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PART II

VIII. ESTERS
(Oils, Fats, Waxes, Candles, Soaps)

The compounds or esiers {formed by alcohols with inorganic acids have
already been studied (sce pp. 234 ¢/ seq.), and we shall now consider the esters
resulting from the substitution of the typical hydrogen of organic acids by alkyl
radlcalb Various somerices exist with these compounds, e.g., methyl butyrate
is 1someric with ethyl propionate, butyl formate with propyl dcetate. Attention
will, however, be paid more especally to the esters of glycerine (glycerides),
since on these are based the f at, ail, soap, and candle industiies.

PREPARATION. These esters may be obtained by the general methods
already described (loc. cit.), e.g., by the action of the acd chlorides or anhydrides
on the alcohols or sodium alkoxides :

C,H, -CO -1+ CI, - O = HCl 4 C,H, - COOC,Hs,.

They are formed also by the interaction of the silver salt of the acid and
the alkyl iodide, and by the wction of gaseous hydvog m chloride on a hot
alcoholic solution of the nitrile of the acid. Turther, the alcohols and acids
themsclves react, slowly m the cold and more rapidly although not completely
in the hot, with formation of esters :

¢, - OH -|- CH, - CO,H = CH; - CO,G,H; 4- H,0

In practice the preparation is carvied out as follows : the dry organic acid
18 mixed with an excess of absolute alcohol and the mixture saturated with dry
hydrogen chloride gas, lift for some time in a moderately warm place and
then poured into water 5 the ester separates in an insoluble form after neutrali-
sation of the aqueous hqmd with alkali in the cold.

In this reaction the acid chloride is probably formed as an intermediate
product: CII, - +CO,H - HCl = ,0 -+ CH, - CO - C1; the latter-—which with

alcohol, forms the ester (eqnation -given above). Esterfication is, however,
never complete, as the redction is a reversible one, the hydrochloric acid and
also other morganic acids snch asg sulphwric acid, even in the dilute state,
behmvmg as true mowst calalysls (Berthelot, 1879 ; V. Meyer, Fischer and Speler
1895 ; Senderens and Aboulenc, Sabatier and Maulhe 1909-1913) :

ChH2(l+ 1’ OH + CnH‘.’uO‘z — I—I2O + C-11H2r(- 102 ’ C].H2-z 41"

After a certain time a system is obtained which contains given quantities of alcohol
(a), acid (1), water and ester (z). The same cquilibrium is attained by mixing 1 mol. of
ester and 1 mol. of water as by mixing 1 mol. of acid and 1 mol. of alcohol, and this equili-
brium is represented by the following equation for bimolecular reactions (see Vol L., p. 69) :
ka —z)(b—z) = k22, where a and D represent the respective initial concentrations of
alcohol and ester and z that of the ester and water when equilibrium is reached, all expressed
in mols. (gram.molecules) ; & and k, are constants depending on the nature of the reaction

. ky .
and, according to a definite law, slightly on the temperature. If, for convenience, Z‘ 18

made equal to K, the equation becomes: (a—=z)(b—z) = Kz*
VoL, IIL 30.
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With 46 grams of alcohol and 60 grams of acetic acid (granrmolesnles), it is found
experimentally that K = 0-25, and, as a and b both assume the valne I, 1 mal. of cach
reacting, the equation becomes (1 — =025z te,l —z2=05z or =~ 5. This
means that when a state of equilibrium is reached, the system contains | mal. of ncetic
acid 4 % mol. of alcohol + 2 mol. of ester + 2 mol. of water. Kvery sutwtance partici-
pating in the equilibrium acts in proportion to its mass. If the above eqmution is wivin

the form —— = KZ—_*" it becomes evident that, in order to displace the eqnilibvinm

s0 as to have a greater value of z (i.e., of esterification), the valne of « nmst he ncereased
and that of b decreased, esterification being complete when « == oo . The same final resnlt
is obtained when b is niuch greater than a, esterification agai heing complete when - - oo
In practice, almost complete esterification is attained when I mol of acid is cuplayed per
10 mols. of alcohol or wice versa. That the sane result is ohtained with excess af uleokol
as with excess of acid is shown by the above equation, sinee, if instend af m mals. af hath
acid and alcohol, n thues as many molec}ﬂcs of acid are taken, the egnatiinn hecomes:
m—z :

z gt . X .
=K ; whilst if  times as many molecules of alcohol are tnken, it hecomes
z nem—z

n.m-—z 2 -

= K~ o These two equations are identical, mmitiplication of the tenss of
2 —

w— 2

.
the former by --- giving the latter.
S

1 — 2
Thie limit of esterification is modified but slightly by change of temperatnre, and amonnts,
in the case of acetic acid, to 62-2 per cent. at 10° and to 66-5 per caut. at 220

Sabatier and Mailhe (1969-1913) have shown that in muny canes esters wree
obtained with diy catalysts, especially thorinm oxide or, better, titanimn nxide
at about 300°; over these is passed the mixed acid and alcahol vapours in
suitable proportions, 7.e., with excess of one or the other componenr.  When,
however, a certain temperature, varying with the nature of the cataly.ing axide,
1s exceeded the reaction becomes reversible and more or less slecampinition
ceeurs.

The esters of monohydric alcohols and monobasic fatly acids nre nentral
liquids hghter than water (08 to 0-9) and pleasant smelling (some forming
artificial fruit escences) ; they are slightly soluble in water (the first members
more soluble than the higher ones) and they boil imdecompmsaxl.

By means of (irignard’s reaction (see p. 243) they yicld tertiary alcohols.

The esters are hydrolysed mto their components when heated with alkali,
mineral acid, or aluminium chloride, or superheated with water. "Phe mineral
acid has a purely catalytic accelerating action on the followiny reaction duwe o
the water, which is very slow in its action :

CH, - CO,C.Hy + H,O0 = C,H; - OH + CH, - CO,IL.
With bases, the hydrolysis is expressed by the equati.on :
CH, - CO,C.H; + NaOH = C,H; - OH + CH, - CO,Nu.

The hydrolysing velccity of acids and bases depends on their degrees af
dissociation, ¢.e., on their strengths, so that feeble acids and bases hydrolyse
far more slowly than the strong ones. In the case of acids, the Liydrolysis i
caused by the hydrogen ions, and in that of bases by the hydroxyl ions. In
the latter instance, however, the velocity of hydrolysis is greater than with
ecids, and with imethyl acetate, the value of K for decinormal potassimn
hydroxide is 1350 times that for decinormal hydrochloric acid. In the hydro-
lysis of fats, the acids of which are feeble and the resnltant salts therefore
hydrolytically disscciated to a marked extent (v.e., even with excess of fatty
acid, there always remains free base or hydroxyl ions), complete hydrolysis
1s obtained industrially with a quantity of base (e.g., lime) much less than that
required theoretically.
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valerte { €0 gons glycerol ) ¢ peanrc gldebyde 70 prams chlorolovia ;) 56 prams
aleohol.

lasenee of perrs 200 grnme amyl weetnto pS pravec ethyl veetnte § 198 s edhyl
nitrite { 20 gegmy glycerol | o830 proms aleohnl,

Hasenee of wpricets : 10 genms benzaddehyde 119 prams nonyl bt yrate ¢ 1 ehibro
fory -} 766 grams nleohol.

Kasence of strawherrica o 27 prmws oyl acelnte 18 gravw sngd volemte i 9 poans nmy)
bityrate -1 9 grams wanyl torwale { 15 grams ethyl sectale 5 granm esiener of vieldn ¢ 910
granms aleohol,

fessener of peaches TR geams amyl volemte Y B9 prams amyCbatymte & 20 g etbyl
aretalo ). M) grams bonzaldehydo ) 779 guas wheobol.

The nninrat esseaces of the eibrms Irnils were given on 415,

Tho pmoemits of different valatile oils and essenee aported into Franee were (toms) s 8 0
013, 012 in 1014, nud 769 in 1064,

iy oy
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ETHYL BUTYRATE, C,H, ' COOC,H,, boils at 121° and is used as essence
of pineapple and in rum. ) ‘ ‘

ISOAMYL ISOVALERATE, C,H,  COOCH,,, boils at 194° and 1s used m
essence of apples. ' ,

The higher esters form constitnents of waxes (Cetyl Palmitate, Cl.iH;,lQQCMH 45
Melissyl Palmitate, C,qH30,C50He, ; Ceryl Cerotate, GyqHg 04Cy¢Hgy, cte.).
These higher esters distil unchanged only in a vacnum ; under ordmary pres-
sure they decompose into olefines and fatty 2cids. .

Esters of Polybasic Acids are prepared by the general methods deseribed
above ; acid esters are obtainable if one or more of the carboxyl groups wre
not esterified. ) .

The esters of oxalic ccid are obtained, for instance, by heating auhydrous
oxalic acid with alcohols, the normal ester being separated from the acid cstor
by fractional distillation.

The importaice of Malonic Esters in organic syntheses has already been
lustrated on pp. 368 et seq. ; the normal methyl ester boils at 181° and the
ethyl at 198° (sp. gr. 1:068 at 18°). The two hydrogen atoms united with the
middle carbon aton may a2lso be repleced by alkyl groups. Thus, for example,
Ethyl Dimethylmalonate, (C,H; - CO,), : C(CH;),, is obtained from the sodinn
derivative by treatment with methyl 1odide. These compounds, when heated,
lose CO, and yield allcylacetic derivatives. Similar relations are found with
the alkyl derivatives of suceinic acid or esters.

The preparation of Ethyl Acetoacetate and its importance in organic syn-
theses have been dealt with on p. 396.

The Normal Methyl Ester of suceinic acid, CH, - 0, - CI1, - C1I, - CO, - CIL,,
melts at 19° and boils at 80° under 10 nun. pressure ; the ahiyh ¢sier boils ab
216°.

GLYCERIDES, OILS, FATS

Glycerol being a trihvdric alcohol, its three alcohalic groups may be partially
or wholly esterified by acid residues. It suffices, indeed, to heat glycerol
with fatty acids to obtain mono-, di-, and tri-glycerides. Thesc glycerides
are also forined by the action of the tissues of the pancreas on a mixture of
oleic acid and glycerol, a still better method for synthesising fots being the
treatment of the sulphuric ethers of glycerol with fatty acids dissolved in
concentrated sulphuric acid. Most fats and oils are formed of triglycerides,
which, according to the nature of the fatly acid satuvating the three alcoholic
groups of the glycerol, are termed Tripalmitin (melts at 60”), Tristearin (wuclts
first at 55° and, after resohdification, at 71-67), and Triolein (liquid, solidifymg
at about 0°).

Triolein, which s the principal component of liquid fats and especially
of olive oil, is formed by the esterification of the glycerol molecnle with 3 mols.

of oleic acid (sce p. 358) :
(H2 * 0 ' 0 : (}131{33

I
(IJH 00y,
CH, 0 -0 - CH,,

Mono- and di-glycerides are not found in the fats (only ravison oil contains
a diglyceride, dicrucin ; see also esters of polyhydric alcohols and glycerol with
mineral acids, pp. 356, 381 et seq.).

Certain fats (butter, cocoa-butter) contain mixed triglycerides, i.e., with
different acid radicles, some of them being of acids of low molecular weights,
soluble in water.! A. Grun (1906-1909) synthesised mixed glycerides con-

Volatile falty acids soluble in waler. The number of ¢.c. of decinormal potassium hydroxide
solntion required to neutralise the volatile fatty acids soluble in water from 5 grms. of the fat
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taining three acid residues, all different.! The most simple glyceride is Tri-
formin, C,H(CO,H),, which was obtained crystalline by P. van Romburgh
(1910) by protracted heating of glycerol with 100 per cent. formic acid ; it
crystallises with diffienlly, welts at 18°, boils at 266° (762 mm. pressure),
and at 210°, under ordinary pressure, decomposes. It is hydvolysed slowly by
cold, rapidly by hot water.

constitntes the so-enlled Reichert-Meissl-Woliny number, and serves to asvertain the purity
of certain fats, cspecially of hmtter, The determination is niade as follows: exactly 5 grmé.
of the fat (mclted at a low temperature and rapidly fittered) is heated in a tlask of abont 359 c.c,
capacity with 10 c.c. of alcaholic potash (20 grms. of KOH in 100 c.c. 70 per cent. aleohol) on
a water-bath with frequent slinking pntil almost all the alcohol is cvaporated ; the remainder
of the alcohol is completely expelled by shaking the lask and introducing a civrent of air every
half-nimte.  After abont twenty mimites, when the smell of alcohol is no longer detectable,
100 c.c. of distilled water is added, the heating being continued nutil a clear solntion is obtained
(if the Hquid daes not become clear the test must be commenced anew, hydrolysis being
incomplete).  Ta the tepid solution nre then added 40 c.e. of the dilute sulpharic acid (1 vol.
cone. H80, + 10 vols. water) mud a few fragments of pnmice, the flask being then placed on
1 donble wire-gauze and the Hquid distilled, the dimensions of the apparatns
being shown in muw i Kig. 354, In abont half an honr, exactly 110 c.c.
of lignid distils over; this is mixed and filtered throngh a dry tilter, 100 c.c.
of the hiltrate being titrated with decinarmal KOH solution in presence of
phenolphthalein,  Fhe volmme af the alkali nsed is incrensed by one-tenth ot
its value (the vamme of the distillate beiiyr 110 c.e.) and diminished by the
number of ¢.c. of the alkali abtaineil from a cantrol experiment made withont
Fat as a check o the reagents cmployed, The resnlt is the Reichert-
Meissl-Wolluy mumber. At the present time many laboratories employ
the Leffmaim-Beam-Dolenske method, which cffects more rapid hydrolysis
(sea later, Batter).  Wor hutter the limits for this number allowed by law are
26 to 31-5 (Mnnicipal Imboratary of Milawn). the butter beiny suspected if it
gives a valie of 22 to 26, although the hntter of certain districts and from
certain animals may, in exceptional cases, give a mumiber as low as 21
The valne for rancid lmtter, even two maonths old, is only slightly lower
(by abont 2) thau the normal.

Tusolnhle fotly acids.  The qumnbity of fatty acid indolnkle in water ¢btain-
nble from 100 parts of fat is ealled the Hehner number, and is determined as
follows: into a tlask of ahont 209 c.e. capacity is dropped, (rom a weighed
vessel containing the dry filtered fut, 3 to £ grms. of the substance, the
vessel boyg then reweighed exactly.  Atter addition of 50 c.e. of aleohol
and 1 th 2 grms. of KOH, the tlask is lieated o a water-batlh for live nuhumtes,
o clear salution heing obtuwhied.  If the additien of a drop of water pro- Fig. 254,
duces turbidity, saponiGeation i incamplete, pnd the heating is continned
for a further perind of tive minntes, the lignid being then tested as before. Evaporation is
then coutinned until there remains a dense mass, wihich is taken np it 100 to 150 c.c. of water,
neidiGed with diluto snlphuric acid, and heated nutil the clear fatty acids Hoat on the surface.
The lignid is then ponred on a dry, tared filter (abaut 12 em. in diameter and in a fuunel
either withant a neck or with a very shart one), previously half filled with hot water. The
acids are washed with boiling water mutil the washing water ceases to show an acid reaction (as
much ns 2 litres of water iy sometimes requived).  The lilter is then cooled in a beaker of water
50 that the fatty acids salidify. “Lhe filter is then detached from the lilter and introduced, with
the acids, inta a tared beaker, which is heated in an oven at 100 to 102° until its weight
remains almost constant (difference between two weighiings less than 1 mmgrm.). The weight of
fatty acids, referred to 100 parts of fat, represents the Hehner number.

Unadnlterated fats gencrally have Hehner nmmbers of 95 to 97 (for butter it is 87-5; for
coconut oil, 85 to 92; for palm-kernel oil. 91). )

1 The synthesis of triolein has been applied practically by G. Gianoli (1891) to (liminish the
rancidity of oils, especially of alive ol ebtained from the pressed residue by means of carbon
disulphide. This oil contains 20 to 30 per ccut., or even more, of oleic acid, and is heated in an
autoclave with the correspondiny ¢nantity of glycerol (or c¢ven a sliyht excess) at 250° in a slow
stream of CO,, or in a vacunm with a trace of oxalic acid to facilitate mixing of the liquids and
avoid blackening of tlie mass owing to the presence of liydroxy-acids; the distillation of the
water fornied in the reaction is hastened by adding fragments of tin to the niass. This procedure
yields a neutral or almost neutral oil with an iodine number less than 75 and a marked viscosity,
50 that it may be used oven for mixing with lubricatiug oils. Bellucei (1911) also achieved
an almost quantitative synthesis by leating together the theoretical proportions of glycerol
(1 mol.) and fatty acid (3" mols.) at 180° to 260° for two honrs in a vaeuum, so as to expel the
water formed, which would otherwise produce the reverse reaction : in a current of .COQ, the
same reaction takes place at the ordinary pressure. ~A. Walter (1911) obtained a mixture of
tri- and di-oleins by ‘treating glycerol aud acctic acid in presence of the enzymes of castor oil
seeds, which act as catalysts. Indeed, calulysts cause reversible reactions. and while in presence
of water the enzymes of castor oil seeds hydrolyse fats (sce latcr, Biological Saponification) with
formation of glycerol and fatty acids, if water is excluded as much as 35 per cent. of the fatty
acids may be converted into glycerides.
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Oils and fats have coeficients of expansion greater than thos: of other
liquids (100 litres of olein at 0° becomes 101-6 at 20%).

Fats and, still more, waxes contain also non-giyceride golnl')n.u(»nw" 4.
Cetyl Alcohol, CygH,,0, which, as such or as palmitic ester, forms one af I',h“

el ; s i ; i LoH 0., and 1ks estor
principal constituents of spermaceti fat. Cerotic Acid, C,-H;004, St
occur in large proportions in wax. Non-hydrolysable substances (chalesteral,
phytosterol, isocholesterol, aromatic alcohols, etc.) are wlways found m sradl
quantities in fats (olive oil, about 0-75 per cent.; ravison ml.k boper (t‘(‘nl-..:
cottonseed oil, 1-6 per cent. ; lard, 0-25 per cent. ; cod liver nil, 0-5 ta 3 pur
cent. ; tallow, 0-02 to 0-6 per cent. ; bone fat, 04 to 2+t pev cent. ; waol Tak
more than 7 per cent.). The oils of cereals and of Leguminasea: contain whun-
dant amounts of LECITHIN, C;;HgsO,NP, which is decomposed. by the enzyms
of the pancreas or castor oil seed, but not by that of the blood (serwm lipase).
The fat of peas contains 1-17 per cent. of phosphorus or 30-1 par cent. al
lecithin, and that of wheat, 0:25 per cent. of phosphorus or 65 of lecitlan.
Lecithin abounds in the brain, nerves, blood corpuscles, and cgg-yolle; fov Its
constitution, see chapter on Proteins. The amount of lecithin is obtained by
multiplyirg that of phosphorus by 26. N

Fresh fats and oils contain minimum proportions of free fatty acids (less thaa |
per cent.), these ncreasing with lapse of time, especially if the Yats are nat melked.

This rancidity is facilitated by sunlight and also by the protein substances
of unrefined fats and oils. Coconnt oil does not readily twm rancid, but with
olive oil the proportion of free oleic acid reaches 25 per cent., and with palm al
as much as 70 per cent. of free acids may be formed. The rasi¢ and smell of Tads
depend, not on the glycerides, but on other substances.

The specific grevity of oils and fats varies from (875 to (4970 (sce Table
given later) and is deterniined by means of an aeromcter or Westphal halunce
(cee Vol. I, p. 76). They are almost conipletely insoluble in water, acetone, ar
cold alcohol (this digsolves a certain amount of castor oil and of olive-kernel oil).
The solubility increases markedly in boiling alcohol and is camn-
plete in ether, chloroform, carbon disulphide or tetrachloride,
petroleum or petroleum ether (in the last two, castor ail is slightly
soluble, while ether dissolves a little pure tristcarin).*

When heated on a spatula held some distance above a flume,
all fats give greenish flames, owing to the presence of carbon
monoxide and sodium ; also all fats are blackened by osmium
tetroxide (sensitive reaciion).

Oils dissolve small quantities of snlphur or phospharns and
larger quantities of soaps even when they are dissolved i cther or
petroleum ether. _

The oxygen of the air exerts a marked and rapid influence, as
it is fixed by the drying oils (linseed, walnut, hempseed, pappy-
seed, etc.), which are thus transformed into sarndshes, {his
occurring more readily if the oils are boiled with oxide of e
or of manganese.

! To determine the quantity of fat contained i aity solid substance, n weighed
portion of the latter in a finely divided, dry state (5 to 15 grms. is taken nnd, if
pasty, mixed with fragments of pumice) is introduced into a filter-paper cartridgn
situate in a Soxhle! apparatus (Fig. 255).

The Soxhlet apparatus is connected at the bottom with a tared (lask resting
on a water-bath, and at the top with a reflux condenser. Wramn 109 to 150 ¢.c. of
petroleum ether or ether is then added and extraction centinued for 2 to 4 honrs
In such a way that the solvent siphons over 15 or 20 times per haur. A caleinm
Fic. 255 chloride tube may beattached to the extremity of the condenser to prevent aceess

of moisture from theair. The solvent is afterwards evaporated from tho Haslc and
the residual fat dried at 100° to 102° until almost constant in weight.

§he difference between the weight of fat and that of the original substance gives the solids
not fat.
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Wikl the ather non-drying ails, the e (bagether with lighk) gradually
catses vencildy, which, hawever, sonw akkeibuke 1o dhe acklan af backera, or
rather ta hydrolysing and nxidising snzymes ;. hnwever {his aisy be, the acidiky
ereaes awing ta formatian ol Intyde, eapraie, uleie, ete., scids, buk the
ranetd Gaske il smell e due more esprcially Fo Bhe farvebian of sldehydis,
ketamic, aml eblheveal substanees, hyleaxy-acals, and valatile acids which
can be eloninaked hy repeated washing witlsdlote salnkann af aflkadt and sabae-
gquently af Dsulphite (fnr the aldehydes and Letones, see later, Remavalad
Bnkler).

When ks buo vabeid, the dadize monher U s lowersl awl e dndes of
refraction® b drapping ar aneltivg-poind (see pp. 5 aml G), and the aedyl

' The Todine Numuber is characteristio of a ot (ser Tnble, po 46382, aad ex presses the pereentae
of imfine absortied hy the it (Le, by s onsatimaled cconponents, rg., oleie acid or the
correspanding glyeerides, two plows of iolve being ixed for aeh doeble Tinking, see po 107),
This dolecortation requires: () An mdiee sehidyon obitained by mixbae, A8 hones helore nsing,
ol vobimes of the two following solicGons @ (1) 25 wrms of fodine in DO cas of puns 94 per cenl.
aleohal, mnt () 30 grm L of merearie chlorble in SWLee, of pare 95 per cent. nleohol ¢ (1) asodiaon
thinsul pheete snlution, proporel hy dissntving 20 grms. of the pure salt in a e of wuter, the
sitre in dolime bheing ascortained wa follows s 38655 goms. of pare, dry potassinm dicbromate
is isanlved iy witer at (6" nud the sohelion male ap to o fitre 3 exnetly 20 e.eo of this solntion
is introdneed tnto o tlask with i geonml stopper, nhont 13 c.eo of a 10 per cent. potassbon iodide
solasion (free from bwlroxile) being pslded aud then 5 ceo ol concenlrented bydrochlorie acid,
This procedure resnlts in the liberation of exactly 2
gem. of iodine. The thiosnlphiste solntion is then ran
in from & burette vutil the sahidion i only Distly
yellowe A few dropy of {eesh staeeb-poste are then
acbled and addition of  the thiasnIphate continned
il the blne colowe disspprenrs. Tt s Lhos fonnd
how vl bdine corresponds with 1 e.e, of thiosntphwte
solution, the strength ol which genmins constant fer
several moaths, :

The indtoe mumbee s determived by dissolving s
known weisht of the tnt or oil (-2 to 05 gra. or, for
devingoils, 01 to 0412 gran.), in a B8 to 8O e.e tlask
with a groand stopper, in {5 e.co of puee ehlorofonn
und ndding 26 e of thoe jodine solotion (prepmred
A8 homrs previously, as stuted above): if, wlter two
hoars, the liquid s no longes very hrown, n further
measivred vonlione of jodine solation i8 added and the
whole lelt in the dk. Alteg six howrs the vxerss of
iodino feft. mabsorbid by the Tnt is dptesmined by
nedding 2t ees of 1) per eents K1 soldion, dilnting
with 15Q e of winter, aml adding more K1 i€ the
reddish hrown soltion is vote clear, The excess of
inline is then titrmaed with the thiosalphnte sobdion
in the mmmer nlveady deseribed.  Tnnnedintely alec.
wiods, 206 cen of the iodine solntion cmployed
litratnd,  Thoe ditferenco hetweon the two  vabeaes
thes ohtaimal, expressd as grams of dodine per M, B,
1on s, of sho fat, represeats the jodim: nmwmber.

# Tho indes of rehmetin is mewsmared in the Zeiss Butyro-~reftactometer (Iig. 251, hy
obsnreving tha tolal reflfection of n veey thin loyver of oil or Int sittmbe hotwoen (wo peisms, g
monated ¢a the twic elimmbers, 1 and 22 (the fatder retates on the hnge, (2, 80 a8 (0 sqaceze
mifogmly thae il of oil smenrnd @ p o thoserew, # tixes 2agpinst ) Indivect gt (eom the
s or from n powerful sodinm len is passed throwgh the prisms by meaas of +ho mirror, J/,
and the limit hetween the Gght ead dark portions of nosale vending from 9 Lo 1908 read throagh
the oyepioce, K. A thermaaetor, M, indicated tho toniperatare at which thy obscervation
is mde, and this tomporatnee maoy be vegnlnded (50 a8 to melt solid fats) by passing walee,
at o higher or lawer temporatnve, i wh £ nud throngh the mbher tabe, -0, to the ontllow, ¢
The roleaction is wmally ststot v the centesiaml] dogreos of the Aeiss scale, the tomperndaoe

aoramlly 26" heing mdientod.  Vahos obfained at other eniperatures may he referved to
Mo naraial tomperature hy adding or sulitracting 0465 for cach degeoe above of helow 357 (Lhe
mmbhoer )-55 i acmrate for bhuttor, d. slightly inexacet or other fats).

Thy Smdex of refraction is obtninml (o the vending on thn Zpiss semle by wilding o the valnoe
14290 ns many tou thonsandths as are ohinined by myltiplying the scaly degrees by 78 when
tho reailing i botwoor 0 and 30 7-5 if hatween 30 und 505 7-3 if hetwenn 50 and 700 and
7-0 if hatwpen 70 aud 100, (This procernre, too, gives peenrato vaes for butter, Imt slightly
imacenrato muaes for other futs).  Thos, 39" on tho Zeiss senle woald correspond with o refvactivn

78
indox of 14220 - 3D {00

T 220 - 00234 . 1-4454, which ageoon alniidh exactly with
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number (see p. 224) rise. In butter rancidity is facilitated by the presence of
the casein and milk-svgar, which give rise to other decontpositions, Al.t-hougl%
not rigorously exact, the degree of rancidily is expressed by the mumber of
c.c. of normal potash necessary to neutralize 100 grms. of the fat. A butier with
10° of rancidity should be rejected. The free fatty acids in fats and ols are
usually determined with a decinormal alkali solution, 5 to 10 grms. of the
fat beirg dissolved in 50 to 60 c.c. of a perfectly neutral mixture af aleohol
and ether (1:2) and phenolphthalcin being used as indicator. The acid
naimber gives the number of wgrms. of KOH nceessary to neutralise 1 grw.
of fat. '

By passing a current of air through oils heated to 70° to 1207, the so-called
bloun or ogidiced oils, rich in triglycerides of hydroxy-acids, arc obtamed.
These are dark in colour and have the density of castor ail (but arc soluble
in petroleum ether), but if “blown "’ in the cold for a longer time, they wre
obtained almost colourless. Blown oils are valued as lubricants. If the blow-
ing is continued, yellow or brown gelatinous masses ave obtained. Witl the
exception of the iodine number and the Hehner number—wluch are lowered
the chemical and physical constants of blown oils (thickened oils, ete.) ave higher
than those of the original oils. Otls also fix ozore m praportion to the nun-
saturated fatty acids they contain, and at the same time become denser (see
p- 359) ; olive oil has the ozone number 15-8-(grms. of ozone fixed per 100 grus.
of oil : Fenaroli, 1906) ; maize oil, 21 ; linseed oil, 33 ; and castor il, 16, Also
sulphur is dissolved and combined in amount increasirg with the proportion
of glycerides of unsaturated acids present, giving very viscous, brown liquids,
sometimes almost solid and gummy. o

Chlorine acts on fats, partly replacing hydregen and partly combming
directly.

Todine is added slowly, but the addition becomes rapid in alcoholic solution
and in presence of mercuric chloride (Hiibl).

Addition of concentrated sulphuric acid to oils resnlts m the development
of heat and the evolution of sulphur dioxide ; in the cold, sulphuric cthers of
the tiiglycerides are formed.!

Dilute nitric acid, in the hot, slowly oxidiscs fats, while the conuentrated
acid attacks them with evolution of red vapouus.

Nitrous Acid renders non-drying oils denser and solidifies them, the triolin
being converted into trielaidin (see p. 359); the drying oils remain liguid,
although their specific gravity, viscosity, and saponification number increase,

and the iodine number and Hehner number (per cent. of
f insoluble fatty acids) diminish.
B i When burnt, fats give the characteristic odour of acrolein,
22 which 1s derived from the giycerol.

102 e

o the true index of refraction (1-4452): similarly, G0° on the scale means n

-

% refractive index of 1:4220 4 60 x _IT()—U_I)T) = 1-4658. Inversely, thoe sealo

7  reading is obtained by subtracting 1-4220 from the refractive indox and
o  dividing the remainder by 78, 7'5, 7-3, or 7-0.
o The colour of the line of demarcation on the scale somotimes gives an
indication of impurity in the fat, being colourless for pnre butter, hlue
y @ if margarine is present, and orange with admixtures of certain otlier fats.
L‘J * Manmené found that tle rise of temperature produced by suphnric
_ acid of definite concentration serves to distinguish different fats (se¢ TPahile
Fre. 257, givenlater). This constant (Maumene number) is nowadays determined by
. means of the Torkelli thermo-oleomeler (1905). 20 c.c. of the oil is pourerl
into the glass receiver, 4 (Fig. 257), the jacket of which has been evacuated. The oil is
stirred for one minute with the thermometer, B, fitted with platinum vanes, and the initinl
temperatare read. 5 c.e. of concentrated sulphuric acid (sp. gr. 1-8413 or 66° Bé.) is then
added from a pipette in 30 seconds, the liquid being kept stirred as long as the tomperature rises.
The rise of temperature is the Maumene number. If the sulphuric aeid has not the density
given above, but is allowed to absorb even traces of moisture, discordant results are obtained.

)
1
1
!
1
)
)
/
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On paper, fats and oils produce a translucent spot, insoluble in water
(different from glycerol).

All these reactions serve as qualitative and quantitative tests to establish
the purity of fatty substances (see luter).

WAXES. Unlike fats, waxes are usually composed, not of triglycerides, but of esters
derived from the higher monohydric alcolols (e.y., cetyl, myricyl, and ceryl alcohols, choles-
terol, ete.), and sometimes dibiydric alcohols also. They contain, in addition, the high
acids (e.g., palnitic, stearic, cerotic, oleic, etc.) and aleohols in the free state. Further, bees-
wax containg as much as 15 per cent. of high melting-point hydrocarbons.

They form homogencons mixtures in all proportions whe fused with fats and give also
a greasy spot on paper, but they yield no odour of acrolein when burned (unlike fats) and
do not become rancid when exposed to the air.

The commonest waxes are beeswax, Japaiese wax, spermaceti wax (from whales), and
carnauba wax (ffom the leaves of certain pahns).

Beeswax forms the hexagonal cells of hechives. After the honey has been expressed,
the mass is mclted with water to remove impurities © on cooling, a solid layer of crude wax
separates at the swrface, and this, after being melted and cast into blocks, forms virgin
or yellow waz. This is placed on the market in varions qualities and colours, some of them
heing olive-brown ; they bear the name of the place of origin and can be bleached with
varying facility.

The Europcan waxes have the following physical and chemical constants, which allow
af the deteetion of the frequent adulteration to which they are subjected : melting-point,
62° to 64° ; solidification point, 60°; specific gravity at 98° to 100°, 0 822-0-847 ;. saponi-
fication number, 95 to 97 (rarely 88 to 105); acid number, 19 to 22 dlfference between
saponification niunber and acid munber (ester nianber), 74 to 76 ; 1odlue number, 8 to 11;
degrees on the Zeiss butyro-refractometer at 40°, 44 to 455 (rarely 42). Toreign waxes
have somewhat different constants.

The bleaching of the wax is clfected by melting it several tlmes with slightly acidified
water, allowing it to cool slowly so as to separate the impurities more thoroughly and
thon cansing it to solidify in thin layers on a cylinder half immersed in water and exposing
these to the sim and air for five to six weeks. A wmore expeditious method of bleaching
cansists in treatment with hydrogen peroxide or other oxidising agent (dichromate and
dilute sulphuric acid), or with animal charcoal. The white wax thus obtained—often
improved in appearance by the addition of 4 to 5 per cent. of tallow—prescnts alinost
thie same physical and chemical constants as the virgin wax, the iodine number alone
heing lowered by 1 to 7.

The wax is insoluble or only slightly sohible in cold alcohol or ether, but dissolves
in the hoiling solvents. It dissolves in the cold in chloroform, oil of turpentine, carbon
disulphide, or fatty oils. It resists dilnte canstic alkahs and concentrated alkali car-
honates. Tt is nsed for making candles, waxed cloth and paper, masties, artificial fruit
and flowers, cte.

Carnauba wax is exuded front the leaves of certain pahns (Corypha cerifera) of Brazil
and Venezuela. In the crude state, it is hard and brittle, and of a yellowish green colour;
it melts at 83° to 88°, has the acid number 4 to 8, the saponification number 80 to 95, the
ester number 75 to 76, and the iodine number 7 to 13, and contains more than 50 per cent.
of non-hydrolysable snbstances. It is used for the manufacture of candles and, mixed with
potash (soft) soap, forms the encawustic with which pavements are cleaned.

Japanese wax is the fat extracted from the fruit of certain Japanese and Chinese trees
of the order Terebinthacesw (Rhus succedanea, R. vernicifera, and R. sylvestris). It differs
from beeswax in having an ester number of about 200 and a saponification number of abont
220. It is completely hydrolysable, since it consists of glycerides of palmitic, stearic, and
arachic acids, and contains also 9 to 13 per cent. of free palmitic acid.

Uses. Wax was formerly used mostly for making the wax candles prescribed for reli-
gious ceremonies in Roman Catholic churches, and about the beginning of the present
century the Holy Synod of the Orthodox Russian Church rendered obligatory the use of
candles of beeswax. Admixture with beeswax of stearin, paraffin wax, and various other
substances is, however, not easy to detect by analysis.

Before the Europeant War, yellow beeswax cost up to £150 per ton and the bleached -
wax £170.



PHYSICAL AND CHEMICAL CONSTANTS OF OILS, FATS, AND THE CORRESPONDING FATTY ACIDS

[

| | | # l %
sclldifying Mclting- H I Sapouification ! lodite UMavwené }  Bityro- Tudex of
Specifie potit polut h { Reichert- wmuher i unmber | wvwpher | refractoneter refractio
aravity Hehuer ¢ Acetyl ¢ Mejssl- wgrms. KQH X H i readlng at 60°
at 15° upmber i numher Wy ’ I
. ) ! unmher |
i : ! i i i
§ Fat ;l“att_v acids] TFat 1Fatty aclds i I'at ll-‘ntt_\' atida’i Fat :1" atty acids}l Fat ;l Iat Fatty acids
Vegetable }
Oils and Fats i
Linseed oil 0-9315-0-9375| - 16°to —27° 1 13°-17° —20% =-21° 953 | 4-8 _— 102-195 197 LO1TL-195 179-198 110-126 25 at 40° 1-4546
Hempseed oil | 0-9255-0-9280 =27 13° — — i — — 172-192 — i 48 141 97 — —
Poppyseed oil | 0-9240-0-9370 _— 952 | — _— 105 1@ 133-143 130 86-89 634 at 40° 1-1506
Malze oil 0:0213-0-9255 - B — 158-103 198-4 | 116 110-125 95 67 —
Cottonseed ofl | 0-9220-0-9310 3°-4° ! 90:0_6 e-18 — 103-146 202-308 i 108-110 T5-00 1-4460
Sesamé oil . | 0-9230-0-0237 — 95-7 11-5 -2 159-103 200-4 | 103-108 65 1-4461
Colza oil 0-9132-0-90168 — 051 147 03 170-179 18) 1 14-102 55-64 1-4091
Castor oil . |0-9600-0-9679 — 14 147-150 ¢ 1-4-2:8 182-186 102 83-86 { 635 14546
Almongd ol . {0-8175-0-9195 — 06-2 hd — 1a1 204 13-101 £ 51 525 1-44061
Arachis oil 0-9170-0-9209 26°-21 — 853 — — 190196 201-6 83-100 96-103 45-51 1-4461
Ollve oil 0-9160-0-9180 ac — 95 10-6 03 185-196 193 TO-88 86-00 41-45 62-4 at 25° 14410
Palmoil . |0-9210-0:9245 — 36°-45° | 27°-42° _98 13 05 106-202 203, i1+ 533 — - 11510
Palm-kernel ¢il} 0-9520 20:5° 20°-25° | 23°-28° 37-6-91 -8 . 5-6 242-2%0 2 13-14 12 — 36-5 41 40° 1-4310
Grapeseed oil [0-9258-0-0262 —_ —_ — 92:6-93-71 23-95 [ 0-35-0-40) 160-195 — ! 130-140 — — —
Cacao-butter | 0-9500-0-9760 23°-21° 17°-457 ) 18°-33° 84-6 2-8 | 1-4 1935 100 Uo32-4 — 47 at 40° 1:4220
Coeonut oft . |0-9115-0-9250 22°0-34° 20°-16° | 21°-24° 84-90 1-1? HER T 246-260 22%-266 ; 8-95 — 34 at 40° 144205
butter) - - ’
Sosa-bean oil 109255 —8°to —16°| 22° - 27 939 — 1 045 11920-103%; — 125 — £6-87 — 1-4730 {at 20%)
Animal Fats oo P ) .
Ox fat(tallow) | 09430-0-9520!  35°-27° { 38°-46° : 45°-40° 43°-4° ! 9‘a~6 3-8 0-25 193-200 1% 38-16 — 192t 40> ¢ 14375
: 2l o bR 0 i Q or oa
Boefat , 09140-09160  15-2¥ RS KA | 86-04 1 — 191 2 46-3h — -
2 bHID I G gl Al apen L b1 [ ML “1.38 2" e by
Horse fat . (9130 4330 040 9s-dky dma — Hy 1 Ih d-%8 — A a4 -
Butter TR A IR O I I S A S e S PR U
: AL OO SRS T O . BRI S s .. C "— A
e
B da . B - o . ) .

997

AdLSINTIHD DINVDYO



SAPONIFICATHION 467

Hydrolysis (Saponification) of fats and waxes. 'The hrrw sap miliv:x.[hm{ 18
appliedd ro Hhe decampasition of fals tuta the aleahals awl aeds camposing
them with stnultaweans wdditian af o maleenle al water (Aydrolysis), hy Teat
fng wikl witer nuder pressuee al 2007 ar hy bhe action af achl av alkalt (see
p-A68) ¢+ when alliali s need, the alkali salt (sanp) af The by avid antt nal the
Teew senl sell i ahtatued :
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The ansechanism of the sapaniliation of fats was for lawy 2o matter of con
traversy,  Sunwe reganled ik as ocenering geinhuoly, ol af Tat il reaching
with 1 of adkali (hinwdecular vractun) (see Vol F,ope 69) and of aud mona
glycerides Teing farnwsl ns interwonmlinhe praducts, whilst, acrardog (u.u[lu-r:}_
sapanificabion was a stogle (hebranmleenlar) veachiar Only siwer The wvesti
gations af Geilel (1897), Lewkawilselr (1898 1901) aml, wmare espectadly, Kree
mann (FDG), daes it epp s ko he eskahlisloal with verlaanty Hhat sapouilieatian
is grwdunl, consisiing of suecessive hhmoleeular veavtians, C mirary to the
view af Forttat (1912), 0. Mever (E2E3) showied that The vavions glveeridis,
gherral, il soap acenr tugether e equiiiheatel mixture, the equalibrinm
nlergnvg gradual dinplaerment tawams emuplete snphntfeatvm, s was
isbented by bl resmlts af KeHuer (F909) and ol Iomamun (190 1908),
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gansbic potash av sada in the hok, whihe with an alenlnlie salubhin of ronstae
patash ar sada ik s camplebe b rapid, Tavmatiow nf the ethyl ester ol Hhe fatly
actds andd Hheratinn ol glyeerine fivst aceneeing sud then emuaphebe hydrolyan
al the vihyl ester. The latber vy e oblained sheeekly fram Taks hy henting
Lhewr wikh slightly acwlilied alenhal,

Sahinm nud patassins eichandes slo ol ablck Ints,

Faks way he saponitied by beabuent with aosmall peap wtion of agnenns
annnavi in an andnelave, boto bhe varly attempls ba vender Hhis pracess prae
Feahlie an an imlpseil senle wers wnsaeerssiul, CPhe cenckinne was, hawever,
investignied syabenadienlly hy Garelll, Barhé wud De Paolt, wha sibtain vom
plele sapouilicnkim by heating the fnd for seyen bn eight oues i s bead dined
ntitockive ander o pressuee of G atnms, with a mininmun nnaunt af anneania
(-G por cent.), which nets cdalybieatly and lherates the falty aeals, Thia pen
goss s wlaubledly wic improvewsmit on the Thne . nagesia el owe oxile
pracesses, bul sinee Ui amuonie cannate be reenverml, 1 sanhat campote with
Fhe enzymic sheenupositian of fads m open winsbin vids @b campaeatively bow
towpernbures (see laler).  Plw nse al G vo 7 pev eent. al nmunmuin, ns propasel
by Buisum (1883), nr eyen al 2 ko 3 per eenk., e pn antaelave Teaals 1o sertoms
diffieully owing to rhe formmbion ol & couuplelely eomisifiml ness ol wiinanin
saaps which da nak allaw the glyereine salnbion taseparide, a4 the tranhle
ansd exprose of frending the pmumnia sonps with sten o sep wde Yhe falty
actds,  Garelli, Barb® and Do Paall (Ger, Pab, 200537, EDG) branslarin the
ammuonia saaps diveerly mto sodi soups by sihmple Creslngul with saliim
chlorule, just as i thie Salviyy roda process (Val, t, p.59G) 1 the recovery af the
munumia iy, however, difficnll and the Toss exeemls 8 per cenl,

A process patentas] sowe yenrs ngo fir sapanifying fats by wienns of sulploe
dioxide or bisulphite m aulnclaves at 10 I 19 aknws affers na proamise af
priwtical application.

No kb how diflienlt the sapanifiention of w fal, & wny e redensd
complete even o tln cald by the Tenriques process, whivh consists i dis
salving, say, 3 1o 4 goas, af the fid i 95 e, al poralewm ekl wd 20 e, of
normnl alcoholic pokash, the mixtore being shukem from Huw Lo Hime thaving a
pertod of twelve hours 3 on heating, waxes ure alsn dlissnlyed in this maner.
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To determine the quantity of alkali fixed (saponification mumber),! the excess
of alkali is titrated with normal acid solution. ‘

Dilution of the saponified waxes with a considerable amount of watur
results in the separation of the higher alcohols, which can be extracked with
ether. Spermaceti contains 40 to 60 per cent. of these insoluble alc(‘)hols (which
are known industrially as non-saponifiable substances), beeswax 53 per ceut.,
and carnauba wax 55 per cent.

ANIMAL OILS AND FATS

It is not possible here to study in detail all fats, so that only she more
important ones, the processes of treating which are partially applicable to the

others, will be considered. ' o
Classification of fats into those of animal and those of vegetable origm or

into solids (tallow, lard, sheep’s tallow, goose grease, and coconut butter) and
liquids (oils) is of no practical value, but it is necessary, with the Heuicd vege-
table fats, to distinguish between those which have drying (linsced, walnuk,
poppyseed) and {hose with non-drying properties (olive, colza, arachis, custor,
cottonseed, maize, ete.).

Animal fats are usually melted (by direct-fire heat or by steam) or com-
pressed either hot or cold, although sometimes they are extracted with solvents.
Vegetable oils are extracted from the disintegrated seeds by pressing thew hot
or by treatment with suitable solvents. In both cases they are vefined by a
series of mechanical and chemical operations which will be deseribed mors
particularly in dealing with tallow, butter, and olive oil.

TALLOW (ox f{at, sheep fat, etc., but not hog’s fat) melts at 35° to 37°, cantains 70 per
cent. of stearin and palmitin (in equal parts) and 25 per cent. of olein. In the crude state,
as it comes from the slaughterhouse, it is incorporated in a cellular tissue and containg
various impurities, such as blood, skin, etc., which gradually putrefy, giving a had adanr
to the tallow. To prepare the real fat from the crude tallow, the lattes is ent np i snitnhle
machines fitted with knives and is then melted it open iron or copper hoilers pravided with
stirrers and heated either wholly by direct-fire heat or partly in this way (Ifig. 248) and
partly by injecting direct steam, superheated to 180° to 200° through the tathe, 2. Tha
strongly sinelling gases evolved are led by the pipe, a, under the hearth and there hmwmned.

! The Saponification number, or Kdttstorf number, indicates the mumber of niilhgrams
of KOH necessary to saponify 1 grm. of fat or wax completely. The determination is made
as follows : 1-5 to 2:2 grm. of the filtered. fat is weighed into a 150 to 200 e.c. wide-nocked thask,
to which is then added 25 c.c. of seminormal alcoholie KOH solution prepared with 90 per cent.
alcohol and also 25 c.c. of neutralised alcohol. The mixture is then lcated far 15 to 3D mimtes
in a reflux apparatus on a water-bath previously heated to boiling, and, while still topid, i
titrated with seminormal hydrochloric acid (not sulphurie acid, whicl wonld precipitnte 1Ka8t,).
using phenolphthalein as indicator. Multiplication of the nuruber of c.c. of samitormal KOIL
solution actually consumed in the saponification by 0-0301 gives the number of mgrms. of KOI,
which is calculated for 1 grm. of the fat.

Non-saponifiable substances (mineral oils, ete.) added to fats as adultermits can bo deterted
by the following qualitative test devised by Holde: two drops of the oil mre hailed for onoe
minute with a sclution of a piece of caustic potash the size of a pea in 5 c.e. of hailing absolate
aleohol, 3 to 4 c.c. of water being afterwards added to the liquid ; in prescnec of as littlo as
1 per cent. of non-saponifiable compounds, & turbidity is produced. Also a benzenc solution
of picric acid gives a red coloration with fat containing 1 per cent. of mineral oil.

For detecting traces of neutral fats (non-saponified) in pure fatly a¢ids of commerce, Geitel's
lest is employed : 15 c.c: of ammonia solution is added to a solution of 2 grmis. of the fatty acids
in 15 c.c. of hot alcohol. Turbidity of the liquid indicates the presence of mich ncutral fat.
I, however, the liquid remains clear, cold methyl alcohol is poured carefully on to its surface
a turbid ring is formed between the two layers of liquid in presence even of traces of neutral
fats (this test does not answer with palm oil).

