a diameter of 4 ft. It is this basal swelling, whether of natural or artificial origin,

which affords the valuable wood, exported in these days from Algiers to Paris, where it is used in

the richest and most expensive cabinet-work. The unique beauty of the wood will always
command for it a ready market, if it be allowed to attain sufficient size, and the tree is certainly

deserving of earnest attempt to naturalize it in the botanic gardens of some of our tropical colonies,

before it becomes extinct at the hands of the apathetic Moors, who are wasting the wood for

building and fuel.

Alerse {Lihocedrus tetragond).—This is a Chilian tree, affording a timber which is largely used
on the S. Pacific coast of America, and an important article of commerce. It gives spars

80-90 ft. long, and 800-1500 boards. Its grain is so straight and even that shingles split from it

appear to have been planed.

Ash. (^Fraxinus excelsior).—The common ash is indigenous to Europe and N. Asia, and found

throughout Great Britain. The young wood is more valuable than the old ; it is durable in the

dry, but soon rots by exposure to damp or alternate wetting, and is very subject to woi-m when
felled in full sap. It is difSoult to work and too flexible for building, but valuable in machinery,
wheel-carriages, blocks, and handles of tools. The weight is 34-52 lb. a cub. ft. ; cohesive force,

6300-17,000 lb. ; strength, 119 ; stiffness, 89; toughness, 160.

Assegai-wood or Cape Lancowood {CuHisia faginea).—This tree, the oomhlebe of the

African natives, gives a very tough wood, used for wheel-spokes, shafts, waggon-rails, spears, and
turnery, weighing 56 lb. a cub. ft.

Beech (Fajns sylvatica).—The common beech inhabits most temperate parts of Europe, from
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Norway to tho MoJitcrranoan, and is plentiful in S. Russia. It Is nrn-t abumlant in the S. and
Midland counties of England, growing on chalky soils to 100 ft. high and 4-G ft. diam. Wood
grown in damp valleys bennies brittle on drying; it is very liable to destruction by worms, decays
in damp situations, loss in ii dry state, but least of all wlien constantly under water. It is thus
most useful for piles, and for knees and planking of ships. Its uniform texture and hardness make
it very valuable for tools and common furniture. It is also used for carriage-panels and wooden
tramways. Its weight is 43-53 lb. a cub. ft. ; cohesive force, 6070-17,000 lb. ; strength, 103 ;

stiffness, 77 ; toughness, 138. (Si c Oils, p. 1378 ; Tar, p. 1683.)

Beech [American].—Two species of Fagus are common in N. America,—the white {F. s'/l-

vcstria), and the red (F. ferruginea). The perfect wood of the former is frequently only 3 in. in a
trunk 18 in. diam., and it is of little use except for fuel. The wood of the latter, which is almost
exclusively confined to the N.-E. States, Canada, New Brunswick, and Nova Scotia, is stronger,

tougher, and more compact, but so liable to insect attacks as to be little used in furniture
; yet it is

very durable when constantly immersed in water.

Birch {Betula spp.),—The common birch (B, alba) is less important as a source of wood than
as affording an empyreumatic oil (see pp. 1417-8, 1684). Its wood is neither strong nor durable,

but is easily worked, moderately hard, and of straight and even grain, rendering it useful for

chair-making, cabinet-making, and light turnery. Memel exported by sea in 1880, 175,051 birch

staves, value 340/., and 45,596 logs, value 832/. 10s.

The American red birch (B. rubra) has similar uses. The black or cherry birch (B. lenta

\nigra']) of N. America is superior to all others, and imported in logs 6-20 ft. long and 12-30 in.

diam., for furniture and turnery. Quebec birch is wortli 3^ 5s.-il. 15s. a load.

Box (Buxiis sempervirms).—The common evergreen box is a native of Europe as far as 52°

N. lat., and is abundant in S. and E. France, Spain, Italy, the Black Sea coast, Persia, N. India,

China, and Japan. For some years past, the supply of this important wood has diminished in

quantity and risen in price. It is mainly derived from the forests of the Caucasus, Armenia, and
tlie Caspian shores. Tlie wood of the best quality comes from the Black Sea furests, and is princi-

pally shipped from the port of Poti. The produce of tho Caspian forests, known in the trade as
" Persian," used also to be exported through tho Black Sea from Taganrog. This found its way, after

the commencement of the Kusso-Turkish war, via, the Volga canal, to St. Peterslmrg. The produce

of the Caspian forests is softer and inferior in quality to that of the Black Sea. It is a large article

of trade with Eussia, reaching Astrakhan and Nijui-Novgorod in the spring, and being sold

during the fair. It recently amounted to 130,000 poods (of 36 lb.). True Caucasian boxwood may
be said to be commercially non-existent, almost every marketable tree having been exported. The
value of tho yet unworked Abkhasian forests has been much exaggerated, many of the trees being

either knotted or hollow from age, and most of the good wood having been felled by the Abkhasians

previous to Russian occupation. The boxwood at present exported from Rostov, and supposed to

be Caucasian, comes from the Persian provinces of Mazanderan and Ghilan, on the Caspian.

Boxwood is characterized by excessive hardness, great weight, evenness and closeness of grain,

light colour, and capacity for taking a fine polish. Hence it is very valuable for wood-engraving

(see p. 1610), turning, and instrument-making. The Minorca box (B. balearica), found in several

of the Mediterranean islands, and in Asia Minor, yields a similar but coarser wood, which pro-

bably finds its way into commerce.

The shipments of boxwood from Taganrog were 4681 tons in 1878, 2904 tons in 1879, and 1839

tons, 23,177/., in 1880. The exports from Trebizonde were, in 1879, 702 cwt. to Turkey, and 7040

cwt. to Great Britain, total value 1161/. ; in 1860, 541 cwt., 51/., to Great Britain. Ghilan ex-

ported to Russia 8846/.. worth in 1878, and 4444/. worth in 1879. Poti despatched 12,640 poods

(of 36 lb.) in 1877-8. The approximate value of Turkey box is 6-201. a ton.

Broadleaf or Almond ( Tcrminalia latifulia).—This is a Jamaica tree, growing 60 ft. high to

the main branches, and 3i-5 ft. diam. It is used for timbers, boards, shingles, and staves. Its

weight is 48 lb. a cub. ft. ; crushing-force, 7500 lb. ; breaking-weight, 750 lb.

Bullet-tree (Mimusops Batata).—This tree is found in the W. Indies and Central America.

Its wood is very hard and durable, and fitted for most outside work ; it is iised principally for

posts, sills, and rafters. It warps much in seasoning, splits easily, becomes slippery if used as

flooring, and is very liable to attacks of sea-worms. Its weight is 65J lb. a cub. ft. ; crushing-

force, 14,330 lb. (See Resins—Balata, p. 1635, Chicle, 1639.)

Calophyllum. See Tamanu, p. 2021.

Cedar [Australian Red] (Cedrela australis).—This tree is a native of Australia, where it has

liecn almost exterminated, the timber being found so useful in house-building (for joinery, doors,

and sashes) and boat-building. Its weight is 35 lb. a cub. ft. ; breaking-weight, 471 lb.

Cedar [Bermuda] (Jimipcms berrnvdinni).—This species is a native of the Bermudas and

Bahamas. Its wood much resembles that of Virginian Cedar, and is used for similar purposes, as

well as for ship-building. It is extremely durable when ventilated and freed from sap-wood. It
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lasts 150-200 years in houses, and 40 years as outside ship-planking. It is difficult to get above

8 in. aq. Its weight is 46-47 lb. a cub. ft.

Cedar of Lebanon (Abies Cedrus [Cferfrws LibaniJ).—Tliis evergreen tree is a native of

Syria, and probably Candia and Algeria. The trunk reaches 50 ft. high and 34-39 in. diam. The
wood is said to be very durable, and to have been formerly extensively used in the construction of

temples. It is straight-grained, easily worked, readily splits, and is not liable to worm. Its

weight is 30-38 lb. a cub. ft. ; cohesive force, 7400 lb. a sq. in. ; strength, 62 ; stiffness, 28 ;

toughness, 106. (See Oils, p. 1419.)

Cedar [New Zealand] (Libocedrus BidwUUi and Z. Doniana).—Of these species, the latter,

the kawaka of the natives, is a fine timber tree 60-100 ft. high, yielding heavy, fine-grained wood,

useful in fencing, house-blocks, piles, and sleepers. It weighs 30 lb. a cub. ft. ; breaking-weight,

400 lb. The first species gives a soft, porous wood, useless for timber purposes.

Cedar [Virginian Red] (Juniperus mrginiana).—This small tree (45-50 ft. high and 8-18 in.

diam.) inhabits dry rocky hillsides in Canada, the United States, and W. Indies, and flourishes in

Britain. The wood is much used in America for wardrobes, drawers, boxes, and furniture, being

avoided by all insects on account of its strong odour and flavour. It is light, brittle, and nearly

uniform in texture. It is very extensively employed for covering graphite pencils, being imported

in pieces 6-10 in. sq. It weighs 4O5 lb. a cub. ft. (See Oils, p. 1419.)

Cedar [W. Indian or Havanna] {Cedrela odorata).—This tree is a native chiefly of

Honduras, Jamaica, and Cuba, having a stem 70-80 ft. high and 3-5 ft. diam., and exported in

logs up to 3-4 ft. sq. Its wood is soft, porous, and brittle, and used chiefly for cigar-boxes and
the inside of furniture. It makes durable planks and shingles. Its weight is 36 lb. a cub. ft.

;

crushing-weight, 6600 lb. ; breaking-weiglit, 400 lb. Costa Eica exported from San Jose, in 1875,

81 boards, 113 planks, and 7306 logs of cedar ; in 1878, 365 planks and 645 logs. The exports

from British Honduras were 18,923 ft. in 1876, 77,582 in 1877, 87,129 in 1878. The approximate

London market values are i-S^d. a ft. for Cuba cedar, and i-5id. for Honduras, &c.

Cedar Boom (Widdringtonia juniperoides).—This tree is found in N. and W. Cape Colony, and
its wood is used for floors, roofs, and other building purposes, but will not stand the weather.

Chestnut (Oastanea vesca).—This, the sweet or Spanish chestnut, is said to be a native of

Greece and W. Asia, but grows wild also in Italy, France, Spain, N. Africa, and N. America. It

lives to 1000 years, but reaches its prime at about 50, when the stem may be 40-60 ft. long

and 3-6 ft. diam. The wood is hard and compact : when young, it is tough and flexible, and as

durable as oak; when old, it is brittle and shaky. It does not shrink or swell so much as other

woods, and is easier to work than oak ; but soon rots when built into walls. It is valued for hop-

poles, palings, gate-posts, stakes, and similar purposes. Its weight is 43-54 lb. a cub. ft.
;

cohesive force, 8100 lb. ; strength, 68 ; stiffness, 54 ; toughness 85. (See Nuts, p. 1352 ; Tannin,

p. 1982.)

Cypress (Cupressus semperoirens).—Tliis tree is abundant in Persia and the Levant, and
cultivated in all countries bordering the Mediterranean, thriving best in waim sandy or gravelly

soil, and reaching 70-90 ft. high. Its wood is said to be the most durable of all. For furniture,

it is stronger than mahogany, and equally repulsive to insects. In Malta and Candia, it is much
used for building. It weighs about 40-41 lb. a cub. ft.

Deal [White], White Fir, or Norway Spruce (Abies excelsd).—This tree inhabits the

mountainous districts of Europe, and extends into N. Asia, being especially prevalent in

Norway. It runs to 80-100 ft. high, and about 2-3 ft. max. diam. Tlie tree requires 70-80 years

to reach perfection, but is equally durable at all ages. It is much imported in spars and deals,

the latter about ] 2 ft. long, 3 in. thick, and 9 in. wide. The wood glues well, and is very durable

while dry, but much more knotty than Northern Pine. It is fine-grained, and does well for

gilding on, also for internal joinery, lining furniture, and packing-cases. A principal use is for

scaffolds, ladders, and masts, for which purpose it is largely imported from Norway in entire

trunks, 30-60 ft. long, and 6-8 in. max. diam. It is shipped from Christiania, Friedrichstadt,

Drontheim, Gottenburg, Eiga, Narva, St. Petersburg, &c. Christiania deals and battens are

reckoned best for panelling and upper floors; Friedriohstadt have small black knots; lowland
Norway split and warp in drying ; Gottenburg are stringy and mostly used for packing-cases

;

Narva are next in quality to Norway, then Eiga ; St. Petersburg shrink and swell even after

painting. The wood is generally light, elastic, tough, easily worked, and extremely durable when
properly seasoned. It weighs 28-34 lb. a cub. ft. ; cohesive force, 8000-12,000 lb. a sq. in.

;

strength, 104 ; stiffness, 104 ; toughness, 104. (See Eosin, p. 1680 ; Pine-oils, p. 1408 ; Turpentine-

oils, p. 1431 ; Pitch, pp. 1678-9 ; Tar, p. 1684.)

Deodar (Cedrus Deodara).—1:hw tree is found in the Himalayas at 5000-12,000 ft., and on the

higher mountains from Nepal to Kashmir, measuring 150-200 ft. high, and over 30 ft. circ. Its

wood is extremely valuable for all carpentry, and most generally used iu the Punjab for building.

Its weight is 37 lb. a cub. ft. ; breaking-weight, 520 lb.
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Dogwood.—The American dogwood {Comut florida) is a tree 30 ft. high, common in the woods
of many parts of N. America. Its wood is hard, heavy, and close-grained, and largely used locally

for tool-handles ; it has been imported into England with some saccess aa a subetitate for box in

making shuttles for textile machinery.

The black dogwood or alder buckthorn (^Shamnus Frangula) is abundant in Asia Minor, and
affords one of the best wood charcoals for gunpowder-makiug (see p. 882). Its berries probably

contribute to the yellow dyestuff known as Persian bL-rriis (see p. 864).

Doom Boom or Kameel Boom {Acacia Aorn'da).—This tree is a native of S. Africa, and
affords small timber used for fencing, spars, fuel, and charcoal. (See Cape Arabic, p. 1632.)

Ebony {Diospyros spp).—The best and most costly kind of ebony, having the blackest and
finest grain, is the wood of V. reticulata, of Mauritius. Two E. Indian species, D. MelanoxyUm and
D. Ebenastar, also contribute commercial supplies, and another kind is obtained from D. JSbenum, of

Ceylon. The heart-wood of the trunk of these trees is very hard and dense, and is largely used for

fancy cabinet-making, mosaic work, turnery, and small articles. The approximate London market

values are 5-20/. a ton for Ceylon, and 3-12/. for Zanzibar, &o.

Elm (CTmtts app.).—Five species of elm are now grown in Britain:—The common rough-

leaved ( U. campestris) is frequent in scattered woods and hedges in S. England, and in France and

Spain, attaining 70-80 ft. high and 4 ft. diam. Its wood is harder and more durable than the

other kinds, and is preferred for coffins, resisting moisture well. The cork-barked (K svberosa)

is common in Sussex, but the wood is inferior. The broad-leaved wych-elm or wych-hazel ( U.

montana) is most cultivated in Scotland and Ireland, reaching 70-80 ft. high and 3-4J ft. diam.

The smooth-leaved wych-elm ( TT. glabra) is abundant in Essex, Hereford, the N. and N.-E. counties

of England, and in Scotland, growing to a large size. The wood is tough and flexible, and

preferred for wheel-naves. The Dutch elm ( U. major), the smallest of the five, is indigenous to

Holland ; its wood is very inferior. Elm-trunks average 44 ft. long and 32 in. diam. The wood is

very durable when perfectly dry or constantly wet. It is not useful for general building, but

makes excellent piles, and is used in wet foundations, waterworks, and pumps ; also for wheel-

naves, blocks, keels, and gunwales. It twists and warps in drying, shrinks considerably, and is

diflioult to work ; but is not liable to split, and bears the driving of bolts and nails very well. Its

weight is 34-50 lb. a cub. ft. ; cohesive force, 6070-13,200 lb. ; strength, 82 ; stiffness, 78 ;

toughness, 86.

These species of elm are indigenous to N. America, and have similar uses to the European

kinds :—The common American ( U. americana) grows in low woods from New England to Canada,

reaching 80-100 ft. high ; its wood is inferior to English. The Canada rock or mountain

(27. racemosd) is common to Canada and the N. States ; the wood is used in boat-building, but is

very liable to shrink, and gets shaky by exposure to sun and wind ; its weight is 47-55 lb. a

cub. ft. The slippery {U.fulva) gives an inferior wood, though much used for various purposes.

Quebec elm is valued at 4-5/. a load.

Fir [Silver] {Picea pectinata).—This large tree (100 ft. high, and 3-5 ft. diam.) is indigenous

to Europe, Asia, and N, America, growing in British plantations. It is said to attain its greatest

perfection in this country at 80 years. The wood is of good quality, and much used on the

Continent for carpentry and ship-building. Floors of it remain permanently level. It is liable to

attacks of the worm, and lasts longer in air than in water. It weighs about 25J lb. a cub. ft.

Greenheart or Bibiri {Nectandra Rodicei [/eucani/ia]).—This celebrated ship-building wood

is a native of British Guiana, and has been largely exported from Demorara to English dockyards.

It gives balks 50-60 ft. long without a knot, and 18-24 in. sq., of hard, fine-grained, strong, and

durable wood. It is reputed proof against sea-worms, and placed in the first class at Lloyd s ; it

is very difficult to work, on account of its splitting with great force. Its weight is 58-65 lb. a

cub. ft. ; crushing-weight, 12,000 lb. ; breaking-weight, 1424 lb. (See Starch, p. 1823.)

Oum [Blue] (i'lica/t/pius Globulus).—Tliis Australian and Tasmanian tree is of rapid growth,

and often reaches 150-300 ft. high and 10-20 ft. diam. Its wood is hard, compact, difficult to

work, and liable to split, warp, and shrink in seasoning. It is used for general carpentry and

wheel-spokes. Its weight is 60 lb. a cub. ft. ; crushing-force, 6700 lb. ; breaking-weight, 550-

900 lb. (See Eucalyptus-oils, p. 1420 ; Kino, p. 1668 ; Tannin, p. 1993.)

Gum [White or Swamp] {E. viminalis).—This tree is found chiefly in Tasmania, and a

variety called the Tuvart occurs in W. Australia. The wood is valued for its great strength,

and is sometimes used in ship-building, but more in house-buUding, and for purposes where weight

is not an objection. It is sound and durable, shrinks little, but has a twisted grain, which makes

it difficult to work. Its weight is about 70 lb. a cub. ft. ; crushing-force, 10,000 1b.; breaking-

weight, 730 lb.

Hickory or White Walnut (Carya [Juglans] a/6a).—There are about a dozen species of

hickory, natives of N. America, forming large forest trees. Their timber is coarse-grained, and

very strong, tough, and heavy ; but is unsuited for building, as it does not bear exposure to the
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weather, and is much attacked by insects. It is extensively used where toughness and elasticity

are required, such as for barrel-hoops, presses, handles, shafts and poles of wheel-carriages, fishing-

rods, and even light furniture. The most important la the shell-bark, scaly-bark, or shag-bark

( C. alba), common throughout the Alleghanies from Carolina to New Hampshire, growing 80-90 ft.

high and 2-3 ft. diara. (See Nuts, p. 1358 ; Oils, p. 1391.)

Ironbark {Eucalyptus resinifera).—This rugged tree is found in most parts of the Australian

continent, frequently reaching 100-150 ft. high and 3-6 ft. diam., the usual market logs being

20-40 ft. long and 12-18 in. sq. Its wood is straight-grained, very dense, heavy, strong, and

durable, but very difficult to work. It is liable to be shaky, and can only be employed with

advantage in stout planks or large scantlings. Its weight is 64J lb. a cub. ft. ; crushing-force,

9921 lb. ; breaking-weight, 1000 lb.

Ironwood [Cape] (Ofeo undulata).—This S. African wood, the tambooti or hooshe of the

natives, is very heavy, fine-grained, and durable, and is used for waggoTi-axles, wheel-cogs, spokes,

telegraph-poles, railway-sleepers, and piles. This is the " black " ironwood. The " white " ( Vepris

lanceolatd) is used for similar purposes.

Jack, or Ceylon Mah.og^any (_Artocarpus integrifoUa').—This useful tree is a native of the

E. Archipelago, and is widely cultivated in Ceylon, S. India, and all the warm parts of Asia,

mainly as a shade-tree for cofi^ee and other crops. Its wood is in very general use locally for making

furniture ; it is durable, and can be got in logs 21 ft. long and 17 in. diam. Its weight is 42 lb. a

cub. ft. ; breaking-weight, 600 lb.

Jack [Jungle], or Anjilli (^. hirsuta).—This species is remarkable for size of stem, and
is found in Bengal, Malabar, and Burma. Its wood is strong and close-grained, and considered

next in value to teak for ship-building. Its weight is 38-49 lb. a cub. ft. ; cohesive force,

13,000-15,000 lb. ; breaking-weight, 740 lb.
'

Jarrah, Australian Mahogany, or Flooded or Eed Gum {Eucalyptus marqinata').—
This tree attains greatest perfection in "W. Australia, reaching 200 ft. high. Its wood is hard,

heavy, close-grained, and very durable in salt and fresh water, if out before the rising of the sap.

It is best grown on the hills. It resists sea-worms and white ants, rendering it specially valuable

for ships, jetties, railway-.ileeper3 and telegraph-posts, but shrinks and warps considerably, so that

it is unfit for floors or joinery. Logs may be got 20-40 ft. long and 11-24 in. sq. Its weight is

62J lb. a cub. ft. ; crashing-force, 7000 lb. ; breaking-weight, 500 lb.

Eanyin (Dipterocarpus alatus).—This magnificent tree is found chiefly in Pegu and the

Straits, reaching 250 ft. high. Its wood is hard and close-grained, excellent for all house-buUding

purposes, but not durable in wet. Its weight is 45 lb. a cub. ft. ; breaking-weight, 750 lb.

Another species (B. turbinatus), found in Assam, Burma, and the Andamans, is similar, and
much used by the natives in liouse-building.

Kauri, Cowrie, or Pitch-tree (Uammara australis).-—This gigantic conifer is a native of

New Zealand, growing 80-140 ft. high, with a straight clean stem 4-8 ft. diam. The wood is

close, even, fine-grained, and free from knots. It is chiefly used and well adapted for masts and
spars ; also for joinery, as it stands and glues well, and shrinks less than pine or fir. But it

buckles and expands very much when cut into narrow strips for inside mouldings. Its weight is

35-40 lb. a cub. ft. ; cohesive force, 9600-10,960 lb. a sq. in. (See Kesins, p. 1666.)

Larch [American Black], Tamarak, or Hackmatack {Larix pendula).—This tree

ranges from Newfoundland to Virginia, reaching 80-100 ft. high, and 2-3 ft. diam. The wood is

said to nearly equal that of the European .species.

Larch. [Common or European] (i. curopma).—This species is a native of the Swiss and
Italian Alps, Germany, and Siberia, but not of the Pyrenees nor of Spain. The Italiun is most

esteemed, and has been considerably planted in England. The tree grows straight and rapidly to

100 ft. high. The wood is extremely durable in all situations, such as posts, sluepers, &c., and is

preferable to pine, pinaster or fir for wooden bridges. But it is less buoyant and elastic than
Northern Pine, and boards of it are more apt to warp. It burns with difficulty, and makes
excellent ship-timber, masts, boats, posts, rails, and furniture. It is peculiiirly adapted for stair-

cases, doors, and shutters. It is more difficult to work than Northerti Pine, but makes a good
surface, and takes oil or varnish better than oak. The liability to warp is said to be obviated

by barking the trees while growing in spring, and cutting in the following autumn, or next

year ; this is also said to prevent dry-rot. The wood weighs 34-36 lb. a cub. ft. ; cohesive

force, 6000-13,000 lb.; strength, 103; stiffness, 79; toughness, 134. (See Venice Turpentine,

p. 1691.)

Lignum-vitse {Guaiacum officinale).—This tree grows chiefly on the S. side of Jamaica, and
affords one of the hardest and heaviest woods, extremely useful for the sheaves and blocks of

pulleys, for which purpose it should be cut with a band of sap-wood all round, to prevent splitting.

Its weight is 73 lb. a cub. ft. ; crushing-weight, 9900 lb. The exports of liguund-vit£B from San
Domingo in 1880 were:—164 ions to Great Britain, 25 tons to France, 700 tons to Germany, 10
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tons to Italy, 239 tons to the Unite.! States, 41 tona to the W. Indie*: total 1149 Inns. Tho

approximati' I^ndon market value is 4-10/. a ton. (See Drugs, p. 816; KesiDs, p. Itial.)

Locust-tree {Hymerura Courbaril).—This tree is a native of 8. America, and iii found also in

Jamaica. Its wood is bard and tough, and useful for house-building. Its weight is 42 lb. a cub. ft.

;

crushing-force, 7500 lb.; breaking-weight, 750 Ih. (See Jutahy-seca, p. 1666.)

Mahogany (Stcietenia itahogani).—This tree is indigenous to the W. Indies and Central

America. It is of comparatively rapid growth, reaching maturity in about 200 years, and the

trunk exceeding 40-50 ft. long and 6-12 ft. diam. The wood is very durable in the dry, and not

liable to worms. It.s costline.•^8 restricts its use chiefly to furniture; it has been extensively

employed in machinery for cotton-mills. It shrinks very little, warps and twists less than any

other wood, and glues exceedingly well. It is imported in logs: those from Cuba, Jamaica,

San Domingo, known as " Spanish," are about 20-26 in. sq. and 10 ft. long; those from Honduras,

2-4 ft. sq. and 12-14 ft. long. The weight is 35-53 lb. a cub. ft. ; the cohesive force is 7560 lb.

in Spanish, and 11,475 lb. in Honduras; the strength, stiffness, and toughness are respectively

67, 73, and 61 in Spanish, and 96, 93, and 99 in Honduras.

The tree attains its greatest development and grows most abundantly between 10° N. lat. and

the Tropic of Cancer, flourishing best on the higher crests of the hills, and preferring the lighter

soils. It is found in abundance along the banks of the IVuinaointa, and other large rivers flowing

into the Gulf of Mexico, as well as in the larj^er islands of the W. Indies. British settlements for

cutting and shipping the timber were established s-o long ago as 1638-40, and the right to the

territory has been maintained by Great Britain, chiefly on account of the importani.'e of this

branch of industry. The eutting-senson usually commences about August. It is performed by

gangs of men, numbering 20-50, under direction of a "captain" and accompanied by a " hunts-

man,'' the duty of the latter being to s( areli out suitable trees, and guide the cutters to them.

The felled trees of a season aro scattered over a very wide area. All the lilr^'erones are "squared "

before being broufrlit away on wheeled trucks along the forest-roads made for the pHrpci-^e. By
March-April, felling and trimming are completed ; the dry season by that time permits tlie trucks

to be wheeled to the river-banks. A gang of 40 men work 6 trucks, each requiring 7 pair of

oxen and 2 drivers. Arrived at the river, the 1"!,'^, duly initialed, are thrown into the stream ; the

rainy season follows in Mny-June, and the rising current carries them seawards, guide! by men
following in canoes, A boom at the river-mouth stops the timber, and enables eacli owner to

identify his property. They are then made up into rafts, and taken to the wharves, for a final

trin)ming before shipment. The cutters often continue their operations far into the interior, and

over the boiders into Guatemala and Yucatan.

The exports of mahogany from British Honduras were 1,821,307 ft. in 1876, 3,080,807 in 1877,

8,146,582 in 1878. San Domingo exported in 1880; 18,000 ft. to Great Britain, 62,400 to France,

24,200 to Germany, 58,500 to Italy, 86,650 to Spain, 104,000 to tho W. Indies; total, 35.3,750 ft.

Tlie approximate London market values are:— Cuba, 5-9c(. a ft. ; San Domingo, 5-9d. ; Mexican,

4-.5(/. ; Tobasco, 4J-C</. ; Ilondnras, 4-5J(i. (See Mahogany-gum, p. 1673.)

]y[ah.ogany [African] (>'. senegaUusis).—This hard and durable wood is brought from Sierra

Leone, and is much used for purposes requiring strength, hardne.-s, and durability. But it is very

liable to premature decay, if the heart is exposed in felling or trimming.

Hahog'any [E. Indian].— Two species of Smetenlii are indigenous to the E. Indies:— .?./e6n-

fuga is a very large tree of the mountains of Central Hindostan ; the wood is less beautiful than

true mahogany, but much harder, heavier, and more durable, being considered the most lasting timber

in India. S. chloroxylon is found chiefiy in the Circar mountains, and attains smaller dimensions

;

t!ie wood more resembles box.

Hango (Mangijcrii indica).—This tree grows abundantly in India, where numerous varieties

are cultivated, as also in Mauritius, Brazil, and in other tropical climates. Its wood is generally

coarse and open-grained, but is excellent for common doors and door-posts when well seasoned ;

it is liglit and strong, but liable to snap ; it is durable in the dry, but decays rapidly when exposed

to weather or water, and is much attacked by worms and ants. Its weight is 41 lb. a cub. ft.;

cohesive force, 7700 lb. ; breaking-weight, 560 lb. (See Resins, p. 1673.)

Maple {Aier saccJmrinum).—Tlie sugar-maple (see pp. 1902-3) is liable to a peculiarity of growth,

which gives tlie wood a knotted structure, wlience it is called " bird's-eye maple." The cause of

this Btruoturo has never been satisfactorily explained. The handsome appearance thus given to

the wood is the reason of its value in furniture and cabinet-making.

Miro (Podocarpus ferruginca).—This is a New Zealand tree, giving brownish wood 20-30 ft.

long and 15-80 in. sq., useful for internal carpentry and joinery, and weighing 46 lb. a cub. ft.

Mora (_Mora excclsa).—This tree ia a native of British Guiana and Trinidad, growing luxu-

riantly on sand-reefs and barren clays of the coast regions, reaching 130-150 ft. high, and squaring

18-20 in. Its wood is extremely tough, close, and cross-grained, being one of the most difiBeult

to split. It is one of the eight first-class woods at Lloyd's, making admirable keels, timbers,

6 .V
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beams, and knees, and in most respects superior to oak. Its weight is 57 lb. a cub. ft. ; crashing-

force, 10,000 lb., breaking-weight, 1212 lb.

Mutti (^Terminalia coriacea).—This is a common tree of Central and S. India. Its wood is hard,

heavy, tough, fibrous, close-grained, rather difficult to work, unaffected by white ants, and con-

sidered extremely durable. It is used for beams and telegraph-posts. Its weight is 60 lb. a cub. ft;

;

breaking-weight, 860 lb.

Nan-mu {Persea Nanmu).—That portion of the Chinese province of Yunnan which lies

between 25° and 26° N. lat. produces the famous nan-mu tree, which is highly esteemed by the

Chinese for building and coffins, on account of its durability and pleasant odour. It is imported

into Shanghai in planks measuring 8 ft. long and 13-14 in. diam., for which the highest price is

200 dol. (of 4s. 2d.) a plank.

Naugiia.—This tree is generally found in the Pacific Islands on desert shores, or on the brinks

of lagoons, where its roots are bathed by the tide. Its wood has great weight, intense hardness,

and closeness of grain. It is considered a valuable substitute for box for wood-engraving (see

p. 1610). Blocks 18 in. diam. are common.

Neem (Melia Azadirachta).—Tins is a common, hardy, and quick-growing Indian tree, reaching

40-50 ft. high, and 20-24 in. diam. The trunk and branches are cut into short, thick planks,

much used for lintels of doors and windows. The wood is hard and durable, but attacked by

insects. Its fragrant odour makes it in request by natives for doors and door-frames. It is difficult

to work, takes a fine polish, and is good for joinery where strength is not demanded; but becomes

brittle and liable to snap when dry. Its weight is 51 lb. a cub. ft. ; cohesive force, 6940 lb.

;

breaking-weight, 600 lb. (See Oils—Margosa, p. 1395.)

Oak (Quercus spp.).—The most common British oak is Q. pednnculata, found throughout Europe

from Sweden to the Mediterranean, and in N. Africa and Asia. Its wood is tolerably straight and

fine in the grain, and generally free from knots. It splits freely, makes good laths for plasterers

and slaters, and is esteemed the best kind for joists, rafters, and other purposes where a stiff, straight

wood is dchirable. The "durmast" oak (0. sessiliflora) has the same range as the preceding, but

predominates in the German forests. Its wood is heavier, harder, and more elastic ; liable to warp,

and difficult to split. Both are equally valuable in ship-building. Quantities of oak timber are

shipped from Norway, Holland, and the Baltic ports, but are inferior to English-grown for ship-

building, though useful for other purposes.

Of American oaks, the most important are as follows. Tlie chestnut-leaved (0. prims) gives a

coarse-grained wood, very serviceable for wheel-carriages. The red (Q. rubra) in Canada and the

Alleghanies, affords a light, spongy wood, useful for staves. The wood of the white oak (Q. alba),

ranging from Canada to Carolina, is tough, pliable, and durable, being the best of the American

kinds, but less durable than British. It is exported from Canada to Europe as " American oak."

The iron or post oak (Q. obtusiloba), found in the forests of Maryland and Virginia, is frequently

called the " box white oak," and chiefly used for posts and fencing. The live oak (Q. virens) is the

best American ship-building kind, inhabiting the Virginian coast.

Oak warps, twists, and shrinks much in drying. Its weight is 37-68 lb. a cub. ft., according to

the kind ; cohesive force, 7850-17,892 lb. It is valuable for all situations when it is exposed to

the weather, and where its warping and flexibility are not objectionable. Quebec oak is worth

about 4Z. lOs.-ll. a load; Dantzic and Meinel, 3/. Ws.-5l. (See Acorn-oil, p. 1415 ; Cork, pp. 722-9;

Valonia, pp. 1992-3 ; Oak-barks, pp. 1987-8.)

Oak [African], African Teak, or Turtosa {Oldfieldia africana). — This important

W. African timber has lately been largely imported from Sierra Leone as a substitute for oak
and teak. Though stronger than these, its great weight precludes its general use ; but it is

valuable for certain parts of ships, as beams, keelsons, waterways, and it will stand much heat

in the wake of steamer fires, decaying rapidly, however, in confined situations. It warps in

planks, swells with wet, and splits in drying again ; it is not proof against insects. Its weight is

58-61 lb. a cub. ft. ; cohesive force, 17,000-21,000 lb.

Oak [Australian].—Two hard-wooded trees of Australia are the forest-oak (Casuarijia

torulosa) and the forest swamp-oak (C paludosa). They reach 40-60 ft. high and 12-30 in. diam.,

and are used in house-building, mainly for shingles, as they split almost as neatly as slate. They
weigh 50 lb. a cub. ft. ; crushing-force, 5500 lb. ; breaking-weight, 700 lb.

The ahe-oak (C. quadrivalvis) and he-oak (C svierosa) of Tasmania are used mostly for orna-

mental purposes.

Pai-ch'ha (Emnymus sp.).—The wood of this tree has been alluded to (p. 1610) as a substitute

for box-wood, being extensively produced in China, and largely used at Ningpo and other places

for wood-carving. It is very white, of fine grain, cuts easily, and is well suited for carved

frames, cabinets, &o. ; but it is not at all likely to supersede box-wood, though well fitted for

coarser work.

Pear {Pijrus communis),—Pear-tree wood is one of the heaviest and hardest of the timbers indi-
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Renoua to Britain. It has a cnmpiict fine grain, and takes a high polish ; it is in greut request by
millwrights in Prance for making wheel-cogs, rollers, cylinders, blocks, &c.., and is preferred before
all others for the screws of wine-pressee. It ranks second to box for wood-engraving and turnery.

Persimmon (Diospyrosvirginiana).—The Virginian date-palm or persimmon is a native of the
United States, growing 50-60 ft. high and IJ ft. diam. Its heart-wood is brown, hard, and elastic,

but liable to split ; it has been with some success introduced into England as a substitute for box-
wood in shuttle-making and wood-engraving.

Pine [Black] or Matai (Poducarpua spicata).—This New Zealand timber is much more
durable than Miro (p. 2017), and is used for all purposes where strength and solidity are required.
Its weight is 40 lb. a cub. ft. ; breaking-weight, 420-800 lb.

Pine [Cluster] or Pinaster (Pinus Pinaster).—Thia pine inhabits the rocky mountains of
Europe, and is cultivated in English plantations; it reaches 50-60 and even 70 ft. in height. It

likes deep dry sand, or sandy loam in a dry bottom ; but avoids all calcareous soils. The wood is

said to be more durable in water than in air. It is much used in Franco for shipping-packages,
piles and props in ship-building, common carpentry, and fuel. It weighs 25J lb. a cub. ft.

Pine [Huon] {Dacrydium Franklmii).—Th\a tree is said to be abundant in portions of S.-W.
Tasmania, growing 50-100 ft. high and 3-8 ft. diam. The wood is clean and fine-grained, being
closer and more durable than American White Pine, and can be had in logs 12-20 ft. long and
2 ft. sq. Its weight is 40 lb. a cub. ft.

Pine [Moreton Bay] (^Araucaria Cnnninghami).—This abundant Querni-lanil tree grows over

150 ft. high and 5 ft. diam., giving spars 80-100 ft. long. Its wood is straight-grained, tough, and
excellent for joinery ; but ia not so durable as Yellow Pine, and is liable to attacks of spa-worms
and white ants. It is used for flooring and general carpentry, and for shinijlrs; it holds naiU and
screws well. Its weight is 45 lb. a cub. ft.

Pine [Norfolk Island] {A. exrelsa).—This tree inhabits Norfolk 1,-land and Australia,

growing 200-250 ft. high and 10-12 ft. diam. Its wood is tough, close-grained, and very durable

for indoor work.

Pine [Northern], or Bed, Yellow, Scotch, Memel, Riga, or Dantzio Fir (Pinu$

.i;/lrcst ris),—'V]iie tree forms with the spruce fir the groat forests of S'-mdinavia and Russia, and

attains considerable aize in the highlands of Scotland. The logs shipped from Stcjttin reach 18-20

in. sq. ; those from Dantzic, 14-l(j in. and even 21 in. sq., and up to 40-60 ft. long; from Memel,
up to in in. sq., and 35 ft. long ; from Eiga, 12 in. sq. and 40 ft. long, and spars ]S-'.i."i in. diam.

and 70-80 ft. long ; Swedish and Norwegian, up to 12 in. sq. It conies also in planks (11 in. wide),

deals (9 in.), and battens (7 in.). The best are Christiaiiia yellow deala, but contain mnch sap

;

Stockholm and Gefle are more disposed to warp; Gottenburg are strong, but bad for joinery ; Arch-
angel and Onega are good for joinery, but not durable in damp ; Wiborg are the best Russian, but

inclined to sap ; Petersburg and Narva yellow are inferior to Archangel. Well-seasoned pine is

almost (IS durable as oak. Its lightness and stiffness render it the best timber for beams, girders,

joists, rafters, and framing ; it is much used for masts ; and for joinery is superior to oak on all

scores. The hardest comes from the coldest districts. Tlie cohesive force is 7000-14.000 lb. per

sq. in. ; weight, 29-40 lb. per cub. ft.; strength, 80; stiffness, 114; toughness, 56. (See Rosin,

p. 1G80; Pitch, pp. 1678-9; Pine-oils, p. 1408; Turpentine-oils, p. 1431 ; Tlius, p. 1684; Tars,

p. 1683; Turpentine, p. 1687.)

Pine [Pitch] (P. rigida [resinosa]).—This species is found throughout Canada and the United

States, most abunilantly along the Atlantic coast. The wood is heavy, close-grained, elastic, and
durable, but very brittle when old or dry, and difficult to plane. The heart-wood is good against

alternate damp and dryness, but inferior to White Pine underground. Its weight is 41 lb. per

cub. ft. ; cohesive force, 9796 lb. per sq. in. ; stiffness, 73 ; strength, 82 ; toughness. 92.

Pine [Red, Norway, or Yellow] (P. t-ubra \_resinosd]).—This tree grows on dry stony

soils in Canada, Nova Scotia, and the X. United States, reaching 60-70 ft. high, and 15-25 in.

diam. at 5 ft. above ground. The wood weighs 37 lb. per cub. ft. ; it ia much esteemed in Canada
for strength and durability, and, though inferior in these respects to Nortliem Pine, is preferred by
English shipwrights for planks and spars, being soft, pliant, and easily worked.

Pine [Bed] or Bimu (Dacrydhtm cupressinum).—This New Zealand wood runs 45 ft. long,

and up to 30 in. sq., and is much used in house-framing and carpentry, but is not so well adapted

to joinery, as it shrinks irregularly. It weighs 40 lb. a cub. ft. (See Rimu-resin, p. 1680.)

Pine [Weymouth or White] (Pimis strobus).—This tree inhabits the American continent

between 43° and 47^ N. lat., occupying almost all soils. The timber ia exported in logs over

.'t ft. sq. and 30 ft. long ; it makes excellent masts ; is light, soft, free from knots, easily worked,

glues well, and is very durable in dry climates ; but is unfit for large timbers, liable to dry-rot,

and not durable in damp places, nor does it hold nails well. It is largely employed for wooden

houses and timber bridges in America. Its weight is 28f lb. per cub. ft. ; cohesive force,

1 1,835 lb. ; stiffness, 95 ; strength, 99; toughness, 103.

6 N '.;
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Pine [White], or Kahikatea (JPodocarpus dacrydicrides).—This New Zealand timber tree

gives wood 40 ft. long and 24-40 in. sq., straight-grained, soft, flexible, warping and shrinking

little, and well adapted for flooring and general joinery, though decaying rapidly in damp. Its

weight is 30 lb. a cub. ft. ; breaking-weight, 620 lb.

Pine [Yellow, Spruce, or Short-leaved] (Pims mriaUUs and P. mitis).—The former

species is found from New England to Georgia, the wood being much used for all carpentry, and

esteemed for large masts and yards ; it is shipped to England from Quebec. The latter is abundant

in the Middle States and throughout N. America, reaching 50-60 ft. high and 18 in. diam.^ It is

much used locally for framework: the heart-wood is strong and durable; the sap-wood is very

inferior.

Plane {Platams onentalis and P. occidentaUs^.—The first species inhabits the Levant and

adjoining countries, growing 60-80 ft. high and up to 8 ft. diam. The wood is more figured than

beech, and is used in England for furniture ; in Persia, it is applied to carpentry in general.

The second species, sometimes called " water-beech," " button-wood," and " sycamore," is one of

the largest N. American trees, reaching 12 ft. diam. on the Ohio and Mississippi, but generally 3-4 ft.

The wood is harder than the oriental kind, handsome when cut, works easily, and stands fairly

well, but is short-grained and easily broken. It is very durable in water, and preferred in

America for quays. Its weight is 40-46 lb. a cub. ft. ; cohesive force, 11,000 lb. ;
strength, 92

;

stiffness, 78 ; toughness, 108.

Poon (Calophyllum Bunnanni).—This tree is abundant in Burma, S. India, and the E. Archi-

pelago. It is tall and straight, and about 6 ft. circ. It is used for the decks, masts, and yards of

ships, being strong and light. Its texture is coarse and porous, but uniform : it is easy to saw and

work up, holds nails well, hut is not durable in damp. Its weight is 40-55 lb. a cub. ft. ;
cohesive

force, 8000-14,700 lb. Another species (C. angustifolium) from the Malabar Hills is said to furnish

spars.

Poplar (^Populus spp.').—Five species of poplar are common in England : the white (P. alba),

the black (P. nigra), the grey (P. canescens), the aspen or trembling poplar (P. tremula), and the

Lombardy {P . dilatata) ; and two in America: the Ontario (P. mocropAi/^to), and tlie black Italian

(P. adadesca). They grow rapidly, and their wood is generally soft and light, proving durable in

the dry, and not liable to swell or shrink. It makes good flooring for places subject to little wear,

and is slow to burn. It is much used for butchers' trays and other purposes where weight is

objectionable. The Lombardy is the lightest and least esteemed, hut is proof against mice and

insects. The weight is 24-3,'J lb. a cub. ft. ; cohesive force, 4596-6641 lb. ; strength, 50-86

;

stiffness, 44-66 ; toughness, 57-112. Poplar is one of the best woods for paper-making (see p. 1493).

The trees also yield an oil (p. 1427).

Pymma {Lagerstraimia regince).—1\ie wood of this abundant Indian tree, particularly in S. India,

Burma, and Assam, is used more than any except teak, especially in boat-building, and posts,

beams, and planks in house-building. Its weight is 40 lb. a cub. ft. ; cohesive force,

13,000-15,000 lb. ; breaking-weight, 640 lb.

Pynkado or Ironwood (^Inga xyhcarpa).—Tliis valuable timber tree is found throughout

S. India and Burma. Its wood is hard, olose-giaiued, and durable ; but it is heavy, not easily

worked, and hard to drive nails into. It is much used in bridge-building, posts, piles, and

sleepers. Its weight is 58 lb. a cub. ft. ; cohesive force, 16,000 lb. ; breaking-weight, 800 lb.

Kata {Metrosideros lucida).—This tree is indigenous to New Zealand, giving a hard timber

20-25 ft. long and 12-30 in. sq., very dense and solid, weighing 65 lb. a cub. ft.

'Rohvaa. (Soymida febrifuga).—This large forest tree of Central and S.India affords a, close-

grained, strong and durable wood, which stands well when underground or buried in masonry, but

not so well when exposed to weather. It is useful for palisades, sleepers, and house-work,

and is not very diflSoult to work. Its weight is 66 lb. a cub. ft. ; cohesive force, 15,000 lb.

;

breaking-weight, 1000 lb.

Bosewood.—The term " rosewood " is applied to the timber of a number of trees, but the most

important is the Brazilian. This is derived mainly it would seem from Dalbergia nigra, though it

appears equally probable that several species of Triptolemwa and Machxrium contribute to tbe

inferior grades imported thence. The wood is valued for cabinet-making purposes. The
approximate London market values are 12-25^. a ton for Eio, and 10-22i. for Bahia.

Sabiou (^Lysilama Saiicu).—This tree is indigenous to Cuba, and found growing in the

Bahamas, where it has probably been introduced. Its wood is exceedingly hard and durable, and
has been much valued for ship-building. It has been imported from the Bahamas in uncertain

quantities for the manufacture of shuttles and bobbins for cotton-mills. The exports thence were

167 tons in 1878, and 101 tons in 1879.

Sal or Saul {Shorea rohustd).—This noble tree is found chiefly along the foot of the Himalayas,
and on the Vindhyan HUls near Gaya, the best being obtained from Morung. Its wood is strong,

durable, and coarse-grained, with particularly straight and even fibre; it dries very slowly.
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continuing to shrink years after other woods are dry. It is used chiefly for floor-beams, plonks,

and rin)f-tru8se8, and can be had in lengths of 30-40 ft., and 12-24 in. sq. Its weight is 55-61 lb. a

cub. ft.; cohesive force, 11,500 lb.; crushing-force, 8500 lb.; breaking-weight, 881 lb.

Satin-wood.—The satin-wood of the Baljamas is supposed to be the timber of Maba
•jidanaisia, an almo.^t unknown tree. The Indian kind is derived from Chloroxylon Saietenia, a

iialive of Oylon, tlie Coromandel coa^t, and other parts of India. The former comes in square

lo|.'B or plunks 9-'J0 in. wide ; the latt r, in circular logs 9-30 in. diam. The chief use of satin-

wood is for making tlie backs of hiiir- and clothes-brushes, turnery, and venecrin?. The exports

from the Baluimas were 5037 pieces in 1878, and 18,783 in 1879, all to England. The approximate

value of San Uoiningan is 6-18rf. a ft. The Indian tree yields a gum (see p. 1682).

Sissu or Seesum (^Dalhergia Sissu).—This tree is met with in many parts of India, being said

to attain its greatest size at Chanda. Its wood resembles the fiiie:jt teak, but is tongher and more

elastic. Being usually crooked, it is unsuited for beams, though much used by Bengal ship-

builders, and in India generally for joinery and furniture. Its weight is 46J lb. a cub. ft.

;

cohesive force, 12,000 lb. ; breaking-weight, 700 lb.

Sneezewood or Nies Hout {Pteroxylon utile).—This most durable S. African timber, the

oomtata of the natives, is invalunble for railway-sleepers and piles, being almost imperishable.

Spruce Fir [American Black] (Mies nigra).—This tree inhabits Canada and the N. States,

being most abundant in cold-bottomed lands in Lower Canada. It reaches 60-70 and even 100 ft.

high, but seldom exceeds 21 in. diam. The wood is much used in America for ships' knees, when
oak and larch are not obtainable.

Spruce Fir [American White], Epinette, or Sapinette blanche (A. alba).—This

white-barked fir is a native of high mountainous tracts in the colder parts of N. America, where

it grows 40-50 ft. high. The wood is tougher, lighter, less durable, and more liable to twist in

drying than white deal, but is occasionally importud in planks and deals. It weiglis 29 lb. a

cub. ft. ; cohesive force, 8000 to 10,000 lb. ; strength, 86 ; stiffness, 72 ; toughness, 102.

Spruce Fir [Bed], or Newfoundland Red Pine {A. rubra) —This species grows in Nova

Scotia, and about Hudson's Bay, reiichiug 70-80 ft. high. It is universally preferred in America

for ships' yards, ond imported into England for the same purpose. It unites in a higher degree all

the good qualities of the Black Spruce Fir.

Stringy-bark {Eucali/ptus gigantea).—This tree affords one of the best building woods of

Australia, being cleaner and straighter-gmined than most of the other species of Eucalyptus. It

is hard, heavy, strong, close-grained, and works up well for planking, beams, joists, and flooring,

but becomes more difficult to work after it dries, and shrinks considerably in drying. The outer

wood is better than the heart. Its weight is 56 lb. a cub. ft. ; crushing-force, 6700 lb. ; breaking-

weight, under 500 lb.

Sycamore or Great Maple {Acer pseudo-platanus). — This tree, mis-called " plane " in

N. England, is indigenous to mountainous Germany, and very common in England. It thrives

well near the sen, is of quick growth, and has a trunk averaging 32 ft. long and 29 in. diam.

Tlie wood is durable in the dry, but liable to worms ; it is chiefly used for furniture and orna-

ments. Its weight is 34-42 lb. a cub. ft. ; cohesive force, 5000-10,000 lb. ; strength, 81 ; stiffness,

59 ; toughness. 111.

Tamanu (Calophyltum sp.).—This valuable tree of the S. Sea Islands is becoming scarce. It

sometimes reaches 200 ft. high and 20 ft. diam. Its timber is very useful for ship-buildinj,' and

ornamental purposes, and is like the best Spanish mahogany. It yields an oil (see DOo, p. 1387),

and a resin (see Tamanu, p. 1683).

Tanakaha {Podooarpus asplenifolius).—Tliis is a light-coloured New Zealand wood, close and

straight in the grain, and running 20-40 ft. long and 10-16 in. sq.

Teak (Tectona grandis).—This tall, straight, rapidly-growing tree inhabits the dry elevated

districts of the Malabar and Coromandel coasts of India, as well as Burma, Pegu, Java, and

Ceylon. Its wood is light, easily worked, strong, and durable ; it is the best for carpentry where

strength and durability are required, and is considered foremost for ship-building. The Moulmein

product is much superior to the Malabar, being lighter, more flexible, and freer from knots. The

Vindhyan excels that of Pegu in strength, and in beauty for cabinet-making. The Johore is the

heaviest and strongest, and is well suited for sleepers, beams, and piles. It is unrivalled for resist-

ing worms and ants. Its weight is 45-62 lb. a cub. ft. ; cohesive force, 13,000-15,000 lb. ; strength

,

109 • stiffness, 126 ; toughness, 94. The quantities of teak brought down from British Burma

were' 46,431 tons in 1876-7, 39,081 in 1877-8, 22,763 in 1878-9, 17,585 in 1879-80. The approxi-

mate market value is 8-15/. a load. (See Tar, p. 1684.)

Toon or Chittagong wood {Cedrela Toona).—This tree is a native of Bengal and other

parts of India, where it is highly esteemed for joinery and furniture, measuring sometimes 4 ft.

diam., and somewhat resembling mahogany. Its weight is 35 lb. a cub. ft. ; cohesive forct,

4992 lb. ; breaking-weight, 560 lb.
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Totara {Podocarpus Totara).—^This tree is fairly abundant in the N. and S. islands of New
Zealand, reaching 80 ft. high and 2J-3J ft. diam. Its wood is easily worked, straight- and even-

grained, warps little, and splits very clean and free ; but it is brittle, apt to shrink if not well

seasoned, and subject to decay in the heart. It is used generally for joinery and house-building.

Its weight is 40 lb. ; breaking-weight, 570 lb.

Walnut (Juglans regia).—The walnut-tree is a native of Greece, Asia Minor, Persia, along the

Hindu Kush to the Himalayas, Kashmir, Kumaon, Nepal, and China, and is cultivated in Europe

up to 55° N. lat., thiiving best in dry, deep, strong loam. It reaches 60 ft. high and 30-40 in.

diam. The young wood is inferior ; it is in best condition at about 50-60 years. Its scarcity

excludes it from building application, but its beauty, durability, toughness, and other good qualities

render it esteemed for cabinet-making and gun-stocks. Its weight is 40-48 lb. a cub. ft. ; co-

hesive force, 5360-8130 lb.; strength, 74; stiffness, 49; toughness, 111; all taken on a green

sample.

Of the walnut-burrs (or loupes), for which the Caucasus was once famous, 90 per cent, now come
from Persia. The walnut forests along the Black Sea, which give excellent material for gun-

stocks, do not produce burrs, which occur only in the drier climates of Georgia, Dagliestan, and

Persia. Italian walnut is worth 4-5Jd. a ft. Poti exported 35,413 poods (of 36 lb.) in 1877-8.

Trebizonde, in 1879, sent 32 cwt. to Turkey, 2765 to Great Britain, 12,179 to France; total

value, 29,956?.; in 1880, 1832 cwt. to Great Britain, and 4137 to France; total value, 11,938^

Samsoun exported 1000 cwt., 2000Z., in 1880. Ancona exported 131,209 planks, value 37,895?.,

to Great Britain in 1878. (See Nuts, p. 1360 ; Oils, p. 1413.)

Walnut [Black Virginia] (/. nigra).—This is a large tree ranging from Pennsylvania to

Florida ; the wood is heavier, stronger, and more durable than European walnut, and is well

adapted for naval purposes, being free from worm attacks in warm latitudes. It is extensively used

in America for various purposes, especially cabinet-making.

Willow (Salix spp.).—The wood of the willow is soft, smooth, and light, and adapted to many
purposes. It is extensively used for the blades of cricket-bats, for building fast-sailing sloops,

and in hat-making (see pp. 1102-27), and its charcoal is used in gunpowder-making (see p. 882).

Yellow-wood, or Geel Hout ( Taxus elongatus).—This is one of the largest trees of the Cape
Colony, reaching 6 ft. diam. Its wood is extensively used in building, though it warps much in

seasoning, and will not bear exposure.

Yew (T. baccata).—This long-lived shrubby tree inhabits Europe, N. America, and Japan,

being found in most parts of Europe at 1000-4000 ft., and frequently on the Apennines, Alps, and

Pyrenees, and in Greece, Spain, and Great Britain. The stem is short, but reaches » great

diameter (up to 20 ft). The wood is exceedingly durable in flood-gates, and beautiful for cabinet-

making. Its weight is 41-42 lb. a cub. ft. ; cohesive force, 8000 lb.

Commerce.—Our imports of wood and timber in 1880 were as follows :—Hewn Fir : From Norway,
338,943 loads, 506,142/. ; Russia, 331,012 loads, 630,894/. ; Sweden, 308,702 loads, 527,163/. ; France,

293,117 loads, 295,805/. ; British N. America, 262,663 loads, 1,012,210/.; Germany, 225,964 loads,

520,949/. ; United States, 137,017 loads, 440,262/. ; other countries, 13,191 loads, 13,055/. ; total,

1,910,609 loads, 3,946,480/.

Hewn Oak : From Germany, 46,276 loads, 225,234/. ; British N. America, 44',888 loads,

277,945/. ; Russia, 3285 loads, 35,160/. ; United States, 1725 loads, 12,672/. ; France, 1206 loads,

5554/. ; Austria, 959 loads, 8657/. ; other countries, 160 loads, 1896/. ; total, 98,499 loads, 567,118/.

Hewn Teak : From Bengal and Burma, 33,211 loads, 401,361/. ; other countries, 652 loads, 9073/.

;

total, 33,863 loads, 410,434/.

Hewn, unenumerated : From British N. America, 65,512 loads, 249,180/.; Norway, 5576 loads,

10,108/. ; British Guiana, 4938 loads, 37,289/. ; Sweden, 4675 loads, 8103/. ; other countries, 6869

loads, 23,437/. ; total, 87,570 loads, 328,117/.

Sawn or Split, Planed or Dressed Fir: From British N. America, 1,158,653 loads, 3,037,481/.
;

Sweden, 1,066,394 loads, 2,833,692/.; Russia, 966,513 loads, 2,508,514/.; Norway, 366,400 loads,

1,002,885/. ; United States, 171,049 loads, 522,591/. ; Germany, 63,973 loads, 165,876/. ; other

countries, 2860 loads, 4217/. ; total, 3,795,842 loads, 10,075,256/.

Ditto, imenumerated : From Sweden, 138,619 loads, 176,481/.; Russia, 95,505 loads, 145,364/.

;

Norway, 38,760 loads, 46,626/. ; Holland, 15,866 loads, 75,079/. ; British N. America, 14,367 loads,

44,504/.; United States, 10,626 loads, 61,618/.; Germany, 5367 loads, 14,270/.; other countries,

1797 loads, 6750/. ; total, 320,907 loads, 670,692/.

Staves : From Norway, 30,283 loads, 75,871/. ; Germany, 21,344 loads, 178,461/. ; Russia, 16,592

loads, 43,752/.; Sweden, 15,670 loads, 36,476/.; United States, 11,590 loads, 75,040/.; British N.
America, 6493 loads, 42,041/. ; Austria, 1545 loads, 18,056/. ; other countries, 19 loads, 150/. ; total,

103,536 loads, 469,847/.

Furniture hardwoods and veneers : Mahogany : From Mexico, 24,096 tons, 218,604/. ; British

Honduras, 6132 tons, 41,310/.; Spanish W. Indies, 5099 tons, 44,748/.; Central America, 3295.
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tons, 28,384/. ; Hayti and San Dnmingf, 1290 tons, 13,613/.; other countriea. 1437 tons, 12,206/.

;

total, 41,349 tons, 358,865/.

Ditto, unenumorated : From United States, 11,389 tons, 96,607/. ; British X. America, 4328

tons, 33,040/ ; Briti^ih W. Indies, 2898 tons, 22,734/. ; Turkey, 2712 tons, 34,6S9/. ; France, 2294
tons, 47,296^ ; SpHni^h W. Indies, 2288 tons, 19,929/. ; Italy, 1769 tons, 12,054/. ; W. Africa, 1733
tons, 14,872/.; Germany, 1219 tons, 11,849/. ; Australia, 1194 tons, 9652/. ; Brazil, 1135 tons, 16,979/.:

Central America, 1107 tons, 8464/. ; other countries, 87S0 tons, 36,543/. ; total, 37,840 tons, 364,714/.

BibUo,jr.q)hy.—B.. Fowke, 'Strengths of British, Colonial, and other Woods ' (Lond. : 1867);
C. Walker, Rep. on Forest Management' (Lond.: 1873); C. F. Amery, 'Notes on Forestry'
(Lond.: 1875); T. Laslett, 'Timber and Timber Trees' (Lond.: 1875); A. E. Dupont and A.
Bouquet dela Grye, 'Les Bois indigenes et e'trangers' (Paris: 1875); JI. M'Tnrk, ' Tbe Woods of

British Guiana' (1878); A. T. Drummond, ' Canadian Timber Trees' (Montreal: 1879); W. H.
Ablett, ' English Trees and Tree-planting' (Lond.: 1880); J. T. Hur^t, ' Tredgold's Carpentry

'

(Lond.: 1880); A. Des Cars, 'Tree-pruning' (Boston: 1881); H. Sebert, 'Les Bois de la

Nouvelle Caledonie' (Paris: n. d.); H. M. Hull, ' Tasmania and its Timber,' and J. E. Calder,
' The Forests of Tasmania ' (Proc. E. Col. Inst., Lond. : 1873, 1874).

VAIINISH(Fr., Vernis; Om.. Firniss).

A " varnish " is any substance which, when applied to the surface of an object, leaves on that

surface a continuous, smooth, impervious coating, whose functions are :—(1) To increase the lustre

and polish of that surface, and, by obliterating its asperities and lilUng up its pores, prevent

its easy soiling, and facilitate washing (e.g. paint, papier-inacM, glazing of pottery, &c.); (2) by
its high refractive power to increase the transparency of surfaces which are by their porosity

rendered too opaque, and thus to bring into view any " grain " or interior structure which it is

desirable to show up (e. g. oiling, varnishing, or waxing wood, transparent blinds, tracing-paper,

&c.) ; (3) by its insolubility in water and oils, to pnitect perishable structures from the efteet of

damp, decay, mould, &c., metals from rust and corrosion by acids, and porous bodies from grease-

spots
; (4) by hardening the surface of softer objects to save them from abrasion (e. g. varnishing

deal and other soft wooils, pasteboard, book-covers, leather, &c.).

Varnishes group themselves naturally into 5 well-marked divisions :—I. Natural lacquers of

the Indian and Chinese type, produced by several genera of trees of the natural order Anacardiacece

.

These are liquid at first, but dry slowly (by oxidation?) on exposure to the air (see p. lG;i2).

II. Drying oils, which indurate or resinify by oxidation in the air, either i[i their natural state, or

made more drying by various chemical treatment. lit. Oil-varnishes proper, composed of an
intimate combination of a drying oil with a fu^ed resin, and hardening by the oxidation of the

oil. These may either be applied in their unililuted state, or may be thinned with essential

oils, or other liquid volatile hydrocarbons, to such a consistence :is will enable them to be applied

with a brush. IV. Varnishes cuniposed of a volatile liquid holding In solution resins, or gums,
or other solid amorphous (non-crystalline) substances, which, on tlie evaporation of the solvent,

are left behind as a vitreous coating on the surface varnished. V. Glazes and enamels, applied

to the work in a solid state, in powder or otherwise, and attached to its surface by raising it

to a heat suHicient to melt the glaze, &c. ; or formed by the fused surface of the object itself,

when vitrified at a high temperature by appropriate fluxes (e. g. etching-ground, glazing of porce-

lain and pottery, salt-glazed stoneware, &c., the last two not coming within the scope of this article,

but described on pp. 1571-2, 1594-6).

Materials tsed in Varnish-making.—These may be conveniently arranged under 6 separate

heads, according to the part they play in the finished varnish :—(1) The drying oils. (2) Those

resins which have sufficient hardness and transparency for tlie purpose, and whose melting-point is

high enough to prevent their becoming softened and sticky in summer, in heated rooms, or by the

heat of the hand. (3) " Colloid " bodies soluble in water, such as albumen, gum aiabic, dextrine,

gelatine, &c. (4) " Solvents, " i. e. volatile liquids used to dissolve resins or gums, or to dilute

oil-varnishes, but which evaporate entirely during the drying of the varnish, thus contributing

nothing to the thickness of the coating. (5) " Tougheners," or substances added to varnishes, of

Class IV., to make them more flexible, and less liable to crack, or be scratched. (6) " Driers,"

which, by giving up oxygen, or by acting as " carriers " of atmospheric oxygen, hasten the

hardening of the drying oils. (7) Soluble transparent colouring matters, resinous or otherwise,

used in lacquers and ohanging-varnishes.

Dnjing-oih.—The principal oils in use nt the present day for paints and varnishes are those of

the poppy, walnut, hemp-seed, and linseed.

Poppy-oil (p. 1409).—The chief use of this oil in England seems to be for the grinding of the

fine colours used by artists in picture-painting. Being generally considered (and probably

correctly so) a much slower drier than either linseed- or walnut-oil (commonly called " nut-oil ''),

it is seldom if over used in varnish-making.
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Walnut-oil or Nut-oil (p. 1413).—With regard to the drying powers of this oil, some authorities

place it above linseed-oil, and others below it, whilst most of the older writers considered it as

very little, if at all, inferior. We are inclined, from all accounts, to agree with the last-mentioned

opinion, although almost all that comes into the English market is far inferior to linseed-oil. The
cause may be that the palest oil has been chosen in the Coutiuental market as the best as well as

the dearest, but in ignorance of the fact that the best salad oils are genernUy the worst driers.

Hempseed-oil (p. 1391).—This is generally supposed to be about equal to linseed- and walnut-

oils in drying quality. It is said to make a very bad-smelling and deep-coloured boiled oil; but

seems, from all accounts, to be much used in E. and N. Europe for paints and varnishes, though
very little, if at all, in England.

Linseed-oil (p. 1393).—This oil, which from its high drying property, its cheapness, its steady

supply, and its great constancy of quality (when free from any adulteration with non-drying oils),

is universally employed in W. Europe for oil-varnishes, and boiled oil for painting, japanning, floor-

cloth, and all other purposes where a strongly-drying oil is required ; it is also the one prescribed

in the oldest of all known recipes for varnish and for oil-painting.

All oil to be used in oil-varnishea or for boiled oil should be chosen as new, sweet, and free

from rancidity as possible, and should be at once clarified and allowed to settle for a few months
before being used, so as to deposit impurities, '• mucosities," and the substances (if any) used in

clarifying it, and, when clear, should be decanted from the dregs, and stored for use in slate or

galvanized-iron tanks.

Many methods have been used for the clarification of oils (see p. 1459), to rid them of the

gummy and mucous matters, water, saline substances, &o., derived from the seed during expression,

and which, besides making the oil turbid, induce a kind of rancid fermentation, and much
impair the keeping quality of the oil, and hinder its drying. The simplest of all these processes

consists in heating the oil slowly up to 300° (572° F.) eitlier alone or with the addition of 1-5 parts

in 1000 of either caustic lime, carbonate of lime, calcined magnesia, or carbonate of magnesia, and
keeping it at that temperature for one or two hours, and then allowing it to cool uncovered and
undisturbed. The oil should then be transferred to a settling-tank to deposit and clarify.

When thus freed from the impurities arising from the seed, the oil will not so easily get rancid,

and will improve by keeping, becoming more pale, limpid, transparent, and drying, in proportion

to its age. All oils prescribed in the recipes for oil-varnishes in the course of this article will be

supposed to havo been clarified by tliis or some other process.

Resins.—In addition to what has been said under this head (pp. 1621-95), the following may
be enumerated with especial reference to their use in varnishes.

Oil-varnish Kesins.—(1) Amber (p. 1628) is the hardest and most difficult to fuse, but gives the

most durable and resisting oil-varnish, of dark colour unfortunately. (2) The true copals (p. 1640)
make the finest of all the oil-varnishes, nearly as hard and durable as amber-varnish, and much
paler in colour and more quick-drying. (3) The pseudo-copals,—kauri (p. 1666), and hard and
soft Manilla (p. 1678), give varnish inferior to the true copals, but more easily made. (4) Sandarach

(p. 1681), is almost unknown as an oil-varnish resin at the present day, its use being entirely

confined to spirit-varnishes; it is, however, equal to most of the true copals for varnish-making in

point of hardness and general qualities, excepting colour. (5) The resins of the conifers, constituting

the " rosin " of commerce (p. 1680), make poor weak varnishes, only fit for the commonest purposes.

All the above oil-varnish resins, with the exception of group 5, are quite insoluble in linseed-

oil, turps, and other essential oils, benzol and its homologues, petroleum, chloroform, &o., until

they have undergone destructive fusion at nearly red-heat, after which they dissolve freely in all.

Essence-varnish resins.—(1) All the copals, amber, sandarach, and the pseudo-copals, after

fusion. (2) All the dammars (p. 1644), without previous fusion. (3) Mastic and other resins

from species of Pistacia (pp. 1673, 1687). (4) Coniferous resins and turpentines. (5) The resins

of copaiba and gurjun balsams (pp. 1639, 1651). These resins are soluble in essential oils and
other hydrocarbons, and in ether, chloroform, &c., forming Classes A and B of Div. IV., called

oleo-resinous or essential-oil varnishes, and ether varnishes.

Spirit-varnish resins.—(1) Lac (p. 1668), which stands at the head of varnish-making resins,

having no rival amongst them for hardness and toughness. (2) Certain true copals from Africa

are entirely soluble in strong alcohol (methylated spirit). (3) Soft Manilla copal (so called).

(4) Sandarach, which has for several hundred years been the stock resin for pale spirit-varnishes,

being the only pale dry resin then known soluble in spirit. (5) The turpentines, rosins, and
naturally-dried turpentines ('' thus ") of nearly all the pines, firs, and larches. (6) The Pistacia

resins.

Many of the copals and other resins, which are not entirely soluble in strong alcohol, dissolve

completely in a mixture of methylated spirit with some simple hydrocarbon, e. g. benzol, toluol,

turps, lavender-oil, &o., or with chloroform, acetic ether, or acetone, making excellent varnishes.

To the above resins, may be added a few others, which are only chosen for their colour in
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lurquors and "changing-varjiiBlies,'' or to giye a more pleasant odour to furaiture and fancy
varnishes. Tliey are :

—

(jamboge (pp. 1551, 1650-1), a bright-yellow gnm-resin, yielding its colour to alcohol, turps,

ether, bonzol, &c., gives the brij^htest of all yellows for pale brass lacquers.

Drngoii's- blond (p. 1618), yields a rich orange-re'l coloured resin to alcohol, ether, chloroform,

and benzol, but not to turps nnr petroleum.

Gum Acaroides :inil Black-boy gum (p. 1693) in solution vary in colour from biownlsh-yellow

to brownish-red. Tliey are insoluble in chloroform, benzol, turps, and petroleum. . They furnish

resins hard ciioiigh to be used alone as spirit lacquers, for deep brass or bronze.

AlcHs (p. 791-3). The inspissated juice of v.irious species of -lA e was much used in the

17th and previous centuries, for colouring oil-lacquers and changing-vamislies, used over tinfuil

to imitate gilding; in decoration, and is still used in pale brass spirit-lacquers.

Benzoin (p. 1637). That which is of the grcje-jt colour, and containing most and largest white
tears, will usually give the pulest solution in spirit. It is sometimes u»eJ alone as a last coat or
" finish " to French-polish and other spirit-varnishes, to give sceut and brilliancy. It is soluble

in all the solvents commonly used, excepting benzol aud petroleum, which only dissolve a portion

of It.

Asphnltum is of such very important use In all black oil-varnishes and japans, as also in

etching-grounds and some bluck essence-vurnishcs, and is so liable to adulteration, that great care

is requisite in choosing it of good quality. It should be entirely (excci>ting perhaps -1-5 pur cent,

of earthy impurities) soluble in chloroform, toluol and its higher homologues, rosin-spirit, and turps,

and quite insoluble in alcohol, aud in a mixture of equal parts of alcohol and chloroform. It should

break with a conohoidiil fracture and brilliant resinous lustre ; the rubbed surfaces and angles are

usually covered with a bright-brown powder. It should not flow like wood-pitch when laid by for

some time on a horizontal surface, and an angular fragment or thin chip should retain its shape

and the sharpness of its angles in boiling water, and only begin to flow at a temperature of

150°-200° (300°-400° 1'.). When adulterated with coal-pitch, it is mucli less brilliant on the

surface of fracture, which then has a lustre rather adamantine or sub-metiillio thun resinous, and

when fused, has a grunular, pnsty apprar.ince and feel, iustead of being smooth and homogeneous,

and will not draw out into even and transparent brown threads like pure as|ilialtum. This is the

most important adulteration, a small peroontageof coul-iiitch spoiling it utterly for varnish-making,

or etching-grounds, (i^eo Asphalt, p. 341.)

Oums, ^c, used in untrr-varniahea and glazes.—(1) Gelatine (pp. .')'J2-4, 620-2). That used

for glazing paper and fancy nrticles of cardboard, light wood, &-o., should be of the best quality,

particularly in damp climntcs. It should espeoiiiUy be free from saline impurities, and overboiled

portions, which make it liable to get damp ami sticky in wet weather, besides diminishing its

lustre. Parohment-size (p. ('i22) is one of the best. Of commercial glues and gelatines, those

should be chosen which give the stitfest jelly with the same proportion of water.

(2) Gluten of cereals, especially wheat (see pp. 622-3, 1821-9), after washing away the

starch, has been used as a varnish when dissolved in weak alcohol, in which a considerable portion

is Sjiid to be soluble.

(3) Albumen, Caseiiie, Legumine, &c.—The first two are regularly manufactured as articles

of commerce (see pp. l;)l-2, 1304). Egg-idbumen is the cleanest and palest, but requires

long-continued "whipping'' to thoroughly break down its organized structure, before its

glairy character is removed, and the albumen is fit for varnishes. Blood albumen is now
manufactured of such excellent quality as to supersede that from eggs wherever large quantities

are wanted.

Caseine is also made on a commercial scale, and seems to be used in some of the foreign boot

and leather varnishes. Legumine, which might easily be obtained in large quantities from any

cheap beans, tares, or other leguminous seeds, has never been used to any important extent in

water-varnishes.

(4) Gum arabic and the allied acacia gums (p. 1630) are not so much used pure in glazes and

varnishes as gelatine, but enter into and give gloss to many liquid preparations, such as blacking,

ink, boot-glosses and varnishes, kid-revivers, &c., and form the vehicle or cementiug material

for artists' water-colours.

5. Lac, dissolved in water by means of borax or alkaline carbonates, also makes a good water-

vamish, and the solution forms the principal ingredient in many of the best boot- and leather-

varnishes, and in waterproof inks.

Volatile solvents.—Turps (essential oil or spirit of turpentine,' pp. 1431, 1686) is the volatile

• The word " tnrpentine " him b in of late years very generally bnt most erroneously used to signify the essential oil

or spirit of turpentine, as well a.s the turpentine Itself. It will never be so used in this article, but will be strictly

confined to ita real meaning. I.e. the natiu*al oleo-resin, as produced by the various coniferous trees, and Pistacvi
terebinihus. The spirit of turpentine will be designated by the word " turps ", which is in general use, has only oue
meaning, and has the advantage of brevity.
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oil, obtained by distillation from the turpentines of the coniferous trees, of which it constitutes 10-35

per cent. It is at the present day found very pure in commerce, being at a low price ; but when
the price becomes high, adulteration with petroleum and rosin-spirit is much practised.

Turps is the most important solvent used in varnishes of the third and fourth divisions, and
every care should be taken to choose it of the best quality, i. e. free from adulteration, and new, or

freslily-distilled. Old turps should never be used, especially if it shows the least thickening or

" fatness," for although such " fat " turps unquestionably helps oil-varnishes to dry quickly (owing

to the oxygen it has absorbed from the air, and holds in very loose combination), and is therefore, and

for the brilliancy it gives them, sometimes preferred by varnish-makers of the old school, yet it

only does so at great cost of hardness and durability.

Turps is also the solvent chiefly used in varnishes belonging to Class A of (he fourth division,

and here it is especially desirable that it should be new, or the varnish may remain for days before

it is dry enough to be touched with safety, catching dust all the time.

Petroleum, Benzoline, Benzine-spirit, Gazoline, &c. (pp. 1433, 1509)j The different substances

composing the liquid called " naphtha," vary in composition (and in sp. gr. and boiling-point) from
marsh-gas, the first of the series (CH^) up to the solid paraffins. The oils boiling below 180°

(356° F.) may as solvents be conveniently divided into four portions:—(1) Those boiling below 70°

(158° F.), (2) between 70° and 100° (158°-212° F.), (3) between 100° and 130° (212°-266° F.), and

(4) between 130° and 100° (266°-320° F.). No. 1 may be sometimes used with advantage to

replace ether and benzol economically, in varnishes belonging to Class B of Div. IV. intended to

dry instantly ; No. 2 may replace in Classes B, C, and D, of Div. IV., alcohol in some cases, and
benzol and toluol in others ; No. 3 evaporates much more quickly than turps, though not so quickly

as alcohol, and may therefore be used where an essence-varnish is required to dry rather quickly,

or to increase the solvent power of alcohol ; and No. 4 is in many oases in Class D of Div. IV.

an important substitute for turps, when it is particularly desirable to prepare an oil- or essence-

varnish absolutely free from contamination by the resins always contained in turps, or which are

sure to be formed in it, after it (or any varnish containing it) has been kept a few weeks.

The petroleum-oils, though rather inferior to tm-ps in solvent power for some resins, have over

it an immense advantage, in their very great stability, and resistance to the action of oxygen.
They keep good for years, even in the light, without ever " fattening," and may be distilled over

and over again to dryness without leaving any appreciable residue in the retort.

Shale-oils (pp. 1433, 1510).—These differ from petroleum, inter alia, in containing amongst
their lighter oils bodies belonging to the ethylene series, whose general formula is C„ "B.^ . In
general characters and solvent powers, they would seem to be almost identical with petroleum.

Eosin-spirit (p. 1681) is the lighter portion of the oils (" rosin-oil ") produced by the destructive

distillation of common rosin at nearly a red heat. Eosin-spirit begins to boil at about 110°

(230° F.), but rapidly rises to 130° (266° F.), between which point and 240° (464° F.), the greater

part distils over. It has no fixed boiling-point, being a mixture of hydrocarbons even more
complex than coal-naphtha or petroleum. Its odour, which in the crude product is like

wood-tar, but far stronger, becomes much milder and less disagreeable after refining. It

is an excellent solvent, much resembling turps, than which, after refining, it is much less

oxiilizable.

It was known and in common use in Italy in the 17th and probably the 16th century, under the

name of aqua di rasa or di raggia, and was used for thinning varnishes.

Coal-naphtha (pp. 644-5) consists of hydrocarbons, whose general type-formula isC„H2„_6.
The lowest term of the series, CjHg (benzol), boiling wlien pure at about 82° (149° F.), is of very
important use as a solvent for various purposes, and of more limited use in certain varnishes

required to dry instantly.

The next 3 members—toluol (p. 648), xylol (p. 648), and cumol, which last boils at 166°

(363° F.), are very useful solvents for some of the varnishes of Div. IV., which are required to dry

hard in less time than those made with turps.

Alcohols (pp. 192-214).—Vinic or ethyl alcohol (CzHjO), in the form of " methylated spirit,"

is now the chief menstruum used for all spirif^varnishes (Div. IV., Class B) and mixed-vehicle

varnishes (Div. IV., Class C). The pure (" clean ") spirit, in spite of the very heavy duty paid
upon it, is sometimes used in special cases, where a varnish is required to leave no smell whatever
behind, as the methylated spirit always leaves a faint smell, which lasts for weeks and is very

perceptible where the varnished surface is extensive, or enclosed. The methylated spirit of com-
merce is very pure, and generally strong enough for the commoner spirit-varnishes containing only

lac, sandarach, and the pine-resins ; but for those containing the copals, kauri, &c., it should be
rendered as nearly absolute as possible. The best method of doing this is to shake it up with about
one-tenth of its weight of salt of tartar (carbonate of potash) which has been dried at a very low
red heat, then letting it lie in contact with the salt for a few days. If the salt of tartar does

not remain qiiite dij and powdery in the spirit, the process must bo repeated with fresh salt of
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tnrtar, until it censes to absorb any more water. The spirit may then be used as it is, or distilled

to remove any small impurity it may have biken up from the carbonate of potash.

No spirit shoull ever be used in Class 0, Div. IV., which has not been thus dri. d. Bottles or

tins containing " dried " alcohol should be kept very tightly closed, c.r the spirit will rapidly weaken
by absorbing water from the atmosphere; and the same may be said of all spirit-, or mixed-vchicle-

varnishes.

Methyl-alcohol, pyroxylio spirit, or wood-spirit (CH,0), exists in large quantily in rectified

" wood-spirit " in mixture with various other bodies, such as aldehyde, acetate of methyl, &c., and
especially acetone (p. 39), a body which rather assists than otherwise the solvent power of the

methyl-alcohol. Its boiling-point is lower, about 66° (150° F.), instead of 78°' 1 (173° F.) and its

solvent capiibilities are quite equal if not superior to those of common alcohol, especially when it

contains acetone (as is usually tlie case in the commercial article), by which also its volatility is

somewhat increased. Its use is now almost confined to mixing with ordinary alcohol to make it

unfit for drinking.

Propyl-alcohol (CjPIjO) is at present too dear for use in varnishes, otherwise it would have

certain advantages over common alcohol, in its greater solvent power, its higher boiling-point, 96°

(20.5° F.) and consequent slower drying enabling it to be more easily laid on with the brush. It

is also less liable to " chill " in a damp atmosphere whilst being laid on. Ether, carbon bisulphide

(p. 601), acetone (p. 39), chloroform, and acetic ether (p. 39), huve limited use as varnish-solvents

for a few exceptional purposes, especially when the varnish has to be " fioated " on to the work, as

in most photographic varnisliee. They have very great solvent powers over resins, but the great

volatility and inflammability of the first two render their use and storage very dangerous.

Besides the before-mentioned simple solvents, a considerable number of mixed or compound
solvents prepared from two or more of them (one being common alcohol), are used in the preparation

of varnishes with resins which are not comiiletely soluble in any simple solvent.

ToiKjIieners,—These should, if po-sible, be of the siime nature as the solid constituents of the

varnishes they are intended to render more flexible, so that, on the evniioniliou of the sulvent, they

miiy make a homogeneous mixture with the solid nsidue, without any tendency to separate, which

would render the varnish cloudy or opaque when dry. For water-varnishes, may be used clarilied

honey or other uncrystallizable sugar, " over-boiled " glue (which will not gelatinize on cooling), and

especially glycerine, which, being by far the most deliquescent, should be very spuringly used, or the

glazes toughened with it will certuinly get sticky in damp weather. In spirit-varnishes, a great

many substances are used in the trade, which though very effective for a short time after the varnish is

applied, are certain to lose their flexibility after a time,—such are the turpentines, and other oleo-

resins, of which the most generally used is Venice turpentine, the slowest drier of them all, but still

leaving the varnish brittle after a year or so, or even in a few months in a warm climate. Far

superior to Venice turpentine, but rather dearer, is copaibi balsam (p. 1639), which, by roison of

the large percentage (50-60). and high boiling-point, about 250° (482° F.), of its vohilile oil,

retains its characters for a much longer period. The best of all substanees, however, for toughening

spirit-varnishes is castor-oil (p. 1380), which, being colourless, never drying, and being very soluble

in alcohol, would be universally used, were it not for a tendency which it is supposed by the trade

(erroneously we think) to have, of separating from the dried varnish and rising to the surface as a

greasy film. Linseed- and poppy-oils (pp. 1393, 1409), are also sometimes used in spirit-varnislies,

and those made with mixed solvents, in which these oils are more soluble. Manilla elemi (p. 1649)

is also used, but soon loses its virtues after the drying of the varnish. Its resin, however, is

very hard and tough, and has, like benzoin, the property of giving great lustre to varnish.

Essential -oil-varnishes (Class A, Div. IV.) are often brittle, and require toughening. This is

usually done by the addition of a small quantity of a drying oil, which, if it exceed 20 per cent, of

the resin dissolved, should be previously boiled with driers. Camphor (pp. 571-8) is also used,

for though a dry solid, it has the property of making varnishes fiexible and tough. It is, however,

supposed to have the fault of evaporating out of the varnish in time, leaving it porous and without

lustre. It ought never to exceed 7-8 per cent, of the resin.

Driers.—These are substances added to, or boiled with, the drying oils, to increase their power

of absorbing the oxygen of the air, and therefore make them dry much more quickly. The

only ones whose reputation has survived to the present day, are the oxides and other compounds

of lead and manganese.

The principal function exercised by a " drier " is that of acting as a " carrier " of the atmo-

spheric oxygen to the molecules of oil in its immediate neighbourhood, and this action should

be, so to speak, regenerative and continuous ; each molecule of the drier, after giving up some of

the oxygen it contains, and thus becoming reduced to a lower degree of oxygenation, should have

the power of immediately retaking the lost oxygen on exposure to the air, and re-forming the

higher oxide, ready to give up a fresh quantity of oxygen to the air, and so ad infinitum. Manganese

oxide possesses this power in a very high degree, the hydrated monoxide, which, at the moment of



2028 VAENISH.

its precipitation, is perfectly white, changes colour in a few minutes on exposure to the air,

rapidly becoming brown. It is in this state that it acts most powerfully as a drier, and, when used

in quantities of less than 1 per cent., makes a very pale drying oil. Lead oxide, in quantities

exceeding 5 parts in 1000, gives a very dark colour to oils when heated with them to a high

temperature, as in the common " boiled oil."

Manufacture.—The composition of the different kinds of varnish may now be considered.

Their classification is as fuUows :—
Div. I.—Natural varnishes, of the Chinese, Japanese, and Indian types, containing no fixed

fatty oils nor any volatile ingredients, but drying by oxidation at ordinary temperatures, and

without any preparation by heat, driers, or otherwise (see p. 1692).

Div. II.—Fatty drying oils, which harden and reainify by oxidation in the air :

—

Class A.—Fat oils drying at ordinary temperatures.

Section o, in their natural state.

„ /3, which have had their natural affinity for oxygen increased by chemical or

other means, but without heat.

„ 7, boiled oils, which have been rendered more drying by heating, either with or

without chemicals.

Class B.—Drying oils, dried in a heated atmosphere (stoved), japans and enamels, oiled

silk, &o.

Section a, raw oils, alone or coloured only with pigments.

„ 0, boiled oils, alone or with pigments.

„ 7, oils combined with resins, amber, and asphaltum, and oil-varnishes of Div. III.

Class C.—Fat oils hardened by sulphuration at high temperatures ("vulcanized oils").

Div. III.—OU-varnishes proper.—Varnishes containing as fixed residue a drying fat oil com-

bined with resin, either with or without a volatile solvent or diluent, and in which the quantity of

oil is greater thau—or at least equal to—that of the resin.

Class A.—Oil-varnishes of the ancient type, containing no volatile diluent.

Class B.—Oil-vamiahes of the modern type, thinned with a volatile solvent, but not drying

hard on the evaporation of this solvent, until the drying oil in the fixed

residue has become oxidized in the air.

Section a, in which the oil and the resin have been boiled together at a high temperature.

„ j3, in which the mixture of oil and resin has been effected by solution or melting

togetljcr at a low temperature.

Class C.—Black varnishes, and black japan drying at ordinary temperatures.

Div. IV.— Varnit-hes consisting chiefly of a resin, gum, or other solid substance, dissolved in a

volatile liquid, and drying quite hard on the evaporation of the solvent.

Class A.—Dissolved in hydrocarbons, alcohols, &c., boiling above 100° (212° F.)—" essence,"

" essential-oil," or " oleo-resinous " varnishes.

Section a, toughened with a drying oil, in less quantity than the contained resin.

„ j8, containing no fat oil.

Class B.—Dissolved in hydrocarbons, alcohols, ethers, &o., boiling below 100° (212° F.).

Section a, spirit-varnishes made with methyl-, ethyl-, or propyl-alcohols.

„ ;8, varnishes made with acetone, ethers, chloroform, &c.

„ 7, varnishes having as solvent a hydrocarbon such as benzol, petroleum, &c.

Class C.—Varnishes in which the solvent is a mixture of alcohols, ethers, &c., with various

hydrocarbons (" mixed-solvent " varnishes).

Class D.—Water-varnishes.

Div. V,—Varnishes applied by heat or friction.

Class A.—Etching-ground.

Class B.—Heel-baUs, furniture-creams, &c.

Div. I.—Natural Varnishes.

These and the trees producing them have already been described at p. 1692. Of these, and of

the methods of applying them employed amongst the natives of the countries (E. Asia) producing

them, but little is known, beyond tliat, instead of exposing the varnished goods to warm and dry

air, which is invariably required with the artificial varnishes and the drying oils, they are kept for

several weeks in cool dark cellars, the atmosphere of which is made damp, by means of wet cloths

hung on lines, if necessary, as though to retard the drying as much as possible.

Div. II.—Fat oils drying by oxidation.

Class A.