The addition of resin to fat is discovered by the Liebermann-Storch-Morawski test applied
to the fatty acids obtained in determining the Hehner number (see p. 461): a few drops of cold
sulphuric acid of 50° Bé. are added to a well-cooled solution of 1 to 2 grms. of the fatty acids
(which contain the resins) in 1 ec. of acetic acid. If traces of resin (pine or cofophony) are
Eresent, an intense red or violet coloration forms immediately and rapidly gives way to a brown

uorescence (presence of cholesterol or wool-fat produces a reddish brown coloration, which
changes to blue and then to green).
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The clear, molten fat, after a long rest, is discharged through the tap, E, and filtered
througl a bag, the solid fragments of cellular membranes and other impurities being
retained by a perforated double bottom. These impurities, while still hot, are squeezed
in & press such as that made by C. K. Rost, of Dresden (Fig. 259), being placed inside the
perforated cylinder, a, which is surrounded by the jacket, A, and closed by the cover, b,
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Fra. 259.

fixod hy the screws, d; the pressure is exerted underneath on a plate raised by means of
the lever, e« The pressed residue is then cither treated with carbon disulphide to recover
the snmll ainomt of fat still retained, or used directly as cattle-food. A powerful press,
which is largely nsed, is shown in Fig. 260.

Fusion of Tallow with Acid (d'Arcet method). This method increases the yield and
impraves the flavour of the tallow. It is carried out in the Fouché apparatus (Fig. 261),
consisting of a closed boiler, which can be heated both by indirect steam circulating through

Fic. 261.

a coil on tlie bottom and by direct steam issuing from a perforated pipe passing also to the
bottorm. 100 kilos of tallow are mixed with 50 kilos of water containing 1 kilo of sulphuric
acid of 66° Bé., the whole being heated for two hours at 105° to 110°. The clear, fused fat
floats on thie surface of the acid solution, which is replaced by pure water, the tallow being
heated and mixed with the latter by means of direct steam ; after some time, the washed
tallow is discharged from a lateral tube—which, inside the vessel, is free and floats—
through a cloth bag. When this acid process is used, the solid fragments separated cannot
be used for feeding cattle.

Fusion with Alkali. Evrard heats the tallow with a very dilute solution of sodium
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carbonate, while Rorard treats 1000 kilos of the tallow with 200 of water containiny a
kilo of caustic soda, the mixture being then melted at 100° in the FFouché apparatus. The
alkaline process gives a diminished yield and does not diminish the amount of pungent
gases evolved.

Refining. If the fusion, especially when acid is used, has becn successtnily carried
out, refining is usually unnecessary. It is, however, required when the tallow is to be
used for food or for fine soaps; that employed for candles is sometimes bleached. 1n
general, it is heated and stirred with water for a tong time in suitable vats. It is then left
at rest until it separates from the water and is filtered throngh a cloth bag and collected
in a tank, heated outside in order to retard solidification and give thmne for any further
impurities present to deposit.

If the fused tallow js allowed to cool slowly at a temperature above 28°, it sets to a
grannlar mass, as crystals of stearin and palmitin first separate ; from this mass the olein
is more easily removed by subsequent conipression.

Many different processes have been suggested for the lewching of tallow, but the only
ones deserving of mention here are those consisting in heating with animal charcoal, bone:
black, and fuller’s earth (magnesium hydrosilicate, see pp. 80, 89, and Vol. L., p. 738), and
then filtering, and those in w hich, say, 1000 kilos of tallow is heated with a solution contain-
ing 20 kilos of water, 10 of Concentrated sulphuric acid, and 5 of potassium dichromate (or
60 kilos of concentrated hydrochloric acid and 15 of permanganate at 40°) ; after stirring,
the mixture is left for a time and then washed several times with hot water. In some cases,
the tallow is stirred and heated to 40° with 25 kilos of an aqueons sclution containing 250
grms. of potassium permanganate, and 250 gms. of concentrated sulphuric acid, and well
washed with hot water, a little sodium bisulphite being finally added. Clhilorine, which is
sometimes nsed for vegetable oils, is harmful to animal fats. Excellent results have been
obtained recently by bleaching with sodium hydrosalphite (Vol. I., p. 586). Certain fats
can be well bleached at 80° to 100° with 1 to 2 per cent. of barium peroxide, whicl is added
gradually and with continual stirring. Wats and fatty acids are somctimes deodorised hy
treating with 20 per cent. of concentrated sulphuric acid at 30° to 40, aud then distillng
the fatty acids under reduced pressure.

The purity of tallow is determined by the analytical methods ahready given (see akso
Table on p. 466), and for industrial purposes the solidification temperature of the fatty acids
obtained by the Hehner method (see p. 461) is measured by introduncing them in the fused
state into a double-walled tist-tuke (best, that of the Tortelli thermo-olcometer, p. 464)
and stirring with a thermometer until they begin to turn turbid. The temperature then
ceases to fall and at a certain moment rises (the heat of solidification being developed) and
remains constant until the whole mass has solidified ; this constant temperature is that of
solidification and, for good tallow, should be at least 43°. Adunlteration with cottonseed:
oil is detected by Halphen's reuction - a mixture of 20 c.c. of the fat, 20 c.c. of amyl alcohol,
and 2 c.c. of a 1 per cent. solution of sulphur in carbon disulphide is boiled in a test-tnbe ;
after about ten minutes’ heating, a dark orange or red coloration will appear if even as little
as 5 per cent. of cottonseed oil be present. If no coloration is evident after the lapse of
‘ten minutes, a little more carbon disulphide may be added and the heating coutinued ten
minutes longer. If the suspected tallow or the cottonseed oil before addition to the tallow
were heated to 200° to 250°, Halphen's reaction would not be given.

The greater part of the tallow made is used in the manufacture of soap and candles,
but an appreciable proportion is employed in margarine factories (see below). A well-
fattened ox may give as much as 100 kilos of crude tallow.

Continental Europe imports large quantities of tallow from America, Australia, and
England. The price varies somewhat, and, while in 1870 it was £40—£56 per ton, in 1884
it was £33, in 1885 £28, in 1886 £22, in 1888 £27, in 1892 £24, and in 1893 £27 ; in 1906
the price on the Italian markets varied from £28 to £31, in 1907 from £32 to £36, and in
1908 from £30 to £33.

France imported 16,500 tons of tallow in 1913, 17,190 tons in 1914, and 10,180 in
1915.

Germany imported 6226 tons of tallow in 1888 and almost 11,000 tons in 1891 (see
later, Importation of melted tallow for oleomargarine).

In 1909 England imported 110,000 tons of tallow and stearin, and in 1910 123,150 tons,
while the United States exported 8500 tons in 1910 and 22,000 tons in 1911.

OLEOMARGARINE and MARGARINE (Artificial Butter). The oleomargarine obtained
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from tallow serves to prepare margarine or artificial butter by chwuing it up with milk.
1t s also uwsed to some extent for making the so-called margarine-cheese from separated
milk. the butter being replaced by oleomargarine, which is incorporated by ineans of
cumlsifiers. :

It was Napoleon ITI. who, on account of the rise in price of provisions and more especi-
ally of hutter, offered i 1870 a prize for the discovery of a cheap fat to replace butter, and
placed at the disposal af the inventor a large works at Poissy, near Paris, adapted to the
development of the indnstry.  The prize was awarded in 1871 to the Mége Mouriés process
for the mannfactnre of oleomargarine from tallow by a methiod which is almost identical
with that nsed at the preseut day (the addition of sheep's stomach to render soluble the
cellnlar membrancs enveloping the fat has now, however, heenr ahandoned).  As carly as
1873 30) tons of margarine was consumed in Paris,

Ag a rile, olcomargarine factories are sitiiated close ta the slanghterhonses, so that the
tallow may be ohtained fresh from the animals. The tallow i coaled immediately by
washing it in a enmrrent of cold water, which removes the bload and other impuritices, and if
it canuot be worked at once is humg i separate picces in a cold chamber.

The tallow is then ent up md futroduced, with one-fourth of its weight of water at 55°,
hito a vat similar to that used for the melting of tallow (see p. 468), hnt nowadays the heat-
g and melting are effected by the circulation of hot water at 607 to 70" instead of steam,
50 as to avoid scalding the mass. The latter is kept stowly stivred and a conple of hours is
sufticient thine to melt 2000 kilos of tallow, which floats aur the watcer, whilst the bits and
niembinnes are deposited an the bottom ; this separation is facilitated by the addition of
3 per cent. of salt, previously dissalved in water.

After the mass has remaiied at rest for some time, all the impurities settle and the
molten fat is removed by a tap commecting iuside the vat with a free, floating tube which
wradually falls as the layer of fat diminishes ; the latter is collected n tinned, double-walled
tanks smrounded hy hot water. so that farther clarification may result on long standing,
The fat then henrs the name gremier-jus and is mixerd in simall proportion into margarine,
while the remainder is ponred inta flat, tinned moulds holding about 20 kilos and allowed
to solidify in a chamher kept at a temperatnre of about 307

The semi-sakid mass thns formed is placed in cloths and squecred—not too strongly—
i hydrantic presses (sinilar to those used inn making stearic acid for candles, see luter) in a
raom at ahant 25" This procedure yiclds abaut 45 per cent. of a solid residne of stearin (for
candles) mixed with a little olein, and a liquid product (55 to €0 per cent.) composed of
54 per cent. of trialein, 35 per cent. of tripalmitin, and 10 to 15 per cent. of tristearin ; this
is oleamargarine, which assmmes an almost pasty consistency at ordinary temperatures and
has n yellaw colour and a pleasant odonr siniilar to that of birtter.

It s nged i sonie cases as fut for cooking, but usually it is converted into artificial
Imtter.

Olecomargarine has the sp. gr. 0-859 to 0-8€0 at 1009, meclts at 33-7°, has the Hehner
numher (see . 4G1) 95-5, the Reichert-Meissl- Wollny number (see p. 461) 0-4 to 0-9, and
the jodine number (sae p. 463) 44 to 55.

MARGARINE (or Artificial Butter) is prepared from olecomargarine, from one-tenth {o
one-fifth of sesamé ar arachis or even cottonsced oil heiig added for the lower qualities (in
Awmerica maize oil 18 nused).  Ju some countrics no milk is now uscd, attempts being made
to flavonr the aleomargarine dircctly with certain strongly flavoured cheeses prepared for
this express purpose, or with butyric acid or its homolognes, or with a apecial flavouring
placed on the market mder the name of margol.

It is necessary that artificial butter. when fried, should give the same smell as natural
butter, and this result is attained partly by adding a little cholesterol (Ger. Pat. 127,376)
to the milk used to render the oleomargarine pasty. Margarine is also required to brown
and froth like nataral butter when fried, and this is attained by adding about 2 per cent.
of egg-yolk (Ger. Pat. 97,057) or 0-2 per cent. of lecithin (a constituent of yolk of egg ; Ger.
Pat. 142,397) and a small quantity of glucose. while it has also heen proposed to add a
little powdered cascin, egu-yolk and pasteurised milk-cream (Ger. Pat. 170,163).

The ycllow colour of commercial, natural butter is imitated by the addition of a little
butyroflawine (dimethylaminoazobenzene) dissolved in sesamé or cottonseed oil (placed on
the market by the Soci¢té Fab. de Produits Chimiques de Thann et de Mulhouse).

In the manufacture of first-quality margarine. the fats to be mixed (e.g., for summer
margarine, 600 kilos of oleomargarine, 30 kilos of premier-jus (see above), and 60 kilos of
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sesamé oil; for winter margarine, the premier-jus is replaced by a similar quantity of
sesamé oil) are first melted separately at 40° to 45°. For inferior margarhies, less oleo-
margarine, more premier-jus, and a certain amount of cottonseed oil are used. Half of
the molten, homogeneous fat is inttoduced into a churn (that of H. Grasso, of Hertogen.
bosch, Holland, Fig. 262, gives good results) containing 300 litres of milk ! previonsly
churned to the clotting point and mixed with 50 grms. of colouring solution ; 0-1 per cent.
of glycerine is sometimes added to render the mixing
more complete. The churn has a closely fitting lid
and is jacketed so that it can be surrounded with
water at 35° to 45°; it is fitted with stivrers (120 revs.
per minute) and the inner surface is thickly tinned.
After 10 to 15 minutes’ churning the remaining half
of the milk and molten fat is introduced,. the churning
being continued for a further period of 20 to 25 minutes.
When the mass has reached a temperature of 30° to
45° (better quality but diminished yield is obtained at
30°), it is allowed to flow into a shallow double-walled
vessel cooled by the circulation of water at 0° to 2°,
and, as it flows, it is washed with a powerful jet of
water at 2° and is constantly mixed with wooden
blades. The wash-water is then run off and the
hardened, disintegrated mass left overnight so that :
the wash-water may separate better. A homogenising Tic.' 262.

machine of the Schroeder type has been introduced )

recently, and this allows of conthmous working and effects a far more perfect nixing
of the fats and milk, while it yields a more aromatic and stable prodict.

To complete the separation of the whey and washing-water, and to obtain a homo-
geneous pasty mass, the cold mixture is introduced gradually into an ordinary butter
kneader (Fig. 263) with rotating base, this being situate in a cold chamber. After passing
under the grooved cone eight or ten times, the mass is collected in blocks. which are left for
24 hours. If it is desired to mix a little cream
or the allowed quantity of water (10 to 12 per
cent.) into the mass, the latter is introchced into
the Werner-Pfleiderer kuneader (similar to that
used for kneading bread), which can easily be
reversed soas to expel the excess of liguid and
finally the paste itself (Fig., 264).

- The margarine thns obtained is made up
into cakes by means of suitable moulds bearing
the trade mark and is then wrapped i parch-
ment-paper previously disinfected iu brine. In
> some countries this paper is marked with

Fig. 263. coloured stripes to allow the public readily to
distinguish margarine from butter, and in all
countries it is obligatory to exhibit margarine for sale in shops with a placard which
distinguishes it from butter. In Germany and Austria the law requires margarine to be
prepared with at least 10 per cent. of sesanié oil and not more than 10 per cent. of butter ;
by this means, the detection of butter adulterated with margarine is facilitated, as, owing
to the sesamé oil present, it gives the Baudouwin reaction for furfural.? If more than

1 For the finer margarines, cream is used, but for ordinary varieties skim-milk from the
separators is employed. In all cases, in order to obtain a margarine which will keep, even
in summer, the milk is pasteurised at 55° to 60° and then subjected to slight acid fermentation
with pure cultures of bacteria, which are sold by butter manufacturers.

The cooled milk is kept in clean, closed vesselsin a cool place, and is consumed as soon as
ossible so as to avoid contamination. It may be centrifuged after pasteurising and cooling.
f it is not rendered acid, the milk, and also the butter obtained therefrom, keep badl y and do

not incorporate well with the other fats.

2 10 c.c. of margarine, filtered into a separating funnel, is shaleen for half a minute with
10 c.c. of HCI (sp. gr. 1-125). If the acid is coloured red, it is decanted off and the residue shaken
with a fresh quantity of the acid. After removal of the acid, 5 c.c. of the fat is poured into a
graduated cylinder with a ground stopper, where it iy shaken with 10 ¢.c. of HCI (sp. gr. 1-19)
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10 per cent. of butter is added to margarine the Reichert-Meisal-Wollny number (see p. 461)
exceeds 2-4.

Nornial margarine contains 8 to 9 per ceut. of water and 1 to 2 per cent. of NaCl, and
has the saponification nnmiber 193 to 203 (coconut fat raises this nuntber to 220 and the
Wollny numbher to 5) and the iodine nmmber 52 to 60.

The experiments of Lithrig (1900) have shown with certainty that margarine is digested
by man as well as butter '

In 1911 many cases of tatal poisoning ocenrred in Germany owing to the nse in mar-
garine of cardainom oil (or Marotti fat) which may contain the poisonons chanhnoogric
acid, CygHy,0,, m.-pt. 697, and possibly also hyduocarpic acid, C)H,,0,. m.-pt. 60-4°,
which is likewise poisonons.

The consimption of margarine, which costs little more than half as much as butter, ia
continually increasing in all countries. Uermany possessed 55 factories in 1886 and 83,
employing 1555 workmei, in 1895 ; aud in 1899 prodnced 91,000 tons (worth nore thau
£3,800,000) of first- and sccond-qnality margarines, 55,000 tous of animal fats, 23,000 of
vegetable fats and oils, 53.000 of skin1-milk, awd 4800 of salt being eniployed. Germany
imnported 28,500 tons ot oleomargarine in 1905 and abont 23,000 taus in 1909, and exported
297 tong of artificial butter in 1906 and 523 in
1909. In North Germany, margavine of tst
quality is nsed, but in the South margarine
without butter aud withont milk.

In 1907 there were 31 margarhie factorias
in Norway. Thirty-seven factories existed
in the United States in 1886, and the outpu,
which was less than 6000 tons in 1902, rosc
to 45,000 tous in 1908 and 70,000 in 1910
(almost all not colonred), the exports being
1550 tons in 1910 (ahnost all colonred). I
1910-1911 the output in the United States fell
to abont 65,000 tons. it Denmark 22 factories
produced 30,000 tons in 1909 and 34,300 tons
in 1910, when the exports amonuted to 1100
tons. KEngland imported 1650 tons of oleo-
margarine in 1909 and 4050 tous in 1910 and
exported 3295 tons in 1909 and 8138 tans
(£206,360) in 1910, The principal exportation
from the United States consists of the prime
material, alea 0il, which is largely used in other
couunttries for preparing the different margarines or artificial butters ; in 1910, 50,000 tons of
this oil (of the value of £2,360,000) and 1700 tons of oleojpargarinz ( £80,000) were exported,
and in 1911, 77,000 tons of olco oil (of the valne £3,120,000), and 18,000 tons of oleo-
margarine (£84,000). In 1907, Swedeu produced 153,000,000 kilos, and in Holland therc
are over 100 factories. The total outpnt of Holland and Belginnt in 1910 was 65,000 tons
(of the vahie £3,600,000), about 48,000 tons beiug exported. In Paris, more than 30 tons
of margarine were maunfactured per day as carly as 1875. In Italy, the first factory, that
of Regondi and Chierichetti, was erccted in 1874 at Milan, with branches in Rome and
Tuscany; even in 1888 this firm produced almost 400 tons of margarine, and at the
present tinte, as a company (Chierichetti and Torriani), it still occupies the prewmnier
position. A considerable amount of suspicion was removed from the industry in Italy
as the result of a valuable rcport prepared for the Royal Italian Society of Hygiene by
Korner and Gabba in 1888, and in 1911 the consumption (largely for adding to butter)
reached about 8000 tons ; the importation of artificial butter was 121 tons in 1908, 64 tons
in 1910, 49 tons in 1914, 119 tons in 1916, and about 500 tons in 1919 and 1920, while the
amount exported (tons) was 216 in 1908, 286 in 1911, 808in 1914, 47 in 1915, and 5 in 1919.
In the Customs returns for Italy oleomargarine is included with other fats, so that the
quantity imported is not lmown.

and 0-1 c.c. of 1 per cent. solution of furfural in alcohol (absolute) for half a minute. If. after
standing, the layer of acid shows an infense red coloration, the margarine contained the required
quantity of sesamé oil. This reaction has, however, been criticised as being in some cases
indecisive.

VOL. IL 31
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Owing to the high price of tallow in recent years, attempts have been made to prepare
margarine by the addition of coconut oil in the kneader, after complete expulsion of the
water (so as to prevent rancidity). There is now on the market margarine which bears the
name of cunerol (or kunerol), and is made exclusively from coconut oil kneaded and treated
with a saline solution of yolk of egg (instead of milk).

BUTTER is the fat obtained from milk,! in which it occurs emulsified in small drops

! Miux is a liquid secreted by female mammals after parturition, and serves as the first
nutriment of the offspring, but that of certain animals (cows, goats, etc.) has been largely used,
from the earliest times, for feeding infants and adults, and for the preparation of cheesc, casein,
milk-sugar, ete. The mean daily consumption of cows’ milk per head is about 200 gnns. i1
England, 450 in Canada, 600 in Holland, 260 in Paris, 600 in Munich, and 150 in London. The
supply of milk to large towns constitutes a serious problem, since, for example, Genoa consimies
500 hectols. per day, Turin 700, Milan 1300, Berlin 8000, Paris 9000, and New York 16,000, In
1908 the United States exported £3,200,000 worth of condensed milk to China, Japan, the
Philippines, Corea, Russia, Africa, and Mexico. The number of cows in France in 1909 was
7,336,000, and the yield of milk 132,000,000 hectols. Hungary in 1909 produced 26,000,000
hectols. of milk. In 1913 the large Swiss companies exported condensed milk to the value of
£2,000,000. In 1903 Australia obtained from 1,300,000 cows about 16,000,000 hectols. of milk,
50,000 tons of butter (one-third being exported), and 6000 tons of cheese (barcly one-iifth
exported). In the United Kingdom 4,000,000 cows produced in 1909 about 72,000,000 hcctols.
of milk. In 1910 Norway produced 10,000,000 hectols. of milk. (Germany possessed 10,000,000
cows fn 1917,

In Denmark the dairy industry has attained a high degree of perfection, 1150 co-operative
dairies treating 77 per cent. of the total milk produced in 1909. “Marked improvements have
been effected in the selection of milk cows and in their feeding, the niean yicld of milk per cow
increasing from 1400 kilos in 1884 to more than 2600 in 1912 ; the number of cows was 900,000
in 1881 and about 1,030,000 in 1912,

The mean percentage composition of the milk obtained by complete milking is found from
some thousands of different analyses to be as follows: water, 87-22; fat, 3-62; nitrogenans
snbstances (casein and a little albumin), 3-66; milk sugar, 4-82; and mineral matter, 0-68.
The cascin forms a kind of colloidal solution, which holds, in an emulsitied and suspended
condition, fat-drops of varying magnitude (diameter, 0-01 to 0-0016 mm.). Casein in milk
oceurs, indeed, in the form of a non-reversible hydrosol (see Vol. L, p. 106) and its coagulatiou
by acidg or heat can be retarded or prevented by the presence of a reversible colloid (protacting
colloid, liko gelatine or gum). In cows' milk the relation between casein (noi-reversible) and
albumin (reversible) is 3-02 : 0-53, whilst in hwman milk this relation is 0-75: 1-00; in hwman
milk, then, there is abundance of albumin (reversible) and the coagulability is cight times less
than \favith cows’ milk. These relations explain the different nutritive effects of the two milks
on infants.

Boded milk may be distinguished from raw milk as it no longer contains rednctase or catulase
(se¢ p. 135); also oxidation of the whey with a little hydrogen pervoxide aud treatmment with
pyramidone at 60° yields, with raw milk, a violet coloration, while that of boiled milk gives 1o
coloration. 'The sugar and, partly, the salts are found in the aqueous solution coniposing tho
whey. Milk has an acid and an alkaline reaction (amphoteric reaction) at the same time, owing
to the presence of Iprima.ry (acid) and secondary (alkaline) phosphates. The natural acidity af
niilk is due, not to lactic acid, but to phosphates, carbon dioxide, citric acid, ete. Milk is alkalino
to mecthyl orange and aeid to phenolphthalein ; lactic acid acts on methyl orange only when
it has precipitated the casein and transformed the dicalcinm phosphate into mionocalcinm
phosphate (Bordas and Touplain, 1911). Urea, dicyandiamide, amino-acids, polypeptides,
urethane, albumoses, xanthine bages, albuminoids, etc., are also amphoteric in reaction.

Milk changes very readily and, especially in hot weather, becomes acid and coagulates in
a few hours. It keeps sound longer if cooled, boiled, sterilised or pastcurised, aud then kept
in hormetically sealed vessels; to prevent separation of the fat from the milk, the latter is first
passed under great pressure through capillary orifices so as to rupture the fat globules. The
sterilisation of milk by means of ozone has been suggested, but this is impracticable, since
ozone acts quantitatively on the fat, forming ozonides which readily deconipose, giving free fatty
acids, Sterilisation by ultra-violet rays is incomplete and alters the composition and taste
of the millt to some extent.

From milk defatted by centrifugation (skim-milk, containing less than 0-3 per cent. of fat),
casein for making cheese and for industrial purposes is separated by addition of rennet (from
the mucous membrane of the fourth stomach of young calves), which induces clotting owing
to the enzyme it contains. Coagulation, with formation of lactic acid (increase from 3° to 15°
of acidity), iy also caused spontaneously in 24 to 48 hours by adding a dilute acid and keeping
at 55° t0 6J° ; the casein probably exists as calcium salt (1:55 per cent. Ca0), which is decomposed
by acids, the increase in the amount of soluble calcium salts favouring the separation of the casein,
This casein, separated in the hot and pressed, gradually undergoes fermentation and conversion
into Cheese. The latter may be either whole-milk cheese or filled cheese, prepared from milk the
fat of which has been partially or completely removed and replaced by margarine. Copper
vessels turn. the cheese green on exposure to the air, and to avoid this, all the operations are
carried out in vessels of wood, zine, tinplate, or tinned copper (Besana), although, according
to Fascetti, traces of dissolved eopper are advantageous in cheese since they retard lactic
fermentation ; the latter author suggests, however, the addition of hydrogen peroxide, which
las the advantages of the copper without its disadvantages. To avoid secondary fermentations
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suspended impurities, the millke passes, while still tepid, to the chamber of the ceutrifnge.
A, mounted on the axle, S, actuated by a pulley which is 1ot shown in the figure (2065)
and which rotates several thousands (6 to 7) of times per minute. In this mamer the skin.
mille is expelled to the periphery and carried off by the tube, I, into the collecting plate,
Be, whilst the lighter cream rises and is discharged by the channel, e, fnto the callectar,
Cf. These separators easily treat 10 hectols. of milk per hour. The eream that separades
is agglonierated into small lumps of butter by churning (see, for instance, Iig. 262), knewul.
ing, and so on, just as with margarine. To abtain a
butter that will keep, however, the crcam is suhjected to
pasteurisation and acidification (see Note on | 472), the
butter being worked with water that has been sterilised,
for iustance, by ozone or ultra-violet vays. The flavonr of
butter, which was formerly regarded as dne ta the esteri-
fication of the fatty acids, seens to result frmm the fer-
mentation of lactose and the formation of aldelrydes.

The percentages of the various fatty acids entering into
the composition of the glycerides of hntter arc as fallaw
stearic, 7to 11 ; palmitic, 14 to 18 ; myristic, 1 ar more 5
lauric, 14 to 16; oleie, 25 to 30; higher nnsaturated
acids, 4 to 5-7; also the volatile acids, bntyric, cajroic,
caprylic, and capric; furtlier, small proportions of acetic.
arachic, and hydroxy-acids, cholesterol, phytosterol, leci-
thin, and a ycllow colouring-matter; winter butter is less yellow than that of smumer
(green feeding of the cows). Unlike other fats, bntter contains a mixed palmito-alco-
butyric glyeeride, C,H(C, 4H;3,0,)(C,H 3,0.)(C,H,0.).

Also, in comparison with all other fats, butter contains a large gnantity of valatile
acids soluble in water. The mean percentage composition of natural butter is : water, 155
fatty substances, 83 ; lactose, 0-5; proteins, 0-7 ; and mineral salts, 05.

Commercial butter should contain not less than 82 per cent. of fat, the remainder con-
sisting of water, about 16 per cent., and salt, 2 per cent.

In judging the purity of butter, an examination is made of the butter fat ohtnined hy
heating the butter to about 50° and then leaving it to clarify and to depasit the water
salts, ctc. The constants for this fat are compared with those given in the Table ou p. 406G,
attention being paid to the remarks on pp. 460 and 463 referring to the sohible valatile acids
and to the butyro-refractometric reading, which should have the following values at dif-
forent temperatures: 41-5 at 45°, 43-6 at 43°,43-7 at 41°, 44-7 at 39°, 45-9 at 377, 47 at 357,
48-1 at 33°, 49-2 at 31°, 50'3 at 29°, 51-4 at 27°, and 52-5 at 25°.

CGenuine milk has not less than 12 per cent. of dry residue, or, subtracting tho amount of fat,
not less than 9 per cent. The dry residue (r) may also be calculated from the specitic gravity (s)

and the percentageof f11 (9) by Fleischmann's formnla: » = 1-29 4 2:iG5 12—01—';_--1—9”.

Dztermination of Fai. This is usually made with the Guber butyromster (Fig. 266). Into
a special wide-monthed flask with a long. narrow, graduated neck are pipetted 1D ce. of
concentrated sulphuric acid (sp. gr. 1-825), 1 c.e. of amyl alcohol, and 11 c.c. of milk, which
are allowed to flow gently down the side. The Hask is then tightly closed with a rubber stapper,
wrapped in a cloth and shaken rapidly and vigorously; the flask with the pink or red liquid
is immersed for six or seven minutes in a water-bath at 65° to 70° and then centrifuged vn o
flat plate, being arranged radially in clips with the mouth towards the circumference. After
a few minutes centrifugation, the fat is separated from the acid casein solution and the percentage
of fat by weight is read off on the graduated neck of the flnsk after the latter has been left for
a few minutes on the water-bath.
. The official method—which is used rarely and only in cases of dispute—of estimating fat
is that of Soxhlet, and is based on the density of the ethereal solution of the fat cxtracted from
the milk after rendering alkaline. In nearly all countries in has been established that a nntaral
milk, obtained by milking completely a number of cows, contains as a rule not less than 3 per cent.
of fat, in very rare eases 2:9 per cent., and more frequently 3-5 per cent. )

If the specific gravity (s) and the dry residue (r) of a milk are known, the fat (y) that it

should contain is deduced from Fleischmann’s formula: g = 0833 — w To

s 8 )
calculate the dry residue (r) of a whole milk use may be made of Fleischmamn’s corrected

2:665 (100s — 100)
formula: r =129 + ————~

; , while that of a skim-milk is given by : » = 029 +
2-665 (1005 — 100)



BUTTER 477

The most certain method of detecting adulteration of butter with coconwd o7l is by deter-
mining the volatile fatty acids insoludle in water (Polenske number),! and for other adul-
terations various tests are made.

The degree of runcidity is determined as described on pp. 463 and 464.

In order to avoid rancidity, butter must be kept or despatched in ice or in cold chambers.
Butter may be coloured yellow by saffron, tarmeric or, more commonly, annatio, which is
an extract of the fruit of Bixe orellane made into a paste with an oil; the use of coal-tar
dyes is prohibited. .

Renovated butter is prepared in Anterica from rancid butter, which is kneaded with a
solntion of sodinim bicarbonate (e.y. it the Werner and Pfleiderer kneading machine,
¥ig. 264, p. 473). and is then washed with just tepid water in the rotating-plate kncader
(Fig. 263, p. 472) until it no longer gives an alkaline reaction. It is then kneaded again in
the former machine with milk. cooled with a jet of very cold water and treated like ordinary
butter a sccond time in the latter kneader. Natural bitter can be distingnished from
renovated butter since when melted at a moderate temperature, the former gives a limpid
and the latter a turbid mass.

BONE FAT is obtained mainly from glie factories, and is extracted from the crushed
bones either by boiling with water (see Vol. L., p. 647) and skimming the fat which collects
at the surface, or by treatment with benzine or carbon disulphide in an extraction apparatus
(wee later). The first method yields 3 to 4 per cent. of fat, and the second 7 to 9 per cent.
The latter has, however, an unpleasant smell and is dark and of inferior quality ; it may be
refined by means of dilute sulphuric acid or snlphuric acid and dichromate or barium
peroxide (see Tallow). Its constants are given in the Table on p. 466.

It is used in making soap, especially resin-soap, and also candles and cart-grease.

1 Polenske (1904) showed that coconut oil contains a high and coustant proportion of volatile
fatty acid vnsolrble i water, whilst butter contains very little of these. If the Poleuske number
(or nem butler-yakue) is expressed in c.c. of decinormal K OH neeessary to neutralise the insolnble
volatile acids coutained in 5 grms. of the fat, its value is 16-8 to '17-8 for coconut oil aud 1-5 to 3
for pure butter. The Reichert-Meissl-Wollny number and the Polenske number may be
determined by a single operation, the butter being saponified in the following manner (Lefimann
and Beant): 5 grms. of the filtered butter, together with 20 grins, of glycerine and 2 c.c. of
caustie soda solution (100 NaOH to 100 H,0), are placed in a flask of about 300 c.c. capacity,
this being heated with a naked flame. After 5 to 8 minntes’ boiling, the water evaporates,
frothing ceases, and the mixture becomes clear, the heating being then continued for a few
niinutes longer. When the lignid has cooled to 80° to 94°, 90 c.c. of water at 80° are added,
a clear and almost colonrless sontion of the soap formed being thus obtained. To this solution,
heated nearly to boiling, are added 50 c.c. of dilute salplnric acid (25 c.c. of the concentrated
acid in a litre) and } grn. of powdered punrice, the volatile acids being then distilled so that
110 c.c. is collected in 19 to 21 minntes in aun apparatus correspouding exactly with that shown
in Fig. 254 on p. 461.

The 110 c.c. flask is cooled in water at 15° and inverted several tinies to cause the drops
of insoluble fatty acids to collect. The liquid is filtered, titration of 100 c.c. of the filtrate with
decinormal KOH giving the Reichert-Meissl-Wolluy number. The tube of the condenser and
the 110 c.c. flask are then washed with three separate amounts of 15 c.c. of water, which is passed
through the filter, the tlask being snbsegnently washed with three qnantities, eaclh of 15 c.cc.
of nentzalised 90 per cent. alcohol.  Titration of the whole of the alcoholic filtrate with decizormal
KOH gives the Dolenske nunber, which allows of the detection of 10 per cent. of coconnt oil
in butter. The result has been stated to be inconclisive if the cows have been fed with coconut
cake.

Adnlteration with margarine is readily detected by the content of aggregated crystals which
are observed under the microscope in polarised liglt or, better, in light which has previously
passed tlwough a selenite plate. Fresli, non-melted butter does not, indeed. yield crystals,
but old and rancid or melted butter does give them, so that, in this case, the test 13 invalid.

The determination of rwater, fat, solids not fat (casein, lactose, and mineral salts) can be
simply carried out, according to Fahrion (1906), as follows : i a platinum crucible, tared together
with a glass rod, are weizhed 2-5 to 3 grms. of butter, which is then heated over a small flame
and stirred until it is melted and clear: reweighing gives the proportion of water. The residue
is then dissolved in light petroleum and the solution kiltered througlt a tared filter, which is well
washed with solvent. The filtrate is distilled in a tared flask and the remaining fat dried for
an hour in an oven at 100° to 102° and weighed. After drying at 100° the weight of the filter
less the tare gives the non-fat. By burning the filter in the crucible, incinerating and weighing,
the salts (NaCl) or mineral substances are obtained.

No addition of antiseptic, for the keepiny of butter, is allowed ; borie and salicylic acids
can be detected as in beer. The presence of formaldehyde may be ascertained by distillin
25 c.c. of water in a current of steam from a flask containing 50 grms. of butter and 50 c.c. o%
boiling water ; the distillate is tested by means of Rimini's reaction (sce p. 131).

Addition of artificial yellow colouring-matter is shown by the intense coleration assumed
by absolute alcohol when shaken with the fused butter.
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HOG'S FAT (Lard) is obtained by meclting the fatty parts of the pig, as in the case of
tallow (Refining, see p. 470). In Germany large quantities of it are consnmed for culinary
purposes, and in Italy almost the whole of this product is useck by the lower classes as a
substitute for butter and oil. Considerable amounts are employed in making soap and
candles. In 1891 Germany imported 75,000 tons from the United States, but since this
was prepared with all the refuse of oxen and pigs, and also with the residues of discased
animals, while addition of appreciahle quantities of cottonseed oil and bleaching by the
addition of lard stearinie were also resorted to, the food.value was greatly lowered. The
Table on p. 466 give its constants. The presence of cottonseed oil is detected hy Halphen’s
test (see p. 470).

In the United States the production of lard is eontimially increasing, 21 millions of pigs
heing killed in 1902 and 253 millions in 1905, the exports amounted to 250,000 tons
(£10,800,000) in 1911.

FISH OILS: WHALE OIL and COD-LIVER OIL. The fat of the whale, secal, and
dolphin is extracted from a species of lard contained in the membranes of the brain and
back : it is, however, worked i1 a primitive manner, being left to melt and putrefy in
barrels exposed to the sun. The oil being thus separated, the residue is boiled with water
to extract the tallow. When heated with water, the oil loses its unpleasant odour to some
extent.

The head and other parts of the body of certain whales, especially Physeler niwcro-
cephulus (Cachelot whale), contain an oil already separated and different from that of the
lard ; it solidifies at the ordinary temperature, giving the so-called SPERMACETI (or
Sperin Oil), which, after filtration. pressure (to separate the stearin or solid wax), boiling
with water and a little caustic soda and repeated washing with water, forms a fat or oil
of great value in the mannfacture of pharmacecutical products, perfumes, and high-elass
candles.

Cod-liver Oil (from the fresh liver of Grulus morrhuu, caught in large numbers in Norway
and clsewhere) is nsed in considerable quantities as a recuperative medicine in virtne of
the small proportion of chemically combiited iodine and of the large amounts of readily
emulsifiable fatty acids it contains. 1t is now obtained with a less unpleasant taste and
smell, as it is being prepared in a more rational way by melting it in closed vessels with hot
water or direct steain, the best resnlts being obtained in absence of air—in an atmosphere
of hydrogen or carbon dioxide or it a vacnum (Eug. Tat. 25,683, 1906).

Natural cod-liver oil, prepared hy the old process, has a cousiderably higher acidity
(acid nnomber, 8 to 25) than that separated by the more modem methods (acid nmuber,
0:7 to 14).

The production of cod-liver oil in Norway shows a coutinnal incrcase, althongh it
varies in different ycars, according to the abundauce or scarcity of the fish, from 20,000
to 100,000 tons per ammnn, abont onc-Lialf of this amount being obtained by the newer
methods of extraction.

Adulteration of the oil is detected by analysis, taking account of the constants given
in the Table on p. 466.

Fish-oil Waste consists of inferior oils of unpleasant odour and taste, the odonr being
due especially to an unsaturated compound, clpanodonic acid, C,zH,50,, which combines
with 8H to form stcaric acid. These oils are used in dressing leather, in the manufactine of
DEGRAS,! also employed for treating skins, and in the preparation of fatty acids for soap-

! DEGRAS is obtained in the chamoising process (separation of the fat from the skins after
it has served to oil them during tanning) and is used for taming other skins. 1t consists csscutially
of water (30 to 40 per Cent.), rancid fish oil, resinons snbstances (déyrayéne or dejras-former,
14 to 20 per cent.) from the oxidation of the oil, mineral substances (abont 2 per cent. congisting
of lime, soda, and sulphates) and residues of skin, membranes, hair, ete. (about 5 per cent.).
It has an acidity number of 25 to 35, an iodine number of 34 to 36, a saponification number of
144 to 155, an acetyl number of 32 to 44, and 1 to 3 per cent. of non-saponifiable substances.
It is yellowish brown, has an odour of fish oil and readily forms a very persistent emulsion with

water. Digragéne is the eharacteristic constituent and, unlike other resins, is insohible in light
petroleum.

Its value in dressing skins lies in its property of penetrating readily, and in large quantities
the semi-naoist slsins, in the pores of which it becomes uniformly distributed, imparting very
desirable softness and fullness, as well as keeping qualities.

This use of dégras has been known for many years and has increased so rapidly that the sapply
is no longer sufficient, factories for making ariificial degras having been established. This is
prepared by kneading refuse and clippings of skins with fish oil, exposing the mass to the air
to oxidise and pressing out the artificial dégras or moéllon : the residue is then treated with
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these fatty acids are deodorised by heating with 15 to 20 per cent. of eoncen-
-phuric acid at 30° to 40°, washing and distilling with superheated steam. Sue-
tempts have been made to harden these oils by hydrogenation (see p. 480). In
n 1913 a single factory treated daily 150 tons of these oils with 4500 cu. metres
lytic hydrogen.
_ FAT. Pliny mentions the use of this fat in medicine, and its employment for
ose extended to the scventeenth century. In 1856 Chevreul classified it with the
sing to its richness in cholesterol, and in 1867 Vohl proposed its preparation from
-waters of wool. When washed with tepid water, soap, and a little potassinm or
tm carbonate, certain greasy wools (from Australia) lose as much as 40 to 50 per
heir weight as soil, fatty acids, potash soapy substances and fat, sccreted by tho
al cells of the skin. The wool from certain races of sheep may contain from 7 to 35
of true fat (if the sheep are not washed before shearing).
me factories the wool fat is extracted from the dried wool by means of carbon
te or, better, of benzine (at Verviers, in Belghim, the wool from all the establish-
1 the city has for several years been washed with benzine in a large works), suhse-
ashing with water and a little soap being then more easy and cconomical. Tho
obtained in this way after distillation of the solveut is slightly colonred and almost
2 water, and is ready for the market. Usually, however, the dirty wool is washed
yeviathan machine, the soapy, greasy wash-waters being first allowed to stand to
earthy matters and then treated with dilute milk of line or, better, with calcinm
solution slightlty acidified with hydrochloric acid. ‘I'he soaps and fatty acids
¢, cerotic, a little caproic and oleic and traces of stearie, isovaleric, butyric, myristic,
ic, and lanoceric) are precipitated as calcium salts and carry down the wool fai,
s only slightly saponifiable owing to its large content (55 to 60 per cent.) of
rol, isocholesterol, ceryl alcohol, lanolyl alcohol (C,,H,,0) and carnaubyl! alcohol
0), which do not contain glycerides. After this treatment the wash-waters are
2ft to stand or coarsely filtered to separate the pasty mass ; in some cases the water
ved from the calcinm soap and fat by centrifuging in a scparator similar to that
- milk (Fig, 265, p. 476). The paste thus obtained is dried in the sun or in an oven
n made into cakes with sawdust, etc., the rather dark crude wool fut being extracted
.ese by means of carbon disulphide or, better, benzine. The residuc from the cakes,
reated with dilute sulphuric acid, yiclds fatty acids, and the resultant agncons
-n, coarsely filtered to remove solid substances, deposits the fatty acids whon heated.
.8 obtained, wool fat is dirty yellow, transparent, and very viscous (it can be obtainad
llow by special refining processes) ; it melts at 35° to 40°, and has the saponification
r 85 to 105, the iodine number 13 to 17, the acid number 0-5 to 1-3, the Hehner
r 85 to 95, the Recichert-Meissl number 6 to 7, and 0-5 to 1 per cent. of water, while
vtory power in saccharimetric degrees is 4+ 10-2 to 4+ 11-2. Commercial lanoline
>t contain more than 30 per cent. of water.
ol fat is better suited than any other fat or even vageline as a basis for salves and
nts, and has also cousiderable power to penetrate the skin. It mixes readily with
roportions (up to 105 per cent.) of water (which separates in the hot) and, if mixed
) per cent. of olive oil, it can absorb 320 per cent. of water.
some cases the crude wool fat is distilled with superheated steam, this procedure
a wool 01l or wool oleine containing 40 to 50 per cent. of fatty acids, 35 to 45 per

uantity of fish oil, this operation being repeated until practically no residue remaius.
>ts have also been made to obtain moéllon by pulverising fish oil in the air at 120" and
‘ying with water. At the present time, the term déyras is applied to a complex substance
gsing skins and consisting of a mixture of moéllon with wool fat, tallow, and other solid
hilst by moéllon is indicated the aqueous emulsion of oxidised fish oil. Artificial dégras
preferred to the natural product, since different types can be prepared for different purposes,
7pes being of more constant composition, and hence more certain in their effects.” A good
al dégras usually contains 15 per cent. or more of dégragéne and less than 20 per cent.
2r.  When such dégras contains more than 1 to 2 per cent. of non-sagonifiable sugstances,
wre derived, not from the Hsh oil, but rather from the wool fat, resin oil, mineral oil, etc.
v dégras sometimes contains 1 to 2 per cent. of soap and as much as 5 to 6 per cent. of
ores: in general, it should contain less than 0-05 ﬁmr cent. of iron and, when spread in a
vyer on glass and kept for 10 hours in an oven at 100°, it should not form a varnish, but
. assume only a horny consistency. When smeared on moist and well-pressed paper,
ald be absorbed within an hour, leaving only a minimum residue.

‘tural dégrag costs about 28s. per cwt., the artificial product of the first quality about 20s.,
ve French (moéllon) about 34s.
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cent. of hydrocarbons, and 5 to 10 per cent. of alcohols, while the distillate deposits a
mool steurine, wliich melts at 42° to 55°, has the iodine number 37, and the saponification
number 170, and contains cholesterol and, altogether, 73 to 88 per ceut. of free, solid
fatty acids.

Tn 1905 Germany exported 134 tons (130 in 1903) of lanoline, of the value £10.000.

CHRYSALIS OIL. The dead silkworm chrysalides remaining after romoval of the silk frem
the cocoon contain 25 to 27 per cent. of oil recoverable by pressure or extraction by solvents.
The oil is reddish-brown and of somewhat unpleasant odour, deposits stearine at the
ordinary teniperature and sets to a buttery mass at 0°. Its iodine number is 112 to 118,
and its saponification number 190 to 195, and its fatty acids melt at 32° to 36° and solidify
at 28° to 30°. The oil contains up to 30 per cent. of free fatty acids and may be decolorised
with fnller's earth. The chrysalides were formerly used directly as a nitrogenous fertiliser
(7 to 8 per cent. N), but, nowadays, the oil is first extracted, the residue, containing 10 to
12 per cent. of organic nitrogen, being used as a fertiliser. The crnde oil was utilised partly
for making inferior, odorous soaps, and also for the separation of the fatty acids. After
distillation in a vacuum the oil gives hard, odourless, fatty acids (Molinari and Fachini,
1907).

Tsujimoto (1914) deodorlseq and decolorises chrysalis oil by shaking it for an hour with
6 to 8 per cent. of 50 per cent. sulphuric acid at 100°, then washing it well with water and
treating it at 130° with 15 to 20 per cent. of Kambara eurth (a Japanese earth superior to
Florida earth ; see Vol. I, p. 738). Thus prepared, the oil yiclds consistent fats on hydro-
genation (vide infra).

Ttaly produces about 50,000 tons of fresh cocoons, giving about 15,000 tons of air-dried
chrysalides, from which at least 3000 to 3500 tons of crude oil is obtainable.

INDUSTRIAL HARDENING OF OILS BY MEANS OF HYDROGEN

Glycerides of unsaturated fatty acids (oleic, linolic, linoleic, ete.) preponderate in
ordinary lignid oils and fats, and those of saturated fatty acids in ordinary solid fats, which
are largely used as fatty foods and for making soap and candles. Large quantities of cer-
tain oils are, therefore, converted into solid fats which arc of bigher value and morc readily
utilisable (see note 1, p. 359).

Although various hydrogenation processes had keen known in the laboratory, indns-
trial application of these to the hardening of oils was not attenipted until after the work of
Sabatier and Senderens on the hydrogenation of organic comipounds in general (see pp. 35,
67, 124). On the basis of these investigations, Normann (Ger. Pat. 141.029, 1902) first
applied hydrogenation to unsaturated fatty acids and glveerides (oils). The process was
not, however, at once applied on an industrial scale in Germany, but was used first in Kng-
Jand by Crosfield and Sons, of Warrington, and also in Holland ; only in 1911 was it utilised
in Germany, finely divided nickel being employed as catalyst.