—

Drying at ordinary temperatures.—Section a—In very hot and dry climates, the

drying oils will, sometimes in the course of a few days, form a regular varnish when applied in

very thin layers ; such varnish, however, seems never to dry thoroughly hard, but retains a leathery
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consistence more resembling indiarubber. Tbis, in some cases, is a positive advantage, esppcially
where the work to be protected is liable to much alternate contraction and expansion, e. g. boats,
out-of-door woodwork, tarpaulins, &c. This result is obtained in colder climates by the use of the
oils of the two following sections.

Section fl.—Raw drying oils have, from a very early period, possibly before the 10th century,
had their drying powLr.s increased by a great variety of methods, all of which resolve themselves
in principle into two only, viz. : Ist, exposure in extended surfaces to the air and sunlight; and
2ad, combination with lead in some form or other.

Sometimes both these principles are combined, e. g. exposing to air and sunlight in shallow
leaden vessels, or on the roof of a house in white glass bottles containing plates or shavings of lead,
&c. The oils thus produced, tliough often nearly colourless and tolerably good driers, have no
commercial application, and are almost entirely disused, exctpt perhaps by a few painters of pictures.

Recipes for their proparation will be found in aliundance in old works on painting materials.

Section y.
—" Boiled Oils." The various processes formerly in use for preparing " boiled oil,"

and which will be found scattered tlirough the older works on painting and varnisli-making, are

nearly all dependent on tlie singular power of salts of lead in causing the rapid oxidation, on
exposure to the air, of the drying oils in which they are dissolved. Manganese oxide in the form
of umber (a manganese ochre) was also somelinie.s used.

The action of lead is due partly to a similar power of easy transition between two different

degrees of oxidation, aided perhaps by its greater solubility in the oil, but it evidently also

exerts some other influence not at all underslood, and seems, even when prei^ent only in very
small quantities, to accelerate immensely the " carrying" power of oxide of manganese when used
in conjunction with it. Lead oxide (or lead salts), used alone, is quite sufficient to raise linseed-oil

to the highest possible degree of drying power, but it unfortunately at the same time gives it a very

deep reddish-brown colour.

In boiling oil according to the old method, the action of the air is confined to tlie surface of

the oil in tlie copper, and no provision is made for the renewal of that surface (so as to bring fresh

portions of the oil into contact with oxygon) beyond an occisionul stirring up of the litharge settled

at the bottom, and the circulatinu kppt up by the heating of the oil. In the modern process, air is

forced, in as rapid a stream and as finely divided a state as possible, through the mixture of hot

oil and driers, and brought into the mist intimate contact witli it by powerful mechanical

agitation ; the time of boiling is thus reduced to one-tliird, and the oil is less coloured. By the

introduction of mixed driers of lead and manganese,—the reduction of the quantity of lead oxide

from 10 per cent, to less than 1 per cent.,—and the lowering of the temperature from the

melting-point of lead to the boiling-point of water, a " boiled oil" can now be produced equal in

drying power to the old-fashioned lead-oil. and scarcely deeper in colour than the original ruw oil.

Apparatus required.—For boiling oil according to the old method, all that is required on the

large scale, is a tight-made copper boiler with a tight-fitting lid, and set in brick-work, with a

furnace, iSc, connected with a tall and wide chimney. Tliis copper differs little, except in size,

from an ordinary wash-house copper, but should be provided with a hood connected with the

chimney, to carry off the suffocating vapours given off by the oxidizing oil. Its construction and
use, with an excellent description of the old method of boiling oil, will be found in a paper on

varnisli-mnking, published in tlie ' Transactions' of the Society of Arts, vol. xlix., by Wilson

Neil, to which the reader is referred.

For boiling oil according to the modern methods, a very different, and far more complicated, as

well as much larger, apparatus is required, consisting of a copper or enamelled iron boiler of

100-200 gal. capacity, furnished with a revolving fm stirrer (with interlocked blades revolving in

opposite directions), and capable of being raised to a temperature of 120' C2iS° F.) by a steam-

jacket or a coil of pipe. It must also be connected with a powerful force-pump, by which a stream

of air is forced through a ring of pipe at the bottom of the boiler below the funs, pierced with very

small holes. Thus minutely divided by the holes in the pipe and the action of the stirrer, the air

is most intimately mixed up with the oil, which is frothed up to nearly twice its proper bulk. The
apparatus is also furnished with a dome, carrying a large exhaust-pipe leading to a tall chimney-

shaft, or, better still, to the ash-pit of any furnace with a good draught.

Into this vessel, the oil is introduced, in quantity equal to half its capacity, and when it has

attained a heat of 100°-120° (212^-248° F.), the stirrer is put into action, the driers (ground in oil

to the utmost possible fineness) are poured in little by little, and when thoroughly mixed with the

oil, the air is turned on, the heat and the stream of air being kept up for 3 or 4 hours, or

until the oil, by the appearance of samples taken from time to time, is found to be sufficiently

" boiled."

For lead-dried oil, and where colour is no objection, the apparatus described under the head
" Linoleum " (p. 1003) may be used.

/ffcipcs.— Almost any of the salts and oxides of lead and manganese may perhaps be used
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as driers, but those now almost universal, are tlie acetate, tlie protoxide (litharge, massicot,

&o.), red-lead or minium (a combination of protoxide and binoxide of lead), and the carbonate

or " white-lead " ; sulphate, acetate, borate, benzoate, and other salts of manganese, as also its

protoxide (freshly precipitated) and peroxide, or any of the intermediate oxides, and their corre-

sponding hydrates. The quantity added may vary from 1 to 20 parts of the two metallic salts to

1000 of clarified oil ; or if a lead-dried oil is wanted, from 1 to 10 per cent, of any of the above-

mentioned compounds of lead, according to whether the oil is required to be merely a drying oil, or

to assist the drying ot other oils to which it is added.

The following examples will serve as illustrations (all the oil used is supposed to have been

clarified, as described at p. 2024) :

—

Order 1.

—

Lead Oils.

Old process.

b. Linseed- or nut-oil 1 gal.

Litharge § lb.

Sugar of lead J „

Treated as above.

u. Linseed- or nut-oil 1 gal.

Litharge 1 lb.

Oil raised quickly to about 280° (536° F.),

the drier added little by little, and the heat

raised to 300° (572° F.) and kept so for 6-12

hours, according to drying power required.

The above, after having sufficiently boiled, are to be closely covered, allowed to slowly cool

undisturbed for about 12 hours, most carefully poured or ladled off the dregs, and then laid by to

settle for a few months, or indeed as long as conveniently possible.

Modern process.

The process described under the head Linoleum may be employed with advantage—doubling
the amount of driers, and stopping the air-blowing before the oil begins to thicken ; and if a pale oil

is desired, lowering the temperature to 150° (302° F.) and using a copper, or enamelled-iron boiler.

Order 2.

—

Manganese Oils.

Old process.

u. Linseed-oil 1 gal.

Potassium permanganate . . 100 gr.

The oil is heated to about 300° (572° F.),

and the permanganate of potash, previously

ground very fine in some of the oil, is added

little by little. The oil will froth up at each

addition, and the drier will then dissolve

quietly. The heat should be kept up for 2 or

3 hours with frequent agitation.

The boiler should be of enamelled iron.

:}5 OZ.

6. Linseed-oil 1 gal.

Pure hydrated protoxide of^

manganese

Grind the freshly-precipitated protoxide of

manganese with some of the oil, add the mix-

ture to the remaining oil at 300° (572° F.), and

keep it at that temperature till a sample begins

to thicken when cold ; it may then be restored

to proper thinness by the addition of a little

raw oil, and set by to deposit sediment.

Modern process.

The above formulae may be used for oils treated in the modern way, as already described,

at a low temperature, and witli powerful agitation, with a stream of air blowing through the mass.

Order 3.

—

Manganese and Lead Oils.

Old process.

u. Linseed-oil 1 gal.

Umber 5 oz.

Gold litharge 5 „

Ked-lead 5 „

Simmer together for 6 hours.

b. Linseed-oil 10 gal.

Permanganate of potash . . . . 4 oz.

Acetate of lead 4 „

The permanganate and the sugar of lead

are each dissolved separately in 4 pints of

water, then the two solutions are mixed

together and added to the oil, cold, and with

strong stirring. The oil is then heated

gently until the water is boiled off, and then

to about 300° (572° F.) until it begins to

thicken a little (tried by cooling a drop on a

piece of glass).

t. Linseed-oil 1 gal.

Borate of manganese . . . . 1 oz.

Acetate of lead 1 „

d. Linseed-oil 1 gal.

Manganese protoxide-hydrate 1 oz.

Hed-lead or litharge . . . . 1 „

New process.

The same driers as above, in the formulas b, c, and d, but treated, at a temperature of between

100° and 120° (212°-248° F.), with a strong stream of air blown through the oil, and powerful

mechanical agitation, for about 1 hours, or until the oil shows signs of thickening when tried on
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gloss. If wanted for " drier " to paints or other oils, the action may be carried on until tlie oil la

nearly solid when cold, the doses of drier-i being also much increaacJ. In this case, the thickened
oil should bo thinned with an equal bulk of turps. Processes 6 and d g^ve very quick-drying oil.

Many other substances have been tried as driers for boiled oils, such as barium peroxide, mercnrio
oxide (red precipitate), chromic acid, lead cliromate, and others, but without any satisfactory results.

Class B.—Stoved Japans and Enamels.—In this class, the oxidation of tlie oil is eflVcted at a
high temperature, varying from 50° (122° F.) to 150° (302° F.), and even higher where the goods to

be japanned will resist the heat. The temperature must also be regulated according to the pale-

ness or delicacy of the colours, a high temperature giving a brown colour to the oil or varnish used,

for white, bright blue, pink, &o., having to be kept as low as G.5^ (U9" F.), whereas for dark or

dull colours, and brown and black, the heat may be as high as 150° (302° F.) for soldered tinware,

or even much higher for iron or other goods that will stand it. The time of stoving will be, cateris

paribus, in inverse ratio to the temperature ; thus delicate colours at 70° will take 24-48 hours'

stoving, whilst coarser or darker colours at 100° or 150° will be quite hard in 6-12 hours.

The time will, moreover, vary according to the degree of flexibility and elasticity it is considered

desirable that the japan should retain. Where great elasticity is required, as in japaimed leather,

and oiled silk, and in the tinplute intended to be stamped or blocked after being japanned (where

the utmost degree of toughness is required), the temperature should be as low as 50--100° (120°-

212° F.), and the time, 6-24 hours. Another important factor, regulating both heat and time, is the

more or less drying nature of the oil or varnish used.

Wlien carefully carried out, and not too much forced in the stoving, this mode of varnishing

can be made to yield results little, if at :dl, inferior to the finest natural varnishes of India,

China, aud Japan. The only drawback is the heat required, to which, objects of wood and somo
other materials cannot be exposed without warping or splitting.

Instruments aud Plant.—Tlie only essential apparatus rtquired is a heated closet or chamber of

sheet iron or other material, of dimensions varying with the business needs of the establishment,

from one to many cub. yd. capacity. The principal point to be aimed at in its construction is

to secure a uniform degree of heat in the whole of tlie chamber, together with a steady but

slow draught of atmospheric aur through its interior. Any mode of heating may be adopted which

will give a steady unvarying heat for any length of time, and of any required degree, and at the

same time be under perfect control. This is effected by the appropriate circulation of the furnace

flues round (in heating by gas, they may be inside) tlie chamber, taking care to protect the lower

portion, where the impinging heat is greatest, by a proper thickness of brick or tile.

The interior of the closet may be furnished with ledges at the sides, at various heighls, to

receive shelves, iron bars, wire netting, &c., to suit tlie size and shape of the japanned goods. The
objects should be arranged as regularly as possible, leaving suffloieiit space between tliem on all

sides for the free cireulution of the hot air, and also to prevent the vapours given off by the heated

varnish from softening the coating of japan and causing it to " run," wherever two surfaces are too

near together. Very small surfaces may be nearer together than large ones. The same accilent

may also be caused by insufficient draught of air at the commencement of the stoving.

It is desirable that, in applying the japan, the strokes of the brush should have such a direction

as will ensure tlieir being horizontal when the object is standing in the stove, otherwise the varnish

will run into vertical streaks and rollers, utterly disfiguring tlie work. Tlie varnish too, unless

thickened with pigments, should be itself of sufficient consistence to hold its place on the japanned

surface at the heat of the oven, and when oil alone is used, it should be boiled until nearly solid,

and thinned with turps to enable it to be laid on with the brush. Otherwise the coats must be so

very thin as to necessitate inconvenient multiplication.

Materials.—Any drying oil or oil-varnish may be used for stoved japan, according to the required

quality and nature of the result, but if oil-varnish be used, it should in all cases be highly charged

with the oil ; thus an oil-varnish of the Continental type (see Div. III.) will not give so tough and

resisting a japan as one of the English type, in which the oil forms at least | of the fixed

residue.

For pale transparent japans (stoved lacquers), may be used a pale and very thick boiled oil,

prepared according to the modern process, or the best and palest carriage- or body-varnish diluted

with one-third or one-quarter of very old raw linseed-oil. If required to be coloured other than its

natural golden colour, any transparent colour, such as laie, Prussian blue, French ultramarine,

verdigris, and some of the aniline colours, previously ground in pale boiled or raw oil, may be

added. Heat, about 80° (176° F.). Time, 24-48 hours, or even more.

For white, ordinary white-lead, or flake-white, or zinc-white ground in the palest boiled oil

(modem process) for first coats, and the same, with the addition of the palest body-copal-vamish

for the finishing coat if required glossy. Heat, below 65° (149° F.), if very pure wliite is required.

Time, 24-48 hours.

For pale delicate colours (opaque), the same white, to which are added any pure-tinted pigments
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that can stand tlie heat, either transparent, such as those mentioned above, or opaque, such as

vermilion, Naples yellow, emerald green, cobalt blue, &o. Time and heat as for white.

For dark and coarse colours, any boiled oil may be used, if suflBoiently thickened with pigments

or by boiling, to hold its place during the stoving, either with or without the addition of a good

dark-coloured real copal- or amber-\arniah.

Many of the common (so-called) " copal " varnishes made with white dammar, inferior kauri,

or Manilla copal, make inferior japans. Heat, 150° (302° F.) for about 12 hours.

For pale transparent browns, nothing Is finer than good amber-, or dark real copal-varnish,

added to half its bulk of boiled oil, and stoved at 150° (302° F.), if the wares will stand the heat.

Soft solder becomes weakened at 160° (320° F.), therefore soldered tinware ought not to be stoved

at a higher heat than 150° (302° F.).

Darker browns may be obtained by addition of umber (finely ground in linseed-oil), asphaltum,

Brunswick black, or " black japan " varnish. Blacks, by the addition of calcined lamp-black, or

(for the best quality) finely ground ivory-black to the above browns. Heat, 150°-250° (302°-

482° F.). Time, 6-24 hours.

In all cases where varnish diluted with turps is used, the japan must be quite dry before being

stoved, or it will infallibly run into streaks when heated, and the greatest care must be taken to

keep away dust until they are quite dry.

In japanning leather, the flesh side of the skin is scraped and shaved smooth, and rubbed to as

even a surface as possible, and prepared with :—Eaw linseed-oil, 1 gal. ; litharge, 1 lb. ; burnt

umber, 1 lb. ; boiled together according to old process at high temperature until the oil is much
thickened when cold, and then allowed to settle and poured from the dregs. This oil, with the

addition of a little burnt umber and ochre, finely ground, is well worked and rubbed into the flesh

side of the leather, and the excess scraped off; it is either allowed to dry in the air, when the

weather is hot and dry, or is stoved at a very gentle heat of about 40° (104° F.). Some 2 or 3

coats are thus applied, then 2 or 3 of the same oil with the addition of some finely ground ivory-

black, and finally 1 or 2 of the oil alone. When all is thoroughly dry, the leather is stretched

very tight, and the varnished surface is rubbed down very smooth with fine washed pumice powder,

and then varnished with any of the above black japans, or asphaltum and copal oil-varnishes, and
stoved at 40° (104° F.). The very greatest care must be taken to exclude dust during the

varnishing, the smallest quantity ruining the varnished surface. (See also p. 1236).

Oiled Silk.—This may be prepared with 2 or 3 very thin successive coats of any boiled oil,

stoved at a temperature of 40°-100° (104°-212° F.), the silk being stretched over light frames of

deal laths.

Div. III.—Oil-varnishes.

The successful preparation of these varnishes is the most difficult branch of the varnish-maker's

art, and requires the greatest knowledge, experience, and care, together with a skill which cannot

be taught by precept, but is to be acquired only by long practice and observation. The process

may be divided into two principal stages : 1st, the preparation of the resin, rendering it soluble in

the oil ; 2nd, its incorporation with the oil in such manner as to form a compound which shall be

perfectly soluble in essential oil of turpentine, and, on the evaporation of the latter, shall dry hard
within a reasonable time, and before dust has, under ordinary circumstances, been able to attach

itself to the varnished surface to any serious extent.

The resins best fitted for the composition of oil-varnishes are, as already pointed out at p 2024,

insoluble in any known menstrua, and are incapable of true fusion. Tlie first effect of the

application of heat to all of them, except sandarach and the very softest copals, is to make them soft

and elastic like hot indiarubber. On increasing the heat, the resin, at about 3iJ0° (572° F.), begins

to froth and swell up, giving off water, acids, and empyreumatic substances, chiefly hydrocarbons of

various degrees of volatility, this action increasing with the heat until it has reached its so-called

" fusiiig-temperature," and has become converted into a mixtui-e of new and entirely different

hydrocarbons, some solid, some liquid, and some gaseous at ordinary temperatures. This fusing-

point is extremely high, being above the melting-point of lead, and only just below an incipient red-

heat. Of the liquid products of the decomposition, some have a boiling-point but little if at all

below the " fusion point" of the resin, have a very high vapour-density, and play a very important

part in its successful fusion for varnish-making.

In the above enumeration of the efiects of heat, the resin is supposed to have been fused in the

way usual in varnish-making, i. e. confining these vapours as much as possible in a very deep

vessel. The resin in such circumstances will become reduced to about J of its weight, to a
transparent, thin oily liquid, wliich may be no more coloured than pale amber, or linseed-oil if

a very pure and pale resin has been operated on. On the surface of the liquid resin, will be seen

floating a stratum of heavy transparent vapour, which may be poured out like water by carefully

inclining the vessel, and will condense against any cool object into a thick oily liquid of pungent
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tliough oromntic odour. If tbo resin, immediately on its complete fusion, be ix)urcd out upon n

cool surface, it will solidify into a brittle rosin-like substance totally different in clinrncter and

composition from tbe original resiu. It is now soluble in hot linseed-oil, in turps and other

essential oils, chloroform, petroleum, rosin-oil, ether, benzul, and rasny other hydrocjirbons.

If, instead of being heated in a deep or clostd vessel, the fusion be uttemptcd in a shallow

vessel such as a ladlH or evaporating dish, the result will he very different. On the application of

the heat, the resin will first Boftun and tumify as in the previous experiment, but after this, instead

of fusing quietly, it will gradually become browner and harder, until it is entirely converted into a,

porous mass of charcoal and the aforesaid heavy vapours, which in this case are carried off with the

currents of air playing round the heated ladle.

If, instead of pouring out the resin melted as in the first experiment, it be allowed to cool undis-

turbed in the vessel in which it has been fused, together with all the above-mentioned heavy

vapours, these latter on condensing will wet the upper portion of the solidified resin, and dissolve

it into a thick syrupy liquid.

Fiom a careful consideration of the above facts it may safely be concluded :

—

1st. That an oxidizing atmospliere blackens and chars the fusing resin.

2nd. That the above-mentioned heavy volatile hydroonrbons, forming a continually renewed

biith of heavy vapour floating over the surface of fusing rcsiti, effectually keep off the almospheric,

air when the fusion takes place in a deep vessel.

3rd. That the least volatile of these hydrocurbons, which are liquid at the heat of the Iwlf-fuse I

re»in, materially assist in the liquefaction of the yet unfuscd portions, at the same time protecting

the fueed portions froni becoming coloured by the further action of the hent.

Bearing in mind tlie above facts and conclusions, the reader will easily see the reasons foi- all

the following rules and directions.

Preparation of Ecsin.

1. Eemovo ontsido coating of crust with a sharp knife of hard &teel, if not already done by the

merchant, by scraping or washing in alkaline lyes.

2. Carefully pick over the resin, setting aside the purest and most transparent and colourless

pieces for tho best quality of varnish, and dividing the remainder into 2 or 3 qualitits acconling

to paleness, transparency, and purity.

3. Look over each separate lot, and with the knife or with cutting nippers, remove all those

portions containing earth, bits of stick, leaves, insects, and any other impurities.

i. Cut up the pieces of resin by halving each separately until they are reduced to the utmost

possible evenness of size, looking like granite road-ballast in miniature, and in fragments of the size

of peas or beans, or small hazel-nuts, the exact size being of less importance than evenness of bulk.

Therefore it is better to sift them, through different sized me.-h sieves, into 2 or 3 categories, so

as to ont-ure sameness of size for each melting.

Fujon of Resin.

5. Place the required quantity of resin thus prepared in the melting-pot or " gum-pot " (on the

small scale, in experiments on only a few oz., this may be a round-bottomed glass flask), and, if the

heat is thoroughly under control, as where gas is the fuel, heat the resin very gently for some time

until it has got thoroughly warmed through at a temperature of about 150° (302° F.), and then raise

it as quickly as possible to the fusing-point, keeping the resin stirred and divided in all directions

as rapidly as can be done with a strong metal spatula or stirrer (or, on the small scale, by shaking

the flask with a circular motion), and taking care that the resin, which now froths up to 5 or

6 times its natural bulk, shall not boil over out of the vessel. This vessel should have a capacity

of at least 10 times the bulk of the resin to be melted at one operation.

If the fusion has been properly conducted, the stirring active, and especially if the pieces of

resin were all of nearly equal size, the last lumps of unfused resin will disappear from the frothing

mass in about 10 minutes from the increase of the heat. To ascertain this, it is necessary to keep

taking up samples with the spatula from time to time, and towards the completion of the fusion,

this should be done every few seconds. The moment the fusion is complete, which is moreover

generally announced by the sudden diminution of the frothing, the " gum-pot " is at once removed

from the furnace (or the gas turned off^, and preparations are made for mixing in the hot oil, if the

varnish is to be made according to the mode most usually practised, which is also the most ancient.

If, however, the varnish is to be made according to some process in which the cooled and solidified

resin is used, as in some varnishes of Div. IV., the gum-pot must be immediately emptied, pouring

out the fused resin upon metal plates (silvered copper by preference) to cool in sheets i-J in. thick.

The oxidation and browning of the resin may be still further prevented by fusing it in a closed

copiwr ves-'el through which a slow current of conl-gas is passed during the fusion.

6 o
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Combination with the oil.

This may be effected in either of the three methods already mentioned. 1st, by pouring the

hot oil into the resin immediately on its being perfectly fused. 2nd, by allowing the fused resin

to cool and solidify, and then dissolving it in the oil by heat. 3rd, by fusing the raw resin in the

oil itself, in a reducing atmosphere if possible.

The first method is that generally if not always adopted in England. The oil, raised to a

temperature of about 315°-320° (599°-608° F.), is kept .at that heat whilst the resin is fusing,

and the moment the fusion is complete, the melting-pot is removed from the furnace, the proper

quantify of oil (previously ladled out into a copper pouring vessel) carried to the melting-pot,

and, as soon as the frothing of the melted resin begins to subside a little, the hot oil is poured in

a thin stream and with steady stirring into the boiling resin. When all the oil has been poured

in and well stirred into the resin, the melting-pot is replaced on the furnace, and the oil and

resin are boiled together for a few minutes, or until a drop received on a strip of window-glass,

remains transparent when cold, and does uot become dull or semi-opaque. The varnish, however, is

far from being finished at this stage, and would take too long to dry, besides not giving the lustrous

and hard surface required of an oil-varnish, and would moreover be most likely curdled or coagu-

lated on attempting to tliin it with turps for ordinary use. To give it the qualities desired, it must

undergo a further boiling at a lower temperature, in a vessel of larger dimensions and shallower

form, exposing a greater surface to the action of the air, which action may be assisted by agitation,

or a blast of air playing over the surface of the hot varnish. During this second boiling, may be

added appropriate driers (where the varnish has been made with raw oU, and is required to dry

quickly), as for boiled oil. Several meltings or " runs " of varnish of the same kind and quality

are usually boiled together in this second boiling, which will take from 10 minutes to as many
hours, according to the nature and proportion of the resin employed, and the description and

drying quality of the varnish. The progress of the operation is examined from time to time,

especially towards its termination, by placing a drop upon a strip of window-glass, and observing

whether or not it looks clear and brilliant, with a lustre that is difBcult to describe in words, but

which is nearer " adamantine " than " resinous " or " oily " in mineralogical language. It will

now also, if sufficiently boUed, be capable of being drawn out into long threads, and will feel

sticky instead of oily, when the drop has cooled. When it thus " strings " well, to a length of

G in.-6 yds., according to the nature of the varnish required, the boiling has proceeded far enough,

and the varnish Is completed to all intents and purposes, forming Class A of Div. III.

Wherever it is possible to apply it in this thick state (by heating the object to be varnished, or

otherwise) it makes the most perfect and durable as well as brilliant of all the oil-varnishes, the

subsequent thinning with turps required for allowing it to be used with the brush, having no

effect on the varnish so thinned but to injure its finest qualities. This thinning with turps must

be done at a great distance from any light or fire, best of all in the open air, for fear of explosions.

The boiling-pot should be taken off the fire (or the fire perfectly extinguished),—the varnish

allowed to cool to about 80° (180° F.), or so far as to lower its temperature to about 50° above the

boiling-point of the diluent or solvent added, and the turps, hot but not boiling, poured in little by

little in a thin stream, with very cautious stirring of the surface only of the hot vamish, and waiting

for the frothing to subside after each addition before adding more turps.

If the varnish were stirred down to the bottom when adding the first portions of turps, there

would be great danger of the boiling up becoming so violent as to almost completely empty the

boiling-pot of its contents. When all the turps has been thus added, or when the varnish, on

cooling a small quantity in a shallow vessel, is found to be sufficiently thinned, it is strained

through a fine wire-gauze sieve, set by to clear, and stored for keeping. Varnishes thus diluted

form Class B of Div. III.

The above is a rough sketch, omitting details, of the most generally used, as well as the oldest

method of making a true oil varnish ; by this process, any quantity of varnish may be successfully

made, from a few grains in test-tubes and small capsules, to many hundredweights.
In the second method, which was brought strongly into notice (though not invented) by Tingry,

in the beginning of this century, the resin is fused with all the precautions above described,

allowed to solidify in thick sheets, and when cold is coarsely powdered and introduced with the
col<l oil in proper proportion, into the boiling-pot, but bearing in mind that 3 parts of the fused
resin are generally about equivalent to 4 parts of raw. The resin and oil are then boiled together,
and the varnish finished just as in the method above described. The varnishes thus produced
differ in nothing from those made by the old process.

In the tliird process, the resin, which in this case may be in powder or otherwise, is introduced
raw into the cold oil, and the whole heated with the same precautions as for fusing the resi

alone.

The following will serve for examples :

—
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a. Palest ambor picture vainUb.

Faleat transparent yellow amber 1

Palest old lineeed-oil 1|

Fresh distilled turps 3

Boiled to string well at the lowest possible

temperature.

Proportions.

These are boiled together until they string

well, and diluted with turps .. .. 12

c. Neil's picture varnish.

Very best African copal .. .. 1

Linseed-oil 2}

Turps 3

d. Gold-size.

Amber or copal 1

Linseed-oil 2

Boiled until it strings well, and then added

to 6 parts of boiling and very drying boiled oil,

and the whole boiled together until it strings

very well, then diluted with 10 or 12 parts of

old turps.

Class 0.—Black oil-vamishes and black japans drying at ordinary temperatures.—These are

merely oil-vamishes of Class B, and made in exactly the same way, but where asphaltum is used

alone and without any amber or copal, they require much longer boiling.

The whole then boiled together 2-3 hours,

b. Body copal-varnish.

Palest Zanzibar animi . . , . 1

Linseed-oll .. .» 3

Made into a varnish and added to

—

Bierra Leone copal 1

Linseed-oil 3

Made into a varnish.

Order 1.—Containing amber or copal.

Black Japan.

Asphaltum 6

Linseed-oil 12

Boiled together until nearly solid when cold

—then add to it the following, made into a

varnish

—

and-

Animi 1

Linseed-oil 2

Amber 1

Llnseed-oil 2

thinned with turps, and then strained.

Order 2.—Containing only asphaltum.

Brunswick black.

Asphaltum 3

Linseed-oil 4

The asphaltum is fused alone, and kept

boiling for 6 hours, and in the meantime the

oil is boiled with lead driers until very

drying. They are then mixed and boiled

until a drop allowed to cool can be rolled into

a hard pill between the fingers. It is then

thinned with 12-16 parts of turps, and strained.

Div. IV.—Containing a gum, or resin, dissolved in a volatile liquid, and drying hard on the

evaporation of the solvent.

Class A.—Dissolved in hydrocarbons, alcohols, &o., boiling above 100° (212° P.)—"Essence,"
' Essential-oil," or " Oleo-resiuous " varnishes.

Section o.—Toughened with a fat oil.

Order 1.—Resins fused and boiled with oil as for an oil-varnish, but with less oil than resin.

These varnishes are usually looked upon as oil-vamishes, but the oil being in small quantity

and not the principal component of the fixed residue, and the varnish therefore drying hard on

the complete evaporation of the solvent, they naturally are included in Div. IV. of the classifica-

tion. They are made precisely as oil-vamishes, but require only a few minutes' boiling to get

stringy, and seldom want driers. Most of the regular oil-varnishes of the formulae published in

French works on varnish-making come under this head.

a. Mixed amber-varnish.

Amber, palest 1

Copal or animi (palest) . . . . 1

Sandarach (very clean) . . . . 1

Linseed-oil 2

Fuse the resins together, add oil very hot,

boil as for an oil-varnish, and thin with turps.

b. " Vemis pour equipages."

Sandarach 2

Boiled oil 1

Turps about 3

Sandarach fused in the oil, boiled to

string, and the turps added hot.

Order 2.—Made with previously fused resins,

at a low temperature in the solvent.

c. " Vemis blanc au copal" (Watin).

Picked copal 2

Boiled oil 1

Turps 3 or 4

Melt the copal in a glass flask, add oil

very hot, boil till stringy, and add turps hot.

d. Kauri varnish.

Kauri (pale) 2

Pale boiled oil 1

Turps 2 or 3

Dissolve resin in oil, boil till stringy, add

boUing hot turps, and strain boiling hot.

but dissolved, together with the toughening oil,

6 2
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In this and all the following orders of varnishes, the manufacture requires no special skill or

training, but can be easily carried on by any one acquainted with the roughest laboratory manipula-
tion. Neither is any special apparatus required, beyond tins, bottles, and other storing vessels,

large funnels, filters, filtering paper, stirrers, measures, and other common workshop appliances.

No directions therefore need be given beyond those for choice of materials.

t. Animi fused 3

Very drying boiled oil . . .

.

1

Turps 5

Proceed as in a.

a. Palest fused amber 4

Pale boiled oil 1

Turps about 6

Dissolve the oil and resin in the turps at a

gentle heat—in the water-bath best, but the

amber must then be powdered.

Order 3.—Made with resins not requiring previous fusion for solution in turps.

Section a.—These differ from those of section )3 only in the substitution of boiled oil (5-25 per

cent, of the resin used) for the toughener. With tliis difference, the proportions are similar.

Section $.—Containing no oil, but toughened with an oleo-resin.

Order 1.—Eesin not fused.

a. Best mastio picture-varnish.

Palest picked mastic in tears . . 4

Oil of lavender J
Camphor Jj,

Turps 8

All dissolved together in the turps at the

heat of the water-bath, stirring all the time.

b. Common mastio varnish.

Mastic

White dammar
Turps ,

Camphor

Treated as in a, or heated in the turps until

the resins melt, when they will mix easily.

c. Black dammar iu fine powder . . 4

Copaiba balsam 1

Turps 8

Turps boiled with the resins.

d. A very cheap varnish.

Pale rosin 10

Kosin-oil 1

Petroleum, No. 3 or 4 ,. .. 15 to 20

Where the smell is of no importance this

may be made with rosin-spirit.

Order 2.—Made with fused resin—have similar formulse as to proportion and toughener.

Class B.—Dissolved in hydrocarbons, alcohols, ethers, &o., boiling below 100° (212° F.), " spirit-

varnishes " and " ether-varnishes."

Section a.—Spirit-varnishes proper, made with methyl-, ethyl-, or propyl-aloohols, " French-

polishes," and " spirit-lacquera."

Concerning these, little need be said beyond urging the use of the strongest spirit that can be
obtained, in many cases further drying it by potassium carbonate (see p. 2026). Brittleness may be

removed by tougheners, in the following proportions to the resins :

—

Per cent.

Camphor 2 to 10

Per cent.

Cold-drawn castor-oil 5 to 10

Copaiba balsam 5 „ 20

Venice turpentine 10 „ 50

Oil of lavender 10 „ 25

Fat old turps 40 „ 50

Order 1.—Containing lac as the principal ingredient.

These are the hardest of all artificial varnishes, with the exception of the stoved oil-japans.

u. Pale lac varnish.

Bleached lac freed from wax . . 1

Methylated spirit 3

Powder the lac coarsely, and dissolve it iu

the spirit with a gentle heat, filter it warm,

covering the funnel closely during filtration,

and let it settle until bright.

6. Shell- or button-lac 8

Soft Manilla copal, palest possible 6

Copaiba balsam 2

Treated as a, and dissolved in

strongest spirit 40

c. Lac 5.

Sandarach 2

Elemi IJ

Venice turpentine 2

Spirit . .. .. 24

d. Lac 6

Pale rosin, or American thus .

.

3

Sandarach 2

Castor-oil l

Spirit 30

c. Bleached lac freed from wax .. 10

Mastio 6

White dammar 4

Oil of lavender 8

Spirit 50
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Order 2.—Containing little or no lac.

a. Palest soft Manilla copal .. .. i

Manilla elemi 1

Spirit, driucl 12

Proceed as in Order 1, a, but using the

strongest dried spirit.

6. A pale cheap varni^ll.

Sandarach 2

White dammar 2

American thus 4

Soft Manilla copal *

Klemi 4

Spirit 40

c. American thus 4

Benzoin 2

Manilla elemi 2

Sandarach 2

Spirit 25

Filter when dissolved.

d. Sandarach 4

Palest soft Manilla copal . . .

.

4

Copaiba balsam . . . . . . .

.

2

Castor-oil 1

Spirit 25

Proceed as in a.

Order 3.—Spirit varnishes applied with a rubber—" French polish."

These are merely lac-varnislies made rather thinner than the regular spirit-varnishes, and to

which is sometimes added a small percentage of boiled oil, or copal oak-varnish. Their quality is

good in direct proportion to the amount of lao contained in them, all attempts to substitute cheaper

resins deteriorating the hardness and smoothness of the polish. Elemi, mastic, or benzoin, in

small quantities are perhaps an improvement.

a. Seed-lao 1
}

Mastic 2

Spirit 5 Benzoin 1

Shaken till dissolved, but not filtered.

b. Shell-lac 8

Copal varnish

Spirit

Order 4.—Coloured spirit-vamishes or " spirit-lacquers."

Very dilute spirit-variiishes, coloured to suit requirements and, like the last order, good in direct

proportion to tlie amount of lac in them. They should be made with the strongest dried spirit)

and where possible the work should be warmed before the application of the lacquers, and the

temperature of the air between 20° and 25° (GS"-??" F.), or there is risk of the lacquer "chilling,"

especially in damp weather. The air must also bo free from dust, every particle of which will

make a deeper-coloured spot. The gold-coloured lacquers for brass-work are the most abundantly

used in the arts, gamboge modified with dragon's-blood being the usual and best colouring.

Fancy colours may be given in every variety with any of the aniline colouring matters soluble in

alcohol. Of the immense number of difl'erent formulse for lacquers, the following will suffice as

examples, all of them to be well filtered and allowed to settle till bright.

u. Gold lacquer.

Seed-lao 4

Gamboge 1 to 2

Dragon's-blood J

Dried spirit 3G

b. Deep gold.

Secd-lac 10

Turmeric 4

Gamboge 4

Dragou's-blood 1

Dried spirit 80

c. Palo brass.

Bleached lao 12

Aloes 2

Gamboge I

Dried spirit 100

d. Bronze.

Lac 4

Sandarach .. 2

Gum acnroides 2

Gamboge 2

Aloes 2

Dried spirit 80

Section /8.—Made with ethers, chloroform, acetone,—" ether- " or " etherial- " varnishes.

Being used only in small quantities, and for very special purposes, these varnishes may be

dismissed with a few general considerations. Owing to the great volatility of the solvent, they are

difficult to use with a brush, and are much better applied by " floating " or dipping. The solvents

should always be well dried with salt of tartar, as described under " alcohols " (p. 2026), and, in

the case of ether and chloroform, should first be well washed 2 or 3 times with an equal bulk of

water, to remove excess of alcohol.

Section y.—Made with a hydrocarbon solvent boiling below 100° (212° F.).

Of these solvents, the most powerful are the benzol and toluol series (p. 2026), which dissolve

all resins soluble in chloroform (except benzoin), and many others.

Petroleum Nob. 1 and 2 yields very few varnishes, owing to its restricted solvent powers,

being almost confined to mastic, white dammar, and coniferous resins; otherwise, from its great

stability and cheapness, and its easy purification, it would be the most eligible of all hydrocarbon

solvenl.-i.
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Class C.—Mixed solvent varnishes.—In this class, the menstraum consists of alcohol, ether,

Chloroform, acetone, &c., to which is added J-J their bulk of a hydrocarbon, such as turps, benzol,

petroleum, &c. These solvents have their power so much increased that all varnish-resins are

soluble in them, except amber and the hard copals. Where an alcohol is used as one of the com-

ponents, the added hydrocarbon should be divided into two parts, only one of which is mixed with

the alcohol before the solution of the resin, the second part being added to the varnish after it is

completed and filtered ; the risk of precipitation of the resin by the unequal evaporation of the

mixed menstruum on keeping, is thus greatly diminished. All alcohols, ethers, and chloroform used

in these varnishes should be well dried. As examples, the following are given :

—

a. Kauri (palest) .. , 2

Mastic 1

Chloroform

Spirit 5}
9

b. Soft pale copals 3

White dammar 1

Bleached lac 1

Toluol

Spirit 3 12

Class D.—Water-varnishes.—Albumen and gelatine being the chief ingredients in these glazes,

they should, if not used immediately, be mixed with some organic antiseptic, such as carbolic acid,

thymol, or salicylic acid. Borax and especially boraoio acid are also excellent (inorganic) pre-

servatives, but render the glaze rather opaque when dry, and diminish the gloss. These glazes

may be coloured with any of the soluble aniline or other colours.

The author acknowledges with pleasure the great help received from E. M. Holmes, F.L.S.,

whose iinmense store of information concerning resins, &o., has always been most kindly and
cheerfully placed at disposal. To Robert Finch (japanner), are also due .many valuable details

respecting stoved japans. E. F.

VINEGAR (Fe., Vinaigre; Ger., Essig).—Vinegar is an acid liquid, described in the British

Pharmacopoeia as prepared from malt and unmalted grain by acetous fermentation. The acid

contained in vinegar is acetic acid (CjHjOj), and it usually exists, in the proportion of 3-6 per

cent. The market description of quality is 16, 18, 24. Although the ofiScinal prescription is

adhered to by some manufacturers, the use alone of those ingredients is by no means usual

;

indeed, malt, in many instances, is not in the present day used at all, but for it are substituted

artificial glucose (CjHjjO,;, H^O), and cane-sugar or molasses (Gi^HjjOii). These latter are very

largely used, and as they produce, chemically speaking, the same result, i. e. acetic acid obtained

by fermentation, there can really be no objection to their use. In this article, attention will be

particularly given to the genuine system of manufacture, viz. from grain.

&rain or Malt Vinegar.—The commencement of the process is similar to that of beer-brewing

(see Beverages—Beer, pp. 377-414). The malt and unmalted giain are first crushed (not ground,

as it is often erroneously described), between steel rollers, which, revolving against each other, are

BO fixed that the grains shall be broken only. There are more motives than one for preventing its

being ground to meal, the first of whjch is that great quantities of the husk would find their way
into the mash-tun, and would have the eifect only of supplying an undesirable amount of

unnecessary vegetable matter ; secondly, phosphatic combinations are most injurious, and it is in the

husk that phosphates abound; while the

third objection is a mechanical one, namely,

that the bottom of the mash-tun, through

which all the wort has to be drawn away
would, on opening the taps, be immediately

stopped up. The crushing-mill is shown in

Fig. 1434 : a, tray receiving malt from the

funnel above and conveying it to the roller-

box c, whose bottom is of wire netting, to

allow dust to escape; 5, steel rollers for

crushing the malt ; de, elevator for convey-

ing crushed malt to the floor above.

It may be observed at this point that

the unmalted grain (barley, oats, rice,

maize, or whatever is chosen) must be
thoroughly dried on a proper kiln, pre-

vious to crushing, in order that many of

the glutinous and albuminoid matters may
be destroyed. Unless this precaution is

adopted, there is little chance of the vinegar being sufBoiently sound to withstand the deteriorating
effect of the atmosphere for any time after its manufacture.
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After tlie grain has passed through the cmshiDg-roUers, it is transferred to a receiver (hopper)
by means of a belt driven by wheels, and supplied bylcups (see Fig. 1431), whence it is passetl into

the mash-tun, together with water heated to a temperature of about 77' (170° F.). This-masb-tun
is supplied with revolving forks, which, whilst revolving, move round and round the tun, and are
kept in motion fur about one hour. At the end of this time, the whole will have become thoroughly
incorporated, and the temperature uniform. The forks ate then stopped, and the mash is allowed
to rest for about three hours, after which the taps are set to draw off the wort. This is immediately
conveyed to the boilers, and again well boiled for the purpose of coagulating the albumen.
Another quantity of water of the same temperature as the previous is then distributed over the
grains by means of sparges, in order to thoroughly exhaust the grains of all their sacchai-ino

properties. The mash-tun is shown in Fig. 1435 : n, channel conveying malt and hot water to the
tun ; b, mashing-forks for thoroughly in-

corporating the materials ; o, sparges which
"'°'

revolve rapidly, and supply continuous and
regulated streams ofwater for aseoond mash.

The components of malt (see pp. 378-9)

are vegetable gelatine, diastase, &c., pro-

duced from the gluten of barley during

germination, and large quontities of starch,

which, in the mash-tun, is converted by the

diastase first into dextrine (see pp. 1G45-7),

and at a further stage into artificial glu-

cose (see pp. 1914-21).

It may now be explained why unmalted

grain is used together with malt. Malt

possesses much more diastase than is neces-

sary for the conversion of all the starch

which it contains, and consequently re-

quiies more of that body to be supplied from

a raw grain, in order to exhaust itself. It is

a fact which has been stated by Hum,
and verified by other practical vinegar brewers, that good sound vinegar cannot be obtained

from malt alone, and the reason is undoubtedly that the superfluity of diastase remaining in the

liquor produces secondary and putrefactive fermentation in the acetifier, which cannot, with any
certainty, be prevented. It will be nppannt from this explanation that a good calculation should

be arrived at as to the proportions in which the grains should be used, and the browtr must
be guided by a consideration of the quality and weight of them. The mass being converted into

artificial glucose, it is passed through a refrigerator into the fermeutiug-tun, and yeast is ajilccl,

the operation of yeast being, of course, to produce fermentation. It is at this point that tl](:

process of vinegar-making deviates from that of beer-brewing, for, whereas in the latter it is not

desired to convert the whole of the glucose into alcohol, but only to the extent of about half, si

that the beer may contain some sugar as well as alcohol, in vinegar-making alcohol is the only

practical element required, and the fermentation is therefore forced on to the utmost by largo and
frequent additions of yeast, until all the sugar has disappeared, and an alcoholic solution remains.

At this point, the chemical change may be described as the conversion of glucose into alcolml,

thus :

—

Carbon
Glucose. Alcohol. dioxide.

C„H,jO„ = 2C,H.O + 200^

The fermentation being now forced to its utmost point, the wort is conveyed by pumps to other

fining vats, where it is stored some days to allow it to clear itself, by subsidence, of all dead yeast

and cloudiness as completely as possible, and then, passing through a filter-bed of wood-chij s

and shavings, into the acetifier. This is a large vat capable of holding 8000-10,000 gal., and is

constructed as shown in Fig. 1436 : a, coil of block-tin piping supplied with steam for heating ; A,

intake of pump to feed sparges ; c, pump ; d, surface of the article in course of manufacture, above

which is a vacant space for dripping ; /, escape-pipe at bottom of steam-coil
; g, sparges for

distributing finely-divided wort over the birch bed ; A, support for pump. In the vat, the block-

tin worm, constantly supplied with steam, is so regulated by a screw-tap that the wort may be kept

at any desired temperature ; the pump is made of ebonite, and entering the vat at about one-

third from the top, communicates with the bottom, at about 2 in. from the actual bottom, and
constantly supplies sparges which throw a continuous spray over a bed of birch. The birch is tied

in bundles, and forms a bed about 50 in. deep, below which an empty space about 1 ft. deep is

allowed for the wort to drip through. The object is to divide the liquid into as small particles as



20i0 VINEGAE.

possible, in order that the oxygen of the atmosphere may have complete and unceasing contact with

the greatest quantity.

It is to be pointed out that the birch must be freed of all juice and colouring matter by boiling

in several waters, until all odour and colour are exhausted, requiring 3 days before it is sufficiently

done ; and the twigs must be -

gathered in the winter, or very ^ , 1436.

early in the spring, before the aap

has ascended. The temperature

at which the aoetiliers are worked

varies but little, say 38°-43°

(100°-110° F.) ; in the early

part of the process, the higher

temperature is applied, and as

the acetification proceeds to its

completion, it is gradually re-

duced to the lower. About 6

weeks' continual working is

necessary for the complete aceti-

fication of each lot.

At the commencement of this

acetifying process, the alcohol is

converted into aldehyde in the

following manner ; first, oxygen

of the atmosphere absorbs two

atoms of hydrogen from the alco-

hol, forming water and aldehyde

(see pp. 229-30), which latter,

being formed, in its turn absorbs

more oxygen from the same

source, and forms acetic acid (see

pp. 5-39). The presence of

much oxygen is thus shown to be imperatively necessary, and on its abundance or scarcity depends

in a great degree the success of the operation.

Oxygen is also necessary for the commencement of fermentation, but it is not necessary to

continue it ; fermentation is, however, more rapid and complete in its presence, and even light is a

great assistance. It has been satisfactorily demonstrated by Pasteur and others that the exclusion

of light greatly retards the fermentation of the wort and the growth of yeast. It is, therefore,

advisable to ensure the presence both of oxygen and light, as slow fermentations are frequently

unsound, in consequence of the unhealthy condition of the yeast, which becomes exhausted for

want of opportunity to grow. This statement is supported by Schutzenberger in the following

words, " When pure sugar ferments with a limited quantity of yeast, this becomes exhausted, and

at last becomes unfit to effect fresh decompositions of sugar, in the absence of soluble nutritive

materials."

The changes and decompositions which occur may be thus described. The first is the con-

version by fermentation of glucose into alcohol, thus
Carbon

Glucose. Alcohol. dioxide.

C„H,,0, = 2C2H„0 -f 2C0,

Secondly, the conversion of alcohol into aldehyde by absorption of oxygen from the atmosphere,

thus
Alcohol. Oxygen. Aldehyde. Water.

O2H5O -I- O = CjH^O -i- HjO

Finally, the conversion of aldehyde into acetic acid by the further absorption of oxygen, thus

Aldehyde. Oxygen. Acetic acid.

C^Ufi -I- = CjH.Oj

Tlie peculiar volatile and agreeably aromatic odour and flavour of brewed vinegars, which are

not to be met with in those made simply with acetic acid and colouring matter, are due to the

presence of acetic ether, and volatile substances of a similar character, derived from the grains

used.

The entire process of making malt-vinegar occupies a period of about 2 months, at the end of

which time, the vinegar is passed away into other vats for the purpose of cleansing, colouring, and

so on. The cleansing (rape) vats are supplied with beds of about 50-60 in. deep, the bottom being a
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layer of straw, llio middle sand, and the upper ebingle. Many vinegar-brewers are also British-

wine mnkers, and their rapes arc then freely supplied with spent raisins, etc., the refuse of their

winp-mnnufactnre, to enrich the flavour of the vinegar.

The natural colour of vinegar is about that of sherry, but as, in England, public taste demands
a much darker colour, caramel (see pp. 598-9) is invariably used to produce it.

Formerly, the law allowed the addition of 1 part to 1000 of sulphuric acid (" oil of vitriol ") for

the purpose of fortifying vinegar (preserving it from decomposition), and it is a prevailing opinion

that this is still allowed ; tut under the Food and Drug Adulteration Act, the addition of any
quantity constitutes an adulteration.

The Quick German Process.—The "quick German" process of vinegar-making differs only from

that already described in the fact that alcohol and water are used in place of the brewed material,

alcohol being on the Continent entirely free from excise duty ; or alcohol and water with some of

the raw brewed wort to convey the volatile and agreeably aromatic odour obtained from the grain,

as before explained. The usual strength of the alcoholic solution is about 15 per cent., and this is

most convenient for conversion.

Where yeast is not obtainable, an artificial ferment may be produced, which will supply

all requirements, by mixing wheat-flour and water into a thick paste, and exposing it, slightly

covered and in a warm situation, to spontaneous decomposition, when it will underpio a series of

transmutations, resembling the several actions achieved by diastase, Tlie change will commence
thus :—The mixture, in addition to converting the starch into sugar, converts the sugar itself into

luetic acid, which excites vinous fermentation. About the third day of the exposure, it begins

to emit a little gas, and to smell like stale milk ; but this odour will soon after change its character,

the evolution of gas becoming much greater, and being attended by a new scent, agreeably vinous.

This will take place on the sixth or seventh day, and the substance will then be capable of exciting

alcoholic fermentation.

The decomposed dough is mixed with a small quautity of tepid water, and applied to a
quantity of the wort at 32°-38° (90°-100° F,), whon active fermentation will begin in a few
hours.

A most interesting and satisfactory experiment may bo made by mixing a handful of flour into

a thick paste with cold water, covering with paper to shut out dust and permit free access of air,

and keeping on the mantelpiece in a warm room, where a fire is burning daily, stirring occasionally.

About the seventh day it may be mixed with a mash of about 3 qt. of crushed malt and 2 gal. of

warm water, or witli a solution of about 10 lb. of glucose in 1 gal. of warm water, when active

form ntation will take place, and the beer will be good and sound.

Ihe explanation is tluit commoji gluten resembles diastase in the manner of its decomposition,

and runs like that substance through two successive dynamic stages, first into lactic and next into

alcoholic ferment.

Strong wort may also be set aside for spontaneous decomposition, after the manner of cider or

perry making in the apple and pear districts, or of British wine manufacturing, when, after three

or four days, it will become turbid, emit gus slowly, create alcohol, and deposit a ferment which

acts on saccharine matter. If the wort be weak, however, u, scum will collect on the surface,

and a brown flocoulent substance will be precipitated, which is incapable of exciting fermentation

in sugar.

In making vinegar from alcoholic solution, it should not be much more than 15 per cent, in

strength, and must be kept warm, say at 32°-38° (.90°-100° F.), or at a rather less temperature tlian

that described previously in this article when speaking of the temperature at which tlie acetifiers

should be worked. It is quite unimportant as to whether the spirit used is new or old, and it is

impossible to say with certainty what would be the loss of alcohol sustained during the operation.

It is not necessary to observe any particular temperature in the rooms where the acetifiers are

working, provided that the temperature of the actual article in the aoetifier is kept at its proper

standard.

The quality of water is also a matter of importance. Good spring water is best, but if that

cannot bo obtained, river water may be used, which must first be well filtered, to eliminate

mechanical impurities. It is found by experience that the sUioo-carbon filter answers the

purpose best.

The operation, watched daily and carefully, should be carried on until the sp. gr. remains

constant ; this is easily ascertained by the use of the acetometer. The sp. gr. of alcohol is much

less than that of water; that of acetic acid, on the contrary, is greater, therefore it may be readily

ascertained when the whole of the alcoliol is converted.

The consequence of too little treatment would be, of course, that much of the alcohol would be

lost, or rather unutilized, through its non-conversion, and the consequent deficiency of acetic acid ;

whilst on the otiier hand, if the treatment is continued after the full conversion, a largo amount of

the acetic acid, being volatile, would evaporate and be lost.



Acetic Acid
in Vinegar.

2O2H4O2 +
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it at high prices. That foand in many parta of the rajah Selgic's country is perfectly white and

beautifully transparent. In 1879, Sandakan exported 226 dol. (of 4s. 2d.) worth, and Sikrawak,

87,330 dol. Lidihimpur (Assam) exported 19J tons, value 2112/., in 1871. Hankow exported 325

piculs (of 133^ lb.), value 2675?., in 1879; Shanghai exported of yellow wax (presumably bees'),

380J piculs in 1878, and 386 in 1879 ; Canton exported 70i piculs in 1877 and 39 in 1878 of an

undescribed wax, probably bees' ; but many of the Chinese ports receive supplies of beeswax and

Japan wnx from other countries. Of W. Asia ports, Kastamuni sent away 50,000 okcs (of 2 • 83 lb.),

value 7500;., in 1879 ; Brunei despatched 1695 dol. (of 4s. 2d.') worth to Singapore ; and Busliire,

2500 rupees' (of 2s.) worth to Java, in tiie same year. The exports from Aleppo in 1879 were :

—

12 tons, 1440/., to France; 15 tons, ISOOl., Italy; 3 tons, 360i., Turkey; 6 tons, 720/., Austria;

total, 36 tons, 4320/. ; in 1880 :—15 tons, 1800/., France ; 10 tons, 1200/., Italy ; 2 tons, 240/.,

Turkey; total, 27 tons, 3240/. Adana, in 1878, despatched 13,101 kih. (of 2-2 lb.), value 965/.

The shipments from Mersino [Musyna] in 1879 were:—40 tons, 4800/., to Italy; 38 tons, 4660/.,

Turkey; 5 tons, 480/., Great Britain; 3 tons, 360/., Greeru ; total, 86 tons, 14,480/. ; in 1880 :—

67 tons, 6420/., Turkey ; 48 tons, 4700/., France ; 10 tons, 950/., Austria ; 2 tons, 192/., Great

Britain; total, 127 tons, 12,262/. Ghilan exported to Russia, 1340/. worth in 1878, and 1731/.

in 1879.

The countries of N. Africa furnish large supplies of beeswax. The values of the exports frcm

Egypt in 1879 and 1880 respectively were as follows :—Italy, 5900/., 6773/. j Austria, 2600/., 3C25/.

;

Great Britain, 600/., 1901/. ; Turkey, 590/., 358/. ; Greece, 40/., 327/. ; France, 920/., 23/. Tangier

despatched in 1879:—250 owt., 1750/., to Great Britain; 30 cwt., 210/., Spain; 24 cwt., 108/.,

France ; total, 304 cwt., 2128/. ; and in 1880 :—101 owt., 707/., Great Britain ; 98 cwt., 686/., Franco.

The exports from Mogador in 1880 were:—170 bar., 2200/., to Great Britain; 505 bar., 4500/.,

France ; 6 bar., 60/., Spain ; total, 1205 quintals (of 2 cwt.), 6760/. Algiers exported 43,000 kilo.

(of 2-2 lb.) in 1867, and 113,000 kilo., 300,000 fr., in 1872; later figures were 46,160 AiVo. in 1877,

68,644 in 1878, 30,087 in 1879. The exports from Madagascar to Mauritius were valued at 223;W.

in 1875, 1388/. in 1876, and 1192/. in 1877. Gambia exported 60 tons in 1876, 47 in 1877, and

42 in 1878.

The New York exports were 166,703 lb. in 1878, and 28,662 lb. in 1879. Philadelphia shipped

5883 lb., value 1587 dol., in 1879. Galveston exported 54 packages in 1876-7, and 142 in 1877-8.

Chili produces much beeswax, especially in the provinces of Santiago and Colchagua ; the exports

were 134,511 kilo., value 121,058 pesos of (3s. 9d.), in 1870, and 98,087 kilo., 83,779 pesos, in 1874.

The Indians on the Orinoco and Amazon collect the wax of a peculiar bee, called andaquies, much
resembling ordinary beeswax, and having similar local uses. The shipments from San Domingo

in 1879 were :—164,000 lb. to the W. Indies, 19,500 Italy, 13,400 Spain, 9500 United States, 7300

France; in 1880 :—126,535 lb. W. Indies, 50,400 United States, 42,250 Spain, 37,250 Italy, 4270

Great Britain. The Bahamas exported 97/. worth in 1876, 29/. in 1877, 15/. in 1878, and 89/. in 1H79.

The approximate London market values of beeswax are :—American, 5/. 10s.-6/. 17s. Gd. a cwt.

;

Jamaica, 5/.-7/. 15s. ; Gambia and Mogador, 5-6/. ; Madagascar and Zanzibor, 5/.-5/. 5s. ; E.

Indian, 5/.-6/. 10s. ; ditto white, 6/. 10s.-9/. ; Australian and Cape, 5-7/.

Beeswax is obtained by melting the combs, after expression of the honey, in boiling water, on

which it soon floats ; it is left to cool, then remelted without water, and run into moulds of various

sizes and forms. In this state, it is known as " yellow " or " virgin " wax, and is used for floors,

and for making sealing-wax, lithographic crayons, and mastics. When bleached as described on

p. 586, it is employed in candle-making and modelling figures, flowers, and other objects. The
quality is mainly judged by the facility with which a sample bleaches ; some, as that from tho

neighbourhood of Bordeaux, can scarcely be bleached at all.

Beeswax is adulterated to a very large extent, and with very numerous substances. Mineral

adulterants may be detected by dissolving 1 grm. in 5 grm. of chloroform, warming if necessary.

If a sediment remains, it can be examined to ascertain the constituents ; turbidity of the solution

wlien cold indicates a resinous body; milkiness, with transparent globules on the sides of the

vessel, points to a vegetable wax. The presence of large quantities of parafBn is revealed by

digesting with concentrated sulphuric acid at a moderate heat, by which the wax will be charred

and destroyed, while the paraffin will remain floating on the acid ; another simple test is the

ready and complete solubility of pure wax in boiling concentrated alcoholic potash (1 part

potassium hydrate, 3 parts 90 per cent, alcohol), while the paraffin will form a supernatant layer.

Stearic acid is detected in the clear chloroform solution on shaking 2 grm. suddenly with 12-15

grm. of lime-water, when a lime soap forms ; also by digesting the suspected sample in a dilute

solution of sodium carbonate at a temperature above the melting-point of wax (say 65°-70° [149°-

158° F.]). Eosin and Burgundy pitch may be discovered by adding water to a cooled boiled

solution of the sample in 1 part water and 2 parts 90 per cent, alcohol, when cloudiness is pro-

duced. Vegetable waxes may be detected by boiling a little of the sample (0'3-0-4 grm.) in

6-8 cc. of water holding 0-5 gnn. of borax in solution
;
genuine beeswax forms a clear supernatant
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fluid, while vegetable waxes produce a syrupy, gelatinous, or stiffmass, according to their proportions.

Tallow may be revealed by the evolution of acrolein on boiling in a test-tube.

Carnauba-'wax.—The carnauba palm (fiopernicia [Corypha] cerifera) is a native of Brazil,

growing in prodigious numbers in the province of Pernambuoo, and extensively also in Eio Grande

do Norte. The fan-like leaves are ranged in a tuft at the top of the hard solid stem ; when

mature, they are covered with a thin coating of waxy material, for the collection of which they are

gathered, and laid on cloths in a cold dry place, when they shrivel and shrink, causing the wax

to crack and peel off in small flakes. These flakes are collected, melted in earthen pots, and

turned out when cold, forming lumps weighing 3-4 lb. each, and bearing the shape of the melting-

pot. In some districts, it would appear that the young undeveloped shoots and leaves are similarly

utilized, being cut before they unfold, sun-dried, powdered, and boiled, the wax then rising to the

surface, and being easily gathered. The supply is very far short of what it might be. The exports

from Pernambuoo in 1875-6 were :—To Great Britain, 9138 kilo., 312i. ; Germany, 9530 kilo., 446/.

;

in 1876-7, Great Britain, 116,872 kilo., ie22l.; Germany, 55,108 kilo., 23351; in 1877-8, Great

Britain, 83,530 kilo., 2958/.; Germany, .5952 kilo., 210/.; 1878-9, Germany, 1542 kilo., 611. The
exports from Ceara in 1878 were 5567 kilo, to England, and 12,889 to Hamburg. Liverpool im-

ported 80 tons in 1878, 13 in 1879, and 40 in 1880. The market value ranges between 35s. and
85s. a cwt. Carnauba-wax is rather brittle, of a waxy or resinous lustre, and light sulphur-yellow

colour, which, it is said, cannot be removed or destroyed ; it melts at 84°-97° (183°-206° F.),

according to different authorities, and has a sp. gr. of ' 99. It is largely used as a substitute for"

and adulterant of beeswax. The tree is valuable for many other purposes, including the fibre of

its leaves (see p. 940).

Chinese White Wax, or Pe-la.—This wax is the joint product of an insect {Coccus Pe-la)

and one or more kinds of tree, according to some, Fraxirms chinensis, according to others, Ligustrum

lucidum, natives of Cliina, notably the province of Szechuan, and in less degree that of Shantung.

Whether the wax is an excretion from the insect itself, or an exudation from the tree caused by the

punctures of the insect, does not seem to be clearly settled ; but the operations comprised in this sort

of farming are as follows. In Shantung, especially in the neighbourhood of Lai-yang, in the east,

where the trees are plentiful, the insects are bred and the wax is produced in one and the same

district ; the insects are put out in the spring, the wax is gathered at the end of the summer, and
the insects are then collected from the trees and preserved indoors until the following spring.

But in Szechuan, it is found that while the insect breeds most satisfactorily in Keen-chang,

the production of wax is far greatest in the department of Kea-tiug Foo. These facts are'

availed of by the wax farmers, who, about the end of April, convey the pregnant and wonderfully

prolific females (whose pea-like appearance leads the Chinese to suppose that they are merely

eggs) from the breeding district to the wax district. The journey occupies about a fortnight on
foot, and has to be performed at night, as exposure to the sun's heat would precipitate the

hatching, which must not take place until after the females have been attached to the trees. On
arrival, 6 or 7 females are wrapped together in a palm leaf, and attached to the branches, where
they soon give birth to innnmerable microscopic progeny, and die. The young insects swarm over

the twigs of the tree as a brownish film, but avoid the leaves. As they grow, they puncture the

twigs in all directions, and the result is an incrustation of white wax.

No care is needed while the insects are on the twigs, as they have no enemy, not even being

touched by ants. About the latter end of August, the twigs are cut off and boiled in water, when
the wax melts and floats ; it is remelted without water, and poured into deep pans, where it cools

to a translucent, highly crystalline, brittle, snow-white mass, fusing at 82° (180° F.), and generally

resembling spermaceti in appearance. The yield is at the rate of 2-3 catties (of 1^ lb.) of wax
from 10 taels (of 1^ oz.) weight of females. The average annual value of the crop is said to

amount to 650,000/. Hankow, in 1879, exported 6943J piculs (of 133i lb.), value 97,997/. Ichang
shipped QQpiculs, 482/., in 1878, and 438 piow/s, 4156/., in 1879. JSTewchwang despatched WOOpiculs
in 1877, 762 in 1878, and 256 in 1879. The exports from Shanghai were 4432J piculs in 1878, and
6542 in 1879. The wax is frequently adulterated, and often contains 15-20 per cent, of watei- ; its

uses are similar to those of beeswax, but it rarely appears in European markets.

Cordillera Wax.—The so-called wax-tree or varnish-tree of the Cordilleras {Eleaagia utilis)

is remarkable for the quantity of green waxy matter which is secreted by the stipules that invest
the unexpanded buds. This wax is collected by the Indians, and employed by them to varnish
boxes, and other objects. For this purpose, it is purified by immersion in hot water; its fragility is

then corrected by chewing it until it becomes ductile, after which it acquires a yellow tint, and is

ready for the addition of colouring matters.

Fig-tree Wax.—A kind of vegetable wax is obtained in W. and Central Java and in S.-E.

Sumatra, from Ficus mnbellata, the getaJi-laJioe of the Malays. It is manufactured in hard chocolate-
coloured lumps, melting at 60°-70° (140°-158° F.), and bleaching nearly white in boiling water ; it

is used locally for illuminating.
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Ibota Wax.—Thia is attributed by A. Meyer to the inllueiice of an insect wliich feeds on
Ligustrum Ibota. It is probably identical witli the ordinary Chinese white wax.

Indian White Wax.—This is produced by the female of Croplastes cerifenis, an insect

allied to the pe-la of the Chinese, whoso product is so largely used for making candles for the
Buddhist temples. The Indian insect deposits its wax in small masses upon the twigs and branches
of several trees, but more particularly on the arjun (Terminalia Arjitna) ; it does not appear to have
ever been propagated, nor has the wild product been collected in quantity. Though an article of

undoubted value, it would perhaps scarcely repay expenditure of European time and capital; but
the natives might surely render its cultivation a very profitable undertaking. The wax is soluble,

or nearly so, in boiling alcohol, also in benzine and ether, but only very slightly in turpentine and
carbon bisulphide. It is found at many widely-distant points throughout Sirguja, and is abundant,
and suitably situated for experimental cultivation, on the ar/«n-trees growing upon the embankment
of the Purulia lake.

Japan Wax.—This is afforded by several species of Rhus, the most important being

R. succedanea, which flourishes especially in the W. provinces of Japan, as far as 35° N. lat.

;

second in order is R. vernicifera (see p. 1692), which extends to 38'
; and finally if. aylvestris.

The cultivated wax-tree (iJ. suocedanea) was originally imported from the Loo-Choo Islands, but

growers now distinguish 7 different varieties. The tree flourishes in great abundance on the moun-
tainous declivities of the island of Kiushiu, and in the provinces of Higo, Hizen, Chikugo, ami

Chekuzen, but less plentifully in Satauma. It is planted along the road-ways, and around the

edges of most cultivated fields, except rice-land, when 2 years old, at distances of about 3 ft.

between the stems ; when set in squares, the interval is doubled. It ia kept low by topping, and

pruned to a pyramidal shape ; propagation appears to be effected by shoots from the root. According

to Simon, iu tlie 5th year after planting, each tree gives 4 lb. of berries, 6 lb. in the 8th, 18 lb. in

the 10th, 40 lb. in the 12th, 60 lb. in the 15th, and declines after the 18th year; 4 lb. of berries

should yield 1 lb. of wax.

The tree puts forth new leaves in April, blossoms in June, and ripens its berries in October-

November. The berries are of the size of small peas, united in bunches ; the wax ia contained

between the kernel and the outer skin. The bunches are gathered, sun-dried for a few days, and

stored in straw; when sufficiently mature, they are threshed free of stems by means of bamboo

flails. The process for preparing the wax much resembles the local method of husking rice. A
wooden tilt hammer worked by hand falls into a wooden funnel-shaped trough containing the

berries. In time, the husk and pulp of the berries are reduced to powder, while the kernel

remains, and can be separated by a sieve. The mass is then dropped piecemeal from a height, a

current of air being blown across the path of descent to remove the chaffy husk, which is afterwards

collected and worked over again. In Sikok, it is said that a small percentage of inferior wax is

obtained by grinding the kernels. The sifted and fanned powder containing the wax is steamed in

hempen sacks laid on bamboo wicker-work, placed over a caldron. The sacks and their contents are

then subjected to considerable force in wooden wedge-presses, and the wax that escapes is moulded

for the market. Sometimes the flow of wax is hastened by the application of a little ye-no-abara, the

oil of Perilla ocimoides. The crude wax forms » coarse, greenish, tallow-like mass, amounting to

about 15 per cent. (Simon says 25) of the weight of the berries ; it is thus used for making ordinary

candles.

For special purposes, the wax is refined in the following manner. It is first melted, pressed

through strong cotton sacks, and dropped into moving cold water, by which means it is produced

in crumpled thin flakes, ready for bleaching in the sun. With this latter object, it is laid in shallow

baskets, 2i ft. long and 1 ft. broad, placed in long rows numbering some thousands, in the open air.

Here it is repeatedly turned, according to the intensity of the sun's heat, sprinkled with water, and

melted again if necessary. It is then perfectly white.

For export, it is now often cast into large cubes weighing 1 picul (133^ lb.), instead of the con-

ventional saucer-shaped cakes 4-4| in. diam. and 1 in. thick. The chief marts for the article are

Nagasaki, Hiogo, and Osaka, whence it is sent largely to China, and in smaller quantity to Europe.

The total exports were 1128 tons, 43,128/., in 1874 ; the total value in 1875 was 37,249/., and in

1877 about 47,250/. The London market value is about 57-80s. a cwt. for ordinary, and 55s.-67«. 6*

for inferior. It is often largely adulterated with water, which it takes up when melted with it to

the amount of 30 per cent. It is extensively employed for making candles and wax matches

;

its melting-point is 42°-55° (107°-131° F.) ; when old, it is soluble in boiling alcohol and

warm ether, but separates on cooling. The cultivation of the shrub has been commenced in

California.

Koea Wax.—This name is given by Meyer to a wax which he attributes to Cinnamomum

pedunculatam, of Japan ; it is softer than Japan wax, and has not come into European commerce.

Myrioa-waxes.—Several kinds of vegetable wax are obtained from species of ifyrica, the

most important of which is M. cei-ifer^i, often called on that account the wax or candle-berry myrth',
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though distinct from the true myrtle {Myrtus). Myrioa caroUnensis is much esteemed in the

S. States of America, M. caracassana in New Granada [Colombia], M. cordifolia, M. quercifoKa, and

M. laoiniata in the Cape of Good Hope, M. faga in the Azores, and M. sapida in China. The fruits

of all these species are covered with a waxy coat, which is collected by boiling them in water, and

straining the supernatant wax through a cotton cloth. The melting-point is stated at about 48°

(118° F.). It is used as a substitute for and adulterant of beeswax, having a greenish-yellow colour

;

i lb. of berries are said to afford 1 lb. of wax.

Deuba- or Otaba-wax.—Much uncertainty surrounds the origin of this vegetable wax, and

there is considerable probability that it is identical with the concrete fat or wax called Ucuhiba or

acuhiba (p. 1379), obtained from Myristioa Biouhiha. Wiesner is positive on this point. The yield

is stated at 18 per cent, of the fruits. The article is not yet known in Europe.

Ozokerit or Earth.-wax.—There are many forms of mineral wax, all of which are hydro-

carbons, mostly orystallizable, and differing mainly in the temperature at which they fuse.

Generally they are met with in or near petroleum sources (see pp. 1433-47), and appear to bear a

close relationship to petroleum and coal.

On the southern littoral of Lake Bal-Khash, in Turkestan, large veins of ozokerit have recently

been found. Deposits exist at Monte Zolo, not far from Savignano, in the valley of the Samoggia,

province of Bologna. A large quantity was lately discovered near Gisbome, New Zealand. A bed

measuring 60 miles long, 20 miles wide, and 20 ft. thick has been reported to exist in S. Utah.

But Galicia remains the chief source of mineral wax, the working of which deposits is inseparably

associated with that of petroleum (see p. 1434). The low price of the liquid oil renders the solid

wax much sought after, for which purpose, shallow horizontal levels are driven, the beds of wax
often measuring only 1-3 in. thick. Much gas is evolved from the wax in working, necessitating

ventilators and safety-lamps. The wax is reiined for the market by melting in open or steam

boilers, after being washed and cleansed at a loss of 10-30 per cent., and is then moulded in masses

of 1-2 cwt. It is obtained at a cost of about 14-18s. a cwt., and sells when refined at 22-26s. The
Boryslav district yielded 325,000 cwt. in 1873, and Wolanka 25,000 cwt. It is further refined, both

in Vienna and in Frankfort-on-the-Oder, by means of concentrated sulphuric acid. Its chief uses

are in candle-making (see pp. 589-90), for the manufacture of illuminating-gas, and as an adulte-

rant of beeswax ; its presence in the last-named article is readily detected by its indestructibility in

sulphuric acid, while beeswax is entirely destroyed.

Palm-wax.—This name was given by Humboldt to the wax obtained from Ceroxylon andicola,

a palm indigenous to the highest parts of the Cordillera of New Granada [Colombia]. The wax
forms a natural exudation from the trunk of the tree, whose bark is scraped (after felling) for its

collection ; the scrapings are boiled in water, and the supernatant clean wax is skimmed off. Each
tree yields about 25 lb. The melting-point of the wax is 72°-83° (161°-181° F.). It is extensively

made into caudles for local use, preferably in admixture with tallow.

Peth.a.—This is a Punjabi term for a waxy substance which collects as a kind of bloom upon

the surface of the fruit of the white gourd of India (Beninoasa cerifera), in sufficient quantity to be

collected and made into candles.

WOOIi (Fk., Laine; Gek., Wolle).

Wool forms but a branch of the fibrous clothing of animals known as hair (see pp. 1093-9), and
is distinguished from hair solely by being curly and serrated. It constitutes the most important

textile material derived from animal sources, and demands consideration both in its commercial

and in its manufacturing aspects.

Commerce.—The extent of the commerce in wool in which this kingdom is interested is shown in

the subjoined table of our importations of that article in the years 1876-80 :

—
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Countries.
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bDlonging to the earliest dynasties tliat ruled over tlie country have carried this demonstrative

evidence several centuries further back than was previously known. Though the cloths thus

singularly preserved are all composed of one textile material, it derogates notliingfrom the strength

of the assumption that at least equal excellence had been attained in the manipulation of wool.

We have ample testimony that the sheep was a highly esteemed animal in Egypt, constituting

there as elsewhere the chief element of wealth. The utilization of its fleece would be obvious.

Whether spinning or weaving was invented first, is now hopelessly beyond discovery, though

the conjecture may be hazarded, with a great probability of truth, that it was the latter. The form

it would probably assume would be the interlacing of vegetable reeds obtained from the banks of

rivers, which art in some places has survived to the present day. The discovery of a muthod of

making a continuous thread from short fibres, most probably wool, by draught and torsion, would
place a highly increased power in the bauds of the weaver, and enable him to produce a fabric of

greatly enlarged dimensions. The art of spinning is one of the most important developments of

human ingenuity, and has probably contributed more to the comfort and happiness of mankind than

any other single invention. It would be interesting, if possible, to divine how it occurred. There

is a probability that the world is indebted for it to some ancient shepherd boy, who, whilst

reclining in the shade with his flock grazing around him, laid hold of a stray lock of wool within

reach, and amused himself by pulling it into a. light mass; maybe he then began to twist a few of

the flbres between his fingers, drawing them out at the same time, and observing that he could

thus produce a continuous thread. He may or may not have realized the fact that he had made a

great discovery : probably not. Assuming the correctness of this supposition, the first thread was

woollen, not worsted—a difference that will be explained subsequently.

At the dawn of the historic period, the twin arts of manufacturing flax and wool rise into view

together, showing n parallel advance. At that time, the Egyptians had so far perfected and

organized the industry, that rudiments of the modern factory system are discoverable amongst their

remains. These are found in the paintings on the mummy coffins and the interiors of their tombs.

That wool was one of the materials extensively wrought up into fabrics, scarcely admits of a doubt,

and the fact that no specimen of the cloth has come down to modern times probably arises from the

certainty that its nature unfitted it for the particular use that has preserved the linen one. With a

linen fabric, the dead could be swathed much more firmly and closely than with one of wool, owing
to the perfectly extended form of the fibres in the former, whilst the latter can scarcely be freed

from its natural curvature. During their sojourn in Egypt, the Israelites acquired a knowledge of

the native spinning and weaving as there practised. On their departure, and during their wander-

ings in the wilderness, it is stated that, on the occasion when contributions were being made for the

construction of the tabernacle, the women who were wise-hearted spun with their hands, and
brought in the yarn, the blue and the purple, the scarlet and the fine linen, which others were inspired

to work up into suitable fabrics. A prohibition issued during the same period incidentally reveals

that union fabrics were customarily made even at that early time, for it is ordered that " a garment
mingled of linen and woollen shall not come upon thee." The sacred writings, through all the

subsequent history of the Jewish nation, afford plenty of testimony to the high development of the

textile arts, not only amongst themselves, but also among neighbouring nations, the Egyptians,

Assyrians, Babylonians, Phcenicians, and others. In a similar manner, classical writers reveal the

condition of these aits amongst the Greeks, the Eomans, and their contemporaries, the less civilized

nations who successively fell under the influence of their dominion. In a previous article (I/inen

Manufactures), their progress has been traced, and as the manufacture of wool and flax appear to

have always advanced hand in hand, any further detail here would be needless repetition.

The instruments in use were the same for both industries, being the distaff and spindle for

spinning, and, as occasion required, both the vertical and the horizonlal loom were employed. All
improvements that took place subsequently were equally applicable to both purposes, and were
adopted by both classes of workers as quickly as the limited means of communication permitted.

Coming down to modern times, in which more nicety of manipulation has been attained, a greater

divergence in the processes has been introduced, arising from more regard being paid to tlie

essentially different nature of the two materials, wool and flax. Duriug the current century,

a great advance has been made in the productive capacity of the woollen industry, owing to the
introduction therein, with the necessary modifloations, of the remarkable inventions that have dis-

tinguished the growth of the cotton trade, and have placed it in a position of such notable
eminence. This example has also been of indirect benefit to the woollen industry, by ttimulating

independent invention, which has not been inconsiderable of late years.

The manufacture of wool, including in this term all cognate fibres, is, after cotton, the most
important textile industry of Great Britain. The raw material consumed in the manufacture
is chiefly composed of the following :—All varieties of sheep's-wool, alpaca, mohair, goats' hair, and
camels' hair; in addition to the=e, are several minor articles, the most important being shoddy,
mungo, and extract, all of which are manufactured wools, produced in a manner to be explained



STEUCTURE OF WOOL. 2049

hereafter ; and such fibres of veRetable origin (cotton, flax, China grnsB, rheea fibre) as, with silk

and silk waste, aro consumed in tho production of union goods, and generally form the warp

of the fabrics.

The industry is separated into two great divisions, primarily dependent upon : (1) the class of

wool, and (2) the method of manipulation. To a certain extent, the first dictates the second.

These two are the woollen and the worsted trades, each being subdivisible again into several minor

branches.

The woollen industry takes for its raw materials chiefly the fine, short, felting wools, technically

denominated ''clothing" or "carding" wools, to which are added the manufactured wools:

" shoddies," " mungos," and " extracts," the nature of which will be explained subsequently.

Along with these, in the formation of union goods, silk, and the several vegetable fibres before

named, are consumed. From these, are produced the fine cloths of the West of England, Leeds,

and other places, and those of several centres on the Continent ; the heavy fabrics of the Hudilers-

field districts ; the tweeds of Scotland and Ireland ; and the shoddy cloths of Dewsbury, Batley,

and Morley, which include all ranges and qualities, from the finest to the coarsest, and the lightest

to the heaviest, for male and female wear.

The worsted division, for its share of the raw materials, claims all the long, or " combing

"

wools, as they are termed, represented by the wools obtained from the Leicester breeds of sheep

and the varieties which have been developed from thorn. Mohair from the Angora goat, the fleeces

of the llama, alpaca, and vicuna, and similar animal products, are also included in this division.

These are supplemented by the same class of vegetable fibres and silk as in the preceding division.

The product from them consists of an extensive series of light goods, having very numerous desig-

nations, but substantially consisting of fabrics that generally may be termed " lustres," " mohairs,"

" alpacas," " llamas," &o. Union cloths from each of these fibres are also made, silk or cotton, and

occasionally other materials, being employed for warps. Bradford is the centre of the district pro-

ducing worsted goods in all varieties, whose values extend from 3s. down to 2d. a yd. for low union

goods. Formerly Norwich was the centre of a great trade in worsteds, but its importance has been

declining for a long time past. Fashion and other causes have also conspired to depress the industry

and commerce of Bradford and district during the past few years, so that comparatively little enter-

prise has recently been exhibited, save in individual cases where eflbrls have been made to adapt the

machinery to the production of the softer classes of fabrics now extensively in demand.

Structure of the Fibre.—The mechanical structure and cliemical composition of the wool fibre

constitute its most important manufacturing characteristics. In every process during its fabrica-

tion into textures, regiird must be paid to these, but especially to the flrst-named ; the second, which

makes it a bad conductor of heat, is the quality that peculiarly fits it for use as a material for

clothing purposes, particularly in temperate and cold climates.

The mechanical structure of the wool fibre always formed the chief basis of its commercial value,

even before its true nature was discovered. Though wool has been in use for its present purposes

during several thousand years, and its valuable properties have been known for the same time, the

peculiar structure on which these properties depend has only recently been discovered. The cir-

cumstances connected with this interesting event, which took place on the 7th February, 1835, are

fully narrated by W. Youatt, in his valuable treatise upon sheep. In the course of his inquiries,

he directed his attention to the nature of wool, in order to discover the cause of its felting property,

and called in the assistance of Powell, an artist engaged in the manufacture of tho best microscopes

known at that time. Their efibrts were rewarded with complete success, as the microscope revealed

all details of the construction of the wool fibre. The same instrument has been further utilized for

the purpose of discovering the minute differences that, judging from the vsirying effect produced in

the manipulation of various kinds of wool, it was inferred must exist. These have been recorded by

many inquirers, and the sum of the information thus obtained agrees almost perfectly with the

results of experience.

The wool fibre is curly, and to a certain extent elastic. Its surface is covered with scales or

imbrications, differing in number and shape according to the species and even variety of the

animal from which the fibre has been obtained. The most important differences also exist in

the fleece of the same animal, which fact renders necessary the process of sorting. Between wool

and hair, the differences are even greater still. In the latter, the scales or imbrications are so

imperfectly developed, even if in some sorts they exist at all, that the article until quite recently has

been incapable of use in the same way as wool. Heoent improvements in the manipulation have,

however, led to the successful introduction of hair for purposes of admixture with wool, and its use

is now rapidly growing. Those which have been received with most favour, and have, cither alone

or mixed, been most successfully used, are the hairs of the alpaca, the llama, the vicuna, the

Angora goat, and the camel, which are all more nearly allied to wool in structure than other

animal hairs. Fig. 1437 sufficiently illustrates the mechanical structure of the wool fibre, and its

variations in the different varieties of sheep.

6 p
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The figures are to some extent typical : A is from a fleece of the celeteated merino variety of

sheep, for which the modern world is so deeply indebted to Spain; the characteristics of this wool

may he summed up briefly as follows : staple, short ;
quality, very fine ;

colour, generally white

;

most suitable for carding purposes. E is a fibre of Saxony wool, the animal yielding it being a

1437.

G

\ !

sub-variety of the preceding, a cross between the merino and the best native sheep of Saxony. The
wool produced by these animals demonstrates the advantage of high and careful culture, being

classed along with Silesian, a similar sub-variety of the merino, the finest wool in the world. Its

characteristics resemble those of A. It is sometimes used for combing purposes. The Southdown
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(B), and those breeds of which It forms the basis, constitute a variety of the common sheep. Its

wool is in all cases short and fine, except where it has been purposely crossed with long-wooUed
varieties in order to procure u medium wool. The product is used for both combing and carding.

The Leicester (0) and Lincoln (D) represent our long-wooUed varieties of sheep. The staple is

long, and the quality ranges from coarse to very fine. In Yorkshire, Nottingham, Lincoln, and
Leicester, these two varieties yield a highly lustrous wool, approaching mohair (H) and alpaca

in brilliancy. These are technically known as " lustre " wools. So far as is known, this wool
can only be grown in the four counties above named. When the pure Lincoln or Leicester sheep

are transferred to other countries, or even other parts of England, the fleece rapidly loses its

brilliancy. Common wool (F), goat-hair (G), cow-hair (I), and human hair (J), are also shown.

The carding or short wools are distinguished by a finer fibre and a greater number of imbrications

per lineal inch. Saxony and Silesian wools being only ^^^"ffoB ^- diam., 3-3J in. in length of

fibre, and having 2700-2800 imbrications an inch. Merino falls a little below these, and Southdown
as much further, the last-named being j^ in. diam., and having only about 2000-2100 serrations

in an inch. When a wool fibre has a less diameter than ^^ in., it is denominated a coarse wool,

and BO regarded in the trade ; as the length of staple increases, the number of imbrications diminish.

These changes render it unfit for clothing purposes, as its felting property is thereby reduced.

It is believed that the method of growth of the wool fibre is somewhat as follows. The skin of

most animals is organically formed for the production of hair, in this term including wool. The
length and thickness of the hair is regulated by a law of nature, and is perfectly adapted for its

purpose, changing in several respects in the different parts of tlie body. The shape varies in

different animals, but is generally cylindrical or oval. The tip of the hair at first is conical and

pointed, this being, as is well known, the distinguishing characteristic of the first or " hogget

"

fleece of sheep. When left to nature, wool- and hair-bearing animals cast their coat at apprnpriate

seasons, and soon assume a new one. This seems to be caused by a cessation of activity in

the secreting glands at their base or root, whereby the hair becomes detached, and is cast off.

After a period of rest, the secreting and excreting functions of the glands are resumed, and the new
covering soon becomes visible. Domestication of animals, especially when shearing the fleece or

clipping the hair becomes habitual, interferes with the natural intermittent activity of the hair-

glands, which instead become persistent, and the growth continuous. In the human subject, to

which more attention has been given than to animals, and in which the growth of hair is closely

analogous, it has been found that ot the bottom of each hair-tube is a small conical prominence,

like a papilla of the sensitive layer of the dermis, with which latter it is connected by means of the

walls of the sheath or hair-tube. This cone is the producing organ of the hair, and possesses a

large number of capillary vessels and nerves. The hair-pulp is secreted in this cone, and, being

poured out, is first converted into granules, and next into cells, which are subsequently modified

to constitute the texture of the hair. The cells contain the pigment upon which the oolou^

depends. In the structure of the hair, a threefold modification of the cells takes place.

Around the central cells, the next layers, comprising the chief thickness of the hair, by a process

of lengthening and splitting, common in the economy of cells, are converted into fibres, and quite at

the outer circumference a thin circle of cells is flattened into the form of scales, like those of the scarf-

skin. The arrangement of these scales is seen in the Merino, Southdown, end Leicester varieties,

to be like that of the scales of a fish, though with less perfect regularity, and such difierences as

result from their being arranged around a cylindrical or oval form. They are the largest and most

perfectly developed in the Lincoln, Leicester, and Southdown varieties. In the Merino, the same

perfection of arrangement is preserved, whilst they increase in number and diminish in size. Less

regularity obtains m the Saxony, though the number further increases. With the larger diameter

of the human hair, the scales are still less in magnitude, though greater in number. These

observations lead to the conclusion that the order of growth is probably as follows :—(1) The

secretion of the fluid obtained from the blood
; (2) its discharge from the gland

; (3) its conversion

into granules, and then into cells distended with fluid; (4) its protrusion to and through the

exterior skin, where, on contact with the atmosphere, the outer layers of cells lose their liquid con-

tents by evaporation, the cell-walls collapsing and flattening, so as to form the scales shown in

Buch great numbers. This shrinkage of the cells causes the upper edges of each layer to overlap

the base of those of the preceding one, thus composing the beautiful arrangement revealed by the

microscope. The shrinkage being simultaneous all round the cylinder which forms the hair, the

outer circles of cells form, as it were, a series of cups, the base of the upper one being inserted in

the top of the lower one, by which in succession the hair is built up. Each cup is composed of

the number of scales or collapsed cells required to form the circumference of the cylinder, and

these having been globular, their arrangement in circlets gives the serrated upper edge to each cup.

It is this peculiar mechanical structure of the wool fibre that adapts it so admirably for the purposes

to which it is chiefly applied, as therein lies its felting capacity.