Better results are obtainable with finely divided palladimmn, which works at 80° to 90°
(in 1908, Paal used colloidal palladiun at almost the ordinary temperature), but, althongh
a large part of the palladium (which serves for a long time and is not so sensitive as uickel
to poisons such as sulphur, H,S. CS., Cl, organic thio-compounds, hydrocarbous, ete.) is
recoverable, it is, nevertheless, very expensive Palladium chloride, which Skita proposed
to 1use at a pressure of 2 to 3 atmos., is cheaper, and at 100° one part of palladlum suflices
for 100,000 parts of oil.

The nickel catalyst is prepared by reducing the oxide obtained either by caleining the
nitrate or by precipitating the sulphate by means of an alkali, the oxide being deposited on
an inactive, porous support such as punice, coke, asbestos, etc.. and then reduced by
hydrogen at about 300°. The active, finely subdivided nickel thus obtained completely
hydrogenates oil at temperatures below 150°. Decomposition of nickel tetracarbonyl (see
Vol. I, p. 846) also yields an active product.

When prepared in this way, the catalyst is emulsified with the oil. The oxide itsclf
may be mixed with some of the oil and then reduced by hydrogen in a jacketed autoclave
at 230° to 240° for two hours : the emulsified catalyst thus formed is mixed with the oil to
ke hardened, a temperature of 120° to 160° being sufficient for this operation.

Bedford and Erdmann (Ger. Pat. 292,649, granted in 1916 in spite of opposition from
Normann) applied to unsaturated fatty acids the methods developed in 1907 to 1909 by
Ipatiev and in 1910 by Wilbuschewitsch (who effected catalytic hydrogenation of organie
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substances in the hot at pressines of 8 to 10 atmos. hy means of nickel). Erdmann used
apparatus of copper or aluminium, which may, however, influence the taste and odour of
the product. Wimmer and Higgins use as catalyst nickel lactate, acetate or formate, the
action of which is improved by addition of carbon; nicke! borate has also been used.
Nickel oxide has a slow action and hardens oils at temperatures above 200° to 240°. the oil
being darkened. Lrdmann considers the catalytic action of the oxide as due to the alter-
nate formation of the oxide and suboxide, but others suppose that the oxides are reduced
by the hydrogen to nickel, to which the true catalytic effect is due.

A diagram of the plant proposed by Wilbuschewitszh ( Eng. Pat. 30,014, December 10th,
1910) for use in the preparation of the catalyst, and in the hardening of the oils, is shown
in Fig. 267. The highly active nickel catalyst is obtained by soaking burnt clay in sul-
phuric acid, then in nickel sulphate sohition, and afterwards in sodiuni carbonate solution,
the nickel carbonate thus formed being convzrted by heating into the oxide and this into
nickel by the hydrogen. The finely powdered mass is readily oxidisable and is emulsified
directly with oil and kept. In R is placed the oil to be treated and in O the catalyst, the
two liquids being drawn Ly the punips, 4 and A, 111 the proper proportions to be emulsified
in B and passed through the pipe, 7, and distributed by the valve, H, and the pulveriser, (,
to the jacketed autoclaves, J,, Jy, ete. The hydrogen is injected by a compresser, K, at a

Fia. 267.

pressure of 9 atmos. throngh the tnbe, X. to the bottom of the auntoclave, where it is finely
subdivided by the distributors, D,, D,, D;. The autoclave is heated first to 100° to 160°,
according to the kind of oil, the partly reduced oil collecting in the conical base of .J, being
drawn off by the pump, E, and injected into J,, while the hvdrogen escaping from J | passes
into J, through the pipe, 1": the oil then goes throngh the pnmp E,to J,. In the passayge
of the oil through each autoclave, the melting.-point is raised by about 15°, and when the
desired melting-point has been reached, the oil is discharged through the cock. 7, into the
centrifugal separator, F, the solidified oil being separated in N, while the oil containing the
catalyst passes through the pipe, Z, and the cocks, S and 7T, to be circulated again in the
autoclaves. As the catalyst becomes exhausted the amount used is increased (1 per cent. of
the fresh material suffices), being discharged into P when almost completely exhausted. On
the other hand, the hydrogen not absorbed in the last antoclave, J ;. issues from the valve, W,
and through the tube, @, to the cooling coil, L, and thence to the washer, 3 (containing
sodium carbonate), from which it returns to the cyecle through the compressor, X. The
reduction generates heat and the temperature in the autoclaves is sometimes regulated
by passing cold water through the jackets.

The amount of hydrogen required varies with the nature of the oil and the degree of
hydrogenation required, and is usually 8 to 12 cu. metres per 100 kilos of the oil. The
hydrogen from water gas should, after purification, contain less than 2 per cent. of CO and
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less than 01 per cent. of H,S (see Vol. I, p. 141). The rapidity of the reaction and the life

T
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Fic. 268.

of the catalvst increase with the pnrity of the gas.

The iodine number of all bardened oils is very low
(5 to 25). The cholesterols and phytosterols mdergo no
change and serve to indicate if the orviginal oil was a
mixture of vegetable and animal oils. Hydrogenation is
applied to inferior oils (olive, cottousecd, fish, ete.) to obtain
consistent fats for making margarine and candles. In
general, oils thus treated losc their avighmlb adonr and
assume that of tallow.

In Germany about 200 tous of hardencd oils were
produced per day in 1913, and during the Knrapean War
the mamufacture assumed enormons impartance. I
France two factories have an ontmit of 20,000 tans per
annum. Before the War the total cost of Irydragenation
was calenlated at £6 to £8 per ton of oil.

Hardened oils, sold under different namncs (dddgal., bdghin,
candelite, cruteolin, etc.), have m.-nt. 38" to 507, acid vahie
35 to 4, iodine number 20 to 60, saponification mumher 189
to 192, non-saponifiable snbstances 0-3 to -5, They give
increased yields of soaps, but these form less lather and
wash more slowly. The refractive index i lowered some-
what and the colour reactions are attennated or annnlled.
Almost all of them retain minimmmn traces of catalyst, and
nickel may be detected in the ash by mcaps of dimethyl-
glyoxime (see p. 398).

VEGETABLE OILS

In plants oils accumwulate especially in the seeds and the fleshy parts of the
fruit, rarely in the roots. The composition of these oily parts varies somewhat
with the locality and with the character of the season.?

1 The Mean Com

sitions of Oily Seeds and Fruits (the maxima and miuinma are 11} to

15 per cent. above and below the mean values) arc as follows : —

Drganic | Protetns inkes odGey
Water Ash oit makter [ @ WD xlr( wm.
per per per frec from | parts of |- T
ceut. ent, yent. oil Orgonie !' n! !‘mu lu
per cent. | matter, | peryent. | ver arnf.
Olive: pulp 2422 2-68 56-40 16:70 1y
l\erncl (shell) 420 416 575 85-80 p A 1] {-8
seed . 620 916 1226 79-38 3- 1) J
Linseed : winter 8:65 315 35-20 53 2810 | 8 20"
summer . . 780 | 320 | 31-60 | 5740 | 24 v 68 | 30-38
Ricinus (seeds) : Italian . 8 293 | 5262 | 3645 | 25060 |4 4 10| oot
Indian . .| 726 | 340 | 5533 | 3411 | 2436 | 710 | 28
Sesamé (sceds) : brown Levant 5-90 7-5% 5463 30-95 1 :‘ .
yellow Indian. | 706 | 6-85 | 5084 | 3525 f10-18,] sh-da
Cottonseed : Egyptian 54 8:60 23-95 59-91 s g
American 81 9-44 10-58 61-86 J' =161 3418
Colza or rape {seeds) 6 4-30 38 51-70 8-10 | 20-33
Ravison (seeds): fresh 9-10 4-80 36-80 49-30
twoyearsold | 525 | 436 | 3925 | A114 { 7-10 | 20-33
Arachis (shelled nuts) : fresh 7-37 2-43 37-84 5136
old 275 | 50 | 4163 | 5312 L 6-Y ) 4460
Hempseed . : 865 | 345 | 3360 | 5430 ' ogo12 | u8-33
Mustard : blaek 678 | 421 | 2220 | 66-81 S B
\\:hite 7 4-45 2930 5925 — _—
Poppy : white 8-85 3-42 55-62 3211 1
black 950 | 4 51-36 | 3514 J 9-11| 33-37
Sweet almonils 9-53 2:86 51-42 38-19 — —
Maize : whole grain — — 6-10 — —
germ — — 44-4 — -
Palm fruit — — 65~7g — G_l() 14——1 s
Palm kernel — — 4550 — 7-9 14-17
Coeonut. _ — 45-63 — 10-14 | 18-22
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The oil is extracted by two processes : by pressure and by means of solnents.
Edible oils are always obtained by the former method, as also are most of the
others, solvents being used to extract the remaining oil from the pressed
residues (otl-cake), when these are not to be used for cattle-food.

According to the power and degree of perfection of the pressing appliances,
from one-fourth to one-seventh of the total oil is left in the cake. Extraction
of the powdered calce with solvents removes all but the fifteenth part of the
total anmount of oil (1 to 2 per cent. instead of 10 to 12 per cent.).

The seeds are not worked up immediately after gathering; but are first
matured, dried, and turned in bins or silos. They are then cleaned with sieves

IMa. 269, Fra. 270.

and fans, crushed in a kind of roller press (Figs. 268, 269) and powdered (some-
times this is done divectly) in vertical cast-iron or stone mills like that illus-
trated in Fig. 185 on p. 269. A mill with a diameter of 1-7 metre converts about
35 litres of linseed into flour in twenty-five minutes.

To obtain the edible and so-called virgin oil, the flour is pressed cold,
although more conunonly the pressing is carried ont in the hot, this increasing
the yield but injuring the quality and colour. The flour is heated in the appara-
tus shown in Fig. 270, this being furnished with discharge ovifices, @, which
allow the quantity corresponding with each cake to be delivered. Steam
heating is applied in the upper chamber, ¢, while the lower one, b, is well insulated
s0 as to maintain the temperature of the mass.

Nowadays the pressing is effected almost everywhere with hydraulic presses of various
forms,! and only in small works are wooden or metal screw-presses stilt employed.

* The HYDRAULIC PRESS is based on Paseal’s principle, accordiig to which a pressure
exerted on any point of a liquid mass is transmitted with the same intensity in all directions.
So that, if a pressure of 1 kilo is exerted, by means of a piston 1 sq. em. in area, on a liquid
in one arm ofp a U-tube, the other branch of which is closed by a piston 16 sq. cm. in area, this
would require a pressure of 16 kilos to balance the first piston (Kig. 271), the pressure transmitted
by the pressing surface being proportional to the area receiving the pressure.

The hydraulic fpress consists of a suction pump, P (Fig. 272), which draws water from the
reservoir, 4, and forces it through the strong copper tube, #, into the thiek-walled chamber, B,
hermetically sealed at the upper part by a large piston, b, carrying a wide plate, ¢, on which
is placed the material to be compressed. The compressing surface is that of the base of the
small pump-piston and the surface receiving the pressure is given hy the base of the piston, b.
the pressure received being dependent on the ratio of the sections of the pistous and on the
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A hydraulic press which is widely nsed is the ring-press of Briick and Hiibuer, of Maumn.
heim, shown in Fig. 275. The powdered seeds are placed on the rings, @, the base of which

ratio betweey the arms, OP and PR, of the pump-lever. If PR is ten tiines as long as PO and
the force exerted at R is 30 kilos, the piston of the pump receives a pressure of 300 kilos (30 x 10):
if, on the other hand, the section of the large piston. b, is fifteen times as great as that of the
small piston, the pressure exerted on the former will be 4500 kilos (300 x 15).

Fie. 271 » M. 272.

When the piston, b, rises, the plate presses the substance agaiist a strong cover, d, fixed
by three or four columns, ¢. When the pressure is to be released, the water is discharged from
the chamber, B, and the piston descends. The pump is provided with a safety-valve which
regulates the maximum pressure desived. The large piston is made tight by encircling it at b
with a leather ving (devised by the Englishman Bramah) with an inverted U-section; the water,in
its attempts to escape along the sides of the piston, enters the ring aud forces its edges against the
piston with a pressure mcreasing with the pressure of the water, and thus forms a true hermetic scal.

Nowadays horizontal Itydrankic presses, which discharge the oil and cake more casily, are
also used, but these occupy more space, while at the same time the piston does not reccde of
itself at the end of the operation.

In praetice, when a substance is to be compressed with a hydraulic press, two or more pumps
are used. The first. which has a long stroke, raises
the piston and plate rapidly, since at first the
registance is small ; when tlic pressure increases,
the compression is continued more slowly hy mcans
of a small pump.

To avoid attention to a namber of pumps and
loss of energy, works employing many hydranlic
presses niake use of the so-called kAydreulic accu-
mulators (Armstrong, 1843), which provide a storc
of water under high pressure for the feeding of
several presses at once (Figs. 273 and 274). A piston,
L, moving in a cylinder, B, just as it an ordinary
hydraulic press, receives pressurc from below by
means of compressed water from a pump, passing
through p and v, ; the upper part of the piston is
fixed to tﬁe centre of a plate, ¢/, which, by means of
three columns, S, sunports the plate, X, carrying
the heavy iron discs, D. When the piston is raised
by the compressed water entering A4, the whole
accumulator, E, €, and the discs, D, are raised.
When #, is closed A colitains a store of water under
great pressure which transmits pressure to a
number of hydraulic presses simultaneously when
the cock, v, communicating with these presses is
opened. In order to prevent the piston, I, from being raised too much and so forced out of the
cylinder, B, the lower part of the piston is provided with a small vertical channel with a lateral
exit; when the latter is forced from the top of the cylinder, 5. the water escapcs, the pressure
is lowered and the piston falls. Large worles are supplied with two or more accumulators, so
that when one is raised and the other at its low position excess of compressed water supplied by
the pumps at any moment is directed to the latter accumulator, which is heuce raised. ~ In this
way, also, the final pressure of the hydraulie press can be utilised before discharging it, energy
that would otherwise be lost being thus saved.

By these means, a uniform and persistent pressure may be exerted on several presses, but
it is exerted, not. gradually, but instantaneously, which may be disadvantageous in certain
cases, unless indeed various accumulators at different pressures are employed. Acrumulators
with small pistons may be used for pressures up to 400 atmos. The circular iron rings composing
the accumulator may be replaced by a single large cylinder filled with scrap iron or stones.

The pressure of a hydraulic accuimulator may be exerted in-some gegzee gradually by
connecting it with a compressed-air chamber (aulomatic accunudator). As liquid for use in
the accumulators, water, glycerine, or oil may be employed.

e e e
AENTOTGNTER

g, 273.
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consists of a movable, perforated steel plate covered with a disc of woollen or horschair
material. The flour is well pressed by hand or by a snitable machine, covered with a second
woollen or horsehair disc, and passed along the guides, b, being thns brought between two
plates, ¢, which are sinoothh underneath and grooved on the top and fit exactly into the

Fic. 275. F16. 276.

two rings containing the flour, one above and the other below. The grooved side of the
plate has also a circular, peripheral channel which collects the oil issuing from the perforated
base of each of the rings when the press is working.

The automatic changing of the rings requires one to two minutes, about the same length
of time being occupied in discharging them, while, under a pressure of 200 to 300 atmos.,
the pressing is complete in eight to ten minutes. Especially with palm oil and coconut oil,
the pressing may be carried out in the hot, the plates being arranged so that they can be
heated ; this procedure shortens the time of pressing and increases the yield of oil. 1n
some cases the pressing is carried out first at a low pressure,
which gives an oil of improved gnality, the cake thus obtained
being ground (e.g. by an Excelsior mill, p. 200) and squeezed
under a high pressure for the cxtraction of a further gunantity
of oil of lower grade.

The presses most commonly used are of the type shown in
Fig. 276 (in plan at 1), d being a cylindrical cage made of a
number of vertical stecl bars fixed to stout horizontal rings
smronnding them (Fig. 277), so as to leave vertical slits
through which theoil flows. The cakes consisting of 2 to 3 kilos
of the hot flour and well wrapped in strong horsehair material,
arc placed in d, the superposed cakes being separated by
fluted steel discs. The pressure is raised gradually to 200 to SOt
300 atmos. When batteries of several cages are used (Fig. 278) Frc. 277.
hydraulic accumulators (Tigs. 273, 274) are often employed.

Double hydraulic presses are sometimes used (Fig. 279), the two cages being rotatab c
round the column s. One cage is discharged and recharged while the pressure iz acting on
the other cage.

With the presses about 70 per cent. of the oil of seeds and fruits is extracted ; by means
of suitable solvents 98 to 99 per cent. may be obtained.
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Exiraction of the oil by means of solvents (first attempted in England i 1856), from the
crushed seeds or broken cake, is effected with carbon disulphide (see Vol. 1., p. 493)—which
has considerable solvent action on fats, even in the cold, but also remnoves a certain amount
of chlorophyll— or with light petroleum (benzine), which exerts its maxinium solvent effect
in the hot. The use of carbon tetrachloride has also been suggested (see Vol. L., p. 470),
since it is not inflammable like the other two solvents and, further, allows of the extraction
of the oil from moist substances.

The extractidn may be carried out by direct exhaustion or by systematic exhanstion.
In the former case, the substance is treated with pure solvent, so that large quantities of
dilute solutions which must be concentrated are obtained ; in the other process, a numnber
of apparatus are arranged in a series so that the solvent passes from one to the other and
leaves the last completely saturated, while the first apparatus, as it becomes exhansted, is
charged with fresh material and placed last in the series (see exhanstion of beet in the
diffusers, under the heading Sugar, later). Ifrom the saturated solution of the oil, the solvent

Fic. 278.

is distilled by means of direct or indirect steam and is thus completely recovered, while
the crude fat remaining is refined. :

There are various forms of apparatus corresponding with the first method of extraction,
such as the Merz universal exiracior, that of Pallenberg, and the Wegelin and Hitbner
(Fig. 280) form, which is fairly widely used. In the last of these the fatty material is
placed in the vessel, 4, into which solvent is introduced from D by means of the tube, r ¢.
The solvent saturated with fatis discharged into the still, C, where, by means of indirect
steam passing through the coil, y, the solvent is distilled. its vapour ascending the tube, 7,
and condensingin B, and the lignid collecting in D. The fat remaining in C' can then be drawn
off through the tap, z, but if it retains solvent tenaciously, it is first heated by a current of
direct steam, sotvent and water then condensing together in the condenser, B; owing to
their mutual insolubility, these two liquids can be separated by means of a suitable Floren-
tine receiver ! situated at w between B and D, the water being thrown out. If the solvent

1 The Florentine Receiver consists (Fig. 281) of an iron ¢ylinder, D%, joined at the bottom
to the tube, C, and provided with a lateral tube, D, slightly higher than the top of the tube W,
(A = 2 to 4 cm., according to the difference in density between the two liquids to be separated,
e.g. water and benzine). The tube, B, earries the condensed mixture of water and solvent to
the bottom of the separator, the benzins rising to the top and being gradually discharged through
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saturated with fat, instead of being drawn off by the tube, u, is caused to rise to the top to
the tube, I, whence it falls into the tube, v, the extraction is effccted with continuous cir-
culation of the solvent until the substance is exhausted. To expel and recover the solvent
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Fic. 280,

retained by the substance remaining in A4, a
current of direct steam is passed into the latter;
this carries off the vaporised solvent along tho
tube, k, through the
valve, n, to the cool-
ing coil, B, the con-
densed water and oil
being passed through
the separator, w, be-
fore the latter lquid
is collected in D,

By means of the
Mersz extractor,
slightly modified by Fisher (Eng. Pat. 123,645), extraction
nay be effected in cither an npward or a downward direction
and also in the hot; the extractor and still, shown in front
and side views in Figs. 282 and 283, form a single apparatus,
the vapour of the solvent heating the mass to be extractel
before it reaches the condenser. The material is introduced
at A into the cylinder, B, having a closed basc, C, on which
are a series of closed coils, D, for indirect heating, and the
perforated coil, £, for the introdiction of direct steam, which ¢

D to the tank (D, TFig. 280), while the water is discharged

through 1V,. At the commencement of the operation water is ||
introduced through the tap, #, into U until it flows out at )I',;
during the distillation a trickle of water enters at £ If at any
instant irregular distillation canses a sudden excess or deficit
of pressure in the separator, either the excess of gag may escape s
momentarily from s, forcing a column of water futo w, or suction

at s is absorbed by a small quantity of water falling into the Fie. 281.

funnel, ¢, which leads it to the bottom of the separator without

mixing the benzine and water layers. When a solvent heavier than water, such as carbon
disulphide, clhiloroform, ete., is used, the tube, 17,,is connected with the solvent tank, the water
djscharging from the tube, D. When the extraction is complete and all the solvent has been
expelled from the fat and from the residual cake, only water vapour condenses, as may be seen
by collecting a sample of the liquid from the tap, W,
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serves for expelling the solvent from the extracted mass. Steam enters the coil, F, above
which is a double perforated plate supporting the mass to be extracted ; at the level of
this plate is a rectangular door, . for the discharge of the exhausted material.

The solvent. arriving from the tank through the pipe, H, may be directed ta the top or
bottom of the mass by the 3.way cock, 2. At the top it enters at K, escapes through the
holes of the annular tube, J, is heated by falling over the double steam coil, 7, and is dis-
tributed over the mass to be discharyed through I into the still, below CAP. 1n arder to
extract from the bottam upwards, the solvent is passed in at M au overflows the npper
perforated plate, N, to collect in the chan-
nel, 0, and thus pass through P and the @
inspection glass, @, into the still beneath.

The still is furnished with g heating
coil which can be dismounted and with-
drawn, for cleaning or repair, through
the manhole, R. Direct steam may be T
introduced, by the coil, S, to eliminate the
last traces of solvent from the oil. The
hot solvent vapour surrounds the extrac-
tor, keeping the mass to be extracted hot, |
and escapes at the top of the apparatus
through the cast-iron pipe, T, to the
cooling and condensing coils. The residual /-]
oil is discharged from the still throngh
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the valve, 3. at the bottom.
The condenser is separated from
the solvent tank by a plate, 17,
and consists of thrée epils romd
which the cooling water flows,
The eondensed solvent passes,
together with the steam, into the
automatic separatar, ¥ (wee V'ip,
282). The steam fur the extrac.
tion shonld be at 4 to 5 atmos,
pressure and shauld be dry, and
if possible, slightly snperheated,

Large works, hawever, always
use batteries of cxtraction aj-
paratus arvatged in scries. In
a good extracting plant, the loss
of solvent does not u4nally exceed
0-5 per cent. of the weight of oil
extracted and is abways less than
1 per cent.}

REFINING of oils, to separate as far as possible the tannins, proteins, and coloming.
matters extracted from the oily seeds and fruits, is generally effected by means of dehy-
drating or oxidising agents (the latter attack the colouring-matters more especially).

In order that sulphuric acid may not act on the glycerides (forming ethers) and heat
and partially carbonise the oil, it must be used at a concentration of about 60° Bé. and i
small quantity (1 to 2 per cent.) with oil heated to 50° to 60°, or with the cold oil ; under

Fic. 232,

* The solvents most commonly used for extracting oils for indunstrial—not food—purposes
are benzine, carbon disulphide, benzene, ether, ete., which are insoluble in water, lut are Iughly
inflammable and give explosive mix tures with air. The use of sueh solvents cauged 206 accidents,
60 persons being killed ‘and 187 injured, in Germany in 1911, For this reason increasing use
is being made of non-inflammable solvents such as carbon tetrachloride and other chloro-
derivatives of hydrocarbons (see p. 122)..
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these conditions the few impurities are first carbonised and the ol becomes coloured, but
after filtration it is obtained paler, purer, and clear.

Zime chloride often gives almost the same results as sulphuric acid, and is added in con-
centrated solution (sp. gr. 1-85) and in amounts up to 1'5 per cent. of the oil; the black
flocenlent matter formed separates on standing or filtration.

In some cases it is sufficient to leave the oil jn large closed tanks of tinned iron with
conical bases fitted with taps so that the impurities which gradually settle may be removed.
Fragments of coal, peat, willow, ete., may be added, these carrying down the impurities
as they settle. Inorder to avoid prolonged
contact of the oil with the air, presaure filters
(described in the seetion on Sngar) are pre-
ferred ; cither the oil is placed at a higher
altitude than the filter, or the pressure is
applied by means of pumps, it being possible
in this way to filter 1000 to 2000 kilos of oil
in 24 hours. To purify with sulphuric acid
(see luter, Twitchell process), the latter is
poured in a thin stream into the oil contained
in a lead-lined vat and kept well stirred.
After seven to cight hours, by which tine
small black clots of ecarbonised impurities
have deposited, the oil is decanted into a
second vat, washed two or.three times with
water at 40° to 60° (in some cases a sinall
quantity of sodium carbonate is added to the
second water), being stirred meanwhile or
emulsified by air from a Kérting injector ;
after being left to stand, it is either decanted
or filtered.

The water is somctimes intimately mixed
with the oil to be washed by means of the
so-called ewndsor-centrifuge (Fig. 284), con.
sisting of two superposed metal plates with
the concave parts inside and mounted on a
hollow axle rotatable at 8000 to 10,000 revs.
per minnte, while throngh a central aperture
commanded by two taps—exactly adjustable
—the oil and water arc introduced in the
desired proportions, The distance between
the two plates can be altered so as to givé a
shit between their edges from 0:02 to 2 mn1. in
width, the more or less completely emulsified
mass being foreed out thraugh the slit by the
plates themselves.  If the oil does not separate
from the water on standing, the emulsion nmay

be destrpyed by adding powdered and caleined , %
i3

sodium sunlphate or carbonate (which act as K Py
dehydrating agents) or by agitating the emul- a Y T TN "‘E:
sion with animal black or magnesium silicate :
(which separates the components), but the Fig. 283.
best results are obtained with centrifugal
separators, like that used for milk (see p. 476), the water and impurities being forced to the
periphery, where they adhere, while the oilis discharged by the central tube. The acid also
may be mixed in the same way, and continuous working may be attained by means of a
battery of emulsors and another of centrifugal separators ; the latter serve well to purify
the dregs of the oil and, in general, colloidal and soapy products of oils. When the emunl-
sified or colloidal condition is due to the Presence of gum or wax, it is preferable to initiate
freezing of the glycerides, this breaking down the emulsion so that it can be filtered. When
stable emulsions of oil and water are required, as is sometimes the case, they can be obtained
by pouring the oil, mixed with salified stearo-anilide, into 3 bojling mixture of water and
VOL. IIi 32
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aminestearic acid; when mixed, the dense emulsion is stable, even in the cold (Kosters,
1907),

To deodorise oils, they are passed through bone-black or, sometimes, chn-bark. The
passage of superheated steam through the oil heated to about 200° gives better results. In
some cases, and more especially when very rancid, oils arc purified by deacidifying them
with a concentrated solution (8° to 10° Bé&. for cottonseed oil and 3G° to 38" Bé. for olive
oil) of caustic soda in amount slightly exceeding that calculated from the acid unmber;
this treatment, however, readily leads to the formation of persistent emulsions and to loss
of glvcerides and also of fatty acids. These emmlsions, which are due to the presence of
soaps, are broken down in the manner already described, first being heated to 50° to G0"
LEmulsification is sonetines avoided by adding sufficient Hme or anmionia to nenfralise the
free acidity and then completing the refining by the passage of steam. If the acility
exceeds 30 per cent., the losses wonld be so high that deacidification is not advisable ; such
oils (e.g., highly acid olive oil after refining with sulphuric acid) cannot be used as luhricants
or for softening wool, but are used solely for soap, unless indeed the fatty acids are trans-
formed into glycerides by treatment with glycerine as described on p. 461.

Bleuching with hydrogen peroxide, dichromate or permanganate is carried oat as with
tallow (see p. 470), but if the oil is first deacidified,
1 kilo (instead of 15 kilos) of dichromate per
ton is sufficient. If it is required to. eliminate
every trace of soap, the oil is heated with a
boiling solution of 5 per cent. sulphuric acid.
Vegetable oils are freqnently decolorised nowa-
days with fuller's earth (see Vol. L, p. 738),! aud
gool results arc obtained also by heating with
alkaline solutions of sodinm hydrosulphite.

OLIVE OIL is obtained by pressing the fresh
olives of Olew ewropece in the period from October
to December (in Morocco, in Angust aard Septem-
ber). The olive grows in abundance in Ceutral
and Southem Italy, on the shores of Lake Garda,
on the Genoese Riviera, and in Southern Ifrance,
Spain, Portngal, Dalmatia, Istria, Clrecce.
Moroceo, California, and Sonthern India.

The composition of the fruit is given in the
Table on p. 482,

It is not advisable to extract the oil from
stored or fermented olives. these giving the
X so-called hnile towrmente, which is rich in fatty
;-,,,M : acids ‘and yiclds a persistent emulsion when
Fic. 284. shaken with soila solution, and a Durkey-rad

oil—similar to the sulphoricinate (see p. 390)—
when treated with concentrated sulphuric acid.

If the olives caumnot be worked at once, fermentation is prevented by storing them in
a cold, dry, and well-ventilated place. The fermentation (according to Tolomei) is dne
to an enzyme (oleese) occurring with the oil, which, in the presence of air and light, it
decolorises : if the olease is removed by washing the oil with water, the oil is not decolorised
under the influence of light.

The extraction of olive oil is not always effected by rational processes and plant,
but2 vsually the olives are first crushed by means of the ordinary edge-runners (see Fig. 185,
p. 269).

. ! Fuller’s earth has been long used in Northern Africa for clarifying olive oil; in Chicago
it was thus employed as early as 1878, but its use was considevably extended subsequently
to 1890. It consists of aluminium and magnesium hydrosilicates, and is found in granular or
powdery deposits In Florida and also at Fraustadt, in Silesia. The decolorising action of this
earth depends on its state of hydration, the maximum effect being obtained if it is first lightly
roasted (at about 200°), while if the roasting is carried too far so that all the water of hydration
is lost, the decolorising power is entirely destroyed. The oil is shaken with 1 to 3 per cent.
of the earth, and the mass heated for a short time at a temperature (60° to 100°) varying with
the nature of the oil and then passed to the filter-press, the first turbid portions of the (iltrate
being refiltered,
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The pulp is next placed in quitable brigs of temreions vepeta [‘11(- lil?rv m “‘”’l’l l-ll‘l;l'lvl:lll |lc'~l
by horseliair and then pressed, the type of press el l’l".‘“"F b e ‘”"”.l.‘ “‘ uh the "'[' ‘ N ’
The ring hydranlic press (see IMig. 275 - 8y ambothrr Torm:, sl ll“”'[“* '.ll’l’ll"‘l" L 'l
excellent 1"esult§. T11 SOMIC CAHCS 1 maderate pressnce (n‘.;(‘vmpl( ned e 1(1' n ; " m~l o1
of superfine quality (virgiu aif). The residnes are '.'.(('vp('(.l in hot [““l-”‘ :1.t1~ nlp -.11: Lee
increased 1)1‘083111‘0.. Repetitian of Lhis [ocedure, rmpleyine o bl hithes poe oo, <1
an industrial oil. The cake from the second presssime M. bowevir, be aatatalbn \~lll
throngh which water flows 3 paat of the rewainar oil m‘llm.- 1.‘1~m(1\~'\l. thy Lo '-nllwlh '1
in a second vat, where it nndergovs protrected washars with waber, yo-bhoe sl
uneshed ocl.

The Kness-Funaro pracess (1902), wi il :
extraction, consists in cmmlsify ench (e with ‘l(.ol][_\ .((I[;(]Ilvllv e . ohdrm

The residual cakes (known in Hanly ne .-;(.m.xrl. alter beins dresl, albvmtnn G B e
cent. of oil, which is nowndays extracted ia e \\'111‘1\3 by meirs ol cabos «honbebel
which gives the very gree, so-enlhid -\'{ll/l/f(’"vu‘ll'll.l mﬁl, 1.1‘111}(1:.( all .ql tlas o e il m) th
mamdacture of green soup fir the textile indstnes” . 'l SEUURE ~»n}m-)mu woeglhal Mo
seilles soap, and is nsed especintly for the ll'l‘*l(.llll‘lll ol 1w .:.111\ st P oo howeser, are)
to some extent in Ttaly, this imme is given bo high pradie white amp oo by propared hoay
copra and arachis oils. ‘

Pure olive oil is yellowish or, in somce ey, nl‘muf‘ﬂ cubmrleso sbhebily weon The
finer qualities taste bat lttle ; freshly prossed Poglie oil 'lm:a n 1.'ullu~1‘ ln!t(-‘: aml mqeba ot
taste (due to camphene, engenal, sl of her snbstsuec inv et eaterl by Ciareomny whe b
it gradually loses. o o

The composition of olive oil ynries with the dishviet of erisin ond wish tla conldean
of extraction, the solid glycerides (nctuating from 10 lo S per gent. o e prooaldly
palmitin). The Hquid glycerides, which ocenr to The extent ol 70 to 8O a1 rent, wr
formerly thought to consist of trialcin alome, Iml the presence of Imolete mut s wneh as
6 per cent., this explaining the high iadine mnmber of the «dily b now Inen poaoad, mial
there appears also to be ahont 1:5 per cenl. of oowined ghyesride nnd vt ter Lo preraeal,

which remlls s anpminn b ypbD o o el
)

1 A new process of extracting olive oil proposed by Acapmdiro (1919 (9], el testerd » nh
favourable results in the experimental oil plant of the Dortigd irher Arrnuiaral Kidend, o to el
on the different surface tensiona of the two Baaids (oif vod woter) whoh ame posant o U pntp
of the alive wnd have to be separated, and hence on theie dilfereas enpiblary befes omn Bowaols
the vepetable tissues constitntiig the pidp. The mrfer tennion of the ol veorhot e bt
that of the water, so that scparation of the two lppuids it roialy allmaal Gy v el
dintinution of the pressuve below that of the atmonphere. e sepmaton o plae bt
by risc of temperatnre and by thoe facl that the water preseul hacs eapollitny saosant hhe
than that of the oil, so that it remains more stranply ndlp-eent 4o the veeetalile O Che
essential part of the machinery of this process  alber the obnps hove Inan sacparatel tean the
pulp—consists of the so-called liltering ex tenctors, formed of :aperpnzaa b metythe vy hish-e ol
which is a metal filtering cloth, air annnlar space commanicating with the vimvnm (map hemre Irn
between the walls and the cloth. A stiveer ithxd with ynues contitnmlly 1wovic iy ool ol
contained it the extractor and spreads it in thia hiyercon the Glerita rloth 2y that ke lngaot
portion is separated from the pulp. By steam benting the exdencting enn be vpried vad a2
any temperature. bt even in tho cald the exlmstion of the pddp 5 mne vorpb-te Heo thn
obtained by the older systems, while in the hobit:arpasis that ceached Dy precoge tHos 7 ape ™
in the most powerful hydraulic prosses. 16 s snid thad the Arngndiro process veomoos s e al
than those previonsly nsed il that it Jevedy itselt Lot peadaction 1y o faree conbs ol e,
slightly coloured oils of comstant tye, Imf, asyet, this pmcess hast it Deen sabpa O] Lieledy gy
commercial tests. '

* To distiuguish sulphacarhan ofl, which has n fower imline wnaber 1557 60 SOy, (o 102
obtained by pressure, Halphen's test mny be caployit. To 40 ca ol she ml beated Gy N
is addled 12 c.c. of alcoholic canstic potash dibita! with an equnl vobine ot walrr, she wystne
being heated for 10 minutes at 110" paul cootel fo Q@73 280 coes ol Tt wa O o 4l aildesl
and the liquid, after cooling, shalou with 200 c.c. of sutnralelodinm slpbnieantuding o,
of 3D per cent. copper sulphate is then added, and the liquid GReved. 1T e Gl ey gt s
a little more of the copper sulphate sobitioq is added and the Gqabl et seam ol movee ars
5 e.c. of silver nitrate solution (contwining 1 val. of 1 per cent. sqppons mber 1aim¢e b
and 5 vols. of gla.pla,l acetic acid) is then added (o the Tignid, which i bibal, nthow e 104,
supersa:turated w}th ammonia and filtered, thy tdter being wonhed with shtnle napornnc 1t
black silver sulphide remains an the tilter, the prescuce of salphocarboo ml tae 1m e cran by
olls—co}za., mgsta.rd, ete.—which canaot. he detocted otherwise) booerrbn,  $9veawn ) [,
has devised a simple test : 200 g, ol the oil is vigaromly shaben wilh 991 6y . of 4n el
a.lcoh(')l‘and th.en distilled on a water-hally, the distillote beanr evdlecsed mna wel) vonded 1ty 1.
containing a little alcoholic potash. 4 ’

> s > loven truces ol varhon dianfpbide thie viebl oty anm
gglrlllt;:}ilgte, which gives a yellow colovation ar peecipitate on mhhdon of nleambs vy el e
n.
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of volatile acids, besides 0-7 to 1-6 per cent. of non-saponifiable substances (phytosterol
and, according to Sani, an oil not yet defined). It contains a variable quantity of free
fatty acids, and when impure readily becomes rancid. If the acid number exceeds 16
(3.e., 8-1 per cent. of acids calcnlated as oleic acid), it cannot be used as machine oil, as it
attacks metals.

Pure olive oil is nsed as a comestible and the very pure and more liquid qualities for
oiling clocks, while the other gnalities are employed in large quantities in the manufactire
of soap, tnbricants, burning oil, and Tnrkey-red oil.

The pivity of the oil is controlled by various tests referring to the constants given in
the Table on p. 466, and by certain special tests. Olive oils of certain origins give abnormal
constants, e.;., Algerian and Moroccan oils have an iodine number of 96 and are reddened
by nitrie acid ; pure Tunisian olive oil gives the reaction for sesamé oil (Villaveechia and
Fabris’ test) hut not the Belliez reaction (test for sesamé oil with a saturated solution of
resorcinol in benzene awd nitric acid); the extraneons substances of Tunisian oil which
give the Villaveechia and TFabris test can be removed by shaking the oil with hot water.
Dectection of added sesamé oil is effected by Tortelli and Ruggeri’s modification of
Baudouin's test on the fatty acids (see p. 472), or more rapidly on the oil itsclf by nmeans of
Villavecehia and Fabris’ test, taking care to dilute 5 c.c. of the resulting red acid liquid
with four times its volume of distilled water and to shake the mixture in a ecylnder, and
observing the lapse of time required for the disappearance of the red coloration. With «ay
pure olive oil, if there is a coloration, this disappears within five minutes or, in cxceptional
cases, in eight minutes, whilst if sesamé oil (even only 3 per cent.) is present the colour will
persist for 30 minutes (Bega and Todorovic, 1909). The presence of cottonseed oil is indi-
cated by the Halphen reaction (see p. 470) or by Tortelli and Ruggeri’s modification of
Becchi’s reaction, which is carried out on the lignid fatty acids in the following manner :
20 c.c. of the suspected oil is hydrolysed with alcoholic potash in the ordinary way (see
p. 468), the agueous solution of the soap being neutralised with acetic acid and precipitated
with lead acetate; the lead salt, separated by filtration, is shaken with ether and the
filtered ethereal solution decomposed in a separating funncl by dilute hydrochloric acid.
The ethercal layer is filtered and the cther evaporated, and to 5 c.c. of the residue (kiquid
fatty acids) ! are added 10 c.c. of 90 per cent. alcohol and 1 c.c. of 5 per cent. aqueous
silver uitrate sohition; if a black precipitate is then forined on heating for some time on
a water-bath at 60° to 70°, the presence of cottonseed oil is proved. In certain special
cases the Beechi reaction alone is insnfficient to indicate with certainty the presence of
cottonseed oil. Traces of mineral oils in vegetable oils are detected by the formation of a
yellowish red solution on addition of a benzene solution: of commercial picric acid (F. Schulz,
1908 ; see Note, p. 468). To detect fish oli in vegetable oil, 100 drops of the latter are
treated with a mixture of 3 c.c. of chloroform and 3 c.c. of acetie acid, snfficient bromine
being then added to produce a persistent brown coloration; after 10 minutes’ rest the
vessel is introduced hito boiling water, when the liquid will remain liquid if the vegetahle
oil is pure, whilst insoluble bromo-compounds will separate if fish oil is present. With
boiled oil, the metals are first eliminated. Where the oil has been coloured yellow with
awramine, this is detected by boiling 1 c.c. of the oil with 20 c.c. of 8 per cent. alecoholic
potash and a little zinc dust in a reflux apparatus, 20 c.c. of pure benzene and 50 c.c. of water
being added after cooling ; the benzene solution is evaporated and the residue taken up in
glacial acetie atid, a blue coloration, becoming darker on heating, being formed if auramine
is present. Sunse oil or sulphocarbon oil, extracted from the cake or marc by means of
carbon disulphide, has a dark green colour, and the corresponding fatty acids have a rather
low iodine numbeér (as low as 75) and a somewhat higher melting-point than usual.

The presence of arachis oil in olive oil is shown by the Tortelli and Ruggeri test, which
has been modified by Fachini and Dorta (1910) as follows : 20 grms. of the oil is saponified
with alcoholic potash, the alcohol being then expelled, the soap dissolved in water, the fatty
acids liberated by hot dilute sulphurie acid, and the clear fused acids collected on a moist
filter ; they are then washed with hot water and dissolved in 150 e.c. of pure, tepid acetoue,
water being subsequently added, drop by drop, until a tnrbidity is formed ; the liquid is

1 The lignid fatly acids can be separated, to a considerable extent if not quantitatively,
from the solid ones by dissolving the mixtures in light petrolenm or, better, in acetone and
erystallising ont alnost all the solid fatty acids by cooling to — 20° (FFachini and Dorta, 1910).

According to Twitchell (U.S. Pat. 918,612, 1909) the liquid fatty acids are separated from the
solid ones by fusion with 1 per cent. of aliphatic sulpho-acids, which render the liquid acids

soluble even in water.



CASTOR OIL 498

finally rendered clear by the addition of a few drops of acetone at 40° to 45° and then left
to erystallise. In presence of arachis oil, characteristic shining crystals separate at 15°;
after an hour these are collected on a filter, washed with 10 c.c. of dilute acetone (32 vols.
water 4 68 vols. acetone) and examined for arachic and lgnoceric acids by the Tortelli
and Ruggeri test : one-half is dissolved in 100 c.c. of 70 per cent. alcohol, warmed shightly
and. allowed to cool, separation of crystals indicating arachidic acid (m.-pt. 75° to 76%) with
certainty.

STATISTICS.—The cultivation of the olive is widespread in Italy and Spain, the out-
put of oil (tons) being as follows :

_1907 1910 1914 1916
Italy . . . . 260,540 124,610 160,560 206,200
Spain . . . . 306,415 108,510 207,765 207,115

Ovwing to the high price of coal during the Iuropean War, the old olive trees were
largely burnt as fuel. Por.
tugal produces annually
about 25,000 tons of olive
oil, Algeria about 32,000
tous, and Tunis about
36,000 tons. The output
and price vary with the
scason aud with the de-
mand. In some years the
producers sell at £4 and in
others at about £2 10s. per
heetol., but during the
European War far higher
prices were obtained.

CASTOR OIL is extrac-
ted from the seeds of Rici-
nns communis (Fig. 285), a
plant cultivated in India,
Indo-China, Java, Italy,
Mexico, California, Egypt,
Algeria, Tunis, Paraguay,
Argentine, United States,
Spain, and Greece. The
oval seeds are 10 to 15 mm.
long, about 6. mmn. broad,

and rather flat, and are Fie. 285.— Ricinus commaunis : Shoots with flowers, malc
covered with a brownish or below and female above.
marbled, shining, brittle 1, stamens ; 2, anthers, magnified ; 3, ovary with three stig-

when peeled they mata; 4, fruit, half size; 5-8, sections of fruit ; 9-12, sceds and

skin ;
] sections thereof.

contain 45 to 55 per cent,
of oil. The seeds contain
about 19 per cent. of nitrogenous substances and an enzyme capable of hydrolysing the fats
into free fatty acids and glycerol (see Soap). The husks of the seeds contain poisonons suh-
stances (ricin, ricinin), which do not pass into the oil, but the pressed cake cannot he used
as cattle food, and is employed as fertiliser, as it contains about 4 per cent. of assimilable
organic nitrogen, 2 per cent. of P,0; and 112 per cent. of K,0.

Tlhe oil was at one time extracted by pressing the ground seeds twice it the dry state
and then pressing the residue after steeping in hot water. Nowadays, however, three con-
secutive pressings of the hot crushed seeds with increasing pressures are employed, modern
hydraulic presses being nsed. This procedure yiclds first a fairly pure pale oil, then oue
less pure, and finally a more highly colonred oil for secondary industrial purposcs. One
hnndred kilos of the seeds yield 9 kilos of husks, 43 of residual cake (with 8 per cent. of
oil), 20 to 25 of oil of the first, 6 to 8 of the second, and 4 to 6 of the third pressing. The oil
is purified by heating with an equal volume of boiling water, which precipitates many
protein and gummy substances ; it is decolorised by means of boue-black or by the ordinary
processes given for tallow. The medicinal oil is obtained by a first cold pressing, and js then
filtered in a vacuum to prevent rancidity.
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The refined oil is ahnost colonrless or faintly yellow, and has a high specific @mvity,
considerable viscosity, and a peculiar, nnpleasant taste and smell. It farms an excellent
purgative, the less pure qualities being used in the mamifacture of .s'u‘l/)/ulx‘u‘.iual-(.‘ (wee
p- 390) and of transparent soaps capable of retaiming comsiderahle qnantities af watrer. 1t
is used for softening leather and for making pegamoid. Its saap differs from others in not.
rendering water opalescent. )

Its specific gravity mostly les between 0-961 and 0-964, and it freezes hetween - - 127 and
— 18°, and owing to its high viscosity even at high temperatires, its slght salubility in
benzine, and the small amount of solid residne left on combustion, it serves as an exvellenk
lubricant for high-speed engines (for aeroplanes, cte.).

Castor oil contains varions glycerides but is free from tripakmitin.  Trivicinolein is solid,
and there appear to be glycerides of a ricinoleic acid and of a ricinisalec actd, alan of o
hydroxystearic acid (melting at 141° to 143°) and a dihydroxystearic acid (which explains
the characteristic high acetyl number of castor oil).

The oil vields, besides ricinoleic acid, more or less highly polymerised compomnds with
less and less marked acid characters (e.g. ricinisoleic acid), these increasing in nmannt
with the age of the oil.

Castor ol is strongly dextro-rotatory (24 to 25 saccharimetric degrees in a 20 mm. tube).
Unlike other oils, it is soluble in all proportions in absolute alcohol, glacial acetic acid, or
ether ; at 15° it dissolves in 2 parts of 90 per cent. alcohol or 4 parts of 84 per cent. aleohal,
but is insoluble in light petrolemn or vaseline oil (which dissolve all ather ails and {uds).
Hence, if a castor oil is insoluble in light petroleum and gives a clear salution with 5 'vols,
of 90 per cent. alcohol, it may be regarded as pure. The solnbility rclations are cimupletely
inverted if the oil is heated to 300° and 10 to 12 per cent. of it distilted ; there then remnin
a product termed floricin, which solidifies at — 20°, is insoluble in alcoliol, dissalves in all
proportions in mineral oil, and forms a stable emulsion with 5 parts of water, A siamilar
product is also obtained by heating castor oil to 200° in presence of 1 per ceut. of farm-
aldehyde ; if heated with zinc chloride solution, it thickens. The patnssimn salt of the
thickened produet, with water and formaldehyde, gives a disinfectant solnlian pradocing
the same effects as lysoform or ozoform.