This, though perhaps its chief characteristic, is not its only one ; another of hardly less

6 p 2
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importance is the spirally curling form of the fibre. Superficially, this constitutes the main dis-

tinguishing quality between hair and wool. If a look of wool be closely examined, each fibre will

be seen to be twisted in a spiral direction from the base to the tip. The number of convolutions is

greater in the fine or clotliing wools than in the long or combing sorts. The processes through

which wool is put in manufacturing woollen goods would to a great extent eliminate the curl of the

long fibre ; but the greater number and the shorter space occupied by the curl of the short wools

allows them to be retained, by which means it is admirably adapted for the production of a woollen

thread, which has to be fulled or partially felted in a subsequent stage. The more perfect

parallelism of the fibres that would result in a yarn made from long wool would prove a great, if not

an insuperable, obstacle to the satisfactory performance of the felting process. Figs. 1438, 1439

show this characteristic in both the clothing and combing varieties of wool.

The felting quality of wool, though known for centuries, or even thousands of years, was not

thoroughly understood until the structure of the fibre was microscopically examined. It may
even be questioned now whether the fact is yet fully explained or not. The allegation that it is

owing to the short curled lengths of the fibre (when spun into yarn or retained in the mass) offering

facilities for an interlocking of the fibres by means of the scales and convolutions, is not quite

satisfactory. The theory may fully account for the interlocking or entanglement of the fibres, but

it leaves unexplained the principal characteristic of felting, viz. shrinkage. A woollen fabric,

when subjected to moisture and warmth, shrinks in every direction in a manner which the mere

interlocking of the fibres does not sufficiently explain. The first subjection to this operation does

not exhaust the property ; it may be repeated frequently, and the article will on every occasion be

•further reduced in dimension. The introduction of acid into the bath in which the fabric may be

dipped greatly accelerates the process, and increases its extent, as is familiarly seen in the manu-
facture of felt cloths or hats. This is not in any way indebted to the milling process, though

working the wool by the hands may be regarded as an equivalent. But this felting or shrinkage

takes place without any such action, as, for instance, when cloth is dipped into water and hung up
to drain in order to " shrink " it, as the process is technically called, before it is cut up for garment

purposes. A similar result ensues, though to a less extent, in the cases of fabrics made from
" non-felting " wools, as they are sometimes erroneously termed, when such articles are inadvertently

left in water, especially if the water is hot. The same effect is seen in the case of dress fabrics of

worsted materials, when the wearer gets caught in a shower of rain. Too often have such materials

" run up " to such an extent as to render the dress unwearable afterwards ; and partially to this

fact may be attributed the present unpopularity of Bradford goods.

It is proverbially easier to offer objections to an accepted theory than to propound a better, but

it may be pertinent to observe that experience shows moisture to be essential to felting, and that

the process is expedited and carried to a greater extent at a high temperature, or when the water

employed is hot. It appears probable, therefore, that the wool fibre is partially dissolved,

especially that part which contains the original cells still retaining their contents. The walls of

these cells, bursting by the heat or mechanical action, or a combination of both, and their contents

being discharged, shrinkage naturally takes place. The scales of the separate fibres, being in

contact with one another, or already entangled, the fibres are drawn to each other, as it were, by a

firm embrace. Probably also the circlets of scales forming the series of cups of which the fibre

appears to be composed may at the same time, and by the same cause, be rendered capable of

sliding more deeply one into the other. The pressure being exerted in each direction by the

entangled scales of the individual fibres, each of the latter is shortened in a corresponding degree,

and shrinkage in every direction results thereby. This conjecture may be held to be supported by
the fact that fine wools, which contain tlie greatest number of imbrications, are the best felting

wools.



VARIETIES OF WOOL. 2053

Varieties of Wool,—Almost every year is adding to the varieties of commercial wool, new kinds

being continually introduced, either from new sources of supply, or as the result of assidnoos and

careful culture. The following table, constructed with great care, and corrected by some of the

roost eminent wool merchants and experts in this country, has been drawn up and published by
Professor Archer, F.R.8.E., and will convey some idea of the numerous kinds of sheep, and the

differences in the quality of their fleeces :

—

Table op the Vabieties op Foreign and Bbitish Sheep.
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Table of the Varieties of Foreign and British Sheep—continued.
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Table op the Varieties of Foreign and British Shsef—continued.

Varit'tloH ami
Sub-v aril-' ties.

Suh-varletv (d d),

Herdwick.
Sub-variety (ee),

tbe Kuss
KooHh.

3. Barwall Sheep
(fivix Barual,
Hodgson).

4. HoouiobSbcep.

0. Cago (pvis
Caf/io, Hodg-
Bon).

6, Seling (Ovu
SelingiaJlofiQ-
son).

1. Curumbar
6. Gur&r ..

9. Dukhun . . ,

10, West Indian

11. Brazilian

12. Smootb-hairod
(fjvis JCtkiopia,

Cburlet).

13. African (Ovis
Guineensis,
Ruii).

14. Guinea Sbeep
(Ovis Ammon
Ouineensis,
Schi'cber),

16. Morvant de
la Cblne.

16. Shaymbllar

ir. Zeyla .. ,

18. Fozzan,

,

10. Marocco

( Ovis AHes
JVumidee, H.
Smitb).

20. Congo Sbeep
(Ovis Aries
congi'ensis, H,
SmItb).

21. Angola Sbeep
(nvis Aries
Angol^isis, H.
SmItb).

22. Yenu,
Goitcred Sbeep
(Ovis Aries

Steatiniora, H.
Smith).

23. Ixalua (Tx-

aZus probatim,
Ogilby).

24. Cretan Sheep
(Ovis Strep'

siceros, Raiip.

25. Long-tailed

(6vis lotiffi-

caudatus^
Bribsun).

Breed.

Cumberland Hill-

Bokhara.

Nepal.

Hoonlah or black'

facrd sbeep of
Tibet.

Cago or tame
sbeep of Cabul.

central
region

Nepal,
hilly

and Eoatern
Tibet.

Mysore
India ..

The Deccan
Jamaica .

,

South American,
Pernambuco.

African , . .

.

Senegal and Sa-
hara.

The Guinea
breed.

Cross.

India, Mysore

Zeyla and Mokha
Tripoli and Tunis

Marocco

Congo .

Angola

Angola

Staple

Fleece.

Russia,
Crimean.

WaLIacblan.
Moldavian .

,

(J reek .

Russian
Merino.

short

long

long

long

Bhort
short

short
short

not used

not used

not nsed

short

medium
long,

short

not used

short

short and
much
curled.

long

long

short,

curled.

Quality.

very coarse

soft and
fine

fine

General
Colour.

white

fine

coarse

coarse

coarse

fine and
soft, but
mixed

with hair.

rather
coarse, but
peculiarly

soft and
silky to the

touch,

inferior

fine.

inferior

fine and
soft

fine and
close.

soft and
fine.

very soft

superior,

but mixed
with hair.

fine

Average
Weight

of
Washed
Fleece.

3 1b.

Combing
or

Cording.

yellow

reddish
brown.
white

white and
grey,

white and
grey.

white

carding

combing

General
Application, &o.

carding

carding

carding

carding

carding

carding

Used only for low
quality goods. This
variety is remarkuble
for Its hardiness and
its peculiar sagacity

in preparing for a
commg snow-storm.

For ladies* dresses.

For rugs and coverlets.

[£. Indian wools are

chiefly used for mak-
ing blankets, small
quantities also for car-

pets and rugs, and
somfi of the longest

for worsted manu-
factures.

Blankets, rugs, and car-
pets.

For making caps or
fezzes.

Used for felt goods,
blankets, and rugs.

Not used in Europe.



2056 WOOLLEN MANUFACTUBES.

Table of the Varieties of Foreign and Bkitish Suhef— continued.
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Combing Wools.
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decline in the value of wool, the maker offered it in competition with genuine wool for saddlery and

upholstery purposes. This inventor's name is not satisfactorily known, but is conjectured to be

Davis. The second progressive step in the utilization of this material (its adaptation to the manu-

facti^re of cloth) belongs to the above-named Benjamin Law, a small farmer and weaver of Batley,

then an inconsiderable moorland village in Yorkshire. Not satisfied with the prices realized for

his webs in Leeds, he extended his ventures to London. Being in the city on one occasion, he

observed in a saddler's window some material apparently like white wool, but which differed in

several respects from any with which he was acquainted. Getting permission to examine it, he

found by testing its staple that it would fully answer his requirements. He found the manu-
facturer and purchased a parcel for himself, which he sent down to Batley, and fully satisfied him-

self that it was capable of being transformed into useful fabrics. He carefully guarded his secret,

admitting only his brother-in-law, the Benjamin Parr before named, to a knowledge of his dis-

covery. These two, having developed the manufacture to some extent, commenced to make the

raw material themselves. From this small beginning, after struggling througn many difSculties,

its use has spread into almost every portion of the woollen manufacture of tliis and other

countries.

Mungo.—The extensive adoption of shoddy as a raw material for clolh manufacture in a few

years had the natural effect of rendering all the descriptions of rags from which it was manufac-

tured considerably dearer, and of bringing the price of the product approximately near that of

wool. To those who had experience of the originally low cost of both the rags and the product

obtained from them, this change was not altogether of a satisfactory nature. There still remained

open another source of supply, if only means of rendering it available could be discovered

or invented. This was in the rags of milled cloths, both worn-out garments and new snippings

from tailors' establishments. These were practically valueless, in most cases being thrown upon

the manure heap, whilst from the London tailoring establishments the latter descriptions were

obtained at a cost of about ^. a lb., and were usually sold for the purpose of manuring the hop

gardens in Kent and Surrey. After Law and Parr had been engaged in the manufacture of shoddy

for about 10-12 years, they made an effort to utilize these " hard " rags, as they have since come

to be called, as opposed to the " softs " previously described. New snips were procured from

London, in order that, if successfully treated, the secret as before might be preserved. The first

effort was, however, an entire failure, the machinery which wag effectual for " softs " being quite

unequal to the task of grinding " hards " into wool. Kepeated trials were made, all ending in dis-

appointment, the snips were thrown upon the manure heap, and afterwards carted away to the

fields. The idea, though abandoned for the time, was not lost sight of. It is stated that it often

occupied the thoughts of, and was the theme of frequent conversation between. Law and Parr.

Some few years subsequent to the failure of the above trial, George Parr, a son of Benjamin Parr,

observed at a neighbouring flock-manufacturers' workshop (Perrit & Co., Batley Garr), a description

of fiooks entirely new to him. Upon inquiry, he was informed that the firm were making a new
kind of stuffing flocks by grinding up old coats. The young man saw that tha grinding process

was much more successfully accomplished than had been the case in their own efforts. Purchasing

two bags, he sent them home, and made an effort to spin them, but found the cards of the Batley

district too coarse for the necessary preliminary operations. Nothing daunted, he had them trans-

ported to Morley, to the establishment of John Watson, a manufacturer of fine broad-cloths. Here
the efforts were renewed successfully, so far as the production of a thread was concerned ; but it

was pronounced to be quite useless, owing to the large admixture of cotton threads and linen linings

that had been torn up with the cloth. Watson suggested that these should be picked out, and
another trial made. This was done, and a more satisfactory result achieved, thought yet far from

being such as would justify hopes of a commercial success. The trials were, however, continued by
several manufacturers to whom the Parrs offered the materials freely. Successive improvements

were made, but in spite of these, progress was slow. Finally the perseverance of the brothers

Parr vanquished all difSculties. The article, called " mungo " from an ejaculation of one of the

brothers that " it mun go," has since become an important soui'ce of supply of raw material to the

union woollen manufacture, and to several other branches as well. Fig. 1440 is an illustration of

the rag-grinding machine as at present constructed.

Carbonized Wool or " Extract."—A third class of fabrics containing wool yet remained to be

utilized. This was composed of the union goods of Bradford and Norwich, in which, as a rule,

the warp is of cotton and the weft of wool. The presence of the former in such intimate associa-

tion made it impossible to utilize the latter to any commercial advantage. In the paper-making

trade, the vegetable matter was successfully extracted from these rags by means of caustic alkali,

which dissolved the animal fibre, leaving the warp intact. The reverse of this process was
suggested by seeing the details of its operation in the Exhibition of 1851. A ship's captain named
Corbett is stated to have been struck with the idea that it would be more advantageous to destroy

the cheaper and preserve the more valuable fibre. To that end, he is alleged to have commenced
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the study of chemistry, and, after a while, found that a weak solution of sulphuric acid contained

in a lead-lined vat, in which the rags were steeped for a short time, completely destroyed the cotton

portion, whilst it inflicted little or no apparent damage on the wool. This soon led to the establish-

ment of a manufactory for the production of extract wool on a commercial scale. The inventor

found more dif-

ficulties in his

way than he

anticipated. It

was looked

coldly upon by

the Yorkshire

trade, who saw
that the treat-

ment to which

it had been sub-

jected had de-

stroyed its felt-

ing properties,

and rendered it

extremely brit-

tle. New out-

lets, however,

were found for

it, and a great demand sprung up amongst carriage builders, saddlers, and upholsterers. As a
stuffing material, it was sold largely to the home trade, and was exported to the Continent and
America. During the civil war in the latter country, there was an enormous demand for it for
army and hospital purposes. In the meantime, the Germans had succeeded in adaptinf it to

textile purposes. Such is one account of this invention. There are, however, numerous claimants
for the credit of this discovery, and, as in other oases, in the multitude of assertions it is difficult

to discriminate to whom the honour should be rightly awarded.

A claim has been put forward that " extracting " was first discovered and carried on for some
time at Rochdale, the inventor in this instance carefully keeping his discovery as quiet as circum-
stances would permit. This was early in the decade 1850-60. Soon after, a Mr. Crone, of Man-
chester, suggested the idea to two men who were practically acquainted with the bleaching and
finishing processes, as carried on around that town, and by them the process was again discovered
and patented. The original inventor, after some time, bought up this patent, in order to prevent
disputes. When the matter became thoroughly known, numbers of people commenced using the
process clandestinely, to the disadvantage of the owners of the patent. It is from amon<'st these

that the crowd of claimants has arisen. " Extract " does not appear to have taken that important

position in the woollen industries that has been awarded to shoddy and mungo, but it has had a
considerable influence in diverting to itself a demand that would otherwise have continued upon
the latter articles and pure wools. Its indirect importance, therefore, will be readily recognized.

From the finishing processes of the woollen trade, such as raising, cropping, &c., a considerable

quantity of fibrous matter is obtained. These are called " croppings," " cuttings," " shorts " &o.

and are the result of the shearing action of a machine employed to cut down the nap of the cloth

after raising to a uniform level. This material also has been rendered available for the produc-
tion of a very useful fabric, especially suited for the sharp winter temperature of such countries as

New England, Canada, and Europe. This invention is of American origin, and consists in mixing
" croppers' " dust in a strong solution of soap and size, in which a very loosely-woven fabric is then
milled ; this fabric takes up the short fibres, and can be worked up to any required weight or thick-

ness, and afterwards be finished to a good surface. It is serviceable, durable, and cheap. An
Englishman returning from the States is said to have brought back with him a knowledge of the

process, which he introduced into Leeds. It has since spread into many other districts of York-
shire, and other parts of the country where its raw material is plentiful, and has become a con-

tiderable industry. The demand for products of this kind outrunning the supply of croppers' dust,

in 187.S, Ferrar Fenton, of Batley, designed a machine for its artificial production from waste, since

which, of course, the supply has been adequate to all requirements.

Pbocesses of Woollen MANurAcnntE.—Wool, in its transformation into woven fabrics, passes

through the following processes, which, to save frequent repetition subsequently, are hero briefly

defined,

(1) " Stapling " or " sorting," which is the division of the fleece into its several qualities.

(2) "Opening" or "cleansing": freeing the wool from dust, sand, dirt, burrs, and foreign

substances, and disentangling matted fibres.
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(3) " Washing " and " scouring "
: two processes analogous in method and purpose. The former

has for its object the removal from the wool of the dust and dirt adhering to the fibres after the

latter operation ; also the removal of that portion of the natural grease which, with the preceding

matter, is soluble in water. Scouring is a succeeding process, in which the wool is passed through

a solution of soap or alkalies and warm water, to remove the portion of the yolk uncleared by the

foregoing process. The first is often omitted, and the second is followed by rinsing, the purpose of

which is to clear the scouring solution from the wool.

(4) " Drying "
: to clear the wool from the water acquired in the preceding process.

(5) " Blending "
: the mixing of the diiferent classes of wools and other fibres from which it is

proposed to manufacture fabrics.

(6) " Oiling "
: lubrication of the wool fibres in order to render them workable.

(7) " Carding "
: the difierent stages of this process, scribbling, carding, and condensing, have

one purpose, whether conducted with few or more machines, namely, to separate, straighten, cleanse,

and mix the materials of the blend, in order to render the resulting yarn thoroughly homogeneous.

(8) " Spinning "
: woollen spinning performed on the mule.

These complete the processes up to the production of yam, and now call for notice in detail.

Stapling or Sorting.—Formerly stapling was a separate business, and the person following it was

termed a " wool-stapler." This state yet prevails to some extent, but has not grown in a manner

corresponding to the development of the woollen trade. In earlier days, the manufacturer resorted

to the stapler for the supply of his raw materials. The stapler was a wool merchant, who pur-

chased the wools from the growers, or from importing merchants, and sorted his purchases into

various qualities, to suit the requirements of his customers, who thus by his aid were enabled to

obtain exactly the quality of wool needed for their productions, without encumbering themselves

with a large quantity of wool they could not use, as they must have done when they purchased the

fleece from the growers. Thus the wool-stapler's function was a very useful one, and he himself

was a highly-respected personage in the fraternity of the industry. But times have changed, and
though not entirely superseded, his relative importance is greatly diminished. The increase of

wealth, and the growing magnitude of manufactming establishments have changed to a great

extent the old method of business. The woollen or worsted manufacturer can now purchase his

wool direct from either grower or importer, his consuming capacity and the variety of his produc-

tions enabling bim to utilize all the qualities of wool obtained from the fleece.

The wool arrives at the stapler's warehouse or the mill in large bales, each containing about

400 lb. or 80-100 fleeces of wool. Having been weighed and compared with the invoices, the wool

is ready for the sorter. Sorting is performed on an oblong bench, the framework of which is of

wood, and the top of wirework grating, in order to permit the dust contained in the fleece to fall

through. Most fleeces, however, hold a great quantity of dust, mostly composed of the dry

epidermis of the sheep, which is so light as to rise and fill the atmosphere of the sorting-room, to

the great detriment of the health of the workmen. In order to remedy this, tlie sorter's bench is

now usually enclosed, and fitted with an exhaust fan, so as to prevent not only this light dust, but

also much of the poisonous exhalations too often given off by the fleeces of foreign wools especially,

from being breathed by the worker.

The sorter, taking a fleece, unrolls it upon his bench, and proceeds to separate it into the

required qualities, depositing the diiferent portions in baskets placed beside him for its reception.

These baskets vary in number from 6 to 12, or sometimes more, according to the description of the

fleece, or the requirements of the manufacturer. Short-wool fleeces, those consumed in the woollen

trade, are usually distributed into ten parcels. The " picklock " is the highest qtiality obtained,

and a fleece only yields a very small portion of this quality. The " prime " is the next best, and
but slightly inferior to the preceding. Next follow the " choice " and the " super," both very good

wools, but inferior to the previous selections. The bulk of the best fleeces are composed of these

two classes. The succeeding division is termed the " head " wool, which probably indicates that it

is the best of the second or inferior division of the fleece. The contents of the next basket are

termed " downrights," a good useful wool, which is followed by the " seconds," the best of the

wool from the throat and breast. The next is called the " abb," which is the eighth quality. The
ninth is the "livery," and is composed of the skirtings and edgings; the tenth is the "short

coarse " or " breech wool," that which comes from the breech of the animal.

These divisions are to some extent arbitrary, and differ according to the requirements of the

manufacturer. Fig. 1441 shows the fleece divided into thirteen qualities:—Nos. 1 and 2, the

shoulders and sides, always yield the best wool, being long, even, and soft, and the best grown
wool of the fleece ; the 3rd quality, that on both sides of the neck, is usually a little inferior to the

preceding ; the 4th, that on the loin and back, diminishes both in length and fineness from the

preceding ; the upper part of the hind legs yields the 5th quality, the wool in this locality

beginning to hang considerably ; the upper parts of the neck yield two qualities (6 and 7), both
inferior in staple and occasionally faulty ; at the root of the tail (8), the wool is more glossy, but
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ooarpe ; No. 9 is the lower part of the leg, where the grease in the wool is dark in colour, and the

staple is more twisted ; on the throat (10), there is a great diminution of quality from that of some

of the first numhers, the fineness, softness, and curl of the wool having nearly all disappeared,

and " kemps " or hairs becoming frequent ; the wool of the head (11) is coarse, often harsh, short,

glossy, and sometimes dirty ; on the lower

part of the throat and chest (12), the yield is

similar to No. 10, but often shorter, through

friction against fences and bars; that from

the shins (13) is short, glossy, and coarse, and
nearly always very dirty.

In addition to these, which may be termed

permanent qualities of the fleece, there are

modifications that arise in flocks, or indi-

viduals, the result of differences in the

quantity and quality of food and water acces-

sible during growth ; or are due to disease or

a low condition from other causes. These will

occasionally obliterate to a certain extent

what may be called the permanent lines of

qualities, the whole as a rule suffering degra-

dation. When this occurs in an Individual fleece, the sorter may be trusted to keep matters right

by the manner in which he will distribute the parts, but when the parcel is faulty in these

respects, it must of necessity be put aside for inferior.purposes. The rapidity and skill which the

sorter displays in the discrimination of the different qualities of a fleece, is a matter of astonishment

to the cursory observer.

Washing and Scouring.—The cleansing processes of washing, scouring, and rinsing succeed the

operation of sorting. Various methods of cleansing the wool are pursued in different countries,

and in different circumstances. Sometimes the wool is first treated to a bath of cold or tepid

clean water, for the purpose of removing all earthy matter, and the soluble portions of the yolk. This

is succeeded by the scour, in which the wool undergoes a wash in a bath consisting of water heated

to 49°-66° (120°-150° F.) or higher according to requirement. This dissolves the natural grease

and suint, which form so large a percentage of the weight of the wool, and releases the remaining

earthy matter adherent to the grease, and which had resisted the previous process of cleansing.

In an examination of the merino fleece, Chevreul found that the raw wool of that breed of sheep

consisted of:—Earthy matters, 26-06; suint, 32 '74; grease, 8-57; earthy matter fixed by the

grease, 1*40; clean wool, 31° 23. The proportion of clean wool yielded by other descriptions

varies from 25 to 40 per cent., and sometimes rather more ; but as a rule, it may be accepted that

the processes of washing and scouring will reduce the raw weight by about two-thirds. It is

obvious that the removal of this large proportion of the weight will require to be performed with

care, in order not to injure the clean fibre, by making it hard or harsh, or causing it to shrink, and

thereby injuring its felting properties. This care must be exercised in the selection of the most

suitable detergent for forming the scouring bath, the preservation of a proper temperature during

the passage of the wool, and the prevention of too sudden a transition from the warm scour bath

to the cold rinsing or clearing bath, should cold water instead of tepid be employed in the latter.

Formerly, stale urine was in much request for scouring purposes, for which it was found very

suitable, owing to the presence therein of a considerable quantity of carbonate of ammonia, which

is a weak alkali, whilst the accompanying organic matters were also useful in protecting the fibre

from the action of the stronger alkalies added to the bath. Its insufficient supply, combined with

its offensive odour, has greatly diminished its use. Ammonia is also frequently used for the

" scour," and that obtained from urine is the best for the purpose. Glas-liquor yields a considerable

quantity of ammonia by distillation, but when obtained from this source, it is apt to contain

hydrocarbons and sulphide of ammonium, the former of which are injurious to the hands and skin

of the workpeople, and the latter damages the wool. Carbonate of soda is another scouring agent,

and, in one form or another, is very extensively employed. It is an ingredient, and often the chief

one in the special preparations or compounds, retailed in the woollen districts as effioaoions wool

purifiers. (See pp. 1788-9). Soaps are the most generally accepted scouring agents. In order,

however, to employ them so as to secure a satisfactory result, it is imperatively necessary to obtain

them of uniform strength. Few articles are more liable to adulteration than soap, as few better

bide the sophistication.

Silicate of soda, or soluble glass, has of late years been extensively introduced as a detergent

for cleansing wool, and it is stated to have been found to possess valuable properties. Like soap,

it holds its alkali in feeble combination. Its detergent power is considerable, and it may be

employed alone or in combination with ordinary soap. When used alone for scouring wool, the
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latter should be well pressed to clear it thoroughly, otherwise the silicate is apt to coat the fibres

with a thin film when it comes into contact with the cold water in which the rinsing is performed.

Should this occur, dyeing or bleaching of the wool afterwards will be impeded, and the wool

rendered more harsh than when properly cleared.

In using soap for scouring purposes, in conjunction with an alkali, soda crystals is the best

form if a carbonated alkali is used. A small quantity of powdered double-refined caustic soda,

however, can be substituted with advantage in most processes ; as compared with soda crystals, not

exceeding ^-^ part of the quantity of soda ash usually employed. It is absolutely necessary that

the caustic soda should be free from iron, and that it should be moderately used.

Wool washing is performed by very different methods in diflerent countries. In some, clear

running streams are utilized ; in others, mill-streams for turning water-wheels, either before or

after passing the latter. In other cases, tanks, tubs, or any vessel capable of holding water, are

made to do duty for this purpose. A common way, and that perhaps most generally in vogue, is

to scour wool in a round tub provided with a false bottom of either wood or galvanized wire. This

bottom is usually placed about 9-12 in. from the true bottom, so as to form a cavity for the recep-

tion of the sand, dirt, and other matter that the washing releases. The perforations of the wooden

bottom or the spaces between the wires are so arranged that, whilst permitting the sediment to

pass freely through, the wool is prevented from going at the same time. This bottom is supported

upon vertical strips of wood, and is furnished with handles to facilitate lifting it out of the tub

when required, in order to cleanse the bottom. Tlie tub is generally about 5 ft. deep and 4-5 ft.

diam. The water is heated by means of steam, delivered by a pipe going down the inside of the

tub to about 3 in. below the false bottom, and which is furnished with a tap to turn off the steam

when a proper temperature has been attained. On the top, and projecting to the outer side so as

to form a slope, is affixed a frame having vertical sides about 6 in. high, across which narrow

strips of wood may be nailed, or a sheet of galvanized wire extended, to form a strainer or " scray ;

"

upon this the wool is placed to drain after being lifted from the wash, and previously to rinsing

in clear water. " Squeezers," or a pair of pressing-rollers usually intervene between the " scray "

and the " rinsing-box," but not always. The latter vessel is mostly an oblong box about 5 ft. deep,

having also a perforated copper bottom, the holes of which are about Jj in. diam., and as numerous

as the strength of the sheet of copper will permit. A copious supply of clean water is required for

this vessel, in which, having received its contents, the wool from the scray is immersed and agitated,

or passed backwards and forwards by means of a wooden fork, until thoroughly cleansed from the

" scour " or suds of the previous bath, and the grease and suint that it has liberated.

The process is to carefully prepare the scouring bath, caution being observed to get it to the

proper temperature, for ascertaining which a thermometer should be used. The wool is then

placed in the bath in such quantity (but not more than that) as will allow it to be freely agitated,

so that every fibre may be fully exposed to the action of the bath. The agitation must be per-

formed in such a manner as not to render the wool stringy, but to keep the mass light and open.

The same procedure must be followed and the same care displayed in the rinsing process. If the

operation has been properly performed, the wool will leave it in a soft and open condition. Tepid

water is always best for the rinsing process, helping considerably to attain the desired ends. By
this method, 500-1000 lb. can be washed per diem in one tub.

During the past 20 years, however, much has been done in this country in introducing

machinery for the washing of wool. Since its invention, it has moved steadily towards perfection.

This has caused it to rise rapidly in public estimation, and, as a consequence, to get generally

adopted. There are several makers of wool-washing machines, whose productions leave little to

be desired or even accomplished in the way of perfectly performing their work. Fig. 1442 shows
one of the best, by J. and W. McNaught of Eochdale, and embodies the latest improvements.

The single 4-rake machine here shown occupies a floor space of 24 ft. 9 in, in length by 6 ft. 8 in.
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greatest width over the pulleys. The feed a is a travelling apron, upon which the wool to bo
washed is evenly spread by the attendant, and In that manner passes into the tank b, where it is

immersed in the prepared bath, and brought within the action of the first rake. The series of

mkea c are actuated by the bevelled gearing shown, which carries cranks, whose revolutiouB

immerse the rakes at tlie point of their traverse nearest the back or feed end of the machine, and
slowly push thtm through the liquid, each rake carrying with it the wool that had come within its

reach, and delivering it to the next. This slow propulsion prevents the matting or stringing of the

fibres, and the felting that would ensue were the action quicker, whilst it is sufficiently quick to

thoroughly cleanse the wool by the time it reaches the opposite end of the tank. Here the last

rake delivers the wool to the reciprocating harrows d. These are frames with rows of alternate

prongs on the under side. Each frame moves with its prongs parallel to and nearly touching tlie

inclined plane, and returns over it with its prongs away from and clear of it, in the same manner as

the rakes of the tanks retire backwards over the water. The inclined plane is made of polished plate-

glass, in order to reduce the friction to a minimum, and consequently tlie stringing and entangle-

ment of tlie fibre, whilst the rapid flow backwards of the water brought with it by the saturated

wool returns all impurities that might have been brought up therewith into the tank. As one

harrow is travelling up the plane with the wool it has received, the other is returning. The washed

wool is brought forward by the strokes of the rakes to the bottom of the incline, upon which it

subsides within reach of the harrow, which then slides it up. Arriving at the top, it descends by

its own gravity, a chute or reverse incline /, also of plntc-^lass, at the bottom of which it comes

within the action of the pressure-rollers g g'. The prongs of either one or other of the harrows are

always acting upon the wool, sliding it forward over the plate-glass surface, neither leaving it

until the other has descended upon it, which produces a constant and uniform delivery, prevontiug

all backward slip, which would lead to entanglement.

These machines are easily combined, and made single, double, triple, or sometimes in sets of

four. In small establishments, a single machine may suflBce, the wool being put through twice

;

the first time for scouring, the second for rinsing. In large establishments, where a great quantity

of wool is consumed, and the best results are desired, the combined machines are used, and the wool

is washed, scoured, and rinsed at one operation. In a set of four, cold or tepid water may be uaed

in the first trough, scouring baths in the next two, and again tepid or cold water as may be desired

in the last ; or any other arrangement may be adopted that skill and experience may devise as

likely to yield the most satisfactory result. When the liquor in the first scOuring-trough has

become unclean, it may be run off, and that from the second made to take its place. For this pur-

pose, the makers have invented a steam-jet transmitter, which causes the liquor when required to

flow quickly from one trough to another, thus enabling all the troughs to be placed on one level,

instead of at different elevations, as necessitated when the contents are required to flow from one

to another by gravitation. The steam used for this purpose is utilized in warming the respective

baths. Where it is impossible to arrange several machines in a straight line, the troughs can be

made in the form of an elbow, the feeder being at right angles with the delivery.

The process of cleansing the raw material is exceedingly important, and when badly performed

gives rise to the most unsatisfactory results, the real cause of which frequently passes undiscovered.

To secure the end sought, requires the employment of soap uniform in strength, the use of a proper

quantity for each bath, the right temperature of the water, care in rinsing, and uniformity in feed-

ing. On no account should the troughs be so filled with wool as to cause the latter to be shovelled

forward, as it were, by the rakes ; but the supply should be so graduated as to allow each look

to be thoroughly exposed to the cleansing influence of the scouring liquor, and similarly to the

clearing action of the rinsing bath at the close. These points require conscientious attendance.

Drying. Wool which is intended to be dyed passes from the scouring to the dye bath. When

this is not the case, it is dried.

The process of drying, as usually performed, is in several respects unsatislactory. Ordinarily it

is spread upon a perforated iron floor over the boilers, when that can be arranged, in order to econo-

mize what would otherwise be wasted heat. When this is not convenient, steam-pipes are arranged

BO as to admit of the wool being laid over them. Layers of wool are then spread over the area in

succession, and the wool is dried by exposure in this manner to the radiant heat. It is obvious, how-

ever, that when the layer is unevenly spread, which cannot be avoided, the drying will be uneven,

and injury to the wool will result. The parts in contact with the floor will dry first, and, if not

very carefully tended, will become hard and brittle before the other or upper portion of the layer

has been sufficiently dried. The manner in which this is sought to be obviated is by turning the

wool frequently and respreading the layer. If carefully done, this prevents much injury accruing,

though the evil is not entirely eliminated.

This process, unpromising as it might appear, has also been subordinated to mechanical treat-

ment, and Fig. 1443 represents one of the machines employed for this purpose. As will be seen, it

consists of an oblong iron frame a, with sloping sides and a flat top. A light iron frame, over which
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is stretched a covering of strong galvanized iron network b, forms the roof. Above this project a

number of tubes o, forming air-inlets, which are arranged at equal distances from each other in two

rows. Two shafts dd' extend horizontally through the length of the frame, having bearings or

journals of special construction, which are self-lubricating. These journals are placed immediately

1443.

above each air-inlet. On each shaft, is a series of fans, composed of wrought-iron, and having

similar casings or bottoms. These fans draw the air in through the inlets c. Inside, are a number

of steam-pipes, made of either wrought or cast iron, 2-3 in. internal diameter. The fan-shafts

carry fast and loose pulleys e for driving.

The process is as follows :—The net-work being covered with a uniform layer of wool, not very

thick, the steam is turned into the pipes, and the fans are set to work. These draw the air through

the inlets; in its course it comes into contact with the steam-heated pipes, by which it is warmed,

and then uniformly discharged through the net-work and the layer of wool. As the heat can be

regulated to a nicety, or even cold air be employed, the wool with care never need be overdried or

rendered harsh. This machine is also made by MoNaught. Its dimensions are 6-9 yd. by 3 yd.

It is capable of drying 2000-3000 lb. in a day of 10 hours.

The objections to the antiquated system of drying described above, have also led to the Inven-

tion of another drying-machine, a longitudinal section of which ia shown in Fig. 1444. This differs

essentially from the one just described. It is the invention of Moore, of Trowbridge, the centre of

the West of England clothing district, and is made by W. Whiteley and Sons, Lookwood, near
Huddersfield. Hot air is the agent employed in drying, as in the preceding machine, but provision
is made for continually redistributing the wool. The moving parts, omitting cognizance of the
driving-gear, consist of two series of rollers a a', and a drum b about 4 ft. diam., the periphery of which
is covered with small spikes. When working, this drum makes 100-120 rev. a minute. The two
series of rollers also revolve, though only at a slow pace, their function being to carry the wool
backwards and forwards. As the rollers of each series all revolve in one direction, it is obvious
that the wool will be passed from one to another until the end is attained. The rollers are made
of iron tubes of about S^in. diam., and are set sufBoiently far apart to allow of free revolution, the
interspaces permitting the circulation of the current of heated air. The revolution speeds of tiiese
rollers can be regulated according to requirement. Beneath the rollers, are several tiers of steam-pipes
c c', for the purpose of heating the air. At the top of tlie machine, are two flues or tubes d d', whose
extremities are carried outside the building, and are supplied with power-driven exhaust fans, for
the purpose of inducing a current through the machine. Each end of the machine is furnished with
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a door. When the process commences, the door e over the spiked drum is closed and fastened, and the

one at the oppoaito end / is opened for the reception of the charge of wool. The weight usually put

in at one time is sufficient to yield about 100 lb. of dry wool. This quantity is placed upon the lower

series of rollers, and the door is then closed. By the action of the rollers, the wool is gradually

carried forward, until it comes within reach of the spikes of the revolving cylinder, which strike

it downward, carry it round, and project it upon the upper series of rollers. Here it commences its

return course, and when arrived at the last roller, it falls over, dropping down upon the lower series

again, when it recommences and repeats its journey. This is continued for 20-30 minutes, when

the charge will be thoroughly dried, and ready for withdrawing. The door being opened, the spiked

drum throws out the wool g, as shown in the illustration. The heap A represents wet wool. The
traversing of the wool by the rollers, and its tearing by the spiked cylinder, secures thoroughly

uniform drying, whilst the action of the latter also often renders it unnecessary to pass the wool

through a teazer before sending it to the card. To facilitate the extraction of dust, dirt, and foreign

matter, a grid is inserted in the under portion of the case. About 1500-2000 lb. of wool may be

dried upon the machine represented. It is made in various sizes, according to requirement.

Opening.—After being properly dried, the wool is ready for opening, which has for its objects

the disentangling of any matted fibres, rendering the whole mass loose and open, so that the fibres

can bo easOy worked or

drawn from each other in
'*''^'

subsequent stages; and
the removal of the dust

and impurities that re-

main after the washing

and scouring processes.

The " shake willow " or

" teazer," Fig. 1415, is

the machine usually em-

ployed. It is composed

of a cylinder a having

spiked teeth, which

usually runs 400-500 rev.

a minute. Over the

cylinder, workers 6 are

arranged, which are ac-

tuated by means of the

gearing shown on tho

exterior. These make
about 30 rev. a minute. The action of cylinder and workers in combination tears and opens all

matted and entangled portions, and releases the dust and foreign substances, permitting the

heavier portion to fall through the grid c at the bottom. At the back, an exhaust-fan having a

rapid revolution draws away the lighter refuse, which is discharged through a tube into the open

air. The machine receives its

charge through the door formed

by the grate, which, being

hinged, can be raised or lowered

at will. When closed for work,

a canvas apron is brought down
before it, to confine the dust.

When charging, the attendant

takes up an armful of wool, and

placing it in the machine, closes

the door, sets it to work, and

allows it to run for the time

which experience teaches him

the quality or state of the wool

will require in order to effect a

thorough cleansing. After work

has commenced, it is usually

charged and fed without being stopped, though the operation is not free from risk, and a little

carelessness renders it highly dangerous.

Of late years, efforts have been made to improve the common " willow." Fig. 1446 shows one

of tho most recent attempts to realize this end. In some respects, it is not unlike the conical

willow, so well known in the woollen trade, and which was adapted originally from the cotton

6 Q
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trade ; but it has several important differences. The wool is placed upon the endless apron a, by

which it is carried to the feed-rollers b ; behind these, it is immediately seized by the teeth o of the

teazer, which tear it asunder and open it out. These teeth are set upon bauds of iron, arranged

spirally round the -front part of the shaft, in such a manner as to send the wool forward towards the

interior of the machine. This part is constructed so as to form a fan, which, by its action, draws

the air forward, and with it the wool, preventing the latter becoming matted or entangled. When

the wool has cleared these teeth, it enters the larger part of the machine, where it comes into

contact with the beaters, helically arranged upon the shaft d. These, whilst the wool is suspended

in the air, drive it against the casing of the machine. This casing in the upper part is provided

with iron rails, against which the wool is thrown, and further opened without injury. The lower

half of the casing consists of a grid, through which the dust and dirt escape. The fore part of the

grid, beneath the teazer, is composed of iron bars, whilst that of the length under the beater is of

wire network. In the former case, the heavy dust and dirt of dyed wool is shaken out before it

comes to the blend, where it would absorb a large quantity of oil. When the wool has arrived at

the end of the machine, it is ejected through an opening provided for that purpose. One impor-

tant addition is tlie hopper e on the top of the case, which will permit the introduction a second

time of wool that requires an extra amount of beating, but which might be injured by further

teazing, the teazer being avoided at thjs point. It also serves for introducing wool of a quality that

requires no teazing. Mungo and wool may be mixed by the same means. The novel points

embodied in this machine entitle it to the notice of manufacturers.

Burring.—Many wools contain a great quantity of seeds, and other matters of vegetable origin,

acquired in the pastures in which the sheep have been fed. These are technically termed " burrs,"

and are often exceedingly difficult to remove, owing to their frequently being covered with sharp

hooked prickles or claws, a provision of nature to eifect their distribution. These considerably

depreciate the value of wool, because of the trouble and cost entailed in their removal. If allowed to

pass on to the card, they get broken up, the husks and spines becoming embedded in the yarns and

cloth, occasioning much annoyance in tbe spinning and weaving processes, and ultimately being

discoverable in the finished fabric, yielding a sensation as if the manufacturer had wrought into his

cloth an infinite number of needle points.

There are two systems of getting rid of this vegetable matter, both of which are efiective and

highly useful, though not without certain drawbacks. The first is by means of the burring-

manhine, and the second is by the process previously described as " extracting," by which, in the

rags of union textures, the vegetable matter is destroyed, leaving the wool or other animal tissues

intact for use again. The extracting process is deemed the best for the class of wools and noils

technically denominated " shivey," and which contain broken burrs, small seeds, and motes in con-

siderable quantity, for the removal of which, the burring-machine would not be very efficacious.

To some extent, the nature of the wool is injuriously affected by the chemicals used, but this is a

minor evil compared with the other, and therefore is the one the manufacturer elects to encounter.

Where the " burrs " are of fair size and unbroken, it is preferable to remove tliem by mechanical

means, rather than by the chemical process. The wool is thereby preserved in all its qualities, at

the cost of a little trouble and expense.

The burring-machine is represented in perspective and section in Figs. 1447, 1448. It has

the usual feed-lattice a and rollers 6, after which comes a beater or fan o. Underneath the working

parts, a travelling lattice d is extended ; over its further extremity and in contact therewith, is a

roller-brush e. The latter works in contact with the large cylinder, which is fitted with a series of

steel plates, about 1 in. in width, set closely together, the front edges of which are armed with

fine steel needle-like teeth, inserted obliquely, so as to incline the points upward or forward

in the direction of the revolution of the cylinder. These teeth do not project above the

surface. Beneath the cylinder, are two small rollers g g\ the first being clothed with bent card

wire, and the second with strong hog-biistles. In close proximity to g\ is the burr-roller h. Just

above the burr-roller, two bars of iron i are extended across the face of the cylinder, the sides

against the cylinder being concave, These are termed "ledger-blades." Acting in the space

between these blades, is another burr-roller j, and beneath this is a grid i, over it being

another large roller /, carrying ribs and spikes, On the opposite side of the cylinder, is another

large roller»brush m, whose function is to strip the wool from the cylinder, and discharge it into

a box.

The process is as follows. The wool is fed by hand upon the lattice a, which carries it between

the rollers 6, on delivery from which, it is struck downwards in tufts by the beater o, falling upon
the interior lattice d, which carries it into contact with the revolving brush e ; this conveys it to the

cylinder /, the nepdle-pointed armour of which seizes the fibres, but forces the burrs into a

prominent position, which subjects them to the strokes of the spiral blades of the burr-roller h,

sometimes called the " knocker-off." The small card-roller g strips the wool from the brush-

roller e, which happens to escape being taken in the first instance by the large cylinder. This it



WOOL BLENDING. 2067

delivers to the brnah-roUer g', which in turn gives it to the cylinder. When the wool has passed
the bnrr-roller A, it is smoothed down by the concave faces of the bars i, after passing the first of
which, the burrs that have escaped the first roller are caught by the second y, and struck off upon
the grid *, where they become subject to the action of the large roller /, whose function is to beat

"-—
-fi?

them through the grid into a reoeptaole'provided for tbem. The wool now freed from its impurities

is carried forward by the cylinder to the brush m, which revolving at a greater speed than the

cylinder, clears it, and discharges the wool into a box.

The principle of the machine is to open and disentangle the fibres of the wool so thoroughly as

to loosen and throw the burrs into a position where they can easily be struck off and discharged

by the rollers. The wool that adheres to the burrs can be recovered by the "extracting"

process.

Blending.—The wool having got thus far is now ready for " blending." This is the mixing of

different qualities together, in order to produce the required result. Where only one kind of wool

is used in the process, it is simply spread in layers, and freely sprinkled with oil, when it is con-

sidered desirable to oil at this point. " Blends," however, are often made up containing more or

less of other fibres than wools strictly so-called. These are analogous animal hairs, shoddies,

mungoes, " extracts," cotton, and silk waste. Of whatever the blend is composed, care should be

taken to ensure that it shall be so thoroughly mixed that, in the succeeding processes, the incor-

poration of one fibre with the other shall be so perfect that all distinction between them shall be

lost. If this is not accomplislied, the yarn will exhibit inequalities of draft, owing to the essentially

6 Q 2
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different nature of the fibres, showing a mass of cotton or other fibre at one place, and wool almost

aloue at another. In the dyeing and finishing processes, these defects come more strongly into

view, a.rter having at each stage proved unsatisfactory in working, and diminished the production.

When the blend is composed of both animal and vegetable fibres, this care is doubly necessary,

otherwise each fibre is likely to assert the individuality of its nature, and to separate from that

with which it was required to blend. To ensure the desired results from the mixtures of fibres

differing so essentially as do those of animal and vegetable origin, the amalgamation must be perfect.

In deciding upon the component parts of a blend, regard must be had to the fact that these

different fibres do not all require a similar amount of carding, and that an incongruous mixture in

this respect will often prevent the attainment of satisfactory results, even when otherwise the most

perfect' care has been displayed. When two classes of material are required to be mixed, they

should harmonize in this respect as much as possible, which will give a chance of obtaining, if not

of securing, the production of approximately perfect yarn. Another point to which attention ought

to be paid is the fineness to which it is Intended to spin the yarn. The capability of the separate

fibrous materials of being drawn to this length must be kept in view, and harmony as nearly as

possible be established, otherwise thp capability of the best portion will be lost in that of the

inferior ; or if the former is utilized, the lower quality will be thrown out as waste, and the result

be costly and unsatisfactory. The end to be souglit ig to obtain the greatest possible percentage of

yarn from the blend, at the least expense in labour;, this cannot be done unless regard is had to

these points. It is not true economy to overwork a low material, nor to underwork a good one.

One fault is equally as bad as the otljer, tljough the errors may be on the opposite sides of the line

of rectitude.

In blends of different qualities of wools, or of wools and other fibres, one general principle

should always guide the proceedings. This should be to spread out a thin layer of one quality on

a clean floor over as wide an area as convenience will permit, upon which all the successive layers

should be placed equally thinly, and in proper rotation. The batch should be well beaten down

with sticks, which will help to blend the materials, and keep the bulk within reasonable compass.

When used, the material should be always taken from the sides : drawn down vertically from top

to bottom by means of a short-pronged rake. This will secure a thorough intermixture of the mass.

To take from the top, it will be obvious would simply be to separate the materials again.

Wool and Silk Waste.—In laying down a blend of wool and silk waste, it is important to see

that the silk is cleared from the natural gum, as otherwise it will not easily intermix, and in after

processes could with difficulty be retained. Should it afterwards be subjected to warmth and

moisture, it is also liable to have its gum partially dissolved, which would cause it to adhere to other

portions, and to clog the machinery in an inconvenient manner. The next point of importance is

that the silk waste must be of the colour intended for the ground of the fabric, and not that of the

relieving mixtures. Should it be intended to produce a gray mixture of say 75 per cent, black and

25 per cent, white, the silk -v^aste must form a portion of the black. The wool before ike admixture

takes place should always be thoroughly well scoured. The silk waste should be reduced in the

fibres as nearly as possible to the length of staple of the wool with which it has to be mixed. The
fineness should also approximate as closely as can be attained. The silk portion of the blend being

extremely light, it is requisite to have all parts of the carding machinery—cylinders, workers,

doffers, and " fancy "—very accurately adjusted, and the clothing smooth and sharp. Tjie doffera

should not exceed about 4 rev. a minute, and the " fancy " ought only barely to exceed the rate of

the cylinder, so as to work with as little draught as possible, in order to prevent the generatioii of

electricity. Oleine is the best lubricant for this blend, but care must be taken to have it free from

acid.

Wool and Cotton.—Blends of wool and cotton are usually for hosiery piu-poses. In this class of

mixtures, the Belgian manufacturers have achieved considerable eminence. With their system,

they have successfully mixed all proportions of wool and cotton, reducing the former element until

it has become conspicuous mainly by its absence. In each case they have produced useful yarns—
at a price with which other spinners and manufacturers have found it difficult to compete. The
poorer qualities of course are devoted to the production of Iqw grades of yafns. These have usually

been known as " Vigogne " yarns, so called fronj a Brazilian animal whose fieece partakes of the

characters of those of the sheep and the goat.

A high quality of this yam would be composed of half wool and half cotton. Both materials

should be good and sound in staple. The wool ought to be fine merino, and the cotton of long

staple and very clean. The wool should be thoroughly cleansed from dust and foreign substances,

well scoured, carefully dried, willowed, and oiled. The carding process requires to be carefully

performed, the ordinary breaker-card being usually selected. All the parts should be accurately

adjusted, the workers put on slow speed, and the clothing perfectly smooth and possessing a good
working point, so that the wool on being put through shall be delivered as straight as possible,

It should be made into a lap in this process.
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The cotton ia first pnt through the opener, and made into a lap. For good work, it is then
carded to take out all short or defective fibre, nepg, motes, &o., in order to secure a clear yarn.

Where this is not essential, the carding may be dispensed with. After carding, the slivers are again
put through the opener to facilitate admixture with the wool. The proportions of each are next
weighed out, blended together, and again put through the teazer once or twice in order to secure
thorough admixture. The slivers are then ready to go through the woollen card and coudensor.
The result, if the operations are properly performed, will be a clean, level, and thoroughly uniform
yarn.

Where the highest results are not wanted, a simpler method is often adopted; The proportions

being decided on, and weighed out, the wool is first teazed, then oiled, then teazcd again. The
cotton is next put through the opener, after which the materials are carefully mixed, each layer

being spread out very thinly one over the other until the blend is completed, when the mixed
material is taken from the side, and again passed once or twice through the teazer, care being
taken each time to further blend the material, when it is brought from the front to the back of the

machine, by turning the outside of the mass to or upon the middle, there being a tendency (owing

to difference of specific gravity of the two fibres) to separate. The cotton must in no ease be oiled,

as it will take from the wool all the oil it will require.

Oiling.—The oiling of wool is an important and indispensable process in the manufacture of

woollen thread. Its purpose is to cover the scales of the fibre, and make a perfectly even surface,

which will allow the fibres to glide over each other without interlocking, and witliout injury to the

scales, in the processes through which the wool has to pass. Insufiiclently oiled wool loses

much more fibre in its manipulation, and suffers injury to its felting property, thus yielding an
inferior article at a higher cost, compared with that obtained from a properly lubricated stock.

The plan of oiling in most general use is the hand process. This is best performed in tlie fol-

lowing manner. The blend having been properly made, and mixed in the teazer or " fearnought,"

a portion, say as much as can be conveniently used before considerable evaporation ensues, should

be taken and spread over as large an area as convenience will admit of near the back or feed of the

machine. The spreading should be in tliin and even layers. Each layer in succession should be

1 iberally oiled, and at every second layer the mass should be beaten down with sticks, which serves

to bring all the fibres into contact with each other, and so to distribute and ensure a thorough

oiling of each. The best instrument for securing an even distribution of the oil is a can having

a spout in the form of the letter "f, both stem and crosspiece being tubes, the latter perforated with

several rows of fine holes, jrhilst its ends are closed with caps which can be taken off for cleaning.

The tubes Bhould be about 1 J in. diam,, and the cross-piece 9 in. long. The oil should be strained

or filtered through a piece of thin cotton cloth or other material that would take out coarse

impurities. When this has been done, the oil-can, being supplied, should be swung backward and

forward over the layer of wool, in such a manner as to carefully and evenly distribute the oil, and

secure the oiling of every particle. Each layer should thus be oiled in succession, until the whole

is completed. When used, the wool, as before, should always be taken from the side of the blend,

commencing at the top and drawing downwards. All points considered, this system of oiling gives

the most satisfactory results. There are, however, several plans of mechanical oiling, means for

accomplishing which are attached to the teazer, fearnought, or carding-engine.

In oUing at the teazer or fearnought, a revolving brush is generally used, which is so arranged

as, after taking up oil from a tank, to cast a fine spray of oil amongst the material just before enter-

ing the machine. When this system is adopted, it is desirable to again pass the wool through the

fearnought, to secure thorough lubrication of each fibre.

Wool is sometimes also oiled just previously to entering the carding-engine. It is accomplished

by a mechanical appliance, similar to that just deseribed. Advantages are claimed for this system

over both the preceding, and in theory it is perhaps superior, and affords a better opportunity than

either of the others for effecting thorough lubrication. The practical difficulties, however, have

hardly been fully overcome. The system is therefore not yet likely to supersede the first-named.

An important matter requiring the carefid consideration of manufacturers is the kind and

quality of oil to be used in this operation. The object of oiling, as previously stated, is to cover or

sheath the scales on the surface of the wool so as, in the first instance, to prevent their becoming

entangled with each other in the working process, which leads to great waste of its fibre and

damage to that which is not lost, whereby it is injured in its felting properties ; in the second, it

is to preserve the latter quality intact for utilization in the fullilig process. It will be obvious

that other fluids would serve equally well, could they be retained by the wool for a sufficient

length of time to permit the latter to pass through the machinery. Accordingly, numerous

compositions are offered in the market as cheap substitutes for the more costly oil. As a rule,

however, oil maintains its position in the estimation of tlie trade as the best and most economical

lul>ricant, all circumstances being considered, though there are cases in which some of these

compositions may be advantageously used.



2070 WOOLLEN MANUrACTUEES.

A good quality of oil, very pure and free from aoidg, ij the beet, as it is retained the longest by
the wool, and does no injury to the card clothing, nor to the colour of the material. The nature of

the wool being worked will, to a certain extent, always influence the selection of the oil, but apart

fi'om this consideration, experience has shown thatoleine is a cheap and very satisfactory lubricant.

It is expressed from animal fats, and is specifically known as tallow-, lard-, and neat's-foot oils

(see p. 1367). A recent writer on the subject advocates the oleine obtained as a bye product from

the manufacture of stearine candles (see p. 585). But should the oil not be cleared from the

sulphuric acid used in its preparation, the card clothing will be injured, the felting property of the

yarn will be damaged, and the operatives who have to handle the wool will suffer in their hands

and arms, the acid often destroying the finger-nails. Commercial oleine always contains less or

more acid, the quantity varying from J per cent, upwards. Eed oil is of a kindred mature to the

above, and is usually similarly contaminated with mineral acid. A ready way of testing oils for

mineral acids is to place a drop on blue litmus paper, which, if only a faint trace of acid be

present, will turn red.

Of the compositions used, the following are regarded as good :—(1) Take of oleine 10 per cent.,

and boiling water 15 per cent., of the weight of the wool to be oiled ; mix, and add a little sal

ammoniac, sufficient

to cause the oil and * '**^"

water to combine,

after which it is ready

for use. (2) Pour into

a trough or tub 20

parts of oil, 10 parts

liquid ammonia, and
5 parts water ; mix
with a woodea stick,

inject steam, and
allow the liquid to

boil until the strong

smell of the ammonia
hag evaporated ; the

mixture may then be

applied in the ordi-

nary manner. This

latter is stated to be a

useful and economical

lubricant, giving uni-

form results, and nei-

ther injurious to the

colour of the wool nor

to the card clothing.

Lard and olive oil are, however, always the most reliable, and generally used when the best
results are desired. The quantities gi'eatly depend upon the state of the wool, but it will be
found that 4-6 qt. per 100 lb. will ordinarily be sufficient. Where the blend, however, contains a
proportion of mungo and cotton,

this quantity will require to be
"^'''

exceeded.

The " fearnought," Fig. 1449, is

the last machine employed in the
opening process, and is used to

perfect the work of the teazer in

opening out the tufts or looks of

wool, in order to facilitate the work
of the carding-engine. It is com-
posed of the framework a, contain-

ing the cylinder J, which is usually
45-50 in. diam., and makes 150- '

200 rev. a minute. Its surface, com-
posedof wood,iscovered with rows of
iron teeth 1 in. long, and in shape
like a dog's tooth, extending across
the face, and set about 1 in. apart. The teeth of each row alternate with those of the preceding one.
Ihe small rollers, shown in detail and in section in Fig. 1450, c, are denominated workers, and
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generally rovolvo about 20 times a minute. The small rollers d, alternating with the workers, have

B gn-ater surface speed than those rollers, their function being to strip them. Both workers and

strippers are clothed alike with one kind of teeth, tet in a similar manner to those of the cylinder.

The wnrliers and strippers are carried upon bearers e, attaclied to the bend/, and a corresponding

one on the opposite side. By means of tlie bearings e, the workers and strippers can be adjusted to

each other and to tlie cylinder, according to requirement. The cylinder 5 is a fan, across the face

of which are fixed bars of wood, each carrying two rows of straight iron teeth. At the back of the

machine is the feed-apron or travelling lattice h, on which the wool is placed, and carrieil to tlie

feed-rollers i. The direction of the arrows shows the course of revolution of the rollers. In

operation, the rollers are all enclosed in a sheet-iron casing, which is continued underneath, and

there perforated, to permit of tlie dust dropping out, whilst all fibre is retained. Its enclosure also

enables the fan to develop and maintain a current of air.

The arrangement of the different rollers in this machine is on the same principle as prevails in

all the carding processes, of which it may be called the first stage. The bottom feed-roller is set

so that its teeth shall cut as it were into the circle formed by the extremity of the teeth of the

cylinder to a depth of about | in. The top feed-roller, whilst set back from the cylinder, must
similarly work into the bottom one. The first stripper is set so as to clear the top feed-roller,

which it does by its quicker revolution, and must be set to within ^ in. or less of the face of the

cylinder, so as in turn to be cleared by it. The workers must be set so as to dip their teeth about

J-A in. into those of the cylinder with which they must alternate ; and each stripper must bo set

to take the wool from its respective worker, and, at the same time, return it to the cylinder. The
course of revolution in each case is indicated by the arrow*, and the particular effect is obtained

in a great degree from the different surface velocities.

The operative takes the wool as received from the oiled blend, and feeds it by hand upon the

travelling lattice, which carries it to the feed-rollers. Passing through these, it is seized and

carried upwards by the teeth of tlic cvliiider, some portion however being struck into the upper

feed-roller. This is stripped by the first stripper working into that roller, and given over to the

cylinder. The wool which the cylinder has already obtained is carried upward with great velocity,

but is soon arrested by the first worker, which, though revolving in the same direction, does so at

such a diminished rate of speed I hat it takes the wool from the cylinder into its own possession
;

but carrying it round, the worker is immediately relieved in turn by the stripper, which is

revolving at a greater speed. The stripper instantly gives it back to the cylinder. The wool is

again arrested by the next worker, when it follows the same course as in the last case. This is

repeated until the series is gone through, when the wool will have been suificiently opened to fit

it for the earding-maohine. From the last stripper, the cylinder carries it forward to the fan,

which, revolving at a quicker rote than the cylinder, clears the wool therefrom, and throws it

out at the front upon a sheet laid to receive it, and in which it is tied up and carried to the

oarding-room.

Scribbling, Carding, and Condensing.—These processes are simply stages of one and the same

thing, namely carding. Up to this point, the operations have been designed to free the wool from

dust, grease, burrs, &c,, and to open the felted or matted portions. The machinery employed has

been of a character appropriate for the work, the clothing of the various rollers, cylinders, &c.,

having been rough and strong. Scribbling and carding are intended to perfect this work,

accomplishing by finer instruments that which the rough ones could not achieve. The entangled

looks of wool are now separated fibre from fibre, the curls or undulations of the wool are

straightened out to some extent, and the blend is more thoroughly intermixed than before, the

whole being reduced to a perfectly homogeneous condition.

Carding machinery is usually arranged in "sets," one set being those machines which perfect

the preparation of the wool for the spinning process. Usually in this country, or rather in the

Yorksliire woollen districts, the set is composed of two machines, the scribbler and the carder with

its condenser attachment. In some districts, of which New England (U.S.) may be cited as an

instance, the set is composed of the scribbler, intermediate, and condenser. Where the best results

are required it is necessary to use the three, or at least it may be regarded as advisable. There are

many variations of form, and different systems of feeding these machines. It is not needful to

describe these in detail; therefore a selection will be made of the most recently improved or

perfected.

The English system of wool carding for the production of woollen yam is perhaps as perfectly

illustrated in the set of machines constructed by the firm of John Tatham and Co., of Rochdale, as

by any now in the market. Good carding is to a great extent dependent upon regularity and even-

ness of feeding. This was previously and is now widely performed by manual labour, the process

being to weigh a given quantity of wool, and spread it equably by hand over a measured space of

the feed-lattice. A good result is thus entirely dependent upon the conscientious performance of

duty and the skill of the labourer: qualities that are not always to be had. The difficulty of
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securing them has led, as in many previous instances, to the invention of an automatic method of

weighing and feeding the scribbler-card. This is of American origin, and is named the Bramwell
automatic feed. By this invention, results are achieved surpassing in quality the best efforts by
hand. The machine forms an attachment to the carding-engine, and is shown at A on the right of

Fig. 1451. The wool is fed promiscuously at the back, a large supply being placed in the feed-

box or receptacle a, which has a grating at the bottom, to permit dust or similar refuse to pass

through. At the rear of this box, is an elevator, a toothed apron, the teeth of which are of pecidiar

construction. These teeth take hold of and carry the material upwards, until it arrives in contact

with an oscillating comb, which has a long slow sweep in front of the apron. The function of this

comb is to take off the surplus wool from the apron, leaving only an evenly-distributed layer

amongst the teeth of the latter. On the descending side of the apron, it is brought into contact

with a short stripping-aprou, the action of which is much quicker. This is produced with flexible

strips of leather, which sweep off the wool from the teeth, and convey it in connection with a hollow

or concave shell into a weighing-scale 6. This scale is composed of two parts, kept together by
weights, the whole being suspended on steel knife-edges, and balanced with movable weights,

which can be fixed to weigh any desired weight. When the scale has received its proper amount,

it liberates a small trigger, which causes a, projection to come into contact with the teeth of a
revolving disc, connected with an automatic clutch that disengages the driving-belt actuating the

toothed apron, and stops the further delivery of material to the scale, which now remains at rest.

When the proper moment arrives, the parts of the scale separate, and deposit the wool on the feed-

lattice c in a loose open condition, well suited for the cards. The scale then closes, and is carried

back for more wool, the toothed apron recommencing its revolution, and the process going on as

before. In the meantime, the lattice which has received the wool has moved on, and has brought

up a clear space on which to receive the next discharge.

This attachment to the card has met with great favour in America, and has latterly been received

with approbation in this country, numerous manufacturers of eminence having adopted it. It takes

no more room than the ordinary lattice-table, is complete, perfectly automatic, and requii'es but little

power to drive it. Besides delivering the wool with great regularity, it mixes and opens it, thereby

improving its condition for the card. It takes out a considerable portion of the foreign matters the

wool may contain, rendering the carding much easier, and preserving the cards. An increased

production of 20-30 per cent, is obtained, whilst considerable economy is effected in the matter of

wages, one man being able to superintend three sets of three cards to a set. It is so constructed as

to seldom get out of repair. The qualities it possesses in combination are that it delivers a uniform

quantity over a given space at uniform intervals of time. All these factors can be varied

separately or together, so as to produce any modification of the result that may be desired.

The card maybe of various widths, and single or double ; that is having one or more cylinders.

Fig. 1451 shows a single card with the Bramwell feed attachment A on the right, and Tatham's
patent balling-machine B on the left. This is another ingenious and comparatively recent invention,

the function of whicli is to take charge of the carded material, and make it ready for the next
machine. The wool is coiled or wound upon small wooden bowls or bobbins. The machine has a
supply of these bowls d placed upon its top, whilst another is held between two discs e, shown
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batwoen tho sides of the machine. The wool cornea from the doffer of the card in the form of a
sliver : a soft untwisted rope, which ia then carried through a revolving tuhe, the action of which
imparts more cohesive power to the loose fibres, to enable the sliver to be drawn from the bowl in

the next process. When the bowl between the discs is filled, the latter separate and allow it to

drop out into a box, and immediately thereafter an empty bowl from those on the top is brought
down and placed between the discs, which now close and hold it as before. After the discs have
made a few revolutions, in order to attach the sliver to the empty bowl, the sliver hitherto unbroken
from the full bowl is automatically severed, and the bowl may then, at the convenience of the
attendant, he carried away. This system is highly recommended where the plan of feeding the
intermediate card with sliver is in use.

Having described these attachments, the card itself demands notice. As before stated, the
cards may have one or more cylinders, or "swifts," as they are usually termed. When two
cylinders are used, there are no important differences in the mechanism, the only alteration neces-

sary being that the clothing of the rollers and swift shall be finer in the second than the first.

Fig. 1452 illustrates a section of a double wool-carding engine, and its introduction will serve

to Show the manner of connection between the two parts, and the ordinary method of feeding the

machine. They often also comprise a " breast," or a smaller cylinder which is also shown. In

the ordinary feed, the wool is placed upon the travelling lattice a, and a given weight is as evenly

as possible spread upon regular, marked spaces. In this case, the automatic feed attachment is

shown also. Tliis lattice carries the wool to the three small feed-rollers 6, which deliver it to the

" licker-in " c, which in turn yields it to the rapidly-revolving swift d. The series of rollers shown

on the periphery of the breast and the large cylinder are termed "workers" e and "strippers"/.

Each worker has its connected stripper. The large rollers g are called " fancy rollers," and the

larger ones A " doffers." The second part is a duplication of the first, possessing in addition merely

a doffer comb i, which by its rapid oscillation strips the doffer, and delivers the material in the form

of sliver to the pressure-rollers, whence it is conveyed by one of several different methods in vogue

to the condensor, when no intermediate is in use.

All these rollers are clothed with appropriate card-clothing, composed of wire teetli bent at

given angles, and set in sheets of leather, or of a compound of cotton and indiarabber ; these

sheets form what is called the card " foundation." Card-clothing is made in the form of sheets,

4-6 in. wide, and of length sufficient to extend across the breadth of the machine. The number

and fineness of the staples or teeth vary according t» requirement and the position they have to

occupy in the machine. These sheets are nailed across the face of the cylinder with great care, so

as to present a perfectly even surface, curving only to the periphery of the cylinder, doffers,

workers, and fancy, for which tliey are generally used. " Filleting" is composed of long narrow

strips usually J-2J in. wide, and long enough to cover the roller in one piece. The smaller rollers,

on which the clothing does not last so long as on the large ones, are generally clothed with filleting

;

these are the strippers and angle-strippers. One end of the fillet, being made fast to the roller, is

then wound helically over its surface, and secured at the other side.

The arrangement of the teeth of the clothing is of importance, in order to secure satisfactory

results. In fact, without a proper position and accurate setting, regard being had to the relation

of speed each bears to the other, and to the direction of revolution, such a result cannot be had.

The old-fashioned way of adjusting the rollers was by sight, but this was seldom satisfactory. A
gauge has of late years been introduced, and has come generally into use. By its means, accuracy

is obtained and much time is saved.

A brief explanation of the action of the cards may here be given. The " lioker-in" takes the

wool from the feed-rollers, the oard-teeth operating as hooks. As the periphery passes round to

tho cylinder, the teeth are then in the act of ascending (the bend being thus in the opposite

direction), and presenting facilities for being stripped of the wool they have acqmred. Here the

cylinder, revolving 80-100 times, equal to a surface velocity of 1000-1200 ft. a minute, and its teeth

bent upwards, takes the wool from the licker-in, and rapidly carries it forward to the first worker e.
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The teeth of the worker are bent in the opposite way to those of the cylinder ; and though its

revolution is in the same direction, its surface velocity is so much less that it takes the wool from

the cylinder, a sharp carding or combing of the fibres taking place. As the worker carries the

•wool slowly round, it is relieved of its burden by the more swiftly revolving stripper /, whose teeth

are bent upwards, and work against the back or smooth side of those of the worker, at the point of

contact of their peripheries. The stripper as it carries the wool round presents the smooth side of

its cards in turn to those of the cylinders, whose speed again enables it to take possession of the

wool, which it then carries forward to the second worker, to which it again yields possession, and

the operation just described is again gone through ; this is repeated at each succeeding stripper and
worker, until all have been passed. The next roller to which the cylinder carries the wool is the

" fancy," whose function is quite different from that of the workers or strippers. This revolves at

a high velocity in the same direction as the cylinder, yet though their teeth are set opposite to

each other, its action is not to strip the cylinder—tlie actual passage of the teeth being back to

back—but to raise the wool to the surface of the cylinder teeth, so that it is easily taken possession of

by, or rather is thrown upon tlie teeth of, the slow-moving doffer, which are arranged with the

bend upwards, in order to receive and retain it, until stripped by the first roller of another cylinder's

set (as shown in Fig. 1452) or cleared by the doffer-comb at the end of the cylinder's work. The
work of the scribbler is now concluded, and, if well performed, the basis of a good yarn is laid.

Usually a set of cards is linked together in working, the product of the scribbler being

automatically carried to the " intermediate," and that of the latter to the condenser card. This is

done to obviate certain defects of the scribbler, which has a tendency to deliver the wool in an
uneven sheet from the last doffer. The purpose of the intermediate feed is to so present the wool

to the next machine that theii' irregularity shall not lead to defective results. There are a con-

siderable number of these " feeds," but the most characteristic are those known as the " Scotch

feed," " Marsden and Blamire's feed," an^ the " ball feed."

In the Scotch feed the wool is doffed from the scribbler doffer by the comb, and delivered upon
a narrow travelling apron in the form of a sliver 3-6 in. broad, which passes through a series of

rollers, whose object is to compress it and secure its adhesion whilst in transit to the next machine.

From these rollers, it ascends to a travelling apron or belt arranged overhead, upon which it is

carried to a point over the lattice-feed of the next machine. Descending here, it is given to a

travelling carriage, passing between two rollers as it is carried from side to side of the lattice-feed.

The carriage lays the sliver obliquely across the feed, the edge of one layer overlapping that of the

preceding to nearly half its width, by which means a uniform layer or sheet of material is formed
for delivery to the card. This, entering the feed-rollers obliquely as deposited, has its inequalities

to a great extent obliterated.

The arrangement known as Marsden and Blamire's feed, though not very different in principle,

diverges considerably in its details. As the film of wool is doffed, it is laid upon a travelling

lattice, which moves away from the doffer, and delivers the material through several guide-rollers

to another lattice, mounted on a carriage underneath the top lattice, and which moves inwards
and outwards, that is towards and from the doffer, thus causing the scribbled material to be
deposited in layers until a sufSeient thickness has been formed. The carriage lattice upon which
the wool is thus laid, however, moves in a direction transverse to the upper one and to the direction

in which the wool is delivered from the machine. In this manner, the scribbled material is

delivered sideways to that in which it has been carded, as in the preceding feed, and passing
between a pair of rollers, is received by another, and wound into a lap. When fully formed, this

can be removed without stopping the machine.

This feed is very suitable for a low description of work, as it obviates the breakagea of sliver

that are apt to occur when the preceding form is used. It will be obvious that the fibres of wool in
passing through the scribbler have been laid approximately parallel, and are doffed in tliat con-
dition. The transverse delivery of the lap to the next machine causes the fibres to enter sideways
by which the inequalities of the lap are eliminated. This has also the effect of destroying the
parallel arrangement of the fibres, crossing them in different directions, and so aiding in the pro-
duction of a crossed fibre condensor thread, the best arrangement of the material in a thread for
cloth which has to be shrunk or milled in the finishing process ; it also assists materially in the
production of a full nap upon the fabric, the end of every fibre lying on the surface of the threads.
This system of feeding is in most general use where the " set " consists only of the scribbler and
condensor.

One or other of the three systems of connecting or feeding the succeeding machines from the
scribbler, or modifications of them, will be found everywhere in use. Special circumstances will
always decide the adoption of the most suitable.

The cheese-shaped balls of wool from the scribbler. Fig. 1451, are taken to the " intermediate," and
to a greater or less number as required are placed in a creel or bank a shown in Fig. 1453, an illustration
of the intermediate carding-engine. As given, it represents a machine 60 in. wide, with one cylinder
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six workers, six etrippere, " fancy," and doffer. In the creels, the balls rest on their edges upon two

rows of rollers b, and aro maintained in the vertical position by slight bars c. The rollers are made
to revolve and unwind tlio sliver from the balls by means of the bevelled gearing at one end of the

oreol, as shown in the figure, thus delivering the sliver without strain, which, if permitted to occur

In a slight degree, would attenuate it, and thus render the product irregular. The slivers are

conducted between a series of vertical pins, to prevent any overriding and uneven distiibutiun as

they pass through the feed-rollers, ami thence through the series as named above. These, being

precisely similar in their functions and details, except in the matter of clothing, which is finer, need

not further be noted.

Emerging from the intermediate card, the wool is doffed in tlie form of a flat sliver, which, by

an apparatus, is concentrated or condensed from the width of the machine (in this instanoo 60 in.)

to about 4 in. wide, and which, in its passage from this machine, is compressed between the small

rollers « seen on the left of B'ig. 1453. It is then conveyed by one or other of the feeds, or modifica-

tions thereof, to the finisher-card. Fig. 1454, which is similar to the preceding, excepting in the

feeding apparatus being different, and more like the Scotch feed previously described. Here the

carding is completed. Attoched to, and working in combination with it, is the condensing-maohine,

by which the carded wool is delivered in narrow ribbons from the doffers—one or two, as it may be

single or double—and which, passing between the rubbers, are, by a rapid transverse movement of

the leathers, rolled or condensed into a coarse round thread. The doffer-cylinder of the condensor-

card is modified, by the clothing being divided, so as to form rings separated from each other by

given spaces. The effect of this is that the film of wool is defied by the comb in narrow ribbons or

strips, instead of, as in the preceding ciises, in one sheet. The machine shown in Fig. 1454 repre-

sents the latest make of the double rubber-condensor. After the sliver strips or ribbons leave the

dofler, they are conducted between the puirs of leather aprons a a', each pair forming a '' rubber."

These aprons are stretched each between two rollers, and neatly sewn together, so as to form a

travelling apron when the rollers are made to revolve. One of each pair is placed above the other,

near to but not quite in contact. Appropriate gearing at the side causes them to revolve, by means

of which, the ribbons of wool would be carried forward in that form, did not another movement

intervene to prevent it. This is a lateral movement of the leathers in a direction transverse to that

of their revolution, each leather moving in this manner in the opposite way to its associate. The

effect is to rub the sliver strips into a round thread, as stated, in the same manner as if they had

been rubbed between the palms of the hands. The strips of sliver are thus both carried along and

rolled as they come from the doff'er, this being done without their suffering attenuation. These

aprons extend across the machine, and vary in width from 12 to 20 in., according to the work they

have to perform. The condensed threads, after they leave the rubber, are conducted through a

guide-comb b and upon condenser-bobbins placed in the standards to receive them. These when

full are removed and are ready for the creel of the mule.

This form of condenser is in general use all over Europe, and, in the opinion of the best practical
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judges, ia the most useful and perfect condenaor in existence for all round work. In the American

woollen trade, another kind is in use, called tlie roll-rub condenser ; but, as practical writers in

the United States admit the superiority of the foregoing, it is not necessary to describe it.

Carding is probably the most important of all the processes of woollen manufacture. Nothing

tends so much to success as its proper performance, and nothing so much militates against that

result as when it ia badly done. The essentials of good carding are numerous, and include a

proper arrangement of the machinery ; nice adjustment of the parts, especially the rollers ; careful

clothing; good grinding ; flocking; and correct relationships to each other of the speed of the

cylinder, workers, strippers, fancy, and doffer. These are matters that call for attention before the

commencement of work. During working, there are equally numerous conditions that require

examination. Care should be taken not to overload the machinery with wool, which would result

in defective work, as the cards would pass it on without sufficient treatment. The cards should

never be permitted to fill up either with dirt or wool, as the material in process is thereby apt to be

rolled. The technicalities of the treatment of wool and the management of the machinery are

so numerous that to enter into detail upon them would extend this article to the compass of a

volume.

Spinning.—Woollen yarn is usually spun upon the mule ; there are several continuous spinning

machines, but though invention has been directed for a long time to the construction of a good con-

tinuous spinning-f1 ame, no such machine has yet achieved a commercial success. The mule, as is

well known, is an adaptation from the cotton trade, like the carding engine and many other

machines in the various sections of the wool manufacture.

The woollen mule (Fig. 1455) is much simpler and has far fewer spindles than the cotton-

spinning mule. In general appearance it is much like the other, and consists of two carriages a a'

mounted on wheels with the headstock h placed between them in the middle. Each carriage ia

fitted with a number of spindles o, usually 500-600. The frame consists of the roller-beam andcreel

carried upon the usual standards. The difierence in the nature of the fibre of wool from that of

cotton precludes the use of drawing-rollers, as in cotton-spinning. The woollen mule is therefore

only furnished with one row of fluted rollers, provided with a corresponding row of top rollers d.

The condensor-bobbins being supplied to the frame, the threads are drawn off, passed between the

rollers, and attached to the spindles. The mule is then ready for commencing work. Simul-

taneously the spindles begin to slowly revolve, the carriage to draw out from the roller-beam, and

the rollers to deliver the condensor-threads. When the carriage has traversed about half its

journey outward, the roUera cease to deliver the material. The carriage proceeds on its course, and

the spindles continue revolving, by which means the oondensor-tbreads delivered from the rollers

are gradually attenuated, until, by the time the carriage has reached the extremity of its traverse,

this is completed. The thread, however, as yet is only soft and loose, and must be rendered com-

paratively firm and strong. In order to accomplish this, the revolution of the spindles is greatly

accelerated, and the thread rapidly twisted. This twisting takes up the length of the extended

thread, in order to allow for which the carriage is made to move in a few inches as the twisting
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proceeds. When this is completed, the spindles are automatically arrested, and for two or three
turns have thcr movement reversed to form the "baoking-off process," as the nnwinding of the

ZnU 1
*". r° T° ,"*' ^''"11«-'°P« » -^I'ed. This being performed, and the slack

simultaneously taken up by the "faUers," the carriage proceeds inwards, winding tto threads upon

1455.

the cops until the spun portion is all thus disposed of. The process then recommeuces, and is

repeated in all its details, recurring until the set task is accomplished. When the spindles are

filled, they are " doifed," that is, cleared, and a new set is begun.

The yarns thus spun may be either for warp or weft. The former constitutes the longitudinal

threads of a woven fabric, and is usually well twisted ; the latter forms the transverse or cross

threads, and generally contains rather less twine than that intended for warp.
Manupaotcrino.—The processes up to this point form the first half of those comprised in the

term 'woollen manufacturing, and are termed woollen spinning. The second half, or manufac-
turing, will require comparatively brief treatment.

The woollen thread as it comes from the mule will be natural, grey, black, or any other colour,

according to the component parts of the blend from which it has been spun. When dyed in the

loose fibre, wool is termed " wool-dyed " ; when in the state of yam, " yam-dyed " ; and when in the

woven fabric, " piece-dyed."

Twisting or Twining,—Woollen yarns are generally used in a twofold form : that is, two threads

are twisted together to obtain strength, bulk, and variety of pattern. This twisting process is done

upon the mule, which is generally adapted for both spinning and twisting. In combining two
threads, care must be taken to twist them in a direction opposite to that in which the individual

tlireads were spun. This is in order to prevent it afterwards ranning Into kinks. The twisting is

performed by placing the threads in the creel, bringing them under the rollers, and attaching two

threads to each spindle, when the twisting is performed as in the spinning process. To make self-;

coloured twist only needs the combination of two threads which are alike. To produce fancy yams,
it is necessary to combine different, which may be harmonious or contrasting shades or colours of

yams, and which may also be of different materials : wool, sUk, cotton, flax, China-grass, or other

fibrous materials. Although twisting is ordinarily performed upon the mule yet it is in process of

being superseded- Messrs. Sykes of Huddersfield have introduced into the market a twisting^

frame which has been extensively adopted, and is found to give very satisfactory results. In pre-:

ceding articles (see Eope, pp. 1699-1701 ; Silk Manufactures, pp. 1751-3) a more recent invention,

a doubling-winding, and a twisting-frame, made by Thomas Ungworth of Manchester, has been

referred to and illustrated. The employment of these two machines for twi^ting purposes effects t^

very large economy when compared with the ordinary method, as is demonstrated by the following

figures. At an important manufacturing establishment at Tourcoing in N. France, where these

machines have been introduced, a comparison has been instituted, and the following result^

arrived at :—A 200-8pindle machine making on the fop or delivery spindle 4500 rev., and front

spindle 4500 = 9000 mv. per minute, working 3rfold 42'a worsted, produces in a week of 81
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hours, 420 kilo, of twisted yarn of a very high quality. This is done at a cost in wages of, for

winding, 75 fr. 60 c. ; for twisting, 20 fr., total 95 fr. 60 c. = 22 o. per kilo., as against a production

in the same mill on a good ordinary system, and a machine containing the same number of spindles,

running the same hours and working the same yarns, of 250 kilo., at a cost for winding of 45 /n,

for twisting, 40 fr., total 85 fr. = 34 o. per kilo. In the latter system, two girls are required at

the twisting-frame, whilst in the former, only one is needed. It is obvious that a regard for

economy will compel the adoption of the improved methods now being introduced to the notice of

manufacturers.

Designing.—At this stage, the services of the designer are called into requisition. Designing

patterns for fancy woollen cloths implies the classing or arranging of the contrasting and

harmonizing shades or colours, both of the warp and weft, by the combination of which in a fabric

chaste and saleable patterns are produced in the cloths. Many colours may be employed in the

warp, which, if crossed by a plain weft, would produce stripes ; or an equal, greater, or less number

of colours may be used for the weft, when a checked effect would result. By the transposition of

these coloured threads in the warping and weaving, an endless variety of plaids and stripes of

various dimensions can be produced. Combinations of patterns may also be obtained in great

number from the use of two or three colours of warp and weft. As each lot of yam is twisted

according to instructions, a ticket is generally attached, expressing the lot and numbers, the length,

and the breadth. The length is stated in " strings " of 10 ft. or 120 in., and the breadth in

" porties " of 40 threads each. When the warp is to have stripes in it, one set or complete pattern

is usually drawn on the ticket as a guide to the warper and weaver.

Warping.—The warping mill, in which the yarn is combined into a warp, is a large vertical reel

of about 20 ft. in circumference, or two standard " strings." The hand warping-mill is only half

the size of the preceding, and in small manufactories is yet in use. The length of the warp is

varied according to requirement. The best way of warping is to arrange the threads in even

numbers, say 40, 44, 48, 52, 56, or 60 threads in a " bunch " or " gang," and to divide them into four

equal parts, that is 10, 11, 12, 13, 14, 15, on the under leash-pins. The number of bobbins or cops

required should be set in the creel, and the threads be conducted through the eyelets of the guide-

pins, one half above the other, each thread thus being alternated, which will leave a space between

them. The warper then collects and ties the whole bunch of threads together, inserts his thumb
into the open space, and crosses every thread upon the top pins, so as to form the leash. The reel

is next set in motion, which is continued until the length of the warp has been reeled, when the

leash is again taken on the pins, and this process is repeated a sufficient number of times until the

proper quantity of threads is obtained to form the width of the warp or chain. When this is com-

pleted, the end is securely tied to prevent entanglement, the leashes are secured with bands of yarn,

and the warp is well marked at each " string " for the guidance of the weavers. To each warp is

also supplied a number of " listing " threads, of stronger yarn than that forming the bulk, from

which the lists or selvedges of the cloth are woven. About 100-120 of these threads are required to

form the two selvedges of a broad cloth, and about half that quantity for a narrow width fabric.

The warp is usually made in the form of a chain in the woollen trade. This is simply a peculiar

arrangement of the warp.

Sizing.—The nature of the raw material, and the method of manufacture of the woollen thread

in which the fibres are crossed in various directions, render the process of sizing a necessity. The
purpose of sizing is to lay smoothly in a parallel direction all the protruding fibres on the surface

of the yam, so as to diminish the friction ; and to solidify the threads and increase the strength, to

fit the warp for the reception of the weft, and to enable it to withstand the strain occurring when
the latter is driven home by the " slay " or batten. The process is of considerable importance, as

the production of good cloth requires that it shall be well and evenly performed. It is also highly

necessary to the weaver, as when properly executed, her labour is much less ; and, weaving being

usually piece-work, the production is greater, and her earnings larger. The chain or warp is

generally immersed in a vessel containing the sizing preparation, and when thoroughly saturated

it is squeezed out, either by hand or by a wringing-machine constructed for the purpose. The
" size " is usually some strong glutinous matter, sufficiently firm to lay down the somewhat
refractory fibres of the wool, A good size is composed of prepared rabbit skins dissolved by boiling

in water for about three hours. After the warp has been properly sized, it should be thoroughly

dried, which is accomplished either by laying it at length, or winding it on a drying-machine to

prevent injurious consequences.

Beaming.—Beaming is the winding of the warp upon the loom-beam. It is accomplished by the

aid of a simple machine called the " beaming-frame." The first care of the beamer is to lay or dis-

tribute the threads of the warp evenly in the ravel, a coarsely-set reed or frame, the upper part of

which is removable, in order to permit of the warp thr-eads being placed between the vertical pins

or teeth, which having been done, the top or cap is secured. A rod, which fits into a slot or groove
extending the length of the flanged beam, is next inserted into the end of the warp. The warp is
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thon wound evenly and tiglitly upon the beam. Should the winding not be perfectly level, defects

would be Cdused in the cloth, owing to the different tensions at which the warp threads would be

woven, some being sliick, and others tight, which would afterwards result in uneven milling, and

other defects in the finishing processes. When the warp has all passed upon the beam, two rods

arc inserted in the leash formed by the top pins of the warping-frame, which, being tied together,

secure the perfect alti-mation of the threads.

Dramng-in and Twisting.—The warp is now ready for attaching to the bealds or harness. In

the cnso of a now set of healds being required, the beam is suspended in a frame, or by means of

strong cords, with the wurp end falling a short distance down. The "healder" or "drawer-in"

takes his seat in front of the healds, and a. child assistant called a " reacher " sits at the bai'k.

The former opens the healds in succession, and puis through the evelit.^ a small book constructed

for the purponc, called a " hcald-" or " reed-hook," into the eyelet of which the reacher inserts one

or two threads, as the hook may be single or double, which are then drawn through to the front by

the drawer-in. lu this manner he proceeds until all the warp-threads are thus entered, and the

druwing-in or healding is complete. Simultaneously with this operation the threads are also drawn

into or through the reed by the drawer-in. One thread is drawn through the eyelet of each heald, and

two through each space between the dents of the reed, when the design is to make a plain fabric ;

three, four, five, or six threads may be drawn through each reed space for various sorts of twills

and fancy cloths. The warp is now ready for the loom, which introduces the last principal operation,

subsequent ones being subsidiary to this, and variable according to the nature and purposes for which

the fabric is intended.

Wuiiinj.—Weaving is a very ancient art, and in its origin consisted probably of simply inter-

lacing reeds with each other in order to form mats on which the people of Eastern countries, witli

whom the ait is supposed to have originated, might recline. These reed textures are made to this day

in the countries referred to ; and, amongst the Chinese, very largely, as may be inferred from mats

being found amongst the articles of export to this country. From this simple process, the develop-

ment of the art was extremely slow through thousands of years until the early part of the 18th cen-

tury, when Kay, of Bury, in Lancashire, inaugurated the present grand epoch of mechanical inven-

tion by devising a plan whereby a weaver could throw the shuttle backward and forward across

the loom by one hand, and which also enabled him alone to weave the broadest cloths ; when as, by

the plan then in vogue, two weavers were required. Improvements followed each other iu rapid

succession, until by Dr. Cartwright's happy thought and mechanical skill, the automatic loom was

designed and invented. This was about 1789, since which time the progress in developing and per-

fecting the loom has been simply wonderful, until now there seems little left to accomplish, unless

it be to dispense with the presence of a superintendent altogether.

The capability of the loom as turned out of our first-class machine shops is something at wliich

surprise may be justly expressed. It is qnestionahle whether in the whole range of mechanism

anything more wonderful can be found. Being supplied with warp and weft, properly adjusted,

and connected with motive power, the loom with only small supervision will fabricate textures

varying from the plainest calico to those of the most gorgeous beauty. The warp is opened, the

shuttle with its cargo of filling is thrown between, leaving a trail of thread behind, which is driven

home by the advancing latlie or slay, the latter immediately retiring to make way for the shuttle

again, when tlie operation is repeated. This goes on not at a creeping pace, but with almost

lightning rapidity, 200-400 transverse threads being put into the web per minute. At the

same time, the cloth is being automatically taken up in front of the loom, and the warp delivered

at the back with the most perfect regularity, ensuring thorough uniformity in the structure of the

fabric. Plain fabrics, alike on both sides, twilled fabrics, ploiri on one side, or twilled on both, or

patterned in various ways, can be produced with equal facility. Coming to more intricate textures,

striped, chequered, and numerously variegated designs can be obtained as desired, by the aid of the

many attachments invented for extending the capacity of the loom, either in plain, self-coloured, or

variegated forms. With the Jacquard machine as an adjunct, the power of the loom in the variation

of pattern becomes practically illimitable.

The Jacquard apparatus has been modified and adapted to many purposes. One of hmited

ran^e, called the " Dobby," is used for the production of small patterns and of figured borders in

cloths having o plain centre. Others are taken away from shedding purposes altogether, and

adapted to work both rising and revolving systems of shuttle-boxes, by which means, from one to

any number of picks can be obtained from one shuttle, and the whole number alternated according

to desire.

These remarks will obviate the necessity of making detailed statements concerning the

mechanism of intricate looms which the general reader would find it difficult to follow, and

which to the expert are already well known. Fig. 1456 is a perspective view from the front of the

well-known Dobcross woollen loom, so called from the town in which it is made. The firm from which

this emanates, Hutchinson, HoUingworth, iS: Co., is of considerable repute in the woollen districts, and
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the loom represented is high in favour. A peculiarity is that the slay or lathe is suspended from the

top of the loom, according to the old plan, but which, in some cases, it is deemed desirable to

retain, even though regarded as antiquated. The Jacquard or Dobby with which it is mounted, is

adapted to work from 3-34 shafts or heddle-leaves, and is on the double-lift principle : that is, its

action is of the positive kind in both lifting and pulling downwards the heald-shafts in order to make
a shed for the passage of the shuttle. In the single-lift, the arrangement is confined to lifting the

healds, their depression or return being obtained by the action of spiral springs or weights under-

neath the loom. The unreliability of this plan is well known to practical men. Thus, when
working, the healds are always being raised or depressed by positive means. This loom is con-

structed with three, four, or five boxes on the rising plan : that is, each box containing its shuttle

is brought on a plane parallel with the shuttle-race, according to requirement, by being elevated or

depressed to the position, according as it may have stood at the moment. Every change of posi-

tion in the boxes requires the whole number to be moved up or down, as needed. In doing this, a

great deal of inertia had repeatedly to be overcome in elevating the boxes, whilst their descent

entailed a considerable shock, owing to the distance through which they had to fall, and the

influence of gravitation. The former circumstance absorbed a great deal of motive power, whilst the

latter entailed a heavy wear and tear. Both these defects have to a great extent been obviated by
the introduction of a plan of balancing the boxes, by which they can be elevated or lowered with

greatly increased facility, and which renders them much easier to control. A simple method of

connecting the shuttle-box motion with that which controls the pattern motion, so as to ensure har-

inonious action, was for a long time a great desideratum. In patterned goods, it will be obvious

that one thread less than the required number in the weft will cause a serious blemish in tlie cloth.

This may easily occur through the breakage of the weft whilst the shuttle is crossing the shed

;

p,nd when this happens at the moment when a change is about to take place, the loom may continue

working, the automatic stopping motion failing to detect the lapse. In this ease, it is compulsory

to rely upon the carefulness of the attendant weaver, whose duty it is instantly to stop the loom,

pull out the picks that have subsequently been put in, and reset the loom to commence correctly at

the place where the defect occurred. To do this has not been an easy matter for the weaver, the

box and the pattern motion having to be reversed, which, in the case of a cumbrous machine
—as a large power-loom proves to be when it has to be operated by human power, and that gene-
rally a female—has often proved almost insuperable. In the best-arranged plan, much delay has
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Renerally occurred, which in iUelf is an economic evil, greatly lessening the production. In the

loom reprCBunteil hero, u plan is inc<jr|ioriiled of controlling the picking motion and that for lifting

and lowering the boxes, both of which are controlled by the pattern chain ; so that whatever
changes may be required to be made owing to broken threads, unweaving defective portions, or other

oauoes, all the parts can be readjusted correctly with quickness and facility. In woollen yam, there

frequently occur variations in the thickness sufficiently great to cause serious defects in the clotli,

in the event of the same number of threads bein;; put into, say one inch of warp, when during the

next inch a finer weft might happen to follow. This defect is obviated by the provision of an auto-

matic regulation, by which tlje delivery of the warp is retarded or expedited acoordinf; to the vary-

ing requirement of the yarn. Approximately even cloth thus results, which would not be the ease

were the delivery of warp constant and unvarying.

Such is the wooUeu loom as made at present. There are numerous other makers, whose
ninchiues are equally deserving attention with the one illustrated, and before deciding, an intending

purchaser should carefully examine those in the market, and select the one that will best suit his

requirements.

In weaving plain cloth, four leaves of healds are usually employed, though only two are

necessary. These are aiTanged to work in pairs, as follows : 1-2, 3-1. The first two ascend and

descend together, and similarly the second pair, each pair being linked in tlie treading-motion. If

the threads of the warp passed in the same order through the healds, the consequence would bo

that the threads would be placed in pairs side by side in the fabric. But tliis is not the case : the

threads being passed through the healds in the following order, 1-3, 2-4, the first two of these

going togetlier in the space formed by two dents of the reed, and the second pair in the next space.

This order prevails across the width, until, at the sides, where more strength is required, tlie

threads are doubled or run tvNo togetlier through one heald, and four in the reed space. Sometimes

threads of otiier materials are used for this purpose. l?y this means, the weft thread is made to

pass through the warp shed in such a manner that it shall be placed in an alternate manner under

and over the tlireads of the warp. This constitutes a plain cloth.

The first departure or variation from the plain fabric is to the 3-leaved twill, in which every

third thread of the warp is sunk in succession, the picks of weft passing over one and mider two

threads of the warp. This texture gives a diagonal pattern to the cloth on one side, the reverse

being plain. In this case, the heald-leaves are actuated independently of each other, and not con-

jointly in pairs as above. This texture is termed the " prunel," or " blanket," and sometimes the
" llama" twill. The 4-leaved twill sends the weft under three tlireads in succession and ooer tiie

fourth, by which the latter is interwoven. The name of this is the '• Cassimere " or " Kersey "

twill. There are other variations of the 4-leaved twills, in one of which the weft passes under

two and over two, making both sides alike, except that on the face or front the diagonal line,

which forms the pattern, runs to the right, and that on the back or reverse to the left. Others are

variations on this basis. The 5-leaved twill flushes four-fifths of the weft on the back, and fom-
filths of the warp on the face. The number of leaves may be increased up tn 16 or even more, but

when they exceed 5, they are generally employed in wooUeu fabrics iu conjunction with the

jacquard attachment for the production of a variety of fancy patterns.

In the woollen manufacturing districts, weavers do not usually attend to more than one loom,

as it is highly necessary for them to bestow upon their work the most careful attention, in order to

prevent defects, the occurrence of which would damage the cloth in the estimation of the purchnser

very considerably, and in some cases render it mimerohantable. These defects are technically called

"broken picks," "doubles," "thick threads," "raws," " gerners," "flakes," "twists," and many
others, which it is not necessary to stop to define. Warp threads occasionally break, and if the

weaving is continued without these being repaired, a defect is caused. In pieciui,' them, care must
be taken to join them by means of a short length of thread, called a " thrum " or " beeting," of the

same quality and colour as the broken one. These thrums are provided for the purpose.

To secure a full production and a proper quality of cloth, the overlooker, or " tuner," as he is

called, should be careful to see that the parts of the loom are properly adjusted to each other, so

that all will woik together in harmony. Otherwise delays, fractures of yarn, and defects will be

numerous, the quantity and quality of the production will suffer, and ultimately the reputation of

the manufacturer will be injured.

The actual production of cloth from a loom engaged in weaving woollen fabrics will be about

20 per cent, less than would be supposed from a calculation based on the assumption that the loom

was continuously working during the hours allowed by law. The time thus lost is absorbed in

changing shuttles: that is, supplying full for exhausted ones; piecing warp threads, and other

ntci'ssary operations.

In weaving heavy close fabrics, it is best to saturate the weft yarns in soft water, and then place

them in a hydro-extractor for a short time, so that the superfluous water may be taken out. Tiiis

will greatly facilitate the weaving.

K
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Knotting, Scouring, and Burling.—When the weaving is completed, the piece of cloth is taken out

of the loom, and should, if it has been wet-woven, be well dried, properly lettered, and numbered,

in order to preserve its identity through subsequent operations. Then it should be carefully

examined, by being drawn slowly over a sloping board or table, in front of a northern light or

aspect, and all tnots and defects of weaving be removed or otherwise repaired.

The cloth should now be well scoured and washed, so as to cleanse it thoroughly from oil,

" size," and other extraneous matter. A new washing-machine has recently been introduced, and

is shown in Fig. 1457. The cloth is next to be thoroughly dried and slightly brushed, after which

it ought to be again pulled over a sloping table, and have all the broken burrs, kemps or hairs,

shives, motes, and other impurities removed. This process is called " burling." There are several

plans of drying both yarns and cloth, of which the wringing-machine may he mentioned as

applying to yarn, and the squeezing-machine (Fig. 1458), almost similar to the fulling-mill, for

woven fabrics ; but both these machines are objectionable, and have to a great extent been

superseded by hydro-extractors, as shown in Fig. 357, p. 496.

Milling or Fulling.—After leaving the burler, the cloth is ready for the fulling process. The first

step is to sprinkle it with boiled or liquid soap, after which it is folded up by the lists or edges

into a pile, and placed in the hollow receptacle of the fulling stocks. Here it is milled or hammered

for two or three days, or until the fibres of wool become so interlinked in each other as to hide the

warp and weft threads. During this process, the cloth is taken out of the mill five or six times, in

order to have more liquid soap applied, so as to facilitate the milling process in every direction.

This is the method of procedure when the ordinary fuUing-stocks are used.

Of late years, however, an improvement has been introduced in the shape of the fulling-mill.

This is to serve the same purpose, and is regarded as superior in many respects and for many
purposes. Fig. 1459 is an illustration of this machine in its most improved form. The construc-

tion is quite simple, being coiuposed of a shaft carrying a flanged roller a in the centre of its

length, driving-pulleys b at one extremity, and gearing c at the other, from which a second shaft d

placed over the first receives its motive power. This second shaft has also a roller e, which difiers

from the first in having no flanges, being arranged to work between those of the first-named. A
slotted guide-board /, a carrier-roller g, and a, contracting-tube h complete the mechanism, the

whole, except the gearing and pulleys, being enclosed. The fulling-mill shown in Fig. 1459 differs

from those commonly in use, in being larger in most of its details, having the rollers of greater

diameter and the flanges deeper. The guide-board can be made with a slot or two more, and is

also fitted with an improved stop motion, consisting of friction-plates that both start and stop the

machine in less time than ordinary. The latter is of considerable importance, as, by its prompt
action, damage to the fabrics in process of milling is often prevented when entanglement takes

plnoe.
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The process of fulling with these mills is to soap the cloths as before, place the pieoes in the

mill, passing the ends through the grooves of the gnide-board, over the carrier-roller, through the

tube, iind between the groove of the flanged roller, In which it is subjected to compression by the

action of the top roller pressing upon it. This is continuously repeated until the cloth has been

BuiScieutly slirunk or fulled, when it is re-

placed by another lot Tested in work along-

sido the older form of the fulling mill, it has

bcfii found to do much mure work, and of a

better quality, the same cloth selling for fully

Sd. a, yd. more than when finished in the old

machine.

Whichever instruments are used, the cloth

should bo milled according to the breadth

required. Narrow cloths are milled down to

28 or 27 in. in width, whilst broad widths arc

reduced from 70 in. to below GO in., varying

anywhere down to 50 in. according to re-

quirement. There are a large variety of fancy

woollens that are only subjected to compara-

tively littlo milling, or about 10 hours, one-

fifth or one-sixth part of this time being

occupied in examination of and soaping the

cloth. That constitutes " half-milling."

Single-milled cloth requires subjecting to tlie

treatment for 12-20 hours; doubli-milleil,

24-40 hours ; and treble-milled, 4S-(;o hours;

all inclusive of the time required for examina-

tion and further supplies of the milling liquid

or snap.

FiNisiiiNQ Pbocesses.—Woollen cloths as

they come from the loom are far from being a

merchantable article in the ordinary accepln-

tion of the term. The processes to go through

before the soft, lustrous, and beautiful finish

of the fabrics with which we are familiar is

obtained are numerous and almost as important as those that have been already described. They
consist of the following : fulling; tentering; 1st raising; 1st cropping or cutting; 2ncl raising;

2nd cutting ;
pressing ; steam boiling, &c. ; 3rd raising ; 3rd cutting ; burling and fine drawing ;

brushing and steaming ; 2nd pressing ; steaming.

At this point, it will be well to summarize the requisites of z, good cloth, or rather the

conditions necessary to produce one. First, good sorting of the wool, which gives an even

thread and prevents waste ; thorough cleansing, essential to the production of good colours,

and satisfactory working in every stage. After this, the wool should be well dyed, teazed, scrib-

bled, carded, and slabbed, and carefully spun and wovm. The preparatory processes before

milling should be properly gone through, the milling well executed, and the fabrics afterwards

thoroughly washed in order to remove all traces of grease, oil, or soap that may remain.

The details of all these processes require attending to carefully and conscientiously. Any
negligence is sure to result in blemishes, and these cannot be eliminated or rendered permanently

invisible in the after stages. It takes much more trouble and labour to hide a defect than to

keep it out.

After milling and scouring or washing, the cloth should be "cuttled," or folded up closely and

laid on the shed floor for a few days. This improves the condition. When it has to remain in

the "balk" state, or have its progress arrested some time at this stage, it should be straightened

on the tenter-frame and di'ied, but care must be exercised in seeing that it is not overstretched,

either in width or length.

First raising of the nap.—Woollen fabrics rarely show the interlacing of the threads so visible

in most other textures. These are effectually hidden by milling in the first instance, and subse-

qnently by the raising of the nap. " Raising " is an interesting process, and consists of scratching

up the surface fibres of the wool upon the face or front of the cloth. Formerly it was done by

hand, the fabric being thrown over a frame, in the front of which stood the workman with his hand

teazle-frame, with which he scratched the surface whilst a companion on the opposite side raised

that portion. This process was a very laborious one, and has to a great extent been superseded

bv the introduction of the " raising-gig."

6 R 2
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The teazle, Fig. 1460, is the rip.e bvirr or head of a thistle-like plant called Dipsacm fullorum,

which is cultivated in several parts of this country (Wiltshire, Essex, Yorkshire), and in many

parts of France. Those of Yorkshire are most highly esteemed, and command the highest price.

As will be seen from the illustration, the head is cone-shaped and formed of or covered by a great

number of hooked points, all curved in one direction downward. These hooks are strong but

pliable, slightly elastic, and very smooth, rendering the heads highly suitable for employment in

this process. The teazles are cut from the plant with a stem 2-3 in. long, and inserted in an

oblong frame called the teazle-rod, with the hooks pointing towards the base, and two teazles

in height. When hand-raising

is the system employed, these

frames are small, such as can be

easily wielded by hand, and are

furnished with a handle. For

the " raising-gig," Fig. 1461, as

tlie teazling machine is called,

the frame is about 4 in. in width,

and of a length to extend across

the gig-cylinder.

After the cloth has been

evenly stretched and dried in

the tentering-frame, it should be

thoroughly wetted on the face or

front side with soft clear water,

and then folded and left to lie

in that state for a day or two.

This damping is now peiformed

very efficiently by mechanical

means. Fig. 1462 represents a
" dewing-machine " used for this

purpose, which is of recent intro-

duction. It is constructed to take the ordinary width of a raw or unmilled cloth, but can be made
wider or narrower to suit special purposes. It is an ingenious invention, as the following brief

description will show. A cistern a containing water is arranged in the middle of its height, and

extends across the breadth of the machine. Through the length of this trough, and immersed in

the water, is laid a pipe, into which a number of nozzles are vertically inserted, these beiug

supplied with taps to close them when required. Behind the machine, a patent blower or fan b is

arranged with a wind-pipe, up which the blast is conveyed to a second horizontal pipe d, that, like

the former, is supplied with nozzles, but in tliis case they are inserted so as to project in a lateral
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dircctiou to the tip of the water nozzles. The arrangement is clearly shown in the enlarged view

of tliese parts given at e. At / is a trough in which the waste water is received.

In working, the piece of cloth to be dewed is placed on the platform at g ; the end is passed

over the first and under the second of the pair of rollers shown at h. It then ascends in an inclined

direction to the hetul of the machine at «', receiving the spray in its passage. The operation of the

fan sends a strong blast from the air-nozzle across the top of the water-nozzle, which causes a

vacuum therein, leading the water to ascend to the top, when it is blown away in fine spray against

the surface of the cloth as it travels upwards to the head, and, descending therefrom between the

rollers k, is plated by their oscillatory action npon the opposite end of the platform from which it

started. By means of this machine, 1.5-20 ends of cloth can be damped per hour. A damper

enables it to be set to throw any quantity of water from J-6 lb. upon each piece or end.

After the cloth has been properly conditioned by the ordinary damping or dewing process, it is

conveyed to the raising-gig, Fig. 1461. This machine is usually constructed about 65 in. in width

on the teazle, but can be made much wider if required. It is shown in the illustration with recent

improvements, such as the revolving turntable scray a, and expanding breast-roller h. The chief

part of it is tlie teazle-cylinder c, mounted upon the shaft d, which is furnished with driving-

pulleys. The cylinder is constructed with 16 oblong spaces e around its periphery, for the recep-

tion of the oblong frames called " rods," into which the teazles are inserted, fixtd by menus of their

stems ; one side of the rod is composed of two parallel bars, having a small space between them for

the admission of the stems. The rods are also strengthened by cross-pieces, i-o that, when inserted,

the teazles are firmly held in place. The other rollers shown are for the purpose of securing tho

uniform tension of the cloth, and bringing the surface to be raised evenly against the revolving

cylinder. Tlie revolving scray a and the roller /with its oscillating arms are attachments whose

function is to facilitate the revolution of the piece when the ends are joined together and it has

become an endless web. The cylinder is usually run at about 150 rev. a minute.

In operation, the piece of cloth is slowly drawn througli the machine in a direction opposite to

that in which the cylinder is revolving. Tliis is continued until the ends of all the loose fibres

have been brought to the surface of the fabric, when the piece is removed, and again washed off

and dried, as a preliminary to the first cropping or shearing process.

When the cloth is laid in the machine so that the cylinder revolves in a direction parallel with

the warp or longitudinal threads of the fabric, the action of the teazles will be most effective upon

the weft or transverse threads, which they will operate upon at right angles. It becomes question-

able, therefore, whether the action of the raising-gig is as effectual as the hand process, and, at

the same time, not more injurious to the durability of the fabric. It would appear that the

successive operotions of putting the latter through the raising-gig must greatly impoverish the

weft threads, from the beginning the weakest portion of the cloth. On the contrary, the cross-

raising of the hand process brings up the fibre from the warp threads equally as well as those of

the weft. This difficulty is, however, almost obviated by a plan of passing the cloth over the

cylinders in different directions.

After working some time, the teazle-hooks fill with wool, or " flocks," as the fibres drawn out

of the cloth are technically called, which impede their operation. The " rods " are then taken out,

and the flocks are cleared out by children, the rods being replaced by another set in order to prevent

the stoppage of the machine. Contact of the teazle-points with the damp cloth also impairs their

eflSoiencv, and renders it necessary to remove them occasionally for the purpose of drying.

All attempts to substitute metallic cards for teazles have only been partially successful, and as

yet there is no likelihood of their superseding tho natural article.

Cropping or Shearing.—After the cloth has been suSiciently long in the gig, it is with a little

preliminary treatment of brushing next submitted to the operation of cropping. " Cropping " is

the cutting of the raised nap (obtained on the surface by the last process) to a uniform level.

Formerly it was done entirely by hand, but 60 or 70 years ago a shearing-machine was invented

and introduced, after great resistance from the croppers. It has subsequently been much improved,

so that it may ultimately be regarded as having quite displaced the hand process. Fig. 1463 is

an illustration of the machine in its present state of development, as constructed in this country.

It will be understood that there are many modifications of and various forms of it, though the

radical principles of each are the same. The essential pai'ts of the machine are the metallic

cylinder ci, into which, and passing helically around it, are inserted a number of steel blades ; a

straight piece of steel, called a " ledger-blade," fixed across the machine in close proximity to the

" spirals," the revolution of the latter in conjunction with the straight blade forming cutting edges

;

an arrano-ement of rollers by which the cloth is brought against the cutting blades ; and pile or

setting-up rollers to raise the nup into the best position for the action of the cutting blades. In

working, the long nap is brought ngainst the ledger-blade, in which position the revolving

cylinder cuts it down to the desired length. The cloth is passed two or three times lightly

through, in order to secure uniform cutting.
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The various parts of the maohine require to be accurately adjusted, in order td perform its

function properly. It is therefore usually made with compensating bearings, in order that, it

unequal wear should take place, no defect in its working would result. This arrangement is

applied to all the acting parts. , „ • j „«„.
At the second raising, the cloth is damped and conditioned as before, and well raised, after

which it is again ten-

tered and dried as a pre- "^^^

liminary to the second

shearing.

This shearing is like

the first, only requiring

more care and a nicer

adjustment of the piling-

brushes and the cutting

blades. The cloth must

be gone over several

times, and nicely cut

each time.

After this, the cloth is

generally submitted to a

good brushing and steam-

ing process, performed

by a machine teimed the

" brushing- and steam-

ing-mill." These mills

are made either double or

single, and with one or

two brushes. Fig. 1464

represents a double brushing- and steamiiig-mill, with two brushes, one of 12 and one ot Id lags,

and steaming apparatus having also a top and sloping scray.

When the brushing and steaming is concluded, the cloth is ready for the first pressing. For

this purpose, it is folded into regular lengths, glazed paper being introduced between the folds to

prevent the faces of

the cloth coming into 1464.

contact with each

other. Heated plates

of iron, made hot in

a steam-chest or oven

(Fig. 1465), wherein

steam is used at 30-

Ib. pressure, are then

alternated with each

end or piece, and the

whole is subjected to

severe pressure in

a hydraulic press.

When the cloth is

removed, it is re-

folded in such a

manner as to bring

the creases of the

previous folding op-

posite the flat faces

of the press papers, by

which arrangement

tliey are removed at

the second pressing.

Steam Boiling.—This succeeds the first operation of pressing, and has for its purpose the pro-

duction of a permanent lustre on the face of the cloth. The cloth is wound tightly and evenly

on round wooden or copper rollers, which have either a plain surface or are perforated with holes,

the whole being covered with boiling-wrappers to prevent damage. Permanent and well-dried

colours ought to be steam-boiled in a cistern full of water for about eight hours ; then taken out

and left to cool until the following morning, when the cloth should be wound from the first upon a
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second rollrr, by which procoBB the part that waa at the bottom before will be brought on
the tiip. It Bhould then be Bubmitted to a second boiling for seven or eight hours. This ought
to be repeated if necessary. Mixed shades and common colours should not be boiled or heated
to a higher temperature than experience has shown they will bear without injury, which will

be found to range between 49° and 82°

(120''-180° F.) ; but they may he dry-steamed "65.

considerably higher in a box without

water.

Several varieties of cloth manufactured
from undyed wool, and intended for piece-

dyeing are now at the stage of readiness for

that operation. This includes the woaded or

light blues, and several other colours. In

piece-dyeing, it is requisite that the cloth

should be kept well open and the reel con-

stantly turned from tlie time the cloth is

placed in the dye-bath until it is taken out

again. If these details are neglected, the

result will be a spotted and unevenly dyed
cloth.

After the boiling and pressing has con-

tinued sulHciently long to fix the lustre of

the cloth, it should be again put through
the raising-gig, either in a wet state as

before, or with steam applied to the face of

the piece on the top of the gig, after whicli

it sljould again be well washed with cold

water, tentereJ, and dried. It is now some-

times " dry-beaten," or put through the

raising-gig in a dry state, in order to loosen

the nap for tlie last cutting process.

In the third and last cutting, especial

care is taken that it shall be cut both very

light and fine until the nap is reduced to

the shortness required. After this, it is brushed on the dry biushing-mill, as a preliminary to

tlie last burling and fine drawing.

Sometimes, instead of the last burling process, the web is inked with black or coloured inks. A
machine has been invented to accomplish this process, and is meeting with increasing favour, espe-

cially in the case where cotton burls are numerous and require covering. It is adapted for any class

of goods, the feeder of the inking-roller being regulated by means of a screw to take up more or less

ink as required. After passing through the inking-machine, the fabric ought to be put once or

twice through the brushing-mill without steam, and subsequently once with steam, which will

greatly improve its appearance.

If burling is preferred, this should be carefully performed, all defects or holes being well drawn

up by the fine drawer or mender, after which the lists should be wet and pressed with a hot iron to

impart a smart finish.

Brushing and steaming on the steam-brushing mill now succeeds as a preparation for the second

hot pressing.

This is a repetition of the previous pressing process, the cloth being again placed between

heated press-plates, and subjected to pressure for 5-10 hours, after which it should be refolded and

pressed again for a similar length of time.

If, at any of the preceding stages, satisfactory results are not obtained, the process should be

repeated.

After having been well pressed, the finishing touch is now given by the cloth being polished

with a moderate pressure of steam on tlie steaming apparatus or mill, which leaves the article in

a merchantable state, only requiring making up for delivery.

Cloth manufactured by the foregoing processes properly performed, and finished as directed,

will be lustrous to the sight, soft and pleasant to the touch, and of a durable quality. The nap will

be short and perfectly laid, so that dust will not penetrate it but lie on the surface, and admit of

easy removal by brushing ; it will not readily absorb water, neither will it shrink when wet, nor

show rain-spots from a shower. When being made into garments, it will neither shrink with wet

nor under a hot iron, and will long present a new appearance. When it begins to fade, the

freshness can easily be restored by sponging and brushing.
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Cldtli is sold by the running yard, width is stated in inches, the substance is ascertained by the

weight, and the quality by a gentle pressure of the baud of a competent judge when being drawn
over the surface.

Worsted.—The second great textile industry founded upon wool as its raw material is

the worsted manufacture. As observed previously, the wools of commerce are divided into two
great classes: clothing wools and combing wools, otherwise short wools and long wools. The
former at one time were almost exclusively used in the woollen trade, and the latter in the worsted
traiie. Owing, however, to the improvement in machinery that has been accomplished during the
past 20-30 years, this distinction has to a great extent been obliterated. The invention and
development of tlie combing-machine has enabled manufacturers to comb any free, firm-stapled

clothing wool, having a staple of 1 in. and upwards. Fine Botany yarns are now commonly spun
and used in the worsted trade. On the other hand, combing wools are quite as frequently used in
the woollen trade.

The essential distinction between woollen and worsted yarns (Fig. 1466) will be found in the
arrangement of the fibres peculiar to each class of yarn. In the woollen yarns, a, the fibres are
purposely entangled and crossed, and all drawing is avoided, in the preparation, in order to leave

undisturbed the

natural curvature

of the fibre, and
this arrangement

is endeavoured

to be preserved

through all pro-

cesses to the spinning, for the purpose of afibrding

the greatest latitude to the action of tlie felting

quality of the wool. In worsted yams, 6, the ob-

ject of the preparation is to obliterate as far as

possible this felting disposition, and secure the

parallel arrangement and elongation of the fibres.

Hence the differences in the processes, which
Fig. 1467, illustrating the method of spinning

worsted, renders clear, when compared with the

spinning of woollen yarn on the mule.

"Wool intended for manufacturing into worsted
is sorled as described previously, though not
usually into as many sorts. The short wool tech-

Tiicaliy called "brokes" or "shorts "is carefully

taken out. The material is then ready for scouring,

by which it is freed from the yolk and grease. It

is next partially but not thoroughly dried, as whfn
being prepared for woollen yarn, often not being

placed on the drying-stove at all, but simply put through the pair of squeezers or pressing-rollers

as it passes out of the scouring-bath, whence it is conveyed to a carding-machine much like the

scribbler or first carding-engine in the wool set. Here it is opened, cleansed, and carded, by which
it is to a certain extent relieved from its grosser impurities as well. From this machine, it is

doiftd in the form of a rope sliver, and wound into a ball, for the supply of the combing-machine.

The first attempt to construct a mechanical wool-comber was made by Dr. Cartwright, the
original inventor of the power-loom. This comber, though not much more successful than the
same inventor's previous efforts, suggested the idea and formed the basis upon which succeeding
mechanicians laboured to accomplish the end he sought. The first who made any decided advance
upon it was Hawkesley, of Nottingham. His efforts were followed at a long interval—about
35 years—by the more successful attempts of Piatt and Collier, which was a great improvement.
A considerable number of these machines were adopted by manufacturers, and many have remained
in use until within a recent date. In 1842, Donisthorpe made a further decided step in advance
and again in 1844.

The process of combing by hand, though it had been in vogue for ages, had several serious

defects. The principal of these was that during washing the fibres got considerably entano-led,

and when the wool came to be combed, these crossed fibres would coil around the teeth of the comb
when the wool was lashed into them, and which in fact it was necessary should be the case in order
to secure its withdrawal and the combing of the portion under operation. When, however the
part left upon the holding comb came to be taken out, it was so firmly lashed around the pins that
a great portion of the long fibres^j'eqTiired to be broken in order to get it out, thereby increasing the
quantity of " noil ' or waste, and diminishing the "top" or best portion. The plans of all the
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inventors who worked at the priblera of effecting combing by mechanical appliances were based

upon this idea, regarding it ns an es»eutial element, and therefore in all their designs and achicvo-

ments Uiib airious defect reappeared.

Josu^ Hiilniiinn, the French inventor of the celebr.ited machine known by his name, however,

revolutionized tliis process of combing by the new principles lie embodied in his invention. The
essential parts of the important iinprnvement are as follows. The framework cimt.iins two jaws, or

nippira, through which the prepared wool is fed into the machine; when the fleece has passed

snfficiontly through, these close upon and hold it firmly. That part of the revolving drum which

is armed with comb teeth then passes up and combs the end hanging out, the nippers holding the

wool firmly and securely in this jiosition whilst it is combed by the passing drum. In the forward

revolution of the drum, the plain part of its surface passes up and presses against the uppermost

of the drawing-rollers when they are in their uppermost position ; at the same time it gathers up

the cleimcd end of tlie fleece, and passes it between the drawing-rollers. Tlie upper roller is

turned by the fiicfion of the drums, and the lower roller l)y pressure from the upper roller, thus a

tnft of wool is detached from the fleece, and again held by a secoml pair of nippers. As soon as

the rnller and drum have taken hold of the cleaned end, the first pair of nippers open, and, in the act

of opening, press the fleece up into the teeth of the comb, at the same time that another comb is

caused to fall into this fleece, and thus, as the tail end is detached, it is also iitirtly cleaned by

being drawn through these combs. The tuft is now entir<-ly held between the two drawing-rollers,

which, with their framework, are caused to travel down from their uppermost position to the lower-

most one which they occupy, at a greater speed than the surface speed of the drum j the lower

of the two drawing-rollers is then brought into contact with the plain part of the drum, causing the

rollers to tnrn in a contrary direction, so bringing back the partly combed tail end of the tuft,

which is lield until it has received a second combing from the succeeding portion of the drum

furnished with comb teeth ; the rollers then deliver the thoroughly cleaned tuft and return into

thiir former position to repeat the operation. A continuous sliver is formed by each succeeding

tuft being so hiid as to slightly overlap that which has gone before, and it is then passed forward

into the can by the conduoting-roUers. The card-rollers are for the purpose of brushing the noil

out of the teeth of the drum, and this is pushed out of the teeth of the drum by a doffing-knife,

and oarri(^il away by eonducting-rollers.

The introduction of the nipper principle into the combing-machine constituted a great advance

over the preceding plans. Succeeding inventors therefore embodied it in their improvements, the

result being that a great amount of litigation was engaged in before the rights of each could

bo clearly defined. Lister and Donisthorpe had invented a plan of combing wool, which, though

accomplished by slightly different means, embodied Hcilmann's principle ; the consequence was

that an action was commenced by the proprietors of Heilmann's patent, who secured a verdict iu

their favour. Lister thereupon made arrangements with them, whereby he secured the sole right

of its application to wool-combing for the sum of 30,000/. This was done, not with the purpose of

using the machine as made by Heilmann, but to secure the unmolested right to use and amend his

own, which was considerably superior. Lister subsequently took out a number of additional patents,

which were merely variations of the first, and intended only to prevent any colourable evasion

though real infringement of his rights. Since 1852, when the purchase above mentioned took

place, the machine as made and vended is said to have returned to the owner an immense sum of

money.

The essential parts of the combing-machine as constructed by Lister & Donisthorpe are shown

in Fig. 1468. The comber is combined with a screw-gill frame, the feed-roller a and the gill-bars

ti a of which, conduct the material into the machine, the tail end of each tuft of wool being

combed us it is drawn from the last gill-bars The brush 6 descends and presses upon the fleece

every time that the nippers detach a portion, to prevent it rising out of the pins. There is a pair

of nippers c, the upper jaw of which consists of a broad blade with a sliarp edge, which is a fixture,

and the under one of an upright bar which is caused to slide up and down by the revolution of the

tappet e ; this under jaw has a grooved surface, into which the edge of the blade is inserted at each

nip. A carrier-comb d takes the tuft from the nippers, and places it upon or r.ither in the teeth of

the circular receiving-comb /, of which only a section is shown. A brush g drops into the points of

the teeth, and presses the tuft down into a proper position for being drawn off. The illustration

shows the nippers in position to detach a tuft from the gill-bars ; when they have closed upon it,

the framework in which they are held is made to traverse the arc of a circle into the position shown

at A • there the carrier-comb advances to the same position, and pushes its teeth into the end of the

tuft, just as the nippers open to release it ; the carrier then passes away from the dotted position,

and', iu those to which it passes, transfers the tuft to the receiving-comb. The portion deposited

here is drawn away in a oontinuoup sliver, and, as it is the dirty end or noil which is placed upon

the circular c/irnb, this is cleaned by being drawn off, the noil left being removed iu the usual way

bv a knife-lifter and conductor-rollers.
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Numerous improvements have since been made in the wool-oombing machines, but all have been

based upon the inventions of Heilmann and Lister & Donisthorpe. It is unnecessary to trace these

further, as the principle will be thoroughly understood from -what has already been stated.

Fig. 1469 is a perspective view of a wool-comber which is highly esteemed in the trade.

The introduction of mechanical combing has been a main cause of the great development of the

worsted trade, as a single machine will comb a greater quantity of wool than 100 men could do by

146S.

hand, and that in so much better a manner in every respect as to make it exceed the hand process

as much in quality as it does in quantity.

Drawing.—The process of drawing is partly intended to complete or perfect that of combing,

namely to secure the parallel arrangement of the fibres of the wool, and to take from them their

wavelet or undu-
,^pp

lating form, and,

by elongating the

fibres in that man-

ner, to secure the

greatest length.

This is accom-

plished by the ap-

plication ofheat in

the drawing pro-

cesses. The sliver

is also attenuated

and reduced to fit

it for the spinning

process.

The "set" of

drawing machi-

nery usually con-

sists of 6 frames or

screw-gills. The
screw-gill draw-

ing-frame is com-

posed of an iron

reservoir or steam-

chamber placed in

advance of the

feed-rollers, the

latter of which

deliver the sliver

to a series of gill-

bars which travel

from the feed-rollers in the grooves of two screws laid parallel to each other. These gill-bars

are furnished with two or three rows of pins. When they have arrived at the end of their

traverse, tliey drop into the grooves of two other parallel screws arranged below the first pair

for their reception, and by which they are carried on their return to a point below that from
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which tlioy stiirleU, when they urr eleviit' d into the first position by the action of two cams, ono
on each screw. The screw-gill drawing-frame being fully described in the article (see pp. 1180-1)

on Jute Manufactures, the rciKJcr is referred thertto for fuller particulars. Tlie differenced are in

points of detail merely, occasioned by the respective natures of the material they are couatructed

to work. The steam-chamber is ono of these.

As soon as the slivers leave the combing-machine, a given number, say about 16, are placed upon
a feed-table and divided into two sets, each of which is passed first over the heated chamber by
which the slivers are softened and better adapted for the drawing process, then through two sets of

conrsely-fluted rollers which serve as feed-rollers. As the wool is delivered from these, the gill-

bars rise, and the pins entering it conduct the material to the drawing-rollLr.s. These rollers move
with a velocity considerably greater than the feed-rollers, say 5-6 times or more, taking the wuol

from the latter in an even and regular manner ; and attenuating the combined slivers from their

original volume by as many times as the drawing-rollers exceed the feed-rollers in surface velocity.

The several drawings are passed into a coiling-can, by which they are loosely twisted into one.

Eight of these drawings are next passed through the second frame, and elongated in tlie same

manner, the process being repeated a third time. In the fourth passage through a similar machine,

the material is received and wound upon two bobbins, carried upon two large spindles, having largo

lliors, by which the drawing is slightly spun or twisted, after which it is called a " slubbing." In

the fifth frame, the travelling gills are replaced by four sets of rollers, through which the wool is

passed, 16 slubbings being arranged in sets of 4, each set beinp; further attenuated, slightly

twisted, and wound upon four bobbins. The sixth is the last and finis.hing process of drawing. In

this, three of the slubbings from the last frame are again attenuated, twisted slightly, and wound
upon bobbins as before.

The set of drawing-frames thus consists of 4 gill-boxes, the last of which delivers its material

in spindles, and two roller drawing-frames, which receive it in the same manner.

JRoving.—The " slubbing," having been sufficiently prepared, is ready for the roving process.

This is simply a further attenuation of the coarse and loosely-twisted strand of wool to fit it

for spinning. In this set, there are again ti machines, all alike in principle, each doubling and

delivering the preparation finer than its predecessor. A slight twist is imparted in each case to

secure cohesion. After having passed these machines, the roving is sufficiently reduced, and

yet possesses strength enough to pass into the next stiige without parting asunder.

Spinning.—Spinning is the last process in the formation of the thread, and in worsted is performed

on the continuous principle by the tlirostle or cap-spinning machine. This is constructed on the

same principle as the preceding machines, only differing in the parts being smaller and the spindles

more numerous. The latter are vertical, and rest in a footstep-rail having a bolster or bearing-rail

fixed above the wliarve. A traverse-rail which carries the bobbins is made to ascend and debceud

by means of a heart-shaped cam. This traverse enables the yarn to be laid upon the bobbins in

even layers. Each spindle is mounted with a fiier or cap, the former having curls at the extremities

of the flier branches. The rovings are conducted from the creel between two rciUers, the lower of

which is longitudinally fluted ; next through or between three pairs of carrier-rollers, which simply

bear the rove to the front or drawing-rollers, by whose accelerated speed it is finally attenuated.

B(!ing attached to the bobbins upon the spindles, the twist or twine is put in according to require-

ment, a given number of turns to the inch, which is easily regulated by a change pinion. For

30's yarn, there are usually about 10 turns per inch. (See Fig. 1467, p. 2088.)

Worsted weft or filling is mostly spun upon the pirns, ready for the shuttle of the loom ; whilst

warp yarns are spun upon the flanged bobbins, from which they are wound and warped in a manner

scarcely differing from the processes of the cotton trade. There is, however, only a small quantity

of worsted yarn used for warp purposes, as, since the introduction of cotton warps, these have

been (except for special purposes) almost universally adopted. They consist of good 2-fold yarns,

the bulk of which are spun and doubled in the Bolton and Oldham spinning districts of

Lancashire.

The system of spinning worsted, thus briefly outlmed, is that known amongst practical men as

the English system. For half a century, the trade of the worsted manufacturing centres of this

country, based upon this plan, has been conducted with uninterrupted progress and prosperity.

Of late years, however, owing to a complete change in the current of fashion, which has been

diverted to softer fabrics capable of conforming more easily and gracefully to the outlines of the

female figure, worsted goods as hitherto produced in this country have been much neglected, espe-

cially for costume purposes. The consequence has been a great decline in the demand, unprofit-

able trade, and diminished employment for the work-people. The return of worsted fabrics to

public favour has been anxiously waited for, but without success. This adverse state of affairs has

induced much discussion, and has brought into prominent consideration the advisability of adopt-

ing the French system, by which fabrics are produced very much better suited to present require-

ments. The chief cause of hesitation seems to be a prevalent doubt as to whether the table of the
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public is more than temporarily alienated from fabrics produced on the English system, and whether

the investments necessary for a change to the French plan might not prove a total loss. There are

persons who assert that the change of fashion is not in the direction of good taste, nor in harmony

with those natural principles that underlie the art of dressing. Others again dispute this con-

clusion, and believe the opposite, and that the change of fashion marks a decided advance in the

recognition of true principles, and as a consequence it will be perfectly futile to hope for the return

of Yorkshire worsted fabrics to popular favour. To this view the writer inclines. From these

statements it will be obvious that any change will for a time at least not be more than partial, and

that success on the part of the pioneers of the movement will have to be assured before the step

becomes anything like general.

The radical difference between the English and French systems of spinning worsted lies in the

fact tliat all the processes of the preparation are conducted without twist being imparted to the

material, and that the spinning is performed on the mule-frame in place of the throstle. Another

important point of divergence is, in some instances at least, in the French plan the wool is worked

dry, that is without oil, but this is not to be recommended. Starting also with a softer staple of

wool, all these differences are in favour of the production of a soft fabric, that will drape easily and

gracefully, and so meet the present requirements of the modiste.

When the fact is considered that the wool fibre is covered with scales, it will be apparent that

to twist them together in the preparatory stages, in which a great deal of doubling and drawing has

to take place, can hardly be a wise proceeding, as the scales are sure to interlock with each other,

especially when insufficiently lubricated, the consequence being that when the drawing takes place

the fibres are strained and to some extent broken, whilst a hard and wiry yarn is the product. By
the plan of avoiding twist until the spinning stage is reached, the drawing is rendered easier, less

waste results, and a softer yarn is produced, which is more bulky in relation to the weight.

With the object of aiding the introduction of this system into this country, an eminent firm of

machinists has paid great attention to perfecting a series of machines for the English market, by
which yam can be spun on the French system. The initial stages for several steps are alike.

After they begin to diverge, briefly described they are as follows :

—

1st Process : Carding.—In the carding-engine, the undried wool from the washing-machine is

carded. It is spread by hand upon the feed-lattice, whence it passes through a pair of feed-rollers

and successively into contact with three burr-rollers, the first of which is 18 in. diam. and steam-

heated, the second 9 in., and the third 12 in., each having guard rollers and boxes for tiie reception

of burrs. The burr-rollers are covered with steel teeth. This triple arrangement is an improve-

ment upon the single-roller system. The clothing of each differs from the preceding, being graded

from coarse to fine ; the effect is that the first roller throws out the coarse, large burrs ; the second,

those of medium size ; whilst the third cleans out the finest burrs, seeds, &c. An oiling apparatus

Is fixed BO as to discharge its contents on the wool at this stage, when oiling is held to be desirable.

From here, the wool enters into the breast, the cylinder of which is 36 in. diam., and is provided

with three pair of workers and strippers, respectively 8 and 3| in. diam. There are two swifts,

each 50 in. diam., with a complement of four workers and strippers of the same dimensions as those

above, fancy and stripper, and angle stripper. The sliver is stripped and balled by a calender-

delivery and balling-head into balls 16 in. long.

2nd Process.—7 balls from the carding-engine are put into the screw-gill balling-machine, and
doubled into one with a draft of about 5. The object is to straighten and draw the fibres into

parallel order more perfectly. The machine has one head of one delivery, gill-screws to carry 12

gill-bars, and balling motion with surface rollers.

3rd Process.—The balls from the preceding machine, to the number of 10, are next supplied to

the screw-gill lap-machine, the function of which is to reduce the round slivers of the balls to a

flat sliver or lap, to suit the combing-maohine, which comes next in order. It has one head of one
delivery, fluted rollers back and front, and screws for the same number of gill-bars as the preceding,

the fallers having brass gills double pitch, and the rollers weighted with racks and friction-pulley.

4th Process.—Combing is performed on Little & Eastwood's patent combing-machine, which is

a very compact and highly efScient machine, nearly all the working parts being placed inside the

circular comb of about 40 in. diam. The gill-head is put within the circular comb, and is fitted

with 8 gill-bars. Inside the circular comb is a cylinder, around whose circumference 6 pairs of

nippers are an'anged, A stripper removes the noil, and a stop-motion arrests the action of the

machine when the sliver accumulates on the drawing-off rollers. Its action is as follows : The wool
is fed into the fallers of the gill-head by feed-rollers having an intermittent action ; the end of the

lap is seized and held fast by a pair of nippers on the cylinder, while the feeding head recedes and
draws the wool through the teeth of the fallers, combing one end of the tufts by this operation.

When the lap is nearly pulled apart, a spring divider thoroughly separates it, leaving a tuft of

combed wool in the nippers on the cylinder. The revolving cylinder next carries the tuft over and
deposits it on the pins of the circular comb, the uncombed portion or noil ends being left inside the
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circle behind the pins; thia end of the wool ia then combed by beinj drawn oatwards through tlie

teeth of tilt' circulnr comb by means of the drawing-off rollers. Aa the circular comb receivea the

tufts of wool with one end combed, the whole of the noil beiog placed behind the pins, its action ia

quite frie, and little strain is put on tlie pins ; the brushes and drawing-off ksitliers have diminisljed

work ; the fibres of the wool are better preserved ; and the wear and tear of tlio working parts ia

reduced to a minimum. This structure of machine possesses great capability, being well adapted

for Australian, Cape, Biver Plate, and similar wools. It is especially suitable for short wools, and

In long wools will comb up to 6-7 in. in staple. Its delivery is arranged to double three into one

:

that is, as the sliver from the drawing-oflF rollers is delivered into the can, it may be so set as to

take one or two other slivers along with it. In tlio combing process, therefore, with drawing three

into one, the drawing after passing thiough the comb ia altogether nine into one.

5th Process.—In this, nine slivers from the comb are combined in one by means of the screw-

gill balling-machine, the draft being about four. It presenta no important features of difference

from the one described before, except being doubled, having two heads of two deliveries each, two

sets of gill-bars, and brass gills of double pitch. All these particulars can be varied according to

requirement.

6th and 7th Processes.—The sixth process is that of back-wuahing. In the English system, it

ia regarded as desirable to wash and clear the wool before reaching the comb, whilst in the French

plan this is deferred to this point. Tlie back-washer contains two washin<;troughs, each fitted

with two immersion-rollers ; two sets of squeezing-rnllers, and five copper drying-cylinders. It

has one head of two deliveries, with front and back rollers fluted, tcrews for twelve gill-bars,

bfiUing motion, and creel for eighteen bulla. The wool leaves thia process thoroughly cleanaed from

oil and eartliy discoloration, and ia further drawn and straightened. It works with a steam

pressure of 5-10 lb. a sq. in. in the drying-cylinders, which are without bearings on one side to

permit of the wool being easily passed over them. It will efficiently wash and ball 800-1000 lb.

of wool in a day.

8th and 9th Processes.—Repeated passages through the screw-gill balling-machine, as

described in the 5th process, after which it i.s ready for the next stnge.

lOtli Process.—This is the first process of drawing. In it, the sliver-balls are brought from the

last macliine, and are doubled two into one with a draft of about four. The slivers first pass

through iVed-roUers, then over a purcupiiic-ruller, next between a pair uf front rollers, whoso speed

being greater than that of the porcupine, the fibre ia drawn and straightened through the teeth

of the latter. After thia, it passes between " rubbers," which carry it forward and deliver it upon

a bobbin actuated by a oaleuder-iolhr. The machine contains eight poroupinea and eight pairs

of rubbers, and balls the material on four bubhins 14 in. traverse, two threads upon each, and

each of which ia reduced from two balls, requiring therefore 16 balla in the creel. It can be made

for six, eight, tm, or twelve bobbins if required.

11th and 12th Processes. Second Drawing-frame.—Repetitions of the preceding operation,

and on a similar though rather smaller machinc>. The sliver from the foregoing is doubled two

into one with a draft of about four, aa in foregoing operation. The bobbins in this case are of

12J-in. traverse.

13th Process. Reducing.—Again a process similar to the last. The slivers are again doubled

two into one, and attenuated by a draft of four, by which they are again reduced to half their

former dimensions. The macliine baa four boxea, eight porcupines, eight pairs of rubbing leathers,

eight bobbins of 7-in. traverse, and creel for two heights of bobbina.

14th and 15th Processes. Slubbing.—Both ainiilar to the preceding, but the doubling is four

into one, with a di-aft of four, giving sliver of the same dimension. Bobbins 7-in. traverse, two

threads being wound upon each.

16th and ]7tli Processes. Roving.—Substantially the same as the foregoing, and performed

on the same class of machine, though somewhat smaller. Doubling four into one, and drawing

four.

18th Process. Finishing roving.—This is the last stage of roving, and again the machine is

similar to the preceding. Tiie doubling is however two into one, with a draft of four. This last

machine contains four boxes, eight porcupine-rollers, eight pairs of rubbers, and creel for four

heights or 16 bobhina. The finished roving is received on eight bobbins of 7-in. traverse. The

machines for all the preceding processes from and including the tenth, are similar in construction

and principle, varying only in size and very slight details ; the latest ones are smallest. To secure

freedom from vibration, which would injuriously affect the quality of the proces;es, the head-

stock is built upon a strong base-plate, which prevents vibration from the gearing and the rubbing

motion. The different parts are so constructed as to permit changes to be made with the greatest

facility, to secure steadiness in working, so as to prevent any cutting of the wool, aud finally to

obtain durability in the machine. Through all the preceding stages, there has been no twisting

of the fibres, consequently no straining or damaging of the fibre, either by destroying its elasticity
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or injuring its scaly imbrications. It arrives at the stage in which it has to assume its final form

with all its qualities intact, and in the best condition for being subjected to severe torsion and the

strain of a great draft. A four-hank roving is drawn and twisted simultaneously by a draft of ten,

so as to make a yarn of 40's count.

19th Process. Spinning.—The final machine of this series is the mule, and, not as in the

English system, the throstle-frame. Piatt Bros. & Co., Limited, of Oldham, the makers of the

different machines thus briefly described, have introduced several important improvements in this

machine. The one attaclied to the series of maoliines under notice contained 300 spindles 16 in.

in length and y^-in. gauge, and was fitted with four lines of rollers, the lower one of each line

being case-hardened, and the front top rollers being of wood covered, and having case-hardened

iron pivots, weighted by saddles and levers, the three rear-line top rollers being simply incumbent

upon the lower ones ; it bad also the double rim-band arrangement, and conical friction-box for

working the cam-shaft and taking in the scroll-shaft. By newly invented appliances, the carriage

can be stopped, or rather will be stopped automatically, at any point of its course, either in coming

out or going in, by the presence of any obstruction, and the spinning operations will cease

automatically should the cam-shaft make its change before the appointed time. New means are

adopted for regulating the tension of the backing-off chain during the depression of the faller-wire

to the spindle-point, preparatory to commencing the backing-off. An automatic arrangement for

forming the upper cone of the cop, technically called a " nosing" motion, is included in the various

improvements, and also a patent winding-on motion, by which the winding is automatically

adjusted to the enlarging form of the cop. These improvements constitute this mule not only a

novelty for spinning worsted in this country, but also a more perfect machine for its purpose than

any existing upon the Continent from which the general idea has been borrowed. Many of the

novelties have been transferred and adapted from the cotton-spinning mule.

Weaving.—Passing the intermediate processes after spinning, as not differing in any feature of

importance from those in other divisions of the textile trades, we come to weaving. Here again

there is little to distinguish it from the same branch in the cotton trade, to which it bears a close

resemblance in details. There are a great quantity of fabrics made in a phiin weave, though not

to such II proportion as in cotton. In the worsted trade, the complicated weaves are proportionately

much more abundant, and the jacquard a far more frequent adjunct of a loom. The plain loom, as

it is called, is usually fitted to weave Orleans, alpacas, mohairs, and twills up to 6-8 shafts.

About the first departure from this class of loom is the one represented in Fig. 1470. It is a
single-pick rocking-box loom, with a two-holed shuttle-box, and weft motion at each end. The
cylinder and boxes are on the ordinary plan, but a tappet a is introduced upon the top or single-

pick shaft, which elevates a rod having a double-catch b at its extremity, connected with a slot

motion working in the inclined slot-groove. In this groove works a single stud, projecting from a
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horizontal square rod placed parallel with the bottom shafL At each end of this rod is fixed a

clutch, which can bUJo the tappet backwards and forwards on any single pick whenever required

08 directed by the arrangement of the cylinder. Three levers are provided on the cylinder, the

middle one working the tappets, the inside one the boxes at the cylinder end, and tlje outside one

the boxes at the driving end, the motion being transmitted through a small rod in proximity to

tlio spur-rail.

Fig. 1471 represents a loom constructed for a wider range of work than the preceding, being

adapted to weave complex checks requiring.a variety of colours. Its treading or shedding arrange-

ment is similar to

the preceding, but '*"•

differs in its box capa-

city, 6-8 or more

boxes being arranged

around a common
centre, and caused

to revolve by an end-

less chain from u.

star-wheel in connec-

tion with a pegged-

wheel actaati.d by a

three-rise tappet on

the bottom shaft. A
card motion having

an eccentric and ordi-

nary cylinder con-

nects tliis tappet with

the catches. A
novel arrangement,

however, is intro-

duced into tliis loom

in the shape of a

sliding bowl between

the three-rise tappet

and the upright lever

tliat moves to every

donble pick, and

draws the drag

catches that pull round the boxes. This sliding bowl is actuated by the cylinder, which slides it

backward and forward to or upon any of the elevations of the thret-rise tappet, as required, two

cylinder pegs of diiTerent lengths being used to effect this object. The movements can " skip " or

pass over any of the shuttle boxes, according to requirement, with facility and ease, bO as to

bring any desired shuttle into work. The complicated mechanism of this class of looms has been

within recent years brought to great perfection, thus giving certainty of notion and relatively gi-eat

speed.

Into the finishing processes of this branch there is no necessity to enter.

Carpet (Fe., Tapis; Gek., Teppich). The carpet manufncture forms a considerable branch of

the worsted section of the textile industries. Floor-coverings are ofgreat antiquity, and in general

use omongst both savage and civilized races. They were most probably suggested by the verdant

clothing of the earth's surface, and consisted in early times of leaves, grasses, rushes, straw, and

similar substances of vegetable origin. Amongst pastoral races and those addicted to hunting, the

skins of domestic animals and of those slaughtered in the chase were at an early time utilized in

the same manner. It is not improbable tliat the art of weaving had its origin in the endeavour to

obtain a cleanly and more comfortable article than leaves and rushes. This was realized by plait-

ing or interweaving reeds from the river-bank in a manner which has survived to tliis day. In

tropical climes, and the warmest of the temperate regions, these woven mats are still extensively

used ; especially amongst the poorer classes of society. With the development of the art of weaving,

more luxurious coverings were devised, for which a ready demand was found amongst the rich.

Ancient civilized nations very early attained great skill, and displayed a high degree of refined

taste in the designing and manufacture of carpets. Cliina, India, Persia, Turkey, and Spain, under

tlie Moorish dominion, are stated to have attained excellence in this respect. According to ac-

cepted canons ot taste, the work produced in Hindoo, Persic, and Turkish looms, yet stands in the

front rank, if not in the very lir^t position for its indisputable elegance of design and quality of

product. Of hite years, however, it is complained that these characteristics are undergoing
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deterioration, as contact with European peoples is degiaJing tlie former, and making the artistes

acquainted with the processes of sophistication.

Coming to the present times, it need only be remarlied that as carpets are articles of general

consumption in all civilized countries, their manufacture is very widely spread. In this country,

Kidderminster stands at the head of tlie districts where the industry is carried ou ; Wilton,

Worcester, Eochdale, Halifax, Dewsbury, Durham, and several towns in Scotland, also participate

in the trade. The Continent receives a large portion of its supply from the looms of England,

though factories exist in some countries there in which higli-class fabrics are produced. Of hite

years, a great development has taken place in the caipet manufacture of America, stimulated by

the prohibitive tariff that has been applied to foreign productions. Philadelphia is the centre of

the American carpet industry.

Carpets are made of various materials, either unmixed or in different combinations, according

to the structure or effect required. A common carpet is produced in jute by the employment of

dyed yarns, the effect being obtained by arranging the colours in stripes parallel with the length,

a checked effect resulting from crossing these with various coloured wefts (transverse threads). Tiia

" Kidderminster " or '' Scotch " carpet, as it is indifferently called, is a figured fabric, generally

having a worsted warp and a woollen weft, though in low qualities the latter is sometimes of cotton.

In tapestries, Brussels, and similar fabrics, the warp is of linen or cotton, and the filling or weft

forming the back of cotton or jute, whilst the pile is invariably of worsted.

Until within a comparatively recent period, carpets were woven in hand-looms, but the growing

demand and the progress of invention has led to the introduction and extensive adoption of power-

looms in this as in all the other textile industries. The different varielies of carpet, however, require

different kinds of loom. Fig. 1472 is a representation of one of the best looms for the production of

Scotch or Kidderminster carpets. As a great portion of the effect is obtained from the employ-

ment of coloured wefts, the loom is fitted with revolving shuttle-boxes, which permit of the

employment of as many as 16 shuttles, each containing weft of a different shade or colour.

Another important feature in it is the possession of a double-beat lay, produced by the action of a

cam, and which enables a clear shed for the passage of the shuttle to be secured, and, the weft

being driven closely home, a firm texture is obtained. An improved arrangement for taking up

and retaining the fabric as it is produced is introduced, ensuring uniformity of texture. Tliere is

very little in this machine in the way of specialities beyond what has been described in preceding

articles on the different branches of the textile industries, except the few adaptations needed to

render it better suited for its particular purpose. One feature, however, which has not hitherto

been described, and whioli is a chief purpose of its introduction, is the jaoquard attachment, a most
important adjunct to the loom in nearly all tlie textile trades.

Figured fabrics have been produced in the loom for ages past, but these required great skill on

the part of the weaver to fabricate, and were consequently rare and costly, until the invention of

mechanical aids to the weaver. Tliese aids gradually increased in number, and were of various

degrees of merit. The most important, and the one in general use until about 1S20, was the draw-

loom, which required the weaver to have an assistant, called a "draw-boy." The boy was attcr-

wards partially superseded by the invention and adoption of a machine culled a " draw-boy
machine." These plans were in common use some time after the invention of the jaoquard, but

the great superiority of the latter when its merits become known, quickly secured its adoption.

It is simply a development of the draw-loom.

The jacquard machine was introduced into England about 1820, and after that time was soon

extensively adopted. Numerous improvements have since been made by different persons, and it

has been brought to a high degree of perfection. It was first applied to the hand-loom, and after

some time to the power-loom. Its capacity was greatly extended by the invention of the system of
making compound harness, and also " split " harness, by two weavers of Bethual Green.
A brief description of the illustration will suffice for present purposes. The mechanism

contained in the frame on the top of the loom, and which constitutes the jacquard, consists of a
prismatic roller called the " cylinder," which revolves on its axis. Inside the frame near this is a
perforated board, called the " needle-board," containing a considerable number of " needles,"
usually 200, 400, 600, or 900, and from these numbers the jacquard is named. It is not often that
in the power-loom this number exceeds 400. These needles extend horizontally across the frame,
one end protruding about J in. through the holes in the needle-board in the direction of the
cylinder, whilst the other terminates in a box on the opposite side of the frame, called the ' spring-
box," because each needle at this extremity is fitted with a fine spiral spring, the whole of which
are contained in Ihis box. In the centre of the length of these needles, a loop or eyelet is formed,
through which wires are vertically passed having hooks at both extremities, the lower ones being
attached to the descending cords called the harness, which again are connected with the leashes
containing the mails or eyelets in their centre, through which the warp threads horizontally pass.
The tops of these wires are bent to form an acute-angled hook, almost like the barb of a fish-hook
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Above these hooks, is a fmnio composed of several bars, called the " griffe," which is made to

ascend snd descend nlternatly, the bars fitting into the angle of the hooks. The "cards" are

Btrljis of cardboard about ^ in. thick, closely perforated with round holes to receive the ends of the

1472.

horizontal needles. These cards are laced together so as to form an endless web, and the web is

placed over the cylinder. At each extremity of the card is a larger hole, into which fixed pins on

the cvlin<Ier enter, and by whicli they are carried round. The loom having been provided with

U s
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warp, and the proper connections established between the different parts, it is ready to commence
work. Tlie cards are perforated to produce tlie design required, and according to this the pattern

is woven. With the commencement of weaving, the card cylinder begins to revolve, bringing, up
the cards on the inside of the jacquard-frame. The cylinder being carried in a " lay " or batten,

oscillates a sufiioient distance to allow space for it to be drawn or pulled round by a pawl or lever,

by which it is moved. Every movement is the fourth part of a revolution, and brings up a fresh

card upon the cylinder, at the same time delivering the most advanced upon it. The cards are so

adjusted that each lies evenly on the flat surfaces of the cylinder, and by tlje oscillation of the

batten is brought " square on " against the needle-board. The ends of the needles, projecting

about i in. through the board towards the cylinder, enter the perforations of the cards if tliese

happen to be opposite tlieir extremities, and are thus undisturbed, and keep their hooks upright.

The griSe having simultaneously descended, its bars catch hold of these hooks, and in rising it

draws them upward, and through the harness and the leashes containing the mails lifts the warp

threads, opening a " shed " or passage for the shuttle. As only a portion of the threads are

required to be raised at once, the others are prevented rising by the following means : When tlie

cards are pressed against the needle-board, those needles which do not come opposite a perforation

or hole in the card are pressed back and carry with them their vertical hooks, which are thus

pushed out of range of contact with the bars of the griffe. Owing to this tliey are not drawn up
when the griffe ascends. The threads thus left down are usually, though not always, lifted by the

succeeding card. It will thus be obvious that there is scarcely any limit to the capacity of the

jacquard to produce variety of design, as any single thread of the warp can be raised when
required. In the ordinary jacquard, one card is required for every transverse thread or pick of

weft contained in the figure or design of the cloth. When these have all passed over the cylinder,

the pattern is completed, and a repetition commences. Sometimes these designs are very

elaborate, and take many thousands of cards, instances having occurred in the silk and linen

trades wherein they have exceeded 30,000. Many ingenious appliances have been invented to

diminish the number needed in such cases, but to detail all these Is not necessary ; a description of

one of the most recent improvements will suffice.

This is an invention patented during 1881 by James Irving, manager for Richardson, Tee,

Eycroft, & Co., linen manufacturers, of Barnsley, and which is Intended to obviate the necessity

hitherto existing of having to change the set of cards in use wlien weaving goods having end borders

or figured centres, or both. The common plan would be to use a sufficient number of cards to work
the design riglit through, but as the use of a great number of cards can be dispensed with by
employing one set for the centre figure or bonier or both, and another set for the ground and end
border, and making the change when required, tills plan is generally in use. The great drawback
to it has been the cost of making the changes, weavers (men) being paid l-2d. for each occasion.

This generally amounts to 3s.-5s. per loom per week, an important addition to the cost of

weaving. Wliere women weavers are employed, it has been necessary to employ a man or two for

the purpose of making tlie changes for them ; but as many of these requirements arise at the same
moment, much additional time is lost in waiting. In whichever way the changes are made on
these plans, 10-15 per cent, of the working hours of the week are lost. As fabrics which require

these changes are numerous in all the textile industries, Irving has conferred a service on the trade

generally by this invention.

In his first plan, to the ordinary jacquard with which the loom is furnished, he adds a supple-

mentary apparatus of the same kind, which is provided with all the requisites as in the first case,

but is smaller. The conjoint apparatus stripped of all unnecessary detail is shown in Fig. 1473.

The first jacquard is represented at a and the second at b. The connection between the two seta

is secured by the harness descending from b, and joining the harness of the first jacquard at h. In
the figure, it is assumed that the fabric in process of manufacture is a rectangular drugget, or

other article having a central design, which is indicated by rf, a plain or ornamental ground e, side

borders /, and cross or end borders not shown in Fig. 1473. The lines marked ghi indicate the mails,

of which, to preserve clearness, a few only are introduced. The mails g lift the warp threads, which
enter into the formation of the borders, being attached to the hooks of the set of needles at k

which are operated by a set of border-pattern cards, shown on the cylinder below them. The mails
A lift the threads that enter into the composition of the central figure, and are connected with a set

of needles at I, and also by the additional harness to the needles in the second apparatus. The
mails i operate the threads that compose the ground which are not woven either into the side

borders or the central figure. These are connected with a set of needles at m by means of the
harness indicated by doited lines. Above the needles I, a plate o is suspended, which can be
lowered when required between the needles I and the cards upon the cylinder r, it being of such
dimensions that when thus interposed and subjected to the action of the cylinder-batten, it pushes
in the whole of the set of needles it covers, thus neutralizing the action of the cards, and throwing
the hooks out of contact with the griffe, as long as may be required. This interposition is easily
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brought ftbout when the weaving of the fabric has progressed to the point where the formation of

tlic oontml design has to commence. Thus blocked, the mails would remain inoperative, and the

warp threads would not be woven into the fabric, were it not for their connection by the lines of

the second art of harness with the supplementary jacquard b. As soon, therefore, as the central

figure has to commence, the weaver stops his loom, interposes the block-plate o, on the first

c^l l;;3iiJ;!i!i:=:i'Hiiii^liiUg|H
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central design, thus dispensing altogether with the supplementary jacquard and its fumisliings.

From various causes, such as the failure of the automatic stop-motion to arrest the movement of

the loom when the weft thread has broken, or from the necessity through the occurrence of a

fault to unweave a portion of the cloth, tlie card gets out of proper relationship with the parts of

the pattern last woven, in which case it is necessary to reverse its movement with facility and ease.

Fig. 1476 shows a means whereby this may be readily done. There are two levers a> y, the first

being a presser-lever, and the second a catch. Both are furnished with cords at their free ends,

by pulling which they can be lifted clear of the cylinder, which can then be turned in either

direction with ease and rapidity by means of the endless band z, passing over the grooved pulley

on the axis of the cylinder.

The economy effected by the invention will be easily seen from tlie following statement, which

may be regarded as a fair average result of its application. Suppose a loom is required to be mounted

for the production of a towel 40 in. long, and 90 picks to the inch. This, under the old system,

would require 3690 cards, 600 long, the centre and border patterns being stamped on one card.

If these patterns were on separate cards, as on a still older plan, 7830 cards would be required

300 long. By the improvement under notice, 600 cards 600 long will produce all the design.

The expenditure on the first-mentioned system, requiring 3690 cards, would be as follows :—Cards,

51. 18s. ;
punching the patterns, 5^. 5s. ; band, lis. 6A ; wire and wiring, 18s. 6c?. ; lacing, 11. 7s. =

14?. The improved form would be: for cards, 12s. 8d.; punching, 18s. 8d; band, 25.2c?.; wire

and wiring, 3s. ; lacing, 4s. Gd. = 21. Is. In an economical point of view, this is of considerable

importance in an establishment having a considerable number of looms.

This heavy expenditure on the old plan has, however, led to the extensive adoption of the

alternative method of changing the cards detailed above. But owing to the cost and the loss of

time during working hours, it is jquestionable whether it is really of any considerable advantage.

Also it may be remarked that any change in the length of the towel necessitates a corresponding

change in the number of cards, which is a source of delay. The 600 cards oa the improved plan

weave any length required, and the change from the body to the border pattern is eifected without

stopping the loom. In fabrics having a medallion centre, on the plan generally in use, 1800 cards

are required for border and filling in addition to the ordinary set, and these need to be changed
six times during the weaving of each cloth. This improvement requires only an addition to the

ordinary set of the actual cards used in weaving the centre figure, whilst changing is altogether

dispensed with. Its advantages will therefore be fully obvious.

In carpets such as Brussels, tapestry, and pile fabrics generally, the body, backing, or foundation

forms the true fabric, with which the pile-threads are interwoven. The latter are usually of a

different material, and are interwoven in such a manner as to form a terry, looped, or pile surface.

The weaving of these articles differs only little from that of plain fabrics or those woven by the

jacquard. All that is required in addition is mechanism by which the pile-threads can be
formed into loops on the surface during the process of weaving. There are several plans of

doing this, but the one in highest favour is that wherein wires are introduced into the " shed" or

opening formed between the body and the pile-warp, and which, when the threads of the latter

have been woven down into the body-fabric, are withdrawn, leaving a line of loops across the width
of the fabric. Previously to 1850, nearly all carpets of these kinds were woven by or on hand-looms.

This was a laborious occupation, and the production of each weaver was a small length per week.
There have been considerable improvements since the date mentioned, by which the quality has

been improved and the production increased. There are yet in use in both this country and
America a considerable number of hand-looms, chiefly employed with jacquard attachments on the

production of ingrain and damask carpets.

Mechanicians in the field of carpet manufacture had a comparatively easy task before them.
The power-loom with the jacquard attachment was ready to their hand in a very perfect condition.

All it required was that its different parts should be strengthened and adapted to withstand the

shock of driving home the filling in a heavy fabric like a carpet. This was easily accomplished
as was the addition of a strong pacnig or warp-delivery arrangement and taking-up motion. The
principal part requiring to be invented, and which is peculiarly an adjunct of the pile-fabric loom,

was an automatic method of inserting and withdrawing the wires by which the loops of the pile

are formed. Another important point was to combine this apparatus with the mechanism of the
power-loom as employed for weaving either plain fabrics or those with jacquard patterns. After
some difficulty, this was successfully accomplished, and since that time the carpet industry has
rapidly extended in this country, and of late years also in America.

Figs. 1477, 1478, 1479 illustrate the construction of the fabrics known as tapestry, Brussels, and
velvet-pile carpets. The first is a longitudinal section of the tapestry carpet, with the shed open
for the insertion of a looping wire. It will be observed that the warp consists of three distinct

portions. The pile-warp a is usually composed of printed worsted yarns, the design being printed
in such a manner that when woven and piled in the fabric, a pattern shall be the result. The next
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ia tlie boJy-worp bb', usually of linen or cotton yarns ; of late years, the latter have come to be

preferred, as it is found from their greater pliability that they wear better than linen warps for

bocks. This warp binds the whole fabric together, being interwoven with the weft, the threads of

MVV, o,^

— »

ftv-r.li.!.,,,T¥y

which are seen in section at c, forming two series, one under and one over the third warp d. This

warp is introduced to give thickness or substance to the fabric, and in tapestry is generally composed

of some eoftly-spun, cheap material which will allow the other portions to embed themselves in it,
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80 that during wear the pile-threads will not easily allow themselves to be drawn from their

position. The threads of this warp neither rise to the front nor descend to the back of the fabric ;

being introduced only for the purpose before named, they are retained in the centre of the fabric.

The threads of the pile-warp a are never taken below the filling-warp d, consequently they never

appear at the back of the fabric, which fact explains the absence of coloured tlireads at the back of a

tapestry carpet, by which inexpert people are best enabled to recognize its true texture. In weaving,

tlie whole of the pile-threads are lifted and lowered at once ; when raised, it is for tlie purpose of

admitting the introduction of a new wire as seen at e. When lowered, one portion of the body-warp

b is raised to form a shed for the weft, which has the filling-warp d raised to form a different shed

for its return. The course of each warp and its function in the construction of tlie web can easily

be traced from the diagram. After a sufficient length of the fabric has been woven to prevent the

tension on the pile-warp drawing down the loops, the wires are withdrawn, and are then ready for

renewed use.

Fig. 1478 represents a similar section of Brussels carpet with the shed in like manner open for

the insertion of a new wire. The texture of the fabric is very similar to the preceding, so far as

the interweaving of the threads goes. The body-warp b serves the same purpose as in the preceding

case, but is differently composed, there being three, four, or five times as many threads in the pile-

warp as before, and only J or -i of these are raised at one time to form the pile. The remainder take

the position of the filling-warp in the tapestry carpet. In Brussels carpet, the pile-threads are

individually of one colour only, and not printed to form the design as in tapestry, the jacquard

lifting the coloured threads to form loops as required by the nature of the design. Some of the

pile-threads being required to be raised very frequently, and others only at long intervals,

necessitates the use of a creel or bank in which bobbins containing only one thread each are placed.

In this differing from the tapestry carpet. The pile-tlireads are all wound upon one beam. The
embodiment of such » large proportion of tlie pile-threads in the filling-warp causes the

colour of the threads to appear at the back—indubitable evidence of its being a true Brussels

texture.

Fig. 1479 illustrates the construction of the web of a velvet or cut-pile carpet, which is almost

identical with the Brussels in texture, except that two tlireads of weft c are used for binding the

pile. The pile wires e are also elliptical in the form of their section, thus making a deeper pile when
inserted ; and, being furnished with a knife-edge at the distant extremity, cut the loops when
withdrawn, as illustrated in Fig. 1479. Fig. 1480 is a full-size illustration of the wire used for

weaving a cut-pile fabric, g being the blade or cutting end.

Figs. 1481, 1482, 1483 exhibit the order of " shedding," by which the Brussels carpet is com-

posed. Fig. 1481 is for the passage of the shuttle and the reception of the weft. All the pile-

threads a have been raised, and also one-half of the body-warp b, the remainder being left down.

The shuttle is then thrown through the open shed, leaving the pick of weft that shows itself at the

back of the fabric. The next movement opens the shed shown in Fig. 1482, which is also for the

passage of the shuttle, and the reception of a thread of weft. In this, all the pile-threads are down,
and the two portions of the body-warp b remain as before, the shuttle traversing the shed again puts

in the top pick or thread of weft, which is the binding pick by which the loops formed upon the

wire last inserted are tied securely in position. Fig. 1483 shows the last shed necessary for the

formation of this particular fabric. It is for the reception of the wire used in the formation of

the loops ; all the body-warp threads b are left down, also all the pile-threads a not required for the

design ; those needed to form the pattern are lifted by the jacquard, and, on the insertion of the

wire, are retained in loops by it until a binding thread of weft has tied them down. To keep them

secnrely fixed, the wires are left in until a sufficient length has been woven to prevent them being

drawn backwards.

As observed before, the problem to be solved in connection with the carpet-loom was the

invention of an automatic plan of inserting and withdrawing the wu'es to form the loops. As in

connection with nearly all other mechanical inventions, the present approximately perfect system

has been the result of growth, the first rude effort serving as the foundation upon which

succeeding inventors have built. An arrangement was first constructed by which from a bundle of

wires a single one was successively drawn as required, and, by means of a pair of nippers, fixed at

the end of a reciprocating rod, was carried into the shed ; and after having been woven into the

fabric and subsequently withdrawn from the loops, the wires were returned by the hand of the

weaver to the bundle. An improvement followed this by which the whole operation was rendered

self-acting. This consisted of dropping wires successively from a hopper into a longitudinal groove

in a rod, which was carried into the shed in guides, and was then caused to make a half-revolution

by means of a screw-incline on the rod, by which the wire was dropped into its place in the shed.

Tlie wires were successively withdrawn from the fabric by reciprocating nippers, and carried up

agam into the hopper by endless chains. The next sfa-p was to simplify this by a plan of placing

the wires separately in a groove from which in succession they were pushed into the shed, and
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boihg constructed with a hook at the back end, each was subsequently, at tlio proper moment,
withdrawn and transferred to the feeding-trough for use again.

In those first attempts, various means were used to support the forward extremity of the wires,
as it waa assumed that they could not be otherwise held with sufficient rigidity to secure their
correct insertion without being thus sustained. This plan was, however, afterwards abandoned,
as by the aid of further improvements it was shown to be unnecessary.

Some years ago, W. Weild, of Jfauohester, invented a system of inserting the wires in carpet-
looms which, with subsequent improvements, has remained in favour up to the present tima This
plan is known as the roller wire-motion, and is fixed to one side of the loom. Figs. 1484, H85,
1486, show front elevation, plan, and section of this attachment. In the two first figures, a wife a

^,.^^^pu
cxr

is shown being inserted into the shed of the fabric. In the plan, Fig. 1485, is shown a portion of

the woven fabric, and tlie reed with which tlie weft and the wires are pressed to the fell of the

fabric—the part last woven. Fig. 1486 is a transverse section of flie roller r in its eating e and
the slide t for inserting and withdrawing the wires. The roller and its casing e are rather longer

than the width of the carpet to be woven, and the upper part of the casing is cut away through
the extent of one-sixth of the circumference of the roller, as shown in the figure. In the surface of

the roller r six longitudinal grooves are cut, of a width and depth corresponding to the diameter of

the wires. The roller enclosed in its case is fixed with its end about 9 in. from the edge of the

carpet, and with its upper surface parallel and in the same plane as the " fell " of the carpet. At
the end of the easing nearest the wai'p, a recess is formed between the end of the roller r and a hoop /,

Fig. 1485, concentric with the roller. In this recess, which extends through i of the circumference of

the roller, the heads of the wires are held when inserted in the fabric as shown in the plan. The
hoop keeps the heads of the wires down in their places, and prevents them being pushed too far

into the warp, and at the same time prevents their being withdrawn before the proper moment. A
projection upon the end of a spring j attached to the side of the casing keeps the heads of the wires

erect, pressing them against each other, and against the end of the recess during the whole time

tliat the wires remain inserted in the carpet. At the opposite end of the roller, is a projecting

collar formed all round the roller, between one end of the casing e and a hoop carried by a bracket.

This collar contains six grooves in which to receive the heads of the wires, and retain them in

their correct radial position, whilst being carried round by the roller, in the direction shown by the

arrow in the sectional view. When the roller is stationary, two of its six grooves are opposite the

two extreme wires in the recess i, Fig. 1485, one being opposite the wire last inserted, and the other

opposite the wire next to be withdrawn from the fabric. The other four grooves A have each a

wire lying in them as shown in the section, so that each time the roller makes J rev., one wire is

brought round to the place for insertion into the shed of the warp, and the wire last drawn from

the carpet is carried away.
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On the front of the casing e, a slideway is formed parallel to the axis of the roller r, upon which

is fitted a slide t carrying a finger u for inserting the new wire, and the pawl v for withdrawing the

last wire. The finger is hinged upon the slide i by a spring-joint, as shown in the section, so as

to be steadily held when either up or down. "When down, as in Fig. 1484, it slides against the

inserting edge of the casing e;

and a recess in the extremity of '*'*

the finger fits over the head of

the wire that is being inserted,

so that, as the slide t traverses

inwards towards the carpet, the

finger u pushes the wire forwards

into the shed, holding it down
into the groove of the roller.

When the slide arrives at the

inner end of its traverse nearest

to the carpet, the pawl v is

tripped up by the head of the

wire next to be withdrawn, and

drops on the inner side of the

head, and the wire is then with-

drawn by the pawl during the

outward traverse of the slide t.

In order to prevent the wire,

whilst being withdrawn, escap.

ing from the groove in the

roller, several curved fingers k

are used, jointed to the under side of the casing. The ends of these fingers cover the grooye which

receives the wire withdrawn, as shown by the dotted lines in the section, and each finger is pressed

down upon the roller by a spring acting against the side of the hole through which the finger

passes in the casing e. These fingers have to be lifted out of the way successively, in order to allow

the head of the wire to pass ; and this is done by a double incline I upon the bottom of the slide t,

which acts upon the projecting tail of each finger in succession during the traverse of the slide.

The slide receives its traversing motion from a rope x, which is secured in a hole in the slide

by a block and set-screws, Fig. 1484 ; this rope passes over guide-pulleys at the ends of the roller-

casing e, and then downwards to a larger pulley not shown in the drawings, to which the two ends

of the rope are secured. The shaft of this pulley carries a pinion-gearing with a toothed sector,

which is centred at the top in the framing of the loom, and is worked backwards and forwards by

a drum-cam upon a shaft behind. This cam is shaped to produce a quick forward traverse of the

slide t, so as to insert the wire quickly whilst the shed is held open for it; but it gives a slower

backward traverse to the slide, so as to withdraw the wire slowly, having more time in which to

perform this operation, as a wire is inserted only in every third shed.

After each wire has been inserted, the wire roller r is turned round through i rev. in the

direction of the arrow, by means of appropriate mechanism. A cam upon the end of the cam-shaft

gives motion to a lever, oscillating upon a centre in the framing of the loom ; and the other end of

this lever has a forked pawl jointed to it, which is kept pressed by a spring against the pins in the

disc n, secured upon the end of the wire roller. The wire is held steady by a T-piece sliding

vertically, and which is pressed upwards by a spring against the pins in the disc n. The wires

lying in the grooves of the roller, previous to insertion into the fabric, project 2-3 in. beyond the

inner end of the roller ; and if the point of the wire went straight forwards as pushed from the

roller groove, it would be impossible to make it enter the shed correctly, as it would then be so close

to the fell of the fabric, or junction of the warp threads forming the fell or angle of the shed, that

the point of the wire would inevitably catch these threads. The wire is consequently sprung or

deflected upwards, as shown at a. Fig. 1485, by means of the short grooved guide z, through which the

wire passes as it is pushed out of the roller groove. This guide is fixed upon the top of a vertical

rod which is moved up and down by a lever actuated by a cam, and when the wire has been pushed

nearly through the shed, the guide is lowered into the position shown by the dotted lines in

Fig. 1484, to be out of the way of the wire at the moment of its being driven up by the reed, after

which it is lifted again to be ready for the insertion of the next wire. The springing of the wires

by the guide in directing them into the shed might at first sight appear objectionable, but the

amount of this bending does not exceed what they will recover by their own elasticity, and the

experience of working during several years has proved it to be of great advantage, because the

bending stifiens the wire and makes its point steadier whilst passing through the shed. Besides

this, in consequence of the angle at which the guide causes the wire to enter the shed, the point of
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the wire comoa into a wider part of tlio shed, the further it passes through the sheJ ; and thus as

the unuteadiness of t)ie point of the wire increases with the greater length unsupported in the shed,

more space is allowed for its vibration without risk of its catcliing the threads forming the shed.

Owing to the position of the roller wire-motion at one side of the loom, the shuttle-box on that

side has tn be made detached from the ordinary sley or batten. It is therefore carried upon separate

sley-swords, which oscillate upon a shaft coinciding with the shaft of the ordinary sley. This loose

sliuttle-box is actuated by a cam upon the craiik-shaft of the loom, which acts upon a roller in a

rod jointed at one end to the shuttle-box, the other end of the rod being slotted to slide upon the

crank-sliaft as a guide. The cam is shaped so as to actuate the loose shuttle-box in such a manner

that it will come opposite to the sley and have a motion identical with it at the time the shuttle is

passing into the shed. The description of this ingenious attachment to the carpet-loom is

substantially that of the inventor. On good looms, to which it has been added, a production of

42 yd. a day as an average is easily attainable, including stoppages.

During the past few years, several important improvements in the carpet-loom have been

introduced, the object of which has chiefly been to simplify the mechanism and facilitate production.

The Bigelow loom, the first successful power-loom for tlie manufacture of carpets, was an American

invention, and we are indebted to that country also for several recent improvements of an important

nature.

The standard make for Brussels carpet is 8 wires for 1 in. of length and 27 in. of width of

carpet. The difference in the work involved and in the quality consists in the greater or less

number of coloured threads used in the pile-warp for forming the pattern ; in the best carpets,

these amount to 1300, all of which are to be brouglit up to tlie surface in turn and kept in order.

About \ of these must bo lifted by the jacquard at each insertion of a wire, to ensure its being

completely covered all across the fabric. To the above threads liaveto be added those of the body-

warp, about 400 in number, thus bringing up the total in a good Brussels to about 1700, each of

which must have a separate mail or cord, so as to permit of its being picked up individually when-

over required by the design.

In the manufacture of carpets, as in other goods, great changes have been produced by the

extension of our commerce. English wools, such as britch, saycast, matching, neat, brown drawing,

and other sorts were formerly the main bulk of those consumed. These, however, would now be

too expensive, and consequently have been superseded by foreign wools, such as E. Indian, Persian,

and other barbaiian wools, i. e. wools from unimproved breeds of sheep, many of which possess very

good qualities for carpet purposes. Oporto wool is in high estimation, yielding a soft, lustrous

yarn, which covers the grounds veiy well, and is extensively used for medium shades of colour, and

for browns, yellows, &c. Best whites ore made from high class English woul, whilst low whites

are obtained from an inferior quality of our home produce. The former are also used for white

shades and light drabs ; a medium quality is used for general purposes, and is suitable for such

colours as reds, browns, and most dark shades. For black grounds, it is most economical, and also

satisfactory as regards quality, to use a level, full, and well-spun grey yarn. Less dyestuff is

needed to get the required shade, which, when it is obtained, is as solid and durable as that upon

a white yarn, though the dyeing will have cost 20 per cent. less.

The quality of carpet pile-yarns is judged high when it is free from lumps and kemps, and is

evenly spun in every respect. It is far the wisest course, though nut quite a common practice, to

scour samples of all yarns intended to be bought, because this reveals the faults, especially when

unevenly spun or twisted, which causes it to " cockle " or twi^t up, arising from the strands having

shrunk unequally ; this fault gives much trouble in after processes. When the sample hank has

been scoured, it should be compared with that in the grease by extending it upon the hand ; if it

has shrunk very much or has " cockled," it will not prove a satisfactory yam in working, and ought

to be avoided. It is also desirable to cixrefully ascertain the diminution of weight after scouring,

because much loss may accrue from buying yarns heavily laden with grease. The strength of the

vain is always au important matter, and care should be taken to have it of a quality equal to the

work expected from it. Both in this respect and in regard to fineness, it should be tested

frequently; in the latter, in every delivery when the yam is purchased from outside. When

the test shows it to be within a quarter of a count of the nominal fineness, it is regarded as

correct.

Scouring the yams is simply the process of clearing them from the oil and grease of previous

stao'es and is ordinarily performed in a " wash," or bath of water in which soap or honey soda has

been dissolved. Several special methods have been adopted for doing this efficiently, but these

require no particular description, as the object of all is to clear the yarn perfectly. The system by

which this result can be secured most completely is manifestly the best one, and any plan falling

short of this is not to be adopted. AVell-cleared yarns take the dyes more perfectly than others, and

yield a better result.

For dvcing purposes, copper, wooden, or stone vats are usually employed. Of these, perhaps
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those of stone are most eligible, for they do not absorb and retain the colours to the detriment of

succeeding baths, as do those of wood, and are rarely if ever affected by acids, as is sometimes the

case when they are composed of metals.

Several hank-dyeing machines of considerable merit have of late years been introduced into the

various textile industries wherein dyeing is a branch of the process, and these have found favour

amongst carpet-manufacturers, because of the greater uniformity of colouring obtained by their use.

The hanks of yarn are by means of the machine simultaneously immersed in the dye-bath, and iu

like manner withdrawn when required, all being thus uniformly exposed. A recent improvement

also enables the hanks to be automatically wrung, which ensures every hank being twisted exactly

aMke, whereby the liquid dye is equably expressed, and evenness of shade is secured.

By these various improvements, carpets are now produced, and enabled to be sold at very low

prices, whilst retaining excellence of quality and beauty of design.

Besides the pile-warp, which is always composed of worsted, there are three other varieties of

yarn that enter into the composition of a carpet: the "chain," the"shute," and the "stuifer."

The former is amongst manufacturers preferred to be of linen, for the reason chiefly that it gives

weiglit and firmness to the fabric in a superior degree to cotton, though the latter is a better

wearing article when of good quality, and is often if not always more economical. When linen

warps are used, the sizes are usually SJ, 5J, or 6 lea good tow yarns, the middle number being the

most common. In cotton, the numbers are usually 8's 9's and lO's 3-fold, the first prevailing as

regards quantity consumed. Jute has been tried, but lias not been found to be a satisfactory

substitute. For the shute or weft of the fabric, linen is always used, as, not requiring to be so hard

spun as the shorter fibre of cotton, it is more easily embedded in the warp threads, and covers them

in a superior manner. The stuifer warp is composed of low cotton-waste yarns, called " bump "

yarns, the single thread of which runs about 70 yd. to 1 oz. Its purpose is to stuff or fill tapestry

carpets, hence its name. This class of yarn is the best known article for the purpose. It is

produced principally in the neighbourhood of Oldham. The chief requisite of quality is

evenness.