The constants of castor oil are given in the Table on p. 46t

LINSEED OIL is a drying oil, as it contains much linoleic and hualenie acids (see
pp. 363 and 364), and when spread out in a thin layer on a sheet of ghws slawly furns o
solid skin (varnish), this forming mere rapidly with the boiled oil.

Linseed oil is extracted from the seeds (containing 35 per cent. of ail) of Vrnwm. watlelis-
simwm, which are converted into flour by the ordinary edge-rumner mills and pressed hat
in hydraulic presses.

Linseed is cultivated especially in the Baltic provinces of Russia, and nlso i Sunthern
Russia, Eastern India, the United States, and the Argentine, and to a less extenl i Bgypt.
Belgium and Italy. Linseed oil extracted by neans of solvents contains more nnsaturatid
fatty acids and less volatile acids than the expressed oil.

According to Fahrion (1903 and 1910), the fatty acids separated from Hisced aif cantain
17:3 per cent. of oleic acid, 30 per cent. of linolic acid, 38 per cent. of luolenic and isa-
dinolenic acids, 8 per cent. of palmitic and stearic acids, all comhiied with 4-2 pier cent.
of glycerine and 0-6 per cent. of non-saponifiable substances, '

The purity of the oil is indicated by means of the coustants given in the Tahle an p. 466,
especially by the iodine nmumber and the refractive index, which, in the different gnalities,
varies from 1:484 to 1-488 at 15° (or from 81 to 85 Zeiss at 25° or 87 to 91 Yeiss at 157),
whilst cottonseed oil gives no more than 1:477 and maize oil no more than 1-47G5 at 15"

A good proportion of the oil is used in the form of boiled linseed oil (see Nute on next
page), since on boiling it acquires drying properties especially necessary to the vaimishes
prepared with the oil.

The drying power may be determined by Livache's method. On a watcli-gluss i spread
1 grm. of ‘lead-powder_ (obtained by immersing a strip of zine in the solution of a leadl salt
a.n-d washing ‘tl3e precipitate with water, alcohol and ether, and drying), on which 0+t to
0-7 grm. of oil is allowed to fall sowly in drops, the whole being then weighed o,.\:a.c('-ly and
left' at a 'moderate temper'a,ture in a well-lighted situation. After 18 hours tho weight
begins to increase, the.maxnnurp increase (12 to 15 per cent.) being obtained within two or
gt most, three dayg (it then diminishes slightly). Other drying oils give the following
inereases : walnut oil, 7-9 per cent. ; poppyseed oil, 68 per cent. ; cotionseed oil, 5+ per cent.
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cod-liver oil, 7-4 per cent.; the remaining ails increase in weight only after the fonrth or
fifth day to a maximum of 2+9 por cent. after seven days. T'lie drying praperties are deter-
mined best and most rapidly by spreading a givenr weight of the boiled linsced ail on a
definite area of glass (1 mgrm. per sq. cm.) and leaving the Intter in 2 horizautal pasition
until the oil is no longer adhesive when pressed Hghtly with the finger (the temperatnre
should always be noted). The drying power of an oil may he deterniined alsn frons the
ozone number (Molinari and Scansctti, 1910).

In a 20mm. tobe, pure linsced ail gives a votation of — 0-3" in the Lamentsaccharimeter
at 15°, whilst other resin oils and sesamé oil are dextro-rotatory.

Linsced oil is nsed mostly in the manafactire af lees and wanishos,! nmastics and lma-

1 Qjl Varnishes and Lacs are ligquids which, when spread ovds in oo thin lsyer on an object,
leave on drying a solid, shining skin imsoluble in ether and waler and almost fmpermmahfe.
Varnishes and lacs have linseed oil as a basis, aad are often mixed with winorpl o organie
colonring-matters. DIl varnishes arve formed from linsced oil yendeved drying by dissolying
small quantities of certain minernls i the hot  OIl laes are abtained by adding to the almost
boiling oil varnish (free from gnmury matter) fased copal or other rosiy, and dimting with oil
of turpentine at the moment of using: all these nepw components contribute to nereaso the
fixation of oxygen.

Copal is a resin derived from various species of mare or less fossilised plants. "Che harder
copals melt at temperatives up to 390 %and the softer ones at 100%  They have specitie gruvities
lying between 1:035 and 1-07, nad they dissolve partinlly i ethor, wleohal, henzene, acetone
or chloroform, and ahnost completely, but slawly, in a mixtare of alcahol and ether; they
are insoluble in petroleum ether, fatty oils and oil ol tnrpentine, hut soinble in ribherseed (_1il
or copal oil (from the distillation of copal). Tu reuder them selublo in finseed and other oils
and in oil of turpentine, they are heated for G to 16 honvs at 300™ to 3207, hest in resence
of either stearic acid or the fatty acids of linseed or castox oil.  Capal consists uof resin acids
(trackylolic and isotrackylolic acids), reseus (copal rescus), a hitter substance and an cssential
oil. The acid number varies from 80 to 150, the iodinc number frpur 58 ta 70, and tho suponi-
fication number from 100 to 165. Before the Enropcan War copal wus sold at 32s, ta 10«

er cwt.
F Crude linseed oil requires four to five days to dry in a thiin layer, hnt tho Gxing of axygen,
that is, the drying, may be markedly accelerated by the presouce of small guantitics of dissalved
metals which act as catalysts.

At one time oil varnish (boiled linsecd oil) was prepared by heating the oil to 230” to 300°
for two to three hours in preseuce of minmium, litharge, ar mangnnese dioxido (ryers).  This
procedure yielded dark varnishes (boiled varidshes), aid was accompubied by dangor from fire,
the lieating being carvied ont iin open iron vesscls furnished with sthrers and hoatod diroctly
over the five. Nowadays tho dryer (0-1 to 0-25 per cent. Mz or 0-5 per cent. I'b - 0-1 per cont.
Mn is sufficicut) is dissolved by lieating at a far lower temperatinre (100° ta 1207 axd hest ia
a vacuum) for foar or five haurs (by indirect steam at 135° tn 150°), it being added (wlen tho
oil ceases frothing) as maiganese horate or, better, mangancse linoleste or reshwmie, and tho
mass stivred with compressed air; in this way, the so-called rold rurnrshes upoe obtained.  Theso
are paler varnishes which dry in 6 to 8 hours, whilst the othiers requive ns long as 24 lours.
It has been proposcd to decolovise boiled lhmced oil with ultra-violot rays. 'Yho drying iv far
more rapid in the hot than in the cold. Prolonged boiling of linsced oil without dryers inereases
not so much the drying properties as the cousistency, certnin camponents of tho oil boing
Yolymerised and linoxyn formed, and the iodine namber cousequently dimiushed (eq., from

54 to 27) ; these oils, thickened at 205° to 340°, hear the names Dickal, Standdl, and Lithayraphers’
varwish. ‘The action of oxygen during the drying of varuislies scems to lond to the decanipasition
of the glycerides of the saturated acids and of aleie acid with subsequent camplote axidation
of the glycerine and acids, the glyceride of hydraxylinolic acid (Agdroaylinolein), iusoluhle in
ether, beiny also formed as well as anhydrides and polymerised substances.  If 2 tn 3 por cont.
of pyridine, quinoline or other organic base is ndded to a linsced oil varnish, eracking will not
occur, even after years (Ger. Pat. 239,289, 1908).

In the manufacture of lucs, o dithicult and important operation is the fusion vf the copal
previously prepared in lumps—in cylindrical or slightly conical, enamelled fron or almninium
vessels ; these are protected at the bottom by an iron or copper casiag when heated by diroct tire
heat and are provided with a cover and chimney to caxry off the noxious vapours, which are
carefully condensed or burnt. The temperature is closely watched by meaus of a tharmiamoter
immersed in the fused copal (300° to 360°). It is nowadays regarded as preferable to heat with
hot water under pressure (up to 300°) circulating in coils situate in the lower part of the boil
Complete, uniforn1 fusion occupies 3 to 4 hours (with a loss in weight of 15 to 30 per cout.),
the linseed oil containing the dryer and heated to about 100° being then mixed i if any tnrhidity
appears, the mass is heated to 300° 1t is then allowed to cool to 150° to 200°, the addition of
the oil of turpentine—which dissolves the lac—and, if nccessary, of the dryer, being then begnn.
The diluted lac is filtered under pressure and discharged into smaller vessels, in whicl it is nllowed
li;o. g(iol completely. The addition of calcium salts of colophoiry renders the lac linrder but moro
rittle.

The copal is sometimes replaced by colophony and other resins, whicl are, however, rendily
saponifiable ; a mixture of Japanese wood oil with resin and a little lime gives n goad lne. Laes
are improved by prolonged storage (at least a year). Linseed oil tor niaking lacs shonld he freo
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lewn. The last, first prepared by Walton in 1860 and improved by Parnacatt aud Laylor,
is obtained by oxidising (blowing) hot linseed oil, after addition of the dryer (se¢ Nate), far
18 to 20 hours with hot air nutil it thickens to linoxyn ; about 30 per cent. of calophony is
then added, the whole being converted into a paste with cork-dust at o temperatnre exceed-
ing 100°. The mass swells and is compressed hot (140°) on a strong textile previonsly
varnished to protect it from mnoisture, the whole being repeatedly pwessed hetween hat
rollexrs. It is finally dried for some weeks in suitable chambers at 30¢ to 357, wherr it loses
its smell and acquires elasticity and weight. It is colowred in the pasty condition wich
mineral colouring-matters. According to Bitter (1911) linoleum exerts a marked genni-
cidal action,

Lincrusta also is made from linoxyn, a stream of air betug passed thrmgh Busced ail nt
100° for sonte days until a dense mass is formed. This is mixed with white chalk mud alher

pigments and cement, the mixture being spread and pressed on to strips af jmper by menns
of hat ralls which hnpress

desigms o to the smrface,
Linsced ail is nsed also
far making soft, ftrans.
parent sanps (see lndir).
The mean wmanl pra-
ductiau of linsecd
thranghout the world ju
1907-1916  amaunted to
abont 2,750,000 tans.
WALNUT OIL.---T'his
s a drying oil Hke Busced
ail.  The fresh nuts o
freed from the ontter green
Imsk aund left ta dey far
some weeks, afler which
they are stored in heagm
for 3 to 4 manths;
this  treatment hmnenses
the yicekl af ail and leads
to the disappearnncs of
the wmilky juice of the
nuts, which  wonkl  he
diftienlt ta scparate from
the oill  Aftrr removal

Fre. 286.—Oil palm (Elais guineensis). .

1, male flowers; 2 and 3, male flowers, magni6ed ; 4 O.f ('-h,gslwll, the slvincd nats

stamens ; 5, fruit with three stigmata; 6, mnt with tiu'(-,(,» give 25 ta 30 per cet ol

apertures at the top; 7, section of the nut with the seed frnit yiclding 30 to 35 pex

ingide ; 8, transverse section of the seed. caut, of pale yellaw, virgin

' oit Im n lirst pressing in

bags in the cold, a.1}d a further 15 to 20 per cent. of greenish oil when the vesichinl enke is

broken, trea..ted Wlth‘ hot water and pressed hot. The fresh virgin ail 14 samebines nsid

as a comestible, but it quickly turns rancid and hag a,pronmmcu-l flavom ; it 4 nsed mare
commonly f.or lighting and as a drying oil for varnishes and far artists’ nsc.

I.t contal'ns glycerit?.es of oleic, linoleic, linolenic, lauric and myristic acids nd s the
specific gravity 0:925, ‘1odine number 142 to 152, saponification nnmher 186 La 197, Tartelli
tht.zrmo-oleometer reading 104°, Zeiss butyro-refractometer reading 64 to (8 at 40", mcling-
point of the fatty acids 16° to 20°, ' )

PALIYI OIL is extracted from the fruit of certain varictics of pakn (Rlias granfensis
and Elais melanococea, which grow in Western and Central Africa and in J\lll;‘)‘i(t;l.. and
Ast‘rocarywn ‘acuale and Astrocaryum vulgare, growing in Guiana). The arange-brawn
fm:ut, of the size of Wa%nuts= hangs in bunches”; each bunch weighs 10 to 20 kilos and can-
tains 1000 to 2000 fruits, and each plant yields, on the average, four hunches per amum,

from my matters, which may be removed by filtration through Florida oarth (sec p. 4h0

and Vol. 1., p. 738). y
than 50 per cI:znt:.3§))f ]jngl:dsgffer lacs contain more than 50 per cent. aud the harder oues less
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The pulp constitutes, according to the variety, 25 to 75 per cent. of the fruit, which contains
a mnt, and this a white seed also yielding an oil (pelm-nut or palm-kernel oil : see Fig. 286).

The extraction of the oil in the districts where the palm is grown is carried out in an
irrational manner, the fruit being sometimes heaped up until it putrefies and the oil then
pressed out. In other cases the fruit is stored and compressed in excavations in clay soil,
being left to putrefy until the oil separates at the surface. In other places the fruit is
fermented for a month and then heated with water, so that the pulp becomes detached
from the stone and can then be heated and pressed again with water until the fused oil
contes to the top and can be decanted off. In these ways more than one-half of the oil is
lost, and 1nachinery is now being introduced for detaching and disintegrating the pulp
and for the rational pressing of the latter. .

When freshly expressed, the oil hus a buttery cousisteniey, an intense orange-yellow
colour and a faint smell of violets ; the colour and odour persist in the soap prepared from it.
It can he decolorised by heating it when exposed to the air and light, but this is effected
best and most rapidly by fusing and heating it until it loses the water remaining from
any preliminary heating with water for the removal of impurities; this separates from
the fused mass in 24 hours. After this it is introduced into a metal vat or cylinder (Fig. 287)
provided with a cover and tube for carrying the gases to the chimney ; the fat is heated to
120° to 130° by nieans of au indirect steam coil, VP, and a vigorous and finely divided
streamn of air passed through the oil from a perforated tube, B. TIi 3 to 4 hours
decolorisation is complefe; at the same time the pleasant .
odour of the fat remnains, although it is destroyed if the fat is T
decolorised by simple heating to 220°.

Chemical decolorisation is often employed, the oil (1000
kilos), already purified by treatment with water and by fusion,
being heated in a boiler to 50°, at which temperature 30 to 50
kilos of commercial hydrochloric acid and 8 to 10 kilos of
potassium dichromate dissolved in 18 to 20 litres of boiling
water are stirred inn. After 15 to 20 minutes, 1 to 2 kilos of
sulphuric acid are sometimes added, the stirring being con-
tinned until the oil becomes limpid ; stirring is then stopped _
and 70 to 80 kilos of boiling water sprayed on the oil to wash
it. After standing overnight, the water is decanted off, the
acid separated from below, and the oil washed once or twice by

boiling with water. p %
Even when fresh it containg 12 per cent. of free fatty acids, N

and as it becomes older it decomposes spontaneously with _{. _, Fia. 287.
increasing ease, separation of fatty acids (up to 55 per cent.)

and glycerine—which can be cxtracted with water—taking place. Besides free pahnitic
acid, the principal components are the glycerides of oleic and palmitic acids, up to 1 per
cent. of stearic acid, a little linolie acid, and about 1 per cent. of heptadecylic acid, C,,H,,0..

The colouring-matter of palm oil admits of various characteristic colour reactions : with
sulphuric acid, a bluish green coloration is obtained, whilst inercurous nitrate colours it first
canary-yellow, then pale green, and finally straw-yellow,

Paln: oil is used in large quantities in the manufacture of soap and candles, its value
being related to the melting-point of its fatty acids. It is calculated that the palm oil
placed on the market (that is, exclusive of the large amounts consmned where produced),
amounts to 70,000 to 80,000 tons per annum. Before the European War, the price varied
with the year from 20s. to 26s. per cwt. The best qualities of pahn oil are from Lagos ; then
come those of Old Calabar, Benin, and Acora ; while among the more impure varieties are
those from Gabun, Liberia, and the Canieroons.

PALM-NUT OIL (or Palm-kernel Oil) is obtained by crushing and then either pressing
in hydraulic presses or extracting with solvents the stones contained in the fruit of the
West, African palm (Elais guineensis) ; freed from shell, the seed forms 9 to 25 per cent. of
the weight of the fruit and contains 43 to 55 per cent. of fat, which is white or straw.
coloured and free from fatty acids when fresh, although it turns rancid fairly easily in the
air ; it melts at 26° to 30°.

It consists of about 15 to 25 per cent. of triolein, 33 per cent. of triglycerides of stearic,
palmitic, and myristic acids, and about 45 to 55 per cent. of triglycerides of lauric (in
preponderance), capric, caprylic, and caproic acids.
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It bears a great resemblance to coconut oil, even in the property of its soaps of taking
up large proportions of water—as much as 600 per cent. (coconnt soap up to 1200 per
cent.)—and of being somewhat soluble in solutions of salt. The total quantity of pnln
mts placed on the market is about 1,125,000 tons.

COCONUT OIL (or Coconut Butter) is obtained from the coconnts yielded twice n year
by the palms Cocos nucifere and Cocos butyracea, which grow almndantly in Africa, t'eylan,
Cochin China, and the Indies.

The coconut is oval (Fig, 288) and about 20 to 25 cur. long aind 12 to 16 cm. hroad ¢ it
is covered with a fibrous iass, used for making matting, card, and baskets, and with a
hard, woody shell, 8 to 12 mm. thick, which some time hefare maturation cantains
sweetish, watery liquid (cocomnt malk), this subsegnently disappearing and giving pluce to
a soft edible pulp. The latter hardens in the air and is sald under the name of ey

Py Sp
e
LA

9
ifera.

1, flowers ; 2, round female flower and two nale flowers ; 3, male tlower ; -k, malo lower,
separated from leaves and calyx, magnified ; 5, female lawer, semirated from lenves nud
calyx, magnified ; 6, fruit; 7, same in longitudinal section, the hony seed being snrvannded
by a fibrous layer; 8, the seed with one-half of the fibrous nyer removed 1 9, the iy serd
with three orifices; 10, seetion of the inner seed with chamber filled with tatex: 11, lawer
portion of the liusk with"the embryo; 12, embryo.

(60 to 70 per cent. of oil) for the extraction of oil. At the place of production this is carried
out in a very primitive manner, but in European factories the dry pulp is graund, stecped
in boiling water and pressed, first cold and then hot.

The oil is nowadays decolorised with bone-black or absorbent carths (nagmesimn hydro-
silicates), and in the white form thus obtained is used as a comestible (cacamut ludtler ; sée
Margarine), after the free acids have been removed with highly concentiated solutious of
caustic soda and after the odorous constituents have been expelled by nicans af snjier-
heated steam. The best formn for use as food is the softer, ahnost Hqunid butter ahlained hy
the first pressing in the cold. Its digestibility is equal to that of margarine and butter. If
it contains more than 2 per cent. of free fatty acids (expressed as olcie acid), it caumot he
used for food and then goes to the soap factory as industrial coconut oil.

Its composition is variable, and of the unsaturated adids it contains only oleie acid
(about 10 per cent.), while glycerides of myristic and lauric acids are present in large quan-
tities and those of caproic, caprylic, and capric acids to the extent of 2 to 3 per cent.
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The pure fat contains no free fatty acids, or at most traces, It h@s already been men-
tioned that it gives a soap separable from solution only by very large “quantitics of salts
it is, however, ca,pa,ble of absorbing as much as 10 to 12 times its own weight of,waataerx and
is hence highly valied by soap mamufacturers. It is used alone for culingry purp»oses “and
for mixing with margarine and adulterating cacao butter.

In its a.nalysm_ attention is paid to the physical and chemical eonstants given in the
Tahle on p. 466.

A large avea of the earth's srface (about 1,400,000 hectares) is under coconnt pahns,
which in a good ycar would yield 960,000 tons of coconut oil.

VEGETABLE TALLOW (Chinese Tallow) is obtained by pressing the frnit (separated
more or less from the sceds) of Stillingie sebifera (Udlorw-tree), which grows in China, Indo-
China, etc. Pressing of tbe sceds (3 per fruit) yields stillingic o0il, which is to some
extent drying (iodine nuinber more than 135). The tallow, however, serves well for making
soap and has an iodine nnmber of abont 30, but this varies somewhat owing to varia-
tion of the amount of stillingia oil present. The tallow nielts at 35° to 44°, and is sold in
40- to 50-kilo cakes wrapped in straw.

COTTONSEED OIL is obtained by pressing the shelled, washed sceds of the cotton
plant (Gossyprinm herbacewm and barbadense cultivated in North America, and @. religiosian,
Lirsntum, and «rborewon, cultivated in Egypt, India, Chita, Siam, ete.). The whole cotton-
seed, with the husk, contains 7 to 10 per cent. of water, 15 to 20 per cent. of nitrogenous
sitbstanices, 18 to 22 per cent. of oil, 15'to 23 per cent. of cellulose, 24 to 30 per cent. of non-
nitrogenous extractive matter, and 3:5 to 4-5 per cent. of ash ; the decorticated seed con-
tains 28 to 38 per cent. of oil. About 1 per cent. of down remains adherent to the husk
(45 per cent. of the weight of the seed), and this is separated to make cotton wool, paper,
and nitrocellulose.

The whole, or decorticated, seeds are ground and the flour pressed at 100° in hiydraulic
presses in two or three stages. The pressed cake is used as fodder or as fertiliser,-and con~
tains 3 to 9 per cent. of oil and 15 to 30 per cent. of nitrogenous matter if from the whole
seeds, or 8 to 20 per cent. of oil and 35 to 50 per cent. of nitrogenous matter if from decor-
ticated seeds.

The crude oil is reddish-brown (sulphnric acid produces a red coloration) and is deco-
lorised by stirring with 6 to 10 per cent. of caustic soda solution of 10° to 15° Bé. and pass-
ing through it a vigorous current of air, first in the cold (40 to 50 minutes) and then when
heated to 50° to 55° by indirect steam. It is then allowed to settle, and is afterwards
washed with 10 per cent. of salt water (at 10° Bé.) to remove the last traces of soap, decanted
off, and passed through filter-presses to obtain it clear and of a fine straw-yellow colour.
It may be bleached also by heating it to 70° with 10 per cent. of fuller’s earth and 1 per
cent. of salt. The fatty acids separated from the glycerides of cottonseed oil contain about
26 per cent. of oleic acid, 47 per cent. of linolic acid (the oil is hence partly drying), and
about 24 per cent. of saturated fatty acids (pahnitic and up to 3 per cent. of a hydroxy-
acid), besides a small proportion of an aldehydic substance (to which Becchi’s reaction is
due). It contaius also 1-5 per cent. of a non-saponifiable sulphur compound and apparently
a chloro-compound.

Tests for the detection of cottonseed oil in other oils have already been described
(p. 492), and the analysis of the oil is carried out with reference to the constants given
on p. 466.

ibout two-thirds of all the cottonseed oil is used directly or indirectly (as adulterant) as
food ; the remainder (second and third qualities) serves, with palm oil and coconut oil, for
making white soaps, although in some cases it gives rise, after some tiine, to yellowish spots.

The total output of cottonseed should be about double that of the cotton produced.
The United States produced. 6,997,000 tons of the seed in 1911 and 6,104,000 tons in 1912,
the output of the oil being 800,000 and 750,000 tons respectively in the two yeags.

KAPOK OIL. This oil, obtained in 25 per cent. yield by pressing kapok seeds (from
Eriodendrun anfractiosum, growing in Java, East Africa, the Antilles, and Central America),
exhibits slight drving properties and has the specific gravity 0-920, iodine namber 95 to
115, and saponification number 180 to 195. The crude oil has an acrid odour and a repul-
sive taste, but the refined product is insipid and odourless and is used mostly for making
soap. With Becchi’s reagent it gives an intense reddish-brown coloration, and with
Halphen’s reagent a pale red colour.

MAIZE OIL (in America, Corn Oil) is now prepared in large qnantities in America and
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Ttaly from maize germs, which are separated dnring grinding. These germs contain 40 to
50 per cent. of oil, and after being pressed hot leave an excellent cake for cattle-food (hs. to
65 per owt.). The densc oil has a fine golden yellow colour and a faint odour of naive, anc
serves well for soap-making and for adulterating edible oils and linsced oil. That obtaiied
by extracting the dried grains from spirit manufacture (see p. 182) is reddish hrown, and is
used for burning and as a lubricant when mixed with olive and wineral oils, but is not nsecd
alone, as it tends to resinify. As a drying oil it has no great value.

The fatty acids of the glycerides of maize oil are: stearie and pahmitic (4 to 25 per
cent.), oleic (about 40 per cent.), linolie and linolenic (about 45 per cent., so that the oil
is partly a drying one), and sniall proportions of arachic, hypogueie, caproie, caprylic, ancl
capric acids ; the oil contains also about 12 per cent. of lecithin and 1-4 per cent. of non-
saponifiable substances, mostly cholesterol, or, more preeisely, sitostarol, identical with that
obtained from wheat and rye.

If in North America (Illinois) alone the oil werc extracted from the germs of all the
maize produced (about 6,000,000 tons—the world’s total procutetion being over 7,500,000
tons, 900,000 of this in Italy), more than 250,000 tons of the oil should be obtained, but ouly
about 40,000 tons of maize oil are produced at the present tinie, about one-half of it heing
exported.

SESAME OIL (Gingelly Oil, Teel Oil) is obtaiued from the sceds of Sescmem indacuun.
(brown, oval, flat sceds, 4 mm.
long, 2 mm, broad, and l.mm.
thick : g 289) and of Sewe-
wm orieninle (violet-brown ar
black), the latter giving as
much as 50 per cent. of oil
i{| when pressed once in the cold
1 and twice hot. The first oil
expressed serves as a food far
1 250 millions of the inhabitants
of India, where the arca nnder
sesamé cxeceds ten  millians
of acros (i.e., 4,000,000 hec-
4 tares). The cxportation of
scsamé  secds  fromr  India

.. 5 120,000 tons
Tig, 289.—S indroner. with whi amouuts to about 120, !
esamum indicum, with white secds. aunually, ncarly all of this

A and B, ripe” fruit s 3 . . o .
[ 1011gitudillaln§eectgr11 o;e ('fagliif:l:) mD, ?:'le::z::e n;,l;gu:)l:ll (;)f being dirccted to the Marsml}us
the fruit and four rows of seeds; &, sccds. All natural Market, whence other cauntrics
size. ) are supplied. The Levant pra-

duces abont one-tenth as nmeh
as India, and a little is produced i Africa, China, and Japan. In France the sesamé ail
industry is declining owing to the obstinate empiricism of the older manufacturers and {0
the almost prohibitive Customs duties of various countries, but more than 1000 trucklaads
of the oil are still exported per annum.

fesamé cake (dark or pale), so largely used as cattle-food, has the composition: water,
10 to 12 per cent. ; protein substances, 37 to 39 per cent. ; fat, 9 to 10-5 por cent. ; and
ash, 95 per cent.

Sesamné oil has a golden-yellow colour, that from the Levant being the paler ; it consis{s
of glycerides of stearic, palmitic, oleic, and hnolic acids, 78 per cent. of the fatty acids
being lignid with an iodine number of 140. The physical and chemical constants are given
in the Table on p. 466, and the characteristic reactions for detecting it when mixed witl
other oils on p. 492. It is dextro-rotatory (4 0-8° to + 2-4°). :

The characteristic reactions, especially the colorimetric ones, are due to special com-
ponents, such as sesamin ; a kevo-rotatory aleohol, sesamol, CygHy,0, 4H,0, which gives
Baudouin’s reaction (p. 472), and the methylene ether of hydroxyhydroquinone, C,HgO,-

Sesamé oil is used in the manufacture of oleomargarine and soap and as burning oil.

ARACHIS OIL (Earthnut Oil, Peanut Oil) is obtained from the sceds of Arachis hypo-
geea, cultivated as a herbaceous annual in Africa (largely in Senegambia and in less degree in
other parts),India, United States, Java, Sumatra, the Philippines, Japan, Formosa, the Plate
Southern China, Indo-China, and to some extent in Spain, the south of Irance and Ita.ly‘,




ARACHIS OIL 501

The fruit develops in the ground and attached to the roots, and eonsists of a yellow
fibrous husk containing two seeds covered with a reddish-brown skin (Fig. 290). Senegal
secds coutain about 14 per cent. of water, 48 per cent? of oil, 25 per cent. of nitrogenous
substances, 3 per cent. of cellulose, and 2 per cent. of ash; the African seeds contain up to
50 per cent. of oil, the Indian 44 per cent., and the American 42 per cent.

The toasted seeds, which are consumed as a fruit, readily turn rancid and acquire a
repulsive flavour, and are usually eaten immediately after toasting, Large quantities of
the nuts prepared in this way are consumed in America, while considerable amounts are
also ground, converted into a paste and slightly salted (4 per cent.) to make peanut buiter,
Before the War the nuts were sold in the husk at 10s, to 12s. per ewt. and the dehusked nuts
at 16s.

The ground, dchusked nuts yield about 30 per cent. of oil at the first cold pressing, 7 to

Fic. 290.—Arachis hypoycea.

4, whole plant (one-third natural size) with fruit ; B, fruit (three-fourths natural size) ;
(', fruit open, with one seed cut ; D, separate flower (double natural size).

8 per cent. at the second cold pressing, and about 7 per cent. at the third pressing when hot.
The oil obtained by the first cold pressing is almost colourless, has a slight flavour of beans,
and is largely used as a comestible and for adulterating olive oil, although it readily turns
rancid. The second pressing in the cold gives burning oil, and the third, in the hot, oil for
soap-making. Arachis cake causes abortion in cattle. The liquid components contain
triolein and trilinolein ; the presence of hypogeic acid is uncertain ; the solid constituents
are composed of triglycerides of lignoceric acid, and to a less extent of arachic acid (5 per
cent. of the oil). In olive oil arachis oil is detected by Renard's test, as modified by Tortelli
and Ruggeri and by Fachini and Dorta (see p. 492).

COLZA OIL. This is obtained by pressing the seceds of Brassica campestris which is
grown in France, Belgium and Germany, although most of the seeds come from India. The
seeds are reddish yellow and contain 5 to 7 per cent. of water, 4 to 6 per.cent. of ash, 6 to
15 per cent. of cellulose, 19 to 22 per cent. of nitrogenous substances, and 38 to 45 per cent,
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of oil (thie Indian secds are the richest, but contain also more sinigrin and myrosin, which
give mnstard oil with water, so that the cake is not ntilisable as cattle food).

The rwvison( Bressice napus) yields the brownish-yellow ravison oil, with an anpleasant
taste and penetrating odom' ; its colour and taste are improved by refining by nicans of
concentrated sulpherie acid, zine chloride, ete. The oil consists of glycerides of oleic,
ercie, stearic and arachic acids, with 1 per cent. of phytosterol. It is nsed for llnnunating
purposes, as it gives a bright, non-smaky flante; it serves also for making soft soap and,
when heated to a high tempevature iz a current of air, yields a viscons prodnct (oxidised oil).
Rubber substitutes arc obtained by heating it with sulphm or sulplur ehloride.

SOJA BEAN OIL (Chinese Bean Oil) is extracted from the heans of Soja hispude (or
Sajee japonice or Phusealus hispidus), which are enltivated in China and Tapan (Farmosa).
The ernshed beans are heated in jute bags over jets of steam and then pressed. A lage
part of the oil is nsed for sonp-making.  After prrification hy standing, the oil haa the sp.
gr. 049255 at 15°; acidity. 0 ; saponification nnmber, 193-2; jodine numher, 135 ; Hehner
numher, 95-95; Reichert-Meissl nuinber, 0-45; Manmené mimher, 86 ta 87 : mdex of
refraction, 1-4750 at 20°; solidification point, — 8% to — 167 ; melting-paint of the fatty
acids, 27° ; and solidification-point of the fatty acids, 22° (Octtinger and Buckta, 1911).
The exportation of the oil from China amounts to 60,000 tons per anmmmn,

GRAPESEED OIL. The sceds of the grape contain 10 to 20 per cent. of oil (moro
in white and sweet grapes). They arc scparated from the skins by drying i the sun ar in
ovens and then beating, the sun-dried sceds containing 11) to 12 per cent. of water, 9 to 12
pet cent. of carboliydrates, 10 to 11 per cent. of nitrogenons matters, and 2-5 to 4 per cent.
of ash. The sicved sceds are dried completely, ground, steeped in 10 per cent. of water,
heated, and pressed ; the cake is broken up, treated with 20 to 25 per cent. of water, and
pressed again, this treatment being repeated so that all the oil may be extracted.  The oil
can also be extracted by means of solvents (beurzine or carbon disnlphide). Whaen dark-
colonred (extracted from the seeds of clistilled marc or in the hot with solvents), it can he
readily decolorised with animal-black or fuller’s earth. It has not a vory pleasant odanr
and is rather bitter (if expressed in the hot).  Pressuwe of the seeds yickds 9 to 13 per cent.
of ail.

This oil consists of glycerides mainly of linokic acid, togethor with those of salid fatty
acids (10 per cent.), and a little erucie, linolenic, and ricinaleic acids, 1 has the sp. gr
09202 to 0-9350. .

1t has slight drying properties and solidifies between — 10° and — 157 ; its sapanification
mmher is 178 to 180 ; iodine number, 130 to 140; Wollny nmmher, 0-4; Mnamené
mambier, 52 to 54 ; and butyro-refractometer reading, 60 at 40°.  The acetyl nnanther of the
fatty acids varies from 43 to 144, according to the extent of oxidation : it thus resembhles
cagtor oil to some extent, so that it is recommended for the mannfacture of sniphoricinate
(wee p. 3DO),

The pnre oil expressed in the cold is used as a food, and the ether varietics far soap-
making, but if purificd with sulphuric acidi t serves well as a lighting oil, nat sa mnch an
acconnt of its luminosity, wbich is rather low, bnt more especially hecanse it gives a smake-
less flamie.,

After the removal of the fat, the cuke contains 10 to I5 per cent. of water, 14 ta 18
por cent. of protein substances, 6 to 18 per cent. of fat, and 6-5 ta 7 per cent. of ash, and is
usced as cattle-food and also as a fuel.

Iun Italy the extraction of yrapeseed oil is capable of considerable development. A
few oil-erushing mills of Sonthern and Northern Italy treat a certain amount af the
scetl.  Seeds obtained from distilled vinasse are of less vahie, as they yiekd an inferior,
brown oil.

TOMATOSEED OIL. Dried tomato seeds? contain 18 to 22 per ceutt. of oil, two-thivds

1 Tomatces are the frnit of a herbaceous plant (Solannwm lycoprersicum) of Peruvian origin,
and from 1700 to 1850 were cultivated in various countries as a garden plant for local domestic
ure. Since 1860 they have been grown extensively in North America, especially in California,
where in 1911 15,000 tons were marketesl, large quantities being cxported to other comntries
in the fresh condition. In Htaly also they are cultivated on a large scale.

T'resh toniatoes contain 92 to 95 per cent. of water, 1 to 3 per cent. of skin, 2 to 5 per cents
of sceds, 09 per cent. of mitrogenous componnds, 0-2 per ceut. of fat, 25 per ccut, of sngars,
08 per cent. of cellulose, 06 per cent. of ash, and 0-4 per cent. of free acids (mostly citrie).

Conceutrated fomalo preserve is prepared by rupturing the fresh fruit, centrifuging and
hydraulically pressing the mass, and concentrating the whole of the liquid in vacrum pans
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of which is extracted by snbjecting the grownd seeds to a pressure of 300 to 400 wtmos.
The residual cake forms an excellent cattle food (superior te linsced cake), as it contining
36 to 38 per cent. of proteins, 10 to 12-8 per cent. of fat, ahant 50 per cent. of non-nitra-
genous extractives, 8 to 1) per cent. of water, G per cent. of cellnlose, and 5 1er cent. of ash,

The oil expressed i the coldd from sound seeds is straw-yellaw, and with 20 per cent. of
tallow gives a good washing soap.

Aualysis of the oil gives the following resnlts (Faching) :+ density at 157, 09215 . vefrac.
tive fdex, 1-4785; acid mmmber, 0-46; saponification mumher, 19143 jadine amher,
114 ; iodine mumber of the fatty acids, 122-7; dodine mumber of the liqnid Tatty acids,
142-2 5 Hehner immher, 93-8 5 acetyl nnmher, 204,

WOOD OIL (from .Japan aud China) is derived fram the seeds of Alewriles eovdate,
These contain as mmeh as 53 per cent. of oil with an odonr like that of eastor oil aaul viehl
42 per cent. when pressed cold ; the oil has the sperific gravity 0036 ta 0-043, and the
iodine number 155 to 166, and cxhibits drying propevtios. At 2507 ifsels to a solid, trane.
parent, clastic mass, and it is used for making paint aad for rendering wood mnd fabries
inmpermeable.

TREATMENT OF FATS FOR THE MANUFACTURE CF
SOAP AND CANDLES

Candles are mostly made from solid fatty acids (stearic and pahmitic) ahtained by
decomposing fats and oils iuto glycerine and fatty acids and pressing fram thy ntter the
liquid fatty acids, which are nsed, cither alone or together with the salid acids, for sonp-
making. Liquid oils and soft fats, which contain little stearic ad palmitic ncids, wre
hence used not for candles but enly for soap, but the stiffer fats ave ofteu freated in oue
and the same works for making candles and soa.

The resolntion of fats into acids and glycerine is carried ont in very varied ways : by
means of lime, sulphnric acid, or superheated ’ '
steam, or by biological or catalytic methods.

(1) Saponification with Lime and Separation of
the Solid Fatty Acids. Theorctically 100 kilos of
fat (see p. 467) vequire 9-4 kilos of lime for hydro-
lysis, but whe this process was first used indnstri-
ally by Milly in 1834 as mach as 15 per cent. of
hme was used, so that a very large aniount of
snlphuric acid was consiimed i liberating the
fatty acids from the caleinm soaps fornied. while
fatty acids were carried down by the enormous
quantities of calcium snlphate formied and hence
lost.

On this account, the process was not used, but
Milly showed later (1855) that, by heating in an
autoclave mider pressmre instead of in open pans,
the amoimnt of Hme could be redneced to 2 to 3 per
cent. — that is, less than the theoretical guantity —
and. yet practically complete saponification effected
(see p. 457). Indecd, after one hour 64 per cent.
of the fat remained msaponified ; after two hows,
24 per ecent.; after four honrs, 15 per cent.;
after six hours, 9 per cent. ; after nine hours, 2 per cent. ; and after 12 honrs, 0-7 per cont,

The saponification is now carried out in large vertical copper antoclaves (Ifig. 291)
(5 to 6 metres high, 1 to 1-2 metre in diameter, of sheet copper 15 to 20 mm. thick). into
which are passed several cwis. (up to 2 tons) of the fised fat from the tank, A (1%ig. 203),

T, 291, I, a2,

(see chapter on Sugar) until a ved pulp or sauce containing about 6) per cent. of water is abtained.
Thils isomixed with 2 to 3 per cent. of salt and either bottled or sealed in cans after heing storilised
at 100°.

The pressed residucs, amonnting to 7 to 9 per cent. of the weight of the original frait, contain
6 to 8 per cent. of skin, 22 to 24 per cent. of seeds, and abant 0 to 70 per cent. af water, nd
readily putrefy. Nowadays they are broken up hnmediately they come from tho pl‘('ﬁsoﬂ, wid
are then dried and beaten while liot to separate the skins from the sceds, o ’
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and theu about one-third as much milk of lime, containing 2 to 3 per cent. of line (cal-
culated on the fat), from the vessel B. The heating is continned for six to eight honrs at a
pressure of 8 to 10 atmos., steam frec from air being passed in, first at low presswe from
the boiler, D, and theu at high pressure (10 to 12 atmos.) by the tube, e (Fiyg. 292), roach-
ing to the bottom of the autoclave and terminating in a perforated coil.  The steam alone

Fra. 293.

keeps the mass mixed without the special stirrers formerly used, if the precantion is taken
of allowing a little steam to escape contimmally from a valve at the tep. At the end of the
operation the steam is shut off, and when the temperatire has fallen to 125" ta 130° (aliout
3-5 atmos. pressure) the internal pressure is utilised to discharge fivst of alt the agucons
glycerine from below by opening the valve, ¢, comuected with a tabe reaching to the bottom
of the autoclave. In a similar manuer the fused and subdivided caleimn soap wixed with
free fatty acids is foreed into the tank, &, where a further quantity of aqneans glycerine
separates, or the calcinm soap is passed directly to the lead-lined vessels, I, where it is
decomposed by a snfficient quantity of sulphurie acid to nentralise all the lime added.!
After shaking, the gypsum is deposited and can be separated, and tho fatty acids. which
float, arc washed several tines with hot water, and then, if the fatly acids aresdistilled—
as is done in certain factorics where dark fats are treated—thoy are foreed hy a pmup, (7,
to the tank, /1. The Jatker feeds a east.
fron or copper (this is conmiderahly ot-
tacked) hathe, K, which is hented pardy
hy ahuast direet-fire heat and jurtly hy
superheated  steam  (at 180" to 2307)
passed into the interior from the snper-
heater, J. The stemn carries the fatly
acids, which distil, hito the tinned copper
condemsing coil, Ji; these aclds finally
colleet in a white canditiun, togethrr
with condensed water, in S, while the
non-condensed  gases are evalvel fram
the tuhe, M (sce Inter: Decomposition
with Sulphnrie Acid).

Where the fatty acisls ave not distilled,
they are solidified by passing them intan
mimber. of superposed  tin-plate pams
(Fig. 294) fed by the tubes, D, from the fused fatty-acid tank, . When all the PAIE are
full, the tubes, D, are closed with wooden plugs, 1, and in 24 hours many of the pans

1 During reeent years several factories have replaced the lime by magnesia (ealcined natiral
carbonate), which possesses various advantages: when it is nsed i the proportion of 15
to 2 per cent., a pressure of 4 to 5 atmos. is snfficient to produce complete saponiticution,
since the magnesium soap formed gradually emmlsifios and almost dissolves in tho remaining
fat, which is thus easily resolved by the water and magesia. Then, too, decamposition af the
magnesium soap with sulphurie acid, instead of giving an insehible and nscless salt (cnlcinm
sulphate, which always retains a little fat), gives maguesium snlphate, which is solnhle in water,
readily separable by simple decantation and in some cases niifisable. 1or similnr reasons,
zine oxide 13 now used in some of the Italian factories. Bottaro (1908) has suggested tho usc
of sulphurous anhydride to decompose the caleium soap from the autoelave. :



SATPTONIEPTCATTON O IATS 505

i af oo ture of soldid stearhs and pohnitic weids and Hgnid
e wrapped o woollen or eamel hair or
and pressed, Brat in the cold
with a prescinre srohally e sy 00 either
i Che onme poevs or s honomtal pocs resnbo in the ot compleb sepamtins of
the oleb mnl which, however, relains in sohetiore o little palmitic nnd steavie acpli
the lntter seids pre sepavated by conline thie alee arid and, uftee some tiooy, ilorine or
deennling: off the ofciue sp. 3is), which ¢ shea pudd na the aravhet or nssd fer soap makioe,

Ploe solid whits cabes of shravie and palnitie aeids, Treed Jrom the dark elres, hear the
commereial nanye al stearipe and melt ot of to S . These are often meled apain,
wanhed wilh werm waler, powred iato ey by solidily, st then presiced ot in lovdrant-
presses sa a to remnve (e ol portinas of olebs acudy th prodnet, kaown an dondde
steneime, mells at 970 lo as

The salbfiticatinn of thyeyrnde ueids, after liheration by snlphbnrie aed, i now effecled
more tpidly nud more perfeetty by passinge Oe Tmed acada at g (0es 200 and 2009 into n
ensiigs inla which dipoa I, votnting, donble walbed exlinder,  Btween the walla Haws
wnow ey ling nobidtion ke Dt fram an iee wachine yore Vol Lyoppe 200, 1121, nod e
Ligeer of fntty neid nolidifying al Che surfioce i deluched by nenn of o seraper, £, and fufls
into n cooled  box, A, pron
neeted with the pnmp, 7' wnd
Inucleoning ns a il press, “This
provess of the fem of  Petil
Fréres bus now breea dmprovis)
by rveplacing the evhisher by o
highly cvalvo toothed whed,  In
some  eases,  nlso, chmeHo|
evimders wre nsed, whilkt in
others the liqnid Tatty weids nre
witholrawn Irom the cold panty
mass contaimng o mixtare of
il oleine nud the vteacine m
sl cryatals, by nnneriug in
the awmsd a0 rolating vertienl
rytinder  formed  oF  onelallic P

'T‘\ﬂ I

contain solvl ealies, cor
oleic arid Ty ordre torpirate she Tatter, the ealees
pout’s haiv eloths and are then ploced hetween metal plate
dree (020D Dy 260 atmos A el pre

panze and covensd with a well woa v )
tretehed  clothy pumle (he BN s WO e

exvlinder thye preemree i rehiced Fe, 200 MM, 200,

by means ol nometion pamp, 8o

thml Lhe Hguinl oleie acid ia sncked o, while the stenie neid s gralually serapl Tron
the wurfnes of the eylindir und pressed inn ydmulic press,

Messis, bunzg Bros. of Turin, instenl of separating the liguid Trom The salid fatly acids
by muns of hydvanbic pressen, smoeeste enmsifying and dissolving the Hgquil geils with
sollioun af snljtho oleie acid, ac thel they sepamrba b the mface whihs erystals of the
nolid Tntly neids colleet unovrnenl It (e, Pal 1I01LA3K). Tho sukpha oleie neid W prepoved
Oy shuking 100 pmrts of gbde neid wilh 50 puwis of sulphovie acil of 7 B i Lbe cald and
Lhen difnting with 4000 parly af waloer

The direomposition of Tats Ly line in an aulaclwye odount too hipgh o presssee has the
advantope af giving the folty weids in nosnllciently vlear combition ta render distdlathm

) )
ntecessy 3 the msltng glyeerine nnd strarine np aba chear.?!

Y During receal years, indhmtrial appliention s beenn made of tho Krebitz pracess (et

Pab. i, 108, 1102y, which is nimplineation of the hme provess with dircel prodnetiar of noda

M . . . . e 3 .

sonp. and 1w altewled by eoniderable smviag in fmel, enantie soda, aud plavt. To The 'th('ll Int
8 ndded the meomry quoatity o) Hawe (19 to 2 per rent. Un0) mixed to a puste with theee
ta four times 161 weight ol waler, the mams being well mixed, hoiled foc vr mimdes, coveral,
il plfowed 1 dnnd overnight. By this means spponifiention s yompleted mnd aenbeinm
s in oblained which cna be eendily ground np in a mill. Whew this is washed inn vat \\"1t.h
o perlornted hottom, . thed portion of hot. wn,ﬂslu\\'n,l.ox- rempves the nmjor purl of e glymrinn
ns nosolition of 10 (o 30 per rent eoneentrution, while second wushing gives aomore (h!nm
glycorine sohetion which is naed we by tivst washing ol the enleinm sonp of o subseqaent operntion,
Wirn traated in tho hoto with solinn eiebpoats solations, Hie leinm sonp _\'w_ldﬂ sodn s el
caleiuns cnrhonate, which vngaire skilled unoripniation for theiv proper sepacation.  hn this case
alsa, fusian und treatment with hot water is sauployed for Lo completo rewoval of impuritios,
N, . . B

Fhis peovess is nat applivnbls to tn munnfactoes af soft sonps.

VO, 1T, 33
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(2) Decomposition with Sulphuric Acid (proposed by Achard in 1777 and hy Trémy in
1836). This method is now used more especially for very dark fats. which shonld, however,
be freed from imipurities, dried by fusion at 120°, and decanted after lony standing.  The
fused fat is introduced into a double-walled, lead-lined, copper or iron boiler fitted with a
hood for earrying off the sulphur dioxide which is always evolved.  According to the natnre
of the fat, it is heated with 5 to 10 per cent. of concentrated snlphuric acid at 120" tar
1 to 14 hours, steam heing passed throngh the jacket and the mass kept mixed by
a current of air passing through it. The operation is finished when a test portion, placed
on a dark plate, crystallises on cooling ; the miass is then passed inta large wooden vags mid
heated with water until the emulsion first formed is resolved iito two layers, the glycerine
below (this is separated and freed from sulphuric acid by mcans of lhme) and the acids
above. The latter is subsequently boiled several times with water nutil the excess of
sulphuric acid is removed, the sulphuric ethers of oleic acid being decamposed with fornia-
tion of solid hydroxystearic acid. The resulting fatty acids are dark, since they retain in
solution the inpurities of the fat partially carbonised by the snlphnric acid @ to pvify and
whiten them, they are distilled with superhcated steamn, as descrihed aliave (see v 1ig,
293); the first and last portions which distil are the more highly coloured and these are
redistilled. Hirzel (Ger. Pat. 172,224, 1906) has devised an arrangement for contamans
distillation, all that is required being a boiler of moderate size inta which the crmle Yatty
acids are run in a constant streamn ; the pure acids distil over, while the &er remaining at thn
bottom of the boiler is discharged.

Redistillation of this fer gives a final residue of black stderine pitch. amannting to
about 2 per cent. of the fatty acids distilled. In some works the fatty acids are distilled
in a vacuum at a temperature not exceeding 240°, higher temperatures than this giving
a coloured product ; the acrolein and hydrocarbons given off are condensed.

The fatty acids obtained by distillation arc separated into lignid and solid hy pressire
in hydraulic presses, liquid distilled oleine and white, solid dintilled stearine heing thus
obtained. This oleine always contains a little acrolein and hydrocarhais, as the crnde
fatty acids which are distilled invariably inchide a small prapartion of nom-snpanitied
neutral fat. On the other hand, distillation results in the fornation of an wereased muannt
of solid fatty acids (abont 15 to 18 per cent.), since sulphuric acitl canverts aleic acid parlily
into the corresponding sulphuric ether, which yiclds solid hydroxystearic acid, m.-pt. 847,
when boiled with water :

, AOH
Cy7HyyCOH + Hu80, = 017H34\
0-80,H

ol T L0 = H80, 4+ T
17 :11\0‘3031_], 2 Wy 17 :11\(”_[

During the distillation with superheated stean, the hydrasgstaeric weid is transfornied
almost entirely into iso-oleic acid, n.-pt. 44° (se¢ p. 359). It wmat, hawever, he harne in
mind that hydroxystearic acid is not very good for making candles, ns it acenmmlales ina
fused state in the cup formed by the burning candle round the wick ; further, when mebted
with stearic acid it tends to separate in layers instead of giving a hamagencons mnss,

In order to obtain a greater proportion of solid fatty acids, some works combine these
two systems of saponifying by means of linc and acid. The saponification is first carvied
out mt autoclaves in the ordinary way, but not to completion, the acids and the remaining
fat (4 to 5 per cent.) being then separated by means of sulphuric acid; the fatty ncids
and fat are dried and completely saponified with 2 to 2-5 per ceut. of concentrated salphric
acid at a temperature of 110° to 120° maintained for an hour. The resulting fatby acids
are not distilled but are simply washed with boiling water, being thus rendered rich in
solid hydroxystearic acid ; this process also yields a niuch puver glycorine.

L. Fournier (Fr. Pat. 262,263) has suggested a method of incrcasing the amount of
solid fa‘tty acids by effecting the sulphonation with concentrated sulphuric acid in a carbou
disulphide solution of the fat, the reaction then proceeding immediately without heathug.!

1 Transformation of Oleic Acid into Solid Fatty Acids. For wsomo years (nbomt
1877-1885) oleic acid was conwerted on an industrial scale in France and Kngland (by the pracess
of Olivier and Radisson) inio solid palmitic acid by utilising Varrentrapp's reaction, accarding
to which this change is almost quantitative on fusion with solid caustic potash (se¢ pp. 350
and 359): C,H,0, 4+ 2KOH = H, + CH_CO,K + (' 1Hg 0K, but the greashicss and
unpleasant odour of the candles obtained compared with those made fromt stearine, the necessity
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(3) Hydrolysis by Hot Water under Pressure (proposed by Tilghmanu in 1854, and
improved by Price in England) is but little used owing to the low yields abtained and the
very high pressures required. The fat, emulsified with water, is circulated i coils arranged
in a furnace so as to attain a temperature of 200° to 315°.

Direet distillation of fats with superheated stcam and collection of the glycerine and
fatty acids in the distillate always gives low yields. .

(4) The Biological or Enzymic Process has been applied indnstrially sinee 902, as o
result of the work of W. Conusteinr, 1. Hoyer, and H. Wintenlmryg, and is hased o the
observations of Pelonze (1855), of Green and of Sigimmd (1890) avconling ta which, when
oily secds arc pounded with water. fatty acids are gradnally liherated by the action of
lipolytic enzymes (see p. 134). Tt is found that the most active cazymes arve thase of castar
oil seeds (in which they occur to the extent aof 70 parts per 1000 of fat), especinlly after
removal of the oil, but better results are now obtained hy nsing aquneons enmmlsions rich in
enzymes (exlract of castar ail seeds), but much poorer in proteins (which ave harminl) and
containing 60 per ceut. of water, 37 per cent. of castor oil, and 3 per cent. of proteius.
Other active seeds are, according to lokin, those af Chelidaninam megjus, Darueric pmrpure,
cte. When castor oil seeds are used, a milky emulsion is obtained by crushing the seeds in
presence of the necessary amount of water (50 to 60 per cent.) and is decanted off ronghly
from the skins and treated with 0-0G per cent. of acetic acid (calenlited ot the weight of fat
to be decomposed subsequently). Of the seeds or the enriched extract, 50 to 80 kilos are
used per 1000 kilos of fat (the maximum for fats with the higher saponification number,
although tallow requires the maximum amonnt awd a temperature of 40%).  To accelerate
the decomposition, 0-15 to 0-20 per cent. (on the weight of fat) of mangancse sulphate («cti-
valor) dissolved in a little hot water is added, and if the fat contains mueh protein or gimmny
matter, it is well to clarify 1t by heating with 1 per cent. of sulphuric acid dihited with a
little water ; the last traces of this acid are then iemnoved by repeated and thorongh washing
with boiling water, as they would be deleterions to the reaction. With liquid fats, the
decomposition is carried out at 23° and with solid ones at 1° to 2" above the melting- point,
provided however that this does not exceed 42°, since at 44° the enzymes no longer act in
the desired direction ; if necessary, fats with high melting-points are mixed with lgnid oils.?

The practical working of the process is as follows (see Iig. 297): A leaden coil a, b, for
indirect steam and a tube, d, for the injection of air reach ahuost to the hottom of a lead-
lined iron boiler, 4, with a conical base ; discharge cocks, f, are fitted to the boiler at the

of distilling the resultant dark acid, and the dificulty of climinating all the acectic acid, led to
the abandonment of this process. Also de Wilde and Reychler's process for trawsformény aleine
inlo stearine by heating in an autoclave at 200° to 280° with I per vent. of iodine or chlarine
or bromine seems to have been given up in practice since 1890, the yield being less tha 75 per
cent. (the combined chlorine was eliminated by heating under 8 to 10 atmos. in prescuce of gine
dust or iron, and then deconiposing the metallic soap).

The indanstrial transformation of oleic acid iuto solid claidic wcid by treatment with o little
nitrous acid (sce p. 359) docs not give satisfactory practical resnlts, first bocanse chiidic ueid is
1ot a very good material for candle-making, and also because the reaction iy roversible and
sicceeds well only with fairly pure and 1fra-s'h olei¢ acid and not with the conrmercial acid (partly
polymerised). Max v. Schmidt treats 10 parts of oleic acid with 1 of zine chloride at 180°, theun
decomposes the zinc soap by boiling first with dilute HCI and afterwards with water, and linally
distils the fatty acids, which can be separated into lignid and solid by means of hydranlic jwesses.
By this process Benedikt (1890) obtained 75-8 per cent. of stearoluctone, (2, H, 0, (tho hiternal
anhydride of y-hydroxystearic actd, m.-pt. 48°), 157 per cent. of iso-oleic acid, and 85 per cent.
of other saturated acids. This method was applied in Austria, but was soou abandoned, as much
of the oleine remains unnltered.

K. Hartl, jun. (Ger. Pat. 148,002, 1903), in order to avoid the browiing prodneed by the
action of sulphuric acid on the impurities of the oleic acid, does not treat the oleine directly
with concentrated sulphuric acid (as had long been the custom; see Shukoff, Uer. Pat, 150,798,
1902), but first distils the oleic acid in steam and afterwards treats it with sulphuvic acid of
58° to 60° Bé. (e.g., abt a temperature of 60° to 80° and nsing 1 mol. of sulphuric acid per I mol.
of oleic acid) ; the resulting fatty acids are then washed and decolorised by heating in open jans
with 1 to 10 per cent. of zinc dust at 100°, the zinc soap being finally decomnpesed by lot ditute
hydrochloric acid. ‘W. H. Burton (U.S. Pat. 772,129, 1904) uses a process sinilar to that of
Journier (sce abone), benzine or naphtha being employed as solvent and the sulphouic others
being decomposed in solution by the direct action of steam ; the final product nielts at 85° ta H0°,
but does not mix well with paraffin wax, even when fused.

Nowadays, however, the industrial transformation of oleic into stearic acid iy effected solely
by catalytic hydrogenation (see p. 480).

* Dunlap and Uilbert (1911) found that, when oleic acid is treated with glycerine in presence
of defatted castor oil seeds and linseed, 26 per ceut. of the oleic acid it transformed into glyceride
in 11 days.

q3_o
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bottom and at various heights. The fat, and abont 35 per cent. of water heated to the
desired temperature in B (see «hone) are introdneced and are kept stivred by meaus of a
current of air from the compressor, L, and the reservoir, V. The castor oil sced extract,
mixed with 0-2 per cent. of nanganese sulphate aud 0-06 per cent. of aectic asid (on the
weight of fat; the reaction starts and proceeds well if the mnass is faintly acid at first)
is then added, the whole being mixed for about 15 mimtes so as to give a homogencons
cmulsion. The vessel is then tightly covered so that the temperatire may be mamtaired,
the mass being mixed from tine to time to keep it emnlsified.  After 24 to 3t howrs, when
more than 90 per cent. of the fat is decomposed, the mass is mixed and heated to 807 ta 85°,
0-2 to 0-3 per cent. (of the weight of fat) of concentrated sulphinic acid (66" 13¢.) diluted
with one-half its weight of water being then added. The whitish emulsion soon hecames
dark owing to the separation of the fused fatty acids, and when this ocenry the heating
and stirring are suspended and the mass left overnight. The various taps are then set
in operation to separate the bottom: layer of fairly concentrated glycerine, the intermedinte
emulsified layer (3 to 4 per cent. of the fatty acids, used for soap-making) and the clear
fused fatty acids which are boiled with water to free them from sulphuric acid.  Originally,
when the seeds were used instcad of the extract, the resnlting glycerine was very dark, and
it was necessary to decolorise it with bone-black (nowadays it is as good as that given hy
saponification with linte), while the intermediate emulsified layer formed as mch as 22 per

¥ig. 297.

cent. of the total fatty acids (now only 2 to 4 per cent.). The aqueous glycerine (sweel mudar)
of the enzymic process is first concentrated to 10° Bé. in open pans, the snlphuric acid heing
separated by means of barium carbonate in the hot. The barimi sulphate is removed hy
filter-pressing and the filtered liquid further concentrated in a multiple-offect vacmum
apparatus to 28° Bé., a clear, brownish glyccrine containing only 02 to 0-4 per cent. of ash
being thus obtained.

The biological process has spread rapidly during recent years, sitice tho whole of the
glycerine is readily recovered, while the fatty acids obtained are of far better quality than
those prepared by decomposing the fat in autoclaves by means of lime, ote.  The fatty
acids from sulphocarbon olive oil retain, however, their characteristic green colonr, and
those from palm oil their orange colour. The fatty acids yiclded by this process contam
neither hydroxy-acids, as do those obtained under pressure, nor calcium soaps, and are
hence more suitable for the manufacture of either candles or soap (see later, Soup).

(6) Twitchell’s Catalytic Process. The decomposition is here analogous to that with
sulphuric acid (which also, strictly speaking, is catalytic), but with Twitchell's reagent
(benzenestearosulphonic acid or hydrozystearonaphthalenesulphonic ester) it takes place far
more readily, probably because this reagent dissolves in the fat more casily than does
sulphuric acid.- The fats are first purified by heating to 90° to 100° in a lead-tined covered
vat, A (Fig. 298), with 1'5 to 2 per cent. of sulphuric acid at 60° B&., dircet steam being
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passed in so that when the acid is discharged after standing overnight it has the specific
gravity 87 Bé. (for cottonsced or linseed oil, 15° Bé.). The purified fat is passed into
other wooden vats, B, and B,. provided with wooden covers, one half of which is removable ;
it is here mixed with 20 per cent. of distilled or condensed water (from the tank H), the
mixtare being then hailed by diveet steam and 0-5 to 0-15 per cent. of the Twitchell reagent
added (the minimmm with pire fats and the maximum with highly impnre thivd-grade fats).
The current of steam is continned so that a homogencous eimlsion is vapidly obtained, and
after heing heated in this way far 24 hours ahout 90 per cent. of the fatty acids are liherated
and the glycerine separated.  No more steam is then passed throngh the mass, but a slow
jet is kept flowing into the space hetween the simface of the lignid and the cover to prevent
the fatty acids from tmrning browm during the snhsequent operations owing to contact
with the air.  In about an hams time, the canlsion breaks np and the fatty acids float on
the aqueous glycerine ; if the emulsion should not disappear. it is mixed gently for a few
moments with 0-1 to 0-2 per cent. of sulphnric acid of 60° Bé. and then left. The sweet
water is discharged throngh the separator, S, into the tank, ¢/; it nsually has the specific
gravity 5° Bé. (15 per cent.) and forms 50 per cent. of the weight of the fat, and if this is
not the case, the quantity of distilled water added initially and the dryuness of {he steam
cmployed are varied when further quantities of fat arc trcated. The sweet water is
neutralised with lime and concentrated in F, and F, and colleeted in G (see p. 221).  lfor
soap-making the fatty acids, which are discharged into D, and D., may be uscd as they ave,
but as a runle the saponification

is completed by adding 10 per r f
cent. of pure water and heating b 4 i

for 12 to 24 hours with direct 7 . § H
steam, any small amount of emul- 7 3 _

sion formed at the surface of the Sy B S e 4
liguid by the steamn being de- — == l L]
stroyed by the addition of a little ==l z '
sulphiric acid. Tu this way, 97 to 3 2

08 per cent. of the theoretical

amomnt of fatty acids is obtained.
Barinm carbonate (1 part per 10
parts of Twitchell’s reagent used,
or more if sulphnrie acid were
added to destroy emmlsion). mixed
with a little water, is now added, .
and the whole heated for 15 to 20 7, )
minutes ; if the lower layer of // RN AT R RS
water now has an acid reaction ’ e, 298.
towards methyl orange, more

Larium carbonate mnst be added. The current of steam, both in and above the lignid, is
now stopped, since after this the fatty acids are no longer turmed brown by the air. Tho
sweet water drawn off after clarification is very dilute and is used in place of water in the
treatment of further quantities of fat. After crystallising and pressing to scparate the
solid from the liquid acids (sec above), the fatty acids arc now ready for converting into
soap and candles. In general they are less coloured as the amount of Twitchell's reagent
nsod and the duration of its action are diminished. Good results are not obtained umtil
after fivo or six operations, by which time the surface of the wooden vessels ccases to be
attacked.

Just as with the preceding process, the use of the Twitchell process has spread con-
siderably in America and in Europe.! The Twitchell reagent cost, before the War, about
1s. 2d. per kilo. A reagent, known as Kontakt, preparcd in Petrograd in 1914, cffects the
scission of fats to the extent of 90 per cont. in 10 to 15 hours, and is hence three tincs as
active as Twitchell's feagent. It was obtained by sulphonating the cyclic hydroearbons
(naphthenes) of petroleum.
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1 The plant for a factory nsing the biological or catalytic process is considerably less expensive
than for one employing autoclaves, while tliere is also a decided economy in the working ex penses.
Iu tho case of small plants, the cost of working increases somewhat with the Twitchell process,
but there is always an advantage owing to the less initial outlay required.
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MANUFACTURE OF CANDLES.!

The prime materials for the manufacture of candles are the combustible fatty matter
and the wick.

A good candle should give a white light, should burn slowly, should not ¢ antter?
or diffuse an unpleasant smell, should not be greasy to the touch, shonld be white and
give a smokeless flame, and should not splutter, while the relation between the size of the
wick and that of the candle must be properly chosen.

The object of the wick is to feed the flame regularly with the melted material It is
usually made of filaments (15 to 20) of pure cotton or linen without knots. Animal filires
should be rejected, as they give an unpleasant smell and a fused carbonaccons mass which
diminishes the luminosity. Wicks formed of filaments which are only twisted require
frequent snuffing, since they do not bend on themselves and do not burn completely,
whilst, if they are pleited or woven and twisted, as Cambacéres proposed, this inconvenience
is overcome. For stearine candles obtained by fusion, the wick is of twisted cotton hraid,
while for more readily fusible materials (wax, tallow, ete.), more or less twisted wicks arc
nsed according as the candles are made by fusion or by compression. Nowadays wicks ave
made with suitable machines like those used for knitting, these effecting also the twisting
of the filaments.

Wicks which have not been pickled do not act well for candles, as they leave a carhon-
aceous residue which diminishes their capillary property. In 1830, Milly found that the
combustion of the wick is facilitated by steeping it in a solution of boric or phosphoric acid,
such treatment being, however, only of advantage with braided wicks. Many other
substances have since been proposed fov this purpose. Thus, itz France the wicks are im-
mersed for three hours in a solution of 1 kilo of boric acid in 50 litres of water, and arc the
pressed, centrifuged, and dried ; in some cases a trece of sulphuric acid is added to the hath,
In Russia the wick is left for 24 hours in a solution of sulphuric acid (50 grms. per litre),
squeezed, dried in hot air, steeped in a bath containing 45 grms. of boric acid and 18 @ms.
of ammmonium sulphate per litre of water, and then dried. Another salution giving goad
resnlts is comnposed of 60 grms. of borax, 30 grins. KCl, 30 grms. KNOy, 30 grms. NHy mul
35 litres of water. The borax renders the flame white.

In general these products either induce a more ready oxidation (chlorates, nitrates)
or melt the ash of the wick, which thus gradually falls by its own weight. T some cases
the penetration of the solution into the wick is hastened by the addition of a little alcohal.

If the candle is too large in comparison with the wick, the cxcess of stearine melts and
forms a kind of cup with raised edges full of the fused stearine, which cannot be completely
ahsorbed by the wick and so makes the flame smaller; then, when the edges fall, th
stcarine overflows and produces guttering. If, on the other hand, the wick is tao large,

3

1 The ancient Romans used for illmninating purposes a kind of tarch steeped in wax or
bitumen. Ouly after the second century of the Christian era was a distinction drawn botween
wax candles and those of tallow; the use of the latter was rogarded as a hixnry, wiiile wax
candles were employed in churches. The Catholic religion used thom exclusively for religions
finietions, and thus caused a great inerease in the comsumption, which diminished wmuly after
the spread of the Reformation. Very soon, however, the consumption of wax candles ngnin
increased very considerably owing to their extended mse at the courts of kings and princes.
Meanwhile the employiment of tallow candles for domestic purposes was cantinnally spreading,
and in the eighteenth century several important factories were working in Bnghwnd, hnt the
candles produced were high in price and burned very quickly. Only afler Chevreul's wark my
the nature of fats in the early part of last century (after ¥815) led to improvenments in the
saponification and to the preparation of solid fatty aeids was the rational mannfacture of ¢andles
imtiated. Chevreul himself, together with (fay-Lussac, patented in 1825 a process for preparing
candles from stearic acid, but the resulting industrial undertakings were soon abandoned, owing
to the difficulties encountered in the saponifieation and in the preparation of the wick. It was
only when Cambacéres, in 1830, devised plaited and twisted wicks, and when Milly, in 1834,
introduced saponification with lime and the subsequent decomposition of tho caleium soap with
sulphuric acid, that the manufacture was placed on a stable and remuncrative basis. Milly’s
first factory for stearine candles was erected in Austria in 1837, and in 184) oune was started
in Berlin and another in Paris. Important improvements were made in 1842 by saponifying
the fats with sulphuric acid, and in 1854 by saponifying the fats and distilling the fatty acids
with superheated water or steam (processes of Tilghmann, Berthelot, and Melseir). Almast
immediately after this, however, the manufacture of paratfin candles was started, paraffin wax
having been obtained in large quantities by Young (1850) by the dry distillation of bituminaus
coal (boghead, etc.), peat, shale, lignite, etc.; this industry underwent further extension after
paraffin had been extracted from Petroleum and ozokerite (see PP 94-104),
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an insufficient gnantity of wax is melted and no enp is fomed to contain it, the candle
guttering continually from the sides and the flame heing less lnminous.

In 1904 a patent was filed for the mamifacture of wrtificial wilk candle-wicks, which
scem to give gaod resnlts.

Formation of the Candles. The white hlocks of stearic and palmitic acids from the
presses are seraped at the sirface and edges to remove adherent impnritics.  The purer
resicue is melted and shaken 1 a leaden vessel with sulphmric acid (37 Beé) to dissolve
and separate the impnrities (ivon, hairs fram the press hags, cte.); the snlphnric acid is
then decanted off and the stearine washed repeatedly with hoiling water to ranove all
trace of the niineral acid. In some cases the fused fatty acids are shaken
with a Httle coagulated albmmin.  In cooling,"thc stearine tends to crystallise,
the resultant candles heing then less homogencons and morve brittle, At first
arscnionts acid was nsed to prevent crystallisation, Imt, now that this is pra-
hibited, the stearine is kept continnally shaken nutil it alntost salidities when
it is introduced into the moulds, and the candles then rapidly solidified. It is
ofter more convenient to add a little white wax or parafiin wax (2 to 10 per
cent.), which also prevents crystallisation of the stearine.

The quality and purity of the stearine are ascertained by the nsnal tests, the
nentral fat being determined by Geitel's test (see p. 468). the paraffin wax,
cevasin, cholesterol, and carnauba wax by the saponification mimber and by
the non-saponifiable matter (see p. 468), and the amount of oleic acid by the
melting-point (which is 56° to 56-5° for pure stearine gressed ance and 57-5” to
58° for doubly pressed stearine) and the solidification point, making use of
de Schepper and Geitel’s Table * obtained by mixing saponification steariue,
solidifying at 48°, with oleine having a solidifying point of 5-4°.

Candles are made in three different ways: (1) by émwmersion ; (2) by fuston; . 9gg.
and (3) by pressure.

The first of these methods is the oldest and is now ahlnost entirely abandoned. It
was employed orviginally for fellom cundles, and is now sometinies nscd to mask the presence
of inferior fat or stearine, the wicks snspended from frames being first immersed in tho
impure fused fat, while the outer layers are obtained by dipping into a purer fat or fatty
acid.

In China considerable use is still made of tallow candles of peculiar shape with a holo
in the middle.

Certain Toug tapers are obtained by pressure, the semi-fused wax or stearine and the
wick being forced through a tube.

Almost all candles are now made by fusion in highly perfected machines, which acdimit
of a maximun ontput being rapidly obtained with a minimum of labowr. 'The moulds,
which are very smooth inside, have the shape of the candles—with the pointed end helow
and the enlarged base at the top (Fig. 299)—and are imperceptibly conical; they arc
made of au alloy composed of three parts of tin and I part of lead. TFor the fusion of a
large nwnher of candles at a time (100 or more) a machine is used similar to thiat shown
in Iig. 300, The moulds of all the candles pass through the closed metallic box, % 1),
to the bottom aud cover of which they are screwed. Tepid or cold water can be passed
at will through the box at I or H, so as to surround the monlds, The lower part of cach

L De Sehe pper and Geitel's Tehle of the solidifying points of mixtures of fatty actds :

Tempera- | Ter cent. . - Per cont. " . Per cent. . Per cont.
tam f;)t‘ of stearine '11‘”"’;,0”‘3}" of Stﬁ:{ri ne ]g}‘#‘g’t‘." of stﬁ:{.rinc Tﬁ‘:},}.’%}" of Hl’-()'}i\l‘\hc
sohdificas | melting . e melting <o e welthig lifienti nmelting
tion at. 4an sotidIfication Lt 487 sotidifleation at 487 solidificntion at 45"
h-4° O 16° 7 7o Nn-7 38° Hh-h
6° i3 17° 8-8 28° 13-3 39° A4-6
7° 0-8 18° 98 21° 250 440° ng)
8° 1.1 19° 11-1 30° 27-2 41° 435
0° 17 20° 121 $1° 294 427 G865
10° 20 1° 13-2 320 31.0 43° 75
11° 3.2 24 145 33° 33-8 44° 78-0
120 3-8 23° 107 34° 36-G +5° LR
13° 4-7 J4° 17 35° 30-6 4G° 80-0
14° 06 26° 180 36° 43-0 47" 041
15° 66 26 20-0 37° 469 48° 100-4)
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mould contains a kind of small piston which has exactly the shape of the point of the
candle and can be made to traverse the whole length of the mould, beiug joined to an
iron tube, B, fixed to a
frame capable of being
raised and Iowered by the
rack and pinion, C. All the
pistons can be raised at
once so as to foree all the
solidified candles from the
moulds. In order that the
wick may be always in the
middle of the candle, it is
wound on bobbins, 4, and
passes through the iron
tube which raises the piston
to the upper part of the
mould.  The semi-fused
opalescent stearine, which
is poured into the moulds
kept by means of warm
water (45° to 60°) at a
temperature slightly above
the melting-point, is then
cooled by passing cold
water round the moulds.
When solidification is com-
plete, the enlarged bases
at the top of the candles e . ]
are cut off by a knife and e Rt s e e
the candles foyrced out and Fra. 300
grasped by the rods, L. In rising, the candles unwind from tho bobbing new wicks
which are thus brought into the middle of the moulds ready for tho next operatian,
When the second batch of candles is solidified in the moulds, the wicks of the first hatch
are cut 50 as to make way for the others to be removed from the monlds. When shorter
candles are required, the pistons are raised in the moulds to the desired height and the
stearine then mm in.
The candles thns ob-
tained are bleached hy
arranging them verti-
cally on trucks in
metal ganze frames and
leaving them for some
days in the open air
cxposed to the action
of the air, suntight, and
dew.

After this, the
candles are washed,
polished, and sawn off
to a uniforn length in
a machine of the Binet
type (Fig. 301). The
candles are first dipped in a bath, V, containing soapy water or a dilute solution of soda,
and are then placed in the grooves of the wheel, M, the head being against the left-hand
edge, while the bases are cut off by a small circular saw, n; the fragments drop on to the
frame, X, and so into the box beneath. The candles fall into the grooves of the travelling
endless plane, TM', and are rubbed and polished by a brush, B, moved eccentrically from
V; when they reach ' they fall into the trough, B. The finished candles are stamped
automatically with the trade mark and are then tied and wrapped up in packets of 12 or
24 (or % or 1 kilo) and placed in wooden boxes for transport.
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Some factories make lighter, perforated candles, and some coloured candles or mixed
candles containing wax or paraffin. To remove the semitransparency of parafin candles
and so niake them resemble those of stearine, about § per cent. of stearine and 5 per cent.
of paraffin oil are added. The same effect may be obtained with a small gqnantity of
B-vaphthal (Ger. Pat. 165,503) or any other substance which dissolves the paraffin wax in
the hot and deposits it in the cold in a finely divided state (e.g., solid fatty acids, amides,
phenals, ketones, ete.).  Mixed parafiin candles, contairing more than 30 per cent. of
paraftin wax, are now manufactured on a vast seale, wax of higher melting-point being
nsed and the defects formerly encomttered climinated.

MANUFACTURE OF SOAP!?

Theoretically soaps include all metallic salts of the higher fatty acils, but
practically the name is given only to salts of oleic, stearic, and palmitic acids,
and, in general, of the fatty acids contaned in natural ois and fats. Importance
attaches wainly to the sodiwm soaps and, to a less extent, to those of pntassium
and ammonium. It was at one tinie thought that soaps were composed largely
of margaric acid, but it has been shown that this acid does not occur in natural
fats, the confusion arising from the fact that a mixture of palmitic and stearic
acids was obtained with a melting-point identical with that of synthetic
margaric acid (see p. 359).

Almost in 1ts entirety soap is used for washing and for cleansing and
removing grease from textile fibres, sweaty garments, and the greasy, dirty
epidermis of the human body, but it is sometimes employed as a subsidiary
dressing in certain industrial operations, e.g., in the dyeing of silk and cotton,
ete.

The theory of the saponification of fats has already been discussed on p. 467, and we
shall here consider the cleansing action of soaps. It is well known that the quantity of fat
or grease that a soap is able to remove from a dirty garment is greater by far than corre-
sponds with the amonnt of alkali liberated on dissolving the soap in water.

Being formed from weak acids, soap in dilute aqueous solution is undoubtedly partly
hydrolysed into canstic alkali and either acid soaps in the cold or fatty acids in the hot.

1 History of Soap. Soap was not known to the aucient Hebrows and Pheenicians or to
tho Creeks of the thne of Homer, who washed their garments with thie ashes of plants and water,
aud by micchanical rubbing. Some races uscd the juices of certain plants, aund later it was
discovered that whei ashes were heated with linte they gave rise to natrow, which was much
moro effective than tho ashes themselves, Yot the writers of the Bible, who are certainly not
couscientious and exact historians, several times mention soap, and quote the following supposed
phrase of the prophet Jeremiah (who would have lived several centuries before the Christian
ora): * Thongh thon wash thee with nitre [natron] and take thee much soap, yet thine iniquity
is marked before mie.” Seneca and Pliny mention soap in their writings and attribute its
discovery to tho Glauls, who prepared it from the ashes of plants and goats’ fat and used it as
a hair~wash and for medicinal purposes (lead plaster). It is said that Galen (second century
af the Christian era) proposed the use of soap for washing. In thec excavations of Pompeii hag
been found a complete soap factory with utensils and saponified material. Marseilles did a large
trado in soap as early as the nintlt centiry, but in the eleventh century it ha«! a sevious rival for
the premier position in Savona. In the fifteenth century the industry flourished at Venice,
and in tho seventeenth at Gienoa, which, together with Savona, Marseilles, and Alieante, enjoyed
a monopoly in soap-making. Iu England the industry began to develop after 1650, and in
(fermany it assumed counsiderable importance after Chevreul's investigations on fats (1810-1323).
With the development of the soda industry and incresse of the trade in palm oil and coconut
oil, the conditions in Glermany and, to some extent, in other countries favoured extension of
soap-makiug, At the present timo Marseilles, althongh partly surpassed by the large English
factorics, still preserves its early fame, which, however, the Italian factories have lost. Several
times in the past the renown of Marseilles has, however, been dimmed owing to the custom,
even in the early days, of adulterating soap and of loading certain qualities of white soap with
enormous quantities of water. This explains why, for several generations, the public preferred
mottled soaps, which could not then be adulterated. It explains also the various laws
promulgated in France against dishonest soap-makers, who in 1790 provoked a general protest
of all the population and a petition to the deputies of the States-General from all the laundresses
of Marseilles to protest ‘“against the adulteration of white soap and ayainst the malcfactors who
adulterate <t to increase its weight.” It does not appear that things have changed greatly after
the lapse of 130 years, for, since the introduction of palm oil and coconut oil in 1850, the consumer
has always paid for a considerable amount of water in place of soap.
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This can readﬂy be shown by the opalescence of the dilute aqueous solutions and by the
violet colour imparted to phenolphthalein by a perfectly neutral (.., not yet dissociated)
alcoholic solution or highly concentrated aqueous solution of soap, after pouring into o
large quantity of water. If, then, part of the greasc can be rendered solnble by the sapani-
fying action of the alkali gradually liberated from the soap, another part is certainly coricd
away mechanically by the emulsifying action of the soap itself and of its fatty acids: this
action is accompanied by the abumdant production of lather, which, together with the
water, incorporates and removes all the grease with which it comes into coutact. It is fac
this purpose—the formation of lather and emulsification of the grease—thiat 1mbbiag iy
necessary in the washing of a garment with soapy water. A mere sohttion of caustic soda,
even in excess, does not produce a detergent effect eqnal to that of soap.

Soap is detergent when it dissolves in water, so that pure stearine soaps (e.y., soaps
from pure tallow) which are insoluble in the cold are detergent only in the hot, whereas
soft soaps, consisting principally of sodium oleate, coconut, or olive oil soaps, and sahulle
in cold water, are detergent even in the cold.

Castelfranco (1909) considers the detergent action to be due partly to the aflinity of
neutral soaps to fats and fatty acids, this leading to the forniation of acid soaps which yicld
lather, and hence result in ready emulsion and rcmoval of extrancous substances. Thus,
if an object is smeared with a thick layer of soap, it is not casy to take it away with water
unless slight oiling is resorted to. Tor instance, hands soiled with tar or mineral oil arc
difficult to wash with soap and water, bnt if a little olive oil is first appbied washing becomes
easy.

};&ccording to Plateau and Hillger (1903) the detergent power, and hence the rcady
formation of lather, depend on the high surface viscosity of soap solutions.

Spring (1910) found that soap exercises a detergent action even on substances which do
not contain fat (e.g., defatted lamp-black), since these decompose the soap, forming an acid
soap which agglutinates with them by absorption. Indeed, if an agueons snapension af
lamp-black is filtered, the paper is blackened owing to absorption of the black by the
cellulose ; on the other hand, a mixture of lamp-black with soap solution may be filtered
without staining the paper, since the absorption compound of soap with lany-black is
more stable than that of cellulose with lamp-black.

As regards the molecular condition of soap in its coneentrated, non-dissociated soln-
tions, it appears demonstrated that it there exists in a colloidal condition, since an incrensc
in the concentration is not accompanicd by rise in the boiling-paiut, which approximites
to that of water, while the electrical conductivity is minimal. According to McBain and
Taylor (1910), however, in highly concentrated solutions soap is apparently not a collaiil,
as it conducts the electric current.

The solubility in water of almost all soaps is diminished rapidly to the
point of complete separation by the addition of solnble salts which do not
decompose the soap, e.g., NaCl, KCl, Na,80,, NH,Cl, Na,C0,, and even NaQH,
etc., this action being due to a change in the density of the sohttion and in its
degree of dissociation. This phenomenon is the basis of the salling-out or
graiming of soap during its manufacture, but it must be noted that if the fats
or fatty acids used in the malking of the soap contain hydrowy-arcids, these are
almost entirely lost, as they are not separated as insoluble soaps by salting out,
and mostly pass into the spent lye. Hence account is now taken of the pro-
portion of fatty hydroxy-acids (less soluble in benzine than ordinary fats or
fatty acids) present in fatty materials.

Sodium soaps are more stable than those of potassium or ammonium, since
sodium salts partly displace potassium or ammonium from their soaps with
formation of sodium soaps. :

Alkali soaps are precipitated by the soluble salts of the alkaline earths and
heavy metals in the form of insoluble metallic soaps. Strong acids separate
the weaker fatty acids from soaps.

The alkaline soaps are usually soluble in alcohol and insoluble in ether,
benzine, or benzene. Evaporation of the alcoholic solution yields a trans-
parent soap.

Saponification of fats is accompanied by increase in weight, each molecule
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of glyceride that decomposes fixing 3 molecules of allkali or water. A fat
containing a mixture of glycerides with a mean molecular weight of 880, in
reacting with 120 of NaOH (3 mols. or about 13-6 NaOH per 100 of fat), gives
92 of glycerine and 908 of water-free soap. So that theoretically 100 kilos
of fat can produce about 10-5 Iktlos of glycerie and 102 of soap ; in practice
about 1+5 to 2 kilos of glycerine is lost, while 140 to 161 kilos of soap, contain-
ing a considerable amount of water is obtained. Potash soaps are softer than
those of soda, and soaps of liquud fatty acids sofier than those of solid fatty
acids.

Soap may be made cither from the fatty acids obtained from fats by the methods
described above, or fron: the fats themselves. In the former case the saponification is
carried out mainly by sodinm carbonate, and i completed (since with the carbonate it
proceeds only to the extent of about 90 per cent.) by canstic soda, but in the latter casc
concentrated solutions of caustic soda in the hot ave cuployed ; the carbonate is, indeed,
unable to resolve glycerides, and that amount of it which always ocoms in the caustic
alkali is lost during the subsequent operations of salting-ont, ete. :

Mention has already been made (see p. 467) of the process of decomposing fats in an
autoclave by means of ammonia and sodinm chloride, which was stadied by Leuchs (1859),
Witelw (1876), Buisine (1883), and Polony (1882), and improved by (iarelli, Barbé, and
de Paoli (Ger. Pat. 209,537, 1906). This process leads directly to the sodinm soap with
formation of ammonium chloride, from which the ammonia may be rccovered in the usual
way, and, according to the above patent, gradual decomposition of the ammouia by means
of steam results in a considerable separation of the solid fuity acids from the liquid ones,
the ammonia soaps of the former being the first to decompose. Such separation can be
effected also by cold water, which dissolves the ammonia soaps of the liquid fatty acids
(oleates) almost exclusively (see also p. 467, and Note, p. 492).

In the manufacture of soaps from fats or oils, various stages are to be distingiished :
(1) mixing or pasting of the fat with the alkaline lyc; (2) mixing in the hot to form the
soap and separate it partially froin the excess of water ; (3) swlting-owt (or ** graining '’ or
** cutting the pan ™) to render the soap insoluble and separate it from the lye, which thus
collects uinder the layer of soap ; (4) boiling to saponify the last traces of fat, to eliminate
the scum and the excess of water still remaining in the soap and to collect the latter into a
perfectly homogeneous, curdy mass ; (5) the soap is often subjected to a finishing process,
that is, a final treatinent with dilnte alkali hydroxide or carbonate solntion, in order to
separate the more thoroughly the residual impurities (aluminium or iron soaps) and so
avoid a partial inottling, and to give to the soap, first, the quantity of water necessary to
the particular type, and, secondly, a still niore homogencous appcarance.?

A well-finished soap containg 35 to 40 per cent. of water and only 0-20 to 0-3G per cent.
of salt and free alkali together. When cxcess of free caustic soda remains in the soap, con-
siderable efflorescence, due to formation of sodiumn carbonate by the carbon dioxide in the
alr, ocenrs at the surface during the subsequent drying. In order to avoid such a serious
mconvenience, it is necessary to treat repeatedly with sodium carbonate solutions, because,
cven if a little of the latter is left in the soap, only a slight powder forins at the surface on

1 Fivishing is best effected when tlie soap contains a certain proportion of water, namely,
10 mols. of water (40-5 per cent.) per 1 mol. of sodium oleate, or 16 mols. (48-5 per cent.) per mol.
of sodium stearate. If the soap is more concentrated than this, it remains too viscous and
opgoses too great a resistance to the precipitation of the impurities and of the drops of saline
and caustic solutions; but if, in the Hnishing, the necessary guantity of water is restored (by
adjusting the concentration of the lye), a small part of the soap dissolves, the mass becomes
more liquid and, on standing, the impurities are able to fall to the bottom the more readily.
Soaps which are too insoluble in the salt solution or caustic lye (colza, sesamé, linseed, poppyseed,
cte.) can be finished only when mixed with readily soluble soaps (coconut, castor, cte.). On
the other hand, it is necessary to prevent the soap taking up too much water, for, if this happens,
it pastes together and adheres to the.sides of the pan, does not transmit heat readily to the
interior and hence boils with difficulty, is not easily finished and becomes uneven. Agitation
of the mass and the consequent inclusion of a considerable amount of air are to be avoided,
the finishing being retarded thereby. When the finishing is complete and the mass has been
allowed to stand, a slight frothy layer is observed at the surface and then comes the thick layer
of pure, homogenecous soap, well separated from the lye; above this is a small, irregular, and
gelatitous layer composed of more soluble soaps (of hydroxy-acids) of calecium, magnesium,
and iron, and of certain other impurities insoluble in the lye (colouring-matters, coagulated
proteins, ete.), and it is this mass which forms the refuse, ’
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drying and this can be readily climinated. In some cascs, a small proportion of a non-
saponifiable fat (e.g., wool fat) or even of a densc mineral oil is added to the soap, the caustic
sadi heing thereby preserved from direct contact with the air.

At one time the copyers used for soap-making were largely madde of masonry, bnt nawa.-
tnys thoy ave almost nniversally of iron and arc heated cither by fire or by dircet or indirect

Fia. 302. e, 302a.

stean, as is shown in Figs. 302, 3024, 303, 3034. Small coppers hold 10 to 50 heetols, anst
large ones 100 to 400.

Far every 100 kilos of fat to be saponified, a copper-volune of G0 Hifres is tilern.

Tir mest soap-works the mixing is done by wooden blades worked hy hawl, althangh
coppers are made fitted with stirrers of various forms.

"I'he saponification of 100 kilos of fat or oil requires theorctically ahont 136 kilaw of

IMa. 303a.

NaOH, but practically rather more than this amount is used. Tulloin Saxp 18 mado 1 thoe
fallowing manner: The tallow is mixed and gently heated in the copper with about aue-
fourth of the necessary amount of caustic soda in the form of a solution of 10¢ B¢ Wit
of all an emulsion is formed and then saponification gradually proceecks, the mass hoging
ta hecome homogeneous and to boil gently and tho volume to increago slightly. When a
littlo is removed on the blade, it forms a jelly which does not separate the lye, and the
soap-boiler judges of the fixation of the alkali by observing when tho caustic taste of the
alliali disappears. Much of the fat remains unsaponified, so that a hot caustic soda solution
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of 12° to 14° Bé. is gradnally added until the stirred, boiling mass thickens, becomes clear
and homogencous, and falls from the spatula in transparent ribbons. At this stage, in
order to judge if the alkaki has been added in the proper proportion, a little of the soap is
poured on to a glass plate ; if a solid white edge first forms round the drop of soap, while
the interior of the nass remaing transparent until solidification is almost complete, the whole
of the fat is saponified and there is no excess of alkali. If, however, the edge inimediately
tirns greyish and the mass turbid, non-saponitied fat is present and alkali lacking, whereas,
if the whole mass becowes covered with a whitish peflicle without previons formation of a
solid edge, cxcess of alkali s present, this being corrected hy adding a little fnsed tallow
to the mass in the copper. Thas treated, the ghaey paste, which has a stightly canstic
taste, is boiled more strongly until it toses sufficient water to form a lomogencous ropy
paste on the mixing-blade.

At this stage the scparation of the soap from the hiquid is indneed hy the gradual
addition of salt cither in the solid state (4 to 8 per ceut. of the weight of fat) or in con-
centrated solution (20° to 22° Bé.). The first addition of salt renders the mass more fluid,
while successive additions cause separation of the soap, which finally floats on the lye,
the latter being drawn off after some hours by means of cither a tap or a siphon. When
hard water is used, a little sodium carbonate is always added to the salt.

The residual lye should have not a caustic, but a brackish and somewhat swect taste
owing to the glycerine present, and its density should be at least 7° to 8° Bé. (for soaps
from coconut, palm-kernel, oxidised oils, ete., 16° to 24° Bé.). If too little salt has been
added, the lye will retain dissolved soap, and the separation of the latter will not be sharp,
since between it and the lye will be formed a third layer consistiug of au irregular,
gelatinous mass which increases the waste and diminishes the yicld. With too much salt,
the soapy mass separates rapidly and in large clots which retain tho lye, but if the operation
has been properly carried out, the soap adheres to the mixer in soft flocculent masses
which, when squeezed between the fingers, are moderately stiff, do not exude liquid and
give a hard and dry, not a sticky, flake.

When treated repeatedly with salt solution, some soaps lose part of their conbined
alkali owing to the readiness with which they dissociate; in such cases a little caustic
soda is added to the salt.

The soap is then subjected to the boiling process (in some cases this is preceded by a
further heating with weak alkali of 4° to 6° Bé. and a little salt, the subnatant lye being
decanted after a time). This consists in covering the copper, boiling vigorously, and, if
necessary , stirring to prevent the frothing inass from overflowing. By this means the
small quantity of residual lye is concentrated and hence separates more casily, while the
soap gradually becomes denser owing to the loss of nearly the whole of the water (only
15 to 35 per cent. being left). The bubbles at the surface gradually increase in size and
then disappear completely, while targe bubbles of steam form at the bottom of the copper,
force their way noisily through the muass and produce large puffs at the surface. The
heat (fire or stcam) is then very soon stopped. A little of the soap pressed between the
thumb and the palm of the hand then forms a dry, soft, waxy paste, but does not stick.

The soap could next be moulded, but it is often subjected to a finishing process (sce
above), dilute caustic soda (3° to 6° Bé., or hot water alone if the soap has been treated
originally with excess of alkali, or very dilute sodium carbonate) being gradnally added
to the soap in the boiler, the mass being heated and gently stirred until it becomes more
liquid, less granular and perfectly uniform. The copper is next covered and left for a
day, the soap being then transferred to the moulds or cooling frames. To obtain white
soap, an addition of 0-2 to 0-3 per cent. of sodium hydrosulphite is sometimes made to the
nass before discharging.

As a rule, soaps are made not fromn pure tallow, but from mixtures of various fats and
oils, e.g., palm oil, olive oil, oleine, ete. ; in such cases the concentration of the caustic
soda must be varied, olive oil soap, for example, requiring lye of 25° to 28° Bé., which
sometimes renders salting-out unnecessary.

At one time Marseilles soaps were prepared from olive oil alone, very dllute Iye being
first used and then more and more concentrated ones, but nowadays cottonseed, arachis,
coconut , palm-kernel oils, ete., are generally added, the processes employed, whether
for white or for Marseilles mottled soap, being those used for other soaps.

SOAPS FROM FATTY ACIDS or OLEINE. Oleine, elaine, or commercial oleic acid
forms a more or less dense liquid with a colour varying from pale yellow to dark brown,
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Less highly coloured is the oleine obtained by saponification of pure futs in avtaclyves
and separation from the stearine by pressing (oleine of saponificution) or hy vazymic ar
catalytic decomposition (catulytic oleine), whilst that obtained from fmpure fats (bone
fat, etc.) or by means of sulphuric acid is generally darker and is separated after distillntian
of the fatty acids (distillation oleine). If an oleine contains more than 3 per cent. of aon.
saponifiable substances, it is certainly distillation oleine (1 to 9 por cent.). but a less content
than this does not necessarily indicate oleine of saponification since the nndernt methads
of exact distillation yield oleines almost free from nou-saponifiable matter.

Oleine aiways contains small quantities of neatral fats and, moro especinlly. af solid
fatty acids (5 to 20 per cent. palmitic, stearie, ete.), but its iodine unmber shonld he hetwoesn
75 and 85, and its acid number at least 179 (about 90 per cent. of fatby awricds. expressed
as oleic acid).

Saponification oleine was at one time sold at a rather lower price than tallaw, nnlt dis.
tillation oleine at a still lower price (before the War at £24 to £28 per ton). Besidrs far sanp.
making it is used for treating wool which is to be carded or combed.