Chain, shute, and stuffer yarns are all sized before beiog used. The "sizes" epiployed are

composed of different materials, such as horn piths, old pickers, glue, and one which is glue in an

unfinished state. These are preferred by individual manufacturers for different reasons, some of

which can hardly be distinguished from sentiment or prejudice.

Designs.—The most important part of carpet manufacturing is to secure good designs. In

9 cases out of 10, if not in 99 out of 100, a carpet is sold by the design, the intrinsic quality being

taken into consideration only as a secondary matter. Of course, the best designs are always utilized

for the highest qualities, because they are most likely to be selected by consumers possessing taste

and culture, which qualities are usually found associated with fair means or social position. Large

establishments possess designing departments under the superintendence of first-class men.

Smaller establishments procure their patterns from professional designers, who make designing a

separate business and sell their productions to all comers. Scliools of art have done much to

improve taste and increase competition in this branch, and it is not diflicult to obtain excellent

designs in this manner.

Another important requisite of this branch of the art is that of being a good colourist. A
capital design may easily be spoiled by incongruous or iuharmonious colouring. When a good

design, however, is secured, it is desirable to make the most of it, which can often only be done by
bringing it out in from three to ten or twelve colourings, in order that it may harmonize readily

with a great variety of surroundings. It is frequently discovered also that the designer's arrange-

ment of colour can by a slight modification be improved upon, and this is sure to show itself under

this varied treatment. To most establishments is attached a man whose duty is to try the effect

of slight alterations in the colourings, and improve them where possible. An indifferent design

when skilfully coloured is often more successful in striking the public taste than a better one where
the colouring is not so well done.

Products.—Having brought under notice a condensed view of wool as a raw material, showing
its nature, variety, sources of production, and chief applications, and having followed it through

the various processes of the three principal industries of which it forms the basis, and in which
it is transformed into articles of utility, a brief enumeration of the varied products may be

permitted.

Woollen goods is a comprehensive phrase, and includes all those articles manufactured from
carded wools by the processes previously described. At the head of this class, deservedly stand the

celebrated broad-cloths of the West of England. In the last century and during the first half of

the present one, scarcely any articles except broad-cloths, plain woven fabrics, and Kerseymeres or

twilled fabiics, were available for the consumption of the male sex. These were uniform in colour,

variety of colour and shade being all the changes available to meet the demands of fashion. The
first-mentioned article has undergone no important change for centuries, except approaching greater



WOOLLEN PRODUCTS. 2107

perfection of finish, arising from improved methods of manufacture and the introduction of finer

wools. The industry is widely spread, but in no centre are the articles produced by the '\Ve^t of

England surpassed in tho best and most essential qualities of a good fabric,—thickness, solidity,

suppleness, flnoness, and beauty. This has been amply demonstrated at the numerous international

tixliibitions that have been held during the past 20-30 years, and which have permitted comparison
to be made with the productions of other nations. In the best goods, the highest priced Silesian or

Electoral wools are almost exclusively employed. A lighter class of these fabrics are made in

Germany, the beauty and excellence of which can hardly be surpassed. Those of France also

possess high qualities. America scarcely produces any broad-cloths.

A great change was inaugurated in the manufacture of cloths in 1834 by the adaptation of the

jacquard attachment to the production of fancy woollen cloths. This was first done by Botijean, a
woollen manufacturer of Sedan. He conceived the idea of modifying the plain cloths hitherto

universally made, by uniting upon the same stuff different tints or patterns of tissue, which he was
enabled to effect by means of the jactjuard. It was soon evident that there could be no end to the

variety of patterns that could uow easily be produced, and that fancy could henceforth be allowed

free play. From this fact, the name of " fancy " woollens was derived. This process was soon

extensively imitated in France, Germany, England, and America. In the last country, George

Orompton, a Lancashire emigrant, having his attention drawn to these goods, invented a loom
specially adapted to their production, and which, known by his name, has since been extensively

introduced into the trade. Similar looms have been devised by other inventors, and a large trade

in these goods has been created in all countries possessing an established woollen industry. As u

consequence the products are innumerable, and in style and pattern vary with the changing seasons.

Flannel manufacture is a considerable branch of the woollen trade. Flannel is cluth which

only passes through two or three of the processes subsequent to weaving. Flannels are extensively

worn by all classes of society, both male and female, for under-garments, for wliicli they are

exceedingly well suited. They are extensively produced in England, Gurmuny, France, and

America. A comparison of English and American flannels shows that the latter have the yarns

rather more closely twisted or spun, to prevent or diminish shriukage. Flannels ai-e made plain,

twilled, dyed and printed, and in unions of cotton warp and woollen filling, or otherwise, as more

frequently of late, the cotton being introducjd in the fibrous statu, and mixed with the wool in the

earliest stages. A high class article is obtained by the employment of a silk warp, and yarns from

a high grade of wool. Blankets for bed-wear are a heavier description of flannel, and constitute an

extensive manufacture.

Worsteds, the next great class of textures of which wool forms the raw material, offer much
greater diversity than the preceding. The first point of difference is that the yarns are composed

of combed wools, and the fabrics are rarely shrunk in any sta:^e of the manufacturing process.

Thirty or forty years ago these products almost exclusively appertained to female uses, as did

woollens to men's purposes. Since that time, howovei', groat changes have taken place, and the

softer sex have successfully claimed a large portion of the products of the woollen industry, whilst

on the other hand men have occasionally adopted worsted goods for wear, especially in coatings. As

a division, this branch is equal to if not superior in importance to the woollen manutacture.

The fabrics produced in worsteds are almost infinitely varied. The names, however, by which

they are distinguished are purely fanciful in most cases, and afford no clue either to the class of

the material of which they are composed, or the method of fabrication. These names are usually

given by the manufacturer or merchant who first introduce them, and if they should prove successful,

it is not often long before the name is attached to some other fabric of quite another character, or

at least a degraded imitation. To suit the public craving for variety, old fabrics are continually

reappearing under new names ; and with some slight modification still more frequently. Hence

the great confusion which exists amongst distributors and the public, who are bewildered tliereby,

owing to the want of some rational or scientific system of classification.

Tlie texture, " weave," or arinure as the French call it, offers the best basis for a classification

of woven goods, and might, paying due regard to the other elements of the fabric, form also the

basis of a system of scientific nomenclature, though it is doubtful whether such could ever become

a substitute for that populai-ly current. The texture or weave means the order of the interlacement

of the warp threads ; the French designation armure means the system of harness with which the

loom is furnished or armed. There are four of these systems which may be regarded as fundamental,

and which are employed to produce nearly all the varieties of simple fabrics. In the first or

" taffeta" weave, there are only two harnesses, forming a simple interlacement of the threads, such

as used in the production of plain broad-cloth, calico, or mousselines-de-laine. In this, alternate

threads of the warp rise together, the intermediate ones being depressed to form the shed for the

passage of tln' shutlle and the introduotion of the weft. When a thread of the latter has been put

in, the elevated threads de.^eond, the bottom ones rise, and another transverse or welt thread is

inserted, the previous one having been driven home by the sley. The next is the " twilled" or
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" Batavia " weave, in which four harnesses are employed, and in which the four leaves of the

harness ascend in successive order, producing a pattern upon both sides of the fabric, which takes

the form of a diagonal line across the width, the pattern on the back running in an opposite direction

to that on the front. The third is the " serge," a 3-hamess twill, the effect being a similar pattern

to the above, but upon one side only, the back being in this case plain. The fourth is the " satin
"

weave, and is produced by five or more harnesses ; the effect in this is to bring the weft threads most

conspicuously to the surface. Many of these are often combined with one another, or with " fancy "

weaves, one of which is the leno, in which the warp threads are made to half twist round each other,

and are fixed in that position by the weft. By these means, and the combination of various

materials or colours, numerous and widely different effects are produced.

Tlie following table of worsted stuffs composed of the finer classes of combing wool will prove

instructive, and illustrate the foregoing observations. As will be seen from the names, the first

portion of the list is chiefly French, and is from Alcau. The later is English. Both are, however,

common in many cases to England, France, and America.

Name of Fabric.
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Bcsiiles Kidilermiiiatcr, Bru&?olB, and tapcBtry carpets, auHiciently dc3cribocl already, tlioro aro

sevtrij other varieties which call for brief notice. Persia may be regarded as the birthplace of the

earpet mauufacture, and its productions have formed models for the imitalion of all countries.

Persian carpets or rugs are chiefly made in Kurdistan, Khorassan, Keraghan, and Kerman, each

district producing a distinctive style and texture. The finest are those of Kurdistan. In these

carpets, the most perfect taste is generally manifested, the pattern never representing flowurs,

bouquets, or other objects, thrown up in relief from a uniform ground, as in European and American
styles, but wrought so as more to represent a layer of flowers strewn under the feet of the observer.

They are furnished with borders always well accentuated and of brighter colours than the centre.

Feraglian carpets are not unlike tlioee of Kurdistan, but are less close and of simpler pattern. They
are cheaper, and cuneequently in more general nse. Khorassan carpets are superior in texture tn

the last, and usually more realistic in patterns. Tue carpets of Kerman are still more realistic in

style than those of Khorassan, and in value approach those of Kurdistan. In form, Persian carpets

are usually rather long and narrow, which renders their manufacture easier, and suits the shape of

the rooms in which they are to be laid. Of all carpets, these are perhaps the most purely hand-
fabricated, all being made without even the simplest machinery, the loom merely consisting of a

frame on which the work is stretched. The woof consists of short threads interlaced with those of

the warp by the fingers alone, and when a cross thread has been completed, a comb ia in.serted into

the warp threads by which the weft is pressed or driven home. Tlie pile is formed by merely

clipping the protruding threads until an even surface is obtained. The weaver sits with the reverse

side towards him, and depends upon his memory for the formation of the pattern. Persian carpets

are admittedly superior to all other oriental products of the same class, being distinguished by their

subdued tones and harmony of colours. Certain forms are repeated in all designs, which clearly

mark their national character.

Turkish or Smyrna carpets, now extensively imported into the west of Europe, are in the best

specimens generally designed with a flat border, or in other words without perspective, of flowers

of the natural size, and with a centre of larger plant forms conventionalized. Often to such an extent

as to obscure the forms. The colours are negative shades of a medium or halt tint, tending rather

to dark, and possessing little of contrast, the result being a sombre eff'ect. Many of those

exported to Europe and America are of a degraded kind, being manufactured to meet the foreign

demand.

Indian carpets are made in large single pieces adapted for covering broad floors. They usually

possess a great variety of colour, but so evenly distributed, and each artistically balanced by its

complementary and harmonizing hue, that the eftect produced ia exceedingly agreeable. The
forms generally consist of higlily conventionalized flowers and plants geometrically arranged.

The above classes fairly represent the productions of this description of article that have been tho

outcome of Asiatic phases of civilization, and aflbrd a considerable contrast to those which may be

deemed characteristic of the West.

Tho carpet industry in this country is widely distributed. Its chief seat, however, is the town

and district of Kidderminster, Avhich has numerous and extensive manufactories where tapestry,

Brussels, Wiltons, Axminsters and other carpets and rugs aro produced. Isolated establishments

also exist in several of the southern counties, such as at Crayford in Kent, and Crewkerne in Dorset.

In Lancashire, Eochdale is the chief if not the only plaee making carpets. In Yorkshire, it is an

extensive industry, Heckmondwike, Halifax, Leeds and other places sending large supplies into

the market. In the city of Durham, there is a considerable manufactory. In Scotland, the trade

has been largely developed, Glasgow being a chief centre. Paiolry, Glenpatric, Laaawade, Stirling,

Kilmarnock, Perth, Korfar and Aberdeen all possess establishments engaged in this manufacture.

Aberdeen ia distinguished for its " Scotch " carpets of great excellence. Dundee has obtained a

reputation for jute labrics employed for the same purpose. In the various prisons of the country,

mattings for floor coveriuga made from coco-nut fibre (see p. 939) are extensively manufactured,

which aerve the purpose of carpets in many humble households.

Stalistics.—According to the Parliamentary return relating to the textile industries, and which

has been quoted in previous articles, it will be found that in one form or another there are a large

number of establishments engaged in the manufacture of wool. These are widely scattered over

the different parts of the Kingdom, though of course chiefly collected in several great centres in

England and Scotland. These mills differ considerably in magnitude: thus of the 420 woollen

spinning mills in England and Wales exactly half are located in the Principality, which, for

statistical purposes relating to these matters, also includes Monmouth. Against these, Yorkahire

has 156, the remainder being scattered over the other parts of the Kingdom. But whilst Yorkshire

employs in this department 7206 persons in its 156 mills, Wales in 210 mills only finds employment

for 893 persona. It will properly be inferred from this fact that many of these only spin the local

production of wool, and satisfy a very circumscribed demand fur the product in their respective

districts. The yarn from this source is chiefly woven on domestic looms, or cunsumed in knitting
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The following tables condensed from the report sufficiently exhibit the divisions and distribution

of the trade throiip;hout the Kingdom :

—
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SrMMABT of tlio Textiij; Industries of the Uotted Kinodom in which Wool is the chief
material employed.
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7,083,200 lb., value 1,028,631/. ; worsted stuffs, of wool mixed with other materials, 172,747,800 yd.,

42,452,300 lb., value 6,212,525?. Blankets and blanketing, 6,388,700 yd., 7,453,000 lb., value

586,580?. ; flannels, 6,697,800 yd., 2,400,300 lb., value 310,508/. Carpets, not being rugs,

9,328,300 yd., 14,593,900 lb., value 1,133,545/.; rugs, coverlets, or vraappers. No. 1,168,840, value

360,526/. The subsidiary branches yield the following :—Shawls, No. 736,892, value 157,803/.

;

hosiery, 320,026/.; small wares and manufactures of wool and worsted unenumerated, 418,312/.

;

yarn, alpaca, mohair, and other sorts unenumerated, 877,953. The total of these amounts is the

gland sum of 21,487,810/. representing the value of our manufactured and semi-manufactured

goods of which wool forms the principal ingredient.

The following figures afford a comparison of our imports ofraw materials for several years past :—

Imports of Wool, &c., for

Sheep and lambs'

Alpuca. vicuna, and llama
Goats' hair or wool
Horsehait
Cow, ox, bull, or elk .

.

23,244,554
393,255
729,535
202,472
175,023

24,203,137
364,175
983,366
157,600
263,418

22,786,563
341,671
752,909
131,356
62,870

23,282,753
281,311
743,615
114,964
55,199

26,194,31025,825,821
181,097

1,233,855
181,215
103,482

168,679
748,083

Total 24,744,839 25,971,696 24,075,369 24,477,842 27,743,959 26,742,583

These figures, however, only imperfectly represent our supply imported to supplement our

domestic production. There requires to be added tlie amount accruing from the importation of

live animals for slaughter, dead or skin wools and hair, and the vast quf^ntity of rags needed to

swell the total required for the production of shoddy.

Bibliography.—J. Smith, ' Chronioum Kusticum Commerciale : or Memoirs of Wool ' (London :

1747) ;
' Wool and Woollen Trade of Great Britain ' (London: 1800) ; E. Bakewell, ' Observations

on Wool ' (London : 1808) ; J. Bischoff, ' History of the Woollen and Worsted Manufactures '

(London : 1842) ; J. Yates, ' Textrinum Antiquorum ' (London : 1843) ; T. Southey, ' Colonial

Sheep and Wools ' (London : 1852) ; J. James, ' History of the Worsted Manufacture in England '

(London : 1857) ; M. Alcan, ' Traite' du Travail de la Laine Carde'e ' (Paris : 1867) ; H. Carcenac,
' Des Textiles Vcgetaux et des Laines ' (Paris : 1869) ; 0. Leroux, ' Manufacture of Woisted and
Carded Yarns ' (Philadelphia : 1869) ; W. Smith, ' History of Morley, Yorkshire ' (London : 1876) ;

W. Youatt, ' Sheep ' (2nd ed., London : 1878) ; Lorin Blodget, ' Textile Industries of Philadelphia

'

(Philadelphia: 1880); 'Textile Manufacturer ' (Manchester : 1875- ); 'Manufacturers' Keview
and Industrial Kecord ' (New York).

(See Hair ; Wool.) , E. M.
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ilBACA (nbre), 9«3-5.
Al)*'lmo8chuH e8ci]lcntU8(flbre), 961.
Abt'l'ri pHTic powder, 41, 902.
Abiumna (resin), Ki'.u

Abicfl canudeuHia (tuntiin). 1985.
Cedrus (tim''(T), 20M.
exi elsa (resin), 1679-80, (tim-

ber) 2014.
• Liirix (tannin). 1993.

8pp. (oil). 1431, (reain) 1624,
16H6, (timber) 2021.

Abillaoil, 1414.
Abilu (ref-in), 1649.
Abobora oil, 1395.
Abroma auguHta (fibre), 911.
Absinth, 217-9.
Ali^orption of plant-odours, 1456.
Abusliahlii-bing^aaafuftlda), 1634.
Abuta nifeacens (drug\ 8iy.
Abutilon spp. (nbre), 911,
Acacia (potasli). 255, (Umber) 2012.

conciniiu (oil), 1360.
borrid;i (timber), 2015.

Julibribsin (coliee-ahade), 716.
leiicoplilcua (flbro), 911.
Kpp. (reain) 1621, 1630-3, 1668,

(tantilii) 1982-3, 1986-7, 1993.
Aciicii'iigummi, 1630-3.
Acjijuii. gommo, 1638.

Acarus on Bugar-cune, X869.
AccipcnHer Sturio (oil), 1376.
Act'ito de Maria (copal), 1693.—- palo fcopaiba), 1640.

Acer pseuao-platanufi (timber), 2021,
saccliarinum (sugar), 1902-3,

(timber), 2017.

Acetaniline, 658.

Acetates, 28-39.
aceiic acid from, 21-6.

alumina, 28-9, 1295,

ammonia, 29-30.
cliaractrrs, 28.

copper. 30-1, 1297.

iron, 31-2, 12!)9-1300.

lead, 32-4, 1300.~ fur defecating cane-juice, 1888.
lime, 34-6.

manganese, 36-7.

mercury, 37.— potassium, 37.—— sodium, 37-8.

tin, 39.

zinc, 39.

Acetic acid, 5-39.

from alcohol, 6-7.— —~~ brandy vinegar, 23.

distillation of vinegar,
25-6.

— dye- and tan-wood
residues and sawdust, 15-19.

metallic acetates,

21-5.
paper pulp, 19.

waste products, 26.

wood, 7-16.
•~— —— glacial, 21.

hislory, 6.

manufacture, 6-26.

properties, 6.

purification, 19. 23.

———— specific gravity, 5.

atrvngth, 26-7.

toting, 26-8.

ether, 39.

Acctiflcatton, vinegar, 2040.

Accto-arsenitc copper, 31.

Accto-chloride catciuni, aceiic acid

from. 24-5.

Aceto-nitrate of chrome, 1296-7.
Acetone, 39.

Acetous fermentation, 6-7, 196.
Ac'tyl-phenyl-amine, 658.
Aceyta americana (resio), 1624.
Acliete, 1659, 1660.
Achillea Hpp. (oil), 1422, 1424.
Acbras Balata, 1636-6, 1639,
Acid, aceric, 5-39.

arsenic, 663.^— arsenlous, 39-40.
carbazotic, 40-1. 6S0.

carbolic, 41-5, 671-84.
curbi'nic, 45-^.

cartliamlc, 865-6.
chlorhydrlc, 101-47.

chlor-uxy-naphtbalic, 682.
—^ chromic, 48.

citric, 48-50.
cresylic, 42.

gallic. 50.

hydrocUlorif, 101-47.
liydrulhiMiii-, 147-s.
iiiUl.-, 1-1M-6U.

ox.illc, lbO-74.
pliciiic, 41-5. 671-«4.
I)litliallc, 650, 682.

picramle. 680.

picric, 40-1, 680.

procfsses lor puilfying oils and
fatH, 1459-60.

pyrogiilllc, 51.

pyroligneoiiM, 7-2s.
((|iiaiitity Lif sulphuric)required

for dillcrei.t raw phosphates, 1270.-— rosollc, 680.

Rallcylic, 681.

sulpho-carbolic, 681.
sulpho-carbonic, 601-8.
Bulphuru', 51-101.
tiirtaric. 17-1-90.

ih(_' tiTin, 1.

Acidimetry, 1, 2, 3, 4, 6, 26, 27, 102,
103, 130, 131, 1-15, 148, 14'J.

Acidproof lute, 628.

Acids, latty, table of, 1765.
Aconite, 7'.M.

Acouitine, 230.

Aconitum heterophyllum (drug),
"SKt.

iVapellus (alkaloid), 230.
spp. (drug), 791.

Acorn-oil, 1415.

Acorus Calamus, 190, 1431.
Acouchi balsam, 1649.

Acrocumla sclerocarpa (oil), 1414.
Acta- 1 racemosa (drug), 825.

spioita (drug), 812,

Actias silkworms, 1746.

Action of soap, 1792-4.

Actual densities of oils, tables of,

1649-70.
density test for bu'ter, 1465.

Acuhiba wax, 1379, 2046.
Adam's apparatus (alcohol), 198.

bone-boiler, 1449-50.
drying-macbine (bleaching),

494.

Adansonia digltata (fibre), 912,
(resin) 1621.

Addi, 1675.

Adenanthera pavonina (oil), 1414,
(resin) 1693.

Admont vitriol, 1297.
Adoxa Moschatellina (musk), 1525.
Ailragante, 1686.

Adul oil, 1397.

-Kgle Mafraelosfdrug), 793, (resin)

1693.

.Enocarpiis spp. (oil). 1386.

Aerat d watprs, artificial, 366-77.
natural, 363-5.

[firtiflcialj arrangement of
factorv, 375-6.

bottles, 376.
bottling - machines,

371-5.

corks 376.

gas-holder, 369-70.

generalities, 37U-7.

manufacture, 36'< 9.

mixing - machine,
370-1.

plain, 366.

purifier, 369.

saccharine, 367-8.

saline, 36i>-7.

African ammoniacum, 1630.

bdeinuiii, 1636-7.

cupal, 1640-4.
cubcbs, 1814.

elcnii, 1649, 1677.
(Wi-ni) frankincense, 1649-60.
guanos, 1258-9,

kino, 1668.

rubbers, 1627-8, 1654-6.
trawacanib, 1686.

Agar, 1523-4, 1529, 1624.

AgaricuM muscariud (narcotic),

1324.

olearius (oil), 1401.

Agaihophyllum aromaticum, 1812.
Agati grandifiora (resin), 1693.

Anave americana (fibre), 913-6.
sisalaua (fibre), 916-7.

vivipara (fibre), 917.

Agila (perfume), 1523-4.

Aglula odorata (tea), 2010.

Agtstein, 1628-30.
Ailantus t-pp. (gum), 1693.

Alr-tnjectors, 465.

Ajowmi (drug), 791.

Alt (fibre), 934-8.

Aic.iroid reain, 1693.

Akyaw (perfume), 1523-4.

Alamodon spp. (pearl), 1617.

Alant, 810.

Alaun, 325-32.

Alaunerde, 332-3.

Albahaca oil. 1416.

Albizzia moluccana (coffee-shade),

716.

Albumen, 191-2, 1304, 2025.
Albumenizpd sensitive paper, 1540.
Alcanna spmosa (dye), 858.

Alcohol, 10J-2U. 2026-7.

distillation, 196-201.

fermentation, 194-6.

for sugar-refining, 1929-30,

from bMt, 210-1.

grain, 206-1 0.

molasses, 203-6.

potatoes, 211-2.

wine, 201-3.

legi-lation, 214.

manufacture, 201-12.

oxidation (acetic acid), 25,

properties, 192-4.

rectification, 212-3.

sources, 193.

uses, 213-4.

Alcoholic fermentation, 194-5.

liquors, 217-29.

absinth, 217-9.

arrack, 219-20.

brandy. 220-2.

pin, 222-3.

kirschwusser, 224.

Alcoholic liquors, liqueurs, 224- f.

rack, 219-20.

rum, 22S.

whiaky, 22-*-9.

Alcoholonittry. 214-7.

Aldehyde, 7, -iiO -Ji>.

blue, 666.

green, 6ii'<-9.

Aider (acetic acid), 14-5, (gunpow-
der) >^2-4, (tlmb«'r) 2 12.

Aleppische gallcn, 19-3-1.

Ale|)[> < galls, 1983-1.

turpentine, 16->6.

AkTce (fibre). 948, (timber) 2012.
AI.-i>o wood, 2012.
Alriia argillucea (cotton- worm), 967.
Alruriu-s cordata (oil), 1411-2.

lacclHTum (lac), 166H.

hpp. (uut), 1352.
Alfi (fibre), 979-81.
Ai^^apjbilla, 1982.

Algarroba(copal), 1666.

Alhagl rameluruni (drug), 818.
Alhambru bouquet, 1530.

Alizarine, 683-4.
Alkali for hoap-making, 1767-8.
Alkalie!^, 230-318.

alkaline earths, 232.

alkaloids, '2
i J-2.— ammonia, 232-50.—^ lithia, 250.

organic, 230-2.

putash, 25i'-7'J,

soda, 279-31 rt,

Alkalimctiy, 23x, 239, 251, 254, 262,
277, 302, 306.318-9,

Alkaline earths, 232.

pink niurd.int, 1296.

procos-^f's for purilying oils and
fats, 1460.

Alkaloids, 230-2.
of tohacoj, 1348-9.

Alkanet, ^f'5

Alkanna tinctorla (dye), 855.
Alk awarwhal (gum), 1633.

tlah (gum), ]63i.

Alle'gre still (alcohol), 202-3.
Alligator (oil), 1365, (mus';) 1525,
rskin) 1757.

Alligator-pear oil, 1415.

Allium sativum (oil), 1421.

app. (oil), 1414.
Alloys, 319-25.

aluminium bronze, 320.
bell-metAl. 32u-l.
brass, 321-2.
brunzf, 322-3.

German silver, 323.
gun-ni.-t,il, 323.

Muntz's metal, 323-4.
pewter, 324.

solders, 324.

tvpe-metal, 324-6.

Allspice. 1814, (oil) U16.
Allu uottes, 1277-93.

Almond-oil, 1377, 1416.

Almond [Java] oil, 13112.

CJungleJ oil. 1396.

pa^t<? lute, 628-9.

sOtip. 17S9.— rtoud, 2013.
Almoiuls, 1022.
AliiiH Lilutinosa

(_timbLT) 21112.

sp. (.gunpowder), 8'^2-4.

Alne spp. (drug), :i)I-2, i,dye) 855,
(fibre) 917.

Aloes (drug). 791, (dye) 855, (oil)
1116, 2025.

'; I

(tannin), 1993,
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A.losa Menhaden (oil), 1368.

Alpaca (hair), 1093, (tallow) nY5.
Alpinia Cardamomum, 1303-4.

otticinarum (oil), 1421.

spp., 1808.

Alstonia epp. (drug), 810, (india-

rubber) 1627, 1664.

Alstioemeria Ligtu (starch), 1823.

Alta Vela phosphate, 1264.

Altingia excelsa (storax), 1683.

Alum, 325-32.
as a mordant, 1295.

ores, 327-8.

process of sugar-refining, 330-2,

1927-8.

rock, 326-7.

white, 1550.

Alumina, 332-3.

acetates, 28-30.

for defecating cane-juice, 1837.

mordants, 1295-6.
sulphate, 325.

Aluminate soda, 1296, 1787.

Aluminium acetate, 1295.

bronze, 320.

chloride (aqueous), 1296.

nitrate, 1296.

persulphate, 1295.

thiosulphite, 1296.

Amalgams, 33:i-4,

copper, 333.

g.ilil, 333-4.

iron, 331.—— silver, 334.

sodium, 334.

tin, 334.

zinc, 334.

Amanita muscaria (narcotic), 1321.

Amaranth spirit, 1302.

Ambaree (fibre), 961.

Amber, 162,H-3ii, 2024, (oil) 1416.

Ambergris, 1524, (extract) 1528.

Amboyna kino, 1667-8.

Ambra, 1524.

Ambre, 1628-30,
gris, 1524.

Ambrina ambrosloides (tea), 2011.

American cedar-oil, 1419.

[South] copal. 1666.

double-shover stocks (leather),

1220.

(U.S.) guanos, 1258.

jute, 911.

keystone mill (leather), 1227.

lac, 1 673.

liquidiimbar, 1682-3.

marten fur, 1031.

nutmeg, 1812.

uutmeg-oil, 1377.

[Central], pearl fisheries, 1520.

polecat fur, 1033.

red cherry (oil), 1382-3.
savin (nil), 1419.

turpentine, ld87-91.
union hide-splitter, 1233.

Amido-azo- benzol, 658.

naphthalene, 650.

toluol, 659.

Amidon, 1821-9.
-— de ble, 1828-9.

de riz, 1826-7.

grille, 1645-7.
Amti'u (olibanum), 1676.

Ammi coptlcum (drug), 791.

Ammonia, 232-50.
Hcetate, 29-30.

aqueous solution, 236.

carbonates, 239-43.
estimatiun, 247-50.
from bones, 243, 522.

combustloti-Rases, 233-4.

gas-liquor, 235.

peat, 243.

tar, 235.

ice-macbine, 1137.

isopurpurate, 680,
picrate, 6^0.

pure solution, 238.
salts friim bone, 522.
sirengths, 238-9.

sulphaie as manure, 1259.

sulphorlcinoleate, 1304-5.
volcanic, 243-4.

Ammoniacal liquor, reduction of
bulk, 241.

Ammoniacum, 793, 1624-6-7-30,

Ammoniakgummi, 1630.

Ammonium and tin chloride, 1303.

chloride, 244-6.

phosphate process for defecating

beetrjuice, 1849-51,

sulphate, 237-8, 246-7,

triphosphate from natural phos-

phates, 1851.

Ammoniuret of copper, 1297.

Amomum spp. (cardamom), 1804.

Zingiber (oil), 1421, (spice)

1809-10.

Amoora Rohituka (oil), 1414.

Amorpha canescens (tea), 2011.— fruticosa (dye), 858.

Ampelodesmos tenax (drug), 811,

(fibre) 917.

Amygdalus communis (fruit), 1022.

gums, 1639.

spp. (resin), 1621.

Amylon, 1830.

Amyris elemifera (resin), 1625.

spp. (resin), 1623, 1649.

Anabas scandens (oil), 1375.

Anacftrdium-gummi, 1638.

occidentale (nut), 1352, (resin)

1621, 1638.
AnacycluB spp. (drug). 819.

Analysis, acetic acid, 26-8.

ammonia, 247-50.

animal charcoal, 1965-70.

beet-juice, 1952-5.
beetroot, 1955.

cane-julce, 1952-5.

clays, table, 1559, 1583,

glucose or starch-sugar, 1963-5.

hydrochloric acid, 146-7.

milk-sugar, 1970.
nitric acid, 159-60.

oils and fats, 1462-77.
pottery wares, table, 1558.

soap, 1792-9.

sugar, 1942-71.

sugar-cane, 1955-6.

tartaric acid. 184-9.

Anamirta spp. (drug), 808.

Ananassa sativa (fibre), 917-3,
(fruit) 1027.

Anarrhicns lupus (oil), 1376.

Anas mollissima (down), 905,

Anchusa tinctoria (dye), 855.

Anda Gomesii (i>il), 1414.

Andiiqnies wax, 2043.

Andiroba-oil, 1386.

A ndromeda Leschenaultii (oil), 1432.

Andrew's tobacco machine, 1342-5.

Aniiromachia Igniaria (libre), 919.

Aiidropogon caricosus, 1984.

spp. (fibre), 919, (oil) 1419, 1422,

1423, 1429.

Anethum graveolens (oil), 1420.
spp. (drug), 810.

Angelica, 334, (oil) 1416.

Angora hair, 1095-7.

Angostura, 793, (oil) 1416.

Angraecum fragrans (perfume), 1528,
(tea) 2010.

Anguay do guaiani, 1678.

Anguze-i-Lari (asafoetida), 1635.

Anhydrous nitric acid, 159.

sulphuric acid, 96-101.
Aniline, 655-7.

blacks, 671.
blue, 666.

brown-i, 669,

greys, 671.

isopurpurate, 680,

red, 660-2.

spirit, 1302-3.
yellows, 670.

Animal albumen, 191.

black, 452-3.

filters, 1922-3.
charcoal, analysis, 1965-70.

as manure, 1266.

filtration of beet -juice
through, 1851-4.

fa's, extraction of, 1447-51.
matter, cyanogen from, 2T0-1.
mordants, 1304.
oils and fats, 1361-1377.

blackfisb, 1361.
bone, 1361.

butter, 1361-2.

butterine, 1362-3.

cod-liver, 1363-5.

Animal oils and fatg, crocodile, 1365.

dugong, 1365.

egg, 1365-6.

herring, 1366.

horse, 1366.
. houlican, 1366.

lard, 1366-7.

Malabar, 1367.

manatee, 1367-8.

menhaden, 1368.
., -miscellaneous,1375-V.

_- neat's-foot, 1368.

niiii, 1368-9.

porpoise, 1369.

sardine, 1369-70.

seal, 1370.

shark, 1370-1.

sod, 1371.

spermaceti, 1371-2.

tallow, 137a-3.

tunny, 1373-4.

walrus, 1374.

whale, 1374-5.

Animi, 1640-4, 1677.

Anise. 334-5, 1802-3.

[star] <(il, 1417.

Aniseed, 334^-5, 1802-3.

oil, 1414, 1416-7.

Anisette, 226.

Anjilli (timber), 2016.

Anjouan (resin), 1656.

Annatto, 855.

Annealing-ovens for glass, 1055-7.

Annee, 810.

Anodonta herculea (pearl), 1517.

Anogeissus latifoUa, 1647-8.

Anona squamosa, 919, 1668.

Anser spp. (oil), 1375.

Anstrichfarbe, 1552-6.

AntiL (nut), 1357, (oil) 1376.

Ant-grease, 1375,

Anthemis spp. (drug), 798-9, 819.

Anthocercis spp. (narcotic), 1324.

Anthomyia bette, 1835.

Anthon's method (starch-sugar),

1919-20.
Anthracene, 650-3.

Anthoxanthum odoratum (perfume),
1528.

Anthrapurpurlne, 684.

Anthraquinone, 653.

Antiaris saccidora (fibre), 919.

Antichlor, 314.

Antimony, assay, 35f>.

detection, 347-8.

mordants, I296.

potassium tartrate, 1296.

tartrate, 1296.—- terchloride, 1296.

Antiseptics, 677.

Antiseptic soaps, 1789.

Aouara oil, 1411.

Ao-wu-su (spice), 1P02-3.

Apatite, 1261.

Apeiba Tibourbou (oil), 1414.

Apfelwein, 414-21.

Aphis chinensis (galls), 1984.

Apiculture, 1127-30.

Apis spp. (lioney), 1128-30, (wax)
2042-6.

Aplum graveolens (oil), 14 1 9.

Aplotaxis spp. (drug). 809-10.

Apocynum spp. (fibre), 919.

Apollinarls water, 363.

Apple (acetic acid), 14,

Apricot-oil, 1AQ9.

Aptenopodites patagonica (oil), 1376.

Apteropaeta segmentata (drug), 796.

Aquafortis, 148-60.

Aqua regla, 335.

Aquariums, lute for, 629.

Aqueous solutions (ammonia), 236
-9.

Aquilaria Agallocha (drug), 791,

(perfume) 1523-4.—^ spp. (resin), 1624.

Arabic gum, 1621, 1630-3, 2025.

Arabinose, 1830.

Arabisches gummi, 1630-3.

Arachis hypogsea (nut), 1357-8, (oil)

1391.

Araucarla spp. (resin), 1624, (timber)
2019.

Arbol a brea (resin), 1649.

Arbutus uva-ursi (drug), 794.

Arcanaoii, 1680-1.

Arcuangel tar, 1683.

Archangelica officinalis, 334, (oil)

1416.

Architectural pottery, 1582-7.

Arctium Lappa (oil), 1414.

Arctostaphylos spp. (drug), 794.

Areca, 793.

Catechu (drag) 793, (fibre) 919,

(tannin) 1983.

nut, 1351.

palm fibre, 919.

spp. (oil), 1415.

Arenga eaccharifera (fibre), 919,

(starch) 1827, (sugar) 1904.

Argan-oil, 1377-8.

Argania Sideroxylon (oil), 1377-8.

,

Argemone mexicana (oil), 1409.

Argols, 174, 279, 335, 1303.

Aristolochia Serpentaria oil, 1432.

spp. (drug), 825.

Arjun trees (wax), 2045.

Armadillo skins, 1757.

Arnica, 793.

montana (drug), 793. (oil) 1432.

Arnotto, 855.

Aromatic vinegar, 335-6.

Arrac, 219-20.
Arree fibre, 921.

Arrowroot, 1822-3.

Arsenate sodium, 314.

Arseniate soda, 1296.

Arsenit!, 336-40.
acid, 663.

assay, 357-8.

mordants, 1296.

orpiment, 339-40.

realgar, 340.

removal from sulphuric acid,
90-2.

white, 336-9.
Arseniksaure, 39-40.

Arsenious acid, 39-40, 336.

Arsenite, 40.

Arsenolite, 40.

Artanthe spp. (drug), 818.

Artemisia Absinthium (absinth),
217-9.

spp. (drug), 826-7, (oil) 1424,

1431, 1432.

Artichoke, 961.

Artificial gems, 1040-1.

ostrich plumes, 908.
waters, 365-77.

Artocarpus inclsa (rubber), 1665,
1693.

integrifolia (as shade), 710-1,

714. 1812, 1815, (resin) 1624, 1628,
1668.

spp. (fibre), 919, (timber) 2016,
Aruba Island phosphate, 1264.
Arum spp. (starch), 1823.

Arundinarla macrosperba (paper),
1486.

Arundo saccbarifera (sugar), 1860.
spp. (fibre), 919-20.

Arvation process for defecating cane-
juice, 1888.

Asafoetida. 793, 1624. 1626, 1633-5,
(oil) 1417.

Asagr^ea officinalis (drug), 798.
Asant, 1633-5.

Alarum europium oil, 1432.
Asbestos, 340-1.

Asclepias pseudo-sarsa (drug), 823.

spp. (fibre), 920.

tingens (dye), 858.

Vincetoxicum (drug), 825.

Ash, determination of, in sugar
1946-7.

Ashantee pepper, 1814.
Ash-tree (acttic acid), 14, (potash)

255. (timber) 2012.
Asia Mmor, opium in, 1309-11.
Asian (East), liquidambar, 1683.
Asparagus sarmentosus (drug),

793.

Asperula odorata (perfume), 1 528.

Asphalt, 341-6, 2025.
boiling, 345.

casting 345.

extraciion, 344-5.
prepara,tlon, 345.
sources, 341-4.
uses, 345 -6.

Aspidium Filix mas (oil), 1414.
spp. (drug), 811.
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A'.pi.ln^pomia Qufbrncho (tannin),

AKKtii-oU, 1378.
AftaalBonnPtnontit, 1802-17.
Asuam-rublier, IGi-f, 165A-7.

suRar-carie, i Mtjo.

A.sHaylng. 3-16-CO.—- oaBiiy of guiinn, 368.

gunpowder, 359-60.
IInn stone, 360.
nitrate of potoab, 360.

blowpipe, nnalysls, 346-7.
detection of metals, 347-9.
valuation of ores *nd nietal",

34i)-r.8.

A.HiW'nal-wood, 2012.
AsB-Hklns, 1767.
Aetella "pp. (Hbre), 920.
Astrai;alU"i spp. (drug), 818, (resin)

lfj2l, 16!32, 1685.
Antrakan herring (oil), 1366.
A^trapa-a cannablna (fibre), 948.
A>in.carymn acaule (oil), 1414.

Bpp. (fibre), 920.

vulgare (oil), 1411.
A tees, 793.

AthoroBpcrma moechata (drug), 823,
(oil) 1431, (spice) 1812.

Atlaa sUkworniB, 1745.

Atomic weights, 361.
AtrapliJixis splnosa (drug). 818.

Atropa Belladonna (alkaloid), 230-1,
(drug) 794, (oilj 1414.

Atrupiiio, 230-1.
Attaioa Coliune (oil), 1414.

excelsa (ream), 1655, 1G63.
funifera (fibre), 920, (nut) 1357.

Attar of ruses, 1427-30.
Auclienia spp. (hair), 1093-4, (oil)

1376.

Aucklandia Oostus (drug), 810.

Aurlgplgment, 339-40.
Aurora shells, 1517, 1520.

Ausi rallan cabbage-palm
946.

gum, 1621, 1632-3.
kino, 1668.

mallow (fibre), 963.

rubber, 1664.

pearl fisheries, 1518-9.
tobacco, 1334.

Autographic procosees, 160M-10.

Auxiliary mills for sugi^r-cane, 1879
Ami (mircotic). 1305.
Avens-oll, 1417.

Avicula margaritifera (pearl), 1517,

1519.

Axonge, 1366-7.
Aztidtrochta indlca (resin), 1693.

Azaola Leerii (guttapercha), 1652.

Azuline, 680-1.

Azurino, 666.

(fibre).

B.>ABUL (resin), 1632, (tannin)
1993.

Bacoba (oil), 1386.

Brtccharia sp. (drug), 797.

Backhousia citriodora oil, 1432.

Bacon's multicolour press, 1605.

Bacterium putredlnis, 1816.

Bttctyrllobium Fistula (drnp"). 798.

Badger fur, 1030; grease, 1375.

Bael, 793.

Bagasse furnaces, 1876-7.

Bag filters. 651, 18^9.

Bahamas pearls, 1520.

Babia plassavo, 920.

Balwna ppp. (whalebone), 521-5,

(oil) 1361, 1372. 1374-5.

Balft-noptera spp. (oil), 1374-5,

Balam [various] (guttapercha), 1652.

Balaiilies a?gypiiaca (oil), 1413.

Balao balsam, 1652.

Balata (gum). 1627, 1635-6, 1639.

Bildrian. 826.

Baleen, 521-5.

Baliospermum epp. (oil), 1387.

Balling twine, 1703-4.

Ballou nigra (oil), 1414.

Ball soda (soda), 289-95.

Balm of Gilead, 1623, 1636, (fir)

1686-7.

Balm-oil, 1417.

BaUiamflr, 1686-7.

Balsamito, 1678.

B.ilsamocarpon brevifollum, 1983.

O^ilHamodendrun spp. (resins), 1623.

I63B-7, 1674-5.

Balsam of Acouchi, 1649.

vanilla, 1816.

Balsamo (various), 1640, 1677-8.
detection of, 1624-7.

nature, &c., 1621-7.

Bamboo (fibre), 920-1, (paper)
14H5-G.

Bambouk-butter, HIO.
Bambusa spp. (fibre), 920-1.

Bananas, 1022-3.

Banjaw! (resin), 1637.

Bank-oil, 1368.

Baobab (fibre), 912.

Bdpti.-ia tlnctoria (dye). 858.

Barbary gum, 1621, 1632.
Barberry, 794.

Uarbotine, 828-7,

Barbus Chola (oil). 1375.

Barcelona nuts, 1368.

Barentrauben, 794.

BarHIa, 280.

Barium for defecating cane-juice.

1888.

Bark disintegrators, 1227.

Barkometer, 1229.

Bariappsampn, 817.

Barley-sugar, 1831.

Barlow's kter (bleaching), 480.

type writer, 160«.

Barometer-tube. 1073.

Buroama heiulina (camphor), 578.

camphor, 578.

spp. (drug), 795.
Barras, 1684.

Barwood, 855, 867.

spirit, 1303.

Baryta, 232, 361.

carbonate, 361.

green, 1648.

-nltrati', 361.

sulphate, 361.

Barytsalipeter, 361.

Bus du fleuve, gomme du, 1631.

Basil (Holy) bimquet, 1530.

Basking shark (oil), 1370-1.

Boss brooms, 564.

Bassia butyraceii (oil), 1408.

latifolia(oil), 1394.

longifolla (oil). 1392.

Parkll (oil), 1410.

spp. (oil), 1396, 1652, 1693.

Ras->ora gum, 1686.

Bastard aloe (fibre), 917.

cardamom, 1804.

cedar (fibre), 960.

Batavian sugor-canes, 1860.
Hate for dressing-leather, 1232.

Bat-grease, 1375.

Bath-evaporators, 1898.

Battery for hats, lUO,
of pans Tor cane-juice, X890-i.

Batting pottery, 1578.

Bauhinia candtda (vil), 1414.

spp. (shade), 714, (fibre) 921,

(resinS 1693.

Binime de Chio, 1687.

Chypres, 1687.

copahu, 1639-40.
Gil6ad (faux), 1686-7.

Perou, 1677-8.

San Salvador, 1677-8.

tolu, 1684-5.

du Canada, 1686-7.

Baum marten fur, 1031.

BiUimol, 1397-1406.

BaumwoUensameniil, 1385-6.

Bauxite, alum fi-om, 330.

Hayberry-oil, 1417.

Bayee (bdellium), 1636.

Bay laurel [Callfomian] (oil), 1422-3.

oil, 1393, 1422.

salt, 1714-9, 1732-3.

Bdellium, 1623, 1624, 1626, 1636-7.

Beale's cement, 626.

Beaming jute, 1184-6.

machines (leather), 1232.

Bean-oil, 1378.

Bear (fur). 1030, (grease) 1375.

Bearberry, 794.

Beating esparto (paper)» 1489.

Beaumontia grandlflora (fibre), 921.

Beaver fur. 1030.

Bedford cop^ollte^ 1260-1.

Bedgery (narcotic), 1324.

Bedlamor oil. 1370.
Bedolee sutta (fibre), 986.
Beech (acetic acid), 14-15, (potash)

255, (oil) 1378, (Ur) 1683, (.timber)
2012-3.

marten fur, 1031.

Bcecher's splint filling and cutting
machin«^s (matches), 12:^8-92.

Bi-e-culture, 1127.

hive-, 1129.

Beer, 377-414.

barley, 378.

boiling, 396-8.

brewing. 379-411.
cooling, 399-401.

fermenting, 401-11.
hops, 378-9.
malting, 379.—— mashing, 3'*0-96.

vattinK and fining, 411-4.

water, 377-8.

Beet, 1831-2.

alcohol from, 210-1.

analysis, 1956.

carrion beetle, 1835.

^^cleansiuK, 1836-7.

climate for. 1832-3.

composition, 1832.

cultivation, 1831-5.

di-i'iises, 1835.

dLsriUation (alcohol), 21 1.

enemies, 1835.

fly, 1836.

harvt'^ting, 1>^34.

juice analysis, 1952-5.

concentration. 1854-7.

-defe atlon, 1846-51.
depulpers, 1839.

extraction, 1837-46.—_ _ by diffusion, ls42-6.

filtration through animal
charcual, 1851-4.

lime scuma, 1848-9.

moceration processes,
1839-42.

transport, 1836.

maceration (alcohol), 210-1.

manures for, 1833.

molasses, 1858-60.
carbonate potash from,

257-9.

chloride potash from, 266.

elution process for, 1869-
60.

osmosis process for,1858-9.

products from, 1858.
salts in, 1927.— sulphate potash from, 278.

pulp presses. 1838-9.
purchase, 1835-6.
rasping, 1837-8.

and pressing (alcohol),

210.

slices (exhausted), fur cattle-

food, 1845-6.

sllcing-machine, 1843.
soil for, 1833.
sowing, 1833-4.

storing, 1834-5.—— sugar, 1831-60.
ash, 192T.
yieLl-j, 1857-y.

washing. 1837.

Beetle-oil, 1375.

Beetling-machines (bleaching), 499-
501.

Begass furnaces, 1876-7;

Bein, 521-5.

Beizen, 1293-1305.
Belladonna, 230-1, 794.

oil, 1414.
Belleek porcelain, 1696.

Bell-metal, 320-1.

Beluga spp. (oil), 1369.
Ben-nut oil, 1378-9.

Bengal cardamom, 1804.
kino, 1668.

quince, 793.

Benincasa cerifera (wax), 2046.
Benjamin, 1637-8.

Benjoin, 1637-8.

Benne-oil, 1388-90.
Bent-grass (fibre). 994.

Benzine, H46, (spirit) 2026.

Benzue, 1637-3.

Beninin (reslnX 1524, i^y^, 163T-rt.

2U2B, (oil) 1417.

Benzol, 647, 2**26.

Berberin, 866-6.
Berber!'^ spp. (dnig), 794.

vulgaris (dye), h:,6.

Bergamot. 1025-6, (camphor) 578,
(oil) 1417.

Bergem Konigii (oil), 1410.

Berjol's machine (cider), 418,

Bernjtein, 1628-30.
Berrys prociss (potassium ferro-

rv.mul.-). 270-1.

Berlin. I let ia excelsa (nut), 1351-2.

Bertramwurzel, 819.

Bessonier's sugar-cane press, 1878-9.
Beta spp. (sugar), 1831-2.
Betel, 793.

leaf (narcotic), 1306.

nut, 1351.

palm fibre, 919,

pepper (narcotic), 1305.

Betula alba (oil), 1417-8, (resin)
1624, (Ur) 1684.—- spp. (timber), 2013.

Beurre, 1361-2.

de cacao, 1379.
coco, 1383-4.

cocum, 1395.

muscade, 1396-7.
palme, 1406-8.

Beverages, 362-450.
aerated waters, 362-77.
beer, 377-414.
cld.T, 414-21.
cocoa, 421-2.
coffi.-e, 422-3.
glnger-beer, 423-4.

lemonade, 424.

spruce-beer, 424-5.—— tea, 425.

toddy, 425-6.
water, 426-32.
wine, 432-50.

Bhang (narcotic), 1305-6.
hibiri (starch), 1823, (timber) 2015.
Bibliography, acldlmetry, 5.

alkalimetry, 319,
chicory, 633.
coal-tar products, 684.
coffee, 722.

-coral, 1523.

cotton manufactures, 790.
drugs, 827.

dyeing and calico-printing, 854.
dye-stuffs, 869.

electro-metallurgy, 8hi-2.
explosives, 903.
feathers, 909.

fibrous substances, 1000.
food preservation, 1022.
fruit, 1029.

fur, 1033.

gas, 1040.

gems, 1043.

ghiss, 1087.

hair, 1099.

honey and bees, 1130.

hops, 1131.

ice and freezing, 1142.

Indiarubber manufactures, 1164.
ink, 1172.

ivory, 1176.

leather, 1239.
linen manufactures, 1255.

manures, 1277.

narcotics, 1351.
nuts, 1360.

oils, 1483-4.

paper, 1509.
pearl, 1523.
perfumes, 1532.
pottery, 1601.
printing and engraving, 1620.
resinous and gummy sub-

stances, 1695.

silk, 1747-8.

soap, railway-grease, and
glycerine, 1802.

spices, 1817.

sponge, 1821.

Biarcb, 1829.
6-ugar, 1976-7.

tannin, 1994.

tea. 2011.

timber, 2023.
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Bibliography, vinegar, 2042.
wnotlen matiufat-Uires, 2112.

Bichloride tin (mordant). 1302.
Bichvomitte potassium, 266-7, (mor-

dant) 1297.

Bichr-irae (mordant), 1297.

Bicuhiba-wax, 1379, 2046.

Bienenwachs, 2042-4.

Blertumpfel's framu (candles), 592.

Bigarade, essence de, 1425.

Bignonia tomentosa (oil) 1415.

Bilsenkraut, 812.

Binary abeorption ice machtae, 1141.

Bindings, 1762.

Birch (acetic acid), 14-5, (oil) 1417
-8, (tar) 1684, (timber) 2013.

Birch's scutcher and opener, 492.'— sewing-machine, 472.
squeezer, 489.

Birkcnol, 1418.
Birkentheer, 1418.
Biriiwein, 421.

Biscuit-ovens (pottery), 1563.
rubber, 1663.

Bish (drug), 791.
Bismuth, assay, 350.

detection, 348.
•^^ mordants, 1296.
BiS'in-hair, 1094.
Bissa-bOl (myrrh), 1674-5.
Bisiilphate potassium, 279.
Bisulphite lime for defecating cane-

juice, 1887-8.

Bitartrate potash (mordant), 1303.
Bitter-apple (drug), 808.

wood (drug), 820.
Bitume liquide, 1433-47.
Bitumen, 341-6.

extraction from schists by car-

bon bisulphide, 607.
Bixa orellana (dye). 855.

Bizam (perfume
J,
1524-6.

Biziura lobata (muak), 1525.

Black ash (soda), 289-95.
carbonating, 299-301.
lixiviatiou, 295-9.

boy resin, 1693, 2025.
—— cohosh, 825.

dammar, 1644-5.

filters, 1922-3.

flsh-oil, 1361.

flux, 279.—— irons (mordant), 1298.
kernel-oil, 1408.
liquor, 31-2, (mordant) 1299.
pepper, 1812-4.
pitch, 1679.

revivifying, 1923-6.
roots, 794.

snake-root, 825.
Blacking, 450-2.
Blacklead, 1087-93.
Blacks, 452-6.

animal, 452-3.
bone, 453-4.

Frankfort, 454-5.
ivory, 455.

lamp, 455-6.
Bladder-nut-oil, 1379,
Blair's kiln (sulphuric acid), 57.
Bl ize revivifying kiln, 1854.
Blanc de baleine, 1371-2.
Blaricbiment, 470-520,
Bl.ist-furnace slag for glass, 1076.
Bleach house for calico printing, 477.
Bleaching, 470-520.

cotton, 471-508.
esparto, 1488-9.

generalities, 470-1.
linen, 515-8.
oils and fats, 1459-62.
ostrich plumes, 908.
powder, 456-70.

-chambers or boxes, 459,
460-1.

characters, 456-7.
cost, 461.

gas mains, 459.
• lime for, 459-60.

manganese ores for, 458.
manufacture, 457-70.
regenerating the manga-

nese, 461-8.

replacing the manganese,
468-70.

Stills, 457-8, 462, 466,

Bleaching powder, uses, 461.

yield, 461.
rags, 1492.

silk, 518-20.
starch, 1825.

woollen, 508-15.
Bleichen, 470-520
Bleichpulver, 456-70.
Bleizuiker, 32-4.

Bleu de MuLhouse, 666.
do Paris, 666.

Blocking hats, 1114.

Block rubber, 1145.

Blood as manure, 1257.
Bloomers (leather), 1230.
Blowing engine, 465.

fur (hats), 1107.
lead-glass, 1069-70.
sheet-glass, 1066.

Blow-pipe analysis, 346-7.
Blubber, 1374-5.
blue-irons (mordant), 1299.

mottled soap, 1787-8.
pigments, 1548.

fiom coal-tar, 664-7.
stone (mordant), 1297.
vitriol (mordant), 1297.

Blumea camphor, 577-8.
Blungers (pottery), 1559.
Bock's process (candles), 583-4.
Body-making of silk-hats, 1121-4.
Boegel & Gill's centrifugal, 1935.
Bcehmeria spp. (fibre), 921-32.
Boetius glass furnace, 1052.
Bogwood, 520.

Bohemian glass, 1067.

pearLs 1517.

Boiled palte, 1732.

Boiling esparto, 1486-7.

in vacuo, 1856-7, 1893-8.

oUp, 1482, 2029-31.
rags, 1491-2.
straw, 1492.

sugar solutions, 1854-7, 1890-
1900, 1906-7, 1911-2.

wood, 1493-4.
Bois amer, 820.

d'ceuvre, 2012-23.
dp santal citrin, 1527-8.
gentil, 818-9.

Boivin et Loiseau's process (sugar
refining), 1930-3.

Bolax spp (resin), 1624.
Boldo, 794.

Boldoa fragrans (drug), 794.
Buma (nut), 1351, (oil) 1379.
bombax Ceiba (fibre). 932.

Gossypium (resin), 1685.
malabaricum (for shade), 1815.—- spp. (fibre), 932, (oQ) 1414

,

(resin) 1621.

Bombay copal, 1641-2.
mastic, 1673.

Bonavist bed.n in sugar-cane culture,
1869.

Bonduc, 794.

Bone ash, 524, (manure) 1266, (pot-
tery) 1561.

black, 453-4.

analysis, 1965-70.
commerce, 624.

composition, 521.

fat, 521, 1361.

extraction, 1448-50.
removal of lime from,

1460.

gelatine from, 522-4.
mills, 1256-7.

oil, 455, 1361, 1450, 1461.
purification of ammonia salts

from, 522.

Bones, 521-4.

ammonia from, 243.
as manure, 1256-7.
uses, 521-2.

values, 524.

wlialtihone, 524-5.

BonneHn's continuous preparator,
1898.

suRnr-cane rasper. 1879.
Bonplandia trifoliata (drug), 793.
Boonti (starch), 1823.
Booth-Sawyer spindle (cotton, manu-

fuctur.'s), 763-4.

Boracic acid, 526, 533.

in Tuscany, 527.

Boracic acid, test for, 539.

Boracite, 526, 535.

Borassus flabelliformis (fibre), 932,

(resin) 1G93, (starch) 1827, (sugar)

1904.

Borates, 526, 533.

Borax, 52b-41.
boracic acid, 527-31.

boracic minerals, 526-7.

Californian, 535-8.

commerce, 510-1.

in potassic salt beds, 531-3.

preparation of the imported
articles, 539-40.

South American, 538-9.

test for boracic acid, 539.

tincal in Asia, 533-5.

uses, 540.

value, 540.

Bordeaux turpentine, 1687-91.

Borers of BUgar-canes, 1869.

Boridsheh plant (resin), 1650.

Boring oil-wells, 1441-3.

Borneo camphor, 576-7.

rubbers, 1657-8.

Bornesite, 1830.

Boro-calcites, 526.

Bosch. 1362-3,

Bosphorus bouquet, 1530.

Boswellia, spp. (resin), 1623, 1636,
1676-7.

Botany Bay kino, 1668.

resin, 1 693.

Bothriocephiilus latun, 815.

ButryopsiB platypbylla (drug), 819.

Bottle-corks, cement for, 623.

lute for, 629.

glass, 1075-7.

furnace, 1075.
making, 1076.

moulds, 1077.

Bottles, stoneware, 1573.
stoppering, lo74.

Buttling wine, 447-8.

Bouchard's machine (fibres), 925.

Bungles, 573-94.

Bouillon noir, 31-2.

Boulinikon, 1015.
Boulogne coprolites, 1261.
Bouquets, 1530-1.
Bourbon sugar-cane, 1860.

Bour's pan (cane-sugar), 1893.

Bouscaren's diffusion process (cane-
sugar), 1880-1.

Boutons, 657-71.
Bower's apparatus (acetic acid), 15-

18.

Bowl-spirit (mordant), 1302.
Bowstring-hemp, 995.

Box (timber), 2013.
Box-elder (sugar), 1903.

Boxing pines, 1687-9.

Box organ (cotton manufacture),
760.

Braby's (F.) process concentrating
gas'liqiior, 241.

Brai, 16S0-1.
Braids, 1762.

Brandy's alcoholometpr, 21 7.

Bran-drench for glove-kid, 1238,
Brandy, 220-2.

fictitious, 220-1.

vinegar, acetic acid from, 23.

Brass, 321-2.

lumps, 1297.
oil, 1407.

plating, 881.

BraShica spp. (oU), 1384-5, 1396,
1424, (spice) 1810.

Brauerpech, 1680.

Brayera anthelmintica (drug), 815.
Brazilian elemi, 1649.

nutmeg, iyl2.

Brazil-nut, 1351-2, (oil) 1379-80.
wood, 856.

lake. 1549.

Bread-nut, 1352, (oil) 1406.
Breadthrner (bleaching), 493.
Breaker-card for tow, 1251-2.
Breaking - down machine (gun-
powder), 890.

machine for flax, 1246.
over bides, 1224.

Brechwurzel, 812.
Brevoordia Menhaden (oil), 1368.
Brewing,.379-414.

Brewing sugars, 1914-21, 1938-40.

Brianchon ware, 1599.

Briar (sweet) extract, 1528.

Brick-clay, 635.

Bi-icks, fire, 1570.

perforatPd, 1572-3.

Brighton green, 1549.

Brim-heater for hats, 1118-9.

Brimstone kilns (sulphuric acid),

52-3, 56-7.

lute, 629.

Brindonia tallow, 1395.

Brine, composition, 1729.

evaporating, 1724-40,

obtaining from rock-salt,

1725-40.

pans, 1714, 1728-39.
springs, 1719-24.

chloride potassium from,
265-6.

Brinjes' kiln for revivifying char*
coal, 1924-6.

Bristles, 544, 1099.

vegetable, 919.

Bristol finishing (leather), 1231.—— ware, 1599.

Britannia metal, 325.

British gum, 1645-7.
Broa'lleaf, 2013.

Broad-leaved ledum (narcotic), 1308,

Broke-paper, treatment of, 1494.

Bromelia Ananas (fibre), 917-9,

(fruit) 1027.

karalas (fibre), 985.

spp. (fibre), 933.

BromiU'', 541-2.

Bromo-, &c., caoutchouc wires, 1153.

Bruiize, 322-3.

Broom (dye). 856, (fibre) 947.
corn, 542-3.

Spanish (fibre), 997.

tops (drug), 795.

Brosinlum utile (resjn), 1665.

Brousboneiia papyrifera (fibre), 933,

Brossp, 543-57.
Brown Barbary gum, 1632.

kernel oil, 1408.

Windsor soap, 1789-90.

Browse Island guano, 1265,
Biucine, 231.

Bruges ribbon, 1529.

Brunswick green, 1549.
Brushes, 543-57.

bass brooms, 554-6.

commerce, 557.

compound stock, 545.
iron wire, 553-4.

materials for, 543-4.
round, 553.—— simple flat, 544-5.

simple round, 544.

steel, 553.
with celluloid backs, 556-7.
Woodbury machine. 545-53.

Brushing machine (fibres), 914.
(hosiery), 1197-8.

Bruyere's cement, 626.
Bryonia callosa (oil), 1414.
Buchanan and Vickess kihi for re-

vivifying charcoal, 1924.
Buchanania latilolia (oil), 1383,

(resin) 1639.

Buuhdruckerkunst, 1601-20.
Buchu, 795.
Bickingham Palace bouquet, 1530.
Buckthorn (acetic acid), 14, (drug)

795.

Buckwheat starch, 1823.

Buffalo robes, 1094, (skins) 1757.
Bugbane, 825.

Building cement, 626.
Biika, 795.

Bukowina phosphates, 1264.
Bui (borax), 534.

Bullet-tree (resin) 1635-6, 1639,
(timber) 2013.

Bull-hoof, 1307.
Bundling flax yarn, 1254,
Bungo-tree and gum-resIn, 1650.
Bun-raj fibre, 921.

Burbot-oil, 1364.
Burdock-oil, 1414.

Burgundy pitch, 1679-80.
Burmese lacquer, 1692.
Burners, brimstone, 52-3, 56-7,

pyrites, 80-7.



INDEX. im
BiirnlfiK p^rthcnware, 1680.
-— iK>intft nfoiU, UTK-Hi.
ItiiTo elachi .inlHiii'iiiO, iJ^u-l.

Burnera (^iiiin)li in cit, \4.i2.

>p|>. (.n-ftiu), lOiij, 1041*.

HflrMic, 153-67.
hiiMKTulo, 794.
liu.-M'ra gnrn, lOnfi,

But. I froiuloHft (oil), 1395.
spp. C'ly«'). mlj (fibre) 933,

(kino) \6HH.

Buiter, 1361-:;.

anulvsi.4, 1464-6.
artificUl, 13ti2-3.

pi'-s(.:rving, 1U16.
Buttcrlue, 1362-3.

analyais, 1464-6.
Hiittcr-nut-oU, 1379.
HulUr-ftttlt. 1732.
Itiitt'T-tivcs i„ll), 1382, 1408, 1410.
Itiiltoiis. &&7-71.

colouring, 502-3.
commerce, 571,
cunipositlun, presBes, 664-6.
covered metal, 557-8.

mucbiue lor, 567-9.
glass, 659.

Uthe, 666.
machinery, 560-9.
metal, 567.

mottling. 663.
mouldtf, 561).

pparl, 558-9.

poliBhiaK-ra.ichines, 560-2.
porcelain, 569.

seat of tile Industry, 571.
Belt-fostonlng, 569-71.
shirt, 669.

turned, 659-60.
turning-machines, 663-4.

Butts, shape of (leather), 1226-6.
fiutua, 810.

Butyrowpermum Parkil (oil), 1410.
Buxuti 8pp. (timber), 2013.
Byrsonima spicata (coffee shade),

720.

c.JABLES, 1696-r.
Caburo-ibn (resin), 1678.
Oactio, 684-91

butter, 1379.

Caehalor, 1371-2.
Cachou, 1982-3.

jaune, 1984-6.
Cactus Nopal (dye), 866-7.

epp. (resin), 1621.
Cadjii (gum), 1621, 1638.
Cadmium, assay, 351.

detection, 348.

Cffisulpinia Bouducella (drug), 794.

Cacalaco (tannin), 1993.
coriiiriii (tannin), 1983.
Sapan (dye), 867.
spp. (dyt'l, M.^ii;.

Cajanus iiHlit.us I'ln- green-soiling
sugar-cane, 1866, 1869.

Cajuput, 795, (oil) 1418.

Cake alum, 1295.

tubacco, 1342.

Calaba-uil, 1379.

Calabar-bean, 795.

Cataba-'h nutmeg, 1812.

Calambuk (coral), 1523-4.

Calamus Draco (cane), 595-8, (resin)

1648.

spp. (cane), 59:i-s.

Calcined copperas, 1298.

Calcium aceto chloride, acetic acid

from. 24-6.

chloride from ammonia process,

241.
-— nlilizatlon (bleaching pow-

der), 468.

Caldera bush (fibre), 986
Caledonian queen sugar-cano, 1861.

Calender (bleaching), 498-9.

Calendering jute, 1185-6.—- press (hosiery), 1197-8.

rubber Rheot*, 1149.

CilfudutaBcp. (dye). 867.

CAlf-kld ilertther), 1237.

skins, 1757.

Calico-printing. 827 «, 835-54.

onlllno Mm k. 853.

application colours, 851-2.

Calico-printing, dlHchan^c styl.-, 846.

general curi-iiijtratiuijs,'*35,

863-4.

h'ldtgo ('fr<-ct'*, 842-6.
niacbines, H36-40.
madder colours, 840-2.
manganese bronze &iyK

852.

padding style, 842.
pigment style, is.j'j-3.

plate Htyle, 8lU.

reserve style, 842.
spirit colour style, 851-2.
Bteam colours, 846-61.
tliickeners, 838.

Caiilbmian bay laurel (oil), 1422-3.
nutmeg, 1812.

Callichroma moschata (musk), 1525.
Callitrls quadrivalvis (resin), 16(Jl,

16'i4, (tlmbt-r) 2012.
spp. (resin), 1624, 1682.

Callorrliinus ureina (fur), 1032.
Calophyllum Calaba (oil), 1379.

spp. (oil), i:f.s7-8. (resin) 1624,
16.S.3, (timber) 2020, 2U21.

tonientosum (oil), 1392.
Calutropi« gigantea (drug), 818,

(fibre) 933, (rtHin) 1G27.
spp (fibre), 933-4.

Calumba, 795.

Calyptranthes caryophyllifolla (re-
sin), 1693.

Calysacclon longifulium (perfume),
1526.

CambridRe cupn.lit's, 1260.
Camel-hair, liJ'.tl.

Camellna sativa (libre), 934, (oil)
1390.

Camellia Sasanqna (tea), 2010.
spp. (oil), 1411.

Cameraria latlfoUa (resin), 1665.
Cameras, 1534-6.

stands, 1536.
Cameruons oil, 1407.

Cummack & Walker's furnace (hydro-
chloric acid), 147.

Campliur, 571-8, 796, 1024.
barosma, 678.

bergamnr. 578.
bluuiea ur iiRii, 577-8.
Bi>rneo or M.iiay, 676-7,
Cllllirsc, 573.
ciim-bi'nr', 57^.

common, iinltiitmns, 67t-5.
common or laurel, 672-6.
cubebs, fwH.

definitions, 571-2.
Funiinpaii, 572-3.
Japjincsr, 57:1-4.

neroii, 57s.
oils, 57^.

orris, 678.

patchouli, 578.

refining, 575-6.
sassafras, 57a.
thyme, 878.

tobacco, 578.
Camphora offlcinarum, 571-6.
Camwood, 856, m67.

Canada balsam, \Q2l, 16f^6-7.

Canadian apatite, 1261.

turpentine. l6>6-7.
Cananga odorata (oil), 1422.
Canari (for shade), isu.
Canarium commune (oil), 1392,

(resin) 1649, (shade) 1811.
spp. (resin), 1623, 1644-5.

Canary Islands' dragon's-blood,
1648.

Candle-nut, 1352, (oil) 1392-3.
Candles, 578-95.

coloured, 593-4.

combustible materials, 579-90.
dips, 591-2.

double wicks, 593.

fancy patterns. 693.

history and characters, 578-9.
lllumlnaiing values, 594.
manufacture, 691-1.
moulds, 592-3.

night-lights, 694-5.

ozokerit, 589-90.
palm-oils for, 583.

paraffin for, 586-9.

saponificAtion, 579-H2.

self-fitting ends, 693.

Candli^a, Bpenmu^tt for, 589.

tallow for, 679.

trimming and polishing, 593.

wax for, 586.

wicks, 590-1.

Cane, 595-8.

for paper, I486.

k1hj48, 1072.

juice aTialysis, lOSJ-S.

comptj-itioa, 1871-3.

defecating, by chemicals,
1886-9.

by filtration. 1hs<1-90.

by galv.mlsin, 1890.—

—

by heat, l.i--4-6.

by lime sucrate pro-
cess, 1930-2.

defecation and clarification,

1884-90, 1930-2./

df-nMli-^s tjf. Im72.

extraction, l« 73-83.

mineral mattirs in, 1872.

organic matt-rs in, 1872-3.

tempering, 18^0-7.

mills, 1873-5.

tuela for, 1876-7.
— furnaces fur, 1x76-7.

slicing machin-H, imso, 1881.

sugar, l-^ju. |Kijij-l9u2.

asli, lii-Ji.

'— blea'liing, 1900-1.

centrifugals, 1901.

chaiattefs, lsrJ-3.

claying, 1900.

concentration, 1890-1900.

curing, 19nii-i

.

'' determinaiion, 1943—1.

diffusion procss, i.s80-3.

drainhag. 1900-1.

drying. 1900-1.

factory, 1902.

granulation, 1890-1900.
low, salts in, 1927.

occurrence, 1942-3.

solutions, table of sp. gr.

of, 1962-5.

spirit-washing, 1900.

vaouum-che&t for curing,

1901.

whitening, 1900-1.

yields of, 1870-1.
Ganella. 796.

alba (oiO, 1419.

Cannelle de Ceytun, 1805-7.

Canime (resin). 1640.

Canis spp. (fur), 1033.

Canna spp. (dye), 868, (starch) ix'22.

Cannabis sativa (fibre), 934-8, (nar-
cotic) 1305, (oil) 1391.

Crtnnon-ball mill, 1092.

Cantharides, 796-7.

Caiitharis spp. (drne), 796-7.

Caouuna divacea (oil), 1375.

Caoutchouc. 1142-64, 1627-8. 1654-
66.

Cap lute, 629.

Cape gum. 1621, 1632.

Uncewood, 2012.
mastic, 1674.

G;ipillalr-syrup, 1920.

Capillary filters (sugar), 1889-90.
Capivi, 1639—10.
Capsicum, 797, 1803.

spp. (drugs), 797, (spice) 1803.
Capra spp. (hair), 1095-8.

C.ipraria biflora (tea), 2011.
Carab^ (resin), 1628-30.
Carabus saponarius (oil), 1375.

Corama resin, 1649.

Caramania gnm, 1686.

Caramel. 598-9.

Carana hedionda (resin), 1625.

resin, 1621-5, 1649.

Carapafett, 1386.

Carapa spp. (oil), 1386, 1395-6,

1432.

Carap-oil, 1386.

Caraque resin, 1649.

Caraway-oils, 1418-9.

Caraways, 1803.

Carbazotic acid, 40-1.

Carboleum for motive power, 46.

Carbolic acid, 41-5, 671-80.

characters, 671-2.

colourless cryatallized.

Carbolic add, derivatives 680-1.

distillation. 67:J-5.

earl\ UK-tbula of manu-
facture, 672-:i.

estimation in powders,
676.

impurities in, 676.

m dead oils, estimation,

676.^^ pi lizoning by, and anti-

dotes, 676-7.

powden*, 675-6.

pres'-nt method of manu-
facture, 673-6.

puritic.ition, 675-
MMp, I7-i'.».

Still>. 673.

t.-.-^ts tor. 677.

tow, 676.

uses, tiT7.

Carbolsaure, 41-5, 671-80.
Carbon. 599-60 0.

bisulphide, 601-^
as a motor, 607-8.
charact':'rs, 6iil.

co^t of manufacture, 6<is.

for extraction of bitumen
frum schists, 607.

s.i'.l-uils 14.-.-1.

for rtcovrry ul was.ie

grease, 605-6. I i5:)-ij.

manufacture, 601-4.
statistics, 608.

uses, tiOJ-.'^.

oxides, 15-8.

printing, I64(t-1.

tissue, sensitizing, 1541.
Carbonates, 47-8.

ammonia, 239-44.
baryta, 361.

potassium. 253.

potash from felspar, 200.

from wine lees, 259.

sodium, 279.

Carbunatiug black ash (soda), IV'3

301.

Carbonatlon procees for defecatir.g

beet-Juice, 1846-9.

Carbonic acid, 45-8.

and carbonate of Hine,

table, 1969.

and lime pn«-i"-H for defe-
cating beet-Juice, ixlo-'J.

tension, 46.
• testinn (tugar), 1847-8.

washing (sugar), 1h47-8.

anhydride, liquefying, 46.

Carbonized wool, '2U58-9.

Carboys (sulphuric .al'l ), lOi.

CarcbariiLs nielanoptt-rus toilj, 1367.
Cardamom-oil, 1419.

Cardamoms, 1803-4.

Cardainomum mnjus. 1804.

CardiUK cotton, 743-9
engine for hatter's wool, 1103.

for tow, r2Jl-2.
iute, 1178-9.

wool, 2071-6.
Oardole, 1379.

Cards for cotton, 744.

Carduus pycnocephalus (oil), 1414.
Careya arborea (resin), 1693.
Carissa spinarum (resin), ltj68.

Carius' ammouiacal solutions table,

:^39.

Carlina gummifera (resin), 1624.

Carlsbad water, 363-4.

Carludovica palmata (fibre), 938.
Oarmaru-oil, 1379.

Cannes, eau des, 1 532.

Carminated lake, 1549.

IJirminH, 1549-50.
C.irn.iUitc, 26J-3.

Carnauba palm (fibre), 940, (wax)
2044.

Carolina phosphate, 1263.

Caroline bouquet, 1530.
Carony, 793.

Carpathian balsam, 1687.

Carpet, 2095-2106.
designs, 2106.

looms, 2096-2105.
pilL'-Viini-, 2105.
\VnrLc.-t<r. HOI.
yarns, scouting and dyrni!^

'2105-6.
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Carpodinus Bp. (resin), 1656.
Carrageen, 814.
Carrara water, 36T.
Carre's continuous ice-machine,

113Y.

sulphuric acid Ice-machine,
1140.

Cartagena rubber, 1659-61.
Carthamic acid, 865-6,
Carthamua tinctoriuB (dye), 865-6.

Cartier's hydrometer, 215.
Carum Ajowan (drug), 791.

Carvi (oil), 1418-9, (spice)

1803.—r— nigrum (drug), 810.
petrosellnum, 1425.

Carvi, fruits de, 1803.
Carya spp. (nut), 1358, (oil) 1391-2,

(timber) 2015-6.
Caryocar braailiense (oil), 1409.

spp. (oil), 13V9.
CaryophyUus aromatlcus (spice),

1807-8.
Caryota urens (fibre), 938, (starchi

1827, (sugar) 1904.
Casca, 823.
Cascalote (tannin), 1993.
Cascarilla, 797, (oil) 1419.

Case-hardened glass, 1079.

Caseine (cement), 626, (mordant)
1304, (varnish) 2025.

Cashew- apple-ioil, 1379.
gum, 1638.

nut, 1352.

oil, 1379.

Cashmere goat-hair, 1097,
Cassava, 1828.

Casse, 1804-5.

Cassia, 798, 1804-5.

nuts, 1379.

occidentalls (coffee), 707.

oils, 1419.

spp. (drug), 798, 825, (resin)

1693.

Cassie satchet, 1531.

Castanea vesca (gunpowder), 884,
(nut) 1352-3, (tannin) 1982, (tim-
ber) 2014.

Castanha-nut, 1351-2, (oil) 1379-80.
Castanospermum austraie (nut),

1353.

Castilloa elastica (rubber), 1659-61.
Markhamia (rubber), 1659.

spp. (rubber), 1628.

Casting-house (glass), 1059.

Castnia elegans (resin), 1638.

Castor, 7h8, 1524.

-fiber (drug), 798, (fur) 1030,

oil, 798, 1380-2.

plant for green-soiling

sugar-cane, 1866.

Castoreum, 798, 1524.

Casuarina littorea (spice), 1807,

spp. (timber), 2018.
Catechu, 1982-3.

pale, 1984-5.

Catfish-oil, 1364.

Cat fur, 1030.

Catgut, 608-10.
Catha edulis (tea), 2010.

Cathartocarpus Mstula (drug), 798.
Cattell's guttapercha, 1164.

photo-engraving process, 1618.

Cattle-hair, 1095.

Cauline, 856.

Caustic potash, 251-3.

soda, 305-12.
Cavallium urens (resin), 1685.
Cavanillesia platanifoUa (fibre),

938.

Cawdee (resin), 1666-7.

Cayenne pepper, 1803.

Ce tree (oU), 1410.

Ceanothus americanus (tea), 2011,
Ceara rubber, 1658-9.

Cebadilla, 798.

Cecropia peltata (narcotic), 130S,

(resin) 1628, 1665.

Cedar. Australian red, 2013-

Bermuda, 2013-4,—- boom, 2014.

extract, 1528.

New Zealand, 2014.

of Lebanon, 2014.

oil, 1419.
' Virginian red, 2014.

Cedar, West Indian, 2014.
Cedrat cordial, 226.

essence, 1419.

Cedrela australis Ctimber), 2013.
odorata (timber), 2014.

Toona (resin), 1693, (timber)
2021.

Cedrus Deodara (resin), 1684, (tim-

ber) 2014.

Libani (oil), 1419, (timber)
2014.

Celastria edulis (tea), 2010.

spp. (oil), 1414.
Celery-oil, 1419.

Cellier - Blumenthal's apparatus
(alcohol), 198.

Celluloid, 610-8.

Celosia cristata (fibre), 938.

Celtis orientalis (fibre), 938, (resin)

1693.

Roxburghil (resin), 1668.

Cements, 618-31.
calcareous, 618-20.

cementing compoimds, 623-8.

gelatinous, 620-2.

gluiinous, 622-3.

lutes, 628-31.
Cemiostoma cofi'eelum (coffee), 699.
Cendres gravel^es, 259.

Central American pearl fisheries,

1520.

rubbers, 1628, 1959-61.
Centrifugal machines, 495-6, 1825,

1839, 1901, 1934^5, 1937-3.
Century-plant (fibre), 912-6.

Cephaelis Ipecacuanha (drug),
812-4.

Ceradia furcata (resin), 1624-5, 1693.

Ctrambyx spp. (musk), 1525.

Ceramic photographs, 1543-4.
Cerasus gums, 1639.

Ceratonia siliqua (resin), 1668, 167 1.

Ceratophorus spp. (resin), 1652,
1665.

Cerbera Manghas (i-pice), 1807.

spp. (oil), 1414.

Cerise, 663.

Ceroplastes ceriferus (wax), 2045.
Ceroxylon audicola (wax), 2046.
Cetonia aurata (drug), 796.

Cetraria islandicu (drug), 812.

Ceylon pearl-flshery, 1517-8.

zimmt, 1805-7.

Chagual (gum), 1621, 1638.

Chakazi (copal), 1641.

Chalybeate water, 367.

Ubama^rops spp. (fibre), 938.
Chamber acid strength (sulphuric

acid), 69,

Chamomile, 798, (oils) 1419.
Champunnois' beetroot pulp press,

1839.

potato-grater, 1824.

washer, 1824.

root-grater, 1824, 1838.

Chank, 1517.

Chapman's paper liquor evaporator,
1508.

Chapziger cheese, 1528.
Char analysis, 1965-70.
(Jharas (narcotic), 1305-6.
Charcoal, animal, 453-4.

as manure, 1266.

filters, 1851-4,1889,1922-3.
mill (gunpowder), 887.

patents, 1937.

retorts (gunpowder), 882.

revivification, 1853-4, 1923-6.
washing, 1852-3.

wood, 14-5, 882-4.

Char-dust as manure, 1266.

Charlestown phosphate, 1263.

Charlock-oil, 1396.

Chartreuse, 226-7.

Cbasing porcelain, 1599.
Cbatterton's compound, 1164.

Chaulmugra, 799, (oil) 1382.

Chavannesia esculenta (rubber).
1657.

Cbavica spp. (narcotic), 1305,

(spice) 1814.

Chay (dye), 856.

(guttapercha), 1652.

Cheese-salt, 1732.

Cbelonia Cephalo (oil), 13V5.
Chemical lute, 629.

Chemicking-machine (bleaching),

506, 515.

Chenaillier's evaporator, 1799.

Chenopodium ambroeioides (oil),

1432.

Quinoa (narcotic), 1308.
Chequito (oil), 1382.

Cherry (acetic acid), 14,

gum, 1621, 1638-9.
oil, 1382-3.

Q;ornelian] oil, 1414.
Chestnut, 1352-3, 2014.

extract, 1226, 1982.

[horse! oil, 1392.

[Moreton Bay] (nut), 1353,
[Tahiti] (nut), 1353.

[water], (nut), 1359.
Cheve's tap (nitric acid)» 157.

Chian turpentine, 1623, 1687.
Chickrassia tabularis (resin), 1693.
Chicle (gum), 1635, 1639.
Chicory, 631-3.

bibliography, 633.

characters, 631.

commerce, 632-3.

cultivation, 631-2.

preparation, 632.

uses, 632.

values, 632-3.
Chili saltpetre, 315-6.

ChiUtes, 1803.

Chimney-pots, 1573.

China (dye-stuff), 864.
1594-7.

English, 1558, 1596-7.
China-clay, 635-9

artificial, 639.

characters, 635.
cost of production, 638.

extraction and prepara-
tion, 636-8.

nature and utilization of
waste products, 638-9,

occurrence, 635-6.
suggested improvements

in preparing, 639.

uses, 638

.

China grass, characters and uses,
930-2.

cultivation, 922-3.

extraction of the fibre,
923-30.

Cbina-root, 799.

Chinchilla fur, 1030.

lanigera (fur), 1030.
Chinese cement, 623, 626,

galls, 1984,

green, 856.

pearl mussel, 1517, 1518,
silk, 1741-3.
sugar-cane, 1861,

varnish, 1692.
white, 1550.

white wax, 2044,
yellow rose extract, 1529.

Chios terpentin, 1687.
Chiretta, 799, 1805.
Chironia scabrida (oil), 1414.
Chironji (oil), 1383, (gum) 1639.
Chitrang (fibre), 997.

Chittagong wood, 2021.
Chloral, 633.
Chloranthus ioconspicuus (tea),

2010.

Chlorate potassium, 261.
Chlorbjdric acid, 101-47.
Chloride ammonium, 244-6.

calcium utilization (bleaching
powder), 468.

copper, 1297.

lime, 456-70.

potassium, 261-6,

sodium, 1710-40.
sulphur for sugar-refining,

1929,
tin and ammonium, 1303.

Chlorine, 634,

and sulphur compounds for

defecating cane-juice, 1888.

making without manganese,
468-70.

utilization (bleaching powder),
468.

Chlorkalium, 261-6.

Chlorkulk, 456-70.

Chlornatrium, 1710-40.

Chlorogalum pomeridianum (fibre),

939.

Chlorometry, 634-5.

Chloroxylon Swietenia (timber),

2021.
Chlor-oxy-napthtbalic acid, 682. '

Chlorsaures kali, 261.

Chlorure, 456-70.

Chocho oil, 1395.

Chondodendron tomentosum (drug),
819.

Chondrus spp. (drug), 814.

Chop-nut, 795.

Chorisla speciosa (fibre), 939,

Chromate potassium, 266.

(yellow or neutral), 1297.

Chrome, 1297.

alum, 1297.

green, 1549.

yellow, 1551.

Chromic acid, 48.

Chromium, detection, 348.
mordants, 1296-7.

Chromograph, 1610.
Chromo-lithography, 1604-6.
Chromsaure, 48.

Cbromsaures kali, 266.

Chrysantbemum Parthenium (oil),

1427.

spp. (tea), 2010.
Chrysobalaiius Jcaco (oil), 1414,

Chrysomela fastuosa (drug), 796.
Chrysophyllum ramiflorum (resin),

1693.

rhodeneurum (resin), 1652.
spp. (resin), 1665.

Churco (tannin), 1993.
Churrus (narcotic), 1306.
Chu tsale (borax), 534,

Chypre, eau de, 1532.

(^botium Barometz (fibre), 939.
Cichorium Intybus (chicory), 631-3,

(coffee) 707.

Cider, 414-21.
Cigarettes, 1345-6.
Cigars, 1344-5.

Cimidfnga racpmosa (drug), 825.
Cinaebene camphor, 578.
Cinchona, 799-808.

alkaloids and their preparation,
804-6.

climate, 800.
collecting seeds, 800-1.
commerce, 807-8
cultivation, 800-4.
diseases, 803, 807.
distribution of the cultivation,

806-7.

harvesting the bark, 803-4.
layering, 802.
manuring, 803.

planting, 802-3,
plants, 799-800.
pricking out seedlings, 801.
propagation, 801-2.
removing and drying the bark,

804.

shading and staking, 803.
soil and drainage, 800.
spp. (alkaloid), 231, (drug)

799-808.

weeding and pruning, 803.
Cinchonine, 231.
Cingalese varnish, 1692.
Cinnamomum Caraphora (camphor),

571-6, (drug) 796.

pedunculatum (wax), 2045.
spp. (oil), 1419, (^pice) 1804-5.

CinnamoQ, 1805-7.
Chinese, 1804-5.
oils, 1419,

Cirage, 450-2.
Circular stocking-frames, 1194-5.
Cire, 2042-6.

d'abeilles, 2042-4.
de bicuiba, 1379.

Cissampelos Parelra (drug), 819.
Cistus ladaniferus (drug), 818.

spp. (resin), 1624.
Citric acid, 48-50.
Citrometer, 49.

Citronella-oil, 1419-20.
Citron-oil, 1419.
Citronsaure, 48-50,
Citron-zeste, 1423.
Citrons, 1023.
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airullus Colocytjthls (drag). 80K-9.
CiiruM Aurantium (fhilt), Hi2b-T.

Bergamta (oil), 1417.
Llmetto (fruit), 1035.

Llmonum (fruit), 1025.— mcdica (fruit), 1023.—— hpp. (camplior), 678, (drug)
816, (rofliD) 1677.

Civet, 1524, (extract) 1628.
riam. 1517-1520.
Claphum's (R. C.) arrangement (hy-

drot bluric acid), 116.

Clarification. cane-Juice, 1884-00.
• oils and fatP, 1459-62, 2024.

Clarlc's Indiarubber spreading- and
doubllng-muchine, 1148.

Ctassiflcation (wine), 440-1.

Clavlceps purpurea (drug), 810-1,

CluwKun's tobacco-weighing ma-
chine, 13tr,-7.

Clay, alum from, 329.

Ralt-pjne. 1736-7.

Claying caiie-nugar, 1900,

Ciuys, 635, 1558-60.
briclc, 635.

china, 635-9.

fire, 639-40.

for terra-cotta and tiles, table

of analyses, 1583.

meerschaum, 640.

plfic, 640.

pottery, 640.— - talile of unaiyses, 1569.

Clayton's roller adjusting gauge
(cotton munufacture), 760.

tube roller (cotton manufac-
ture), 743.

Cleaning silk, 1750-1.— sugar-beets, 1836-7.