Pure oleic acid and its properties have already been cousiderod on p. 358.

The manufacture of soap from fatty acids (see pp. 505 el seq.), althangh it gives aa
glycerine, is economical in various ways; thus, it allows of a more rapid saponitication
with a diminished cousumption of fuel and renders possible the uso of sodimn carhounto
which is cheaper than caustic soda.

100 kilos of oleine would require about 19 kilos of sodium carbonate (inwtend af 135
of caustic soda), but in practice only about 90 per cent. of this anount is used, the sapani-
fication being completed with caustic soda in order to transform the small amonnt of
neutral fat present in the commercial oleine. A het solution (about 30 per cent.) of the
whole of the sodimn carbonate is prepared in a wide, shallow coppes, tho aleine heing
then added gradually in 3 thin stream, the mass being mixed and heated by a jot of divert
steam so as to liberate the carbon dioxide and prevent the froth from averflawing: the
latter end is best attained either by adding a little salt to the soda solution at the hegimung
or by the passage of a current of air. The caustic soda solution (157 to 18" Bd.) is then
introduced and the whole heated, salted out and boiled, as alrcady deseribed far tallaw
soap. Pure oleine soap is at first rather soft, but it gradually dries, harslens, nud herames
of a paler yellowish-brown colour than the fresh soap.

When soap is made from oleine and fats together, the latter are fixst sapimified and
the oleine added subsequently.

RESIN SOAPS are now made in large quantities and by ahnuost alt soap nmnufactirers,
Colophony (see Part III) contains acids which behave like the fatty aciils and yickl simihr
soaps, which lather well with water and, when mixed with ordinary fat saapw, diminish the
price considerably, as colophony costs only £7 to £14 per ton.

The saponification of the resin is effected with a rather strong lyo (to avaid oxcessive
frothing). It is necessary to employ pure fats and purc resin (with the saponiliation
number 160 to 180), and when saponification is complete, thic soap must be well ** finishwd
in order to avoid excess of alkali, which would cansc efflorescence (nlso avaidahle hy the
addition of a little sodium silicate at the end of the maumufastnre).

The resin may be introduced as a powder directly into the fused fat, bnt it is mare
generally added after the fats have been saponified and the soap salteit ant mnl separated
from the Iye. The concentrated caustic soda (100 kilos at 20 Bé. or 90 kilas at 25" Bt
per 100 kilos of resin) is then added and the resin gradually disintegrated by henting and
stirring. Boiling is continued until the froth almost disappears and tho sonpy mass
separates well from the lye below and exhibits the proper consistency when pressed hebwen
the fingers. After the lye has been removed, the soap is finished with a littlo hoiling
water, then left for 12 to 24 hours, and finally solidified in the ordinary framos ar moukds.

Good resin soaps should not contain more than 40 per ceut. of resin, hit in somo cases
they show as much as 100 per cent. (compared with the fat), and it is a questian whather
resin soap should be regarded as adulterated ; to this view the mamfactarers object
for obvious reasons. Altheugh attempts have been made at various congresses to fix
timits (10, 20, or 30 per cent.) to the proportion of resin allowable, nono of these aro regarded.
The case would be net by stamping the resin-coutent on cvery cake of goap, as thero conld
then be no question of adulteration or fraud.

Some soaps are not separated from the lye, or gramed or fiished, but are Ioft mixed
with the Iye and the glycerine; the fats employed must here be pure, sinco otherwise
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the impnrities wauld colour the soap.  Cocount ail and palm-kernel oil are more especially
used, as they have the proporty of becomiig incorporated or remaining dissolved in a
large excess of alkali or salt and of forming hard soaps with even large proportions of
water (200 to 300 per cent.). They are made by either the hat or the cold process, and
are generally cheap soaps, as they cait be resined and charged, not ouly with large quaitities
of water, bat alvo with salt, silicate, tale, Homr, cte. Solutions of salt or canstic soda
(20° 13¢.), even in cxcess, facilitate hardening, whilst potassiznm carbomate produces a
certain softness and histre,  The silicate and salt are mixed with hat canstic soda and are
added finally to the soup at 90" ta 95", The methad of procedmre is that generally
cemployed : the fat i added to part of the canstic o1 carbomate sohition. with which it is
stirred and heated to bailing ; the rest aof the alkali is then intraduced md finally the salt
or silicate solution in small portions ; the mass is mixed, loft i1 the covered copper over-
night, when it falls to a temperaturc of 75°, then skimmed and caoled in the frames. !

Whon these saaps are prepared in the cold, the pahn-kernel ar cacommt oil is niixed
with the theoretical quantity of concentrated caustic lye (for coconnt oil, 50 per cent. of
lye at 38" Bé.), which saponifics these and other fats (tallow, lard, cottonsced oil, arachis
oil, resin, ete.), cven in the cold, with spoutancous rise of temperature ; they are commouly
loaded with silicate, talc, salt, cte.

MOTTLED SOAPS. Until 30 to 40 years ago, mottled soap of the Marscilles type
was made with olive oil, the mottling being produced by adding to the soap, cither before
or after graining, ferrons sulphate, ferric oxide, ultramarine, ete. (0-2 to 0-6 per ecnt. of
the weight of fat), discharging into the cooling frames at a temperature of 75° to 80° and
allowing to cool slowly (four to six days).

Mottling is satisfactory only when the soap docs not contain more than 32-5 to 34 per
cent. of water, and hence constitutes a safeguard to the consumer, showing that he is not
being cheated with soap overcharged with water. Olive oil soap can be well mottled if
it does not contain more than the above quantities of water and colouring-matter, and
uot more than 2 per cent. of salt, since it is only under these conditions that it acquires
just that flnidity which, at the solidifying temperature, offers a resistance to the minute
colomred particles (iron, aluminimin, and manganese soaps, and wmectallic hydroxides);
the latter gradually group themselves into veins, whilst the drops of lyc and soluble salts
fall to the bottomn. If the quantity of water is raised, the equilibrium is displaced and
the fluidity increased, so that the colouring-matters are deposited, but if other solid fats
arc nsed in conjunction with the olive oil, the required cousistency can be obtained with
as mnch as 50 per cent. of water, With cocomit, palm-kernel, and palm oils, mottled
soaps can be prepared containing 70 per cent. or even more of water, in addition to an
increased amonnt of alkali. These soaps, however, should not contain more than 2 per
cent. of sodium carbouate, and less than 10 per cent. of dissolved salts; otherwise the
saar will effloresce on drying, provided that it is sufficiently stiff to permit of mottling.

A type of mottled soap which is often prepared with a yield of 180 to 200 per cent. is
that from almost equal quantities of sulphocarbon olive oil and ecoconnt or palm oil. In
this casc the manufacture of the olive oil soap is carried out separately as far as the stage
where it 15 separated from the lye, so as to rcinove the impurities ; it is then introduced
into the pan wherc the coconut oil has been saponificd in the hot with caustic soda of
abont 20° Bé., together with some 13 per cent. of sodimmn carbonate dissolved in water,
Unger (1869) found that, in order to prevent coconut or palm oil soap from cffloreseing on
drying, it should not contain more than 43 per ceut. of sodium carbonate, calculated on

1 High yields are given by the following mixtures : —

Crode Salt

Coco- | paltn- | Dabm Canstic Potassinmn o g 2
Yicld mit | Xerbel oil  {Taltdw| Resin sodi corhoynte 5.2
oll ofl (26° 13¢.) 35°-30° B¢. ‘20"-;.“.2" 8°-10" | 2=
Bé. Bé, -

kiton t Kitos
Abont 250 %, 90 for Q0 — 10 — G0 05 40 — —
W 300 % — 100 — -- — 60 160 65 -— —
300 % H0 40 0 — 15 60 65 05 — —_

(reshied)

400 %, 100 |[or100l| — _— — 60 100 100 50 30
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the weight of coconut oil (4.e., 1 mol. of sodium carbonate per 4 mols. of pure coconnt soap).
After mixing, the two soaps are boiled and 4 to 5 per cent. (on the total fat) of sodinm
chloride solution of 24° Bé. gradually added; the heating is contimued until the paste
boils readily without acthering to the sides of the copper, and the steam evolved praduces,
at the surface of the soap, veinings and crevices in the form of roscttes. The soap will then
emit a hollow sound and will not form bubbles when struck with the stirrer, fram which
it falls in broad folds which becomne cavered with a dry skin, while between the fingers it
does not pull out, but tends to solidify. It is important that it should not contain an
excess of caustic soda (not inore than 0-2 to 0-3 per cent. ; it is best neuwtral) as with finished
soaps ; any excess may be eliminated by adding the calenlated qnantity of coconat ail or
of Irydrochloric acid, determined by titration. At this point the colouring matter is well
mixed in, the soap being then cooled to about 75° and poured into targe solidifying frames
(holding at least & ton) so as to cause slow cooling (in winter these are wrapped round with
cloths), and hence satisfactory mottling. These mottled soaps of high yield (up te 400 per
cent.) bear the name of blue mottled or Kschiweg soaps, and were largely nsed sonie years
ago. Even now their consmmption is considerable, as they have a higher datergent power
than finished soaps owing to their richness in alkali carbonates : they dry more rapilly
than resin soaps and owing to their harduess they are preferred for lammdry purposes, there
being no waste even when the clothes are vigorously rubbed.

The formation of mottling in soaps probably obeys the laws holding in the solidifica-
tion of alloys (solid solutions) and the figures given on pp. 515 and 810, and in Plaies 1. and

Fro. 304. Fre. 305.

IL, p. 830, of Vol I of this work (" Inorganie Chemistry »*) represent well the mpression
produced by the mottling of soap.

When abnond-mottling is required, an iron rod 12 to 15 mm. in diameter is drawn verti-
cally through the semi-solid soap in the solidifying frame, so as to make a kind of Tongi-
tudinal cut ; similar cuts, parallel to the first, are then made throughout the whole mass at
distances of 4 to 6 em., and afterwards a similar series perpendicular to tho others. When
solidification is complete, the whole of the soap is traversed by dark markings in the shape
of almonds arranged like the leaves on acacia twigs. Other mottlings are made cither by
machinery or by hand.

For Ischweg soaps mixtures of various fats are used, e.g., 20 to 25 per cent. of tallow,
25 to 30 per cent. of bone fat, 10 to 15 per cent. of cottonseed oil, 20 to 40 per ceut. of
palm-kernel oil, and 20 to 30 per cent. of coconut oil. The yield is usually 205 to 215 per
cent., although additions of silicate (10 to 12 per eent.) arc sontetimes made.

TRANSPARENT SOAPS were at one time obtained by dissolving ordinary soaps in
alcohol, evaporating the latter and moulding the transparent residue. The amount of
alcohol used was subsequently diminished by adding glycerine, and at the present time
transparent or so.called glycerine soaps are made from mixtures of decolorised tallow with
castor, linseed, and coconut oils, with addition of glycerine and also of 20 to 30 per cont. of
saccharose or glucose, which enhances the transparency. To this mixture, melted in the
copper, is added caustic lye at 30° to 36° Bé., the whole being mixed until a homogeucons
emulsion is formed ; 2 to 5 per cent. of alcohol is then introduced, and the mass heated to
75°, cooled to 50°, and poured into the moulds. For some of these soaps as much as 40
per cent. of pale resin is employed.

SOFT SOAPS are usually potash soaps of linseed oil or oleine, while in summer cotton:
seed, colza, sesamé, palm, or fish oil is also used.
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Some of these soaps are transparent (plain or variegated), others opaque and white or
yellowish,  Tor every 100 kLilos of fat, abont 160 kilos of caustic potash of 24° Bé. are used,
the yield being somelimes as mach as 235 per cent. ; if canstic soda is partly employed, a
harder soap is obtained, but the yickl is diminished. Also 10 to I5 per cent. of resin may
be nsed or 10 to 15 per cent. of ail. T general these soaps contain carbonates.

The hoiling is earricd ont in the nsual way, and is continned until frothing ceases, and

Tie. 306,

a small portion placed on glass remains clear for some time without forming a skin and, on
cooling, becones torbid at the eilges and exhibits slight vehuings of lye. If this test portion
remahis clear hit preseints no such veinings, lack of alkali is indicated.

Many of the soft seaps now nsed coutain white gramules, prodicced by tho addition of
tallow ov stearine, which erystallises ant thronghont the mass of soap churing the cooling,
the Iatter acenpying 4 to 8 weeks 3 this change is known as figging and tho yield of such
goaps i aften as high as 240 per cent. )

The mannfacture of sada sonp from glycerides iy means of lime and sodinm carbonate
(Krebitz. process) has heen deserihed o p. 505,

Cooling and Selidification. The soup from the copper is cooled in large chests or frames,
formmerly of woad hut now
of iron, as was snggested
by Kl in 1874 (g, 304).
The sides of these are fixed
by mecans of halts and s
and hence fit perfeetly and
are readily taken apart.
In some cases, the framces
are momtted an  three
wheels so as to be trans-
portable. Lo preveut any
impuritics depositing  in
one place and so praducing
mottling, the pasty soap
m the frame is stired
with wooden cratches nntil P, 308,
it begins to solidify, Dbut if
slow solidification is reqnived (for mottled soaps), the sides of the frame are covered with
straw mattresses or wool, especially in winter (Fig. 305). The frames vary in capacity from
100 to 6000 kilos and, according to the amount and quality of the soap, the cooling lasts
one or several weeks. The walls of the frame are then removed and the large block cut
into smaller prismatic blocks by means of thin steel wires worked by a toothed-wheel
winch, which is applied to various points of the block (Fig. 306). The small blocks are dis-
charged on to a trnck carrying a platformn which can be raised (Fig. 307) and are then
transferred to the barring smuchine (IFig. 308), where each block is placed between 4 and B

VOL. TL. 34
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and forced by means of the plate 4 and the toothed wheel, R, against the frame, B, fitted
with adjustable crossed steel wires. The long bars thus obtained between B and € are
then pressed against the vertical wires of the frame, ¢, and thus cut into cakes of the
required size. There are many such machines of different types, some fitted with fixed
and others with universal frames.

During reeent years a method has been devised of preparing cakes dirvectly from the
hot soap from the copper, without using the large cutting machines (slafihers) ; m this
way much time is saved, waste and scraps are diminished in amount and the subsequent
seasoning shortened. The kot soap is rapidly cooled and compressed in the Khunpp
apparatus (Fig. 309), being first transferred to the jacketed reservoir, I, where it is kept
liquid by means of hot water in the jacket. The plate, ¢, consisting of a double-walled hox
surrounded by cold water, has a movable base, &, resting on the piston of a hydrankic
pump, K. The box, ¢, is filled with liquid soap and the wheel, V, turued so as to press on
to the surface of the soap the large plate, @, which is kept horizontal by the four rods, N,
of the press, while inside it cold water circulates.

When this plate is firnly fixed and the soap begins to solidify, a pressire of 5 atmos.
is applied by means of the press, K, this pressurc being increased to 250 atmos. when the
soap is quite cold and solid. The ordinary
cutting machines are then used to cut theso
slabs into marketable picces, which so
little water cven in the air.

Scasoning or dryirg of the soap, ta
bring it to the degree of moistuess regnived
by the trade, is olfccted by keeping the
cakes on frames in well-ventilated cham-
bers for several weeks or eveur months.
This slow drying is now generally replaced
by drying in hot air, firnished cheaply by
Perret furnaces, which hmm waste paal ar
slack. The soap i spread on grathig
superposed on trucks, which are gradually

1Ma. 309, ntradneed into n brickwark gallery ; hot

ail traverses the gallery, entering at the

opposite end at 50° to 60° and being discharged at 35° to 45%  Tho scasnuing & campleto

in 3 to 6 days, but if the temperature is too high at first, or the drying tao rapid,

the soap softens and becomes deformed and cmished. To give tho cnkes a smoath

surface, ansl so render efflorescence and cracking more difficult, as they issno from the

dryer they are subjected to the action of a shight stcam-jet, which mclts them
superficially.

The value of soap ! varics considerably with the gnality, the degree af fineness, the

1 Analysis of Soap. As a nile, the commereinl valie of a soap i determined from the
quantity of combined fatty acids which it coutaius, nud as the percontage of these varies with
the degree of moistness, great care must be taken in sampling the sanp.  The ealeo s tirst weighed
and the sample cut in snch a way that the inner and outer portians are taken in the praper
proportions ; the sample is then cut np fine, rapidly mixed and mnediately enclasod hin a vessol
with a ground stopper so that water may not be last.

The analysis eonsists of some o all of thic follawing determinntions :

(1) Watcr. This estimation is not usnally made, as it involves a long operation, while it
is possible to calculate the proportion of water indirectly after all the otlier compournts lave
been determined. The direct estimation is made by weighing 5 ta 10 grms. af tho finely divided
soaﬁ rapidly in a tared dish containing a small glass rod and Hlled to the oxtent of one third
with sand whieh has been previously calcined. "The dish and its contents are heated first i
an oven at 60° to 70° the fused soap being carefully mixed with the suud mntil a skin of scap
no longer forms at the snrface; the temperature is then raised to 105° to 110°, at which it is
maintained until constant weight is reached. The total loss in weiglit roprosents the water.

(2) Unsaponified Fat. The dry residue from the water estimation s introduced inta a Soxhiot
extractor (see p. 462) and extracted for a couple of hours on the water-bath witl light petroleum
in o tared flask; the solvent is subsequently distilled off and the extracted fat dried at 110°
until of constant weight.

(3) Fatty Acids, Free Alkali, Glycerine, and Resin. The residual matter in the Soxhlet
apparatus (or the dry soap itself) is extracted with neutralised absolnte alcohol, which dissolves
the soap, glycerine, and free canstic alkali : the last of these is determined immediately by titrating
the alcoholic solution with normal sulphuric acid i1 presence of phenolphthalein. The liquid
is afterwards largely diluted with water, heated for a lang time on the water-bath to remove all
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content of fatty acids, and the degree of purity. The ordinary soaps used in laundries and
in the textile industries, which are made from sulphocarbon olive oil and contain 60 to 65
per cent. of fatty acids, cost before the war £22 to £24 per ton, according to the conditions
of the market and the prices of prime materials (fats and oils). Soaps loaded with water
and other substances niay cost mnch less ; fine, perfumed soaps cost up to £40 to £80 per
ton.

GG. POLYHYDRIC ALDEHYDIC OR KETONIC
ALCOHOLS

CARBOHYDRATES
(Sugars, Starch, Cellulose)

This group of substances might. bave been included in the preceding chapter,
FF, where, in paragraphs D and E, certain very simple aldehydic and ketonic
alcohols have been considered. Partly owing to custom [since it has been
the rule to include in the group of Carbohydrates only ketonic or aldehydic
polyhydric alcohols with six (monosaccharides) or a multiple of six carbon
atoms (polysaccharides) and containing hydrogen and oxygen in the proportion
of 2 : 1, as in water], and partly because this group embraces all the sugars,
which exhibit special characters very different from those of glycollic aldehyde
(which should be the first member), the carbohydrates are, however, considered
separately, although the brilliant researches of Emil Fischer, conunenced in
1887, have extended this group to compounds with five, four, or three carbon
atoms, on the one hand, and to nionosaccharides with six, eight, or even nine
carbon atoms on the other.

These monosaccharides bear the name of Monoses (bioses, trioses, tetroses,
pentoses, hexoses, heploses, ocloses, monoses, etc., according to the number of
carbon atoms they contain), while the polysaccharides (formed by the con-

~densation of two or more nmonose molecules) are called generally polyoses and,

the alcohol, and. trented witlh a measured volnnie, in excess, of normal sulphuric acid, the liquid
behig then heated in a beaker on a water-bath and on a sand-bath until the clear fatty acids
(and the rcsin, if present) scparnte at the surface. After cooling, the solidified layer of acids
is pierced with a rod and the liquid pourced on to a taved filter in a stemless funnel, the fatty
acids being then washed with liot water, and the whole brought on to the filter. * The excess
of freo sulphuric acid in the whole of the wash-water is determined by titration with normal
canstic patash. This then gives the amount of sulphuric acid fixed by the alkali of the soap
and hence also the combined alkali expressed as NauD. Evaporation of the liguid to dryness
and extraction with absolute alcohol rentoves any glycering present in the soap, this being weighed
after evaporation of the alcohol. The fatty acids ou the filter are treated with a couple of c.c.
of alcohol to remove any moisture and then witls sufficient light petroleum to dissolve all these
acids; tho filtrate is evaporated in a tared dish, driecl at 105° to constant weight and the
residnal falty acids weighed. To determine any 7esii which may be present in the fatty acids,
part of the latter is weighed, dissolved in 24 c.e. of alcohol and, after addition of phenolphthalein,
hydrolysed in thie hot with a slight excess of alkali; after cooling, the liquid is made up to 110 c.c.
with cther, treated with powdered silver nitrate and allowed to deposit the precipitated silver
stearate, palmitate, and oleate. Oue-lialf of the filtered solution (comtaining soluble silver
resinate) is treated with 20 c.c. of dilute hydrochloric acid (1:2) and filtered, an aliquot part
of the filtrate being evaporated in a tared capsule, dried at 100° and the residual resin weighed
the weight of the resin is dimhinished by 000235 grm. for every 10 c.c. of ethereal solution of silver
resinate, this being the amounnt of oleic acid removed by the ether. The true weight of the fatty
acids, freo from resin, can then be calculated.

(4) Soda, Salt, Sulphates, Silicale, etc. The residue from the Soxhlet apparatus, after
separation of the fat and soap, is treated two or three times with 50 to 60 c.c. of hot water and
the solution filtered, made up to a definite volume and divided into four parts: one of these
is titrated with normal sulphuric acid, using phenolphthalein as indicator, to ascertain the
sodiwm carbonate : in a second portion, the sodvum chloride is determined by titration with silver
nitrate ; the third is preeipitated with barimn chloride and the weight of the barium sulphate
and henee that of the sodium sulphale in the soap, determined. The fourth portion is treated
with hydrochloric acid and the silica, thus separated from the silicate, weighed.

(5) Ash and Mineral ‘“ Filling.” The ash obtained by burning a dehinite weight of pure
soap is about 40 per cent. greater than the total alkali (expressed as Na,0). If the proportion
is much higher than is indicated by this relation, the excess represents mineral filling.

34—2
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in particular, hexabioses, hexatrioses, etc., according as they we formed by the
condensation of two, three, etc., hexose molecules.

A. MONOSES
All the monoses are aldehydic or ketonic polyhyduic alcohols containing
H
the characteristic grouping, —C—C—, 7., a hydroxyl group wniked with a
OH 0

carbon atom adjacent to a carbonyl (CO) group. When the carbvnyl exisks
H

as an aldehydic group, —(—0C"H, these monoscs are called Aldoses, whilsk

OH 0
H
when it exists as a ketonic group, —C-—C—C—, they are termed Feloses, so
OHO |

that we have aldohexoses, ketohexoses, ete.!

The monoses have the general properties of the aldehydes or kethines wd
hence form, on oxidation, the corresponding monobasic acids, cg. penionce,
hexonic acids, ete. Since the aldoses contain a primary alcoholic group,

0
OH - CH, - [CH - OH]J, - C< ,
1

they can also be oxidised to dibasic acids, coutaining the sume numher af
carbon atoms, whilst when the ketoses are oxidised, the carbon adsnm chaiu s
ruptured and acids with lower numbers of carbon atoms farmed.

On reduction, both the aldoses and the ketoses tule np two ataws of
hydrogen, forming the corresponding alcohols; the hexoses give hewitols and
the pentoses pentatols.

Like all aldehydes, they reduce ammounizcal silver solutions i the hat,
giving silver mirrors.

When heated with alkali, they turn brown and then resinify.

They reduce alkaline copper solution (Fehling's solution) in the hot (see
p- 255, and later).

When heated with excess of phenylhydrazine dissolved in ucetic acid, they
yield yellow, crystalline phenglosazones, insoluble in water.2

! The two classes of sugars, aldoses and ketoses, are distingnished by mennw of Romijn's
reaction with a sohution of iodine and borax, whicly oxidises all the «hlases (gnluctoso, gheose,
mannose, arabinose, xylose, rhamnose, maltose, lactose), while it cither does not oxidise thoe
ketoses or oxidises them but slightly (sorbose, fructose ; saccharase and rallinose are oxidised
to a small extent). Betti (1913) finds that the aldoses, but 1ot tha ketoses, react with
B-maphtholbenzylanine, forming crystalline products.

* They form first phenylhydrazones (sec p. 246):

| |
H—-C—O0H H—-C—0OH

_Q_
Il

-NH-C;H, = H,0 + JJ = N-NH-(,H, 5

[
these phenylhydrazones then react with two other molecules of pheity hydrazine, giving annnonin
aniline, and phenylosazone : ° ’

(4 =N-NHgH,
= NH, + NH,CH, + H,0 + |
aniline (¢ =2 NONIHG, H
|
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In dealing with the hexoses later, we shall see how the constitutions of the
monoses in general are determined.

Of the various monoses, containing from 2 to 9 carbon atoms, only certain
of the hexoses ave farmantuble, that is, give alcohol and carbon dioxide under
the action of ferments o enzymes (see pp. 134 and 146).  Of the hexoses, sone
ferment readily, others with difficulty, and others again not at all, in depen-
dence on their stercochemical configurations and possibly on the asymmetric
constitution of the enzymes.  d-Gheense, d-mannose, and d-fructose ferment
eastly, and d-galactose with difficulty, whilst I-glucose and l-mrannose do not
ferment.

GENERAL METHODS OF FORMATION OF THE MONOSES :

(@) Fram the polyases hy hydvalysis with dilnte acids, water being added and several
molcenles of hexose obtained :

(NaHy Oy (saccharose) - Hy0 = 20GH ,04.

(b) By oxidation of tho comesponding alecohols by nitric acid : e.g., Arabitol, C;H;,0,,
gives Arabinose, (\,H ,,0); (peutose) ; wylitol (stereoisomeric with arabitol) gives xylose, and
Mannitol, (‘;H,,0q, maimose.

(¢) Oxidation of glycerol gives dihydroxyacctone, OH - CH, - CO « CH, - OH, which
i a triosc, its constitution heing indicated by the fact that it forms a cyanohy-
drhiy, OH - CH, - C(OH)(CN) - CH, - OH. the latter yielding &ihydroayisohntyric weid,
OH - CH, - C(OH)(COOH) - CH, - OH, and this, on reduction, isobutyric acid having a
known constitution.

(d) By treating the bromo-derivatives of the aldehydes with baryta water. Thus
monobromaldehyde gives Glycollic Aldehyde,

0 0)
CH,Br -(f/ + H.O = HBr + OH - CH, - C/ ,
\H \H
which is the simpdest membar of the suy.or group and does not gives all the reactions of the
HLIALS,

() With Hme-water, formaldehyde nndergoss «ldol condensuation (see p. 245), giving

Formose,
L0 .0
z
GH-7 = 0H -CH, - CH(OH) - CH(OH) - CH(OH) - CH(OH) - C"/< ,
H H
which i a syrnpy mixtnre of compomds, CgHp.0.

Under the inflnence of Light aud mowstnre, plants fix CO, and form starch (CgH,,04),,
which i a polyhexose, 4C0, 4+ 6H,0 = CyH,04 + 60, the hexose then giving up water
and yiekling sturch.  According to Bacyer (1870), the CO, gives first formaldehyde, then a
Iexose (manase), and finally starch (polyose).t

wliel i the characteristic gronp of the phenylosazones. The latter crystallise readily and in
o pure state from o dilnte pyridine solution.  Rednetion of the phenylosazones yields osamdnes,
Coffey glucosomine, 15H 0, -NH.,.

2 Wrom the nnalogy i the Dehavionr of hemoglobin and chloraphyll, Baeyer supposed the
Iatter, like the farmer, to he eapable of miting with carbon menoxide. In such case the
chloraphyll wonhl decompose €O, inta O and CO, and water into O and H,, the oxygen being
evolved ; the €O, fixed hy the chlorophyll, wanld split off and combine with the hydrogen
to give formaldehyde, the chloroplyll being regenerated. Union of the formnaldehyde with
H.O wonkd then yield methyleneglyeol, CH,(1)H), which wonld condense to glucose:
GOHG(OH)y == GH,0 4 CgH .0, Bacyers hypothesis does not seemt satisfactory, since
dissocintim of twa highly exothermic sulmtaiices like €O, and H.0 is difficult to conceive, while,
in addition, plants are indifferent towards O,

1t was shawn by Butlerow that formaldelyde—and later by B. Iischer that glyceraldehyde —
can, nnder certain conditions and in the presence of bases (baryta). give rise to sugar (a-acrose).
tn 1905 H. and A. Kuler faund that nnder na conditions do other nlkali hydroxides give an
appreciahle amomnt of sngar, whilst with dilute sohitions of sodinm carbonate or, better, with
calcium carhonate or leand liydroxide at 100°, Hrst glycollaldeliyde and glyceraldehyde are formed
and finally a keto-arabinose, the phenylosazone of which melts at 159° to 141°.  The conditions
far the production of hexoses from formaldehyde are not yet defined, but 0. Loew stated that,
with milk of Hine, he obtained formose, which is a mixture containing i-fructose (a-acrose).

1. Berthelot and H. (taudechon (1911) found that the action of nltra-violet rays on 10 per
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Also 2 mols. of glyceraldehyde (derived, e.g., from acrolein) undergo the aldol condensa.
tion and yield a hexose (termed acrose) which is a constituent of formosc. ]

(f) It is possible to pass from one aldose to a higher one throueh the cyu..nuhy(h'}n.
which is first hydrolysed to an acid with an extra carbon atom. Such an acid 1'm1.(l}l_v
forms a loctone with the hydroxyl in the y-position, and treatment of the lactoue with
sodium amalgam (addition of H,) yields the higher aldehyde (aldose):

O
OH - CH, - CH(OH) - CH(OH) * CH(OH) - CH(OH) C< -
H
1 2 3 4 i} ) [ 7
OH - CH, - CH(OH) - CH(OH) - CH(OH) - CH(OH) - CH(OH) - COOH -
Y 8 @
Y -
OH - CH, - CH(OH) - CH(OH) : CH - CH(OH) - CH(OH) ~([.'O +H, —

| 0

0
OH - CH, - CH(OH) - CH(OH) - CH(OH) - CH(OH) - CH(OH) (<
Ucptose. H
By the same ketonic (lactonic) synthesis, the heptose can be converted into actase and
nonose. )
TETROSES, C,H;0,, and PENTOSES, C,H,,0,

Just as the hexoses can be converted into pentoses, the latter can give vise

to TETROSES. For instance, d-, I-, and i-erythrose are obtained by oxidismg

cent. solutions of various sugars at a temperature of 80° to 90° leads to tho rupid formation
of the following quantities of gas :

Co CH, H, 0,
Levulose (ketose) . . . . . 83 8 9 15
Glucose (aldose) . . . . .12 12 kil 22
Maltose (gives 2 mols. ghucose) . .12 11 77 21
Saccharose (gives glucose and levulose) . 45 3 47 It

They found also that prolonged action of ultra-violet rays on a mixture of (', and 11, yiclds
a small quantity of CO and of fornaldehyde.

These facts tend to confirm J. Stoklasa’s observations (1906-1910) on tho formation of
hydrogen as fiual product of the degradation of carbohydrates by tho action of ylycolytic cuzymes,
which have an important function in the assimilation of carbon dioxide in the chlorophyll cells,
and also to render valid Stoklasa's hypothesis (1907) that the fornmaldeliyde necrssury to thoe
formation of carbohydrates by the simple polymerisation assumed by Baoyer may resub. from
the reaction, 2CO, - 2H, = O, + 2H-CHO. Stoklasa and Zdobnicky (1910) have oltainaml
inactive sugars and aldehyde by the action of ultra-violet rays on carbon dioxide and hydrogen
in the naseent state in presence of canstic potash (with initial formation of potagsiunt hicarbanato,
whieh, in the nascent state and with nascent hydrogen, generates the sugar) and hava dispraved
the view held by Fischer (1888-1889), Loew (1888-1889), Nenbery (1902), and Linler (19012)
that, in the synthesis of sugars from formaldehyde, pentoses are formed ; the sugars thoy ahtainod
are not asymmetric and are hence not fermented by ordinary alcoholic forments. In 1012
Stoklasa, Sebor and Zdobnicky showed that formic aeid constitutes an intcrmedinto produoet
i the formation of CO, and H,0 bg\fhe action of ultra-violet light on formaldehyde h1 presonce
of potassium hydroxide and air. bjection of CO, and KOH, mixed with a forrans salt. to
the influence of ultra-violet rays gives hexoses (aldoses and ketoses) which are optically inactive
and non-fermentable. According to Stoklasa, the fanctian of the chlerophyll it plants is to
absorb the ultra.violet l'lafys of sunlight. TFrom the aqueous distillate of the leaves of varions
plants, I. Hartwig and T. Curtius (1910) have separated (by means of m-uitrabeslrychragicde,

a: B-hexylencaldehyde, CH3~0H2-CH2~CH:CH-(‘< , the hydrazone of which mwelts nt 11i7"

H
According to Baur (1913) the formation of carbohydrates in green plants from C0, is prohuhly
accompanied by the transitory formation of various acids and aleohols, Similarly the gonesis
of sugars in the animal organism may result from the glycine which forms a product of the
tc}lgco]inposmon of the proteins and produces glyeollic acid and formaldehyde in passing thrangh
e liver.

Baly, Heilbron and Barker (1921) find that aqueous carbon dioxide solution yiolds
formal&ehyde when exposed to light of wave.length 200 uy, the yield of the aldehyde being grontly
increased In presence of paraldehyde, sodium phenoxide and certain salts which absorb light
of wave-length 290 uu; these substances protect the formaldehyde produeed from thn
polymerisation to reducing sugars effected by this light (290 pu). Chlorophyll appoears {0 ho
an ideal photo-catalyst for both stages of the synthesis of carbohydrate from carban dioxico
and water, the absehce of free formaldehyde in the growing leaf being thus explained. '
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d-arabonic acid‘, d-arabinosoxinie, and natural 1-erylhritol respectively with
hydrogen peroxide :

OH-CH, - [CH - OH], - COOH -- 0 =H,0--C0,+ OH - CH, - [CH - OH],-CHO
‘Tetrode

The tetroses are alzo obtained by oxidising (with H,0,) the calcium salts of
pentonic acids-in presence of fervic acetate, which acts a3 an oxidising catalyst,

The peutoses (Arabinose, Xylose, e¢tc.) occur abundantly as Pentapolyoses
ov Pentosans (Araban, Xylan) in mauy vegetable organisms (straw, wood,
maize husks, ctc.), from which they are obtamed by siple boiling with dilute
acids.!  So-called non-nitrogenous exlructives present in abundance in plants
and in foods consist especially of pentoses, hexoses, lignin and cutin (Konig,
1913), which cxhibit varying solubility in water and in acids at different tem-
peratures and pressures. Pentoses do not ferment.

Arabinose and xylose are wldoses, OH -CH, ' [CH(OH)], - CHO. By
bromine water these two pentoses are oxidised with formation respectively of
arabovic and aylowic acids, OH - CH, - [CH - OH], - CO,H, which are stereoiso-

1 By the term Pentosans arc meant those palysaccharides whicl: arc related to the pentoses
in the same way as are starch, innlin, ete., to the hexoses, and which give pentoses and also
hexoses on hydralysis.  Front starch they ave distingnished hy their keva-rotation.  I'rom plants
tlie pentosans are extracted by means aof ditnte atkali according to the method given by Tollens,
Stone, and Schulze (1888—1901) : the finely divided vegetahle mutter i treated twice, for some
lours at the ordinary tempernture, with seven times its weight of 2 per cent. ammonia solution
to climinate in the soluble state part of the proteins, salts, ete., and to remove the more soluble
part of the hemicellnlnse (this wonld give hittle pentose oun suhsequent hydrolysis). After the
dark ammonincal Hyuid has been separated by filtration throngh clath and by squeezing in
i press, the solid residne is extracted witls ten times its weight of 5 per cent. caustic soda solution,
with which it is first ncerated i the cold for 10 ta 12 hours, and then heated in a reflux apparatus
on a water-bath for six hows,  The mass is next tiltered throngh cloth and the residue pressed
and washed several times with water until the total volume of solution obtained is equal to
that of the caustic sodn sohdion nsed.

This brawn lignid is cvaporated ta some extent on a water-bath and is then treated in the
cold with an equal volime of 99 per cent. aleohal.  The volmminans, (facculent precipitate of
g (penlosens) thus obtained is collected on cloth, washed and puritied by repeatedly dissolving
it dilate acid and reprecipitating with aleahol, this procednre being coutinned until the gum
leaves n minimal wsh on incinerntion.

Th pass fram the pentosans to the pentoses, the niolst gum is hydrolysed (Conneler and
Tollens, 1892 and 11)1)3{ by digestion for 12 hours with 26 purts of water and 2:5 parts of hydro-
chloric neid of sp. gr. 1-19, the ntixtnre being hnally heated on a water-bath until the furfural
renction (red coloration with aniline acetate paper) begins to make its appearance (about two
hours).  After filteation of the cald lignid and nentralisntion with lend carbonate (testing with
Cango-red pajier), a fow draps of barium hydroxide are ndded ad the liquid Hltered to remove
precipitated lead chlaride and barium carbanate. The solntion is concentrated on a water-bath
under rediced pressnre, mixed with a little alcabol, liltered and concentrated to a syrup. This
is taken np with methyl alcohal nud the solution filtered to reniove mineral and other impurities.
Tho alcohal is then evaporated and the residne secded with n fow erystals of xylose or arabinose
and left in a desicentor il the whole muss erystnllises (this sometimes regnires several weeks).

b ardor ta sepmrate the armhinase nnd xylose, which aften occur together, Ruff and Ollendorff
(1899) treat the mixed pentoses with eight times their weight of 75 per cent. alcohol and nearly
tlieir own weight af benzylphounylthydrazine dissolved in a little nbsohute alcohol.  After several
hows’ rest with frequent shaking, there scpavates arabinose henzylphenylhydrazone, which,
in the pure state niclts at 174° and, when treated with excess of formaldehyde, liberates the
ambinaso; the latter is soluble it water, whilst formaldehyde benzylphenylhydrazone remains
undissolved.

The aqueous arabinvse solntion, after separation and concentration to a syrupy consistency,
deposits pure wrabinose in crystals.  The carresponding hydrazone of xylose is soluble in 75 g)er
cent. alcahol, and yields xylose when docomposed with formaldehyde in the mnanner described
abave. Tho xylose can also be separated, according to Bertrand aund Tollens (1900), by treating
tho mixtnre of pentoses with 2 parts of water, 1 part of cadmium carbonate, and 0-5 part of
hrontine. The mixture is heated for a short time on the water-bath, then left for 12 hours,
evaporated, taken up with water, filtered, again evaporated, and mixed with alcohol ; this
procedure yields crystals of cadmimm bromoxylonate, C;H,OBrCd. Before carrying out this
scparation, however, it is neccssary to make surc that the mixture contains no galactose or
ghucose. These sugars can be detected by oxidising the mixture with nitric acid (sp. gr. 1-15)
on the water-bath and evaporating the liquid to two-thirds of its velume. If the liquid remains
turbid in the cold, the presence of mucic acid, derived from galactose, is indicated, and if, after
neutralising with potassitm carbonate, acidifying with aeetic acid aud concentrating, potassium
hydrogen saccharate scparates, the presence of glucose—which gives saccharic acid on oxidation—
is demoustrated.
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meric ; with more energetic oxidising agents, they give I'('i])j{(lroa'g/gl-ul(l-?"‘f(: acid.
On reduction they yield the corvesponding alcohols, arabital and xylitol (sce
pp. 225, 525), which are also stereoisomerides. By way of the carresponding
cyanohydrins they can be converted into hexoses (na hexenic acids). Al these
reactions aid in establishing the constitution of these pentoses. ‘

As they contain asynunetric carbon atoms, these sngars ave optically active,
and they exhibit the phenomenon of mularoiation ; thus. for freshly prepared
solutions of xylose, the value of the specific rtation is [« = Th" to 8", while
five minutes after the sugar is dissolved it has the stable votation -[- 19%

When pentoses are boiled with dilute sulphuric acid ar with hydrochlarie
acid of sp. gr. 106 (12 per cent.), they yield furfinal, C,H,0 - CHO (aldehyde),
which distils over and gives a characteristic and intense red coloration with
aniline and hydrochloric acid, a phenylhydrazone with phenyliydrazine, aud a
slightly soluble condensation product with phloroglucinol.?

Treatment of any pentose or hexose with caustic soda it presence of air or ather axidis.
ing agent (e.g., HgO) yields no trace of saccharic acid, but gives farmic acid and manobasic
hydroxy-acids (e.g., glycollic, dl-glycerie, trihydroxybutyrie, and varians pentonic and
hexonic acids) ; if air is excluded, aldotetroses, formaldehyde, a little 2 1 3 -dienols, hiases,
and glyceraldchyde are mainly forined.

Recent work has shown that the furfural obtained on distillation af vegetahle snh-
stances with 12 per cent. hydrochloric acid is derived not merely from frae pentasans,
but also from oxycellulose, glycuronic acid, etc.; methylpentosans give methylfmforal
Hence Cross and Bevan suggest the name furfuroids for snbstances other than trme pen-
tosans which give furfural. On the other hand, it has heen proposest by Tollens thut the
term pentosan be applied to the whole of the substances (fnrfnroids ad trne pentoasaas)
which give furfural when distilled with 12 per ceut. hydrochloric acid.  Hydravyniethyl-
Jurfural (see below) does not distil in presence of acids Imt yndergaes resinification, and
hence escapes the Tollens method of estimating firfural

Until comparatively recent times it was assumed that the pentasans were levived from
the hexoses and polyhexoses, since it was known that 4-hydrowymathylfnrfuraldrhyple,

CHO-C:CH-CH:C:CH, - OH

| o

is obtained on heating levulose, d-mannose, d-ghucose, d-galactase. clitase, efe., inn sealed
tube with 0-3 per cent. of oxalic acid, while 4-bromomethylfirfwrnl,

* Quantilutive D stermination of Penlosrs and Dentosens.  Fhint and Tollens (1002) distsl
in a flask similar to that shown i Fig. 18 (p. 12), ahant 5 grs. of the snbstance with 100 e,
of 12 per cent. hydrochloric acid, the heating being carried ont in an oil-hath ut 160", Thirty c.c.
of liquid ave distilled over every 12 to 15 minutes, in which time 30 c.e. of fresh neid are added
by means of a tapped funmel, this procedure being continned as tong aw the distilinte reddeans
a strip of filter-paper inoistened with an acetic acid solution of aniline. T the distillote is added
an excess (double the amount of furfural expected) of pure phloraghicing dissolved in 12 per cent.
hydrochloric acid. The volume of the lignid is made up to 400 c.c. with the same acid in a
gradnated flask, which is well shaken and left for 12 hours, at the end of which time the precipitiste
is collected on a tared filter. washed with 150 c.c. of water, hied for fonr hoars in an oven nnd
weighed. The weight of furfural is obtained by dividing this weight by a variable tactor, which
has the following valnes for different amounts (1 gims.) of the phloroglicimt componn :
020 grm. (1-820); 0:22 (1:839); 0-24 (I856); 026 (1-871); 035 (I884): 030 (1-895)
0-32 (1-904) ; 0-34 (1911); 0-36 (1-9163); 0-38 (1:919); 040 (L-920) ; D45 (1-097) ; 050 (1-930) ;
0-60 or more (1-931). The xylan is calculated by multiplying the qnantity of frfural hy (+4if,
the araban by 2:02, while for mixed pentosans, the factor 1-84 is enaployed. i

If the phloroglucide is formed in aleoholic solution, it may he estimated volorimefrically
or spectroscopically (Pinoff and Gude, 1913). )

Another method of procedure eonsists in precipitating the furfural with pheaylhydraziae
and estimating the nitrogen in the precipitate. :

Jolles (1906), however, neutralises almost completely (to methyl orange) the distilhute
coutaining the furfuraldehyde, then adds 10 c.c. (niore, if necessary) af o decinormal sodim
bisulphite solution, and after two liours titrates the excess of bisulphito with a decinarmal jodine
solution (1 e.c. of which corresponds with 0-0075 grm. pentose).

Many plants contain methylpentosans as well as pentosans. ~The solubility of methyHurheral.
phloroglucide in alcohol, in which furfuralphloroglucide is almost cornpletély msolnble, serves
as a means of estimating the former (Ishida aud Tollens, 1911), ’
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CHO -C:CH ' CH: C* CH,Br,

e Qpm—

is ohtained by heating levnlose (or filter-paper, cotton, cellulose, straw, starch, dextrose,
lactase, glycogen, cle.) muder pressure with chlaroform satmated at 0° with hydrogen
lromide.  Fnrther, when the oxime of levilase is heated with concentrated canstic potash
salutian, the nitrile i first formed and then hydrocyanic acid aud d-arahinose :

OH - CHy -[CH - OH], - CH: NOH = H,00 -+ OH - CH, - [CH - OH], - CN
—> HUN - OH - C'Hy  [CH - OH], - GHO.

Oxidation of d-ghiconic acid with peroxides also gives d-arahinose.

Ketohexoses in gencral, when heated with dilute acids (a.g., with 0-3 per cent. of oxalic
achl under a pressare of 8 atmos.). are largely transformed frto hydroxymethylfurfural,
whilst the wldaheroses 1imdergo this change only to a very slight extent ; if mineral acids
are used, or oxalic acid in larger quantity, levulinic acid is obtained instead of hydroxy-
methy Hurfural.

U. Nef's work (1910) tends to show that, in plants, peutosans cammot be derived from
the hexoses, hut that they are formed rather from cither aldotetroses and formaldehyde
or 2-carbon.aton: sngars and glyceraldehyde. The hdvoses, in their tnrn, would be formed,
nat fron: pentoses and formaldehyde. bnt rather fram 2 mols. of glyceraldchyde or 3 mols.
af a 2-carbon-atom sugar, or cven from 1 mol. of a 2-carbon-atom sngar and 1 of an aldo-
tetrose.

XYLOSE is readily obtained by boiling with dilute sulphuric acid plants containing
it, especially jute, bran, straw, or, better still, apricot stoncs or maize husks. It bears also
the name of wood-sugar, and is yiclded by the decomposition of gluconic acid.

When pure, it crystallises and forms a phenylosazone melting at 160°,

d-ARABINOSE is Levo-rotatory, but is obtained from caleinm d-ghiconate and hydrogen
peroxide and from d-glucose.  In the pure state if forms prismatic crystals,

7-ARABINOSE is the optically inactive racemic isomeride, and is found in the urine of
nersans suffering from pentostoric,

{-ARABINOSE i obtahied by hoiling vegetable gnm with dilnte sulphuric acid. It is
dextro-rotatory, but is designated a kevo~conipound beearwse it is related chemically to
Lulicase, It forms sweet-tasting erystals melting at 160° and its phenylosazone melts
at 1577

Two other pentases arc: RIBOSE, which, with naseent hydrogen, gives adonitol (a
pentahydrie aleohal, OH - CH, -[CH - OH], - CH, - OH, and the only sugar-«lcokol yet
discavered in plants, the leaves of which are alle to transform it into starch ; the sap of
Adwes vernalis containg as mnch as 4 per cent. of adonitol) ; and D-LYXOSE, which is
ahtained fram galactonic acid and melts at 101°,

Higher hamalognes are the Methylpentoses: FUCOSE, contained in alge ; CHINO-
VOSE, ISORHAMNOSE, and RHAMNOSE (or Isodulcite). ({;H,0, + GHj, which is obtained
hy hoiling guercetin and certain other ghicosides with dilute sulphuric acid.

According ta Rosenthaler (1904), Methylpentose in presence of pentoses may be recog-
nisced hy heating the salntion for a fow minutes on a boiling water-bath with HCI of sp. gr.
119 and ahsesving the yellow lquid thns obtained in the spectroscope : methylfurfural,
fram methylpentase (even as lhittle as 0-0005 grm.) gives absorption bands between the
hine and green.  The reaction is still more sensitive if a little acetone is added before heat-
g, the lignid then being colomred red (by the methylfurfural) and giving a sharp absorption
hand in the yellow (1) line) ; pentoses do not give this reaction if the liquid is heated. Other
sensitive reactions arce obtained with phloroglucinol, orcinal, resorcinol, pyrogallol, aniline
acetate, ote.

HEXOSES, C.H,,0,

These are of frequent natural occurrence and exist as varions optically active
stereotsomerides, since they contain four asymmetric carbon atoms, while they
also forin inactive racemic compounds. They are substances of sweet taste,
and are extremely soluble in water, but in aleohol they dissolve but slightly
and in ether not at all ; they crystallise with great difficulty and decompose
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when distilled. Their phenylhydrazones are soluble, and their phenyl-
osazones insoluble in water. When boiled with hydrochloric acid they all give
(1) Levulinic Acid (CH, - CO - CH, : CH, - CO,H), the silver salt of which forms
characteristic crystals, and (2) a brown amorphous mass of so-called humsic
substances. With methyl alcoholic ammonia, the hexoses form Osamines, e.g.,
Glucosamine, C;H,;,0, - NH,. .

They reduce Fehling's solntion or ammoniacal silver solntion in the hot,
and with oxidising agents they yield hexonic acids and then lower acids down
to oxalic.

With lime they form additive compounds decomposable by carbonic acid ;
with boiling milk of lime they turn brown and give Hexosaccharine (lactone
of saccharic acid), CgH,,0s. By the combined action of concentrated sul-
phuric and nitric acids, they are converted into pentansirates, while with alcohols
and gaseous hydrogen chloride they form ethers (glucosides). The aldohexoses
give the fuchsine.sulphurous acid reaction (see p. 246), which is, however, not
shown by the ketohexoses. The mode of formation of the phenylosazones is
described on p. 524. _

With hydroxylamine they form oximes, e.g., d-Glucosoxime, which can be
converted mnto the corvesponding nitrile and then, by elimination of HCN, into
the aldopentose (d-arabinose).

The hexoses are forned 1 various organisms and can also be obtained by
hydrolysing polyhexoses with dilute acids or enzymes.

The optical activity of the hexoses indicated by the prefixes d-, I-, and i-
indicates the sign of that of the substances with which they are connected
genetically, but the fact that the actual direction of the rotation does not
always correspond with this prefix is a source of some confusion. It must also
be noted that the rotatory powers of the hexoses and pentoses are lowered when
the sugars are dissolved in a centinormal alkali solution at 37°.

Syuthetically the hexoses can be obtamned from formaldehyde (see Note,
p- 525), as well as from the hexahydric alcohols by gentle oxidation and from
the hexonic acids by reduction. E. Fischer has synthesised d-glucose com-
pletely from glycerine, by way of (1) glyceraldehyde, (2) inactive fructose,
which, with hydrogen, yields (3) inactive mannitol, oxidation of this giving
(4) mannose and (5) racemic mannonic acid, the latter being resolved into
its (6) active components by means of strychnine ; d-mannonic acid, in presence
of pyridine and water in the hot, produces (7) d-gluconic acid and this, on
reduction, d-glucose.

The relations between hexoses and pentoses were indicated in the Note on
p. 527,

As was mentioned above, fermenlation with yeast occurs only with d-glucose,
d-fructose, d-galactose, d-mannose, and glycerose, no fermentation taking
place with sorbose, the pentoses, I-glucose, I-fructose, l-mannose, or d-manno-
heptose. Thus only the stereoisomerides of a certain group are fermeut-
able.

The structures of the hexoses are deduced partly from their general reactions
and partly from the following facts :

The chain of six carbon atoms in the hexoses is normal, since reduction with
hydrogen yields a hexahydric alcohol, which is further reduced by heating with
hydriodic acid to normnal sec. hexyl 10dide, CH, - CH, - CH, - CH, - CHI - CH, ;
the constitution of the latter is shown by the fact that the corresponding second-
ary alcohol is oxidised to n-propylacetone, CH, CH, CH, CH,-CO -CH,,
this, on oxidation, giving finally butyric and acetic acids of known constitu-
tion.

The hexoses contain five hydroxyl groups, as they yield pentacetyl-deriva-
tives when boiled with acetic anhydride and sodium acetate or zinc chloride.
Their constitutional formula hence cannot be other than :
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H H I H
[ ] H
Hf_,c—é‘e—c—u--m ¢—cf
T 0
OH OH OH Ol OH

since, if two hydroxyl groups were at any woment united with sne carbon atam,
a molccule of water would be elhminated inmediately,  Further, with hydrogen
the hexoses form hexitols, which are not aldehydic but only aleohalic n character
and do not give up H,0 under any conditions, so that two hydroxyl groups
are not combined with one carbon atem. Neither can it be supposed
that three hydroxyl groups are united with the terminal carbon, thus:

OH
—C&OH, because if this were so water would be readily separated and an

NOH

acid formed, in which case the aqueous solution should conduct the cleetric
current and have a dissoclation constant much greater than that of acetic
acid ; but this is not found to be the case.

Combination with bases does occrr (with the hexabioses), but the cam-
pounds formed ave additive componnds.

Since then there are a number of diffevent hexoses, all showmg the same
general behaviour, they must have the same constitution, the differences being
due to differences in the spacial structure.

Theoretically, 16 active stercoisomeric aldohexoses are possible and have
been already prepared. The rotatory powers of the phenyloswzones and phenyl-
hydrazones may be of opposite signs to those of the corresponding hexoscs.

d-GLUCOSE (Grape Sugar, Dextrose, Starch Sugar), C;H,,04, is an aldase found in
abundance in grapes and many other sweet frnits in company with d-fructose ; it also oceurs
in the urine of diabetic patients. 1t has a sweet taste, which is less inteunse (ahont two-
thirds) than that of suerose. 1t erystallises from water with TH,0, which it lases at 1307,
and from alcohol in the anhydrous form, melting at 146°. Tn aqueons solution it has the
specific rotation 4 i3” at a temperature of 20°, Imt it exhibits unitarotation, the rotatory
power being about douhle the ahove valne in freshly prepared solntions which have nat
been boiled.  Owing to its rotatary power glucose may be estimated polarimetrically
(see luler, Sngar). Yeast resolves it completely into aleohol and carbon dioxide.

When saccharose (a dextro-rotatory hexabiose) is heated with dilute acid, it is con-
verted into a levo-rotatory mixture of equal proportious of ghicose ( -+ ) and fructose or
levnlose ( -- ), which bears the name Invert Sugar! the change being known as fnversion,
since it iv accompanied by alteration of the sign of the optical rotation.

On axidativn, d-ghicose gives d-Gluconic Acid, OH - CH, - [CH + OH|, * COOH, and then
the dibasic Saccharic Acid, CO,H - [CH -OH], - CO,H, which, like tartarie acid, gives a
slightly sohihle acid potassimn salt ; the latter serves to characterise d-ghacose, it heing
snllcient to axidise with nitric acid and then precipitate the saccharic acid with saturated
patassinin acctate solution. When reduced, d-ghicose yiclds d-sorbitol (hexahydric aleohal).

The sngar forms a phenylosarzone, melting at 204° to 205°, and two pheuylhydrazones,
melting respectively at 115° and 144°,

When heated ahove 140°, glncose is converted into carwnel.

In dilute solution it reduces Kehling’s solution in the hot, and on this reaction is based
the estimation of glucose.?

1 Invert Sugar, of the consistency of lioney, is a commiercial prodnct used by brewers
and in making prescrves, ete. ; it is employed also to make artificial houey.

* Estimation of Glucose. In tho chcmical way the estimation is effected by means of
Tehling’s solution by the method described later in the section on Saccharose, about 10 grins.
of solid glucose or 15 to 20 grm. of the syrupy product being dissolved in water, made up to
100 c.c. m a grnduated Hask and filtered through a dry, covered filter.  Polarimetric cstimation
is not usually applicable, owing to the presence of dextrin, sometimes to the extent of 40 per cent.,
this increasing the rotation. The dexirin is determined by dissolving 5 grms. of the glucose

in 400 c.c. of water, adding 40 c.c. of HC of sp. gr. 1-125, heating for two hows on a boiling
water-bath, cooling, neutralising exactly with NaOH and making up to 500 e.c. The total
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Barfoed has proposed the following reaction for deteeting the presence of miniinm
quantities of glncose (0-2 wmgrm.) mixed with lactose, maltose, dextrin, and saccliarose :
to 5 c.c. of Barfoed's reagent (an acetic acid solution of normal cupric acetate) in a test-tihe
is added the dilute aqueous sugar solution (about 1 per cent.), the mixture being heated on
a boiling water-bath for three and a half minutes, allowed to cool for 10 minutes, and filtered.
If the filter retains red cuprous oxide, the presence of dextrose is demoustrated.

MANUFACTURE OF GLUCOSE. One handred kilos of starch are mixed with 300
litres of boiling water containing 3 kilos of concentrated sulphnric acid, or 1 kila of con-
centrated hydrochloric acid, and the mass heated in a snitable antoclave or couverter
(conical or cylindrical, capable of withstanding 6 atmos.), coated intearmally with lead and
externally with insulating material. A current of steam is then passed in and the tempera-
ture raised to about 120° for an hour if liquid glucose, consisting one-half of ghacose and the
other of dextrin, or to 140° for 2 to 3 hours if crystallisable glucose containing only
30 per cent. of dextrin is desired. By allowing the steam to escapc subseqnently, the empy-
reumatic oils (which are of disagreeable odour) are carried away ; the steam iy condensed
in cooled coils (the heat being used to heat water). The temperature of the mass is then
maintained at 80° until a test portion gives no blue colour with jodine and no precipitate
with lead acetate (or potassinm silicate), these being indications of the saccharification of
the dextrin and gummy matters ; a further sign of this is the non-formation of a precipitate
with alcohol.

The mass, at about 17° Bé. ( = 30 per cent. of carbohydrates), is then decanted innto the
neutralisation vats, which are furnished with stirrers, and finely divided calcium carhonate,
suspended in a large quantity of water, gradually added in order to nentralise and preci-
pitate the sulphuric acid. After thorough mixing of the mass, it is allowed to settle and the
liquid then decanted into another vessel, where the caleium sulphate remaining in solution
is precipitated by the addition of a little ammonium oxalate. If hydrochloric acid were
used, this is neutralised with sodium carbonate.

The liquid is next filter-pressed, evaporated inn a vacmum to 30° to 32° Bé., decoloriscd
in the hot by means of boneblack or dry blood mixed with powdered wood charcaal or hy
passing it throngh vertical filters filled with thecharcoal similar tothose used nsugarrelineries,
It is then concentrated in a vacuum (see Sugar Industry) either to 42° to 44” Bé., ta give
solid compact glucose separating in the cooling vats (fitted with stirrers), or to abaat G5”
Bé., when ready formed crystals of glucose are added. The temperatare is lowered to 18”
to 20°, and after 3 or 4 days the separated crystals centrifuged and so freed from the
syrupy portion, which retains the dissolved dextrin and other impurities. Ta abtain
granulated glucose the solution is concentrated only to 32° Bé.; after 8 to 10 days in
the cold, a granular kydrated glucose, C¢H,,04, H,O, separates.

When a very dense liquid ghicose (so densc that its specific gravity cannot he deter-
mined with the ordinary hydrometers) is required, a little dextrin is left in the sigar so as
to prevent crystallisation. '

The theoretical yield of pure glucose from 100 kilos of dry starch is 110 kilos.

In some factories the starch is saccharified with a little nitric acid, which gives a less
highly coloured syrup and is more rapid in its action. The nitric acid is then elintinated
by means of sulphurous acid, which is oxidised at the expense of the nitric acid to sulphmric
acid, this being readily precipitable with lime.

dextrose (including that formed by hydrolysis of the dextrin) in this solution is now determined
by means of Fehling’s solution. The difference between the amoiunts of glncose found before
and after the action of acid, multiplied by 09, gives the quantity of dextrin.  The acidity shonld
not exceed 2 e.c. of normal caustic soda per 100 grms. of syrup. The proportion of ash varies
from 0-2 to 0-7 per cent.

Solid commercial glucose contains 65 to 75 per cent. of glucose aund the liquid 35 to 45 per cent.
In pure solution, glucose may be estimated by means of the specific gravity :

Density Degrecs Per cent. of pore Density Deyrees Per cent. of pore
at 17-5° Bé glucose at 17-v¢ BE. ghieone
1:0192 2.7 5 1-1310 16-4 34
1-0381 53 10 1-1494 18-8 40
1:0571 75 15 1-1680 20-6 45H
1-0761 10-1 20 1-1863 249.7 50
1:0946 124 25 1-2040 24-4 it}
11130 146 30 . 1-1138 261 60
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The advantages of transforming starch into glucose by ineans of hydrofinorie acid
consist in rapid and complete hydrolysis, ready separation of the whole of the acid as
barium fluoride, and the production of a ghucose with a pure flavour.

In 1901 Calmette found that, after heating crushed cereals with double the amonnt of
1 per eent. hydrochloric acid for one honr at 100°, one hour at 110°, and a third hour at
120°, and then cooling, the mass may be converted conipletely into glucose by the action of
Mucedin.

USES. Large quantitics of ghicose are comsmed for making sweet syrups, cere-
mel,! fermented liquors, sweets and wine, preserving finit, adulterating honey, dressing
fextiles, cte.

d-FRUCTOSE (Levulose, Fruit-Sugar) occurs alumdantly, tagether with glncose, in
sweet frizits, and is also fonnd i huge qnantitics in Aaney (which cantains natimral invert
sugar). The hydrolysis of dnalin (a polyhexose fonnd h dahlia tabers) yields d-frnctase
alone. The sngar is levarotalary and fermentahle. Tt has the constitution of a Ldtore,
OH - CH, - [CH : OH], - CO - CH, - OH, hydrolysi of its eyanohydrin giving the heptonic
acid,

OH : CH, -[CH - OH],; - C(OH) - CH, - OH.

COOH
The phenylosazone of d-frictosc is identical with that of d-glncose,

Methylphenylhydrazine forms osazones only with ketoses aid not with aldoses, with
which, however, it forms colourless hydrazones, these being usnally soluble and heuce
readily separable from the slightly soluble, intensely yellow osazones (see pp. 398 and 524).

When phenylosazones are heated gently with hydrochloric acid. they lose 2 mols. of
phenylhydrazine with formation of osones which contain two carbonyl gronps, Thns
phenylghicosazone yields Glucosone, OH + CH, ' [CH - OH|; - CO - CHO, and this when
treated with nascent hydrogen (fromn zine and acetic acid) takes up 2H at the terminal
carhon atom, frictose being thus obtained from ghicose. On the other hand, reduction of
a ketose gives the corresponding hexahydric aleohol, which, on oxidation, yields the mono-
basic hexonic acid; the latter loves water, glving rise to the lactone, and this gives the
aldose on rednction.  d-lmctose is laevo-rotatory ; [a], = — 92° at a temperature of 20°.

This sugar bas been suggested for the use of diabetic and tnuberenlous patients and as
a snlwtitute for cane-sugar, shice it is sweeter, and in syrups and honey it hinders the
crystallisation of the other sugars.

In view of these uses. attempts have been wade to prepare fructose indnstrially, Konig
in 1895 and Steiner in 1908 proposed its extraction from endive roots and dahlia tubers
(theso contain fram 8 per cent. to 17 per cent. of inackin). The crnshed tubers ave treated
in the hot (helow 65”) with a little milk of lime and with steam, aud are then pressed. The
jnice, after defecation with clay. is allowed to crystallise in a rotating cooler, the mass of
tmilin crystals being centrifuged, redissolved in hot water, and converted into fructose by
means of dibite acid (see Ghicose) ; the fructose sohition is concentrated in a vacuoum.
Steiner calculates that the sugar can be made by this process at a cost of 1s. per kilo.

A cherccleristic reaction for the detection of fructose in presence of other reducing
sugars is obtained with the following solution: to a solution of 12 grms. of glycocoll in
hot water are slowly added G grms. of pure cupric hydrate, the liquid being heated on a
water-hath for about 15 minutes until complete solution takes place and then cooled to
60° ; after 50 grms. of potassium carbonate have been added, the volume is made up to
1 litre and the whole filtered. This reagent is rednced in the ¢old only by levulose (I to 5
per cent. solution), the time required varying from 4 to 9 hours; other sugars, including
the pentoses, reduce it only at temperatures above 40°.

1 Caramel (or sugar colouring) is prepared by fusing and heating glucose or saccharose at
a temperature of 160° to 180° (not beyond this) in an iron vessel fitted with a stirrer. To glueose
1 to 3 per cent. of soda (ammonia is also largely used) is added to accelerate the operation and
to nentralise the acid formerl (saccharose also yields acid, being first partly inverted by the
heating), aud after the change is complete, 50 per cent. of hot water is added and the mass well
mixod and (iltered through charcoal.” A brown, syrupy mass is thus obtained which is solnble
in water or aleohol; giving a brown or yellow solution aecording to the dilution.

That obtained from saccharose, which does not contain dextrin and dissolves completely
in 80 per cent. alcohol, is nsed for colouring spirits, whilst that from glucose, which contains
dextrin and is entirely soluble in 75 per cent. aleohol, is used to darken beer and vinegar. .The
presence of more than 5 per cent. of ash indicates that a caramel has been prepared from molasses ;
good qualities contain only 1 per cent. of ash.
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d-MANNOSE, C,H,.0,, is an aldose stereoisomeric with ghicose, and is fermentalile ; it
is obtained from mannitol, the corresponding alcohol, by oxidation. Tt melts at ] 36", aud
differs from other monoses in forming a phenylhydrazone n.-pt. 195° to 200°, anly slightly
soluble in water. With oxidising agents it forms first monobasic d-marnonic acid and then
dibasic d-mannosaccharic acid, COOH - [CH * OH], * COOH.

A general method for converting one hexose into a stereoisomneric one, e.g., dmamase
into d-glucose, is as follows: the d-mannose is oxidised to d-mannonje acid aud the latter
dissolved in quinoline and the solution boiled; in this way the acid undergoes partial
transformation into the stereoisomeric ¢-gluconfe acid, reduction of the lactoue of which
yields d-glucose. The reverse change of d-ghiconic into d-mannonic acid is also pradnced
to some extent by boiling with quinoline, so that d-glucose can be converted into d-muannosc.
These sugars (and acids) differ only in the space arrangement of the graups miited with
the asymmetric carbon atom in the a-position, OH - CH, - [CH - OH], - CH(OH) - €10,
since the phenylosazone of d-mannose is identical with that of J-glucase, ¢

OH - CH, - [CH - OHJ, - C C: N - NHC,H,.
Il
N - NHC,H;

It is this a-carbon atom, adjacent to the aldehyde group, which is influeiiced when a hexanice
acid is boiled with quinoline or pyridine.

When glucose, fructose, or mannose is treated with a very dilute alkali salntion, a mix-
ture of all three sugars results. The fructose seems to be an intermediate prosinet, since the
dextro-rotation of mannose gradually changes to a levo-rotation, owing ta farmation af
fructose, the amount of the leevo-rotation subsequently diminishing as the frnctose becammes
converted into glucose.

{-MANNOSE and I-GLUCOSE, C;H,,0, (Aldoses), are obtained together from l-arahi~
nose by the cyanohydrin synthesis and reduction of the lactones of the resulting acids.
Application of this synthesis to an aldehyde yields, in geiteral, two apticnlly active sterca-
isomerides, since a new asymmetric carbon atom is created and the chances of farmmtion
of the two isomerides are equal. The final mixture will, however, be inactive only wlen
the initial molecule is inactive, while, when this is optically active (as with arnhinose), tho
mixture will be active, as the components will not have equal and oppasite activities
one of these will have a rotation greater than that of the original malecnle hy n cirtain
amount and the other a rotation less by the same amount.

d-GALACTOSE, CH,,0,; (Aldose), is obtained by oxidising duleitol, ((H(1)11)4, ar hy
hydrolysing milk-sugar, in which case it is formed together with glncose. 1t mclis nt 168",
is fermentable, and exhibits mutarotation, It is an aldose, giving on oxidation tirst mona-
basic d-galactonic acid and then dibasic mucic acid, COOH - [CH * OH]; - COOH, which is
inactive.

HEPTOSES, OCTOSES, and NONOSES have not been found in nature, but aro Jreqmered
synthetically from mannose by means of the eyanohydrin synthesis.

GLUCOSIDES

These are of frequent occurrence in the vegetable kingdom and, when
heated with acid or alkali or subjected to the action of certain enzymes, decoin-
pose into a glucose and an alcohol (or phenol, aldehyde, or nitrogen contpound) ;
they are hence ethereal derivatives of the monoscs (e.y., Amygdalin, Salicin,
Populin, Coniferin, etc.). ,

Artificial glucosides have been prepared by E. Fischer by the interaction
of an alcohol and a monose in presence of hydrochloric acid (which withdraws
water). The glucosides are analogous in structure to the acetals

R C/ +2CH, -OH =H 0+ /—
' U ' 3 R . C &
\ 3 2 \OCHi (acet‘ll),

but only 1 molecule of alcohol tales part in the reaction :
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OII - CH,, - CH(OH) - CH(OH) - CH(OH) - CH(OH) - CHO -- CH, - OH=
B a

Y
Y
OH - CH, - CH(OTI) - CIH - CH(OH) - CH(OH) - CH(OCH,) - H,0.
o |

Glacosido

The glucosides are readily resolved into their components, so that union of
these directly through carbon atows is excluded. The combination with the
oxygen of the hydroxyl in the y-position is deduced from analogous reactious,
such as formation of lactones. The constitution of bioses is e\plamed similarly
(see later).

According to Auld (1908) the constitution of Amygdalin is as follows :

I ¢ Y
lon ® |om H HOH H H
H¢-—0—(—C--C—CH;—0—C—C—C—C—C—CH, - OH.
‘ HOH H H OH H ’01'1 .
B S o T
0
|
NC - CH - CH,

Ciamician and Ravenna (1908) showed that, when glucosides are introdnced
into plants (maize and beans), they are absorbed and transformed withous
producing any effect, whilst the decomposition products of the glucosides
(benzaldehyde, qa,hcyhc alcohol, hydroquinone, etc.) act as poisons. Hence
the formation of glucosides in plants seems to have the effect of paralysing
the poisonous action of certain substances. The same authors (1909) found
that, when maize is made to absorb saligenin, this is partly transformed into
its glucoside, salicin; in a similar manner they obtained benzylglucoside

I‘HJ
( ) B. HEXABIOSES

Almost all the bloses at present known decompose Into hexoses (either
two different monoses or 2 mols. of one and the sanie monose). No biose gives
a hexose und a pratose.

This decomposition of bioses, which is known as hydrolysts,

C1aH22011 + H,0 = 2G6H, 50,

can be effected by boiling with dilute acid or by the action of enzymes, and
since it takes place with great readiness, it is asswned that the constituent
monoscs of the bioses are united, not between carbon atoms, but more probably
between oxygen atoms. It would appear, however, that the hydrolysis is not
a monomolceular reactioun (se2 Vol. I., p. 69).

Synthetic bioses are obtained by treatmg, for mstance, a hexose with acetyl
chloride, the resulting acctochlorhezose, in presence of sodium alkoxide and a
hexose, giving the acetyl derivative of a biose ; elimination of the acetyl group
by means of soda then yields the biose itself.

Bloses may also be obtained by the action of certain enzymes on monoses ;
thns, with maltase, glucose gives wsomaltose (not, as was formerly thought,
maltose see p. 126). The lactase of kephir acts on a mixture of glucose and
galactose giving 4solactose: with glucose alone it yields a different biose.
Glucose and galactose may also be condensed by the action of emulsin (see

136
b Of)the hexabioses, maltose, lactose, and saccharose will be considered (for
melibiose, see later, under Raflinose).
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MALTOSE forma cvystuly of (he
rotadory, e wis toen in considerig
induatrinlly Trom stavel Ly

formula C,H.01; + H,O and is strongly dextro.
the manufactnre of alcohol and of beer, it is prepared
Iy drolyras of maltoms l;t mh(k[-d'(“(?iml (.)f d i?,stase (seé pp. 133, 134, 14.1)' . .

: : : ¥ dilnte acicl yields only d-glucose. It gives reactions similar
Lo thowr ol the mmoscs "Phag, it ve hices Fehling’s sohition, and with phenylhydrazina
lm..mﬂ .l(ll('""hm(l“".“”"”}"' “'.'\”:m”nN.l- On oxidation it yields monobasic Maltobionic
Acid, €00y which pives /-Gluconic Acid, OH : CH, ' [CH - OH], - COOH, on hylrolysis.
})ll‘ll('(« }1110“(1-;(' mubims ouly one carhonyl group and not the two corresponding with the
2w yend %(lln'(l.‘\(*.llnll(‘(‘ul(‘H. tlis phenylosazone heing formed with 2, and not 4, mok. of
phyvny lbydmzine, w 1131(- oxidation of thu‘sugar yields a monobasic and not a dibasic acid.
lenee The 3ok of phicose in the inaltose molecule are joined in such a way that only
om enrlonyl gronp vmming freo (o oxert its characteristic reactions, the other serving
to buk up the 2 ecase maleenles, [t is usual to include between brackets the monose
vrepicie whirh bt o frer carbony) owing to the oxygen atom of this group heing
joim«d he the other monose residue, and to place outside the brackets those mionoso
rexdhos whicrh mtnin free carhonyl.  Maltose would then be represented by the formmla

i ';«l:n“:- s “‘0‘“1:“:.- Maltose is not fermentable directly, the maltase of yeast first
(3 TR TR L HURRYY

convrrting it i13(11 f('l'lll‘(‘ll( bl ghicose (see p. 134).

Licaraltose o a0t Vermoentable and has [«], + 70°; with phenylhydrazone it yiclls
aoluble plany hsonamttto:mzone,

LACTOSE or Mille-Sagar), (4,H,.0 11 -+ H,0, is contained in milk (up to 5 per cent.)
nud i lesmort th-ntane sgane, Ha reactions ave similar to those of the monoses (rednees
Fehiling s nolntinn, cteo, nud it yields d-glhieose and d-galactose on hydrolysis. 1t does nat
Tervient with bor v cast. which cortning no enzyme capable of hydrolysing it. The ghicose
rrddae hawalomehony] free, whilst. the eavbonyl of the palactose takes part in the mion
of the 2 monows umbeentles, wo that it will be vepresented thus: (CgH,,0, « 0) GgH |04

denlaebonte d-locose

h fart. onidetion of luctose by means of hromine water resnlts in the farmation of
momnbasae hiebbnenie aecid, which, on liydrolysis, gives d-galactose and d-ghicanic acid.
Cold watalimelvs TG per cent. ancd boiling water 40 per cent. of the smgar.,

INDUSTRIAL PREPARATION. |hiless a dairy has an average prodactinm of at least i)
tossthertobs nf wln-y per day, it in nat- expedient to extract the mitk-sngar. The preparation
19 aow enrnd ont s fallows : "T'he whey is treated immediately after the first congulation of
vt ¢hiene The enveentention is carried out in single or douhle-elfet vacminn pnns,
mndhr 1o Theoe vaed 1a sngnr fuctories,  'Whey is passed contimonsty into the coucentrator
st the topad attiaie nodensity af 30 136, in the hot (abont 60 per cent. of the sngar). It
19 thear enlliete) 40 ran vesse)s iolding about 700 litres, in which it is cooled hy water
cinulpting through o ptvounding jneket.  In the course of 24 hours, diring which the
nzass i wel stisved (hree v fonre tintes, the temperature is lowered to 20° A pasty mass of
e cvastuls thn sepnrates, with man otly tayer at its anrface.

The vryatabane wepurnted by dihiting the mass with a little cold water (2) and contri-
Dadne, ot reveolt heing vetained in the dron of the contrifuge by means of a clath. When
a snfliciewt qumutity af reystnls has heen thus eollected in thie basket of the centrifnge. tho
mam b wanhinl wath o ogentle sjuny of cold water, the crude, slightly yellow migar thus
obtninel erpooarniag 306 1o b3 per cont, of the whey taken.

Thie vindc anlh-ragor contning 83 per cent. of angar and 12 per cent. of water and
vagtoirc impuntyet (proteins, cten)  The lgnid from the centrifnge still containd abont
B eent. of the oind sugaa (ot crystallised but forming a syrup). This Hquid, which
wamlly han n degsity of abnut 157 B, 18 heated to boiling by direct steam in a vessel with
@ tlnt, perfoealiol Talse hotlam, the albumin being thus coagulated. After half an hom’s
read, (he slbmmisn collisets ns o campact layer at the surface, the liquid being then drawn
off fromt helow w1 (o lenve the cake of albumin on the false bottom ; this is removed,
premasd ire b nast given ta pigs ar mixed with white flour to make bread. The albmmin.
fre lignic in comnntiuted in vacunm pans to 35° Bé. (measured in the hot) and allowed to
cool for sovernl dis = wit b ocearional stirring, in iron vessels, This procedure yiclds a dark
posty pmus of {he erystalline snpgar, which 'is collected by diluting with a large quantity of
cold water and rentrifaging as hefore s this sugar amonnts to 0-3 to 0-7 per cent., of the

originnl quantily of whey.

T vabieing sutlicient whey simply purify it by boiling with acid whey to coagulate
1he ,\111,3:::;1?.1::::(1'",; 1’,(11.(1',1 1,: It is thon despatche(f’ to works which treat it further.



LACTOSE 587

The mewn yield of crude milk-sngar is 4-3 per cent. of the whey (the maximwmn of 4-8
per cent. being obtained in winter and the minimnm of 3-9 per cent. in sununer).

The lignid from the second crystallisation and centrifugation is not treated further,
unless by osmosis ; it is preferably utilised as cattle-food, as it is rich in potassium salts,
nitrogen, and phasphoric acid.

The crude sugar is cither dried and placed on the market or subjected to a refining
process. 1 left in heaps, it deteriorates to some extent. )

The rafindny is carvied out ww follows : The sugar is dissolved, in an open boiler with a
douhle bottom (heated hy indivect-five lieat), in water at 50°, the liguid being well stirved
sa a8 to ahtain a solntion of 13” to 15° Bé. (24 to 27 per cent. of sngar). A little bone-black,
or fuller’s carth (see p, 440), and about 0-2 per cent. (on the weight of sugar) of acetic
acid are then added, and the heating contimed nntil the hoiling-point is approached,
when magnesinum solphate (about 0-2 per cent.) is added and the lignid subsequently
kept boilmyg for a few minates. The mass suddenly froths very cousiderably (if
necessary, the steam-cock is closed; the boiler should not be too full initially) and
tho temperatnre rises to 102" to 105%  The charcoal decolorises the lignid and absorbs
wmipleasant flavouring substances. while the albumin is coagulated in large flocculent
masses (by the acetic acid) and the phosphorie acid is precipitated by the magnesium.
Thoe hot lignid is filter-pressed, and the solid residue, after being washed with water
and treated with a suitable amount of sulphuric acid, constitutes an excellent nitrogenous
snparphosphate.  The clear liquid from the filter-press is concentrated as usual in »acuo to
357 Bé. in the hot (6% per cent. of sugar), the formation of froth being prevented. It is
then crystallised, and when the maximum quantity of crystals has separated, these are
separated by centrifuging, giving first product. After subsequent concentrations of the
mother.liquor, sesond and third products are obtained. These three products together
amount to about 3 to 3-5 per cant. of the original quantity of whey; they may be kept
soparate or mixect and then recrystallised.

To obtain the sugar in the very white powdery form in which it is now sold, the refined
prodnet (first, second, or third) is dissolved in hot water to give a solution of 15° Bé., which
is hailed, and, after a little almminium sulphate (0-1 per cent.) has been added, filter-pressed,
the clear watery filtrate being concentrated to 32° Bé. It is then crystallised in copper
vessels, contrifuged, and dried in revolving inclined druns round which hot water
hassas,

I is dry when it no langer adheres when compressed between the hands. The cold sugar
in gramnd and sieved to ain impalpable powder. The average yield over the whole year is
25 kilas af the powdered sngar per 100 litres of whey. This powder should be left in open
vessels for some days, as, if packed immediately, it develops an unpleasant sinell (which,
however, it lases if spread out in the air).

To ohtain the sngar in masses of aggregated crystals, solutions of the gravity 21° to 24°
Bé are crystallisod in wooden vessels containing numbers of small wooden rods; the
crystallisation sometimes ocenpies as much as a fortnight, and a liquid of 13° Bé. remains
which can be coneentrated anew.

"T'ho climmin soparated when whey is boiled contains, after pressing, about 60 per cent.
of water and 40 per cent. of dry matter composed of 17 per cent. of protein substances,
11 por cent. of milk-sngar, 2:3 per cent. of fat, 5 per cent. of ash (one-half of which is
insohible in water), and 1-7 per cent. of lactic acid.

The final mother-Hquor, or luctose molusses, is brownish black, and contains about 73
per cont. of water, ¢ per cent. of ash (two-thirds soluble in water), 0-10 per cent. of fat,
0'6 per cent. of nitrogen, 15 per cent. of acid (calculated as lactic acid), and 22-5 per cent.
of snbstances which reduce Fehling’s solution (calculated as milk-sugar).

The pre-war price varied from £34 to £48 per ton.

Tests for Milk-Sugar. Adulteration with mineral substances is recognised by the ash
excooding 1 por cent. in amount, When dextrin is present, this does not dissolve in alcohol,
while the presence of glucose or saccharose (even as little as 2 per cent.) is indicated by
cvolution of carbon dioxide from a 10 per cent. solution of the sugar mixed with a little
(0-2 grm.) fresh pressed boer-yeast and kept at 20° to 30° for two days; the invertase
present iu the yeast inverts the saccharose, which then ferments, but it does not break
down the lactose, which conscquently does not ferment. It is also found that when the
Bulgarian ferment (Bacterium bulgaricum) acts on a mixture of saccharose and lactose, the
latter alone is destroyed.

ArAT. TP 35
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SACCHAROSE (Sucrose, Cane-sugar), C,,H,,0,,

Saccharose may be regarded chemically as the condensation product of
two hexamonoses, glucose and fructose, which are generated by hydrolysis
with dilute acid. The characteristic reactions of the monoses are lacking in
saccharose, which does not reduce Fehling’s solution, form osazones, or tmn
brown when treated with caustic soda solutions. It must therefore be assumed
that the saccharose molecule contains no free carbonyl group (aldehydic or
ketonic), the two such groups in the two monoses being annulled in the con-
densation. This is seen clearly from the following squation, in which a con-
stitutional forinula with the lactonic groupmgs so common to these substances
(see p. 526) 1s attributed to saccharose :

0

OH - CH, - CH(OH) - CH - CH(OH) - CH(OH) - (I}H
0 4+ OH=
|
OH - CH,  CH - CH(OH) - CH(OH) - C - CH, - OH

o i

Snecharoso

0
OH: CH, - [CH - OH], - c{ + OH - CH, - [CH - OH], - CO - CH, - OH.
H

Glucoso Mrctose

The rational formula (sec Maltose) of saccharose will hence be :
(CeH1,Og°0CeHy, Oy).

Saccharose and the bioses generally are not changed by the direct action
of alcoholic ferments or of the majority of enzymes, so that they cannot be
converted immediately into alcohol and carbon dioxide, as is the casc with the
hexoses. In order that alcoholic fermentation of cane-sugar may take place,
it is necessary that the sugar should be first inverted by the snverlase—almost
always present in yeasts—into fermentable glucose and fructose. Hence, ycasts
which contain no invertase cannot ferment saccharose. Saccharomyces oclo-
sporus, for instance, leaves this sugar nnchanged, although it ferments maltose,
owing to the presence of maltase, which hydrolyses the maltose to glucose.

It has already been mentioned that saccharose is readily hydrolysed by
heating 1t with a very small quantity of a dilute mineral acid, and that this
hydrolysis is known as inversion (see pp. 531, 533) because the dextro-rotatory
saccharose ( [e¢], = 4+ 66-5°) is changed into a levo-rotatory mixturc of cqual
proportions of glucose and fructose (vnvert sugar). The velocity of nversion, s,
15 proportional to the amount of cane-sugar present in the solution at any
moment, and is hence expressed by s = k (p — ), where p is the quantity of the
original sugar and » that which has already undergone inversion. The inversion
constant, k, varies with the nature of the acid employed and is proportional to
the degree of electrolytic dissociation of the acid, the rate of inversion increasing
with the number of free hydrogen ions. It is, indeed, possible to determine the
tonic concentration of an acid solution by means of the velocity of inversion,
or the amount of reducing sugar formed in unit time, in a saccharose solution
of definite concentration. In the cold, sulphurous and carbonic acids have
scarcely any Inverting power. : '

Saccharose melts at 160° and, on solidification, forms an opaque, amor-
phous, glassy mass, which then crystallises in inclined monoclinic or rhombic
prisms with blunted angles ; at a higher temperature it caramelises to a brown
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mass with evolution of gas (see p. 533). It has the sp. gr. 15813, When heated
for a long thue at 1807 ta 220°, 1% yields acetone.

One part of water dissolves 2-5 parts of saccharose at 0° and 45 parts at
100°. It is almost msoluble in absolute alcohol or ether, but dissolves slightly
m methyl alecohol. It readily farms supersaturated aqueous solutions, which
then rapidly deposit anhydrovs erystals ; this phenomenon is ntilised i its
industrial preparation.

Canc-sugar forms compounds (sneraies) with inarganic bases; thns, with
the 1t forms (1) Monocalcium Sucrate, C,,I1,,0,,, Ca0, 2H,0, saluble in water,
(2) Dicalcium Sucrate, (},},,0,,, 2C0, also moderately soluble in water, and,
on heating a solukion of cither of these compounds, (3) Tricalcium Sucrate,
C114404,, 3Ca0, 3H,0, msoluble in water.

A sensitive reaction for the detection of small quantities of sugar is indi-
cated on p. 533.

Pozzi-Escot (1009) has devised a still more sensitive reaction for the sugars: into a
test-tube are introduced 2 c.c. of the nqueons schation, | c.e. of 5 per cent. ammoninm
molybdate solution and, after wixing, 10 ta 12 e.c. of concentrated sulphuric acid, which
is ponred carefally down the side of the tnbe. The formation of a hine ring within 20
ninntes indicates the presence of more than 0-0004 per cent. of sugar, and if the blue ring
appears within 30 minates wheu the npper purt of the lignid is heated to bailing, the
solntion containg at least 0-10002 per cent. of sngar.

INDUSTRIAL PREPARATION OF SACCHAROSE!

Saccharose is contained in varying quantity (5 to 20 per cent.) in different
vegetable organisms.  For instance, the sugar-cane (Succharum. officinarum)

3 History of Beet-sugar. 'Tlic (irst saccharine material worked and utilised by man
as faad was wobahly honey.  Tho sogar-cone was kisown to thie ancient Chinese, the Indians,
and also the Persians and Arahs 200 years befoke Christ and only later was it introduced inta
Keypt, Greece, and Nieily; the medicine-mon of this epocli employed cane-juice and honey
as madicine.  Tx tho seventh century sngar in the salid farm was an article of commerce, and
in tho cighth centwry tho Persiang extracted it from tho sngar-cune and prepared it in cakes ;
aftor tho niuth ventury, the enltivation of thio cane was extended by the Arabs to Kpypt, Syria,
Crete, Sicily, and Spam.  In tho tifteenth ceutury, the Partngnese introduced the culture into
Mndeirn and Brazil, while the Spaniards curried it to the Jast Indies and the Canary Islands,
and the Dufeh to wva and tinjana. At the present time the sugar-cane is Iargely cultivated
in Chba, Jnva, Maniln, Martinigne, Jamnica, Lonisiana, Brazil, Pern, China, Japan; India,
Togypt, and purt of Australasin. I Murope it is grown ta a small extent ouly in Spain.

T 1806, when Trance nad the nllied nations established the Continental bleckade against
Tmglund (lasting nntil 1814) and the snpply of Colonial sugar furnished by léngland to the whole
of lourape henvo fadled, nttempts wore made to discaver a substitute for cane-sngnr.

As ocarly as 1705 the Froucl agrienlturist, Olivier de Serres, lind observed thnt the beet
contained a considerahle proportion of sugar, and in 1747 the Berlin pharmacist, Sigisniand
Marggraf, attempted the extraction of the sngar, obtaining a yield of i per cent., but at that time
it comld nat compete with the mach ehicaper Colanial sugar. - Carl Achard, a pupil of Marggraf,
after 20 yoars af experimental work an the selection of the best qualities of bect, ctc., erected
a factary far the mannfacture of hect-sngar at Kunern, in Silesin (1801), but it was not found
passiblo to extract move tlmar 3 per cont. of crystalline siugar, which did not cover the expenses,
so that the factary wns clased.  Achard, huwover, continned to perfect his process, and when
the Cantinental blockade prodneed in 1811 a tenfold increase in the price of sugar, several beet-
sugar factories wero started in Gerniany, but these were still so imperfect that they were obliged
to suspoid operations when the blockade ceased. At this same time Napoleon I. induced the
most eminent sciontitic and teclmical men in Krance to apply themselves to tlis problem, ancl
the oxtraction processos wero rapidly improved, machines being devised for rasping and pressing
the beots. With the introduction of tho use of steam for conceutrating the juices and of
granulated bone-black for decaloration, beet-sugar began to compete seriously with Colonial
sugar, even aftor the raising of the blockado. In 1828 there were indeed 58 large and flourishing
factories in France, producing ammally 30,000 tons of sugar. Napoleon I. had distribnted in
Erizes to encourage this indastry tho sum of £40,000 and had himself erected four factories and

rought 32,000) hectnres of land under beet cultivation.

In Germany the sngar indnstry was started again in about 1836, especially in the neighbour~
hood of Magdeburg, whero a fortunate choico was made in the quality of beet employed, the
lot of the agrienlturist—at that timo depressed owing to poor grain crops—being thus greatly
ameliorated. The further development of this industry was favoured by protective duties
imposed by the Govermment, in ¥rance—until a few years ago—and in Germany and Austria,

35—2
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gives 15 to 20 per cent. ; the beetroot (Befa vudgasis), Tto 17 pev ceut. Sorglmm
saccharatum, Tto 12 per cent.; the pineapple, 11 per cent. ; struwberrlgs, 5 to
6 per cent.; maize stems, sugar maple, etc., also contain sn'mll proportions of
saccharose. Most sweet vegetable juices, howevex", contam glucose (gra-pe-
sugar) and levulose. The plants employed industrially for the extraction of
sugar are the maple, sugar-cane, and beetroot. Unsuccessful attemipts have
been made with maize stems, which contain as much as 14 per cent. of sugar
when the unripe heads ave cent, but the sugar extracted sometnues containg
12 per cent. of invert sugar and other impurities.
*“ 3], ACER SACCHARINUM NIGRUM (Sugar Maple), which is lagely cultivated in
Canada, and, to a less extent, in the United States, yiclds a sap cantainiy a considerable
proportion of sugar. The sap is withdrawn from the living trce by means of two or three
holes bored 1 the stent a few feet,
above the gramud, & metal tube
fitted into each hale commanding a
tinned-iron  vessel.  Ilfrom  these
vessels the sap s callected twice a
day during the sugar scason, which
lasts for about three weeks in the
year. A single tree yiclds from 12
to 24 gallans of sap cach season,
and from 45 ta 6 gallons of the
sapgive 1 1h of nmple sugar. In
%
i
b

(N ] ‘ some cascs the sap I8 treated with
S ";’ e chenuical agents which procipitate
A 7'/\4,“ _ cartain  af the inipmrities, but
/‘6 !:Q 14 usually the sap i cancentrated and
7 4 erystallised divectly, since the com-
AL L".; ('/ mercial valne of the sngar depends
(N ) principally on the flavonr dne to
the *mnosmynrs” ar  impurities
present. In Cannda the industry
Hourishes mainly in the province
of Quebee, where the ontput of the
sugar amonnted to 13,000 tons in
1919 and to 13,400 tons fa 1920,
1I. THE SUGAR-CANE is the
principal souree of Calanial sugar,
Tt is & plant (Saccharien: afficina-
rum, Mig. 310) which has been culti-
v vated from the mast remote times
it India, Persia, and Arabia, whence
it passed inta Mgypt and Greece.
« : At the time of the Nornans it was
T, 310. cultivates] in Sicily, sl {vom there
it was introdweed in 1420 into
Portugal and Spain, and thence into the West Indies; the Duteh carvied it to the East
Indies, where its development was very rapid. At the presemt time it is cnltivated most
widely in Cuba, Porto Rico, San Domilgo, Havana, Brazil, and the Hast Indies (Bengal,
Java, and the Philippines).
The plantations are made with shoots from the living plant (obtained fram sced), these
being placed about 1 metre apart and weeded after four to five months. The cane begins

where the prosperity of the sugar factories is continually increasing,  The industry then developed
in Belgium and Russia, while in Italy it was initiat only towards the oud of the last century.
In England the cultivation of the sugar-beet has been attempted, apparently with success,
on a small scale only during recent years.

In 1855 the werld’s production of beet-sugar already amounted to 1,500,000 tons, and in
1900 Central Europe alone produced 8,500,000 tons. During the same lajwe of time the output
of cane.sugar increased only from 1} to 2} millions of tons.



CANE-SUGAR 541

to sprout in 12 months and requires a further six months to mature, when it has a yellowish
colonr and is 3 to 6 metres high and 4 to 6 cm. in cHameter; it sometinies reaches a weight
of 9 kilos.

The stem and roots of cach plant will yiekl cane for twenty consecutive ycars without
renewal. The negro labourers remove
the head (used for cattle-food) from the
cane with a blow from a scythe, and
with another sever the canc at the
base; the leaves (nsed far thatching)
are then removed, and the cane
worked up cach day, as it rapidly fer-
ments if left in heaps. The onmi-
vorons ant is the enemy most feared
hy the planter. At one time the
himdles of cane were crushed in o
mimitive mill farined of three vertical
cyhindrical tree-trunks, shod with iron
and worked by water-wheels or horses,
but nowadays use is made of three
horizontal cylinders, the distances
between which can be regulated so as
to vary the pressure (Ifig. 311). I, 311.

In Targe factories use is madec of
batteries of these three-cylinder groups (1fig. 312), the cane being passed from one group
to the next by means of an endless band. Prior to this the canc is troated in a crusher
(Fig. 313), consisting of two toothe rolls.

The liquid thus expressed is termed raw jaice, and the woody residue bugiesse or negass.
After cach pressing the cane is moistened with water and finally contains 1 to 1-5 per cent.
of sngar. In Mexico bagasse and the leaves of Henequa plants are now nsed for the manu-
factnre of spirit. The total juice, inclnding that from the sccond pressing, forms about
90 per cent. of the weight of the canc and containg 15 to 19 per cent. of sugar.  In the Hast
Indies, owing to frrational methods of working, more than one-half of the sugar is lost,

o

Tic. 312.

whilst in Bravil, where improved processes arc in use, more than GO per cent. of pure sugar
is obtained,! In North Anierica the diffusion process has been introduced, and the loss of

1 The following information has been furnished by Alberto Bianchi, who visited (in 1911)
various cane-sugar factories in South America. The most important centres in South America
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sugar reduced to less than 20 per cent. ; diffusion has also been tried in Bmxil', bnt.\\{u,s
abandoned. owing to its expense, especially as regards fuek! Treatment of the fresh juice
with a considerable amount of sulphur dioxide is often employed to prevent (‘-h'c 1'm.(l_v
fermentation which otherwise occurs. Attempts have also been made to decalarise with
sodium hydrosulphite.