Clfar-boUing hard Hufip, 1779.

Cli'ome vlscoaa (nil), 1415.

Clergot's tables, sugar analysis,

1949-61.

Cldlsonnd ware, 1599.

Closing mpcs, 1705-7.

Clo til-scouring, 512.

sulphuring (bleaching), 613.

Cloths for hatters, 1127.
—^ [greasy], recovery of grease

from, 605-6, 1455.

Clous de glrofles, 1807-8.

Clove-bark oil, 1420.

nutmeg, 1812.

oil, 1420.

pink extract, 1529.

Cloves, 1807-3.

Clupea pontica (oil), 1366.

spp. (oil), 1369-70.

Clusla spp. (rf sin), 1693.

Cluster cardamom, 1804.

Coal, assay, 358.

brasses, 1297.

distillation, 1033.

gas, 1033.

shales, alum from, 328.

tar, ammonia from, 235,
__— ___- creosote, 41.

distillation, 641.

oils, 641-84.

product^, 641.

aniline blacks, 671.

browns. 669-70.

greys, 671.

yellows, 670-1.

anthracene, 650-3.
— anthraquinone,653-4.

benzol, 647-8.

bibliography, 684.

blue colouring mat-
ters, 664-7.

carbolic acid. 671-80.
. ——' deriva-

tives, 6tO-l.
characters of tar, 641.

— creosote. 648-9.

distillation of tar,

641-4.
greens, 668-9.

naphtlialene, 649-50.

derivatives,

681-1.
nitro-lwnzols, -to-

luola, and -xylols, 654-64.

once-run naphtha,

644-7.
phenyl violels, 667-8.

Coal-tar, products, toluol, 648.

xylol, 618.

Coat-flKh-otl, 1364.

Cobalt, assay, 361.
blue, 154H.

dtt<>ctlon, 348.

Cob-nut [Kentish], 1358.

of Jamaica, 1352.

Coca, 1307-8.

CocculueChondodendron (drug), 819.
cordlfoUuB (drug), 811.

indicus (drug), 809, (oil) 1383.

Coccus adipurera (oil), 1368-9.

cacti (dye), 856-7, (oil) 1375.
ceriferus (candles), 586.

Lacca (dye), 861-2, (lac) 1668.
mannlparus (drug), 818.

olea; (oil), 1401.

Pe-la (ink), 1170, (wax) 2044.

spp. (dye), 861.

Cochin China sugar-cane, 1861.
Cuchlnfal, 856.

fut, 1376.
lake, 1550.

Cochleiiria spp. (oil), 1432.

Cochln>permum Gossyplum (oil),

1414, (resin) 1621, 1685.

Cockchafer-oil, 1375.

Cucoa, 421-2, 684-91.—- bibliography. 691.

consumption, 690.

cost of production, 687,

cultivation, 686.

general considerations, 690.
guarana, 690-1.

local details, 687-90.
preparation, 686-7.

production and commerce, 686.

values, 690.
varii'ties. 686-6.

,

Coco-nut, 1353-7.

fibre, 939.

gum, 1621, 1639.

oil, 1383-4.

Cocos butter, 1383-4.
gumml, 1639.

nucifera (arrack). 219-20,
(fibre) 939-40, (oil) 1353-7, (gum)
1621, 1639, (sugar) 1904.

CocosnusBol, 1383-4.
Oicostalg, 13H3-4.

Coction of hard soap, 1779.

Codd's filling machine (aerated
waters), 371.

Cod-liver-oil, 1363-5.

Coerulini*, 682.

CofTeaspp. (beverage), 422-3, (coffee)

691-722.

Coffee, 422-3.691-722.
aduUrrants and substitutes, 707.

bibliography, 722.

borer, 699.

bug. 699-700.
canker, 700.

catch-crops. 695-6.

commerce, 706-7.

r consuniptinii and prospects, 707.

dibbling, 694.

diseases and enemies, 698-700.
drying, 703-4.

estate, clearing and burning,
692-3.

drains, 695.

holing or pitting, 693.
lining, 693.

roads, 695.

selection, 692,

fermenting, 703.

fly, t)98-9.

harvesting, 700.

hulling or peeling, 704,

in Ceylon, 709-12.
in India, 713-6.

iu Liberia, 717.

in Natal. 718-9.

in the West Indies, 720-2.
leaf blight, 698.

leaves, 707.

local details of culture and pro-
duction, 7o7-22.

manuring, 697-8.

nurseries, 691-2.

oil, 1407, 1420.

other methods of preparing, 705.

packing and shipment, 705.
planting, 693^.

Coffee plants, distances, 693.

preparation, 700-5.

pruning, 696-7.

pulping. 70&-3.

rot, 700.

shade, 695.

sli.'lter. 694-6.

sizing, 705.

staking, 69 1.

stores, 704.

supplying vacancies, 694.

tools, 692-3.

varieties and values, 705-6.

weeding, 696.

winnowing, 705.

Cuffey's still, 208, 246.

Cogan's process fur purifying oils

and fate, 1460.

Cuhubator, 657.

Cohune-nut-oil, 1414.

Going, 820.

t'oir, 939.

Col, 1808.

(.'ola acumin.ita (nut), 135 -^-O.

Culchicum, 80'^.

auturanale (drug). 808.

Cold for conceutrating cane-Juice,

1900.

process of soap-mikking, 1T71-3.
water soaps. l7'-9.

Coliimin's machine (fibres), 924.

Cole-seed, 1384-5."

(""flllaa stontnp-machine, 1836-7.

Collodion emulsion, 1638.

procesae--, 1536.

(dry) pror..-s^o.-, 1537-8.

O'llograph, 1609.

CoUutype printing, 1543.

processes, 1619-20.
Cullyer's fibre-machine, 929.

Colocynth, 808.

Cologne, enu de, 1632.

Odombo, 795.

Colophane, 1680-1.

Colophonia mauritiana (resin\

1649.

Colophonium, 1680-1.

Colophony, 1680-1.

for soap-making, 1767.

Clnquintida, 808.

Colorado hemp, 919.

Coloured glass, 1083-4.

soaps, 1791.

windows, 1084.

Colouring esparto, 1490-1.

porcelain, 1599-1600.
Cfih.nr printing, 1604-6.

Columb.i migratlna (oil), 1376.

Colza-oil, 1384-5.

Combretum butyrnceuni (oil), 1382,

t'ombhiR c itton, 7 17.

Combo oil. 1415.

Combs, 1132.

Common camphor, 672-5.

gout-hair, 1098.

iron (mordant), 1299.

turpentine. 1687-91.

Comparative table of lights, 1547.

Composing machines. 1601-2.

Composite salt-pans, 1736-7.

Compositions for matches, 1292-3.

Compressed gunpowder, 894.

Comptonia asplenifolia (tannin),

1993.

Concentrated alum. 1295.

Concentration beet-Juicp, 1854-7.

cane-juice, 1890-1900.

oxalic acid, 173.

sorghum-juice, 1911-2.

sulphuric acid. 92 6. 99.

Conclia nacar (pearl), 1520.

Conch peart, 1517, 1520.

Concvetur (cane-sugar), 1898-1900.

Condensers, acetic acid, 12.

hyirochloric acid, 108-17.

nitric acid. 157-8.

Condiments, 1802-17.

Condy's process acetic aad. 24-5.

Cunger-eel-oil, 1364, 137i.

Congo pea for green-soiling sugar-

cane. 1866, 1869.

Conima resin, 1649.

Oonnarus spp. (oil). 1414.

Conocarpus latifoli.i (resin), 1617-8.

spp. (resin), 1651.

Construction of tanneries, 122^.

Consumption nitre (sulphuric acid),

79.

Convolvulus Pnrga (drug), 814-5.

Scanimonia (drug), 823-4,

(resin) 1624.

>pp. (oil), 1430.

Cooawaaoo-oll, 1375.

Coondl-Oil, 1396-6.

Copahu, baume, 1639-40.

Copaiba, 809,1623,1624,1625,1639-40.

balsam-oil. 1420.

blanca, 1639.

Copalfera ^pp. (drug), S09, (balsam)
1623, 16119-10.

Copatva, 1639-10.
Cupal. 1623,1624,1625,1626,1610-1,

1666, 2024.

Copflnbu-u(,-u, 1665.

Copemicia cerifera (fibre), 940,

(wax) 2044.

Copper, acetate, 30, lJii7.

acetic acid from, 23-6.

aceto-areenlte, 31.

amalgam, 333.

ammoniuret, 1297.

a.-^suv, 352.

chloride, 1297.

detection. 348.

engraving on, 1613.
mordants, 1297.

nitrate, 1297.

plates, facing with iron, 1613.

plating, 880.

sulphjite, 12»7.
wall for caiic-juicc, 1890-1.

Copperas, 1299.

Coppers soap, 1774-5.

CuppeiKmlths' lute, 629.

Copra-oil, 13S3-4.

Cuprolit«s. 1260-1.

Coprosma Bauerlani (colTee), 707.

Coptis, 809.

spp. (drug), 809, (dye) a56.

Copying-ink8. 1166.

processes, 1608-10.
Coquilla-nut, 1357.

Coquita(flbr.-). 962.
Coi|iiito.uil, i;is5.

Corall, 1521-3.

deiijardins, 1803.

Conil, 1621-3.
-—- bibllogriiphy, 1623.

Iraporta, 1523.

Coralline, red, 6^0.

yellow, GMO.

Corallium nibrum, 1522.

Curcliorus spp. (fibre), 940-5.

Cordage, 1695-1710.
hand-made, 1696-7.

machine-made, 169t-l704.

Corde de boyau. 608-10.

Cordia globosa (tea), 2011.—- Rothii (resin), 1693.

spp. (fibre), 945.

Oorfllllera wax. 2044,

Cords, 1696, 1762.

Cordyline spp. (fibre), 945-6.

Coriander, 1B08. (oil) 1420
Coriandrum sativum, 1420, 1808.

Coriaria myrtifolia (tannin), 1989,

ruscifolia (tannin), 1993.

Cork, 722-9.

carpet, 1015.

commerce, 72S-9.

cutting, 725-7-

di-'integrjtor, 727.

flattening, 724.

grinding, 727-8.
-— history, 728.

stripping, 723-4.

uses, 724.

Corkwood cotton, 986.

Cornelian cherry oil, 1414.

O-trnisb stone, 1560.

Oornstalk-sugar, 1908-14.

Corn-starch, 1823, lS2^-9.

Cornus fiorida (timVr), 2015.

moBCula (oil), 1414.

sanguinea (oil), 1388.

Corozo-nut, 1357.

Corps gros. 1360-1484.

Corragine (fibre), 994.

Corrosion of metals by oils, 14Si.

Corticine, 1015.

CXirylus spp. (gunpowder), '< ^4, (nut)

1358.
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Corypha cerifera (wax), 2044.
Gebanpa (starch), 1827.
!-pp. (fibre), 946.

Coscinium fenestiatum (dye), 856.
Costus, 809.

Goto, 809.

Cotoneasternnmmularia(drug), 818.

CoUon, 948-60.

bleaching, 471-508.
bleach house, 411.

kiers, 477-8, 480.

limeing and chemicking
machines, 47s-80.

madder bleach, 471-94.
market bleach, 495-506.
Turkey red bleach, 494.

yarn and thread blpaching,
506-8.

carding, 743-7.
cards, 744.

charncters and uses, 959.

combing, 747-9.

commerce. 786, 959-60.

cultivation, 954-7.

distribution, 948-54.

doubling, 764.

drawing, 749.

drawing-in, 779.

dyeing, 828-35.
Iilacks, 828-9.

blues, 829-30.

browns, 830-1.
drabs, 831.

greens, 831.

greys, 831-2.

mechanical appliances,
835.

oranges, 832.

reds, 832-4.

violets, 834.

yellows, 834-5.
fibre; its structure in relation

to manufacture, 731.
gasing, 765.

ginning, 957-9.
grass, 948.

iosects, 957.

length of staple, 732.

looms, 781.

manufactures, 729-90.
bibliography, 790.
commerce and statistics,

736-90.

generalities, 729-30.
manures, 957.
mill, 734.

mixing, 737.

opening, 739.

polishing, 765.

powder, 897.

reeling, 764.
roving, 752.

scutching, 741.

seed-oil, 1385-6.
separation of the fibre, 957-9.
sizing, 766, 770.

sliibbing, 751.

spinn ng, 733-66, 753-64.
twlsting-in, 779.
warping, 769-70, 777-9.
weaving, 766, 780.

shed, 767.

winding, 766, 768, 777.
yarn and thread bleaching,

506-8.

yarns, 738.
Cotton's hose-machine, 1193.
Couepia dulcis (oil), 1414.
Cuugle for hats, 1127.

Coula edulis (oil), 1414.
Ooumarine, 1528.

Coumarouna odorata (perfume),
1528.

Coumu-oil, 1386.

Country mallow (fibre), 911.

walnut, 1352.
Coupler's red-, 663.

Court bouquet, 1530,
Covered metal buttonp, 557.
Gowdee (resinj, 1666-7.
Cow-hair, 1095.

hides, 1758.
Cowrie wood, 2016.

Cow-tree (gum), 1664, 1693.
Cr.ib-oil, 13x6.

Crabbing-machine (bleaching), 512.

Crackle-glaze, 1598-9,
Crandall type- writer, 1608.
tJratjeva IWarmeloB(drug), 793.
Cream of tartar, 189, 1303.
Creasote, 1683.
Creosote, coal-tar, 41, 648.
Cresol, 42.

Cre.ss-oil, 1415.

Cresylicacid, 42.

Cricctus vulgare (fur), 1031.
Crighton opener, 739.

scutcher, 741,

Crimson spirit, 1303.
Crinum spp. (drug), 826.
Crocodile mnsk, 1525.

oil, 1365.

Crocus sativus (dye), 866-7, (oil)

1430.

Crotalaria spp. (fibre), 946-7.

Croton Draco (resin), 1648.

Eluteria (oil), 1419.
lacciferum (resin), 1668.

moluccanum (nut), 1352.
oil. 809, 1386-7.

philippinensla (dye), 861.—~ seblfera (oil), 1412.

spp. (drugfl), 797-8, (oil) 13^7,
(resin) 1668.

Tiglium (drug), 809, (oil)

1386-7.
Crown glass, 1057.

manufacture, 1063.

sewing silk hats, 1126.
Crucible, Hessian, 1558.
Crucibles, 790, 1570.

for glass, 1046.
lute for, 629.

Cruciferse (oil), 1421.
Crude naphtha, 1446.
Crushing machine (fibres), 912.

mineral phosphates, 1267-8,

sugar-cane, 1873-5.
Crust-guanos, 1264.

roan^ (leather), 1236.
Crutching soap, 1785-6.
Cryolite, alum from, 330.
Cryptocarya moschata,, 1812.

Cryptomorphite, 527.

Cryptostegia grandiftora (fibre), 947,
(resin) 1655, 1664.

spp. (resin), 1627.
Crystallizable sugar, determination,

1943-4.

in cane-juice, 1871-2.
Crystallizing-points of saltpetre

solutions, 277.
Crystallization of sugar, 1849-50,

1854-5, 1893.

Cuaxinduba (resin), 1665.
Cuba bast, 962.
Cubeba Clusii (spice), 1814.

spp. (drug), 809.
Cubc'bs, 809.

African, 1814.
camphor, 678.
oil, 1420.

Cubic alum, 1295.

Cuca (narcotic), 1307.
Cucumber-oil, 1395.
Cucumis Melo (sugar), 1903.

spp. (drug), 808-9, (oil) 1395.
Cucurbitaces (oil), 1395.
Cudbear, 864.

Culen tea, 2011.

Cultivation, aloes, 792.
beet, 1831-7.
chicory, 631-2.

China grass, 922-3. ^
cinchona, 800-4.

""

cocoa, 686.

coffee, 691-700.
cotton, 954-7.

esparto, 979-80.
flax, 965-7.

hemp, 934-5.
Indigo, 858-61.
Jute, 941-2.

Manilla hemp, 983.
pbormium, 987-8.
sorghum, 1909-10.
sug r-cane. 1860-70.
sumach, 1988-90.
sunn hemp, 946.
tea, 1991-8.
wattles, 1986-7.

Cumbi resin, 1648.

Cumin,; 809, (seed-oil) 1415.

Cuminum Cyminum (drug), 809-10.

Cumol, 2026.

Cunningham's flax-hackling ma-
chine, 1246.

Cup and cone hardener (hats), 1106.

Cupania sideroxylon (oil;, 1394.

Cupresius sempervlrens (timber),

2014.

Curagoa (liqueur), 227.

phosphate, 1264.

Curari, 810.

Curcaa purgans (nut), 1359, (oil)

1410, (resin) 1694, (shade) 1815.

Curcuma lunga (dye), 868.

spp. (oil), 1432, (starch) 1822.

Curcumin, 868.

Curd cement, 627.

soaps, 1779.

Curdee-oil. 1410.

Curing indiarubber, 1154.
soap, 1783.
sugar, 1857, 1900-1.

telegraph cores, 1152.

water-proofed fabrics, 1149.
Curling hair, 1100.

Currajong fibre, 994.

Currants, 1023.

Curratow fibre, 933.

Curry-leaf tree (oil), 1410.
Currying leather, 1234.
Curtisia faginea (timber), 2012.
Curvamboo (resin), 1693.
Cusparia, 793.

trifollata (drug), 793.
Cusso, 815.

Cutch, 1982-3.

Cutlers' cement, 623.
Cutting glass, 1074.

machines (paper), 1603-4.
(rubber valves), 1150.

paper, 1503-5.

rags, 1491.

soap, 1781-3.

straw, 1492.

Cuvelier's beetroot pulp press,
1839.

Cyanide potassium, 267.

Cyankalium, 267,

Cyanogen from animal matter,
270-1.

Cyanotype, Herschel's, 1617.

Cycas circinalis (resin), 1693.

spp. (starch), 1827.

Gyclopta genistoides (tea), 2010-1.
Cydonia vulgaris (drug), 820.

Cylicodaiihne spp. (oil), 1415.

Cylinders, hydrochloric acid, 104-9.
moulding (gla-:0. 1066.

Cymbopogon spp. (oU), 1429.
Cymogene, 1446.

Cynanchum ovalifolium (resin),

1657.

viminale (resin), 1624.

Cynips Calke tinctoriie (tannin),
1983-4.

Cynometra spp. (oil), 1414.

Cyperus esculentus (oil), 1414.

spp. (fibre), 947.

Cypress, 2014.

Cyprian turpentine, 1687.

Cypripedium pubescens (drug), 825.
Cyprischer terpentin, 1687.

Cyprus satchet, 1531.

vitriol, 1297.

Cysteodemus armatus (drug), 797.

Cystophora cristata (oil), 1370.

Cytisus scoparius (drug), 79.5, (dye)

856, (fibre) 947.

D. cupressinumACRYDIUiVr
(resin), 1680.

spp. (timber), 2019.
Dacus oleae, 1400.

Daemia extensa (fibre), 947.

Dsmonorops spp. (cane), 695-8,
(resin) 1624.

Daglish 8 blowing-engine, 465.
kilns, 83.

still, 36.

Dahlia, potash from, 255.

purpurea (oil), 1432.

Dairy produce preservation, 1016,

Dalbergia nigra (timber), 2020.

Sissu (limber), 2021.

Dalbergia spp. (resin), 1668.
Dalican'B tallow test, 1477.
Dallas' photo-engraving process,

1618,

Damar, 1644-5.
Dambonlte, 1830.
Dambose, 1830.

Dames' violet oil, 1414.
Dammar, 1623, 1624,1625, 1644-5.

austral, 1666-7.
de la Nouvelle-Zelande, 1666-7.
si'lo, 1668.
whiti*, 1678.

Dammara australis (timber), 2016.
spp. (resin), 1624, 1644, 1666-7.

Damping-machine (bleaching), 497.
Dancer's aspirator, 129.
Dandelion, 826.

Dandy furnaces, 117-8.

Daniellia thurifera (resin), 1619-50.
Daphne Mezereum (oil), 141-1.

spp. (drug), 818-9, (fibre) 947.
Dark room (photography), 1536.
Darmsaite, 608-10.
Dash-wheels (bleaching), 495.

Date palm (fibre), 986.

tree sugar, 1904-8.

Dates, 1024.
Datura spp. (drug), 826, (narcotic),

1325.

Daucus Carota (oil), 1432.

Dawamese (narcotic), 1307,
Day's irjdiarubber substitute, 1162.
Deacon's furnace (soda), 284.
Deadly nightshade, 794.
Deal (acetic acid), 15.

white, 2014.
Debregeasia spp. (fibre), 947.

Dechet de lait, 1903-4.
Deckanee hemp, 961,
Decolorizing oils and fats, 1461-2.
Decorative processes (pottery), 1597-

Z601.

Deer skins, 1757.
Defecation, beet-juice, 1846-51.

cane-juice, 1884^90.
by chemicals, 1886-9.
by filtration, 1889-90,
by galvanism, 1890.
by heat, 1884-6.
lime sucrate process,

1930-2.

sorghum-juice, 1912-3.
Defibratlng sugar-canes, 1878.
Degras for currying, 1235.
De la Basiie's toughened glass, 1079.
DelphinapteruS leucas (oil), 1369.
Delphinium Staphisagria (drug),

826.

Delphinus spp. (oil), 1369, 1372.
Demerara yellow crystals, 1894-5.

defecation for, 1888-9.
De Mornay cane-mill, 1875.
Dendrocalamus spp. (fibre), 921.
Deniering silk, 1753-^.
Densimeter (gunpowder), 895-6,
Dental rubbers, 1154.
Deodar wood, 2014.
Deodnrizerd, 677.
Deodorizing oils and fats, 1461.
Depazea maculosa (coffee), 700.

sacchari on sugar-cane, 1869-70.
Depilatories, 1220-4.
Depulpers for beet-juice. 1839.
Derayage of leather, 1234.
DesignoUe's powder, 41.

Detection rmuiualj, fatty-oils,
1469-71.

oils and fats, 1462-77.
resins, gum-resins, and balsams

162't-7.

Deterioration (wine), 447.
Detonators, 903.

Developing recipes, 1537.
Devil's cotti.n, 911.

Dextrine, 1645-7.

transformation into sugar,
1914r-5.

Dextrose, 1830, 1831.

Dhak kino, 1668.

Dhauri, 858.

Dhoura gum, 1647-8.

Dhunchee (fibre), 996.

Diabetic sugar, 1830.
DiablotiR(oil), 1376.

Diamond, 1041.
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Dl-amyl-anillne, 668.
Diaphragms, 15.t3—l.
DUfipore, 333.

Dihrimianthraqulnono, 653.
lJiLiii.p»i8 Bpp. (rubber), 1627,

Dicypolltum caryophyUatum (oil),

uao, (spio) i8u8.

Didtbin (r^sitO. 1674.

Di-cthyl-aiiillne, 657.
Dietrich'^ (F.) process (tartaric

acWy 180.

DifTunfun procem, beet molasses,
H5S-9.

extracting beet -Juice,
1842-6.

cane-Julce, 1880-3.
Digitale, 811.

DlnltiUis spp. (tirog), 811.
Dihl's lute, 629.

Dika-fat, 1387.
Dika-mali (reBiii), 1624, 1648.
Pin, 810, (oil) 1420.

DllO-oll, 1387-8.

Diospyroa glutinopa (resin), 1684.
spp. (timber), 2015.
vlrginiana (Umber), 2019.

Diphenylaratne, 658.

blue, 606.
Dl-^lienyl-roBanlline, 667.

Dlplarrht'na Moroea (fibre), 948.

DlplolepU Oallte tlactoriis (taanln),
19H3^.

Dippel'soil, 1361.
Dlppiiig-frame for matches, 1279.

matches 1281.

DlpBucus fullorum, 2084.
Diplerocarpu-t epp. (drug), 812,

(resin) 1624, 1651-2, (timber)
2016.

Dipteryx spp. (oil), 1379, (perfume)
1528.

Dip turpentine, 1688.

Dlulnfectants. 677, 790.

Diolnrecting powders, 44.

soaps, 1789.
Disiiiic(^iiitiiig sugar-canes, 1878-9.
Hisiiitigminis, bark, 1227.

JUm'iiscs, iliuliona, 803, 807,
cnco-iuil, li3it.

-coflfee, 698-700.
cotion, y."»7,

olive, 1400-1.

sugar-beets, 1835.

sugar-canes, 1868-70.~ tea, 1997.

tobacco, 1330.
Jtiss, 917.

])i«--olving rubber, 1147.

Distillntiun, absinthe, 218-9.

acetic acid from vinegar, 25-6.

alcohol, 196-201, 202-3, 205,

206, 208-9, 212-3.

ammonia, 234.

aniline, 656.

beet fulcohol), 211.

carbullc acid, 673-6.

coal, 1033-4
coal-tar, 42-3, 641-4.

essential oils, 1457-8.

hydrochloric acid, 147.

lime acetate, 34-6.

liqueurs, 225-6.

marine plants (potash), 264-5.

mineral acetates (acetic acid),

21-5.

naphtha, 645.

nitro-benzol, 655.

paraffin, 1510-4,
petroleum, 1446-7.

rosaniline, 660.

wood (acetic acid), 7-21.

Dita, 810.

Dl-ioluvl-amine, 658.

Dlvf-divi, 1226. 1983.

r>jamba (narcotic), 1306.
rgave rat, 1396.

Dobson and Barlow's cotton-gin, 968.

Doclmasie, 346-60.

Doomatium monophyllum (oil), 1401.

Dofflng (cotton manufacture), 761.

Dog-grease, 1375.

Doggut (oil), 1418.

Dogwood, 2016.

black (gunpowder), 882-4.

oils. 1388.

Dole's tallow-rcnderer, 1447.
lAilichoH LabUb, 1869.

spp. (fibre), 948.
l>olly (bleaching), 514,
IX>mba-oll, 1387-8.
L)ombeya cannabina (fibre), 948,
Donkey Hewing-machine, 471.
Duornboom (reain), 1632, (timber)

2015.

Dorema Ammoniacum (drug), 793,
826.— spp. (resin), 1624, 1630.

(^orse-oil, 1364.
Doryphora Sassafras (drug), 823.
l->ouble carbonataliun fur defecating

beet-Juice, 1846-9.
muriate of tin, 1301,

—— shovcr stocks, 1220.

still (alcohol), 206.

transrer prints, 1542.
Doubling cotton, 764.

silk, 1751-3.

winding frame, 1698-9, 1700.
Douglas's green, 1549,

Doulton ware, 1570-3.
Down, 905.

Drac£ena Iiidivisa (fibre), 945.
spp. (resin), 1624, 1648.

Drachenblut, 1648-9.

Dracocephalum moldavlcum (oil),

1417.

Dragon's-blood, 1624, 1625, 1648.
2025.

Draining sugar, 1857, 1900-1, 1931-5.
Drain-pipes, 1572-3,

Dramming silk, 1753—1.

Draught and air (sulphuric acid),

61. 88.

Drawing cotton, 749.—— frame fur fla.\, 1249.

in cotton, 7 7 it.

Jute, 1185.

Jute, 1180.

Dressing fiiix, 1246.

leather, tannage of, \'2:vi.

Drew, Heywood. and Uarron's
fiower-still, 1457-a.

Driers (varnish), 202^-^^.

Drlniia ciliaris (drug), 826.

Droguerles. 790-827.

Dromaius novsB hoUandia; (oil), 1375.

Droseroj (dye), 863.

Drugs, 790-827.

aconite, 791.

ajowan, 791.

aloes. 791-3.

ammoniacum, 793.

angoBtnra, 7y;i.

arecii, 793.

amica, 793.

asafoetida, 7fl3.

atees, 793.

bael, 793.

barberry, "i> l.

bearberry, 794.

belladonna, 70 (.

bibliography, S'27.

black-ruuts, 794.

boldo, 794.—— bonduc, 794.

broom-tops, 795.

buchu. 795.

buckthorn, 795.

c^uput, 795.

calabar bean, 795.

calumba, 795-6,

camphor, 796.
canella, 796.

cantbarides, 796-7.

capsicum, 797.

cascarilla, 797-8.

cassia, 798.

castor, 798.

castor-oil, 798.

cebadilla, 798.

chamomile, 798-9.
chaulmugra, 799.

china-root, 799.

chiretta, 799,

cinchona, 799-808.

cocculus indicus, 808.

colchicum, 808.

colocynth, 808-9.

cupaiba, 809.

coptis, 809.

COBtUB, 809.

Drugs coto, 809,
croton, 809.

cubebs, 809,

ciimlu, 809-10.
curari, Hlu.

^— din, 810.

dila, 810.

dul>uisia, 810.
el- carapano, 810,
ergots, 810-1.

fern (mule), 811.
foxglove, 811.

-—- galhanum, Mil.

gelsemium, 811.
gentian, 811.

ginseng, SI I,

guaiacum, 811.
gul.inuli.i. 411.

Hnrjii.i, M2.
h. ll.ilx.iv, hi2.

IirnlMiie, H12.

Ic'tunl iiiu-is, 812.
ipecacuanha, 812-4.
iridm, 814.

Iri^h mn^s, 814,
jaboranUi, m14.

jalap. 814-5.

Jew's ear, 815,
kiva-kava, bl5.
kino, 815.

kokura-butter, 815.
koBO, HI 5,

liictncarium. 815-6.
ligiHini-viUe, wi6.

lini'- jiii.f. 8U:.
liquorice. ^16-7.
Iiij^woud, 817.
lu|»v, n.(.t, 817.
lyciip..dmin. 817.
munna, Mi7-y.

matico, 818.
niczt renri. 81&-9.

nux vniiiica, B19.
parrira I)r,i\ii, 819.
pellitory, a 19.

pennyroyal, 819.

peppermint, 819.
Peru balsam, 819.

podophyllum, fiiU.

poppy, H-21).

quassia, t<20.

quince, 820.

rhatany, 820.

rhubarb, H2U-2.

St. Ignatius' beans, 822.
sarsaparilla, 822-3.
sassafras, siij.

sassy, 823.

scammony, 823-4.
sencRii. 824-5.

senna, 8J5.

snake-roots, ^^'25.

squill, 825-6.

stavesacre. 826.
storax. 826.

stramonium, ^20.

sumbul, 826.

tamarinds, 826.

taraxacum, 826.
valerian, H26.

wahoo, 826.

wormseed, 827.

Dryandra cordata (oil), 1411-2,
Dry collodion processes, 1537-8.
Drying flax yarn, 1254.

indiarubber, 1143.

oils.(varnish), 2023-4.
pottery, 1576-7.

. rope and twine, 1701-3.

sheds for leather, 1232.
soap, 1783.

spread fabrics, 1148.

starch, 1825-6-

upper leathers, 1234.

Dryobalanops spp. (camphor),
576-7, (oil) 1397, (resin) 1624.

Duboisia spp. (drug), 810, (oil) 1324.

Dubrul's cigar-scrap machine, 1345.

Duca, 1693.

Duchassaing's proems (sugar), 1879.

Duck-grease, 1375.

Dafte, 1523-32.

Dugong (ivory), 1176, (oil) 1365,

(skin) 1757.

Dulcite, 1830.

Dummele (resin). 16S4.

Dumnnt filters, 1851.

Duncan ii N>nl.niiU' alum proojM
Mf Mi^.ir-r.tii.ln^r, 330-2, 1927-«.— < lutll>1lp^occ6S(sugu:-

r.-tiniiJ^O. 1933-4.
Duuder v.>lc"liul), 204.
DUnger, l2:>o.

DiiTilop* tape-cutting machine (tn-
diaruiiber manufactures), 1146.

DuMlin. 901.
I >u[> s^iloi (resin), 1677.
Du X et Rwttget's filter-press,

(!>.. t-eii(;,ir), 1849.
Diinii.i iu,i;s. 919.
Dudlldg nig^, 1491.
Dutchuiun'ci laud;inum, 1307.
Dyiing and Culico-prmting, biblio-

grapby, 854.

calico-prining, 835-
54.

^— cotton-dyeing, s2-<-35.

geueiaJities, 827-8.
calf-kid (leather), 1237.

carpels, 2105-6.
cotton, 827-35.
glove-kid (leather), 1239.
hair, imo.

-hats, 1112. 1120.

ostrich plumes, 908.
silk, 1754.

Dyers' aquaforits, 1302.
composition, 1302.

Dyes for hats, 1113, 1120.

Dye-stuffs, h5 1-69.

alkanet, 855.

al"e*i, 855.

annatto, 855.
bar\v<H>d, 855.
berbei lu, 855-6.
biblicigraphy, mijO.

brazil-wood, 8iU.
bri«oni, 806.

camwtKxi, 856.
CJiulinc, 856.

chay, 856.

Chineso-nreen, 956.
cochineal, 85ii-7.

ericlne, n57.

fustic, 857-8.
gardine, h58,

generalities, 854-5.
godarl, 868.
henuii, 858.

Indian mulberry, 858.
Indigo, 858-61.
kaniala, 861.
keniii s, a61.
lac, 8b]-2.

Ian, H62.

lauroUiK', 862.
liimii-<, ><G2.

lopwuinl, 862.
niaddiT, 8b2-3.
Moxii .m blue, 863,
munjeet, 863-4.

nag-kassar, 864.

orchella, 864.

usage orjDge, 8G4,

Panama crimsun, 864,
Persian beiries, h6-l.

poppy, 864.

pupil, 8C4.

quercitron, 864-5.
safflower, 865-6.
saffron, 866-7.

sanders-wood, 967.
sap^n-wood, 867.
tisso, 867.

Tokio purple, 867-8.
turmeric, 868.

walnut, 868.
weld, 868.

woad, 868-9.

yellow berries, S64.

Dyewoods refuse for acetic acid,
15-19.

Dynamite, 901.

iijAGLE vitriol, 1297,
wood, 1523-4.

Ear-shells, 1517, 1520.

Earthenware, 1558, 1573^2,
cement, 627.

Earth-nut, 1357-8.

wax, 2046.
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East Asian dragon's-blood, 1648,
Indian copal, 1641-2.

dammar, 1644.

elemi, 1649.

gum, 1621, 1632.
kino, 166Y-8.

• mastic, 16T3.
sugar-cane, 1860.

Eastern sea-salt industry, 1718,

Eastes' process, defecating cane-
juice, 1888.

sugar-refining, 1929.

tau de Chypre, 1532.

de Cologne, 1532.

de Luce, 1532.

de milleileurs, 1532.

de niousseUne, 1532.
de Portugal, 1532.

de vie de marc, 202.

des carmes, 1532.

forte, 143-60.

regale, 335.
Eaux, 1532.

gaseuses, 362-77.
Eboe-tree (oil), 1379.

Ebony, 2015.

Echaltium piscidium (fibre), 982.
Echinus philfppinensis (dye), 861.

Echites scholaris (drug), 810.

Economies in glass-manufacture,
1086.

Ecorces de chgne, 1987-8.

^cuelles fur extracting essential

oils, 1-157.

Eda (resin), 1648,

Edfble banana (fibre), 982.

Edgewortbia Gardneri (fibre), 948.

Edwards' heliotype, 1619-20.

Egg cement, 627.

oil, 1365-6.

Eggs, preserving, 1016.

Eglantine extract, 1528.

Egusi-oil, 1395.

Ehrard's biting-In process, 1618.

Eichenrinden, 1987-8.

Eider down, 905.

Kisenhut, 791.

Ejoo fibre, 919.

Klajagia ntilis (wax), 2044.

Elseis guineensis (fibre) 948, (nut)
1359, (oil) 1406-8.

melanococca (oil), 1385.
Elffiocarpus spp. (tannin), 1993.

Elasococca vernicia (oil), 1411-2.

Eleeodendron Argan (uiH, 1377-8.
paniculatum (resin), 1666.

Elsosellnum sp. (resin), 1630.

Elaphrium spp. (resin), 1623.

tomentosiim (resin), 1683.

Elastic cement, 623.

Elate sylvestris (resin), 1693.

Elder-flower soap, 1791.
. water, 1532.

oil, 1420.

Elecampane, 810.

Electrical apparatus, cement for,

623.

Electro-metallurgy, 869-82.

batteries, 869-70.
bibliography, 8S1-2.

• brass-plating, 881.

clpansing surfaces, 870-1.
conductivity of metals, 869.

copper deposits, 876.

deposition of metals, 869.

dipping, 872.

electrotyping type, 877.

gildmg, 878-80,

magneto-elect- ic machines, 870,

moulds and moulding, 872-6.

nickel-plating, 880-1.

plating tanks, 871-2.

silvering, 877-8.

steel-plating, asi.

Elemi, 1623, 1625, 1649, 1677, (oil)

1420
Elephant grass, 999.

ivoiy, 1173.
sugar-cane, 1861.

Elephaa spp. (ivory), 1173-5.

Elettaria Cardamomum (f^pice),

1803-4.
Elenthera, 797.

Elfenbein-schwarz, 455.

Elk hair, 1094.

EUebore, 812.

Ellis auxiliary for engines, 607.

Elm (acetic acid) 14, (potasb) 255,
(timber) 2015.

El mogen (narcotic), 1307.

Elution process (sugar), 1859-60,
1933-4.

Ema fibre, 919.
Embelia Ribes (spice), 1814.

Emblica officinalis (resin), 1693.

Embryopteris glutinifera (resin),

1684.

Emerald, 1042.

green, 1549.

Emetic holly, 1308.
Empleurum serrulatum (drug), 795.

Emu-grease, 1375.
Enamelled loather, 1236, 2032.

Enamels, 1086, 2031-2.

Encaustic tiles, 1587-94.
Encens, 1676-7.
P^ncephalartos spiralis (starch), 1823

,

Enemies, coco-nut, 939.

coffee, 698-700.
cotton, 957.

olive, 1400-1.

sugar-beets, 1835.

sugar-canes, 1868-70.
tea, 1997.

tobacco, 1330.

Enfieurage of odours, 1456.

Engineers' lute, 629.

English china, 1596-7.
rock-salt di&tricts, 1721-3.

Kngrais, 1256-77.
Engraving and printing, 1601-20.

bibliography, 1620.
inks, 1172.

on copper, 1613.

on steel, 1613-4.

on stone, 1614-6.
on wood, 1610-3.

on zinc, 1616.

steel cylinders, 1614.
Enhydra marina (fur)' 1032.
Enlarging camera, 1535,

Entada i-candens (drug), 795.
Entenfuss, 820.
Enzian, 1809.
Enziiingeist, 1809.
Eosine, 683.
Ephedra antisyphilitica (tannin),

1993,

Epicauta spp. (drug), 797.
Epices, 1802-17.
Eponge, 1817-21.
Erd amber, 1628.
Erdnussol, 1391.

Erdiil, 1433-47.
Erechthites hieracifolia (fibre), 948.
Ergot, 810.

Eria silkworms, 1745-6.

Erica vulgaris (dye), 857.
Kricine, 857.

Eriodendron anfractuosum (oil ),

1414, (resin) 1693.
spp. (fibre), 948.

Eriolaina Hookeriana (resin), 1668.
Erlophorum comosum (fibre), 948.
Eriostemon squameum (oil), 1432.

Ermine fur, 1030.

Erodium mc-chatum (musk), 1525.

Eryngium (fibre), 948.

Eryops resin, 1625.

Erythrina indica (resin), 1693, (for

shade) 1813, 1815.

spp. (resin), 1668, (for shade)
716, 719.

Erythrobenzine, 664.

ErythrophliBum guineense (drug),
823.

Erytbroxylon Coca (narcotic), 1307.

monogynum (resin), 1684.
E&enbeckia febrifuga (drug), 793.

Eserd-nut, 795.

Esparto, 978-9.

beating, 1489.

bleaching, 1488-9.

boiling, 1486-7.
characters and uses, 981.

chief localities of production,
980.

colouring, 1490-1.

commerce and values, 981.

cultivation, 979-80.
for paper, 1485.
picking, 1486.

Esparto sizing, 1489-90.

treatment for paper making,
1486-91.

washing, 1487-8.

Esplnillo (tannin), 1993.

Esprit pyroacetique, 39.

Essence de bigarade, 1425.

Portugal, 1425.

roses, 1427-30.

of turpentine, 1688-91.
varnishes, 2035-6.

Essences, 1528-9.

soap, 1792.

Essential oils, distillation, 1457-8.

expression, 1457.

extraction, 1456- 9.

by maceration,
1458-9.

by solvents, 1456-7.

vegetable oils, 1415-33.

Essig, 2038-42.
Essigather, 39.

Essiggeist, 39.

Essigsaure, 5-39.

Esslgsaiires natron, 37-8.

Essorage of leather, 1234.

Estimation, ammonia, 247.

tin in muriates, 1301.

in soda stannate, 1303,

Estremadura phosphate, 1261.

Eszterhazy bouquet, 1530.
Ether ice-machines, 673, 1135-7.

varnishes, 2037.

Ethyl acetate, 39.

aniline, 657.

mauvaniline, 668.

rosanilines, 667.
Eucalyptuse, 1830.

Eucalyptus gigantea (timber), 2021.

kino, 1668.

oils, 1420-1.

spp. (fibre), 948, (resin) 1668,

(tannin) 1993, (timber) 2015-6.
viminalis (drug), 818.

Eugenia caryopbyllata (spice),

1807-8.

Pimenta (oil), 1416, (spice)

1814.

spp. (tannin), 1993.
variabilis (tea), 2011.

Eugenie bouquet, 1530.
Eugeissonia tristis (fibre), 948.

Eumitopius Stelleri (fur), 1032.

Euonymus atropurpureus (ding),

826.

europffius (oil), 1388.

sp. (timber), 2018.
Eupatorium glutinosum (drug),

818.

Euphorbia spp. (oil), 1414, (resin)

1624, 1626, 1627, 1649, 1665.
Euphorbium, 1624, 1626, 1627, 1649,

1665.

European rock-salt dlstrict8,l719-2 1.

sea-salt industry, 1717.

Euryangium Sumbul (drug), 826.
Eurybia argophylla (musk), 1525.

Euryops multifidus resin, 1674.

Euterpe oleracea Qedulis3(oil), 1378,

(resin) 1663.
Evans' travelling handler, 1229.

EvapoiiAtion beet-juice, 1854^-7.

cane-juice, 1890-1900.
glucose, 1917-8.
patents, 1936-7.

soda liquors (soda), 298-9.
: sorghum-juice, 1911-2.

syrup (sugar-refining), 1926-7.
Evodia febriluga (drug), 793.
Evrard s skimmer, 1^47.

process fpr purifying oils and
fats, 1460.

Ewers, pressing, 1579-80.
ExcoBcaria sebifera (oil), 1412.
Exhausting t.inning materials, 1226.
Exile oil, 1414.
Exogonium Purga (drug), 814-5.
Explosives, 882-903.

bibliography, 903.

cotton powder or tonite, 897.
fulminates. 902-3.

guncotton, 896-7.

gunpowder, 882-96.
nitro - glycerine compounds,

8!i7-902.

picrates, 902.

Explosives, Schultz's powder, 897.

Extract (woollen manuf.), 2058-9.

Extracts, 1528-9.

Exudations, how obtained, 803, 817,

1639, 1651, 1653, 1655, 1656, 1658,

1659, 1661, 1662, 1664, 1677, 1684,

1686, 1687-9, 1691, 1692, 1902-3,

2044, 2045, 2046.

F. water-ABRIGS, preparing
proofed, for curing, 1149.

[greasy], recovery of grease
from, 605-6, 1455.

spreading and water proofing,

1148.

Fagus, spp. (timber), 2012-3.
sylvatica (tar), 1683.

Faham tea-plant, 1523.

Fallows for sugar-cane, 1865-6.
Fan palm, 946.

Fauna skimi (spice), 1802-3.
Farbematerialien, 864-69.
Farben, 1548-52.
Furberei, 827-54.

Farinaux's filter-press (beet-sugar),
1849.

Farn, 811.

Fashook (resin), 1630.
FasuB (rcsin) 1676.
Fat lute, 629.

Fats and oils, extraction, G05, 1447-
59.

tables of actual den-
sities of, 1469-70.

bleaching, 1459-62.
clarifying, 1459-62.
containing glycerides ofsoluble

and insoluble fatly acids, analyse
of, 1464-6.

correcting rancidity in, 1461.
decolorizing, 1461-2.
deodorizing, 1461.

detection and analysis, 1462-77.
estimating organic and mineral

impurities in, 1462.

moisture in, 1462.
(vegetable) extraction of,

1451-5
for soap-making, 1766-7.
neutral, soap from, 177;-4.
refining, 1459-62.
removal of resinous matters

from, 1460.

saponification, 579-82, 583-6.
vegetable, 1377-1415.

Fatty acids, estimation, 1462-3.
soap from, 1771.
table of, 1 765.

matters, extraction of, 605.
oils, mutual detection of; 1469-

71.

substances, 1360-1484.
Fauie's cane defibrator, 1878.
Faux baume de Gilead, 1686-7.
Ftathers, 904-9.

bibliography, 909.
common feathers, 904-o.
down, 905.

fabrics from, 904.
ornamental feuthers, 905-8.
quills, 908-9,

Fecule, 1821-9.

de pomme-de-terre, 1823-6.
Fehling's method of sugar analysis,

1948.

Felis spp. (fur), 1030, 1031, 1033,
Uncia (oil), 1376.

Felspar, 1660.

carbjnate potash from, 260.
Felt hats, 1102-21.

indiarubber, 1149.
Fennel-oil, 1421.

,

Fermentation, acetous (acetic acid),
6-7.

alcohol, 194-6.
beer, 401-11,
baet-juice (alcohol), 210.
coffee, 703.
in leather-dressing, 1219, 1220

1222, 1223, 1224, 1230, 1232.
process of sugar analysis, 1948.
tea, 2001.
vinegar, 2039.
wine, 435-7.

Fern, potash from, 255.
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Fern fmale] (drug), 811, (oil) 1414.
I oruriltt elppbantiim (drug) 793, (oil)

1414. (ri-8ln) 1621, 1664, 1692-3.
Frroiilaffiiniml. lti92-3.

Ftfrric chloride, 1298.

sulphate, 1298.
Fi rricyaiilde potassium, 267.
Kerridcyunkflllum, 267-8.
Ferrocyanidi- putawlum, 263.

Ferrocyaiikiilliim. 'Jti-^-TS.

Ferrocyaiiltulium, 268-7 J.

Ferrous chloride, 1298.
Ferula alliacea [Asofcetlda] (resin),

1633.

Narthex (resin), 1633.
spp. (drug), 793, 811, (resin)

1624, 1630, 1650, 1681.
Sunibul (drug), 826,

Frsai'a centiifuufll, 1825.

Fcasnus (resin), 1676.
l-estuca Irritans (fibre), 998.
Fettwaaren, 1360-1484.
IVnillea spp. (oil), 1414.

Fiber zibt'thlcus (fur), 1032, (musk)
1525.

Fibrous substances (from plants),
909-lOOU.

Abroraa nugusta, 911.

Abutlion spp,, 911.

Acacia leucuphloea, 911.

Adanaonla dlgltata, 912.

Agave amerlcana, 912-6.
siaulana, 916-7.

vivlpara, 917.

AloHspp., 917.

Ampeludesmos tenax, 917.

Ananassa BUtiva, 917-9.

Andromachlaigniarlu, 919.
-—— Andropogon Martini, 919.
^-^ Anona squamosa, 919.

Antlaris saccldora, 919.

Apocynum cannabinum, 919.

Areca Catechu, 919.

Arenga saccharlfera, 919.

Artocarpus spp.,- 919.

Arundo spp., 919-20.

Aacleplas spp., 920.

Astellaspp., 920.

Asirucaryum spp , 920.

Attalea funifera, 920.

Bambusa, Hpp., 920-1.

Bauhinla spp., 921.

Beaumontia grandiflora, 921.

Boshmerla spp., 931-32.
-^— Borubax spp., 932,

BorasBUS flabelllformis, 932-3.
Bromcliii spp., 933.

Bruusaunctia spp., 933.

Buteaspp., 933.

Calotropls spp., 933-4.

Camellna sativa, 934.

Cannabis sativa, 934-8.

Cavluduvlca palmata, 938.

Caryota ui^ens, 938.

CavanlUesia platanlfolla, 938.

Celosla cristata, 938.

Cc'ltis orientalls, 938.

Chamtcropa spp., 9 (8-9,

Chloiogalum pomerldianum,
939.

Chorlsia speciosa, 939.

Clbotium Barometz, 939.

Cocos nuclfera, 939-40.

Coperiiicia cerlfera, 940.

Corcborus spp., 940-5.

Cordla spp., 946.

CurdyUne spp., 945-6.

Corypha spp., 946.

Crotalaria spp., 9 J 6-7,

Cryptosti'gla grandiflora, 947.

CyperuB spp,, 947.

Cytisus scoparlum, 947.

Do^mlaextensa, 947.

Daphne spp., 947.

Debregeasia spp., 947-8.

DlplarrlH'iia Morcea, 943.

Dollcbos spp., 948.

Dombeya cannabina, 948.

Edgwoithla Gardneii, 948,

Elmis guiueensls, 948.

Ei-cchthites hieraclfolia, 948.

Eriodendron spp., 948.

firlophorum comosum, 918.

Eryaglum sp., 94'^.

FucalyptuB Bpp., 948.

£ugelB6onla irlhtiF^. 948.

Fibrous subi^tances. Fltzroya pata-
gonica, 948.

——' Fourcroya longieva, 94s,

Freycinetia Banksii, 948.
Gossyplum spp., 948-60.
Grewia spp., 960.
Guozuma tomentosa, 960.
Hardwickla binata, 961.
Hclianthus spp,, 961.

Helicteres I»ora, 961.
Hibiicus Bpp , 961-2.
HolupU'l'-a Intt'grlfulla, 962.

Holustemma Rht'edianum. 962.
Humulus Luputu^, 962.
iris pseudacorus, 962.
Jubiia spcctabills, 962.
Kydla calyciua. 962.

Lagetta lintcaria, 962-3.
L.iportea pustulata, 963.
Lardizabala biternata, 963.
La8io-.iphon epeclosus, 963.
Lavdteru Hpp,, 963.

I.<eopoldiDla Pla-saba, 963.—- Lepidosperma gladlata, 963.
Llnum usitatlssimum, 964-78.
Lygeum Spartum, 97»-9.

MacrochloatenaciS8lma,979-81,
Malachra capltata, 991-2.
Malvaspp., 982.

Maranta oliliqua, 982.
Mar-denla tenaciBSima, 982.

Mauritla flexuusa, 982.
MeiodInu.s monogynus, 982.
Musa spp., 982-5.

Nldularium karatas, 985.
Nipa frutlcans, 985.

Ochroma Lagopus, 986.
Ocymuni spp., 9,s6.

Oenocarpus Bncaljn, 986.
Orthanth(;ra viminea, 986.
Pachyrrhizua angulatus, 986.
Pnndanus Bpp,, 986.
Pederla foetida, 9a6.
Phcenlx dactyllfera, 986.

Phormlum tenax, 986-93.
Pimelea spp., 993.

Plnus Bylvestrls, 993,
Plpturus spp,, 994.

Plngiantbus spp., 994.
Poa spp., 994,

Prlonmm I'ulnilta, 994.

Psamma arenarla, 994.
Raphia spp,, 994.

Sabal Palmetto. 994.

Saccharum spp., 994-5.
Salix Bpp., 995.

Sansevlera spp., 995-6.

Scirpus Ittcustris, 996.
Seebania spp., 996.

Sida spp., 996-7.

Spartina spp., 997.

Spartium junceum, 997.
Spathodea Rheedli, 997.
Sponia spp., 997.

Sterculia spp., 997.

Stipa 8pp., 997-8.

Strophantus sp., 998.
Thespesia t-pp., 998.
Tilla spp., 998.

Tlllandsia usneoides, 998.
Touchardia latlfolla, 998.
Trlodla irritans, 998.

Trltoma spp., 998.

Typha spp., 999.

Urena spp., 999.

Urtlca spp., 999.

Xerotes spp., 999.

Xylopia spp,, 999.
Yucca spp., 999,

Zizania aquatica, 999-1000.
Fichtenhara, 1679.

Fichtentheer, 1683.

Ficua Carica (fruit). 1024-5.

cordifoUa (rubber), 1672.

elastica (rubber), 1656-7.

spp. (oxa)lc acid), 161, (rubber)
1624, 1623, 1652, 1656, 1657, 1658.

1664, 1665, 1668, 1669, 1671, (was)
2044.

Fig soap, 1776-7.

Fig-tree wax, 2044.

Figs, 1024.

Fiji rubber, 1664.

Filberts, 1358.

Filled soaps. 17S5-8.

Filling-machine (matches), 1279.

Filmevaporators forcane-juice,1892.
Filter-pre.«ises for lime scumtt (beet-

sutjar), l«4K-9.

KlltcrH, bag, 651.

sumeware, 1573.
Filtration, beot-Juice through animal

char&tal, 1851-4.

-cane-julce, 18-9-90.

glucoiie. 1916-7.

green oils (from coal), Gol.

oils and fa b, 1j59.
patents, 1937.

sugar-refining, 1922-3.
tartaric acid, 177-9.

Fine salts, 1732.

Fingerhut, 811.

Fingers of flax, 1243.
Fining vinegar, 2039-40.
Finishing bats, 1116.

jute. 1185.

machines, 1603.
silk hats, 1124.
spirit, 1302.

Fir (acetic add), 14-5.

silver, 2015,
white, 2014.

Fire-bricks, 1570.

clay, 639.

proof lute, 629.

and waterproof lute, 629.

teiTa-coittt, 1586-7.
testing petroleum, 1479-81.
w.ire, 1569-70.

Flreweed, 948.

Firmin's pruccRs (tartaric acid), 177.

Flrniss, 2023-38.
First, second, and third sugars, 1857

.

Fiscbbeine, 524-5.

Flsb manures, 1257.

oils and faia, 1361-77.
pro-orving, 1016-7.

skins, 1767.

Fisher fur, 1030.

Fisliery-salt, 1732-3.
Fitcb fur, 1030.

Fitting soap, 1780.

Fitzhenry scouring-machine (lea-

ther), 1235.

Fitzroya p.itagonica (fibre), 948.

Fixed oils and fats [vegetable],

extraction of, 1461-5.

Flashing-points of oils, 1479-81.
Flax, 964-78.

brands, 977-8,

breaking macbines, 969-73,
1246.

characters and uses, 977.

commerce and values, 978.

cultivation, 965-7.

cutter, 1246.

drawing, 1249.- dressing and sorting, 1246.

distribution, 964-5.

extraction, 967-75.

fucturies In Great Britain and
Ireland, 1255.

for paper, 1485.

hackling, 1244.

(hackled), lengths of. 1246.—— local modifications, 975-7.

longs and shortw, 1244.

manufactures, 1240.

middles, lung middles, kc, 1246.

parcels and tipples, 1244.

preparing, 1247.

reeling, 1253.

retting, 967-9.

roushlng, 1243.

roving, 1249-51.
scutching, 973-5.

seed-oil, 1393-4.
spreading, 1247-9.

spinning machines, 1252.

-stones, -stricka, -fingers, and
-piece^s, 1243.

weaving, 1254.

yam bundling, 1254,
drying, 1264.

table, 1254.

Flesh as manure, 1257.

Fleshing processes, 1224.

Fletcher's aspirators, 131, 134.

Fliesen amber, 1628.

Flint crusher, 1561.

furnace, 1560-1.

Floating soaps, 1792.

Floorcloth, 1000.

buiilinlicun, 1015,
oorticine, 1015.

kamptalicon, 1015.

linoleum, 1001-15.
oilcloth. 1001.

Flow' rs, maceratiOD of, 1453-9.

alllls, 1457-8.
voses (gla8"«X 1072.

Fluorspar, 147-8.

FluiTeacine, 682.

Flussbatz. 1640-4.

Flux, bUirk, 2T9.

Fa^niciilum ofllcinale (oil), 1421.

l-ood presiTvation, 1015-22.
bibliography, U'22.— dairy prxluce, 1016.

fish, 1016-7.

fruit, grain, and vege-

tables, 1017-8.

meat, 1018-22.

Forbidden fruit, 1026.

Korc-tum rope macliine, 1707-9,

Forming fur liats. 1107.

bats. 1104.

Fortification, wine, 437.
Fupsil ivory, 1176.

Foui:fere male, 811.

Fourcioyo cantuU (fibre), 917.

lonRHPvu (fibre), 948.

Fourdinler paper-machine, 1494-9.
l\.\ fur, 1031.

F...\glove. 811.

Fox Talbot*H photo-engraving pro-

cess, 1618.

Frames, «oap, 1781.

Fningipi'nni satchpt, 1631.

Frankfurt-black, 464.

Frunkincen«e, 1623, 1637, 1649-50
1676-7, 16MI.

Frasers pliormlum machine, 9s9.

Fraxlnus chlncnsis (ink), 1170,

(.wax) 2044.
excelsior (timber), 2012.

spp. (drug), 817-8.

Fri'czing (carbolic acid), li7;j-4.

artlficiul (ice), 1134-12.

bibliography, 1142.

by ammonia. 237.

cane-Jiilce, 1900.

ni.icliim-8, 1135-42.

mixt\ires, 1134.

French Morocco (leather), 1236.

phosphates, 1262.

polish, 2037.

sable fur, 1031,

bca-salt industry, 1717, 1737.

t.ilk. 1744.

Fn ntia Fontanesll (resin), 1681.

spp. (resin), 1682.

Fresh-water pearls, 1617.

lYeycinetia Banksil (fibre), 948.

Friars' balsam, 1638.

Frledricbshall blttir water, 364.

Frigate-bird oil, 1375.

Frisbie's feeder for furnaces, 1052.

Fritillaria Meleagris (oxalic acid),

161.

Fruit, 1022-9,

alinonda, 1022.

biinanas, 1022-3.

bibliography, 1029.

citrons, 1023.

commerce, 1022.

currants, 1023-4

daUs, 1024.

figs. 1024-5.

gum, 1646-7.

lemons, 1025.

limes, 1025.

oranges, Hi25-7.

pineapples, 1027.

plums, 1027.
pn-serving, 1017-8
ruisins, 1027-8.

tamarind;?, 1023.

Fruits de carvl, 1803.

Fruits, Bugar in, 1943.

Fry's process (acetic acid), 19,

Fryer's concretor, 1898-1900.

FucbBia macrostemma (tannlD)*

1993.

Fucu3 crispus (drug), 814.

Fullers' teazle, 20^4.

Fulling hat-, 1109.

blocks (hats), 1109.
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Fulling stocks, dyes and stains (liats),

1120.

Fulmar-oil, 13Y5.

Fulminates, 902.

Fuming sulphuric acid, 51.

Funiiiory, potash from, 255.

Fungi on sugitr-cane, 1869-70.
Fungus, Siberian or intoxicating,

1324.

Fur, 1029-33.
badger, 1030.

bear, 1030.

beaver, 1030.

bibliograplly, 1033.

blowii'g. 1107.
cat, 1030.

cllinchiila, 1030.

collecting, 1029.

dressing, 1029.

ermine, 1030.

fisher, 1030.

fitcli, 1030.

forming, 1107.
fox, 1031.

liamster, 1031.
hare, 1031.

kollnslii, 1031.

lion, 1031.

lynx, 1031.

marten, 1031.

mink, 1031-2.
monltey, 1032.

miiKk-iat, 1032.

nutria, 1032.

opossum, 1032.

otter, 1032.

otter [sea], 1032.

rabbit, 1032.

raccoon, 1032.

seal, 1032-3.

oil, 1375.
, .

slcunk, 1033.

squirrel, 1033.

tiger, 1033.

wolf, 1033.

wolverine, 1033.
Furnacfs, a' senic, 336-8.

biine-black, 453.

carbonating (soda), 300-1.

dandy, 117-8.

for ball soda, 290, 292-4.

bottle-glass, 1075.

cane-mills, 1876-7.
destroying noxious

vapours, 1276.

earthenware glaze, 1580.

spent tan, 1228.
. vinasses, 258.

glass, 1049.

niti ic acid, 156.

Bait-cake, 282-5.

Furneval's square-beater (bleach-
ing), 478.

Furs for hats, 1106.
• Fusel oil, 212. 1421.

Fussblatt, 820.

Fustic, 857.

Fuzes, 902,

G.TAD'S cement, 62T.

Gadus spp. (oil), 1363-5.

Gaiac, 1651.

Galabruii'8 frame (candles), 593.

Galactodendron utile (reoin), 1665.

Galactose, 1830.

Galam-butter, 1410.

Galam, gomme de, 1631.

Galangal, 1808. (oil) 1421.

Galba-oil, 1379.

Galbanum, 811, 1624, 1626, 1650,

(oil) 1421.

Gale-oil, 1421.

Galgant, 1808.

GalLngale, 1808.

Galiocerda tigrina (oil), 1367.

Galipea spp. (drug), 793.

Galipot, 1684.

Gallapfel, 1983-4.

Galle d'Alep, 1983^.
Galleria sp. (resin), 1671.
Gallic acid, 50,

Galline, 682.

Gallussaure, 50-1.

Galls, 1983-4.

Galvanism for defecating cane-julce,
1890.

Gambia kino, 166S.
Gambler, 1984-5.

Gamboge, 1551, 1624, 1626, 1650-1,
2025, (butter), 1388.

Ganda (tar), 1684.
Ganja, 1305-6.

Gantert's washing-machine (bleach-
ing), 607.

Gaicinia indica (oil), 1395.
pictoria (oil), 1338.

8pp. (drug), 815, (pigment)
1551, (resin) 1624.

Gardenia florida (tea), 2010.
spp. (dye), 858, (resin) 1624,

1648.

'Sardine, 858.
Gare for glove-kid (leather), 1238.
Garlic-oil, 1421.

Gairic and Terson's flesbing-
machine, 1224.

Garruga pinuata (lac), 1668, (gum)
1693.

Gas (coal), 1033-40.
bibliograjihy, 1040.

chiuacter of crude gas. 1035.
distillation of coal, 1U33-4.
purilication, 1035-40.
sulphur from, 241.

Gas-fuinace for glass, 1053.

for sheet- and crown-glass,
1059.

Gas green, 669.

'Jashaltige wasser, 362-77.
Gas-liquor, ammonia from, 235.

concentration of, "241.

Gas-tar, distillation, 42-3.

Gases, direction of (sulphuric acid),

65. 90.

examining (sulphuric acid), 70.
Giising cotton. 765.

Gasolene, 1446, 2026.
Gata-oil, 1375.

Gaultheria procumbens (tea), 2011.
spp. (oil), 1431-2.

Gaup, 1684.

Gayac beans, 1528.

Gay-Lu^sac's hydrometer, 215,
tower, 72.

Gazella Dorcas (musk), 1525.
Gazelle musk, 1525.

Geel bout wood, 2022.
Gcigenharz, 1680-1.
Gelsler's alcoholometer, 217.
Gekar, 1676-7.
Gelatine, 1304.

emult-ion, 1538-9.

from bones, 522-4.

Gelbes sandelholz, 1527-8.

Gelsemium. 811.

sempervirens (drug), 811.
Gemeiner terpentin, 1687-91.
Gemeines harz, 1680-1,
Gemmage of the pine, 1687-9,
Gemme, 1688.
Gems, 1040-3.

artificial, 1040-1.
bibliography, 1043.
diamond, 1041-2.

emerald, 1042.
lapis lazuli, 1042.
opal, 1042-3.

ruby, 1043.

sapphire, 1043.

topaz, 1043.

turquoise, 1043.
Genet, 1524.

Geneva, 222.

Genievre, 222-3.

Genista ecoparia (dye), 856, (fibre)

947.

Gentian, 811, 1805, 1809.
Gentlana Chirayita (spice), 1805.

lutea (drug), 811.

spp. (spice), 1809.

Geoffroya mermis (dye), 855-6.
Geranium-oil, 1421, 1429.
Geranosine, 662.

Gerbersumach, 1988-92.
GerhstoflFe, 1977-94,
German phosphates, 1263.

silver, 323.

vinegar process, 7.

Gerstenhocfer's kiln (sulphuric
acid), 84.

Geum urban urn (drug), 793, (oil)

1417.

Gewurznelken, 1807-8.
Ghee, 1375.

Ghyul-suyu (oil), 1429.

Giaggiolo, l52b-7.
Giant powder, 901.

Gibbons' phormium machine, 989.

Gibbsite, 332.

Giboia-grease, 1375.
Gigartiiia, spp. (drug), 814.

Gilding, 878.

Gilead, balm of, 1623, 1636.
Gill spinning fiamo, 1698.

Gill's rolling machine, 1603.

Gin, 222.

Ging (gum), 1621, 1651.

Gmgelly-oil, 1388-90.
Gingembre, 1809-10.
Ginger, 1809-10.

beer, 423.

grass-oil, 1422, 1429.

oil, 1421.
Gingko-nut, 1357.
Ginseng, 811.

Girardmia heterophylla (fibre), 999.
Girofles, 1807-8.

Glacial acetic acid, 21.

Glaise, 635-40,

Glaphyria nitida (tea), 2010.
Glaas, 1043-87.

and porcelain cement, 627.

and wood cement, 627.

annealing-ovens, 1055,

bibliography, 1087.
blowers' tools and seats, 1069.
blowing (sheet), 1066.

(lead), 1069.

Bohemian, 1067.

bottle, 1075-8.
buttons, 559.

cane, 1072.

case-hardened, 1079,
casting-house, 1059.

chemistry and physics of,

1043-6.

coloured, 1083-4.
crown, 1057.

• manufacture, 1063.

crucibles, 1046-9,
cutting, 1074.

cylinders, moulding, 1066.
devitrification, 1045-6.

economies in manufacture,
1086-7.

enamels, 1085.
flini- or lead-, and ornamental,

1067-75.

flux, 627,

forming materials for pottery,
1560.

furnaces, 1049-57.
grinding, smoot ling, and pol-

ishing plate-, 1061-2.

Hartley's rolled plate, 1061.
jugs, 1071.

kilns for burning-in stains,

1086.

lamp-worked, 1073,

lead, 1067.

lute, 630.

mosaic, 1084-6.

opaque, 1083.

optical, 1082-3.

ornamental, 1067.
painted, 1084.

paints, 1085.

paving-blocks, 1087.

plate-, crown-, and sheet-,

1057-67.
pressed, 1078-9.
raw materials, 1046.

retorts (hydrochluric acid),

105-6.

(sulphuric acid), 96.

roughening, 1074.

shades, 1067.

sheet, 1057.— manufacture, 1063.\
spreading and annealing

kiln. 1066. \
soluble, 277-8. V
spun, 1073.

stained, 1084.

stains, 1085.

thallium, 1082.

Glass tiles. 1087.

toughened, 1079-82.

tubes, 1072.

unbreakable. 1079.

Glauber's salts, 317-8.

Glauciura luteum (oil), 1409-10,

Glaze for Sevres, 1595.

Glazes, 1598-9,

Glazing earthenware, 1580-1.

paper, 1503.
GlobiocephaluH spp (oil), 1361.

Giost-oveii, 1563.

Glove-kid, 1237.
, dyeing, 1239.

Glover tower (sulphuric acid), 57,

77.

Glucose, 1830, 1914-21,

analysis, 1963-5.
boiling, 1915-6.

capillair-syrup and -sugar,

1920.

definition, 1831.
—^ determination, 1944-6.

evaporation and refining,

1917-8.

formation, 1914-5.
granulated starch-sugar, 1920.

manufacture, 1915-20.

neutralization and filtration,

1916-7.

other methods of manufacture,
1918-20.

packing, 1917-8.

patents, 1938-40.

principles of manufacture,

1915.

-uses, 1921.

Glue, 620, 1304.

Glutton fur, 1033.

Glycerine, 1798-1802.

cement, 627,

estimation, 1466.

in water, table, 1801.

soaps, 1789, 1792.

solidified, 1792.

Glycine Soja (oil), 1378, (spice)
1814.

Glycyrrhiza spp. (drug), 816-7.

Goat-hair, 1095.

common, 1098.

skins, 1757-8.

Godari, 858.

Gold araalB:am, 333.

assay, 353.

detection, 348.

Golden syrup, definition, 1831.

Gold-ink, 1172.

of pleasure-oil, 1390.
Gomme ammoniaque, 1630.

arabique, 1630-3.

d'acajou, 1638.

d'Alsace, 1645-7.

de coco, 1639.

du pays, 1638-9.
friable, 1631.

gutte, 1551, 1650-1.
Gommeuses et resineuses, matieres,

1620-95.
Gommline, 1645-7.
Guogul, 1636.

Goolabi pani, 1428.
Cooler, 1671.
Goolwail, 811.

Goor, 1904-7.

Goose-grease, 1376.

Gordonia fioribunda (resin), 1668.
Gossage's aspirator, 130.

Gossypium spp. (cotton manufac-
tures), 729-90, (fibre) 948-60, (oil)

1385-6.

Goudron vegetal, 1633.
Goulard's extract, 1300.
Gould beater, 1491.
Gourd-oil, 1395.
Gradlshaus, 1726-7.

Graduation system of making white
salt, 1726-7.

Grain, alcohol from, 206.

composition, 207.

d'ambrette, 1524-6.

drying (alcohol), 207.

-:=-^germination {alcohol), 207.
wreserving, 1017-8.

iteeping (alcohol), 207.
Graining hard soap, 1779.

hides, 1233.
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r.mlnliiB unRiir, ifi9^_5.

tiralMiw d'^ p.-rc, ittio-T.

do roiif*sPit,- clulf, 1375.
d'uit, 1361.

Grampusijil, 1360.
Uranulatiuii, oiiic-aniciir, 1600-1900.— (gurtpowder), 893.
firapca, lui7.

potash from. 255.

Bklna. Uirtarlc acid from, 182.— Ktiitii -oil, i3'ii>-i.

Graiiliito, 10H7-93.
«^u--^ hemp, 916.
'ita,-.a-in»; reain, 1693.
(;ra*irig-nwchiiit> (.starch), 1824.

suKar-beets, lHy7-8.
Grivure 1601-20
tinirt-atlia (fibre), 933.
Grt'iise bleaching, 1459-62.

clarifying, l4.'i9-62.

correcting nncldUy in, 1461.
——decolorizing. 1461-2.

deoilorlzlng, 1101.

refining, 1459-62.
rcmovitl of lime from, 1460.

of resinous m.utora from,
1460.

[waate] recovery, 605-6, 1455-6.
Grousy fabrics, recovery of grease

from, 605-6, l-lfiS,

liquids, recovery of greaae from,
1455-6.

Green, Imperial, 31,

niUis, 31,

mountain, 31.

plgniPMia, 1648-9.—— Miftil, 1517.

vitriol, 1297.
Gjeenheart starch, 1823, (timber)

2015.
frteeuB from coal-tar, 668.

Gii'.-n-.'^oiling sugar-t-aue, 1865-6.
(-ring's machine (.flbn-s), 925.
(irevillea rDbu>tti (resin;, li»93.

Gn-wiaspp. (llhn), 960.

Grey-mottled s.mp, 1787-8.
Grieswurzc'l, h19.

Giifflth'e whitr, 1551,
Grinders' conn'rii, 623.

Grinding and mixing rubber, 1149.
mineral phosphates, 1268.

plate-glass, 1001.

tannlHK material!*, 1226.
Grlslea tomeniosa (dyt-), 858, (resin)

1 (ill J.

Ground-nut, 1357-8, (oil) 1391.

shellnc, 1693.

GrUnspan, 30-1.

Guacharo-oil, 1376.
Guiiiacum, SlI, 1623, 1624, 1625,

1651.

officinale (drug), 811, (timber)
2016-7.

spp, (drug), 816.

Guajaharz, 1651.

Giianaco, 1093.

Guiino, aiiBi\y, 358.
oxalic acid Irom, 161-3.

Guanos, V2.ni.

phii^phiitiL-, 1265.

Guii|ii'b,i vciui'lha (rosin), 1694.

(.iiaracua (resin), 1694.

Guards bouquet, 1530.

Guarca tiichllinideH (musk), 1625.

Guariba (grease), 1376, (resin) 1693.

Guayaquil rubber, 1659-61.

Guaza (narcotic), 1306.

till i7.uma tomcntosa (fibre), 960.

Gubtiio ware. 1599.

Guggur (resin), 1636.

Guiana arrowroot, 1823.

Guiiiourtia copallifera (resin), 1642.

Gii!gnet*8 green, 15 19.

Gullandina Bonducella (drug), 794.

Moringa (od), 1378-9.

Guiliudino, 7'.*4.

Guillotinen, 1603-4.

Guinea pepper, 1803.

Guizotia oleifera (oil), 1396.

(rulancha, 811.

Gulo Ins. us (fur), 1033.

Gum muciliigi?, 624.

(iums, composition origln.^c, 1620-1.

Gummi-arten, 1620-95.

Gummigutt.1551. 1650-1.

Gummy substances, 1620-95.

Oum-renins, 1620-95.
Gum-trees (timben, 2015, 2016.
GunooittiD, H9U-7.

Gunjah(narcoiic), 1306.
Gnn-nu"Nll, 3i.'t.

Gunpowder. 882-96.
assay, 359.— breaking down, 890-1.
charcoal, 882-4.

grinding, 8S7.
compressed, «94-5.
density, 895-6.
explohlon and prev- ntlon, 890.
granulating, H9^-4.

mixing the ingredients, 886-
90.

pressing, 890-3.

saltpetre refining, 884,
i^tovlng. 895.

sulphur refining. 884-6.

Gurjun, 812, 1624, 1640, 1651-2.
Guru-nut, 1358-9.
Gutra (Malay rubbers), 1652-4,

1656, 165R.

Guttapercha, 1162-4, 1627, 1652-4.—— manufactures, 1162-1,
vulcaniz"d, 1163.

Gnttasbea, 1410, 1654.
Gut'i, 1551, 1650-1,

Gymnema lacliferum (resin), 1665.
Gymnemia tingens (dye), hm.
Gynerlum argentenm (iibr-), 920.
Gynocardia odorata (drug), 709.

spp. (oil"), 1382.

GyrocarpuB Jacquinii (resin), 1694,

H.AAR.I tnpan (resin), 1639.
HabighudI (resin), 1674.
Hacking's folding-raachino (bleach-

ing), 502.

Hackling flax, 1244.
macbini s fur flax, 1244.

Hackmatack wood, 2016.
Haddock-oil. I3ti4.

Ha'niatiixvlitn Campechlanum
(drug), 817, (dye) -^62.

Fragenia aby^sinica (drug), 815.
Htur, 1093-9.

alpaca, 1093-4.
bibliography, 1099.

bison, 1091.

camel, 1094-6.

cattle, 1095.
cluth, 1101.

curling, 1100.
dyeing, lioo.
goat, 1095-8.

horse, 1098-9.

human, 1099,
manufactures, 1100-2,

pig, 1099.

yuk, 1099.

Ilake-oll, 1364.

Half-blocking silk hats, 1126.
Hallcore australls (Ivory), 1176.

spp. (oil), 1365.

Halimocncmum sp. (soda), 280.

Haliotis spp. (pearl), 1517, 1620.

Haitiday's apparatus (acetic acid),
15.

JliiUo, 1307.

Halocnemum capsicum (soda), 280.

Hamster fur, 1031.

Hancornla speclosa (resin), 1627,
1664.

Handler, Evans' travelling, 1229.
liquors, 1230.

TTamlks on pottery 1577.

Hand-made cordage. 1696-7.
lace, 1200.

p iper, 1494.
Hanfdl, 1391.
Hansen's writing ball, 1608.

Hard soap, 1777-9.

Hardening hats, 1105.

Hardening-on kiln, 1568.

Hardwickia binaia (fibre), 961.

pinn;ita (resin), 1640, 1654.

ITan- fur, 1031.

IIjMKi^'aves and Robinson's furnace
(<odtt), -287.

" Harp'' oil, 1370.

Harpuls-bosch (re.>-in). J 674.

Hartley's rolled plate-glass, 1061.

Harz-arten. 1620-95.
Ild>hab (resin), 1631.
Hashabi el Jtsire (resin), 1631-?.
Hashish (narcotic), 1305, 1307.
Hat blockmg, 1114.

body-making, 1121.
brim beater, 1118.

dyeing, 1112, 1120.
dyeP, 1113, 1120.

finishing, 1116, 1124.
forming, llij4.

fulling, 1109.
hardening, 1I05.

napping, 1120.

planking, 1108.
pressing, 1115.

roughening, iliO.

shaping, 1117, 1126,
stains, 1113.

stiffening, 1110.
stoving, 1116.

trimming, 1117-27.
twisting, 1109.
veluring, 1119.

Hals, 1102-27.
crown-scwiTifr, 1126.
half-bl<xkin^^ 1126.
-Uk, 1121.

llutlcr^' cloths, 1127.
proofti, 1127.
tools, 1121-5.

Hatting furs, 1106.

Htiute, 1767-61.
Haut- du fle-uve, gomme du, 1631.
Hawes' soap b<^)ilir, 17ta-3.
Iliiwtliorn (^acetic acid), 14.

Hjzet nut. 1358, (oil) 1391.
II'M<l-ni..tter, 1371-2.
lIiMt fur cnncentrating cane-Julce,

1^90-1900.
dol'-cating cane-Juice, 18S4-6.

Hniitipig valuCK of oils, 147W-9.
Hecti>t,'raph, 1610.
He'ir-unia pulegini-ies C^lnig), 819.
Hedcr.i hilix (i.Mn), HiiM.

HedvMgia b.^i^Llmlle^a (oil), 1432,
(reafn) 1623.

n.ilyal.s umbelbita (dvr\ 856.
Hf-ilmann comber (cotton nianuf.),

747.

Helianthus annuu.s (fibre), 961, (oil)

1411.

tubf^rosna (fibre), 961.
Ilrlict. res Isora (fibre), 961.
Helioppltis iheivora (cinchona), ftn7.

Holioihlfl armifiera (boll-worm), 957.
Heliotrope extract, 1628.

satchel. 1531.

Heliotype, Edwards', 1619-20.
Hellchure, »12.

Helleborus spp. (drug), 812.
Hemidesmus ii dicns (druc), 823.
Hemibla Vastatrix (c.fTee), 698.
Hemlock-extract, l-'-id, 1985.
Hemlock spruce, JG?<tJ.

Hemp, 934^.
as ft narcotic, 1305.
chiiractcr-f and u-.ep, 936-7.
cultiviition, 934-5.

Iteckanee, 961.
(xtractiun of the fibre, 935-6.
for paper, 1485.

Manilla, 983.

New Zealand. 986.

production and commerce,
937-8.

Queensland, 996.

Hempseed-oil, 1391, 2024.
Henbane, 812, (oil) 1414.

Henderson's hair l<K)m, 1102.
vertical paraffin retort, 1511-2.

Henequen, 916.
Henna, J*5S.

Henri-Di'ux ware, 1598.
Hensler's cement, 627.

Heritiera littoralis (resin), 1694.

^pp. (oil), 1414.

Herring-oil, 1366.

Herschel's cyanotype, 1617.

Hesperis matrnnalis (oil), 1414.

Hessian crucible, 1558.
Heteropogon Insignis (fibre), 919.
Heudoletta africana (resin\ 1636-7.

Hevea brasiliensis (oil), 1411.

spp. (rubber), 1627, 1661-4.

Hexenmehl, 817.

HihiiMTiB spp. (fibre), 961-2. (oil)

1397, (mu>k) 1626.

Hickory-nut, 1358, (oil) 1391-2,
(timber) 2015-6.

Hides, 1757-61.

anatomical structure, 1213.
breaking-over, 1224.
chemical composition, 1217.
common, tannage of, 1232.
customary division of, 1225-6.
for K'le-leaiher, 1218.
grainiitp, 1233.

Umelng, 12^0.

preparation for tanning, 1219.
shaved, tannage of, 1232.
shaving knile, 1233.
shaking, 1219.
splitting, 1233.

stocks fur. 1220.

sn'eating, 1222.

tumbler for, }'2-i2.

unhairing, 1220.
Hing (resin), 1633.
Hlppomane Mancinclln(rtein), 1665.
Hippopotamus ani|ihlbius (ivory),

1175, (gretis,.) KITG,

Hira-bOl (resin\ 1671-5.
Hira-bing (rcvhi), 16;J4.

Himeolaspp. (ilmg), miS.

Hiusachc (laniiin), pjiu.
Hives for beef-, ll'Jll.

H-iastni^k(oil), 1370-1,
HotUliai (rtsin), 1637, 167 1.

Hofuiann's pre n, b69.
naphthalene red, 681.
proCl*s^ (Hilda), 313.

Hog gums, 1654, 1686.
resin, 1624.

tragacanih. 16'^fl.

lli'lcus Biicchur.itus tsugar), 1861.
Il'-lilen's ice-machine, 1139.
Ib'ligirna I'ingifuUa (renin). 1692.
Uuliiig sugar-cane estates, 18ii7.

Hollands, -^23.

Holly, emetic, 1308.
Holmes' paint-mlll, 1563^.
Holoptelcii ini'-rilolla (libre), 962.
Huloslenima liliceiliainim (fibre),

962.

Holy Basil bouquet, 1630.
Hulzsaurc, 7-21,

ll-.lztheer, 16-<3.

Honey, 1127.

soap, 1789, 1792.
Honeysucide extract, 1528.
Huod oil, 1370.
liouslie (timber), 2016.
Hou-sh-ct (reshi), 1677.
Hopea spp. (oil), 1413, (resin) 1624,

1645.

Hops, 1130, (fibre) 962, (oil) 1422.
Bub3litut.-8 lor, 1131.

Horehound fblack slinking! oil,

1414.

Moria maculala (drug), 797.
Horn, 1132.
Horner fiax-hackling machine, 12i4.
Horograph, 1609.
Horse-chestnut (acetic acid), 14,

(nut) 1353, (oil) 1392, (starch)
1823.

Horie-greaee, 1366.
hair, 1098.

vegetable, 938.
hides, 1758.

Hosiery. 1186-1200.
brushing machine, 1197-8.
calendering press, 1197-8.
factories, 1199.

Hotai (^e^i^), 1637, 1674.
Houlican-oil, 1366.

Household soaps, 1789.
Hovenid extrait. 1528.
Howaid's fillings for defecating cane-

Juice, 1887.

splint-cutting machine, 1277.
Howland Island guano, 1265.
Huanaco, 1093.

Huck's sieve (starch), 1824.
Huiles, 1360-1484.

blanche de thym, 1431.
d'amandes, 1377.

d'arachide, 1391.

d'argan, 1377-8.

de btileine, 1374-6.

de belouga, 1369.
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Huile de ben, 1378-9.

de cade, 1684.

de cameline, 1390.

de carapa, 1386.

de castanheiio, 1379-80.
de castor, 1380-2.

de chataignee, 1379-80.
de chanvre, 1391.

de chenevia, 1391.

de coco, 1383-4.

de colza, 1384-5.

de coton, 1385-6.

de croton, 1386-7.

defaine, 1378.

de fecule, 1392,

de foie de morue, 1363-5,

de graines de tilly, 1386-7.

des Moluques, 1386-7.

de liannetOD, 1375,

dejubarte, 1374-5.

de juvias. 1379-80.
de lamantin, 1367-8.

de lentisque, 1409.
de lin, 1393-4.

de louar, 1369-70.

de madool, 1395.

de marmottp, 1409.

de Eiarron d'Jnde, 1392.

de marsouin, 1369.

de medicinier, 1410.

de morse, 1374.

de moatarde, 1396.

de noisettes, 1391.

de noix, 1413.

de Bancoul, 1392-3.

de nordcaper, 1374-5.

de Palma-Christi, 1380-2.

de palme, 1406-8.

de pavot, 1409.

de pepins de raisins, 1390-1.

de petita pignons d'inde,

1386-7.
de phoque, 1370.

de pieds de boeuf, 1368.

de pignon d'inde, 1410.

de pistache de terre, 1391.

de requin, 1370-1.

de ricio, 1380-2.

de rorqual, 1374^5.

de sardine, 1369-70.

de sesame, 1389-90.

de talllooona, 1395-6.
. de thon, 1373-4.
de touloucoona, 1395-6.

^— d'oeiUette, 1409.

d'oeufs, 1365-6.

d'olives, 1397-1406.
rouge de thym, 1431.

Human hair, 1099.

Humirium spp. (resin), 1623.

Humulus Lupulus (fibre), 962,

(hops) 1130-X. (oil) 1422.

Hungarian balsam, 1691.

Hungary water, 1532.

Hura crepitans (oil), 1414.

Hurdle for glove-kid (leather), 1239.

Huxhaoi & Brown's tan-furnace,

1228.

Hwangkuyn (oil), 1376.

Hyawa gum, 1649.

Hydnocarpus odorata (oil), 1382.

Hydrargillite, 332.

Hydrastis canadensis (dye), 856.

Hydrated soaps, 1777.

Hydrate potassium, 251,

sodium, 305.

Hydraulic limestones, 619.

Hydrochloric acid, 101-47.

commerce and values, 147.
. composition, 102-4.

condensers, 108-17.

estimation, 146-7.

in nature, 101.

manufacture, 104-18.

pans, 106-8.

prevention of nuisance,
118-46.

properties, 101-4,

purification, 147.

roasters, 108.

specific gravity, 3.

Hydro-extractors, 495-6, 1825, 1839,

1901, 1934-5, 1937-8.

Hydrofluoric add, 147.

Hydrometers, 2, 1768.

HylesinuB oleiperda (oil), 1401.

HymeDa?a Courbaril (tannin), 1982,
(timber) 2017.

spp. (resin), 1623, 1641, 1666.

Hyoscywmus niger (drug), 791, 812,
(oil) 1414.

fipp. (drug), 812.

Hyperanthera Moringa (oil), 1378-9.
Hyphffine crinita (nut), 1357.
Hyposulphite alumina, 1296.

iron, 1300.

sodium, 314, 1300.
Hyssop-oil. 1422.

Hyssopus officinalis (oil), 1422.

IBOTA wax. 2045.
Jcaco oil, 1414.

Ice, 1133-42.

artificial, 1134.

bibliography, 1142.

making machines, 1135-42.
Iceland moss, 812.

leerya sacchari (cane disease),
1868-9.

Ichneumonidffi for destroying cane
pest-;, 1869.

Icicu spp. (resin), 1623, 1649, 1683.
Identification of oils in mixtures,

1467-77.

Idris-yaghi (oil), 1429.

Iguana-grease, 1376.
Ilang-ilang bouquet, 1530.

extract, 1528.
oil, 1422.

Ilex vomitoria (narcotic), 1308, (tea)

2011.
-^— spp. (tea), 2011.

lUicium aniaatum 335, (oil) 1414,
1417.

spp. (spice), 1802-3.
lUipi-butter, 1392.
Illuminating values of lights, 1544-7.

of oils, 1477-8, 1547.
Illuminators, relative cost of, 1547.
Imbibition processes for sugar-cane,

1879.

ImbricAria coriacea (resin), 1665.
Imitation gems, 1075.

wines, 443.

Impatiens spp. (oil), 1414,
Imperatoria Oetruthlum (aconite),

791.

Imperial green, 31.

Impervious cement, 624,
Impression, 827-54.

Imprimerie, 1601-20.
Incense powder, 1529.

W(jod, 1649.

Incenses, 1529-30.
incorporating mill (gunpowder),

888.

Indian aconite, 791.

butter-tree, 1408.

bdellium, 1636.

elemi, 1649.

(East) gum, 1632.

gut, 938.

inks, 1169.

melissd oil, 1423.

mulberry (fibre), 858.

nettle-tree, 93'*.

olibanum, 1677.

pastilles. 1530.

red, 1550.

sarsaparilla, 823.
silk, 1744-7.

[East] sugar-canes, 1860.

[West] sugar-canes, 1861-2,
tobacco, 1336-7.

tragacanth, 1621, 1685.
varnish, 1692.

white wax, 2045.
Indianite cement, 624.

Jndiarubber, 1142-64, 1627-8, 1654-
66,

block, 1145.

calendering, 1149-50.
cement, 624.

Chatterton's compound, 1164.
compounds, reworking, 1161.
cured good?, testing, 1158.
curing or vulcanizing, 1154-8.
curing-presses, 1156-7.
dissolving rubber, 1147-8.
drying, 1143.

spread fabrics, 1148.

Indiarubber felt, 1149.

for dental purposes, 1154,

goods, pigments for, 1159.

grinding and mixing, 1149.

lapplng-machlne, 1152.

manufactures, 1142-64,

bibliography, 1164.

guttapercha, 1162-3.

insulating telegraph-wires,

1151-4.

joining rubber textures,

1158.

preparing fabrics for cur-

ing, 1149.

testing cured goods, 1158-
9.

varnishing rubber tex-

tures, 1158.
vulcanized guttapercha,

1163-4.

masticating, 1144-5.

miscellaneous applications,

1154.

moulding, 1160-1.

paints or varnishes, 1158.

pigments, 1159-60.

sheet, 1145-6.

calendering, 1149.

testing, 1153.

spreading and waterproofing
fabrics, 1148.

substitutes, 1161-2.

tape, 1146.

textures, joining, 1158,

varnishing, 1158.

thread, 1146-7.
valve-cutting, 1150-1.

vulcanizing, 1154.

washing and drying, 1143-4.

Indigo (dye), 858, (for green-soil-

ing) 1866.
Indigofera spp. (dye), 858-61.

Industrie laini^re; 2047-112.

setifere, 1748-56.
toilifere, liniere, 1240-55.

Inga dulcis (resin). 1668.

Feuillei (tannin), 1993.
-— xylocarpa (timber), 2020.
Ingnatiana philippinica (drug), 822.

Ingwer, 1809-10.
Ingwerbier, 423-4.

Injector-kier (bleaching), 486.

Injurious insects, 698-700, 803, 807,

939, 957, 1330, 1400-1, 1835,

1868-70, 1997.

Ink, 1165-72.
bibliography, 1172.

black writing, 1165-6.

coloured writing, 1167-8.

copying, 1166-7.

engraving, 1172.

Indian, 1169-70.

invisible, 1168.

marking, 1168-9.

miscellaneous, 1172.
printing, 1170-2.

Inlaid tiles, 1587-94,

Inocarpus edulis (nut), 1353.

Inosite, 1830.

Insect oils and fats, 1361-77.
Instantaneous shutters (photo-

graphy), 1535.

Insulating materials, 1153.

telegraph-wires, 1151.

International bouquet, 1530.

Intoxicating fungus, 1324.

long pepper, 1305.

Inula Helenium (drug), 810.

Inversion of sugar in cane-juice,

1871-2.

process of sugar analysis, 1948-

51,

Invert sugar, 1830-1.

patents, 1938-40.

Invisible inks, 1168.

Iodide potassium, 273.

sodium, 314.

lodina rhombifolia (tannin), 1988.

lonidium Ipecacuanha (drug), 814.

Ipecacuanha, 812.

Ipom»a bona nox (resin), 1659,

1660.

purgans (resin), 1624.

spp. (drug), 814-5,

Iridin, 814.

Iridio-platinum, 324.

Iris florentioa (oxalic acid), 161.

pseudacorus (fibre), 962.

spp. (perfume), 1526-7.

Irish moss, 814.
Iron acetates, 31, 1299.

alum, 1298.

amalgam, 334.

assay, 354.
detection, 348.

hyposulphite, 1300.
liquor, 31-2, 1299.
lute, 630.

mordants, 1297.
muriates, 1298.
nitrates, 1298.

persulphate, 1298.

pots and pans, cement for, 627.
pyrolignite, 1299.
pyrophosphate, 1300.
wire brushes, 553.

Ironbark, 2016.
Ironwood, 2020.

Cape, 2016.
Irvingia Barteri (oil), 1387.
Isatis spp. (dye), 858-61.

tinctoria (dye), 868-9.
Isodulcite, 1830.
Isonandra spp. (rubber), 1627,

1652-4.
Isopnrpurate ammonia, 680.

aniline, 680.

potash, 680.
Isopurpurine, 684.
Italian silk, 1743-4.
Iturite (fibre), 982.
Iva-oil, 1422.
Ivory, 1172-6.

bibliography, 1176.
black, 455,

cement for, 624.
dugong, 1176.
elephant, 1173-5.
hippopotamus, 1175.
mammoth, 1175.
narwhal, 1175,

vegetable, 1357.
walrus, 1175.

Ixtle (fibre), 985.

O ABORANDI, 814.
Jack-tree (as shade), 1812, 1815,

(timber) 2016.
Jackass copal, 1641.
Jackson's scouring-machine

(leather), 1235.

tea-rolling machine, 1999.
Jaggery (beverage), 425-6.
Jalap (drug), 814, (resin) 1624.
Jamaica nutmeg, 1812.

pepper, 1814.
Jandul (resin), 1676.
Janipha spp. (starch), 1828.
Japan wax, 2045.
Japanese aconite, 791.

galls, 1984.
paste, 622,
silk, 1744.

varnish, 1692.
Japanned leather, 1236, 2032.
Japans. 2031-2.

black, 2035.
Jaqua (resin), 1694.
Jarrah wood, 2016.
Jars, stoneware, 1573.
Jasmine-oil, 1422.
Jasminum odoratissimum (oil),

1422.

Sambac (tea), 2010.
Jaspar ware, 1598.
Jateorhiza Columbo (dye), 856.

palmata (drug), 795-6.
Jatropha Curcas (oil). 1359, (resin)

1694, (for shade) 1815.
glauca (oil), 1414.
moluccanum (nut), 1352.
montana (oil), 1387.
spp, (starch), 1828.

Java-almond-oil, 1392,
cardamoms, 1804.
frankincense, 1637,
rubber, 1628, 1656-7.

Jedda gum, 1633.

Jeffersonia diphyUa (dye), 856.
Jejomadon (oil), 1377,
Jernang (resin), 1648.
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Ji ioK (nbre), 89a.
Jew '-.ar, BIO.
Jcwclr*. Imitation, KiTfi.

Jcwtllern' onicnt, fu.
Jhurl (resin), 1672.
Jigger f... potlpry, lBTU-9.
JlgKfru (l.alhir), liio.
Jof key Club bou<|ilc>l, 1530,
JohiiNon, Miilllnv b Co.'s stills (Bul-

pliurlc odd), 95.

Joining Indlarubber textures, 1158.
Jones' hydromfttT, 215.

nnd Rocke'B Ui-'shing-machlne,
1225,

and Wnlsh'a furnace (soda),
286.

Jonquil extract, 1628, (oil) 1422.
Jordan beater, 1491.
Jouette et Pontieves* process (tar-

taric acid), 182.
Jt)Uln'B cane-Hlicer, IflSO.

Jubma spcctablUs (fibre), 962, (oil)
1386.

Jubbulpore hemp, 947.
Juchtenleder, 1236.
Juchtcniil. 1418.
Juglans albj (timber), 2016-G.

regia (dye), 868, (nut) 1360,
(oil) 1413.

spp, (timber), 2022.
Jugs, glass, 1071.

stoneware, 1573.
JumroBl (resin), 166B,

Junglc-almond-oll, 1396,
Juniper (noetic add), 14, (oil) 1422,

(re,sln) 1681, (tar) 1684.
Junipcrus bermudlanu (limber),

201,'1-4,

spp, (gin), 222-3, (oil) 1419,
1422, 1431, (rcsln) 1624, 1681,
lli.l4.

virglnlana (Umber), 2014.
Jupatl oil, 1392
JuH(iuiame, 812.
Jutaliy acca (rubber), 1623, 1641,

1006.

Jute, 940-5.
adulterations, 944.

beaming, 1184.

calendering, 1186.

carding, 1178,

characters and uses, 945.
cultivation, 941-2.

.* drawing, 1180.

drawlng-ln, lls5,

extraction of the fibre, 942-3.

factories, 1186.

flnlshing, 1186-6.
lor paper, 1485.

manufactures, 1176-86.
statistics, 1186.

manufacturing, 1183-6.

roving, 1181-3.

sizing, 1185.
softening, 1177-8.

spinning, 1183.

statistics and prices, 945.

suggested Improvements In

preparing, 943.

transport and trade, 944,

varieties and qualities, 944-5.
warping, 1184.
weaving, 1185.

yield and cost, 943.

Jychee (oil), 1414.

K.lAFFEE, 691-Y22.
Kaffir hemp, 960.

Kahikatea wuod, 2020.
Kainit, 278.

Kojlee sugar-cane, I860.

Kakosmanthus macrophyllus (resin)
1665.

Kakul, 1631-2.

Kala datDinar, 1644-6.
Kala-tll, 1388.
KaUpaoil. 1415.

Kali, 250-79.

Kuliiuilpeter, 273-7.

Kalong, 1375.

Kama*i-an^za, 1634.

i-gawi, 1634.

Kamal (tannin), 1994.

KtimaU.861, (oil) 1415.
Kameel-boom, 2010.

Knmillp, 798-9.
Kiimtnian, 1637.

Kamph.r, 671-8.
Kamptullcun, 1019.
Kanari'Oil, i:(02.

Kandahari-hinK, 1633.
Kaneel, 1805-7.
Kaiif'fl acidlnierer, 145.
Kiingaroo-Bklns, 1758.
Kanya. 1413.
Iviinyin (timber), 2016.
Kupur barus, 576-7.
Karamania gum, 1686.
Karfton, 1676-7.

KaretancUcng, 1652.
Kuretmondjeng, 1652.
Karet-pantjal, 1652.
itarrddot-rn, 1632.

Kartoffelatarke. 1823-6.
Itiit (tannin), 1982-3.
Kutchang-tanak, 1357-8.
Katiow-oil, 1392,

iiatzendarm, 608-10.
Kami (resin), 1666-7, 2024, (timbeO

2016.
Kautschuk, 1142-64, 1627-8, 1654-

66.

Kava-kava, 815, 1305.
Kayugaru. 1523-^.

Kayu-glum (i»ll), 1418.
liayu-puti, 141H.

Keenatel-oll, 1392.

Kekune-oll, 1392-3.
Kelp, potash from, 263-5.
Kentish cob-nut, 1358.
Kermes, 861.
Kerosene, 14'I6.

Korsaneeoil, 1396.*

ICerze, 578-94.
Kcsambi-w.iod, 1394.
Jvessaree flower*, m67.

Keatner's apparatus (acetic acid),
20.

Keystone mill, 1227.
Kow Garden bouquet, 1530.
Khassucb plant, 1650.
Kheir, 1632.

Kheu, 1692.

Khoka (narcotic), 1307.
iiid, calf-. 1237.—^ glove-, 1237.

skins, 1757-8.
Kief (narcotic). 1306.
Kiekie (fibre), 948.
KienrusB, 455-6.

Kieselsaares kali, 277-8.
Kifuehl (galls), 1984.
Kikuel-oil, 1392.
Kilns, brimstone, 52-3, 56-7.

for burning-in stains (glass),

1086.

pottery, 1563-8.
revivifying charcoal, 1853-

4, 1923-0.

terra-cotta, 1584-6.
pyrites, 80-7.

Kingslond beater, 1491.
Kinmoiid's tea-rolling machine,

1999.

Kino, 816, 1G67-8.
Kiourou oil, 14U.
Kips (E. India). 1234.
Kiri-binau (tannin), 1993.

Kiil-toa-toa (tannin), 1994.
Kirk's stirrer for paraffin, 1513.
Kirs, 1306.
Kirpchgummi, 1638-9.
Kirschwasser, 224.
Kitchen stuff, 1372.
Kittool, 938.

Klein-waaren, 1761-4.
Kluzemann's press for drying ex-

hausted beet slices for cattle-food,
1846.

Knitted fabrics, 1186-1200.
Knitting-needles, 1190.
Knochen, 521-5.

Knochenfett, 1361.
Knochenschwarz, 452-4.
Knopf, 557-71.
Knorpeltang, 814.
Koga wax, 2045.
Kohlensaure, 45-8.
Kohlensiiures baryt, 361.

kali, 253-60.
natron, 279-318.

Kokkelskomer, 808.

Kokoona zeylanlca (oil), 1414.

Kokum-butter, 815, 1395.

Kola-nut, 1358-9.

K'llau, 1652.

Kolinski fur. 1031.

Kiinigwasser, 335.

Koosum, 1668. 1669, 1670, 1671.

Kopalharz, 1640-4.

Koralle, 1521-3.

Korarlnaa caTdaruom, 1804.

K'.riander, 1808.

Kork, 722-9.

Ki'S, 1668.

Koso, 815.

Kotian, 1652.

Kowrie, 1666-7.

Krameria spp. (drug), i*20.

Kuhlmann's kiln (sulphuric acid),

67.

Kukui-oil, 1392-3.

Kulit lawang, 1605.

Kulp, 1370-1.

KUmmel, 1803.

Kundoo-oil, 1396-6.

Kuukumas, 1430.

Kunnee gum. 1621, 1651.

Kurung-oil, 1393.

Kus-kus extract, 1629.

Kut (tannin), 1982-3.
Kuteera<gum), 1621, 1685.

Kydla calyciua (fibre), 962, (resin)

1668.

ijABP:LS, cement for, 624, 627.

Inks for, 1172.

Laberie and Berlbet's fibre-machine,

929.

Lablata?, camphor from, 574.

Laboratory lute, 630.

Labrador tea, 1308, (oil) 1430.

Laburnum (acetic acid), 14.

Lac (dye), 861, (resin) 1624, 1625,

1626, 1668-73. 2024, 2025.

insect, Indian trees frequented
by. 1668

Siinora, 1625.

Lacambre et Persac's starch-drier,

1826-6.

Lace, 1200-13.
factories, 1212.

hand-made, 1200-4.

machine-made, 1204—12,

statistics, 1212-3.

I.iiice-bark tree, 962.

Locrezelra gum, 1650.

Lactaria spp. (resin), 1665.

Lactarine, 1304.

Lactic fermentation, 195-6.

Lactine, 1830, 1903-t, 1970.

Lactuca satlva (oil), 1414.

spp. (drug), 816-6.

Lactucarium, 815.

Lffitia resinosa (resin), 1624.

Lfevo-gluca-^e, 1830, 1831.

Lagerstromia parvlfiora (resin),

1663.

regin^ (timber), 2020.

Lagetta lintCiiria (fibre), 962-3.

Lame, 2046-7.

Lair et Bilange's elution process for

beet molasses, 1859-60.

Lake's artificial indiarubber, 1162.

Lalang grass. 19h4.

Lallemantia iberica (oil), 1393.

Lamb skins, 1758.

Lambeth ware, 1570-3.

Lamp-black, 455.

Lamp-worked glass, 1073.

Lamprey-oil, 1376.

Lamy's thallium glass, 1082.

Lan (dve"). 862.

Landolphia spp. (rubber), 1627,

1655.

Lapidaries' cement, 624.

Lapis lazuli, 1042.

Laportea pustulata (fibre), 963.

Lapping-machine (indiarubber),

1152.

Laque, 1668-73.

Larch (turpentine), 1691-2, (timber)

2016.

Lard. 1366-7, (oil) 1366-7.

rendering, 1447-8-

Lardizabala biteniata (fibre), 963.

I^rinus spp. (drngl, 818.

Larlx earop^a (nil), 1431.

sjbtrica (resin). 1683.

spp. (timborl, 2016.
Larrea mexicaua (drug), 797, (resIn)

1693.

La.><iosiphon specioena (fibre), 963.

Latctjes (taanlDg), 12-2-*.

Lathes, 1661-3.

Laudanum, Dutchman's, 1307.

Laundry ^oaps, 17h9.

Laurel camphor, 672.

oils, 1393, 1422-3.

L^iurelia s«?riip«rvlrens, 1812.

Laureline, sk^j

Laurus camphora (camphor), 671-6.

nobilis (oil), 1393, 1422.

Peumo (taiinln). 1993.

Sassafras (drug), 823.

Lftusesamen, 798, 826.

Lavandula epp. (oil), 1423.

l.^vatera spp. (fibre), 963.

Lavt-nder extracts, 1628.
-—- oil, 1423.

aatchet, 1531.

water, 1532.
I^wsonia alba (oil), 1424.

spp. (dye), 868.
Lawfon's flax breakers, 969,
Laycock's hair loom, 1102.
Ijiyers, 1230.

Laying ropes, 1704-5.
Lead acetate for defecating canc-

juico, 1888.

acetate*. 32, 1300.
assay, 355.

detection, 349.
gliiBs, 1067.

mordants, 1300.
Bubacetate, 1300, 1888.
vinegar, 1300.

Le.iilon pans (sulphuric acid), 96.

Leather, 1213-40.

anatomical structure of hide,
1213-7.

• and metal, cement for, 625.
pasteboard cement, 627.

bibliography, 1239-10.
calf-kid, 1237.

cement for. 625.
chemical conii>osition of hide,

1217-8.

commerce, 1213.

construction of tanneries, 1228
-9.

currying, 1234-6.
derayage, 1234.
drying upper leathers, 1234.
dyeing, 1239.

elastic fibres of bide, 1218.
enamelled, 1236.

cs-orage, 1234.
glove-kid, 1237-9.
grinding and exhaustEng tan-

ning materials, 1226-fl.

hide albumen, I2ly.
hides used for sole-leather,

1218-9.

japanned, 1236, 2032.
(upper), measuring, 1235-6.
Morocco, 1236.
(upper), oiling, 1234-5.
patent, 1236.

preparation ofhides for tanning,
1219-26.

retenage, 1234.
Russia, 1236-7.
Hamming, 1237.

scouring machine, 1235.

sole-leather in the shed, 1231-a.
tan-house, 1229-31.

("PP^r)» stuffing, 1234.
tannage of dressing-leather,

1232-4.

tanning materials, 1226.
tawing, 1237.

Lebanon cedar-oil, 1419.
Lebee's beetroot pulp press, 1839.
Leberthran, 1363-5.

Leblanc's process (soda), 106, 280,
289, 311, 312.

Lecanium coffe^e (coSiee), 699.

Leeks (tanning), 1228.
Lecythis oUaria (oil), 1414.

spp. (nut), 1359.

Ledebouria fayacinthina (drug), 826.
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Ledum latifolium (narcotic), 1308.

Ledum palustre (^narcotic), 1308, (oil)

1430.

Lefranc and Nagoua'a machine
(fibres), 925.

Legumine, 2025.
l.einenmanufactuf, 1240-55.
Leiniil, 1393-4.

Leiogomm*-, 1645-Y.
Le.tch's photo-engraving process,

1618.

Lemonade, 368, 424.

Lemon-grass-oil, 1423.

oil, 1423.

salts of, 211.

soap, llQl.

Lemons. 1025.

Lenciscus alburnus (pearl), 1521.
Lenses, 1533.

Lens making, 1082.

Leospp. (fur), 1031.

Leontice ihalictroides (dye), 856.

Leontodon spp. (drug), 826.

Leopoldinia Piassaba (fibre), 963.
Lepidlum sativum (oil), 1415.

Lepidosperma gladiata (fibre), 963.

Leptandra virgirdca (drug), Y94.

Leptoptilos spp. (leathers), 906.

Leptospermum spp. (tea), 2010, 2011.
Lepusspp. (fur), 1031, 1032.

Ijetter-fixing cement, 627.

press printing, 1601-4.

I.,ettnce (oil), 1414, (opium) 815.

Leucadendron Cajuputi (oil), 1418.

Leucanilloe, 662.

Leuconotis sp. (resin), 1658.

Leuioperca Sandre (oil), 13Y6.

Levantische Grallen, 1983-4.

Levers' lace-framp, 1207.

Liban (resin), 1676.

Libi-dibi, 1983.

Libocedrus &pp. (timber), 2014.

tetragona (timber), 2012.
Licht, 578-94.

Lichtbildkunst, 1532-44.
Lichtmessung, 1544-7.

Licuala epp. (resin), 1648.

]-iege, 722-9.

Lighi naphtha, 1446,

Light, polarized, 1956-62.

table of cost of, 1547.

Lignaloe extract, 1529.

Lignum-aloes, 1523-^, 1624.

-vitEB (drug), 816, (timber)
2016-7.

Ligustrum spp. (wax), 2044, 2045.

Lilac (extract). 1528, (oil) 1424.

Lilpop's osmogene, 1859.

Lily~of-the-valley extract, 1528.
Lime (earth), 232.

acetate, 34.

acetic acid from, 22-3.

aceto-chloride, acetic acid from,
2^5.

• and carbonic acid process for
defecating beet-juice, 1846-9.

bisulphite for defecating cane-
juice, 1887-8.

carbonate and carbonic acid
table, 1969.

chlnride utilization (bleaching
powder), 468.

fur bleaching powder, 459-60.

for defecating cane-juice,

1886-7.

blossom extract, 1529.

in sugar-cane soils, 1864-5.

kiln for carbonating beet-juice
1847-8.

fcjr soap-making, 1768-9.

oxalate, 161.

removal of from fats, 1460.

sucrates, 1943.

process (beet molasses),
1859-60.

(sugar-reflning),
1930-3.

scums, filter presses for, 1848-9.

removal from beet-juice,

1848-9.

utilization, 1848.
juico, 49, 816.

'

tree bast, 998.
oil, 1424.

wood (acetic acid), 15.

Limes (fruit), 1025.

Linieing hides, 1220.

machine (bleaching), 478.

Limestone, assay, 360.

Limoges ware, 1599.
Linden (acetic acid), 14-15, (oil)

1424.

Linen-bleaching, 515.

chemicking-machine, 515.

cloth, 515-6.

process for brown linen,
516-7.

for cream linen,

517-8.

rubbing-machine, 516.

squeezers, 515.

dressing and sorting, 1246-7.
factories, statistics, 1255.

for paper, 1485.

machine hackling, 1244-6.
manufactures, 1240-55.

bibliography, 1255.

distribution, 1240-3.
history, 1240-3.

modern, 1243-55.
statistics, 1255.

tow preparation, 1251-2.
preparing, 1247-9.

reeling, drying, and bundling,
1253-^.

roughing, 1243-4.
roving, 1249-51.
spinning, 1252-3.
weaving, 1254-5.
yarn bundling, 1254.

drying, 1254.

reeling, 1253.

table, 1254.

Lines, 1696.

Ling (nut), 1359, (oil) 1364.
Linoleum, 1001-15.

applying to canvas, 1007-9.
cork for, 1001-2,

hand-printing, 1009-13.

machine-printing. 1013-5.
mixing ingredients, 1006-7.
oxidized linseed-oil, 1002-6.
seasoning, 1009.

Linseed-oU, 1393-t, 2024.
Linum usitatissimum (fibre), 964—

78, (oil) 1393-4.

Lion fur, 1031.

Liqueur de ferraile, 31-2.
Liqueurs, 224.

Liquid glue, 622.

Btorax, 826, 1626, 1682.

Liquids [greasy], recovery of grease
from, 1455-6.

specific gravity of, 2

.

Liquidambar, American, 1682-3.
East Asian, 1683.

spp, (resin), 1624, 1626, 1682-3.
Liquidation of soap, 1780.
Liquorice, 816.
Lisbon water, 1532.
Lithia, 250.

water, 367.

Lithography, 1614-6.
chromo-, 1604-6,

Lithospcrmum erythrorhizon (dye),
867-8.

Litmus, 862.

LitSfea spp. (oil), 1415.
Livistona australis (fibre), 946.

sinensis (oil), 1415.

Llama hair, 1093, (skins) 1758.
Loban (ret,in), 1675.

Locomotive-grease, 1797-8.
Locust-tree, 2017.

American, 2012.
Logwood (acetic acid), 14, (dye)

817, 862.

Long nutmeg, 1812.

pepper, 1814.

Longs ol flax, 1244.

Looms for hair cloth, 1101.
Lopez-root, 817.

Lord's ctjmbined opener, &c. (cotton
manuf.), 740.

piano-feed scutcher (cotton
manuf.), 742.

Lota spp. (oil), 1364.
Louar-oil, 1369-70.
Lciwenzahn, 826,

Low-press kier (bleaching), 485.
Loxopterygium Lorentzii (tannin),

Lubdn jiwi (resin), 1637.
Luban-mati (resin), 1676.

Lubricating values of oils, 1479-81.
Lubricators, 1797-8.

Luce, eau de, 1532.

Lucifere, 1277-92.
Luck's test (anthraquinone), 652.

Lucrabau-oil, 1382.

Lucunia Bonplandii (oil), 1395.

mammosa (oil), 1415.

spp. (resin), 1694,

Lukrabo-oil, 1382.

Lulu (oil), 1410.

Lumbang-nut, 1352.

Luteoline, 868.

Lutes, 628.

Lutra spp. (fur), 1032.

Lycopodium spp. (drug), 817.

Lycopus europeeus (oil), 1432.

Lydus spp. (drug), 797.

Lygeuni Spartum (fibre), 978-9.

Lyncus spp. (fur), 1031.

Lynx fur, 1031.

Lysiloma Sabicu (timber), 2020.
Lytta spp. (drug), 796-7.

M.lYlABA guianensis (timber), 2021.
Mil bo-oil, 1394.

Magaranduba blanca (resin), 1694,
Mataranga spp. (rtsin), 1694.

tornentosa (resin), 1665.
Macassar-oil, 1394, 1410, 1422.
.Mace, 1810-2.

oils, 1396-7, 1424, 1811.
Maceration processes for extracting

beet-juice, 1839^2..
es&ential oils, 1458-9.

sugar-caup, 1879.

Machferium tertUe ftannin), 1988.
i-pp. (timber), 2020.

Machine knitting needles, 1190.
made cordage, 1697-1704.

lace, 1204. .

fcir moulding terra-cotta, 1586.
salt-pans, 1734-6.

Macis, ltilO-12

Maclura aurantica (dye), 864, (oil)

1415.

M'Lean & Angus' kiln for revivi-
fying charc(.al, 1923-4. '

M'Naught's (J. & W.) wool-scouring
machine (bleaching), 509.

Macrobasis albida (drug), 796.
Macrochloa tenaci&sima (fibre), 979-

81.

Mactear's aspirator, 133.

carbonator (soda), 300.
process (soda), 313.

Madagascar nutmeg, 1812.
rubber, 1627, 1654.

Madder, 862.

bleach, 471.

alteration in weight, &c.,
of calico pieces, 487.

ancient and modern pro-
cesses compared, 488.

arsenic solution, 484.

chemicking, 482.
final washing, 482.

indigo indicator solution,
484.

kiers, 485-6.

limeing, 481.— lime or grey sour, 481.
lime washing, 481.— notes on chemicking,

484.

grey washing, 482.
lime boil, 482.

limeing, 482.

resin boil, 483-4.
souring, 483.

white sour, 485.

opening and drying, 492-4.

proposed new bleaching
agents, 486-7.

quantities of agents best
suited, 488-9.

resin or ley boil, 482.

second boil in soda ash, 482.
singeing, 472-7.

squeezing, 489-92.
stains, 487.

stamping, 471.
stitching, 471-2.

Madder, bleach, tensile strengths of

cotton threads, 487.

test solutions for use,

484-5.
washing, 481.

. washing after ley boils,

482.
washing after lime sour,

481-2.
white sour, 482.

lake, 1550.

oxalic acid from, 172.

Madia sativa (oil), 1394.
Madjenriel (resin), 1676.

Madjoun (narcotic), 1307.
Madrepora virginea (coral), 1521,

Magdala pink, 681.

Magenia, 660.
residues, 662,

Magnesia water, 367.

Magnolia extract; 1529.

Maguey gum, 1638.
Maheri (resin), 1676.
Mahogany, 2017.

African, 2017.
Australian, 2016,
Ceylon, 2016.

East Indian, 2017 .

gum, 1673.

lute, 630.

Mahwaoil, 1394,

MaUwal fibre, 921.
Maissiat's lute, 630.

Maize-oil, 1415, (starch) 1823,
(sugar) 1908-14.

Mtijevt's (W.), proce^ (sulphuric
anhydride), 98.

Miijolica ware, 1599.
Makar (resin), 1677.
Malabar-oil, 1367.
Malacca rubber, 1664.
Malachra capitata (fibre), 981.
Malagueto de montana (oil), 1377,
Malapajo balsam, 1652.
Malay Archipelago rubber, 1664.

camphor, 576.
Maiden island guano, 1265,
Male fern, 811, (oil) 1414.

nutmeg, 1812.
Mallotus philippinensis (dye), 861,

(oil) 1415.
Malpighia punicifolia (tannin), 1994

.

Malt, 207.

crushing (vinegar), 2038.
grinding (alcohol), 207.
infusion (alcohol), 208-10.
mashing (alcohol), 207-8,

(vinegar) 2039.
Malting, 379.
Maltose, 1830, 1831.
Malva spp. (fibre), 982.
Mamey-oil, 1394-5.

Mammoth-ivory, 1175.
Manatee-oil, 1367-8, (skins) 1757.
Manatus spp., 1367-8,.l757.
Manbrd's methods (starch-sugar),

1918.

Manchester brown, 670.—- yellow, 682.
Manchot (oil), 1376.
Mancona, 823.

Mandioc, 1828.
Mandragora spp. (dnig), 794.
Manfuld's sugar-cane sawdust
method, 1879,

Mangaboira rubber, 1627, 1664.
Manganese acetate, 36.

assay, 355.
brown, 37.

detection, 349.
green, 1549.

mordants, 1300.
ores for bleaching-powder, 458.
regenerating (bleaching-pow-

der), 461-8.

replacing (bleaching-powder),
46'=i-70.

Mangifera indica (resin), 1668, 1673,
(shade) 1812, 1815, (timber) 2017.

Mango (gum) 1673, (shade) 1812,
1815, (timber) 2017,

Mangold fly, 1835.
Mangos teen-oil, 1395.
Mani (resin), 1625, 1654.
Manicaria saccifera (oil), 1415.
Manifold writers, 1608-10.
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Monlbot Olulovii, l(i&»-g.

Bnp. (stATCh). IH2«.

MaLntlUGlcDii, 1619.
hemp, 983.

chftTBctoTB and uacs, 984-6.
cultivation, 983.
exports and values, 986.
extraction, 983-1.

nut, 136t-8.—— tamarind-oil, 1415.
Manioc 18'28.

Manipulative proceeses (pottery"),
1676-81.

Manlovo & Co.'s cane-mlll, IS15.
Manna, 817.
Mannings' process (ammonia), 233.
Mannlie, 1830.
Mann's chromo-Utho machine,

1606-7.

Manoury's lime-aucrate process for
beet molasses, 1860.

ManqTiitta (tannin), 1994.
Manuel et Socin'a beetroot pulp

press, 1839.

Manufacturers' soaps, 1768-9.
Manangan (resin), 1658.
Manures, 1266-77.

animal charcoal, 1266.
rartlflcial], basis of value, 1276.
bibliography, 1277.
blood, 1267-8.

bone-ash, 1266.

bones, 1266-7.
cinchona, 803.

coffee, 697-8.— commerce. 1276-7.
cotton, 957.

crushing pboaphalc 3, 1267-8.
flsh, 1267.

flesh, 1257.

general considerations, 1276.
grinding phosphates, 1268,
guano, 1268-9.
manufacture of artificial, 1267-

71.

mineral phosphates, 1259-65.
mixing, 1268-71.
(artlflcial), packing, 1271.

poudrette, 1271-2.

prevention of nuiaanco in
making, 1272-6.

produced on sugar estates, 1865.
screening, 1271.

scutch, 1266-7.
" setting " and *' going back,"

1270.

shoddy, 1266.

sugar-beets, 1833.

sugar-canes, 1863-6.

flugar-scnm, 1266.
—-~ sulphate ammonia, 1259.

superphosphates, 1259-71.
tea; 1997.

tobacco, 1326-7.

Maoutia puya (fibre), 932.

Maple (acetic acid), 14.

great (timber), 2021.

sugar, 1902-3.

wood, 2017.

Maracaibo phosphate, 1264.

Marals salants or saline, 1716.

Maranta obliqua (fibre). 982.

spp. (starch), 1822-3.

Marble cement, 627.

cement for, 625.

lute, 630,

Marbling book-edgos, 1686.

Marechal bouquet, 1530.

satchet, 1631.

Mares'-grease, 1366.

Marfil vcjetal, 1357.

Margarine-Monries, 1362-3.

Margosa-oil, 1395.

Marie's begass furnace, 1876-7.

Marima (fibre), 919.

Marine glue, 625.

plants, potash chloride from,
263-5.

Marinhas (salt). 1716.

Madoram-oll, 1424.

Marlcet-bleacbing. 495-606,

beetling, 499^r.01.

calendering, 498-9.

damping, 497-8.
• daah-whcels, 495.

folding, 601-4.

Market hydro-extractor, 495-6.
mufltin finishing, 5U4h;.
starching, 496-7.

Marklng-inkA, 1168.
Marrcm (fibre), 994.
Marrlotte vrasel (sulphuric acid),

68.

Marsdcnla tenadssima (fibre), 982.
Marsh gladden (fibre), 996.

ledum, 1308.

mallow soap, 1790,
Marten fur, 1031.

Moscati (resin), 1676.
Mashing (vinegar), iiii39.

Ma^aranduba (resin), 1664.
Masson & Scott's esparto-picking

machine, 1486.

Mastic,1623, 1624, 1625, 1644, 1673-4,
2024, (brandy} 1673.

Masticating indiarubber, 1144.
Mastlx, 1673-4.
Matches, 1277-93.

compositionK, 1292-3.

cutting and filling machines,
1286-92,

dipping, 12S1.

filling and dipping, 1279-92.
splint-pointing, 12S2-5,
splints and splint-cutting,

1277-9.

vestas, 1292.

vesuvians, 1292,
Matal wood, 2019.
Materials for terra-cotta, 1583.

Mather's condenser (hydrochloric
acid), 142.

Mati (resin), 1676.

Matico, 818, (oil) 142-1.

Matit-refi tannant^s, 1977-94.
tinctoriales, 854-69.

Matricaria Chamomilla (drug), 799,
Mat-rush, 999,

Maumene's test for oils, 1471.
Mauritia flexuosa (fibre), 982.

spp. (oil), 1415.

Mauritius eleml, 1649.

Mauvaniline, 668.

Mauveine, 666.

May flowers bouquet, 1530.

grass (perfume), 1 52-^.

Meadow-saffron, 804.
SWCCt-rjil, 1-121.

Meat, preserving, 1018-22.
l\rccc.i balsam, 1626, 1636.

Meersalinen, 1716.

Meer-fljil'/, 1714-9.

Meerschaum, 640.

cement ior, 627.

Meerzwlebel, 825-6,

Mega.s3 furnaces, 1876-7.
Meburiee-oil, 14*2 f.

Mojillones guano. 1265.

Melaleuca Leucadoiidron (drug),
796.

spp. (oil), 1 lis, (toa~) 9010.
MelanoiThtea usit:iti^sima (resin),

1692.

Meleagrlna margaritifera (pearl),

1617, 1519.

Meles spp, (fur), 1030.

Meleziton. 1830.

Melia Azadlrachta (oil), 1395, (tim-
ber) 2018.

Azedarach (resin), 1621.

spp. (resin), 1694.

Melilot. 1528.

Melilotus caeruleus (perfume), 1523.

Melissa-oil, 1417.

[Indian] oil, 1423.

Melitose, 1830.

Melodiuus monogynus (fibre), 982.

Meloii spp. (drug), 797,

Melolontba spp, (drug), 796.

vulgaris (oil), 1375,

Melon-oil, 1361, 1395,

sugar, 1903.

Melting- and resolidlfying-points of

mixtures of stearic and palmitic

acids, 1464.

Mendings, 1762-3.

Mendora (resin), 1694.

Mendrina cerebriformis (coral), 1521.

Menhaden-oll, 1368.

Menispermum Cocculus (drug), 808.

Mentha piperita (drug), 819. (oil)

1425-7.

Mentha Pulogium (drug), 919.

spp. (uil), 1427.

vliidl8(oi!), 1431.

Menthe-p"ivree, 819.

poulioi, H19.

Menungan (resin), 1657,

Menyanthes trlf>dlata (hops), 1131.

Menzles' b Davies' smell-consamer,
1606-7.

Mephitis amerlcana (fur), 1033.

Mercurialis annua (oil), 1432,

Mercury acetate, 37.

assay, 356.

detection, 349,

Merryweather's apparatus (candles),
681

MesphUodaphne Sassafras (drug),
823.

Mesqnit, 1674.

Messel's process (sulphuric an-
hydride), 97,

Mesua ferrca (dye). 864, (oil) 1415,

(l>erfum<0 1526, (resin) 169 ».

Metal buttons, 557.

glass, and wood, cement for,

625.

Metallic cement. 627.—— Biu-fdce, inks for, 1172.
Metals, corrosive action of oils on,

1481.

and glass, cement for, 625, 627.
wood, and indiarubber, cement

for, 626.
Ml thyl-aniline, 567.

green. 669.
benzols, 6 is.

lii'ii/.yl-Lliphonyl-amine, CGt*.

diphenyl-amine, U5'.^.

^o^;lni^ines, 667.
M.'tIiylatLd8pfait,214.

Mftro^idtros luclda (timber), 2020.
I\Ktrn.\vl"ii spp, (starch), 1^::7-^.

M.xiciM alnp. 912.
I'hu'. sti.t,

dragon's-blood, 1648.—— eleml, 16J9.

fibre, 985, 1101.

gum, 1635, 1639.
Mezereon, hih.

Mezquite, 1621, 1G74.
Mhar(oil), 1371.

Mhowa (oil), 1394,

Michelia Cbampaca (oil), 1422, (re-
sin) 1694.

Microclados olecrum (oil), ]4fl2.

MIcro-photograplilc camera, 1536.
Mirrocosmic salt, 316.
Mi.Uil'S &c., of flax, l546.
Mignon et Uouart's cane defibrator,

1878.

Mignonette-oil, 1424.
Milfoll-olls, n2L
MUk-preserving, 1016.

sugar, 183n, 1903-4, 1970.
Miliefieur safchet, 1531.

soap, 1791.

Milner's salt-pan, 17.'t7-'^

Mimosa-bork, 122(5. I'.hi,5-7.

cinerea (resin), 1668.

epp. (resin), 16;i2, (tannin)
1982-3. 19SC-7

Mimulus moscbatus (musk), 1525.
Mlmus(.ps Balata (resin), 1035-6,

1639, (timber) 2013.
elata (resin), 1664.
Elengi (resin), 1694.

spp. (oil), 1415, (resin) 1627.
^finderus, spirit of. 29-30.
Mineral impurities in fats, estima-

ting, 1462.

matters In cane-juice, 1872.
oils, 1433-47.

in f&ts, detection of, 1466.—- in mixed oils, estimation
of, 1467-9.

phosphates, 1259.

alum from, 329.

crushing. 1267.
grinding, 1268.

tar, 1433-47.
Mink fiu". 1031.

Mmton's pottery oven, 1564.
Minyak-katjang, 1357-8.
Mtro timber, 2017.

Mishmi -bitter, 809.

Miso (oil), 1378.

MIsptcke), 40,

MltU green. 31.

Mixing and grinding rubber. 1149.

ariiflcial manurca, 120'',

cotton, 7.37.

mill (gunpowder), 887.—— soap, 17»5-6.
wine, 441.

.Mnangu. 1641.

Mochraa (resin), 1674.
Mochurrus (resin), 1674,
Modelling terracotta, 15-^5-6.

Modiola vulgaris (pearl). 1617.
MGerman-Lanbohr s apiwratus

(fibre), 92-<.

Mogador gum, 1632.
Mohair, 1096.

Mohn, !^2u.

Mohnoi, 1409.

Mohrs (resin), 1676-7.
Muhr's bun tie, 27.

lute. 630.

Molitare in fals. estimating, l-iCJ.

Mojrus (rcMn). 1674.

Molapliun toil), 1,191.

Molasses, alcohol from, 203.
beet, 1858-60.

ctrboiiate potash from,
257-9.

chloride potasli from, 2fl6.

-— sulphate rotaah from,
278.

deflnilion, 1831.
elution process for, 1859-60.
grahiing, 1895.

owalic acid from, 163-4.
treatment by osmosis. 1^0S-ti.

Moldavian balm, 1417.

Moll (resin). 1648.

Molinier's tleshing-machine, 1225.
Muini'ea (narcotic), I3U6.
Mniiurda dldyma (tea), 2011.
.^lonil's process (»oda), 312.
Munilnll'il's apparatus (acratrd

waters), 375.

Monk's Island phosphate, 1264.
Monkey-bread (fibre\ 912.

fur, 1032.

mask, 1525.
nut, 1357-8.
pots, 1309.

Mono-amy 1-aniline, 658.

-I'henyl-rosauillne, CC7.
MoniMlun monoceros (ivory), 1175.
Slonodora grandiflura (oil), 1416.

Myristka, 1H12.

Moiirovlan oil, 1407.

Monte-Jus, 18^3-4.

Montpelller bouquet. 1631.
Mooda hoora oil, 1365.
Moodooga-oll, 1395.
Mooi (gum), 1661.
Moonga silKwonns, 1746.
Moonyah (fibre), 919.
MOr (resin), 1674.
Mora excelsa (timber), 2017-8.
Moram (fibre), 994.

Mordants, 31, 1293-1305.
alumina, 1295-6.

^—antimony, 1296.
aisenlc, 1296.

bismuth, 1296.

chromium, 1296-7.
copper, 1297.

iron, 1297-1300.
lead, 1300.

manganese, 1300.
organic, 1303-5.
silica, 1300.

sulphur, 1300-1.
tin, 1301-3.

zinc, 1303.

M'Tclon Buy chestnut, 1353.
Murfit's steam-twirl (soap), 1771-3.
Mnrinda spp. (dye), >i5S.

Moringa gum, 1621, 1674.
pterygosperma (oil), 1378-9.

(resin) 1621, 1674.

spp. (oil), 1378-9.
Morocco ammoniacum, 1630.

gum, 1621, 1632.
leather, 1236.

Moronobea coccinea (resin), 1624,
1654.

M'jrphia, 231.

Morphine, 231.

6 I-
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Morris and Grifan's bone-boiler,
1449.

Mortar, 618.

Morung elochi (spice), 1804.

Morua tinctoria (dye), 85*7-8.

Mosaic glass for windows, 1084.

pavements, 1587-94.
Moschatel, 1525.

Mo8cho2cylum Swartzii (perfume),
1525.

Moschus, 826, 1524-6.

moschatus (perfume), 1524,
1525-6.

Mosqueit, 16T4.
Moss-rose extract, 1529.

Mosul gum, 1686,

Mote-grease, 1395-6.

Mothay and Rossi's ice-machine,
1141.

Mother-of-pearl, 1516-21.

Mottled soaps, 1780.
blue-, grey-, and red-, soaps,

1787-8.

Mottling buttons, 563.
Moulding and banlcing sugar-canes,

1867.

cylinders (glass), 1066.
indiarubber, 1160.
soap, 1783-4.

Moulds for earthen-ware, 1577-8.

Mountain flax, 945.

green, 31, 1549.

Moussellne, eau de, 1532.
satchet, 1631,

Moutarde, 1810,

Mozambique rubber, 1627, 1654.

M'Poga (oil), 1396.

Msandarusi (copal), 1641.
Mucherus (resin), 1674.

Mucuna sp. (drug), 795,

Mudar (fibre), 933,

MufiBes for pottery, 1563-8.

Muga silkworms, 1746-7.

Mugwort-oil, 1424,

Mllhl's ice-macbine, 1136.

Mujankuri silkworm, 1747.

Mukul fresin), 1636.

Mulberry (fibre), 858,

Mule (cotton manuf.), 754.

Muller-Jacob's process (mordants),
1304.

Mulmul (resin), 1674.

Multicolour presB, 1605.

Multiple effect vacuum-pans, 1895-8.

Mungo, 2058.

Munjeet (dye), 863.

Muntz's metal, 323.

MurffinaCongre(oil), 1375.

Murdoch's sugar-cane disintegrating

process, 1879.

Mure's hemp-breaker, 936.

Muriate alumina, 1296.

antimony, 1296.

copper, 1297,

Iron, 1298.
tin, 1301.

Murraya Kouigii (oil), 1410.

MuiTay's silk-spinning machine,
1753.

Muruciga ocellata (narcotic), 1307.

Mus cricetuB (fuv), 1031.

Muaa paradisaica (starch), 1823.

sapientum (fibre), 9«2.

spp. (fibre), 982-5, (fruit) 1022
-3.

textills (fibre), 983.

Muse, 1524^6.

Muscades, 1810-2.

Muscovado sugar, 1900.

Musk, 1524-6.

-beetle. 1525.

deer, 1524, 1525-6.

duck, 1525.

extract, 1529,

ox, 1525.

plant, 1525.

-rat, 1032-1525.

(Indian), 1525.

root, 826, 1525.

wood, 1525.

Musltatblutbe, 1810-2.

Muskatbutter, 1396-7.

Muskatnllsse, 1810-2.

MuskatnusBol, 1396-7.

Muslin-de-laine bleaching, 513.

Musquash, 1032, 1525.

Mussel pearl, 1517.

Mustagi-riiml (resin), 1673.

Mustard, 1810.

oil, 1396, 1424.

Mustelaspp. (fur), 1030, 1031.

Muter's oleine-tube, 1463-6.

Mutterharz, 1650.
Mutterkorn, 810.

Mutti wood, 2018.

Myagrum sativum (oil), 1390.

Mycoderma aceti (fungus), 6.

Mycose, 1830.

Mylabris spp, (drug), 797.

Myopotamuscoypus (fur), 1032.

Myrcia acris (oil), 1417.

Myrica cerifera (candles), 586.

Gale (oil), 1421.

spp, (wax), 2045-6.
waxes, 2045-6.

Myrlstica Bicuhiba (oil), 1379, (wax)
2046.

malabarica (oil), 1409.

sebifera (oil), 1377.

spp. (oil), 1396-7, 1415, 1424,

(spice) 1810-2.

Myrmecocystus mexicanus (honey),
1128.

Myrobalans, 1226, 1987, (oil), 1396.

Myrobroma fragrans (spice), 1814-6.

Myrocarpusfastigiatus (resin), 1678.

Myrosma indica (dye), 860.

Myrospermum Pereirs (drug), 819.

spp. (resin), 1623. 1677-8.

toluiferum (resin), 1684r-5.

Myroxylon Pereirse (drug), 819.

peruiferum (oil), 1416,

punctatuni (resin), 1684,

spp. (resin), 1677-8,

toluifera (resin), 1684-5.

Myrrh, 1623, 1627, 1674-5, (oil) 1424.

Myrtle extract, 1529.

oil, 1424.

waxes, 2045-6,

Myrtus communis (oil), 1424.

Pimenta (oil), 1416, (spice)

1814.

N.AGASAR (perfume), 1526.

Nagdana (resin), 1675,

Nageia Putranjiva (oil), 1415.
Naghas (perfume), 1526.

Naghua (resin), 1676,

Nag-kassar (dye), 864, (oil) 1415,

(perfume) 1526.

Nan-mu timber, 2018.

Napa oleifera (oil), 1384-5.

Naphtha, 644", 1433-47, 2026.

wood, 35.

Naphthalene, 649.

chlorides, 650.

derivatives, 681.

yellows, 682.

Naphthylamine, 650.

violet, 681.

Naples yellow, 1551,

Napping hats, 1120.

Narbuth's flax-breaker, 970.

Narcissus extract, 1529.

Jonquilla (oil), 1422.

Narcotics, 1305-51.
ava, 1305.
betel-pepper, 1305.

bhang, &c., 1305-7.

bibliography, 1351.

bull-hoof, 1307.

coca, 1307-8,

emetic holly, 1308.

ledum, 1308.

opium, 1308-24.
—.— pituri, 1324.

rhododendron, 1324.

Siberian fungus, 1324.

steppe rue, 1324.

tbomapples, 1325,

tobacco, 1325-50.

tumbeki, 1350.

Nardostacbjs Jatamansi
1525.

Narthex asafoetida (resin), 1624-

33.

Narwhal-ivory, 1175.

Nassau phosphates, 1263.

Nasturtium-oil, 1425.

Natterer's apparatus (carbonic acid),

46.

(musk).

Natural varnishes, 1692.

Naturalists' cement, 626.
Naucite (tannin), 1994.
Nauclea Gambier (tannin), 1984-5.
Maugiia timber, 2018.

Navassa phosphate, 1264,

Navel-tree gum, 1693.

Neat soaps, 1770-84.
Neat's-foot-oil, 1368,

Nectrandra spp, (resin), 1640,

(starch) 1823, (timber) 2015.

Needle-lace, 1201.

Needles, machine-knitting, 1190,

Neem-oil, 1395.

Neem wood, 2018.

NegundofraxinifoUum(Bugar),1903.
Nelkenkbpfe, 1814.

Nelkenpfeffer, 1814.

Nepal aconite, 7m1.

cardamoms, 1804.

paper-shrub, 947.

sugar cane, 1860.

Nephelium Litchi (resin), 1668.

Nex'ium suaveolens (resin), 1694.

tinctorium (dye), 858.

Neroli camphor, 578,

extract, 1529.
oil, 1425.

Nessler's test (ammonia), 248-

Nettles (fibre), 963, 999.

Neugewurz, 1814.
Newall and Barker's bark mill, 1227,

New-mown hay bouquet, 1531.

New Zealand cabbage-tree, 945.

copal, 1666-7.

fiax [hemp], 986-93,
Ngai camphor, 577.

Ngiatos (guttapercha), 1652,
Nicholson's blue, 665.
Nickel, assay, 351.

detection, 349.

plating, 880.

Nicotiana spp, (narcotic), 1325-50,
(oil) 1411,

Nidnlarium karatas (fibre), 985.
Niepce's photo - engraving process,

1618.

Nies Hout wood, 2021.
Nieswurzel, 812.

Nigella sativa (oil), 1415, 1432.
Niger oil, 1396.

Night-lights, 594.
Nightsoilas manure, 1271.
Niin-oil, 1368-9.
Niko (oil), 1394,
Nlpa fruticans (fibre) 985, (resin)

1658, (sugar) 1904.
Nipis de Pifla (fibre), 918.
Nitrates, 153, 160.

alumina, 1296.
baryta, 361.
copper, 1297.

iron, 1298.
potassium, 273.

potash, assay, 360.
sodium, 315.

tin, 1302.
Nitric acid, 148-60,

anhydrous, 159.
characters, 148-50.
in sulphuric acid, 70.

manufacture, 154-9.
occurrence, 150-4,
red fuming, 159.
specific gravity, 4.

supply to sulphuric acid
chambers, 68-60.

i— testing, 159-60.
Nitric anhydride, 159.
Nitrification, 150, 273,
Nitro-benzols, 654.

compounds anthraquinone,

glycerine compounds, 897.
naphthalenes, 650.
toluols, 654.

—

;

xylols, 654.
Nitrogen as ammonia, determina-

tion, 249-50.

compounds, recovery of (sul-
phuric acid), 72,

Nocha (oil). 1394.
Noir animal, 452-3.

de Francfort, 454-5.
de fum^e, 455-6.—^ d'ivoire, 455.

Noir d'os, 453-4.

Noix de Galle, 1983-4.

Isagur, 822.

Nordhausen acid, 51,

Norwegian apatite, 1261,

Nosegays, 1530-1.

Nose-hole furnace (glass), 1064,

Noungafat, 1396.

Noxa (oU), 1394,

Noxious vapours prevention (acetic

acid), 12-13.

(hydrochloric acid),

118-46,
(manures), 1272-6,

(gugar-refijiing),1926.

Noyeaux, 227.

Nuisance. See noxious vapours,
Nunnari-root, 823.

Niirnberger-waaren, 1761-4.

Nut-galls, 1983-4.
Nutmeg-butter, 1396-7, 1811.

oil, 1424.

[American] oil, 1377,
Nutmegs, 1810-2.

Nutria fur, 1032.

Nuts, 1351-60.
areca, 1351.

bibliography, 1360.
boma, 1351

.

Brazil,1351-2,

bread, 1352.—— candle, 1352.
cashew, 1352.
chestnut, 1352-3.
coco-nut, 1353-7.
coquilla, 1357.
corozo, 1357.
gingko, 1357.
ground, 1357-8.
hazel, 1358.—— hickory, 1358.
imports, 1360.
kola, 1358-9.
palm, 1359.

physic, 1359.

pistachio, 1359.
sapucaya, 1359.
singhara, 1359.
soap, 1360.
walnut, 1360.

Nutzholz, 2012-23.
Nux-vomica, 819.

0.„ ACA (resin), 1693.
Oak (acetic acid) 14-5, (potash) 255,

(timber) 2018.
barlts, 1226, 198V-t).

galls, 1983-4.
Objectives, 1533.
Ochoco-oll, 139t.
Ochroma Lagopus (fibre), 986.
Ocimum basilicum (oil), 1415.
Ocuba wax, 2046.
Oculina virginea (coral), 1521.
Ocymum pilosnia [basilicum]

(fibre), 986.
Odal-oil, 139Y.
Odlna spp. (resin), 1621, 1651.
Oele, 1360-1484.
Oelsttss, 1V98-1802.
Oelzucker, 1798-1802.
Oenanthe Phellandrium (oil), 1432.
CEnooarpus Bacaba (fibre), 986.
Ogadioka (oil), 1395.
Ogea-tree (resin), 1650.
Ognon marin, 825-6.
Oil analysis, examples of, 14*5-6.
Oil-bird, 1376.
Oil-cake machinery, 1451-4.
Oilcloth, 1001.
Oiled silk, 2032.
Oil-mill machinery, 1451-4.
Oil of turpentine, 1688-91.

of vitriol, 101.
Oil-palm (fibre), 948, (oil) 1406-8.
Oil-tanks, 1445-6.
Oil-tree, 1411-2.
Oiling upper-leathers, 1234-5.
Oils and fatty substances, 1360-

1484.

animal, fish, and insect, 1361-
77.

bibliography, 1483-4.
tolling, oxidizing, and vulcan-

izing, 1482, 2029-31.
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of,

OtU and ratty sobstAnct^, detection
and aniL^ns, 14012-77.

heating valueft, 1478-9.
UlumlnatinK valu©*, 1477-8.— importa, i iMi-3.

Impruved mod- « of extraction,
U47-A9.

lubricating valnes, 1479-81.
mineral, 1433-47.
prices. 1493.

rellnlDg, clarlfylDg, and bleach-
ing. 1469-62.

tables of actual densltlea

1469-70.

Tamlahes, 2032-fi.

vegetable fatty, 1377-1415.

vegetable volatile, 1416-33.

Oils, 678, 683, 1360-1484.

as mordants, 1304.

boiled, 2029-31.

clarifying, 2024.
correcting rancidity in, 1461.—— curroelve action of, on metals,

1481.

decolorizing, 1461-2,

deodorizing, 1461.

drying (vamiBh\ 2023-4.
—— [mixed], examination of, for

mineral and rosin oils, 1467-9,
[essential], expression of, 1457.

' [vegetable fixed], extraction of,

1461-6.
[essential and volatile], extrac-

tion of, 1466-9.
—' [essential], extraction of, by

maceration, 1458-9.

for soap-making, 1766-7.
—~- In mixtures, identification of,

1467-77.

miscellaneous special testa for,

1476-7.

[fiitty], mutual detection of,

1469-71.
removal of resinous matters

fi-om, 1460.

tables of full reactions of,

1472-5.

Okro Cflbre). 961, ('oil) 1397.

Oldenlandla umbelltua (dye), 856.

Oldham willows (cotton mauu-
factures), 739.

Oldfleldia afrlcana (limber), 2018.

Olea capensis (oil), 1406.

europtea (oil), 1397-1406.

fi-agrans (tea), 2010.

undulata (timber), 2016.

Oleic acid (free), in on ordinary oil,

estimation of, MOO.
stearic and palmitic acids,

estimation of, 1463-4.

Olelne-tubes, 1463-6.

Oleography, 1604-6.

Oleomargarioe, 1362-3.

analysis, 1464-6.

Oleo pardo (resin), 1678.

Oleo-reslns, detection of, 1624-7.— nature, origin, &c., l6'2i-7.

Oltbanum, 1623, 1627, 1676-7, (oil)

1425.

Olivenol, 1397-1406.

OUve-fiy, 1400.

Olive-oil, 1397-1406.

Oliver and Ferret's kiln (sulphuric

acid), 84, so.

Omphalea spp. (nut), 1352, (oil)

1406.

Oolachan-oil, 1366.

Oomhlebe (timber), 2012.

Opal, 1042.

Opaque bdellium, 1637.

glass, 1033.

Opener for hatting wool, 1102.

Opening cotton. 739.

Ophelia spp. (drug). 799, (t-pice),

1805.

Opliiocephalus stri;itus (oil), 1376.

Opium, 1308-24.—' cultivation,

1308.
imports, 1321.

in Asia Minor, 1309-11.

In China, 1317-2.:.

in EgjiJt, IS'U.

in India, l3i:i-7.

in Persia, 13U-:i.

natiir-', i:i-.';t-l.

distribution of.

Oplnm preparation, 1322-3.
prodaction and commerce, 1308.
properties, 1323-4.

use, 1322-3.— values, 1324.

Opubalsumum, 1636.

Opochalaoil, 1406.

Opodeldoc, 1792.

Opopanax, 1621. 1627, 1677.

bouquet, 1531.

epp. (resin), 1621, 1627, 1677.

0p08-um fur, 1032.

Optical glass, 1082.

methods sugar analysis, 1966-
64.

saccharometers, 1957-62.

Opuntia coccinilifera (dye), 856-7.

rubesa^ns (resin), 1694.

spp. (resin), 1621.

Orange-flower extract, 1529.

oil, 1425.

water, 1425.

oil, 1425.

[Osage], oil, 1415.
soap, 1791,
spirit, 1302.

tree gums, 1677.
zeste, 1425.

Oranges (fruit), 1026-7.

OrcanSte, 855.

Orchella, 864.

Ordeal-bean, 795.

Oreodaphne epp. (oil), 1422-3.

Oreodoxa spp. (oil), 1415.

Ores, valuation, 349.

Organic alkalies, 230.

impurities in fats, estimating,

1462.

matters in cane-Juice, 1872-3.

in sugar, determination,
1947.

mordants, 1303.

Oriental elemi, 1677.

Origanum-oil, 1424, 1431.

Bpp. (oil), 1424.

Orkanct, 855.

Orlean, 855.

Ormcr, 1617.

Ornamental feathers, 905.

glass, 1067,

Ornithogalum aUissimum (drug),

826.

Ornua europtea (drug), 817-8.

Orplment, 339.

Orris camphor, 678.

extract, 1529.

oil, 1425.

root, 1526-7.

Orthanthera vimlnea (fibre), 986.

Oruba Island phosphate, 1264.

Oryctes monoceros, 939.

Oryza saliva (arrack), 219-20,

(starch), 1826-7,

Os, 521-5.

Osage orange (dye), 864, (oil) 1416.

Osiers, 995.

Osmei-us sp. (oil), 1366.

Osmliopsis oateriscoides (oil), 1432.

Osmosis process (cane • sugar),

1880-3.

for extracting beet-juice,

1842-6.

for treating heet-raolasses,

1858-9.

Osmogehe for beet-molasses, 1858-9.

Ostrea edulis (pearl), 1517.

Ostrich-farming. 906-7.

grease, 1376.

plumes, 907.

Otuba wax, 2046.

Otabeiie sugar-canes, 1860.

Otaria spp. (fur), 1032-3, (oil) 1375.

Otter fur, 1032.

sea, fur, 1032.

Otto's ammoniacal solutions table,

23^.

Otto Pohl's salt-pans, 1737-9.

of roses, 1427-30.

Ouabe oil. 1406.

Ouaraye oil, 1414.

Ouatier us shude, 1815,

Ougeinia dalbergioldes (resin), 1668.

Oullepe resin, 1648.

Ounce-grease, 1376.

Ovens for distilling wood (acetic

acid), 9-12. 15-19, 19-21.

Ovens for pottery, 1663-8.
Ur. 1683.
see also burners and kilna.

Oris moschatus (musk), 1525.

spp. (wool). 2053-6.
Owala oil, 1406.

OzaUtes, 161, 173-4.

alumina, 1296.

potassium, 277.

tin, 1302.

Oxalic acid, 160-74.

by action of alkalies on
neutral organic matters, 16-^72.

by action of nitric acid on
vegetable substances, 163-8.

concentrating, 173.

for sugar refining. 1929.

from guano, 161-3.

from madder, 172.

from other sources, 172.

from plants, 161.

ftom sugar, 163-4.

manufacture, 161-72.

occurrence, 160-1,

purification, 173.

recovery from dye-vata,
172.

value, 174.

Oxalfs gigantea (tannUi), 1993.

spp. (oxalic add), 161, 173,277.
Ox-hab-, 1096, (hides) 1758.

Oxidizing oils, 14S2.

Oxiand and Hocking's caldner
(arsenic), 336.

Oxyanthmccne, 653.

Oxychlorlde lute, 630.

Oxygen in escaping gases (sulphuric
add), 71.

Oxymuriate antimony, 1296.

tin, 1303.

Oyster pearls. 1517.

Ozokerit, 689, 2046.

i ACE'S machlno for pointing
match-splints, 1282-6.

spUnt*cuttlnK machine, 1277-9,
Hachira aquatica (oil), 1415.
Pachyrrhizus angulaius (fibre), 986.

Pacific islands guano, 1259,

sugar-canes, 1861.
pearl fisheries, 1619-20.

Paco (fibre), 1093.
Pfflderla foetlda (fibre), 919.
Pai-ch'ha wood, 2018.
Paint, 1552-6.
Painted glass, 1084.

Paints for glass. 1085.

indianibber, 1158.

PalQS kino, 1668, 1669, 1670, 1671.

Palissy ware, 1599.

Palm, coUectlug Juice from (sugar),
1905-6.

cutting (sugar), 1905-6.

Juice as beverage, 425-6.

boiling, 1906-7.

planting (.sugar), 1904-5.

returns from (sugar), 1907-8.

sugar, 1904-8.

wax, 2046.

Palma Christi (oil), 1380-2.

Palmet (fibre). 994.

Palmetto (fibre), 938.

Palmitic, oleic, and stearic acids,

estimation of, 1463-4.

Palm-kernel-oil, 1408.

Palm-nut, 1359.

kernel-oil, 1408.

oil, 583, 1406-8.

Palmol, 1406-8.

Palmyra palm (fibre), 932.

Palo-de-vaca (resin), 1693.

Pampas grass, 920.

Panama crimson. 864.

pearls, 1520,
screw-pine (fibre), 938,

Panax Colensoi (resin), 1694.

spp. (drug), 811.

Pandanns spp. (fibre), 986.

utilis (for shade), 1815.

Panginm edule (oil), 1415.

Panicled acacia (fibre), 911.

Pan-scale, composition of, 1733.

Pans for concentrating cane-juice,

1890-2.—— —— hydrochloric acid, 106-8.

Pans for salt-maklug, 1738-39.
Papaver Rhoeas (dye), 864.

somniferum (alkaloid), 231,

(drug) 820.

epp. (narcoticX 1308-24, (oU)
1409-10.

Paper, 1484-1609.
albumenized sensitive, 1S40.

and paper materials, imports
of; 1609.

bibliography, 1509.

cutting, 1603-6.

glazing, 1603.

hand-made, 1494.

industry, extent of, 1508-9.

machine, 1494-1500, 1502-3.

manufacture, 14^6-1505.
materiala, 1484-6.

mill, selection ofsite for, 1607-''.

mulberry (fibre), 933.

pulp, acetic acid from, 19.

soda recovery process, 1505-7,

1508.

Statistics, 1508-9.

treatment of broke paper, 1494.— esparto, 1486-91.

rags, 1491-2.— straw, 1492.

wood, 1493-t.
tub-sizing, 1600-1.

varieties, 1507.

Paprika (spice), 1803.

Papyrograph, 16('><-3.

Papyrus, 947.
Para Indlarubber, 1627.

nut, 1351-2.

piassava, 963.

rubber, 1661-1.
Parafllu, 536, 1509-16.

imports, 1516.

manufacture, 1510-4.

oil, 1446.

refining, 1514-6,

separator, 1516.

uses, 1516.

wax in fats, detection of, H66.
Paranaphthalene, 650,

Parasaccbarose, 1830.
Parcels of fiax, 121-1.

Parchment glue, iyi'2.

Pareira-brava, 819.

Parfuni.s, 1523-32.
Parian ware, 1558, 1696.
Parlnarium tp. (oil), 1394, 1396,
Paris blue. 1548.

green, 669.
Parker's cement, 619,
Parkfsine, 610-8.
Parkia biglandulosa (oil), 1415.
Parmella spp. (oxulk acid), 161.

Parsley-oil, 1425.

Passalus tridens, 939.

Passlfloramumcuja (narcotic), 1307.
Paste, ordinary, 622.

Pastilles, 1629-30.
PasUnaca sativa (uil), 1432.
Patawa (oil), lasti.

Patchouli camphor, 578.
extract, 1529,

oil, 1425.

satchct, 1531.
Pftte sur pate, 1598.
Patent alum. 1295.

leather, 12.Jti, 2032.
simplified ^till (alcohol), 205.

Patents, brewing-sugar, starch-
sugar, and invert-sugar, 1938-40.

centrifugals, 1937-8,
evaporating apparatus, 1936-7.
filtratiun, 1937.

relating to sugar, 1936-42.
treatment of sugar-cane,

1936.

sundries (sugar), 1941-2.
. vacuum-pans, 1936-7.

various chemical substances
(sugar), 1940-1.

Patrinla scabiosaefolia (drug), R:2r,.

Palrullo's machine (fibres), 91i5.

Patterson's beetlmg-machine (bleach-
ing), 501.

Patwa (fibre), 921.

Panllinia spp. (guarana), 690-1.
Paulownla imperialis, (uil), 1415.

Paving-blocks from waste gloss. 1037.

Pavot, 820.

G V 2
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Pawn (narcotic), 1305.

Pawtucket loom, 1102.

Payen's process of sugar analysis,

1947-8.

Pay-pay (tannin), 1993.
Pea-nut, 1357-8.

Pea (sweet), extract, 1529.

Peacock-grease, 1376.

Pear [alligator] oil, 1415.

Pear-wood, 2018-9.

Pearl, 1516-21.
artificial, 615, 1521.

bibliography, 1523.

buttons, 558.

mussel [Chinese], 1517.

qualities, values, and com-
merce, 1520-1.

Peat-oils, 1433.

Peau d'Eapagne satchet, 1531.

Peaux, 1757-61.

Pebble copal, 1643.

Pech, 1678-80.

Pectinose, 1830.

Pederia fcetida (fibre), 919, 986.

Pedesis, 1793.

Pedilanthus spp. (resin), 1624.

Peepul (resin), 1668.

Peganum Harmala (narcotic), 1324.

Pegmatite, 1560, 1595.

Peinture, 1552-6.

Pekan fur, 1030.

Pekea tematea (oil), 1415.

Pe-la wax, 2044.
Pelargonium spp. (oil), 1421.

Pellet's photogi'aphic printing pro-

cess, 1617.

PellicQlaria Koleroga (coffee), 698.

Pellitory, 819.

Pelotage of soap, 1790-1.

Pelotons, 1096.

Penang rubbers, 1656-7,

Penguin-oil, 1376.

Penlcillium glaucum, 1829, 1830.

Penney's separator (coffee), 705.

Pennyroyal, 819, (oil) 1427.

PencEa spp. (resin), 1682,

Peutaclethra macrophylla'(oil), 1406.

Pentadesma butyracea (oil), 1413.

Peonine, 680.

Pepper, 1812-4.

Ashantee, 1814.

betel, 1305.

black, 1812-4.

Cayenne, 1803.

Guinea, 1803.

intoxicating long, 1305, 1814,

Jamaica, 1814.

oil, 1425.

pod, 1803.

red, 1803.

West African, 1814.

white, 1814.

Peppermint, 819.

cordial, 227.

oil, 1425-7.

Pepper-pot (apice), 1828.

Perchloride of tin, 1302.

Percussion caps, 902.

Perfumed soaps, 1789-92.

Perfumers' pastilles, 1529,

Perfumery, bibliography, 1532.

imports, 1532.

values, 1532.

Perfumes, 1523-32.

crude, agar, 1523-4.

ambergris, 1524.

castor, 1524.

civet, 1524.

musk, 1524^6.

nagkassar, 1526.

orris, 1526-7.

sandal-wood, 1527-8,

tonquin-bean, 1528.

vanilla, 1528.

from plants, extracting, 1456-9.

prepared, 1528-32.

extracts or essences,

1528-9.

incenses and pastilles,

1529-30.

nosegays or bouquets,
1530-1.

satchets, 1531-2.

waters and eaux, 1532,

Perilla ocimoidcs (oil), 1415, 2045.

Perime vierge, 1686.

Periploca grasca (I'esin), 1656.

indica (drug), 823.

Perkin's violet, 666,
I'erle, 1516-21.

Permanent positive printing, 1540-1,
white, 1550,

Permuriate of iron, 1293.

Pernambuco rubber, 1627, 1664.

Perry, 421.

Per-salts of tin, 1302.

Persea gratissima (oil), 1415.

Lingue (tannin), 1994.

Nanmu (timber), 2018.

Persia, opium in, 1311-3.

tobacco in, 1337-8.

Pei-sian ammoniacum, 1630.

berries, 864.

silk, 1747.

Persimmon wood, 2019.

Persoonia guareoides (oil), 1386.
Persulphate of iron, 1298,

Peru-balsam, 819, 1623, 1677-8.
black, 1625.

white, 1625.

Peruvian bark, 799-808.
gunnos, 1258.

nutmeg, 1812.

PetaboXresin), 1657-8.

Petha wax, 2046.

Petit beraf, 1395.

grain-oil, 1427.
suif, 1361.

Petrel-oil, 1376.

Petrie's kiln (sulphuric acid), 57.

process (sulphuric acid), 100.
Petroleum, 1433-47, 2026.

constituents, separation and
uses of, 1446-7.

origin and occurrence, 1433-41.
solidifying and liquefying,

1446.

spirit, extraction of oils, 1454-5.
storing, 1445-6.

t-^sting, 1479-81.
transportation, 1443-5.

wells, boring and pumping,
1441-3.

Petromyzon fluviatilis (oil), 1376.

Peucedanum graveolens (drug),
810.

spp. (oil), 1432.

Peumus Boldus (drug), 794.

Pew's cement, 619.

Pewter, 324.

Pfeffer, 1812-4.

spanischer, 1803.

Pfefferminze, 819.
Phalasna saccharalia (cane disease),

1869.

Pheasant-grease, 1376.

Phenic acid, 41, 671-81.
Phenicienne, 681.

Phenol, 41, 671-81.

soap, 1789.

Phenyl-anillne, 658,

rosanilines, 664.

toluyl-amine, 658.
violets, 667.

Phenylic alcohol, 41, 671-81.

hydrate, 41, 671-81.

Philadelphus coronarius (oil), 1432.
Philippine elemi, 1649.

Phloiotribus oleai, 1401.

Phoca spp. (oil), 1370.

PhocEEna spp. (oil), 1369.

Phcenix dactylifera (fibre), 986,
(fruit) 1024.

farinifera (starch), 1827.
sylvestris (sugar), 1904^-8.

Phormium, baling, 992.

characters and uses, 992-3.
cultivation, 987-8.

exports and value, 993.

extraction. 988-92,
—— tenax (fibre), 986-93, (resin)

1678.

Phosphates, mineral, 1259.

alum from, 329-30.
natural, ammonium tri-phos-

phates from, 1851.

amount of acid required to dis-

solve, 1270.

[mineral], crushing, 1267.—— grinding, 1268.
sodium, 316.

Phosphatic guanos, 1265.

Phosphoric acid In phosphates and
superphosphates, 1265,

Phosphorite, 1261.

Photo-engraving processes, 1618-9,
Photographic applications, 1544.

instruments, 1532-6,
printing processes, 1616-20.

prints, toning, 1540.

processes, 1536-44.

Photography, 1532-44.
applications, 1544.

cameras, 1534-5.

camera-stancfe, 1536,

dark room, 1536.

diaphragms, i53a-4.

objectives, 1533.

processes, 1536-44.
studio, 1536.

Photo-lithography, 1617-8.
Photo-micrographic camera, 1535.

Photometry,/594, 1544^7.
Phthalic anhydride, 650, 682.

Phulwara-oil, 1408.

Phyllociadus tricomanoides (tannin),

1994.

Physeter macrocephalus (oil),

1371-2, (ambergris), 1524,

spp. (oil), 1361.

Tursio (oil), 1372.
Pliysic-nut, 1359, (oil) 1410.
Physostigma spp. (drug), 795.
Phytelephas spp. (buttons), 560,

(nut), 1357.

Pia (starch), 1822.
Piassava, 920, 963,
Picea pectinata (timber), 2015.
Picked dog-flsh (oil), 1370-1.

Turkey gum, 1631.
Picking esparto, 1486.
Picra^na excelsa (drug). 820.
Picramic acid, 680.
Picrasma excelsa (drug), 820.
Picrates, 902.

ammonia, 680,

potash, 680.

soda, 680.

Picric acid, 40.

Pictet's ice-machine, 1140.
Pieces of flax, 1243.

Pieper's toughened glass, 1080.
Pieron's beetroot pulp press, 1839.
Piesse's pastilles, 1529-30.

posy bouquet, 1531.
Pig-hair, 1099.

Pig-nut-oil, 1392,
Pigeon-grease, 1376.

pea for green-soiling sugar-cane,
1866, 1869.

Pigments, 1548-52.

blues, 1548.

greens, 1548-9.
reds, 1549-50.
whites, 1550-1.
yellows, 1551-2.
for indiarubher manufactures,

1159.

Pikrinsaure, 40-1.
Pillow-lace, 1201.

Pilocarpus spp. (drug), 814.
Pilori (musk), 1525.
Pimelea spp. (fibre), 993.
Pimenta officinalis (oil), 1416, (spice)

1814.

Piment des Anglais, 1814,
Jardins, 1803.

Pimento, 1814, (oil) 1416.
Pimpinella Anisum (spice), 334-5,

1802-3.

spp. (oil), 1416-7.
Pin maritime, 1687-91.
Pine (acetic acid), 14-5.

gum, 1681.

oils, 1408, 1427.
wool, 993.

Pine-apple (fibre), 917, (fruit), 1027.
Pine marten fur, 1031.
Pines, 2019-20.
Piney resin, 1624, 1678.

tallow, 1408-9.
varnish, 1678,

Pinite, 1830.
Pinites succinifer (resin), 1628.
Pink (clove), extract, 1529.

salt, 1303.
Pinna squamosa (pearl), 1517.
Pinnay-oil, 1387-8.

Pinns Abies (resin),' 1679-80.

Halepensis (resin), 1686.

spp. (drug), 818, (gunpowder)

884, (oil) 1408, 1427, 1431, (resin)

1624, 1683, 1684, 1686-92, (timber)
2019-20.

sylvestris (fibre), 993.

Pipe-clay, 640.

lines for petroleum, 1443-5.

Piper angustifolium (oil), 1424.
Betle (narcotic), 1305.

methysticum (drug), ,815, (nar-

cotic), 1305,

nigrum (oil), 1425.
Siriboa (narcotic), 1305.

spp. (drug), 809, 815, 818, (nar-
cotic) 1305, (oil) 1420, 1424, 1425,

1427, fspice) 1812-4.

Pipli-mul (spice), 1814.

Pipturus spp. (fibre), 994.
Piquia-oil, 1409-

Piraracu-oil, 1376.
Plrria's process (sulphuric acid), 100,
Pirus Oydonia (drug), 820.

glabra (drug), 818.
Pispaz (resin), 1634,
Pissenllt, 826.

Pistachio-nut, 1359, (oil) 1409.
Pistacia Lentiscus (resin), 1673-4,

(tannin) 1988.

spp. (nut), 1359, (oil) 1409,
(resin) 1623, 1673-4, 1687.

vera (nut), 1359.
Pitch-tree (resin), 1649, (timber)

2016.

Pitcheri (narcotic), 1324.
Pitches, 1678-80.
Pitchouri (narcotic), 1324,
Pithecolobium dulce (oil), 1415.
Pittosporum spp. (resin), 1694.

nndulatum (oil), 1432.
Pituri (narcotic), 1324.
Piver's absorption process for plant

-

odours, 1456.

saturator for impregnating
grease with plant-odours, 1458-9.

Placuua spp. (pearl), 1517.
Plagianthus sidoides (fibre), 994.
Plane wood, 2020.
Planking hats, 1108.
Plantain-starch, 1823.
Plant-perfumes, extracting, 1456-9.

extracting by solvents,
1456-7.

Plants, oxalic acid from, 161.
potash from, 255-7.
[marine], potash chloride from,

263-5.

soda from, 280.
Platanus spp. (timber), 2020.
Plate-glass, 1057, 1059.

grinding, smoothing, and
polishing, 1061-2.

Hartley's rolled, 1061.
sulphate, 278.

Plasters, 630.
Plates, pressing, 1578-9.
Platinotype printing, 1544.
Platinum retorts (sulphuric acid),

92-6.

PlectranthUB crassifolius (oil), 1425.
Plisson's (M. D.) condenser (nitric

acid), 157.
Plosslea floribunda (resin), 1677.
Plotting soap, 1790-1.
Plug tobacco, 1342.
Plumaria phagcedoenica (resin),

1665.

Plumbago, 1087,
Plumbers' cement, G26.
Plume nutmeg, 1812.
Plumes, 905.
Plum-oils, 1409.

spirit, 1302.
Plums, 1027.
Plusia gamma, 1835.
Poa spp. (fibre), 994.
Pochin's (H. D.) process (alum), 329.
Pod pepper, 1803.
Podocarpus cupressina (resin), 1694.

resin, 1625.
spp. (timber), 2017, 2019, 2021,

2022.

Podophyllum, 820.

peltatum (drug), 820, (dye)
856,
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I^ocphagiu grunnlcns (hair), 1099.
I'oRada (n sin), 1694.
IVK'JKtemon Putcbouly (oil), 1425,
Inhrs Balt-pftiis, 1737-9.
I'lliiciana ehita (resin), 1694.

regU (coffee Bhade)i ' i

'

I'ohit-laco, 1201.
Poire, m.
Poit» vin's powder, 1617.
PoWre, 1H12-4.

Ar (^uliitV. 1803.
lu.]y. Iti03.

la Janulque, 1814.

Poix. 1678-80.

blancbe, 1679-80.
fuclice, 1680.

dc Bourgogne, 1679-80.
drs VosfjCB, 1679.

Jaune, 1679.

llqulde, 1683.

noire, 1679.
I'oizot et Draelle'B beetroot pulp-

pro!^9. If39.
I'liliinlsta vtscosa (oil), 1 115.

I'olariBCOpCM, 1957-62.

Polarized light, 1956-62.
Polecftt fur, 1030.

(American) fur, 1033,

Polel, 819.

I'uiishing cotton, 765.

plate-glass, 1062.

rope and twine, 1701-3.

Polongooil, 1415.

Polybia apiclpennls (honey), 1128.

Polychrome print, IGOl.

Polygala de Virginlc, 821-5.

Scnegn (drug), B21-5.

tiiict'jriii (dye), 858.

Polygoniuu amphiblum (tannin)

1994.

cocciferum (dye), 861.

fagopyrura (starch), 1823.

spp. (dye), 858, 8bO.

Pomegranate gum, 1694.

Pomeo) (oil), 1416.

Pompelmousse, 1026.

Pongamla glabra (oil), 1393, (realn)

1694.

Pontifex's apparatus (citric acid), 50.
—^ pan (cane-Biigar), 18tl3.

jKoceBB (tartaric acid), 175.

Pooa fibre, 932.

Poou wood, 2020.

Poondi-oil, 1393.

Poondy-oil, 1409.

Poongallee (resin), 1694.

Poun-seed-oil, 1387-8.

Poon^o sugar-cane, 1860.

I'oplar (acetic acid), 14, (oil) 1427,

(timber) 2020.

Poppv (drug), 820, (dye) 864, (nar-

cotic) 1308-24, (oil) 1409-10,2023.
incisions in, for extracting

opium), 1309, 1314. 1317.

Populus balsaraifera (resin), 1683.

nigra (oil), 1427.

spp. (timber), 20110.

Porcelain, 1594-7.

analyses, 1558.

and glass cemcut, 628.—^ buttons, 669.

chasing, 1599.

colouring, 1599-1600.

English, 1696-7.

Parian and Belleek, 1596,
—— printing on, 1600-1.

Reauiuur's, 1045-6.

Scvr.s, 1591-6.

Porcupine (cotton manuf.), t40.

grass, 998.

Porgle-oil, 1368.

Porion'B paper liquor evaporator,

1506-8.

Porous ware, 1596.

Ponwise-oll, 1.J69.

Poriland cement. 619.

Portugal, euu de, 1532.— essence de, 14'2y.

satchet, 1531.

Possoz's process (oxalic acid), 169.

i'ot-aBhes, 253.

Potash, 250.

carbonate from lect molasses,

257-9.
biinc sprint;-*. 259.

sulnl, 269- Oil.

Polorth, carbonate h>om the sulphate,
259.

_— wine lees and t*irUrs.

caustic, 251-3. *— densities, 251.

rhioride ^om beet molasHf-a,
266.

marine plants, 263-
5.

potassic minerals.
262-3.

for soap-making, 1767-8.
In raw sugars, 1927.
isopurpurate, 660.
plcrate, 680.

sources, 250-1.
Potass water, 367.
Potassic minerals, chloride potash
from, 262.

Put;ia,-iuni acetate, 37.

bicarbon.ite. iOu-i.
bichromate, 266.
biBulphate, 279.
bi tartrate, 1303.
carbonate, 253-60.

from wood ashes, 255-V.
chlorate, 261.

chloride, 261.

from briDo-springs, 265-6.
chromate, 266.

(yellow or neutral), 1297.
cyanide, 267.

dichromate, 1297.

ferri-cyanide, 267.
ferro-cyanide, 268,
hydrate, 251-3.
iodide, 273.-— nitrate, 273.
oxalate, 277.
silieate, 276.

Kiilplmte, 278.
tiirtiiitp, 279.

Potatoes, alcohol from, 211.
grating, 1K2L
starch, 1823-6.
wusliing, 1823-4.

Poterie, 1556-1601.
Pot-grease, 1372.
Pot-pourri satchet, 1531.
Puttery, 1656-1601.

architectural and terra- cotta,
1682-7,

bibliography, 1601.
classification, 1568.
-cliiy, 610.

ik'Lurative process'

1601.

definition and general prin-
ciples, 1556-8.

earthenware, 1573-82.

I'JiiAlHb china. 1596-7.

fireware, 1569-70.
kilns, ovens, and muffles, 1563

-8.

manipulative processes, 1576-
81.

porous ware, 1596.

raw materials, 1558-61.
stoneware, 1570-3.

tesselated and tile pavements,
1587-94.

terracotta and architectural,

1682-7.
throwing-wheels and lathes,

1561-3.

translucent wares, 1694-7.

wiu-es, table of analyses, 1558.

Potton coproUtc-^, 1260.

Pou h pocbe blanche, disease of

sugi\r-cane, 186^-9.

blanc disease of sugar-cane,

1868-9.
Poudrette, 1271.

Pouliut vuli?aire, 819.

Pounce, 1681.

Poupre, cubjur, 1300.

Pourretia spp. (resin), 1633.

Powdered soaps, 1792.

Prairie gross, 997.

Pratt's type-writtr. 1606.

Preparing fabrics for curing. 1149.

flax, 1247.

must (wine), 435.

opium, 1322-3.

sails, 311, 1303.

1597-

lYciervation [food], bibliography,
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Rangoon rubbers, 1656-Y.
Rape-oil, 1384^5.
Raphanus sativus (_oil), 1415.

Raphla Hookeri (nut), 1357.

spp (fibre), 994.

teedigera (oil), 1392.

Raposa-grease, 1376.

Rapsijl, 1384-5.

Rare, 1686.

Rasping sugar-beets, 1837-8.

Rata wood, 2020.

Ratadel (resin), 1693.

Ratafia, 227,

Ratanhia, 820.

Ratooning sugar-canes, 1868.

Rata as enemies to hugar-cane, 1868,
Ravenala spp. (oil), 1433,

Raw copal, 1641.

Ray-oils, 1364, 1376.

Reactions of all tbe usual oilSj tables

of, 1472-5
Realgar, 340.

Rebicek's cane-slicer, 1881.

Receptacles for petroleum, 1445-6.

Recovery of waste grease, 605-6,

1455-6.
Rectification acetic acid, 19, 23.

alcobol, 212-3.

benzol, 647-8.

naphtha, 646.

Rectifying column (alcohol), 199.

Red chalk, 1550.

chromate, 1297.

chrome, 1297.

coralline, 680.

cotton spirit, 1303.

lead, 1650.
. lute, 631.

liquor, 28-9, 1295-6.

mottled soap, 1787-8.

pepper, 1803.

pigments, 1549-50.

Red River snake-root, 825.

Red Sea pearls, 1517.

Red sulphate, 1298.

Reddla, 1550.

Redonda phosphate, 1264.

Reece's process (ammonia), 237.

Reeling cotton, 764.

flax, 1253.

silk, 1753-4.

Refined alkali, 302.

Refining borax, 539-40.

camphor, 575-6.

glucose, 1917-8.

oils and fats, 1459-62.

paraffin, 1514-6.

saltpetre, 884.

soda, 302-3.

sugar, 1921-35,

sulphur, 884-6.

sulphuric acid. 92-6.

Refraction of nitrates, 277.

Refrigerating machines, 673, 1019-20,

1135-41.
Refrigeration, artificial, 673, 1019-

20, 1134-42.
bibliography, 1142.

by ammonia, 237.

cane-juice, 1900.

carbolic acid, 673-4.

Reglisse, 816-7.

Reicbenbach's apparatus (acetic

acid). 20.

Rcine d'Angleterre bouquet, 1531.

Reisstarke, 1826-7.

Relargage of hard soap, 1779.

Relief printing processes, 1618-9.

Remington type-writer, 1608.

Rendering animal fate, 1447-51.

Rendrock, 901.

Reseda liiteola (dye), 868, (oil) 1415.

odorata (oil), 1424.

Resins, combination with oil (var-

nish), 2034-5.

detection of, 1624-7.

for varnish, 2024-5.

fusion, 2033.

nature, origin, &c., 1621-7.—- preparation (varaish), 2033.

Resineuses et gommeuses, matiferes,

1620-95.

Resinous and gummy substances,

1620-95.
amber, 1628-30.

ammoniacum, 1630.

Resinous and gummy substances,

arable, 1630-3.

asafcetida, 1633-5.

balata, 1635-6.

balm of Wilead, 1636.

bdellium, 1636-7.

benzoin, 1637-8.

bibliograpljy, 1695.
cadjli, 1638.

chagual, 1638.

cherry, 1638-9.
chicle. 1639.

chironji, 1639.

coconut, 1639.

copaiba, 1639-40.

copal and animl, 1640-4.

dammar, 1644^5.
dextrine, 1645-7.

dhoura, 1647-8.

dika-mali, 1648.

dragon's blood, 1648-9.

elenii, 1649.

euphorbium, 1649.

frankincense, 1649-50.
galbanum, 1650.

gamboge, 1650-1.
ging and kunnee, 1651.
guaiacum, 1651.

guijun, 1651-2.

guttapercha, 1652-4.
guttashea, 1654.
hardwickia, 1654.

hog, 1654.

indiarubber, 1654-66.
jumrasi, 1666.

jutahy-seca, 1666.
kauri, 1666-7.

kino, 1667-8.

kos, 1668.

lac, 1668-73.
mahogany, 1673.
mango, 1673.

mastic, 1673-4.

mezquite, 1674.

miacellaneons, 1693-5.
mochurrus, 1674.

moringa, 1674.

myrrh, 1674-5.

nagdana, 1675.

olibanum, 1676-7.
—— opopanax, 1677.

orange, 1677.

Peru babsam, 1677-8.
phormium, 1678.

piney, 1678.
pitches, 1679-80.
retinite, 1680.

rimu, 1680.

rosin and rosin-oil, 1680-1.

sagapenum, 1681.

sandaracb, 1681-2.
8arcocolla,=1682.

satin-wood, 1682.
schaufito, 1682.

storax, 1682-3.

taraanu, 1683.

tars, 1683-4.

tendoo and gaup, 1684.

thus, 1684.

tolu, 1684r-5.

tragacaTith, 1685-6.

turpentine, 1686-92.

varnishes, 1692.

wood-apple, 1692-3.
xanthorrhcea, 1693.

Resinous matters, removal of from
oils, 1460.

Resorcine, 682.

pbtbaline, 682.

Retenage of leather, 1234.

Retinite, 1680.

Retinodendron lanceffifolia (resin ),

1678.

Retorts, ammonia, 240-1.

ferrocyanide potassium, 269,

271, 272.

for refining sulphur, 885.

wood distilling (acetic

acid), 9-12, 15-19, 19-21.

hydrochloric acid, 104-9.

nitric acid, 155-8.

oxalic acid, 164-6.

parafBn, 1511.

sulphuric acid, 92-6.

wood charcoal, 883.

Retouching negatives, 1530-40.

Retting. 967.

Revivifying anima] charcoal, 185^-4,
1923-6.

Revolving ball-furnace (soda), 292.

flat card (cotton manuf.), 747.

Reworking indiarubber compounds,
1161.

Rhamnus cathartica (drug), 795,

Frangula (gunpowder), 882-4,

(timber) 2015.

spp. (dye^, 855, 864, (tea) 2010.

Rhapis fiabelUformis (cane), 597.

Rhatany, 820.

Rhea plumes, 908.

spp. (feathers), 908.

Rheea fibre, 921.

Rheum spp. (drug), 820-2.

vnlgare (oxalate potash), 277.

Rhigolene, 1446.

Rhizophora Mangle (tannin), 1994.

Rhodium-oil, 1430.

Rhododendron spp. (narcotic), 1324,

(tea) 2010.

Rhubarb, 820.

(oxalate potash), 277.

Rhus Metoplum (resin), 1621.

spp. (resin), 1623, 1692, (tan-

nin) 1984, 1988-92, (wax) 2045.

Rhyncobatus spp. (oil), 1367.

Rhyncophorus epp. (cane disease),

1869.

Rib-top frame, 1194.

Rice-starch, 1826-7.

Richardia spp. (drug), 813.

Richardsonia spp. (drug), 813.

Ricinus communis (shade), 7 16

,

(drug) 798.

Ricinussamenol, 1380-2.
Ricinus spp. (oil), 1380-2.

Rigaud and Dussart's flower-still,

1458.

Rigg's chromo-litho process, 1606.
Righter for upper leathers, 1234.

Rilleux's begass furnace, 1877,

triple-effect vacuum - pan,
1897-8.

Rimu, 1680.
Ring frame (cotton manuf.), 761.

Ripe copal, 1641.

River pearls, 1517.

Roach alum, 1295.

Roberts, Dale, & Co. 's processes
(oxalic acid), 169, 170, 172, 173.

Robert's diffusion process for beet,

1843-4.

for cane, 1881-3.
ligbtnlng-proof oil-tank, 1445.

Robinia pseudo-acacia (timber),

2012.

Robinson and Andrews' twist-
tobacco machine, 1342-5.

Roble Colorado (tannin), 1994.
Rocf lla spp. (dye), 862, 864.
Rochelle salts, 190, 279.

Rock-alum, 1295.
dammar, 1645.

guanos, 1264.

oil, 1433-47.

salt, 1719-24.
composition of, 1724.
mining, 1723-4.
working, 1725.

Rocou, 855.

Roeckner's paper liquor evaporator,
1506.

Roessel's machine (fibres), 926.
liohr, 595-8.

Rohrencassle, "798.

Rohrzucker, 1860-1902.
Rohun wood, 2020.

Roi bouquet, 1531.
Roka oil, 1415.

Roland's machine (fibres), 927.
Rolled plate-glass, 1061.
Roller card (otton manuf.), 744.
Roll tobacco, 1342-4.

Roman cement, 620.

vitriol, 1297.
Rondeletta bouquet, 1531.
Roofing-tiles, 1572-3.
Rope, 1695-1710.

factories, 1697.
for paper, 1485.
walks, 1696.

Ropes, 1704-10.
Rosa spp. (oil), 1427-30.

Kosaniline, 660.

Rosbach water, 364.

Rose extracts, 1529.

Rosemary-oils, 1430.

wild (narcotic), 1308, (oil)

1430.

Rosenol, 1427-30.
Rose-oil, 1427-30.

otto, 1427-30.

satchet, 1531.

soap, 1790, 1792.
water, 1427-30.

Rosewood, 2020, (oil) 1430.

Rosin, 1624, 1625, 1680-1, 2024.

for soap-making, 1767.
oil, 1681, 2026.

in mixed oils, estimation
of, 1467-9.

Rosmarinus officinalis (oil), 1430.

Rosmarus obesus (ivory), 1175, (oil)

1374.

Rosolic acid, 680.

Rossling and Reicbardt's metbo;3
(starch-sugar), 1919.

Rotatory power of sugars, 1962.

Rottlera tinctoria (dye), 861, (oil)

1415.

Rothesblutlangensalz, 267-8.

Rothes Schwefelarsenik, 340.

Roughing flax, 1243.

glass, 1074.

hats, 1120.

Round cardamom, 1804.

Roussa grass (fibre), 919.

Rousselot's 3-roller cane-mill, 1873-4.

Roussilon's photo-engraving process,

1619.

Roving cotton, 752.

frame for flax, 1249-51.
jute, 1181.

Royal Hunt bouquet, 1531.

Rubber stamp, inks for, 1172.

Rubbing machine (bleaching), 516.

Riibenzucker, 1831-60.
Rubiaspp-Cdye), 86^-3, 863-4.

tinctoria (oxalic acid), 172.

Ruby, 1043.

Rue, Syrian or Steppe (narcotic),

1324.

oil, 1430.

Ruelle revivifying kiln, 185^-4.

Ruellia indigotica (dye), 858.
Rnm, 228.

Rumex spp. (oxalic acid), 161, 277.

Russia leather, 1236.
phosphates, 1264.

Rust on sugar-cane, 1869-70.
Ruta gi-aveolens (oil), 1430.

sABADILLA ofQcinarum (drug),
198.

Sabadillsamen, 798.
Sabal Palmetto (fibre), 994.
Sabicu wood, 2020.
Sable fur, 1031.

Russian (fur), 1031.
Sabzi (narcotic), 1306.
Saccharine solutions, alum from,

330.

substances, Clerget's [ tables,
1949-61.

Saccbarometers, optical, 1957-62.
Saccharometry, 1942-71.
Saccharose, 1830.

Saccbarum ofificinarum (sugar),
1860.

spp. (fibre), 994.
Sack tree (fibre), 919.
Sacqui (fibre), 916.
Saddening-lrons, 1299.
Safflower, 865, (oil) 1410.
Saffron, 866. (oil) 1430.
Safranine, 662.

Sagapenum, 1624, 1626, 1681, (oil)

1430.

Sage-oil, 1430.

Sageretia theezans (tea), 2011.
Saggers, 1569-70.
Sago, 1827-8.
Saguerus Rumphii (fibre), 919.

saccharifera (staixh), 1827,
sugar (1904).

•

Sagus amaricum (nut), 1357.
spp. (fibre), 994.
tiedigera (oil), 1392.
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SUlDdoiu, lass-T.
SL Ignstlua' beui, 231, 82X

Martin's IhUidcI pbospb.it'*,

1264.

SalalTi-da gum, 1031.

StitadH^il, liiiti.

SaUngore ttiiKtr-canc, 1861.
Sal dammikr, 1611.

Sailcornla sp. (oxalic acid), 161,

(SMta) 280.

Salicylic acid, 681.

Sallsburia adlaiitlfolla (out), 1357.

Sallx alba (guupowder), 882-4.

fntgllU (drug), Hi8.

9pp. (flbre), 996, ^tl^lber) 2022.
Salmalla malabaiica (resin), 1674.

Solmon-oll, 1376.

Salpetersiiure, 148-60.

SalpeteraUurcB kali, 273-7.

SalBoU Bpp. (oxalic acid), 161, (soda)
2sn.

Salt, 1710-40.
bay-, 1714-9, 1732-3.

boiled, 1732.

(rock-), compoBltlon of, 1724.

(sea-), compoaltion of, 17 1
h.

(white), composition of, 1735.

cake, 317-8.

making, 280-9.

coat of, 461.

fine, 1732.

flfihery-, 1732-3.

for Boap-making, 1769.

gardens, 1716.

glazing, 1672.

maker's tools, 1717.

making by freezing, 1718.

manufacture, profits of, 1739-

40.

marsbes, 1716.

nomenclature of, 1728.

of lemon, 277.

of Saturn, 32.

of tin, 1301.
" preparing," 317.

origin and occurrence of, 1711-

14.
—— pans, 1728-39.

scale, composition of, 1733.

sea-, 1714-9.

solubility of, in water, 1711.

solutions, specific gravliles of,

1711.

II
stoves, 1731.

II unboiled, 1732-3.
II white, 1724-40.

II
works, Ideal arrangement,

1739.
Salterns, 1714-6.

II Saltpetre, 273.

refining (gunpowder), 884.

Saltpond oil, 1407.

Salvia Chlo (oil), 1416.

officinalis (oil), 1430.

Salvadora sp. (oU), 1392.

Sal wood, 2020.

II
Salz, 1710-40.
Salzburg vitriol, 1297.

Salzgarten, 1716.

Samadera Indica (drug), 820.

Samara Rlbes (spice), 1814.

Sambacus nigra (oil), 1420.

Samming leather, 1237.

Sanani gum, 1664,

Sandal-wood, 1627-8.

extract, 1629.

oil, 1430.
" Sandarach, 1624, 1626. 1681-2, 2024.

Sandaraque, 1681-2.

Sandarus (resin), 1641.

Sandarusiza miti (reaiu), 1641.

Sandelbolz, 1627-8.

Sanders-wood, 867.

Sandpapering hats, 1116.

Sondre-oU, 1376.

Sand soap, 1789.

Sandford* Mallory machtoc (fibres),

917.

Sang dragon, 1648-9.

Sanguc del drago, 1668.

SanseTiera zoylanica (fibre), 995.

Santa F6 nutmeg, 1812.

Sonlal citrin, bois de, 1527-8.

Simtalum app. (oil), 1120, (perfume)

1627-8.

Sapan-wood, 867.

.Sup green, 1648.

.Saplndua spp. (oil), 1360, 1411,
(re.iln) 1694.

Sapinett«, 424-S.
Sapliun scoparlom (redn), 1666.

sebiferaoll, 1412.

Saponaria officinalis (oil), 1446.
Saponification, 679-82, 683-6, 1761-5.

Sapota, 1636, 1639.

MUUcrl (resin), 1636-6, 1639.

Sappblre, 1043.

Sapucaya-nut, 1359, (oil) 1414.

SarcocoUa, 1682.

.Sarcostlgma Klelnll (oil), 1397.

Sardineoll, 1369-70.
Sarotbamnus vulgaris (drug), 795.

Sarsaparilla, 822.

Sassafras, 823.

camphor, 678.

offlcinalla (drug), 823.

oils, 1430-1, 1640.

Sassa gummifera (resin), 1632.

Sasay, 823.

SaUiheta, 1531-2.
Satin-wood, 2021, (gum) 1682.

Sauerkleesaure, 160-74.

Saul wood, 2020.
Saure, 1.

Saures welnaaures kail, 279.

Savakln gum, 1631-2.

Savin-oU, 1419, 1431.

[American] (oil), 1419.

Savon, 1764-97.

Sawdust OS source of acetic 'acid,

16-19.

oxalic acid from, 169-72.

Saw-fish oils, 1376.

Saxon blue, 1548.

Scammony, 823, (resin) 1624.

Scanionl's photo-engraving process,

1618.

ScarabffiUB auratus (drug), 796.

Scarification, extracting essential

olla by, 1467.

Scarlet finisbing-splrlt, 1302.

spirit, 1302.

Scented soaps, 1789-92.

Schabzleger cheese, 1628.

Schaflfner'a process (soda), 312.

Sohaufite, 1682.

Scheele'a green, 1549.

Schelbler'a elution process for beet-

molasses, 1869-60.

Scheldowasser, 148-60.

Schlffspecb, 1679.

Schloz's apparatus (potassium fer-

rocyanlde), 271.

Schlafmlttel, 1305-21.

Schlangenwurzel, 826.

Schleioheratri]uga(oil), 1416, (resin)

1668.

Schmack, 1989-92.

Scbmalz, 1366-7.

SchmersobI & Bouk's process (sul-

phuric acid), 100.

Schnapa, 222.

Schnellerkase, 794.

Schneider & learning's process (sul.

phuric acid), 100.

Scbcenacaulon officinale (drug),

798.

Schottensand, 1903-4.

Schreiber'a charcoal-washer, 1862-3.

revivifying kiln, 1853.

Scbroeder's pan (cane-sugar), 1892.

Schultz'a powder, 897.

Scbusterpech. 1679.

Schutzenbach's maceration system
(beet-juice), 1839-40.

Schwamm, 1817-21.

Schwartz's apparatus (acetic acid),

20.

Scbwarzes pech, 1679.

Schwefelkohlenstoff. 601-8.

Schwefelsaure, 61-101.

Schwefelsiiures baryt, 361-2.

kail, 278-9.

natron, 317-8.

Schwelnfurth green, 1549.

Scllla spp. (drug), 825-6.

Scille, 825-6.

Solrpus lacnstris (flbre), 996.

Scopoha japonlca (drug), 794.

Scorodosma fcetida (ream), 1621.

Scotch pearls, 1617.

Scrape, 1684, 163S.

Scraping machine (fibres), 913.

Screening artificial manures, 1271.

Screw.plne (flbre), 986.

Scrophularift frigida (drug), 818.

Sconring-machine (leather), 1236.

Scrubbers for destroying noxious
vapours, 1273.

'Scrubbing coal-gas, 241.
Scudding leather, 1232.
Scutch as manure, 1266.
Scutching cotton, 741.

flax, 973.

Scymnus spp. (oil), 1370-1.

Sea-hog-oll, 1365.

horse-oil, 1374.

otter fur, 1032.—- -salt, 1714-9.

composition of, 1 7 IS

-wat.?r. chlorid:- potassium
from, 265-6.

composition of, 1715.

wolf-oil, 1376.

Seal fur, 1032, (oil) 1370, (skins)

1751.

S. b.L'itian. 901.

St-eil-oils, 1410.

extraction, 1451-5.

Scebundsol, 137i).

Seesum wood, 2021.
Selde. 1741-8.

Seidelbast, 81S-9.
Seidengewerbe, 1748-66.

Seldlla lancea'fi.lia (resin), 1678.
Seidlltz water, 367.

Sclfe, 1764^97.
Seigle ergote, 810.

Sel, 1710-40.

de Satume, 32-1.

gcmme, 1719-24.

marin, 1714-9.
Selacbe maxlmus (oil), 1370-1.

Self-fastening buttons, 669.

Seltzer water, 364.

Semecarpus Anacardium (Ink), 1169.

app. (resin), 1692.

Semences de Carvi, 1803.

Semencine, 826-7.

Semen-contra, 826-7.
Senega, 824.

Seneifal gum, 1621, 1631.
S.iif, 1810.

Senna, 826.

Senoar gum, 1631.
Sensitive paper, albumenized, 1540.
Sensitizing carbon-tissue, 1541.
Separator for paraffin, 1516.
Scquo oil, 1414.

Seraglio pastilles, 1530.
Serapit (resin), 1657.
Scrbat lute, 631.

Serlciculture, 1741-8.

Sericographls Mohltl (dye), 863.

Sernamby rubber, 1662.

Serpentaire, 825.

Serpentary, 826.

.Sesame-oil. 1388-90.
Sesambl, 1388-90.

Sesamum spp. (oil), 1388-90.
Sesbania aculeata (fibre), 996.

Sesquioxide of chrome, 1296.

Sethia indica (resin), 1684.

Sevres porcelain. 1594-6.
Sewing silk, 1755.

Sewings, 1763.

Seyfertb's elution process for beet
molasses, 1359-60.

Shaddock, 1026.

Shfyar el sandarus (reslu), 1641.

Shale-oils, 1433, 2032.
Shanks' apparatus (soda), 296.

Shaping bats, 1117.

silk bats, 1126.

Shark-oil, 1364, 1370-1.

Shaved bides, tannage of, 1232-3.

Shaving soaps, 1792.

Shawl goat-hair, 1097.

Shea-butter, 1410.

Shed, treatment of sole-lealber in,

1231.

Sheep-skins, 1768-9.

varieties (wool), 2053-6.

Sheet-glass, 1057.

blowing, 1066.
manufacture, 1063.

spreading and, annealing
kiln, 1066.

Sheet robber, 1145.

Shellac, I6c--:.[.

ffrtiun-I. IG'' 1.

Sli.-l|. 1,11k .111. 1393.
Sjiiiiipt.f gum, 1661.
sbi.'!'^ jin.rrs^ for defecating cane-
Juiw, 1887.

Shir (resin), 1034.

Shirt-buttons, 559.
Shoddy, 20,-)7-i.

OS manure, 1266.

Shurea robusta (timber), 2020-1.
spp. (resin), 1624, 1644, 1668.

Shorts of flax, 1244.
Sbumac, 1986-92.
Slam benzoin, 1637-^.

Siberian fungus, 1324.
S'da canariensl» (tea). 2011.

spp. (flbre), 911, 996.
SiddhI (narcotic), 1306.
Slderoxylon attenuatum (resin),

1027, 1652.

spinosum (oil), 1 377-8.
spp. (resin), 1666.

Siemens' gas furnaces for pottery,
1666-8.

regenerative gas furnace,
10 53.

f.i.'ve (starch), 1824.
sieves (starch), 1824-6.

Siftlng-machlnes (vt-irch), 1 rt24-5.

Sight-glass for vacuum-pan, H57.
Silica as a mordant, 1300.
Silicate potassium, 277.

sodium, 316;
Slllcated Boaps, 1786-8.
Sillcoborocalclte, 527.
Silk, 1741-8.

bleaching, 518.

and scouring woven silk,

620.

silk yam, 618-9.
cleaning, 1750-1.
cotton, 932.

denlerlng, 1753-1.

dramming, 1763-4.
dyeing, 1754.

grass, 985.

hard, 1754.

hats, 1121.

manufactiu-es, 1748-56.
noil, 1755.

oiled, 2032.

production and commerce,
1741-7.

raising, 1741.
reeling, 1763-1.
sewing, 1765.
sizing, 1764.
soft, 1764.

spinning and doubling, 1751-3.
spun, 1754-6.
thrown, 1754.
vegetable, 939.
waste, 1754-6.
weaving, 1766.
weed, 920.

winding, 1749-50.
woven, acourlng and bleaching,

620.

yarn, 1756.

bleaching and tinting,
619-20.

acourlng with acids,
619.

scouring with alka-
line carbonates, 519.

scouring with caustic
alkalies, 519.

sconrmg with soap,
519.

sulphuring, 519.
twisting, 619-20.

Silkworm-gut, 610, (oil) 1376.
Silpba opaca, 1835.
Silurus spp. (oil), 1376.
Silver amalgam, 334.

assay, 356.
clnth, 920.

detectinn, 349.
Y moth, 1835.

Silvering, 877.

Simaruba .'^iip. (drug), 820.
Simbolee-<iil, 1410.

Slmirl (resin), 1666.
SImli gum, 1694.
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Sinapifl spp. (oil), 1396, 1424, (spice)

1810.

Sinclair's esparto boiler, 148'?.

Singapore dammar, 1644,

Singeing rope and twine, 1701.

Slnghara-nut, 1359.

Single aquafortiB, 1302.

flax, 1249.

muriate of tin, 1301.

transfer prints, 1541-2.

Siphocampylns ep. (re8in),l628.

Siphonia elastica (oil), 1411.

spp. (rubber), 1627, 1661-4.

Siringa-oil, 1411.

Siris (resin), 1632.

Sisal hemp, 916,

Sison Amotnum (drug), V91.

Sissu wood, 2021.
Sit« for paper-mill, selection of,

1507-8.

Size, 622.

Sizing cotton, 766, 770.

esparto, 1489-90.
jute, 1185.

machines (cotton manuf,), 773.

[tub-] paper, 1500-1.

silk, 1754.

twine and rope, 1701-3.

Skimi (spice), 1802-3.

Skin, anatomical structijre, 1213.

chemical composition, 1217.

Skins, 1757-61.

Skoda's press for drying exhausted
beet-slices for cattle-food, 1846.

Skunk fur, 1033.

Slag from blast-furnace for glass,

1076.

Sleeker for leather, 1234.

Slicing-machines for beet, 1843.

for sugar-cane, 1880, 1881.

Slide for vacuum-pan, 1857.

Sligovitch, 1027.

Slip pump, 1575.

Slubbing cotton, 751.

Smallwares, 1761-4.

Smilax glyciphylla (tea), 2010.
spp. (drug), 799, 822-3.

Smith's guttapercha cores, 1163.

Smoking - tobacco, preparation

,

1340-2.

Smoothing plate glass, 1062.

Smut on eugar-oane, 1870.

Snake-root, 825.

Sneezewood, 2021.

Soaking hides, 1219.

Soap, 176^97.
action of, 1792-4.

analysis, 1792-6.

antiseptic, 1789.

bibliography, 1802.

boiled In open pans, 1777-9.

under pressure, 1773-4.

brown almond, 1789.

Windsor, 1789-90.
carbolic acid, 1789.

cold process, 1771-3.

water, 1789.

coloured, 1791.

commerce, 1797.

coppers, 1774-5.

emptying, 1781.

crutcbing, 1785-6.

curd, 1779.

curing, 1783.

cutting, 1781-3,

disinfecting, 1789.

drying, 1783,

elder-flower, 1791.

essences, 1792.
• exports, 1797,

fan, 1775-6.

fig, 1776-7.
filled, 1785-S.

fitting, 1780.

floating, 1792.

frames, 1781.— from fatty acids, 1771.

neutral fats, 1771-4.

glycerine, 1789, 1792,

hard, 1777-9.

clear-boiling, 1779.

separation, 1779.

honey, 1789, 1792.

household, l789.
hydrated, 1777.

industry, 1796-7.

Soap, laundry, 1789.

lemon, l791.

leys, 1800.

manufacture, 1770-92,
manufacturers', 1788-9.

marsh-mallow, 1790.

millefleur, 1791,

mixing, 1785-6.

mottled, 1780,

blue-, grey-, and red-,

1787-8.

moulding, 1783-4,

neat, 1770-84.
nut, 1360, (oil) 1411.
orange, 1791,

pans, 1771-5.

perfumed, 1789-92.
plotting, 1790-1.
powdered, 1792.

pumps, 1778.

railway-grease and glycerine,
1764-1802.

raw materials, 1766-9.

rose, 1790, l792.

sand, 1789.

scented, 1789-92.
shaving, 1792.

silicated, 1786-8.
soft, 1774^7.
stamping, 1783-4.

Steam-twirl, 1771-3,

suds, recovery of grease from,
1455-6.

thymol, 1789.

toilet, 1789-2.

transparent, l792.

valuation, 1792-6,
violet, 1792.

yellow, 1780-1.

Soaps as mordants, 1305.

Socotran dragon's-blood, 1648.

Soda, 279.

aluminate, 1787,

ammonia soda, 311-2.

ball soda, 289-95.
basis of sale, 301.

black ash, 289-95.
• boiling down soda liquors,

298-9.

carbonate,- manufacture, 280-
302.

carbonating black ash, 299-301,
caustic soda, 305-10.
crystals, 303-5.

for soap-making, 1767-8.

from plants, 280.

hyposulphite, 1300.

Le Blanc's process, 280-6.
lixiviation of black ash, 295-9.

picrate, 680.

recovery from paper liquors,
1505-8.

refined alkali, 302-3.

sources, 279-80,

stannate, 1303.

sulphate, 280-9.

Hargreave's process, 287.

Jones & Walsh's process,

286.

sulphopyroterebate, 1305.

sulphoricinoleate, 1304-5,

table of percentages, 302.

utilization of tank waste, 312,
water, 367.

Sodium acetate, 37.

acetic acid from, 21-2.

amalgam, 334.

arsenate, 314.

bicarbonate, 305,

carbonate, 279.

chloride, 1710-^0.
hydrate, 305.

hyposulphite, 314.

iodide, 314.
nitrate, 315.

phosphates, 316,

silicates, 316.

stannate, 317,

slannite, 317.

sulphate, 317.

tungstates, 318,

Sod-oil, 1371.

Softening jute, 1177.
Soft soaps, l774r-7,

Sohaga (borax), 533-5.
Sole, 1741-8,

Solerie, 1748-56.
Soja hispida (oil), 1378, (spice) 1814.

Solanum spp, (starch), 1823-6,

Solar camera, 1535.

Solders, 324.

Sole-leather hides, 1218.

management in the tan-

house, 1229.

treatment of, in the shed,

1231.

Solenostemma Argel (drug), 825.

Solldago odora (tea), 2010.

Solubility of salt hi water, 1711.

Soluble glass, 277-8, 316.

Solvents for extracting fatty oils,

1454-5.

plant odours, 1456-7.
Sombrero hats, 920.

phosphate, 1264.
Somo (spice), 1802-3.
Sont (re^-in), 1632.

Soohgee-hoo (perfume), 1526.
Sooja (oil), 1378.

Sorbin, 1830.

Sorex indicus (perfume), 1525.
Sorghum, crushing-mills, 1911.

cultivation, 1909-10.
culture in England, 1914.
harvesting, 1910.

^juice defecators, 1912-3.

evaporators, 1911-2,
planting, 1909.

preparationof the ground, 1909.
qualities, 1908.

range, 1913-4.
seed, 1909.

soil, 1909.

spp. (broom-corn), 542-3,
(sugar), 1908-14,

sugar, 1908-14.

factory, 1913.
local details, 1913-4.
manufacture, 1911-3.

syrup -coolers, 1913.
time of plantinir. 1909.
time to cut, 1910.
transport to mill, 1911.
varieties, 1908-9.

Sorting flax, 1246.

Souari-oil, 1379.

Soude, 279-318.
South American copal, 1666.

Sea arrowroot, 1822.
Soy, 1814.

Soyraida febrifuga (resin), 1694,
(timber), 2020.

Spanischer Pfeifer, 1803.
Spanish aloe, 912.

broom, 997.

flies, 796.

moss, 998.

phosphate, 1261.
white, 1551.

Spartina spp. (fibre), 997.
Spartium junceum (fibre), 997.

spp. (drug), 795.
Spathodea Rheedii (fibre), 997,

(resin), 1668.
Spatbsaure, 147-8.
Spearmint-oil, 1427, 1431.
Specific gravity acetic acid, 5, 26-7.

alcohols, 214^7,
ammonia, 238-9.
cane-juice, 1872.

sugar solutions,
1952-5.

carbonate potash, 254,
caustic potash, 251.

ferricyanlde pota.«h, 268,
f'rrocyanide potash, 26.s.

hydrochloric acid, 3, 102
-3.

lime sucrate solutions,
1930.

liquids heavier than water,
2-3.

, lighter than water, 2.

nitrate soda solutions, 315.
nitric acid, 4, 148-50,
resins, 1622.

salt solutions, 1711.
soda, 306.

starch-sugar solutions,
1965.

sulphate potash, 278.
sulphiu'ic acid, 3.

Specific gravity tables, 1768,

Spelter, 324.

Spence's kiln (sulphuric acid), 84.

processes (alum), 328, 329.

Spent tan furnace, 1 228,

Spermaceti, 589, 1371-2,

Sperm-oil, 1371-2.

Sphenophorus sacchari (cane dis-
ease), 1869.

Spices and condiments, 1802-17.
aniseed, 1802-3.

bibliography, 1.817.

capsicums, 1803,

caraways, 1803. •

cardamoms, 1803-4.
cassia, 1804^5.
chiretta, 1805.

cinnamon, 1805-7,
cloves, 1807-8,
coriander, 1808,
galangal, 1808-9.
gentian, 1809.

ginger, 1809-10.
mustard, 1810,
nutmegs aijd mace, 1810

-2.

pepper, 1812-4.

pimento, 1814.

soy, 1814.

vanilla, 1814^6.
Spiel-waaren, 1761^.
Spigelia marilandica (drug), 825,
Spike, oil of, 1423,
Spikenard, 1525.

Spinacia oleracea (oxalic acid), 161.
Spinning cotton, 753.

Jute, 1183.

machines for flax, 1252.
rope and twine, 1697-8.
silk, 1751-3.

Spirit, amaranth, 1302.
aniline, 1302.
barwood, 1303.
bowl, 1302.

crimson, 1303.
finishing, 1302.
methylated, 214.
of Minderus, 29-30.
of turpentine, 1688-91.
orange, 1302,
plum, 1302.

proof for hats, 1111,
purple, 1302.

cotton, 1303,
red cotton, 1303.
scarlet, 1303.

finishing, 1302.
tartar, 1304.

varnishes, 2036-7.
washing cane-sugar, 1900.
yellow, 1302.

Spirits, definition, 214.
of wine, 214.

Spirsa Ulraaria (oil), 1424.
Splints and splint-cutting (matches),

1277.

Beecher'a filling and cutting
machines (matches), 1288-92.

Pace's pointing machine
(matches), 1282-5.

Young's cutting and filling
machines (matches), 1286-8.

Spondia spp. (resin), 1621.
Spondias mangifera (resin), 1694.

sp. (oil), 1368-9.
Sponge, 1817-21.

bibliography, 1821.

process for extracting essential
oils, 1457.

Spongia spp., 1817-21.
Sponia spp. (fibre), 997.

Wightii (coflFee shade), 714.
Spreading and annealing kiln for

sheet-glass, 1066.

frame for flax, 1247-9.
rubber, 1148,

Spring flowers bouquet, 1531.
Sprossenbier, 424-5.
Spruce-beer, 424.

fir, 2021.

Norway, 2014.
Spun glass, 1073.

silk, 1754-6.
Spurge-laurel, 818.
Spurred rye, 810.
SquaJus spp. (oil), 1370-1.
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SqiioMeni (linen bleacbing). 615.
Squeezing macUlue fflbna), 814.
Siiulll, 826.

Squint-. 799.

S'l'iirnl fur, 1033.
N;mt (reain), 1632.
8'*offttr (reslu), Jr,,ii--j.

Stachytarpha JamaiccnsU (tea),
2010.

Stachytarpheta JamalcenBls (tea),
2010.

Stadmnnnla alderoxylon (oil), 1391.
Stained gUse, 10H4.
Stains farglaa-N 1085.

bate, 1 1 13, 1120.
Staking-knife for glove- kid (leather),

1239.

Stalagmites ovalifolius (resin),

1650.

Stamping-mill for flint, 1561.
soap, 1783-1.

Stannate soda, 1303.

sodium, 317.

Stannic chloride, 1302.

hydrochlorute, 1032.
salts, 1302.

Stannito sodium, 317.

Stannous chloride, 1301.

Staphisotgre, 826.

Stapbylea primata (oil), 1379.

Star anise, 1802-3, (oil) 1417.

Btiirbuck Island guano, 1265.
Starch, I82i-g.

arrowroot, 1822-3.
bibliography, 1829.

bleaching, 1825.

'Riakwhi^at, 1823.

drying, 1826-6.

greenlieort, 1823.
gum, 1645-7.—~ horse-cbestnut, 1823.

maize, 1823.- pustc, 623.

plantain, 1823.
• potato, lM'i:i-6.

rice, 1H2IJ-7.

sago, 1H27-8.

sugar, 1830, 1914-21.

analysis, 1963-5.

boiling, 1915-6.

capillair-syrupand sugar,

1920.
evaporation and refining,

1917-8.
formation, 191 1-5.

granulated, 1920.

ni.umfiutuiv, 1915-20.

iieutralizatiuu and filtra-

tion, 1916-7.

other methods of manu-
facture, 191H-20.

. packing, 1917-8.

patents, 1938-10.

principles of manufacture,

1915.
. uses, 1921.

tapioca, 1828.

transformation into sugar,

1914-5.
. washing, 1824-5, 1829.

wheat. 1828-9.

Starchinp-mangle (bleaching), 496.

Starke, lH-l\-9.

Starkegummi, 1645-7.

Starkemohigummi, 1645-t.

Sia.ssfurtite, 520, 631.

StavesHcre, 826.

Steam (sulphuric acid), 64, 89.

boilers and pipes, lute for, 631.

iU'f<;cators and clariflers for

c;me-juice, 1H85-6.
. gauge tube (gloss), 1067.

heated pans forcane-jnice, 1891.

tower (sulphuric acid), 75.

twirl for soap-pans. 1771-3.

under pressure for concentrat-

ing cane-Juice, 1891-2.

Steaming chest for hats, 1112.

Stearic and painiitic acids, melting

and resolidifying points of min-

turos of, 1464.

oleic, ami palmitic acids, esti-

mation nf, 1463-4.

Steatonils caripensis (oil), 1376.

St chapfel, 826.

Stecherio, 1601-20.

Stcedman's process (acetic acid),
19.

Steel cylinders, engraving, 1614.
engraving on, 1613-*.
plating, 8HI.

SU'iiiol, 1433-17.
SteinRalz. 1719-24.
Stemnatopus cristata (oil), 1370.
strnti r-frames (bleaching), 604.
St(.'p)iaii6kum(>r, 826,

Steppe rue, 1324.

Sterculla acuminata (nut), 1358-9.
fatlda (oil), 1415.

spp. (fibre), 997, (resin) 1621,
1685.

tragacantha (resin), 1686.
Stereoscopic camera, 1535.

Stereospermum suaveolens (resin),

1694.

Stewart's defecating process (sor-

ghum sugar), 1912-3.
Stick-all cement, 628.
Stick lac, 1668-73.
Stiefeiwichse, 450-2.
Stiffening hats, 1110.

Stillingia sebifera (oil), 1412.
Stills, absinth, 218-9.

alcohol, 196-201,202,205,206,
208-9, 212-3.

ammonia, 234.

aniline, 656.

bleaching powder, 457-8, 462,

466.

carbolic acid. 673.

di-ethyl aniline, 667.

flowers, 1457-8.

lime acetate, 34-6.

nltro-benzol, 655.
rosaniline, 660.

paraffin, 1610-2.

tar, 642.

turpentine, 1690-1.
Stinkasant, 1633-6.

Stinking nutmeg, 1812.

Stipa 8pp. (filire), 997.

t.-uacis-^inia (fibre), 979-81.

Stoat fur, 11130.

Stockholm tar, 1683.

Stockinette-machine, 1197.

Stocks, American double -shovcr,
1220.

fin- hides, 1220.

Stollmond for glove-kid (leather),

1239.

Stoiif, cement for, 626.

engraving on. 1614-6.

marten fur, 1031.

Stonemason's cement, 628.

Stoneware, 1658, 1570-3.

cement for, 626.

manufacture by expression,

1572-3.

Stones of flax, 1243.

Stoning machines (beet sugar), 1836-

7.

Stoppering bottles, 1074.

Stunx, 826, 1624, 1682-3.

liquid, 826, 1626. 1682.

Storing petroleum, 1445-6.

sugar-beets, 1834-5.

Stoves for salt, 1731.

stuvlng hats, 1116.

Strait-toil, 1368.
sugar-canes, 1861.

Stramoine, 826.

Stramonium, 826.

Stranding ropes, 1705.

Strands, 1696.

Strassburp turpentine, 1691.

Strauss' plan of coagulating rubber,

1664.

Straw, boiling, 1492.

ciitiing, 1492.

for paper, 11S5.

treatment of, for paper-making.
1492.

Strength of terra-cotta, 1588-9.

Strengthening wine, 442.

Stricks of flax, 1243.

Striking hides, 1231.

Stringy bark, 2021.

Strombus gigas (pearl), 1517, 1520.

Strontia, 232.

for defecating cane-juice. 1888.

in sugar refining, 192S-9.

Strophanthus sp. (fibie\ 998.

Stmthlo Camelus (feathers) 906-8,
(oil) 1376.

Strychnine. 231.

Sirychnos Ignntil (alkaloid). 231-3.

nux vomica (alkaloid), 231.

231-2, (drug) 819.

spp. (drug), 810, 822.

Studio, 1536.
Stufling npper-Ieathers, 1234.

Sturgeon-oil, 1376.
Stunnhut, 791.

Slyrax spp. (resin), 1624, 1637-8,
1682-3.

Suakin gum, 1621, 1631-2.
Suave bouquet, 1531.

Substitutes for indiarubber, 1161.

Succin, 1628-30.
Succory, 631.

Sucrate of lime process (beet mo-
hisses), 1859-60.

(sugar refining),

1930-3.

Sucrates of lime, 1943.
Sucre, 1830-1977.

de betteraves, 1831-60.
rie la canne, 1*'60-I9u2.

de Saturne, 32-4

.

Sucro-dr-xtrose, 1830.

levulose, 1830, 1831.

Sucrose, 1830, 1942-4.
Sdcmiba (resin), 1665.

Suet, 1372-3.
Snfet Barlala (fibre), 996.
Suffed-til (oil), 1388.

Suffolk coprolites, 1260.

Sugar, 1830-1977.
analysis, 1942-71.

beet-sugar, 1831-60.
bibliography, 1976-7.

canp-sugar, 1860-1902.
consumption, 1975.

maple-sugar, 1902-3.

melon-sugar, 1903.

milk-sugar, 1903-4.

palm-sugar, 1904-H.

production and commerce, 1971
-5.

reaning, 1921-35.
sorghum- and maize-sugar,

1908-14.

starch-sugar, 1914-21.
summary of patents, 19;16-12.

values, 1975.

analysis, cane- and beet-JuJce,

1952-5,

characlers of cane-sugar,
1942-3.

Cl.-TKft's til.l'S, 1949-51.

determination of ash,
1946-7.

of crystallixable

sugar, 1943-4.

of uncrystalllzable
sugar, 1944-6.

of water, 1946.

Fihlinti;'s method, 194^.

fermentation prore8s,i943.

inversion procosn, 1948-51.

Payn's process, 19 i7-y.

results, 1947.

special processes, 1947-61.
unknown organic matter,

1947.

beets, 1831-2.

cleansinR, 1836-7.

climate for, 1832-3.
composition, 1832.

cultivation, 1S31-5.
diseases, iH.t.'i.

enemios, 1835.

harvesting, 183-1.

manures for, 1833.
pulp-presses. 1838-9.
purchase, lf<35-6.

rasping, 1837-8.

poil for, 1833.
sowing, 1833-4.

storing, 1834-5.
^— transport, 1836.

washing, 1837.

candy, 1831.
cane analysis, 1955-6.

artificial manures for,1865,

ash, analyses, 1864.
borers, 1869.

climate for, 1863.

Sagar cane composition. 1863-4.— cuttings, setting out, 1867.

deflbrullng, 1878.

diseiL-ios and enemies,
i^6s-:o.

disintegrating, 1878-9.

estates, drainage. 1866.

Irri^'atioii ,.f, 1866-7.

Liyincoiit, 1866.
, manures produced on,

l>65-6.

fallows for, 1865-6.

green-soiling for, 1865-6.

harvfe-ting, 1868.

holing. 1867.

lining out. 1^67.

manures, 1863-6.

milla, 1873-6.

comparison of rapid
and slow, 1874-5.

motors for, 1876-6.

moulding and banking,
1867.

nature, 1860.

planting, 1867.

propagation, 1867.

range, 1862-3.
rjtooning, 1868.
rotiition, 1865-6.

sawdn>t methods, 1879.
soils, 1863.

—analyses, 1864.

composition, 1864-5.
structure and develop-

ment, 1862.

tillage for, 1865-6.

trashing, 1H67-8.

vaiieties, lH(ii>-2,

weeiliiig, lK()7-8.

winihu\\inn, ls68.
yi'-lds. 1H7IJ-J.

Sugars, chemistry, 1830-1.
commercial, composition, 1971.
crystallixable and uncrystalliz'

able in cane-Juice, 1h7i-2.

detcmilnatiun, 1913-4.
curing, 1H57.

definition, 1830.
determination, 1956-65.
draining, 1857, 1934-6.
first, second, and third, 1857.

formation from starch and
dextrine, 1914-5.

in cane-juice, proportions, 1872.
In fruits, 1943.
niiigcovado, 1900.
of lead, 32-4, 1300.

for defecating cane-julce,
iH.sa.

oxalic acid from, 163-4.
puents, brewing-sugar8.starch-

sugar, and invert-sugar, 1938-40.
centrllugals, 1937-h.
evaporating apparatus,

1936-7.

filtration, 1937.
sundiies, 1941-2.

treatment of sugar-cane,
1936.

various chemical sub-
stances, 1940-1. %

raw, Baits in, 1927.
refininL', 1921-35.

alcohol for, 1929-30.
alum process, 330-2,

1927-8.

bag-filtere, 1922.
blow-ups, 1922.

boiUng the syrup, 1926-7.
centrifugals, 1934-5..

cbarctial-filiers, 1922-3.
chloride of sulphur for,

1929.

composition of sugar-
ashes, 1921.

dissolving the raw-sugars,
lf+21-2.

diaining, 1934-5.
elutlon procese, 1933-4.
lime sucrate process,

1930-3.

oxalic acid for, 1929.
preventing nuisance from

char revivifying kilns, 1926.
revivifying animal char-

coal, 1923-6.
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Sugar refining, spent charcoal and
dust for manure, 1266.

strontium for, 1928-9.
synopsis of operations,

1921-3.

tannin for, 1929.— scums as manure, 1266.
solutions, sp. gr. of, 1952-5.
specific rotatory power, 1962.
starch-sugar and other glucoses,

1914^21.

summary of patents, 1936-42.
uncrystallizable,determination,

1944-6.

Suif, 1372-3.

d'arbre, 1412-3.

de plney, 1408-9.

d6 virola, 1377,
. • d'os, 1361.

Suint, carbonate potash from, 259-
60.

Sulfure de carbon, 601-8.
Sulphate alumina, 325, 333, 1295.

ammonium, 246.

aa manure, 1259.
baryta, 361.

copper, 1297.

lead, 1551.

potassium, 278.

sodium, 317.

Sulphides (sulphuric acid), 80.

as depilatories, 1223.

Sulphite of lime for defecating cane-
juice, 1887-8.

Sulpho-acids of naphthalene, 650.
carbolates, 681.

carbolic acid, 681.

carbonic acid, 601.

compounds of anthraquinone,
654.

-pyroterebate of soda, 1306.

ricinoleate ammonia, 1304-5.

soda, 1304r-5.

Sulphur and chlorine compounds
for defecating cane-juice, 1888.

as a mordant, 1300.

chloride for sugar-refining,

1929.

from coal-gas, 241.

soda waste, 313.

In pyrites, estimating, 87.

refining (gunpowder), 885.

Sulphuric acid, 61-101.

air in chambers, 61-4,

88-9.

anhydrous, 96-9.
—^ brimstone kilns, 52-3,

56-7.

chambers, 52-4=.

construction, 54-6.

commerce, 100-1.

commercial sources, 52.

concentration, 92-6.— consumption of nitre or

nitric acid, 79.

direction of gases through
the chamber, 65-7, 90,

division of labour, 67-9,

90.

draught in chambers, 61-4,

88-9.

estimating nitric acid in,

70.

oxygen in escaping

gases, 71-2.

sulphur in pyrites,

87.

sulphurous acid in

the gases, 70-1.

from sulphides, 80-92.

ice-machines, Z140.

nitric acid supply, 58-
60.

other proposed methods
of producing, 100.

properties, 51-2.

proportion of sulphur to

chamber space, 78.

pyrites combustion, regu-

lating, 87-8.

for, 80.

kilns, 80-7.

rationale of manufacture,
52^,

recovery of nitrogen com- I

pounds, 72-8.
I

Sulphuric acid, removal of arsenic
from, 90-2.

sources, 52.

specific gravity, 3.

steam for, 56, 89-90.

in chambers, 64-5,
89-90.

strength of chamber acid,

69-70.

temperature for kilns and
chambers, 60-1, 88.

testing chamber drips, 69-
70.

gases, 70-2.

the make of acid, 79-80.
uses, 100.

working results, 78-80, 90.
works, 52-4.

anhydride, 51, 96-9.

Sulphurous acid for defecating cane-
juice, 1888.

'— gas (sulphuric acid), 70.

Sumach, 1988-92.

Sumatra ben?.oin, 1637.
rubber, 1664.

Sumbul, 826, 1525.

Sunfiower (fibre), 961, (oil). 1411.
Sunn hemp, 946.

Superphosphates, 1259.
Supports for firing ware, 1581-2.
Surgiha (perfume), 1526. '

Suriga (perfume), 1526.

Suspender liquors, 1229-30.
SUssholz, 816-7.

Sweating hides, 1222.

Sweet-briar extract, 1528.

flag-oil, 1431.

gum, 1682-3.

pea extract, 1529.

wood, 797.
Swietenia Chloroxylon (resin), 1682,

Mabogani (gunpowder), 884,

(resin) 1673.

spp. (timber), 2017.

Sword-sedge, 963.
Sycamore, 2021.

Sykes' hydrometer, 215.

Sympathetic inks, 1168.

Symplocos crata?gioides (oil), 1415.
Synanthron, 1830.

Syrian rue, 1324.

swallow-woTt, 920.

Syringa vulgaris (oil), 1424.

Syrup, definition, 1831.

T.ABERNiEMONTANA.
(resin), 1656.

spp. (resin), 1627, 1665.

uiilis (resin), 1624.

Tables of actual densities of oils and
fats, 1469-70.

analyses of clays, 1559.

pottery ware, 1558.'

terra-cotta and tile

clays, 1583.

coat of illumination, 1547.

fatty acids, 1765.

full reactions of all the usual
oils, 1472-5.

ingredlents of earthenware,
1575.

linen yam, 1254.

pho.-phoric acid in phosphates
and superphosphates, 1265.

strengths of terra-cotta, 1588-9.

sugar in cane-juice, 1872.

water and glycerine in mix-
tures, 1801.

Tacamahaca resin, 1624, 1683.

Tacca spp. (starch), 1822.

Taches for cane-juice, 1890-1,
Pachypetis aquila (oil), 1375.

Tacuma (cane disease), 1869.

Ta-fung-tsze (oil), 1382.

Tahiti arrowroot, 1822.

chestnut, 1353.
Talca gum, 1621, 1631-2.

Talch, 1631-2.

Talg, 1372-3.

Talha gum, 1631-2.

Talipot palm, 946.

Tallicoona-oil, 1395-6.

Tallow, 579, 1372-3.

oil in an ordinary oil, estima-
tion of, 1469.

Tallow rendering, 1447-8,

[vegetable
J,

1412-3.

Tamanu (oil), 1387-8, (resin) 1624,

1683, (timber) 2021.

Tamarak wood, 2016.

Tamarinds, 826, 1028.

Tamarind [Manilla) oil, 1415.

Tamarindus indica (drug), 826,

(fruit) 1028, (oil) 1415, (resin)

1694.

TamarinlTa plant as a source of citric

acid, 50.

Tamarix dioica (resin), 1694.

spp. (drug), 818.

Tambooti (timber), 2016.

Tan, furnace for spent, 1228.

Tanacetuni vulgnre, 1431.

Tanakaha wood, 2021.

Tan-house, i
management of sole-

leather in, 1229.

Tank salt-pans, 1736-7.

Tannage of common and shaved
hides, 1232.

for shaved hides, 1233.

Tannenharz. 1679-80.

Tanneries, construction, 1228.

Tannin, 50, 1977-94.
algarobilla, 1982.

bibliography, 1994.

chestnut-extract, 1982.

cutch, 1982-3.

definition, 1977.
divi-divi, 1983.

for sugar-refining, 1929.

galls. 1983-4.

gambler, 1984^-5,

general chemistry, 1977-80.
hemlock, 1985.

mimosa or wattle, 1986-7.

miscellaneous, 1993-4.

myrobalans, 1987.

oak barks, 1987-8.

quantitative determination,
1980-2.

quebracho, 1988.
sumach, 1988-92.
valonia, 1992-3.

Tanning materials, 1226.

exhausting, 1226.

grinding, 1226.
preparation of hides for, 1219.

woods refuse for acetic acid,

15-19.

Tansy -oil. 1431.
Tape rubber, 1146.
Tapioca, 1828.
Tapir-grease, 1376.
Tapirus suillus (oil), 1376.
Tapis, 2095-2106.
Tapping trees, methods of, 803, 817,

1639, 1651, 1653, 1655. 1656, 1658,

1659, 1661, 1662, 1664, 1677, 1684,

1686, 1687-9, 1691, 1692, 1902-3,
1905-6.

Taps (tanning), 1228.
Tar, coal, ammonia from, 235.

distillation, 42-3.

[mineral"], 1433-47.
oven, 1683.

Tars, 1683-4.
Taraxacum. 826.

spp. (drug), 826.

Tarragon-oil, 1431.
Tarring rope, 1709-10.
Tartar, 1303.

emetic, 190.

refining, 184.

sable fur, 1031.

spirits, 1304.
Tartaric acid, 174.

aiiulteratlnn, 184-9,

German method of manu-
facturing, 182-4.

manufacture, 174-84.

occurrence, 174.

properties, 189.

Tartrate lime, from crude tartar,

182.

tartaric acid from, 184.

potassium, 279.
Tartrates, 189-90.
Tartre brut,'335.

Tassoc-oil, 1376.

Tauwerk, 1695-1710.
Tawhero towai (tannin), 1994.

Tawing leather, 1237.

Taxus spp. (timber), 2022.

Tayches lor cane-juice, 1890-1.

Taylor and Ramsden's spindle

(cotton manufacture), 765.

Taylor s bag filters, 1889, 1922.

Tcballeh (borax). 533-5.

Tea, 425, 1994r-2011,

adulterants and substitutes,

2010-1.

bibliography, 2011.

brick, 2006-7.
commerce and values, 2011.

cost of a garden, 2004r-5.

cuBt of manufacture, 2006.

cultivating and pruning, 1996.

cultivation, 1994-8.

diseases and enemies, 1997.

Faham, 1528.

fermenting, 2001.

filling up vacancies, 1996-7.
'

firing and dholing, 2it01.

flushes and picking, 1997-8.

forming a garden, 1995.

green, 2001-2.

Labrador, 1308.

manufacture, 1998-2007.

manures, 1997.

oil, 1411, 1431.
(Labrador) oil, 1430.

packing, 2004.
planting, 1996.

production and commerce,
2007-10.

qualities, 1998-9.

rolling, 1999.

sifting and sorting, 2002-4.

soil and situation, 1995.
sowing, 199-1-5.

sunning, 2001.

tools, 1996.
withering, 1999.

Tea-rose extract, 1529.

Teaches for cane-juice, 1890-1.

Teak, 2021.

African, 2018.

tar, 1684.

Teazle, 2084.

Tecoma pentaphylla (tannin),
1994.

Tectona grandis (resin), 1668, 1684,
(timber) 2021.

Teesoo (dye), 867.

Tegrodera erosa (drug), 797.
Teinture, 827-54.
Telegraph cores, 1152, 1162-3.

wires, insulating, 1151.
Telfairia pedata, 1415.
Teliya (borax), 534.

Tempering cane-juice, 1886-7.
Tendoo (resin), 1684.
Tension of Ciirbonic anhydride, 46.
Tephrosia spp. (dye), 858.
Teppich, 2095-2106.
Terebinthine d'Alsace, 1691.

de Briangon, 1691-2.

du Canada, 1686-7.

des Carpathes, 1687.
de Chio, 1687.

de Chypres, 1687.
au citron, 1691.
commune, 1687-91.
d'Hongrie, 1691.
du melfeze, lfa91-2.

du sapin, 1691.

baumier, 1686-7.
de Strasbourg, 1691.
Suisse, 1691-2.

de Veniee, 1691-2.
Teriak-e-arabistani (narcotic), 1312.
Tcrminalia Arjuna (wax), 2045.

Benzoin (resin), 1638.
coriacea (timber), 2018.
latifolia (timber), 2013.
spp. (oil), 1396, (resin) 1624,

1638, 1694, (tannin) 1987.
tomentosa (resin), 1668.

Terracotta, 1558, 1582-7.
clays, table of analyses, 1583.

fire-proof, 1586-7.
kilns, 1584-5.

materials, 1583.

modelling, 1585-6.

moulding by machinery, 1586.
strength, 1587-9.

Terra japonica, 1982-3, 1984-5.

Tcrre foliee minerale, 37-8.
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pavements,

Indiarubbcr g<JodH,

T.KW-Iut.-d AiiU tile

Touting cured
116H.

indtarubl>or sheet, 1163.—- tlin-ail und tjipo, i\ ,T.

IM>trolouiii, 1 17U-HI,

wat< rproof fabrics, 1163-4.
—-- wtnc, 4il.

'i csis Tor oUs, mtscellaneouB npeclal,
1-176-7.

Tetranthera laurlfolla (oil), 1413.

Tctraonyx sjip. (drug), 797.
T.-uh'lsdnck, 1B33-6.
Tpxaii Bnakc-root, 825.

TbttlelclithyH paciflcus (oil), 1368.
Tbalictnim folioloHum (drug), 8U9.

Thallium glacis, 1082.
Tbapsla gorgunlca (resin), 1624.

Thea cblnenels (oil), 1411.

Bpp. (beverage), 425, (tea)
1994-2011.

Thdiiard'fi process for purifying oils

and UiU, 1469-60.
Theobroma Cacao (beverage), 421-2,

(oil) 1379.

oil, i:i79.

spp, (cocoa), 684-91.
Thermomeiei-tube, 1073.

rhespesia populnea (oil), 1415.

»pp. (fibre ), 998, (reslu) 1694.

Thibet gout-hair, 1097.

Thllorler's apparatus (carbonic
acid), 46.

Thiucarbonic anhydride, 601.

Thior (resin), 1652.

Thit-iHJ (resin), 1692.

Thlasnie|tp. (oU), 1415.

Tboms siilphurlng stove (bleach-

ing). 613.

'J'hon, 635-40.
Thorn-apple, 826, 1325.

Thorn's experiments (oxalic acid),

170.

Thoura gum, 1647-8.

Thrau, 1374-5.

Thread bleaching (cotton), 606-8.

rubber, 1146.

Threads, 1696.

Thrldace, 815.

Throstle frame (cotton manuf.), 760,

Throwing pottery, 1576.

wheels, 1661-3.

Thrown silk, 1754.

Thus, 1684, 1688.

Thuja articulata (resin), 1681.

occldentalis (oil), 1433.

Thyme-oils, 1431.

Thymus spp. (oil), M31.
vulgaris (oil), 1373-4.

Thymol, 578.

soap, 1789.

Ti fibre, 919,

TIa (tea), 2011.
Tibislri fibre, 982.

Tiftik, 1096.

Tiger fur, 1033.

Tiglium officinale (drug), 809, (oil)

1386-7.
Tikhar (starch), 1882.

Tikor (starch), 1822.

TllAm-outan (oil), 1425.

wangl (oil). 1425.

Tile clays, table of analyses, 1583.

encaustic, 1587-94.

from waste glass, 1087.

]);ivfninits. 1687-94.

roofing, irjVJ-3.

TiliaeuropieaCnih, 1424.

parvifior.i (iiit), 1415.

spp. (flbr.-), uliM.

Tillandsia iisn.-uides (.fibre), 998.

Til-oil, 1388-90.

Timber, 2012-23.

acacia, 2iU2.

alder, 2012.

alerce, 2012.

aler8c.2012.
asb, 2012.
assegid, 2012.

i beech, 2012-3.

bibliography, 2023.

birch, 2013.

box, 2013.

broadleaf. 2013.

bullet tree, 2013.

Timber, c«Ur, 2013-4.

chestnut, 2014.

oommerce, 2022-3.

cypreM, 2014.

deal, -2014.

deodar, 2014.

doKW(jod, 2016.

d'ornboom, 2015.

ebony, 2U15.
elm, 2016.
fur match-apllnts, 1277, 1279.

fir, 2015.

greenheart, 2015.

gum, 2015

.

hickory, 2015-6.
ironbark, 2016.
ironwood. 2016.
jack, 2016.

Jarrah, 2016.
kanyin, 2016.
kauri, 2016.
Ian h, 2016.
Hgnum-vitaa, 2016-7.
locust-tree, 2017.

mahogany, 2ol7.

mango, 2(ii7.

maple, 2017.
miro, 2017.

mora, 2(il7-8.

mutti, 2018.
nan-mu, 2018.
naugiia, 2018.
neem, 2018.

oak, 2018,

pai-ch*ha, 2018.

pear. 2018-9.
persimmon, 2019.
pine, 2019-20.
plane, 2020.

poon, 2020.

poplar, 2020.
pymma, 2020.
pynkado, 2020.
rata, 2020.

rohun, 2020.
rosewood, 2020.

sabicu, 2020.

sal, 2020-1.
satin-wood, 2021.

sisBU, 2021.
sneezewood, 2021.

spruce, 2021.
stringy bark, 2021.

sycamore, 2021.

tamanu, 2021.

tanakaha, 2021.

teak. 2021.

toon, 2021.

totara, 2022.
walnut, 2022.

willow, 2022.

yellow-wood, 2022.

yew, 2022.

Tlmlti (nut), 1357.

Tin acetate, 39.

amalgam, 334.

and ammonium chloride, 1303.

assay of, 357.

bichloride, 1302.

crystals, 1301.

detection, 349.

in muriates, estimation, 1301.

in soda stannate, estimation,

1303.

mordants, 1301.

nitrate, 1302.

oxalate, 1302.

oxymuriates, 1303.

per-salts, 1302.

protochloride, 1301, 1302.

pulp, 272-3.

eolution, 1303.

Tlncal, 533-5.

Tinea oleella, 1400.

sp. (resin), 1671.

Tinospora spp. (drug), 811,

Tipples of flax, 1244.

Tipuana speciosa (tannin), 1988.

Tisso (dye), 867.

Tissures, 1761-4.

Tiza (borax), 538.

Tobacco, 1325-50.
adulteration and substitutes,

1349-50.
after-cultivation, 1330.

bulking. 1332.

Tobacco, cake or plug, 1342.

camphor, bl-*.

cigarettes, 1346-6.

cigars, 1344-6.

climate, 1325-6.

cutting, 1341-2.

damping, 1340.

drying, 1331-2. 1342.

harvertiing, 1330-1.

imports, duties, and values,

1350.
improving, 1333.

in various countries, 1333—iO.
manures, 1326-7.

miscellaneous appliances, 1346
-7.

nature and properties, 1348-9.

packing, 1332-3.

plantintr, 1329-30.

preparation and use, 1340-8.

of the field, 1329.

production and commerce, 1333
-40.

roll or twist, 1342-t.
rotation, 1327.
seed, 1328.

beds, 1328-9.

oil, 1411.

selection of sort, 1327-8.

situation, 1326.— snuff, 1346.

soil. 1326.

Burtlng, 1332.

stripping, 1332.

and sorting, 1340-1.

topping and suckerlng, 1330.

Toddalia aculcata (drug), 817.

Toddy, 425.

Toenla Solium, 816.

Tol (fibre), 94S.

loi oil, 1416.

Toilet soaps. 1789-92.
Tokiij-purple, 867.

Tollkraut. 794,

Tolomane (starch), 1822.

Tolu balsam, 1623, I6J5, 1684-5.

extract, 1529.

Toluldlne, 659, 663.

blue, 666.

green, 669.

Toluifera Balsamum (resin), 16S4-5.
Toluol, 648, 2026.
Toluylamlne. 6'.9.

Tomarus hituberculatus (cane dis-

ease), 1869.

Tonga-beans, 1528.

Toning photographic prints, 1640.

Tonite, 897.

Tonka-beans, 1528.

Tonquin -beans, 1528.

extract, 1529.

Tools for boxing pines, 1689.

hatters, 1121-5.

used in salt-making, 1717.
Toon wood, 2021.

Topaz, 1043.

Topferwaare, 1556-1601.
Torreya Myristica, 1812.
t orula cerevlsiffi (ferment), 1830.

Totara wood, 2022.

Touchardia latifulia (fibre), 998.
Toughened glass, 1079.
Tougheners (varnish), 2027.
Tuulema (^ta^ch), 1822.

Touloula (starch), 1822.

Touloumaca (oil), 13^6.

Toun-tiUm (oil), 1425,

Tous-les-mois (starch), 1822.
Toule-epice, 1814.

Tow, carding-engines for, 1251-2.
preparation of, 1251.

Towers, hydrochloric acid, 110-6.
Town tallow, 1372.

Trachylobium mossambicense [Hor-
nemannianum] (resin), 1641.

spp. (resin), 1623, 1666.
verrucosimi (resin), 1642.

Tradescantia discolor (oxalic acid),

161.

Tragacanth, 1621, 1685-6.
Traganth, 1685-6.

Train-oil, 1374-5.

Translucent pottery, 1594-7.
Transparent soaps, 1792.

Transportation of petroleum, 1443
-5.

Trapa spp. (nut), 1359.

Trashing sugar-canes, 1867-8.

Treacle. S> e also M jUbscs.

oxalic acid from, 163-4.

Tree copal, 1641.

n>all<»w (fibre). 963.

oil, 1411-2.

Trees for shade and shelter (coffee),

710-1,714, 716,719,720.
Trehalose, 1830.

I rl-amido-azo-benzol. 658.

Trichecus Hosmarus (ivory), 1175,

(oil), 1374.

Trichilia spp. (oil), 1416.

Tridacna glgos (pearl), 1517, 1620.

Trigunella fuenum-gnecum (oil),

1415.

Trimming hat'. 1117.

silk hats, 1127.
Trimmings. 1762.
Trinidad goat-sucker (oil), 1376.
Trink's filter pre^8 (beet-sugar),1848.
Triodia Irritans (flbre^ 998.

Triphenyl-niauvaniline, 666, 668.

roso-toluidine, 666.

Triple-efiFect vacuum-pans, 1895-8.

rose extract, 1629.

Triptolemiea spp. (timber), 2020.
Triiicum vuUare (starch), la28-9.
Tri-ioluyl-rosaniline, 666.

Tritoma spp. (fibre), 998.

Tropajolum m^jus (oil), 1433.
Tropical African rubbers, 1655.
True Bishop's weed, 791.

siorax. UiH'j.

Trypograpb, 1609.

Tshoochal (li'ini.x), 534.

Tuberose extr;ut, 1529.

Tubes, gla^.i, lu7'J.

Tubipora muBica (coral), 1521.
Tub-sizing paper, 1500-1.
Tucum-oil, 1411.

thread. 920.

Tulip bouquet, 1531.
Tulpin'fl singeing-machine (bleach-

ing), 474.

Tumbeki (narcotic), 1350.
Tumbler for washing bides, 1232.
Tunfischol, 1373-t.
Tung-oil, 1411-2.

Tuugstates sodium, 318.
Tungvten, detection of, 349.
Tunny-oil, 1373-4.

Turbineila Scolymus (pearl), 1517.
Turbo spp. (pearl), 1517.
Turkey galls, 19S3-4.

gum, 1631.

opium, 1309-11.
tobacco, 1338-9.

Turkeys fir destroying insects (to-
bacco), 1330, (sugar-cane), 1869.

grease, 1376.
Turkey-red bleach, 494.
Turkish silk, 1744.
Turk's cap (pearl), 1517.
Turmeric, 868.
Turned buttons, 559.
Turners' cempnt. 626.
Turning pottery, 1576.
Turpentine, 1624, 1686-92, 2025-6.

oils, 1431, 1688-91.
Stills, 1690-1.

Turp^, 2025-6.
Turquois, 1043.
Turtle-butter, 1376-7.
Turtosa wood, 2018.
Tnsser silkworms, 174&-6.
Tussock-grass, 999.
Tutu (tannin), 1993.
Twin rose extract, 1629.
Twines. 1696.

factories, 1697.
Twist tobacco, 1342-4.
Twisting hats, 1109.

in cotton. 779.
rope and twine, 1699-1701.

Tylophora asthmatica (drug), su.
Type metal, 324.

writing machines, 1606-8.
Typha elephantina (fibre), 999.

Uc_ CUHCTBA (oil), 1379.
nie (resin), 1659-«1.
Ulmiis spp. (gunpowder), S84, (lim-

ber), 2015.
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Ulrich's scarlet, 662.
Ultramarine, 1548.

Unboiled salts, l'?32-3.

Unbreakable glass, 10Y9.
Uncaria spp. (tannin), 1984-5.
Uncrystallizable sugar, determina-

mination, 1944-6.

in cane-juice, 1871-2.
UnhairUig hides, 1220.
Unio tpp. (pearl), 1511.
Union hide-splitter, 1233.

Universal cement, 628.

Unsworth's doubling-winding frame,
1698-9.

Upholstery hair, 1100.

Upper-leathers, drying, 1234.

measuring, 1235-6.

oiling, 1234-5.

stuffing, 1234.

Urceola elastica (rubber), 1657-8,
1664.

esculenta (rubber), 1657.

Urena spp. (fibre), 999.

Urginea spp. (drug), 825-6.

Urostigma spp. (rubber), 1628, 1655,
1656.

vogelii (rubber), 1655-6.

Ursus spp. (fur), 1030.

Urtica spp. (fibre), 921-32, 999.

Usebe's green, 668,

Uehak (resin), 1630.

Usquebaugh, 227.

Ustilago sacchari on sugar-cane,

X870.

Utilization of tank waste (soda),
312-3.

V.' ACCINIUM vltis-idiEa (drug),

794.

Vachellia Farnesiana (resin), 1694.

Vacoua for shade, 1815.

Vacuum-chest for curing cane-sugar,
1901.

pan (tartaric acid), 176-7.

pans for sugar-solutions, 1856-7,
1893-8.

multiple effects, 1895-8.

patents, 1936-7.

working, 1893-5.

(sugar-refining),

1926-7.

Vahea spp. (i-ubber), 1^27, 1654,

1656.

Valerian, 826.

oil, 1431.

Valeriana officinalis (drug), 826.

Valonia, 1226, 1992-3.

Valuation of soap, 1792-6.

Valve-cutting (indiarubber), 1150.

Vanilla, 227, 1528, 1814-6.

extract, 1529.

spp. (spice), 1814^6.

Vaiec, potash from, 263-5.

Variolaria spp, (oxalic acid), 161.

Varnish, 2023-38.

black oil-, and japans, 2035.

boiled oils, 2029-31.

clarifying oil, 2024,

classification, 2023, 2028.

definition, 2023.

dritrs, 2027-8,

drying oils, 2023-4.

essence-, 2035-6,

essence-varnish resins, 2024.

essential- oil, 2035-6.

ether, 2037,

French polish, 2037.

gums, &c., used in water-var-

nishes and glazes, 2025.

lead oils, 2030,

manganese and li ad oils, 2030-1,

oils, 2030,

manuiacture, 2028-38.

materials, 2023-8.

mixed-solvent, 2038.

oiled silk, 2032.

oil-varnishes, 2032-5,

oil-varnish resins, 2024.

oleo-resinous, 2035-6.

resins, 2024-5,

spirit, 2036-7.

spirit lacquers, 2037.

spirit-varnish resins, 2024,

stoved japans and enamels,
2031-2.

Varnish, tougheneiB, 2027.
' volatile solvents, 2025-7.
water-, 2038.

Varnishes (indiarubber), 1158.

(natural), 1692.

Varnishing indiarubber textures,

1158,

Varnish tree, 2044.

Vaseline, 1447,

Vustris {^igas (oil), 1376.

Vateria indica (oil), 1408-9, (resin)

1624.

Vatica laccifera (resin), 1668, 1671.

spp. (resin^, 1624, 1644, 1678.

Vatting and fining (beer), 411.

Vegetable albumen, 192.

bristles, 919,

fibres, 909-1000.
fixed oils and fats, extraction of,

1451-5.

oils and fats [fixed], 1377-1415.
almond, 1377.

American nutmeg,
1377,

argan, 1377-8.
assai, 1378.

bean, 1378.

beech, 1378.

ben, 1378-9.

hicuhiba, 1379.

bladder-nut, 1379.

boma, 1379,

butter-nut, 1379.

cac.io, 1379,

calaba, 1379,

carm.iru, 1379.

cashew, 1379,

castunha, 1379-80.
castor, 1380-2,

chaulmugra, 1382.

chequlto, 1382.

cherry, 1382-3.

chironji, 1383.

cocculus indicus,
1383.

coconut, 1383-4.

colza, 1384-5,

coquito, 1385,

cotton-seed, 1385-6.
coumu, 1386,

crab, 1386,

croton, 1386-7.
dika, 1387.

dilo, 1387-8.

dogwood, 1388.
gamboge, 1388.

fiingelly, 1388-90.
gold - of - pleasure,

1390.

grape-stone, 1390-1.
ground-nut, 1391,

bazel-nut, 1391.
hempseed, 1391.

hickory-nut, 1391-2.
horse-chestnut, 1392.
illipi, 1392.
jupati, 1392.
kanari, 1392.

katiow, 1392.
keenatel, 1392.
kikuel. 1392.

kukui, 1392-3.
knrung, 1393.

lallemantia, 1393.
laurel, 1393.

linseed, 1393-4.
mabo, 1394.

macassar, 1394.
madia, 1394,

mahwa, 1394,

mamey, 1394^5.
mangosteen, 1395.
margosa, 1395,

melon, 1395.

miscellaneous, 1413-
5.

moodooga. 1395.
mote-grease, 1395-6,
m'poga, 1396.

mustard, 1396.

myrobalan, 1396.
nlger, 1396.

nounga, 1396.

nutmeg, 1396-7.
ochoco, 1397.
odal, 1397.

Vegetable oils and fats [fixed], okro,

1397.
olive, 1397-1406.
ouabe, 1406.

owala, 1406.

palm, 1406-8.

palm-nut, 1408.

phulwara, 1408.

pine, 1408.

piuey. 1408-9.

piquia, 1409.

pistachio, 1409,

pium, 1409,
poondy, 1409.

poppy, 1409-10.
pulza, 1410,

safflower, 1410.

shea, 1410.

simbolee, 1410.

siiinga, 1411,

soap-nut, 1411.

sunflower, 1411.

tea, 1411.

tobacco, 1411.
tucum, 1411.

tung, 1411-2.

vegetable tallow,
1412-3.

walnut, 1413.

zachun, 1413.

hair, 998.

horsehair, 938, 1101.
ivory, 1357,

oils [volatile and essential],

1415-33.

acorn, 1415.

albahaca, 1416.
allspice, 1416.

almond, 1416.

aloes, 1416,

amber, 1416.
angelica, 1416.

angostura, 1416.

aniseed, 1416-7.
anise (star), 1417.
asafoetida, 1417.

avens, 1417.

balm, 1417.

baybLTry, 1417.
benzoin, 1417.

bergamot, 1417.

birch, 1417-8.
cajuput, 1418.
caraway, 1418-9.
cardamom, 1419.
cascarilla, 1419.
cedar, r419,

cedrat, 1419.
celery, 1419,

chamomile, 1419.
cinnamon and cassia, 1419.
citronella, 1419-20.
clove, 1420.

clove-bark, 1420.
coffee, 1420,

copaiba, 1420,

coriander, 1420.
cubebs, 1420.
dill, 1420.

elder, 1420.

elemi, 1420.

eucalyptus, 1420-1.
fennel, 1421.
fusel. 1421.

galangal, 1421.

galbanum, 1421.
gale, 1421.

garlic. 1421,

geranium, 1421,
ginger, 1421,
ginger-grass, 1422,
hop, 1422.

hyssop, 1422.
ilang-ilanj,', 1422.
iva, 1422.

jasmine, 1422.

jonquil, 1422.
juniper, 1422.
laurel, 1422-5.

lavender, 1423.

lemon, 1423.
lemon-grass, 1423-4.
lilac, 1424.

linden, 1424.

mace, 1424.

marjoram, 1424.

Vegetable oils [volatile and essen-

tial], matico, 1424.

meadow-sweet, 142^.

mehudi, 1424.

mignonette, 1424.

milfoil, 1424.

miscellaneous, 1432-3.
mugwort, 1424,
mustard, 1424.
myrrh, 1424.
myrtle, 1424.

nasturtium, 1425.

neroli, 1425.
olibanum, 1425.
orange, 1425.
orris, 1425.

parsley, 1425.
patchouly, 1425.
pepper, 1425.
peppermint, 1425-7.
petit-grain, 1427.
pine, 1427,

poplar, 1427,

pyrethrum, 1427.
rose, 1427-30.
rosemary, 1430.
rosewood, 1430.
rue, 1430.

saffron, 1430,

sagapenum, 1430.
sage, 1430.

sandal-wood, 1430.
sassafras, 1430-1.
savin, 1431.
spearmint, 1431.
sweet-flag, 1431.
t&n^y, 1431,
taiTagon, 1431.
tea, 1431.

- thyme, 1431.
turpentine, 1431.
valerian, 1431,
winter-green, 1431-2.
wormseed and wormwood,

1432,

silk, 921, 939, 998.
substances, oxalic acid from.

163.

tallow, 1412-3.
Vegetables, preserving, 1017-8.
Veilchenwurzel, 1526-7.
V^lanedfS, 1992-3,
Veluring hats, 1119,
Venetianischer terpentin, 1691-2,
Venice turpentine, 1691-2.
VentUago maderaspatana (dye), 864.
Venuleth's potato-washer, 1823-4.
Vepris lanceolata (timber), 2016.
Vera Cruz elemi, 1649,
Veratrum officinale (drug), 793.

spp. (drug), 812.
Verbena extract, 1529.

oil, 1423.

satchet, 1532.
Verdigris, 30, 1297.
Verek (resin), 1631.
Veridine, 681.
Vermilion, 1550.
Vernis, 2023-38.
Vernonia anthelmintica (oil), T415.
Vert-de-gris, 30-1.
Vestas, 1277, 1292,
Vesuvians, 1277, 1292.
Viburnum.cassiuoides (tea), 2010.
Vicia spp, (oil), 1416.
Vichy water, 365.
Vienna, 1093,
Vienna green, 1 549,

multicopyist, 1610.
Vikunia (spice), 1808.
Vinaigre, 2038-42,
Vinasses, potash from, 257-9.
Vinegar, 6, 2038-42,

acetic acid from, 25-6.
[brandy], acetic acid from, 23.
acetification, 2040,
aromatic, 335.
bibliogniphy, 2042,
commerce, 2042.
fermentation, 2039.
fining, 2039-40.
generator, 7.

grain or malt, 2038-41.
other vinegars, 2042.
quick German process, 2041-2.

Vines, potash from, 255.
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VIntago, 435.
Vlolfttlne, li-si.

VluUnlUne, 66h.
Vlolrtde PurU, f.88.

extract, 15.i'J,

satchet, 1532.
soip, 1792.

Virola seblfera (oil), 1377.
VlmouB rprmentiitlon(aIcolion, 196.
VlHmlu Bpp. (rcslu), 1U24, 105iJ,

1668.

Vlsoii lutreolii (fur), 1031-2.
Vltix 9p. (nut), 1351, (oil), 1379.
VitiB vinlfera (fruit), H}-2S~i, 1027-8,

(oil), 1390-1.

Vitivf'rt extract. 1529.
Vivorra spp, (fur), 1030, (perrurae)

1524.

VoA-caDJa, &c. (rubber), &c., les^t.

Volandero (fibre), 93m,

Volatile oils, extraction of, 1456-9.
vogetablc oils, 1416-33.

Volcanic ammonia, 243.

\'olkflmeria extract, 1529.

Volunteers' bouquet, 1531.

Vouapa spp. (reeln), 1623, 1666.
Viaic, potasb from, 263-5.
Vulcanized fibre, 618, 1162.

guttapercha, 1163.
Indiarubber lute, 631.

Vulcanizing Indlarubber, H51.
oils, 1482.

Vulpes Hpp. (fur), 1031.

W.' ACHHOLDERBRANNT-
WlilN. 222-3.

WuciiH, 2042-6.

Wagalea splcata (tiinnln), 1994.

Waggon-greaso, 1797-8.
Waboo, 826.

WalflscbBpeck, 1374-5.

Walkhoflfs mixed method of ex-
tracting beet-Juice, 1840-1.

Wallace's procesB (sulphuric auhy-
drkle), 98.

Wallflower extract, 1529.

Wall's press (caudles), 6h7.

Walnut (acetic acid), 14, (nut) 1360,

(woods), 2022.

[country], 1352,

husks (dye), sc^.

oil, 1413, 2024.
Walratb (oil), 1371-2.

Walrossiil. 1374.

Walrus-Ivory, 1175.

oil, 1374.

skins, 1759.

Waltheria glomerata (drug), 818.

Warang bast, 962.

Warnerke's photo-engraving process,

1619.

>Varping cotton, 766, 769.

Jute, 1184.

Warren's " bromo," &c., caoutchouc
wires, 1163.

thlonoUno, 1162.

Washed collodion omulaion, 1538.

Washing charcoal (beet-sugar), 1852
-3. '

esparto, 1487.

indiarubber, 1143.

powders, 1792.

starch, 1824-5, 1829.

sugar-beets, 1837,

trough (photography), 1538-9.

Wash-stocks (bleaching), 607.

Wasserharz, 1680.

Wa.>te grease, recovery of, 605-6,

1465-6.

paper, 1486.

products as source of acetic

acid, 26.

of china clay, 638-9.

utiUz;itiun of tank (soda), 312

-3.

Water. 426.

aerated, 362.

and glycerine, table, 1801.

[natural], carbonic acid in, 45.

[sea], chloride potassium from,

265-6.
composition of, 1715.

chestnut, 1359.

determination of, In sugar, 1946.

for soap-making, 1769.

Water frame (cotton manufacture),
760.

g'afs, 316.
guttcrH. lute for, 631.
in woodii, H.

marks In paper, 1494.
Holnbllity of salt in, 1711.
varnishes, 2038.

Waterhouse'a photo-engraving pro-
cess, 1620,

Watcrlow's copying portfolio, 1609.
Waterproof cement, 628.

-tibrlcs, drying, U4i.
testing, 11&3-4.

for hats, 1110.
glue, C'J2.

Waterproofing fabrics, 1148.
Waters (perfumes), 1532.
Wattle-bark, 1986-7.

glim, 1621, 1632-3.
Watt's process (chromic acid), 48.
Wawla bast, 962.
Wax 586, 2042-6.

bees, 2012—t.

carnauba, 2044.

Chinese whit**, 2044.
Cordillera, 2044.
flg-tree, 2044.
ibota, 2045.

Indian white. 2015.
Japan, 2046.
koga, 2045.
myricd, 2045-6.
ocuba, 2046.

ozokerit, 2046.
palm, 2046.

petha, 2046.

Weaving cotton, 766, 7-<0.

haircloth, 1101.

Jute, 1IH5.

linen, 1264.

shed (cotton mannfac'ure),767.
silk, 1756.

Wedgwood's jasp r ware, 1598,
Wegwart, 631-3.
Weihraucb, 1676-7.
Welnmannia racemosa (tannin),

1994.

Weinrlcb's centrifugal, 1935.
Weinsiiure, 174-90.

Weinstein, 279, 335.
Weisses sandolholz, 1527-8.
Weizenstiirke, 1823-9.
Weld, 868.

oil. 1415.

Weldon'a process (bleaching-
powder), 462.

still (bleaching-powder), 4G0.
Wellraan card (cotton manufacture),

746.

Wermuthextract, 217-9.

West Africon copal, 1642-4.

elemi, 1649.

frankincense, 1619-50.
pepper, imi.
rubbers, 1655-6.

End bouquet, 1531.

Indian guanos, 1258.
:- sugar-canes, 1861-2.

Indies, tobacco in, 1340.

AVetzel's pan (cane-sugar),

1892.

Whalebone, 524.

Whale-oila, 1361, 1369, 1374-5.

Whawhako (tannin), 1993.

Wheat-starch, 182^9.
Wheatstone'a type-writers, 1607.

Whisky, 228.

White arsenic, 336.

copaiba, 1639.

dammar. 1644, 1678.

kernel oil, 1408.

lead, 1551.

oU, 1410.

pepper, 1814.

pigments, 1550-1.

rose extract, 1529.

salt, 1724-40.
composition of, 1735.

Sennar gum, 1631.
~ whale oU, 1369.

;Vhltewood-tree (oil), 1418.

White's polychrome print, 1604.

Whiting, 1551.

Wlchse, 450-2.

WIcken coprolites, 1261,

Wicks (c&ndlea), 690.

Wlckfltromia sp. (drutr). ^i^-

Wlddrtngtonlajunlpcruid''3(timbor),
2014.

Wleliczfca salt-mine, 1723.

Wild cardamom, 1804.

nutmeg, 1812.

rosemary (narcotic), 1308.

Wllhelm's Quelle water, 365.
Wilkinson's white^ 1551.

Willi**' aniline photo-engraving pro-
cess, 1616-7.

Willow (acetic acid). 14, (potash)
255, (charcoal), 882-4, (timber)
2022.

(cotton manufacture\ 739.

Willughl>eia edulis (rubber), 1655
1658, 1664.

Wilson's disintegrator, 1227.

Winding cotton, 766, 7t;s, 777.— rope and twine, 1698-9.

silk, 1749-50.

Windows, glass mosaic for, 10-4.

Wlndrowing sugar-canes, 1868.

Windward oil, 14ij7.

Wine, 432-50.
alcohol ih>m, 201.
bottling, 447-h.

classification, 440-1.
deterioration, 447.

—— fermentation, -135-7.

fortification, 437-s.

generalities, 432-5.

glass making, 1070.

imitation, 4 4;i-7.

lees, carbonate potash from,
259.

tartaric acid from, 183.

maturation, 438-40.
mixing, 441.

preparation of must, 435.
preservation, 441.

production. 448-50.

racking, 43S.

storage, 438-40.
strengthening, 442-3.

tartaric acid In, 174.

testing, 441.

vintage, 435.

Wiuged cardamom, 1804.
Wintergreen extract, 1529.

oil, 1431-2.

Wittedoorn (resin), 1632.
Woad, fi68.

Wodjendel (resin), 1676.

WohigerUche, 1623-32.
Wolf fur, 1033.

Wolfram, 31h.

AVolle, 2046-7.
WoUtnanufactur, 2047-2112.
Wolverine fur, 1033.
Wunti-apple gum, 1621, 1692-3.
Womi iishes, potash from, 255-7.

boiling, 1493-1.—— cement, 626.
cracks, lute for, 631.
distillation, producr-* of, 7-21.—- distilling works. 12.

engraving on, 1610-3.
for match-splints, 1277, 1279.
marten fur, 1031.

naphtha, 35.

oil, 1411-2, 1640, 1651-2.
pulp for acLtic acid, 19.

for paper, 1485.

tars, 1683-4.

treatment of, for paper-making,
1493-4.

Woodruff (perfume), 1528.
AVood-shock fur, 1030.
Wood-violet bouquet, 1530.

Woodbury machine (brushes), 545.
process, 152-3.

type, 1617.

Wooden vessels, lute for, 631.
Woods, 2012-23.

for acetic acid, 8.

gunpowder charcoal, 882-
4.

products from, 14.

water in, 8.

Woody fibre, oxalic acid from, 168-
72.

Wool, 2046-7.

and cotton, mixing, 2068-9.
silk waste, mixing, 2068.

Wool beamlnit, 2078-9.

blondlng, 2067-71.

burling, 2UM-J.

burring, 2066-7.

carb-jnized, 205-i-9.

carding, 2071-6.

characters, 2051-2.

cloth finishing, 2087-8.
combing, 2088-90.
commerce, 2ii-|iV-7.

condensing, 2071-6.

cropping, 2n.M5_6.

designing, 2078.
drawing, 2090-1.
drawlng-in and twisting. 2079.

drying, 2063-6.
fearnought, 2070-1.
first raising nap, 2n'^3-5.

finishing pnx'es>»t-s, 20-^3-8.

fulling, 2082-3
knoiting, 20-^2.

manufactured, 205T-9.
manufacturing, 2077-106.
milling, 20b2-3.
oiling. 2069-70.
opening, 2065-6.
qiwlitles. 2056-7.
roving, 2091.

scribbling, 2071-6.

scouring, 509. 2061-3, 2082.
shearing, 20:!'5-6.

sizing, 2078.

sorting, 2060-1.
spinning, 2076-7, 2091—1.
stapling, 2060-1.
Bteam-boillng, 2086.
structure, 2049-52.
twining, 2077-8.
twlsthig, 2077-8.

varieties, 2053-6.
warping, 2078.
washing, 609, 2061-3.
weaving, 2079-81, 2o;)i-5.

Woollen-bleaching, 508-15.
all wool, 5i:i-i.

cloth scouring, 512.

sulphuring, 613.

muHlin-de-laine, 513-4.
wool scouring, 609-10.

washing, 509.
yarn scouring, 511-

sulphuring, 511-2.
manufactures, 2047-112.

bibliography, 2112.

carpet, 2095-2106.
commerce, 2111-2.
finishing processes, 2083-8.
generalities, 2047-9.
hiBtory, 2047-8.
processes of manufacture,

2059-2106.

products, 2106-9.
statistics, 2109-11.
worsted, 2088-95.

yam scourmg-machiue, 511.
Woorarl, 810.

Worcester carpet, 1101.
ware, 1596-7-9.

Working results (sulphuric acid),
78, 90.

Wormseed, 826, (oil) 1432.
Wormwood-oil, 1432.

potash from 255.
Worrall's singeiug-inachlne (bleach -

ing), 473.

Worsted, 2088-95.
Wourall, 810.

Woven Bilk, scouring and bleaching,
620.

Wrightia antldysenterica (oil), 1415.
spp. (resin), 1694.
tinctoria (dye), 858.

Writers, manifold, 1608-10.
Writing-inks, 1165-7.
Writing machine, 1606-8.
Wu-pei-tze (galls), 1984.
Wflrfelsalpeter, 315-6.

Wurmsamen, 826-7.
Wucze. 1802-17.
Wych- houses, 1734.

X.ANTHIOID cardamom, 1804.
Xanthorrbcea quadraiigiilaris, 1626.

resin, 1624, 1693.

spp. (resin), 1624, 1693, 2025.
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Xanthorrhoea, yellow, 1626.
Xanthorrhiza apilfolia (dye), 856.
Xauthoxylum ClavaHerculis (dye),

855-6.

Xerotes spp. (fibre), 999.

Ximenea spp. (oil), 1415,
Xylldlne, 660.

red, 664.

Xylocarpus Carapa (oil), 1386.
Xylol, 648, 2026.
Xylonite, 610;
Xylopia spp. (fibre), 999.

Xylotrecbus quadnipes (coffee), 699.

JL ACHT aub bouquet, 1531,
Yak-hair, 1099.

Yarn bleaching (cotton), 506-8.
Biilphuring, 511,

Yams, 1696, 1762-3.

Yashqui (fibre), 916.

Yeast-plant, 6.

Yegaar (resin), 1616-1.

Yellow alizarine, 684.

coralline, 680.

crystals, concentration, 1894-5.

defecation for, 1888-9.

lakes, 1551-2.

pastilles, 1530.

pigmenfs, 1551-2.

soaps, 1780-1.

spirit (mordant), 1302.

water-iris (fibre), 962.

wood, 2022.

Yercum (fibre), 933.

Yew tree, 2022.

Young copal, 1643,

Young's splint cutting and filling

machiaes (matches), ]2»6-8,

Yucca spp. (fibre), 999.

Yungan-oll, 1365,

Yusan (oil), 13TY.

Z.ACH0N oil, U13.
Zah (resin), 1630.

Zamia spp. (starch), 1823.

Zanzibar copal, 1641-2.

Zea Mays (oil) 1415, (starch) 1823
(sugar) 1908-14.

Zeitlosen, 808.

Zeugdruckerei, 827-54.
Zibeth (peifume), 1624.
Zieger-kraut (perfume), 1528.

Zieria Smithii (oil), 1433.

Zimmt, 1805-7.

Zinaline, 670.

Zinc acetate, 39.

amalgam, 334,

assay, 357,

Zinc detection, 349.

lute, 631.

mordants, 1303. t> ^
white, 1551.

Zincography, 1606.
Zingiber officinale (oil), 1421, (spice)

1809-10.
Zitweraamen, 826-7.

Zizania aquatica (fibre), 990.

Zizyphus flexuosa (resin), 1694.

j ijuba (resin), 1624,

spp. (resin), 1668.

Zuccato's papyrograph, 1608-9.

Zucker, 1830-1977.

Zuckersand, 1903-t.
Zuckersiederei, 1921-35.

Zttndholzchen, 1277-93.

Zweifach chromsaurcs kali, 266-7.
kohlensanres kali, 260-1.

schwefelaaures kali, 279.

London: printud by wm. clowes and son.'^, umitkd, stamfoku street and chaking cross.