Even recently cane-sugar constituted about one-half of the total sugar pradneol,
but it is nearly all cousmed where
grown it a nore or less refmed con-
dition, whilst a very large trade is
done in leet-sngar i o highly refied
form, and in some cawes this sangar
competes with canesugar i districts
" where the latter is produced.  The
output of cauc-sygar in Cnba alone
was 700,000 tons i 1808 and
1,050,000 in 1904, In order ta cn-
courage the cnltivation of thoe sngar-
cane, the United States Govermmueng
have instituted a systemy of hanaties
(as much as 5s . per ewt.), aml in
1010 paid £13.800.000 in this way;
in addition to this there i a pro-

Fic. 313, tective duty of 24w, per ynmtul on

the sngar. this heiiyg paid hy the

consumer. In the East Indies the production increascd to 2,166,000 tas in 1904, (The
European output of beet-sugar is about 8,000,000 tons per anmum.)

S
%
£ g\
ol

for the production of the sugar-cane arc: in Brazil, tho States of Permunlnco, Bahin, Rio de
Janeiro, and San Paulo, and, in a less degree, Maceio ansl Maraithao : in Avgintine, el cane-
sugar is produced in the morthern provinces, especially in Tnenman.  The varieties of cane
most widely grown in Brazil have been imported front Java aud Haiti and yiekl from 10 to
17 per ceut. of crystallisable sngar. The works arc crected in thoe plantations, and the wmore
primitive ones, in wlich the juice is still concentrated mider the ordiunry prssnre, wre called
Lugenhos, whilst those furnished with niodern machinery and mnltiple-efivt vnermm plant are
termed Usinas.

In the Engenhos, the broken cane is ernshed between wooden vollers worked by oxen or horses.
When the juice is not defecated, it is concentratod in large copper pans heated hy diveet tive,
and is then left to crystallise in wooden -vessels, the molasses buing suhseqnontly decanted olf
and the crystalline mass placed to drain in bamcls with perforated hottoms.  When defeeation
is employed, the juice is boiled with lime and skimmed several times, the defeentod jnice then
passing into a series of two or three pans, each lower than the precoding one + in the st nf these
the desired concentration is attained. The sugar thiw obtained is always moist, owing to tho
léesidual molasses, and varies in colour from yellow to brownish hlack ; tho yichl is less than

per eent.

In the Usinas, where the yield may amount to 10 to 11 per eont. (hy the wet process, or
7 to 9 per cent. by the dry process, or 6 por cent. when the cane is yrossod i o single pnir of
rolls), the canes are pressed between three pairs of donble rollers hy hydvanlic pressure. poarer
Juice (wet process) being gradually sprayed on to the partially pressed cane; tho prossed vamn
is used as fuel. The juice, with a density of 5° to 10° B, is pumped ta the smlphitntion tanks
(sulphur dioxide or ealcium bisulphite is used ; but tlis is not done in all factories) and thenee
passes to copper vessels with spherical bottonis and holding 2000 to 4000 litres. lu theso it is
defecated with milk of lime, being heated by steam coils and skimmed once or twice. Afuwr
carbonation, the jice is transferred to other vessels of about the same size ns the former ones
and placed at a lower level ; in these it is again boiled and skimmed. it is next removed tu
the depositing tanks and, after some hours, is pnmped to the triple.effet vaeunt concentrakors,
from which it pagses at 23° to 26° Bé. to copper boilers of 2000 to 4000 litres capneity }(-la,rilivm}.
where it is boiled by means of steam coils for about half an hotr—until it ceases to form sean
(which is removed). The juice is next boiled in a vacuum apparatns, in which crystallisation
commences ; the subsequent treatment and refining of the sugar are carried ont as in beot-sngar
factories (see later). . '

In many factories, the yield of white, first-jet sugar is increased by decalorixing tho juice,
not by sulphitation, but by the addition of blankite (sodswwm kydrosulphite) i thoe propartion af
300 to 500 grms. per ton of sugar; this is added partly to the clarifier aml partly to tlio
concentration vessel.

. 1tis caleulated that the cost price (pre-war) of cane~sugar in the factory, withant reckoning
mteresp on ca}:iltal, was £7 12s, per ton in Java, £9 4s. in Cuba, and £12 8+. in Hawnii.

! Since 1910 attempts have been made, especially in Caba, to utilise the bagasse for tho
preparation of eellulose, the sugar being extracted by the diffusion process.
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Cane-sngar molasses is of vahie owing to its agrecahle flavour and smell. and it is there-
fore converted, by fermentation and distillation, into rwm, that of Jamaica being cspecially
renowned.

III. The BEETROOT was formerly an annual, but became changed by selection inte
a biennial, giving tlowers and fruit (or seeds) only in the sceond year. Dilferent varieties of
Belew vidyaris or Betw vueritinus (Linnens) are now grown.  The original wild varieties cau-
tained ouly 5 to i per cent. of sugar, bhnt
after carefnl and repeated seleetion during
a period of 25 years, varietics have heen
obtained which, under the most favomrahle
couditions, coutaiir as mnch as 1§ per cent.
of sugar.t

Nearly all of the best varieties now

ey NP

enltivated are derived from the Klein-Wanzleben,  The shape of tho root is of enusider-
ahle hupartance.  Thns, the rounder beets are generally rich in sugar but give a small erap;
roots of oblong and swallen form crop well but are poor in sugar; whilst fusiform roats
which aro not too smooth and have little top and tail (waste products of tho sngar
factory) are the ones preferresl by the agriculturists and mannfacturers (see Rig. 314).
Value attaches, besiles to the shape, also to the specific pravity, and still mare to tho
sugar-content. Mg 315 shows the saccharine content of the various rones camiposing
tho heotroat. It will be scen that the richness in sugar diminishes from the centro to the
periphery, and especially to the top and tail, which also give the more impure juices.

1 Achard himself recognised varictios of the beet hest adapted for the mann.-
facturo of sugar, bat it was Vilmorin, in Irance, who in 1860 ratimally selacted
tho Grst varioty rich in sugoar (Filmorin’s white) by vepeated reproduction of the
roots witl the highost saccharine content : this he arrived at by immersing the
roots in saline solutions of different cancentrations so as ta deternine tlieir
specific gravitios, from which he dednced the content of sugar. Later, however,
Schoibler showed that there is not always proportionality between tho specilic
gravity and saccharino value.

In tiermany, more rigarans methods of sclection were introduced by Rab-
botligo and Gicsecke (1862), who analysed selected bects ant into portions and
dotermined, not only the rieliness in sugar, but also the purity of the juice
polarimetrically.  Wuhi then improved the sclection still further by microscopic
examinatian of the scods.

-Choice of sced is of great importance and seed should be obtained only from
relinble firms ; a savhig of a few shillings in buying seed sonictimes involves
serious losses.

Special preparation of the seed (shelling, impregnation, etc.) does not appear
to have any practical value, but, on the other hand, Briem (1910) states that
repeated selection and adaptation to the new intensive culture mothods is able
to produce in 20 years an incroase in the mean saccharine content from 14 to i
19 per cent., besides an inerease in the weight of the beets owing to the roots I, 316,
becoming accustomed to more energetie fertilisers.

There aro now nnmerous varieties of beetroot known by the names of their praducors or of
the places where they were first selected. Among such varieties the best are the Klein-Wanzlohon,
Dippe, Kuhn, Braune, Vilmorin, ote. ; these may be distingnished, although not always readily,
by the shapo of the roots and leaves and by the saccharine content. ’
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Beetroots for fodder or for domestic purposes are yellow or red, but those sclected for
sugar are white, and any variegation or colouring with the original tint indicates faulty
selection and degeneration or reversion to the primitive type. Roots with few leaves ar
with long stems are poor in sugar, and denote that the soil is of a character not adapted ta
their cultivation.t

The proportions of the principal components of the beetroot vary between the followhiy
limits (percentajes): water, 75
to 86 ; sugar, 9 to 18; celluloso
and lignin, 0-8 to 2-5 ; nilroge-
nons (pratein and aanina-) sb-
stances, 0-8 to 3: fat, 02 ta
0-5; nuneral matter (notassinm
and other salts), 0-2ta 2. Other
and less important companeils
of the beet arc: ghcose, rmfli-
nose, organic acids (axalic, malic,
tartaric, citric, malonic, saceinie,
ghitaric.  glicaitic,  tricarlnl-
kylic), amido- and amino-cam-
pounds (leneine, asparapine, be-
taine, tyrosine), gnms, pectic
matters. coniferin, cte.

The value of the beets was
formerly armrived at by measnr-
ing the density of the juice with
the Brix densimeter, but the
results varied considerahly with
dilferent varictics of heet and

T, 317. also from ather canses. 1t i«

nsital nowadays ta letermine tho

quantity of the sugar in the juice by means of the polarimeter (e.q., the Soleil Ventuke-
Scheibler or, better, the three-field instrument of Schimidt and Hacusch ; seelater).

1 Beet Cultivation. Sandy or very compact (clayey) soils are nat snited to tho growing
of beet. The most suitable are medinm soils which can he warked fo a consislerahlo dopth
(35 cm.) in the swwmer months. In ltaly, where the rain is not so well distrihuted as in Ceatral
Hurope, it is necessary to sow carly in order to avoid the oxcessively dry soman.

Fertilisation should be abundant, since from a hectare of sail beets remmve ammislly as mnch
as 120 kilos of potash (K,0), 52 of phosphoric anhydride, aud i) of nitragei.  Stahte maimro
serves well as the fundamental fertiliser, but the sngar mamfacturers requive the farmors to
apply it in the summer, during tilling, and not i the spring ; any large nse of nitrogenoas maniros
is inadvisable. According to Stoklasa (1010), the most snitable mannring for heet is ahtained
by a rational applieation of nitragine (sce Vol. I, p. 349).  As supplementary fortilisers, snper.

hosphate beont 4 quintals per hectare) and sodinm nitrate (1 ta 1-5 quiital per hectare) aroe
argely nsed. To ascertain if a soil requires also potush (kainit, carullite, chloride, efe.), tho
presence or absence of potassium salts in the drainage water is detoriined by unalysis.  In generml,
however, 1-5 to 2 quintals of potash fertiliser are employed per liectare. I all cnses these
chemical fertilisers should be administered at intervals prior to Moy, as otherwise the sugar
manufacturer may refuse the roots owing to the excessive amonnt of snlts in the jnico; natonly
istlhe latter rendered niore impure, but the salts, especinlly chlorides, prevent the crystallisatinn
of part of the sugar. lrrigation is inadvisable, and in sonie cases, is prohibited. A largo aron
of soilin the province of Magdeburg became infertile owing to the repeated cultivation of heelk,
ls)ut if%l;‘recovemd its original fertility after the diseovery of the deposits of potussinm salts nt
Stassfurt.

In sowing (which is carried out between the heginning of March and the middle of April, with
a drilling machine giving rows 35 to 40 cm. apart), exeess of sced is always nsed, so that after
the plants have begun to grow, 15 to 16 per sq. metre may remain.  The roots then pttain an
average weight of 500 to 600 grms. (isolated beets sometimnes weigh 4 to 5 lilow) and, ander
favourable conditions, a hectare yields 300 to 400 qnintals of beet (in Ferrarese as ninch ns
600 quintals are obtained, while in the other Italian provinces the avernge is abant 300). It
sowing is delayed too long. the roots do not mature well but remain acid and give very imparo
juice.

Growth begins five or six days after sowing, and when the seedlings are a few ccntimetres
high women and children proceed to thin them out with ordinary hoes, just as is dane with
maize. Later on, the ground is hoed several times to remove weeds and to kcep the soil sweeter
in the warm weather.

If the season is a wet one, the roots are late in maturing (end of September or, in Germany
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A sample of the beets arriving at the factary is obtained by allowing 50 to fall into
a basket while the waggan is being nnloaded, placing the 50 1in a row and taking the
alternate oues, repeating this aperation on the 25, and of the 12 thns obtahled choosing
one sntall, one medinm, aud one targe.  Krant cach of these three. o longitndinal portion is
removed by means of the Peliot rasp. which gives directly a hmmogaicous paste, the jnice
Lieity expressed from this hy a hand-press (g, 317).  Of the well-mixed jnice, 26-048 s,
(the normal weight of the polarimeter 5 wee later) are introduced hito a 100 c.c. measnring
flask, which is filled to the extent of ahout two-thirds with water aml § c.e. of hasic lead
acetate sohution 3 after the flask has heen well shakenn, ane or two drops of ether are added
to remove the frath, and the salntion niade np to valnme with water, filtered thrangh
a dry filter, aml vend hr the polarimeter in a 20 cm. tuhe (see later).

At the same time the Brix densimpter 8 nsed to determine the density, so that the
quattity of non-saccharine substance (wan-sugur) axd the ity may be estinmted. The
quotient of jmrity is ohtained hy mnltiplying by 100 the ratio between the tme sugar-
content and that (greater) incdicated by the densimeter,

The sngar may alko he deternrined by direct extraction far 2 honrs in a Soxhlet
apparatus (sed po 462) of 2G-048 grms. of the heet pmlp, mixed with 3 c.o. of hasic lead
acctate sohition, with 75 c.e. of 91 per cent. aleohol.  The alcoholic sugar solution is
cooled, made up to 100 c.c. with water, filbered throngh a dry filter, and polarised in a 20-cm.
tube. A very sensitive test for indicating if all the sngar has been extracted from the
pulp in the two hours consists 1 adding to a couple of drops of the last drainings from the
Soxhlet apparatus 2 c.c. of water and 5 drops of a fresh 20 per cent. alcoholic a-naphthol
solution, and then pouring 10 c.c. of concentrated snlplnmic acid (free from nitric acid)
carcfully down the side of the test-tube; in presence of sngar, a violet ring (not green,
yellow, or reddish) forms at the surface of scparation of the two liquids (see «lso p. 539).

EXTRACTION OF THE SUGAR FROM THE BEET. After many and varied technical
and ceonomic diftienlties had been overcome, the beet-sugar industry became firmly estab-
lished and lias during the past 40 years assumed great importance, not ouly on account of
its magnitnde, but also owing to its technical perfection, which makes it a model of what
a great modern chemical industry should_be.

end of October) and are poar in sugar, aud have saft tissnes which readily give np their juice.
In Italy, harvesting takes place normally in Angnst, or, in same cases, earlier than this,

When the bects are ripe the leaves dry somewhat and, if the roofs are not dng immediately,
i1 warm climates new leaves may be formed to the detriment of the sngar-content. {h1 this
nceomtt the factories are armnged so that they can deal in a short time with the whale af tho
crop.  The harvesting is carried ont in several portions, since the manufactnrer requires roots
1ot more than 3 to 4 days old, alterntion ocenmrring on storiug.

Beets whiclt havo lowered premnaturely (in a cold spriag or a very dry season) are hard and
dithenlt to exhaust, and the mannfacturer demands that snch plants shonld he pulled up or,
at least, that the flowering shoats shonld bo suppressed. Putrefaction of the roots, besides
injuring the quality and quantity of the crop. sometinies danmages a large part of the beet.  Among
the varions inscets injurians to the beet is one which destroys the feable plants.

1n s0il which is worked iusnfiiciently and nat deep enoingh, or is treated too late with stable
manure, tho beets tend to form bifurcated roots and so give an increased amonnt of waste,
which is 1ot paid for by the manufacturer.

The manufactnrer usnally deducts 5 per cent. or, in exceptional cases, more, on acconnt of
admixeﬂ stoney, soil, etc. As a rule, roots containing less than 9 per cent. of sngaxr are not
accopted.

A few years ago the proposal was made that the dried leaves of the heot should be utilised
as fodder, of which Gemnany aloune conld prodnce £8,000,000 worth amually.

! History of the Technical Development of the Beet-sugar Industry. — In his
carlicst industrial trinls, Achard (1786) extracted the sugar by boiling the beets in water,
expressing the juice, concentrating this to a syrupy censistency, aud allowing to crystallise i
the cold. I France, to facilitate the separation of the juice, the beets were disintegrated by
means of rasps which converted them into a fine paste, this being squeezed in screw presses
and later in far more powerful hydraulie presses. The juice was then defecated with lime and,
after nentralisation with sulphuric acid, concentrated in copper pans. Oun cooling, crude
crystalline sugar was obtained.

In (fermauy, however, the juice was first treated with sulphuric acid and, after a short rest,
noutralised with chalk, heated with lime and filtered. The saccharine solution was conccutrated
by direct-fire heat and decolorised with aunimal chareoal, albumin, or even blood. The
crystallisation was carried out in wide, shallow pans.

In some places use was made of the old Colonial process of concentrating the juice until,
on cooling, it gave a dense mass of crystals which was introduced into inverted conical moulds.
The point of the cone was closed by a plug, which was then removed to allow the liquid to flow
away, the sugar-loaf being subsequently removed.
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We shall now follow shortly the whole of the working of a ratioual sugay factory as for
as the refining of the crude sugar and the ntilisation of the molasses. .
(1) Storing and Washing of the Beets. Wheu the beets are tapped and freed fram sail

Fe. 318

and stones they are weighed (1 cu. metre weighs 500 to 600 kilos) and then discharged
under long sheds (Fig. 318) with pavements sloping to & Tongitndival chaimel or flrame, A,

Only later, after a Proposal made by Weinrich, was the lime used for (lufoun('-ix}g tho juice
neutralised by carbon dioxide instead of by sulplnuric acid, inversion of the sngar being avoidaed
and improved defecation obtained. At the ontset, the carbon dioxido was prepared by the
eostly method of treating calcium carbonate with liydrochluvic acitl, hut latsr it was obtnined
from the combustion of coal, and finally by heating chalk in snitablo retorts or furnnces, tho
residual lime being also utilisable. - .

Further improvements were made also in tho rasps, ns tho living colls af the heot, bring
coated inside with protoplasm impermeable to the cold saccharino liguid, da nat allow the sagar
to exude; it is hence necessary to ruptnre tho cells as completoly as possiblo. )

A considerable advance was made in 1836 by Pelletan, wha introdneed cald maccration of
the rasped beet with a counter-current of water. This systomatic oxhnstion was improved
by Schiitzenbach, whe armanged the vessels of hect-pulp in steps, tho water ontoring bhe top
vessel and being collected after it leaves the lowost oue nnd then mumped ta the tap, and so an:
the pulp was exhansted with fresh water and the exhanste! pulp vepluced by a frosh snpply.
It was necessary to attend to the cleanliness of the phwnt in owder to avoid tho dovelopment.
of micro-organisms capable of inverting the smgar. In 1837 Sehitzoubuch suggosted the
preliminary drying of the pulp and its extraction with water at 90" whiclt renders pormeahn
those cells not brolen by the rasp. TFesca and Schriittler, on the ather lmaxl, confrifnged the
fresh pulp directly—just as is now done with the crystallived mygar (s bdcr) — ad snlwcguently
sparged the pulp with cold water in the centrifnge itwelf sa as to nbtain moro porfect exhanstion,
but all these procassses were too expensive and did wot give cowplete extraction of the sngar,
much of which was still lost. ’ . )

It was only after 1865, when the diffusion process was devised, that complote oxtraction of
the sugar became possible (see abone and lakr).

Defecation was also facilitated by separating tho arganic tmpmiritics previpitated hy the lime,
not with slow and cumbrous bag.Glters, but by the hlter-press imvented hy Neodhan in 1828,
improved by Kite and employed in defeceating by Danck in 1862, By this moenns, warking was
hastened and cheapened, and further imjprovement was madn wheir the filtor-pross was so
modified as to permit of the washing and exhaustion of the calcinm carhaimte with hot water
in the press itself.

The application of animal charcoal (bone-black) filters, which had heewr proposed for ather
industries by Figuier in 1811, proved of cousiderahlo advantage in the chwification nnd
decolorisation. The bone-black readily fixes the colaming-nmtters and the chall, Imt dies
not retain the sugar. As it becomes enriched in calcium carhamto, lawever, it lasos its
decolorising property and hence reyuired frequent renewnl at gront oxponse,  Snhsegnontly
the activity of the charcoal was restored by treatment with diluto hydrachlorie acid ta eliminato
the carbonates and then fermenting at a suitable temperature and with a suitahle preportio:
of moisture, in order to destroy much of the organic matter; the charcanl was then wushed
thoroughly with water and dried in loug iroun tubes hented to low redness in a fumace (sev latir).
A factory with a capacity of 4000 quintals of beet per day shanld have atits disposal 600D quintals
of animal black throughout the whole season.  The cost of this is cansideruble, and during recont
years these filters are being dispensed witli in the sngar factary, methods of defecatian Loiug
improved and the filters used on?y in the refinery.

The sugar solutions were, at oue time, evaporated hy cliroct-tive hent, a total of 4 Idlus
of coal being consumed per quintal of beets. In 1828, Moulfavitie and Decqner in Frange
introduced the use of steam-coils, and in 1840 the employment of tho Hovard vacuum ovaparator
reduced the consumption of coal to 25 kilos. Rinco 1852, simple ar multiple-cfiet vacnmn
evaporators (Rillieux) have come into use, and these, after many improvemaits, have still fnrther
diminished the amount of coal required, until nowadays it is only 7 to 8 kilos.
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which is covered with movable hoards or gratings and has water flowing through it (Fig. 319).
The bects shonld not be kept long in these silos, as after a few days loss of sugar occns.
The sngar-works are, however, designed to deal with a large quantity
of beets cvery day (4000 to 8000 quintals), so that the whole of the
year's crop may be worked np in 50 to 60 days. In order to transport
the beets to tho place wherc they are first required, the covering
of the water-channel is gradually removed so that the roots fall into
the water, which carries them half floating to the principal clevator, Sopen
B, this separating the mud and water and delivering the beets to Fre. 310,
the washer, ¢

The clevator may consist of a large wheel fitted with a nunber af perforated plates
(Ifig. 320) or of an inclined serew having a perforated sieve-plate at ¢ (Mig. 321).

Nowadays, however, the heets are canveniently raised by applying the principle
of the Mammoth pump (see Vol I, p. 303), which also admits of a more complete
wasling,

The washing is carried out in iron or concrete vessels, 4 to 6 metres long and 1°5 to 2

Fia. 320.

mefres wide, furnished with a longitudinal bladed spindle by which the roots arc beaten
in the water and transferred to the other end of the washer; on the bottom are indenta-
tions or an inclined plane onn which any stoucs colleet, to bo discharged from the orifices,
D and K (Fig. 321).

In 24 honrs such a washer can treat as many as 500 tons of beet, about 5000 hectolitres
of water being consnmed.

From the washer the beets
fall into basing, whence they
arc raised by a large vertical
clevatar to a higher part of
the factory and dropped into
a donhle antomatic weighing
machine, which discharges 50
to 100 kilos or more at a time
into the cutler or slicer ; in tho
latter they aro reduced to thin
slices snitable for cxtraction
by the diffusivn process. Tho
slicing machine is forined of
a vertical chamher, 4 (Ifig.
322), which receives the roots, .
and the base of which consists T, 321.
of a circular cast-iron plate, C,
rotated by means of a vertical shaft and furnished with 10 to 15 rectangular apertures, @ «
(see plan and scetion, Itig. 323). In these apertures fit cast-iron frames carrying a series of
undulating cutting blades which form knives of various shapes (Fig.. 324). The beets at
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the bottom of the chamber are forced by those above against the rotating knives and
so sliced. The form of these slicors varies somewhat in different factaries, and in
some cases the revolving plate has a diameter of 12 to 1'5 metre and a velee'ty of 100
to [40 turns per minute. The beet-chawber is
about 1-5 metre high.

At one time use was made of knives with
several superposed blades at various distances
apart, but these give smooth slices or prisms (if
cut longitudinally) which readily adhered one to
the other and hence presented a diminished
snrface in the subsequent diffnsion operations.
Good results are, however, obtained with those
having a zig-zag section (Ifig. 325) and giving
slices having the form of triangular clmmels;
sometimes a blade is placed at the apex of cach
angle, so as to prevent the formation of wide slices.
The side of the triangle in the blades is 6 to 7 mm.,
and the thickness of the slices is regulated by the
height of the knives above the plate, a (Fig. 324).

(‘entrifugal slicing machines are also used, these
having knives fixed to the inner periphery of the
vertical druni, which receives the roots and projects
them against the blades. These machines give a

- greater output and uniform working, the knives
being replaceable when in action. The kuives
usually wear rapidly, especially if stones occur in
the interior or in indentations of the roots, and
they should be changed frequently, as otherwise
they do not cnt cleanly but tear, this resulting in
slow extraction of the sugar in the diffusors. The
knives are sharpered with triangular files or with
suitable milling-cutters.

EXTRACTION OF SUGAR BY THE DIF- Fre. 322.

FUSION PROCESS. In the mnote on p. 545

mention has already been madc of the various stops made in the extraction of smgar
from beets and of the diffusion process, which is now used and which presents marked
advantages over earlier methods. The diffusion process is based on the gencral laws of
osmosis (see Vol. L., p. 80). If a solutizn of sugar (or salt or, int gencral, any crystalloid) is
enclosed in a porous membrane immersed in water, the siugar molecules pass slowly through
the membrane to the ontside (exosmosis), while water pasgses from the outside to the hside
(endosmosis). This process continues until the specific gravities of the sugar sohitions iside
and outside arc identical (equal numhers of
sigar molecules then pass through the mem-
brane outwards and inwards); or, if it is
required to removce all the sugar fromn the
inside, the water outside is continnally
renewed. The same phenomenon is shown
by the sugar-containing vegetable cells of
the beet. The envelope of the cell func-
tions as an osmotic membrane, although
the sugar inside the cell and the walls of
the latter also are coated with protoplasm
which, at the ordinary temperature, pre-
vents or greatly retards the osmotic flow.

At a temperature of 70° osmosis takes

place more readily through the saccharine

cells of the beet, the protoplasm then coagulating and the walls becoming perme~
able to the osmotic currents. Under these conditions the complete extraction of the
sugar is possible (not more than 0-3 to 0-4 per cent. is left).

The first industrial application of this method was attempted in’1864 by Robert in the
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celebrated factory at Scelowitz (Moravia), aid the results were so favonralide that by 1867
about thirty factories had adopted it. It was soan fannd, hawever, that dilfusion jnices
were diffienlt to filter after defecatian with linte, but after Jéluck, in 1866, made nse of the
filter-presses first shown at the International Kxhihitian in London, it became possihle to

1ha. 324,

defccate cven with 2 to 3 per cent. of lime in place of 1 per cent., which was the maxhmom
formerly cmployahlke. It was then that the idea was evolved of entting the beets into
slices to facilitato the osmotic phenomena, the extraction heing effected hy systematic and
coutinrons exhaustion in a series of eylindrical vessels containing the slices.  Water at 70°
coters the first cylinder, carrics away part of the sugar, and then passes to the other cylinders
in snecession, until it reachies in the last the same density (abont 10 to 12 pier cent. of sugar)
as the saccharine juice of the cells of the fresh beet. When the irst cylinder is exhausted
it iy recharged with fresh slices and placed at the other end of the series.  What was jue-
viously the second cylinder now receives the pure water and is hence exhausted, after
which it is filled with fresh slices and made the last of the battery, and so o 1n snch
manner the process becomes systematic and continuous, heing carvied on day and night
during the wholc of the campaign. The cireulating water is broaght to a temperature of
70° while passing from each cylinder to the next.

Diffusor Batteries. The diffusors are vertical ivon cylinders with a capacity af 40 to 70
hectols. and a height double the diamcter. They are furnished with an upper aperture

{h !
<\
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screw or travelling band, k, which carries them to the elevators, mn ; where they are discharged
throngh an aperture in the base (Fig. 329), two chanuels with screws are nsed.

Sometimes the diffusors are placed in a ring, as is showa in section in Fig. 330) and in
plan in Fig. 331. The diffusars are
chargod by means ¢ither of snspended
tnbs conring from the slicing machine,
or of an endless belt noving ahovr
them on rollers and flanked with o
fixed plate forming an edge fitded with
doors corresponding with the virions
diffusors,. By openiag a doar and
placing a plate diagonally oa thn helt,
the slices are forced off the lattcr intn
a sloping chanuel and so inta ithe
diffusor ; this operation is repeated
until all the diffnsars are fnlk

When the diffusors are arranged a1
a cirenlar battery, tho sticing machine
(D, Fig. 330) is plwwd so that i

Fig. 327. commands the dilfnsors, which wmp
charged by means of a shaat, L.

A perforated false bottom and an upper perforated dise in cachiliffimar prevent the
penetration of the bect slices into the tubes that supply water or cary aff the juice,
To avoid accidents when operations are started, the tuhes arc provided with safety-
valves. Air-cocks on the covers allow of the escape of the air displacal by tho water
entering the diffusors. Thermometers are inserted in the tuhes ta indicate the tempera-
ture of the water and of the circulating juice. There are tubes for cald water, trans-
ference of the juice, washing water, discharge of the water, stcam for the heaters, and
discharge of the juice. )

The heaters used to regulate the temperature of ‘the circulating juices consist of a scries
of steam-pipes (see 6, Fig. 327) round which the juice passes. A less mtianal method of
raising the temperature consists in blowing steam into tha jiice ; this nat only dilntes the
juice but may cause caramelisation.

Water is supplied to the diffusor battery tlawough two pipes wihich jain just hefore the

diffusor is reached ; one of these comes from a cold-water cistern 8 to 10 metres abovo tho
level of the diffusors and the other from the boiler. Mixture of the hot and cold water in
the proper proportions gives the temperature required for diffusion, this being at first
about 35° and later 70° to 75°, to which it is brought by the heaters. Tig. 332 ropresauts
diagrammatically the arrangement of a series of diffusors: I to VIl, with the heaters
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between them ; a, to a,, are the air-cacks.  The juice-pipe is shown at the top, and b, to
b, ¢ to ¢;, and dy to dy. denate valves.

The amount of juice extracted normally hy every diffasor is abant 48 to 55 litres per
hectolitre capacity of the diffusor (i.e., 100 to 110 per cent. of
the weight of the bects, since cach hectolitre holds 50 to GO
kilos of slices). The amomt of water nceessary far complete
diffnsion (including washizg water) is 12 ta 15 thues the
weight of the beot (hence the water-tiik should have a
capacity at least as great as three or fom: of the diffusors). in
many factories the press waters from the exhansted shices
are now recovered (Claassen process), and, together with that
from the final diffusor, allowed to seltle and afterwards
roughly filtered, care being taken that they do not forment.
This procedure is advantageous where introduction of these : -
waters into public waterways is forbidden.

Pressing and Drying the Pulp. The pulp (oxhausted slices
containing less than 0-5 per cent. of sngar) discharged from
the diffusors is transported by a screw or endless baud to an
elevator which discharges it into the ymlp-press (B, Iig. 333),
where the water it contains (95 per cent.) is removed as com-
pletely as possible. Presses of varions forms are nsed for this e, 339,
purpose.

That of the Klusemann type consists of a vertical, revolving cone of perforated
shect-metal, ¢ (Figs. 333, 334), fitted with oblique vanes and enclosed in a stationary
cylinder, also perforated. The vanes, which are arranged helically along the cone, com-
press the mass of pulp against the perforated eylinder and grachally move it downwards

Fra. 330.

where the spacc becomes narrower, so that a considerable part of the water is squeczed
out throngh the cone and eylinder, which are enclosed in a jacket, B ; all the water is
carried off by the tnbes F, @, and H, while the pressed pulp is discharged through the
amular orifice, /. An arrangement similar to this has also been combined with the pulp-
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elevator, which consists of an inclined screw, the pulp being thus raised and pressed at the
same time.

The Klusemain press has been improved by Bergreen and others in ovder to obtain
pulp containing much less water and from 14 to 18 per cent. of solid matter. HEach 110
kilos of beet yields about 80 kilos of pressed pulp containing, on an average, 85 per ceut.

of water, 1-5 per cent. of ash, 1-2 per eent. of protein, 0-27 per cent. of fat, 3-5 per cent. of
cellulose, and 8 per cent. of non-nitrogenous extractive matter (0-5 per cent. being sugar).

The pressed pulp is loaded directly on the fariners™ waggons to be used as fodder, about
8s. per ton being paid for it (pre-war); but part of it (30 per cent. of the amonnt of beots
they supply to the factory) is given to them frec of cost. I the pulp cannot be sald imme-~
diately, it is stored in silos until sold, bt if this is done, it readily mmdergoes putrefactivo
fermentation, the gasogenic bacteria of which coutaninate milk and cause iflation of
cheege, so that in some countrics an addition of pure lactic acid organismg is made, these
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preventing other secondary fermentations and enhancing the digestibility, Where fnel is
not expensive, it is preferred to dry the pnlp at ouce. It is known, too, that fresh pulp in
silos loses as much as 30 per cent. of its solid matter, which is rendered soluble and volatile
by bacteria, the sugar being converted almost completely into lactic acid. Furnace gascs
are sometimes used to dry the pulp.

Of the various types of apparatus for drying the pnlp, that of Biittner and Meyer (see
Fig. 335), which was devised in 1887-1888 and rapidly camne into use in Germany, I'rance,
Belgium, and Austria, gives good results. In 1898 sixty German factories were employing
pulp-driers on this plan. The moist pulp is raiscil by means of an clevator, p, and droppeil
at f into an upper chamber, B, composed of four semi-cylindrical channels containing
mixers revolving in opposite senses which stir and lift the pulp and at the same time trans.
port it to the mixers of the similar chamber below ; thence it passes to a third chamber.
A current of air at 400° from a furnace enters A at f and is moved in the same direction as
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the pulp by the aspirator, €', which then forces it into the dust chamber, D, and thece to
the shaft. The pulp shonld issne at a temperatire of 110” so that moisture may not con-
dense on it, and the supply of pnlp is regulated so that the final proportion af water present
is 12 to 14 per cent.

The composition of the dry pmip is as folows: 12 per calt. of water. 6-5 per cent. of
ash, 8 per cent. of profein, 1-2 per cent. of fat, 18 per cent. of cellulose, and 55 per cent. of

TFra. 335.

non-nitrogenons extractive substauces (5 to 7 per cent. being sugar). Tests made hy
Jorini (1911) show that the dry pnlp is 1ot sterile, and may henee be harmful to milk,
THE STEFFEN PROCESS. - Somc years ago Carl Steffen patented (Ger. Pat. 149,503)
a process of extractiug sugar from the heet withont the use of diffusion, a process resembling
that used by Achawrd 125 yers ago (see Note on 1. 545). The beet slices (containing 75
to 80 per cent. of water) are pressed, giving a juice of 20° to 25° Brix, The remaining pulp
is then heated to 85" with mare dilnte juice (15° to 17° Brix), which is thus enriched with
sugar extracted from the pulp. The latter is compressed in a powerful press in tha hot,
the residual pulp being rich in sngar and hence of greater value for cattle-food. 'I'hig
VOL. II. 3a
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process yields less molasses and more first-jet sugar, while it requires less expenchitnre of
water, coal, and Iabour, and a Iess expensive plant, than when diffusers arc nsed. Por
each 100 kilos of beet there are 45 litres of water less to evaporate. The Steffen appmenting
is shown diagrammatically in Fig. 336, The bects pass into an ordinary shecr, //, and the
slices fall into G and then into a horizontal cylinder, M, containing the jmicoe hented ta
95° to 98° (600 litres of this juice and 100 kilos of eold slices give a mixtnre at 85"). A
horizontal screw, Z, transports the slices to T', where they mect a douhle-jneleted (the
inner casing perforated) worm-conveyor, F, which raises them and presses them to spmo
extent, so that the juice runs back into M. At the top of this conveyor they aro disclinrged
into a press of the type described on p. 551 (Figs. 333, 334). The expressred juico relnrus
through the tube, V, to M, while the pulp falls into ¥ and is conveyed to the drying appara-
tus. In order to maintain the juice at a temperature of 85°, part of it is conthutally farced
by the pump, P, through the tube, X,, to the sieve, K,, then to the heater, ¢/, and thrangh
X, to the cylinder, M ; if necessary, steam is injected hy means of the injector, (%, I
order to dilute the juice in M so as to keep it always at 15° to 16° Brix, dihute sngar sahi-
tion from the washing of the defecation mass in the filter-presses (see luter) is intraduced
both directly into the cylinder, M, at R, and into the inclined conveyor at f2;. "The excess
of juice flows continuously through the funnel, 4, to the siove, K, which retains fincly
divided pnlp, aml then
through the tuhe, X, fia the

Wﬁ Ry 5 -@;_‘ dcfecation apparatng,
) r9 AN This process achits of
1 \; the rapid treatment of large
masses of niaterinl, whish is
s heated to 85" i 2 ta
] 3 minutes awd yichls 70

g t@ 80 per cent, of juice pmrer
- than  diffusion jnio  and
about 30 per cente af pnlp
(coutainhyg 70 per ceuk of
water amml 10 per vent of
sugar), which, after drying,
containg 10 per ceut. of
water, 7+6 per cent. of pro-
teins, (-4 per cel. af fats,
10 per cent. of cellnlase, 36
per cent. of non-nitragenans
Fre. 336. extractive nmintters, 62 per
cent. of angar, and 4 per
cerllt. of ash ; the expense of drying in Germany is about 6-5d. per 100 kilas af the dry
pulp.
_ The diminution of 2 to 25 per cent. in the yicld of commercial sngar is campensnted
in various ways; the dry pulp is worth about three times as mitel as diffresiom puelp nad
before the War was sold in Germany at £5 10s. per quintal, in addition to which the dilfusian
process leads to various small absolute losses.

It must be admitted that, after many trials and much discussion, dnring recent: years,
the most competent technical opinion varies with regard to the advantages ¢limed l‘lv tho
Steffen process. It can, however, be stated that only the most efficient diffasion ‘]ﬂmlt
can coml‘)ete.wm‘h the Steffen process, which up to the present has been found most advan.
tageous in districts and in seasons in which prices for the dried saccharine pulp are waro
favourable than those of raw sugar.

In 1910 a dozen factories in Germany alone produced 130,000 tons of sngar hy tho
Steffen process. i '

In a new process devised by Claassen, all the water from the diffusion of tho molasses
a‘nd that resu‘ltlng from the pressing of the exhausted pulp are used directly for the cxtrac.
tion of the sliced beets in the diffusors. In this manner all the soluble substances ;>f the
bfzet‘ are returned a.nc‘l utilised, so that an increased yield of sugar is obtainal with o
a,dﬁlgl:rl;ed consumption of water. This process requires, however, nuch snpervision

The new process devised by Hyro§ and Rak employs more perfect machinery than tho

:$
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Steffen process, yet is identical with the latter in many points; the heating to 85° is,
however, carried out in three stages and the final pnlp is not dried. This process has been
little used, but, according to Herzfeld, could be combined advantageously with the Steffen
process.

Other processes, such as those of Bosse, Naudct, Garez, ete., are concerned mainly with
the rapid heating of the slices below the slicing machine, pressure or diffusion then being
cinployed.

Juice Measurers. These are special automatic apparatus nsed to mensure the jnice
extracted at intervals from the diffusors, each such quantity of juice being registered
automatically on a strip of paper together with the time elupsiig between one discharge
and the next. This paper serves to control the working, while it also indicates any stappages
taking place. 'The underlying principle of such apparatns is the same as that on which
alcohol meters (see p. 173) are based.

The juice is then discharged through coarse filters to remove vegetable fibres, which
arc eventually rejected ; its concentration is 13° to 15° Balling (11 to 13 per cent. of sugar)
and its colour dark brown, and it is subjected to further treatment to prevent its alteration,

This dilute juice is turbid owing to the preseuce of pectic substances and other sus.
pended impurities, and tends to umdergo acid or alecoholic fermentation, as it contains
spores which have withstood the temperature of the diffusors. The pectic matters ferment,
yielding two muecilaginous acids (Pectic acid, Cy,H,;044, and Pectosinic acid, CyyH,,0,,)
which render the juice highly viscous and partially invert the sugar. The juice contaius
also potassium quadrantoxalate and miniimum proportions of invert sugar, citric and makic
acids, cholesterol, resin, coniferin (which may nndergo hydrolysis yielding coniferyl aleohol
and then, by oxidation, vanillin; the latter sometimes flavours the raw sugar slightly),
catechol, glutamine, betaine, allantoin, and lecithin. Decomposition of the hiorganic
ammonium salts always present and of the glutamine yields ammonia, which is evolved
during the concentration of the juices.

DEFECATION WITH LIME. When the fresh juice is treated with lime, if the latter
is not in excess, insoluble calcium pectates scparate and part of the sugar may form sohible
monocalechun sucrate (see p. 539), but if excess of Hime is preseut, the juico is Hahle to lactic
and butyric fermentations, with development of unpleasant odours, If the lime is added
to tho hot juice no fermentation occurs and part of the organic inupurities is precipitated,
part also being carried down by the caleiuin carbonate in the subscquent saturation with
carbon dioxide. The latter also decomposes the nionocaleium sucrate, Liberating tho
sugar. Tho potassium oxalate is precipitated as calcium oxalate, soluble potash behiy
liberated ; the citric and malic acids and various colouring materials are also precipitated.
A small portion of the calcium oxalate redissolves in the saccharine juice.

The treatment of the juice with lime is carried out at 85° in suitable vessels provided
with stirrers. The lime is added in the quantity previously determined in the laboratory
(2-5 to 3-5 per cent.), and may be as lumps or powder, in which case it heats the juice, or
in the form of milk of lime, the concentration of the latter being measured by means of
automatic floating densimeters, which give the quantity of lime present. Kowalski and
Kosakowski have shown that if, as was long ago recommended, the juice is well agitated
during defecation and heating (for 15 to 20 minutes), the total quantity of lime required
may bo reduced to as little as 1'5 per cent. The lime in the juice is estimated by moans of
soap sohition (Pellet’s method) in a way similar to that used to detemnine the hardness of
water (Vol. L., p. 239).

The defecation is followed immediately by carbonatation or satnration with carbon
dioxide ; in some factories tho defecation and carbonatation are carried out simultancously
and continnously. The carbonatation is effected at 70° to 75° since at a lower tempera~
ture the monocalchmn snerate forms a voluminous double salt rendering filtration difficult.

The operation of saturation with carbon dioxide must be controlled rigorousty and
continuously iu the laboratory, since it is the principal source of loss.!

1 The linie and carbon dioxide used in sugar-works are gencrally prepared in a vertical
lime-furnace (see also Vol. L, p. 615), the upper outlet of which communicates Witlt one or two
water-cisterns, nto which the gas is drawn by an asEirator to be washed and cogled beforo
being couveyed to the saturators. Chalk of good quality (frec from iron and containing little
sulphate or silica) is nsed and is mixed with 9 to 10 per cent. of c_:oke (anthracite shonld be avoided,
in order to provent the presence of odorous and tarry impurities in the gas). The gases contain
about 30 per cent. of CO,, and the size of tho suction-pump is calculated on the basis that cvery
quintal of lime produced corresponds with at least 300 ou. metres of gas. The treatment of

36—2



556 ORGANIC CHEMISTRY

In order to avoid the risk of redissolving the calcium carbonate (as bicarhouate). the
saturation is first carried on for 20 to 40 minutes at a temperature of ncarly 90" wntdl a
certain degree of alkalinity remains (0-11 to 0-13 per cent.); the juice is then filtared,
heated, saturated again for about 15 mimates until the alkalinity falls to 0-02 to -0} and
finally filtered a second time. In Austria and
Bohemia, however, alittle lime (0-5 to 1 per cent.,
leaving an alkalinity of 0-05 to 0-07 is added
before the second saturation i the hot (95°). The
juice is then filtered and the third saturation carried
out at 100° (10 minutes), the alkalinity being
reduced to 0-01 to 0-03. After a fresh filtration,
the juice is thoroughly heated for a long time in
another boiler, again filtered and despatched to the
concentrators. In sowme factories the third satura-
tion is now made with snlphur dioxide, which has
a greater purifying action than carbon dioxide and

at the samme time decolorises the solution. Liquid - " oz A
sulphur dioxide mnay be employed, but it is cheaper |M - ’,.,,,,me,’vm,”] J ‘ il 1 i
to produce the gas in furnaces (see Vol. 1., p. 278). ety

In some works continuous saturation is practised,
but without great advantage.

The iron saturation vessels (Figs. 337, 338) Tre. 937.
formerly used were provided at the top with a
large tube for the escape of the excess of gas, That used for the first satiration 18 often
7 metres high, but is filled with juice only to the height of 2 metres (30 ta 50 heetols.), the
remainder of the space gradually becoming filled with a dense froth ; that for the secaud
saturation is 3 metres high, less foam being formed in this case (a large satiratian chamher
is shown in Fig. 339). If too much froth forns, it ean be
reduced by the addition of a little cocount ail.

The juice is heated for the first satiration by means
of a steam-coil, and the carbon dioxide is hitradnecd ad
the bottomm by a perforated tube, . A glass ks inserted
to permit of the operation being viewed, and a closed
orifice, E, serves for the inspection and cleaning vf the
interior.

The completion of saturation is shown hy phenal-
phthalein paper, which ceases to turn violet. ‘Prained
workmen also carry out titrations.

A plant for saturation with sulphur diaxide 1y shawn
in Fig. 340. The air-pump, 4, feeds the sulphm fumace,
B, and the mixture of air and sulphurans acid thew
passes through the tube, C, into the saturatar, /), the
excess issuing by the tubes, E.

Behm, Dammeyer, and Schalmeyer prapase ta jnify
the juice at 75° with a current of 40 to [l awmpives nl
6 to 8 volts for 8 to 10 mimites, using vine clec-
trodes. This treatment seems to resnlt in the deposilian
of various organic impurities, but, althongh jwomising
well, the process has not been adopted.

Filtration of the Defecated, Saturated Juice. 'I'he
precipitated calcium carbonate is separated hy passing
the juice through filter-presses, which allow the clear sugar-juice to pass thraugh nnd

5000 qluinta.ls of beet per 24 hours requires about 300 quintals of chalk (occupying, in s
about 15 cu. metres), which give 170 quintals of quicklime with a consumption of about 85 (quinta la:
of coke (9-3 ci. metres in Inmps).

* Filter-presses are formed of a number of ivon frames, alternately empty nnd tilled in
and supported on two horizontal, parallel rods.  An empty frame is shown at A (Wigs. 341, 343 )
and a filled-inn one at B (Figs. 341, 343). The latter is filled in with sheet-ivanr grooved on botly
sides, the grooves ending below in two horizontal chammels comnmuicaring with a singlo
tap, r (Fig. 343), or f (Fig. 342); the grooves of the two sides are covered with perforated
plate. On the empty frames are stretched cotton or linen cloths, which form two filtering
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retain the suspended impurities and the calcinm carbonate In the form of cakes, which,
after being washed, are readily extracted by mmscrewing the press and removing the

Fra. 339.

frames ; they fall into conveyors or trucks underncath, and are often used as Iime
fertilisers.  The first wash-water is added to the filtered juice, while the last is used to slake
the lime for defecation.

Wy
Fig. 340.
The filtering surface of the filter-presses uccessary after the first saturation is calen~

lated at 0-5 sq. metre per ton of beet worked inn 24 hours; after the sccond saturation 0-25
sq. metre suffices. The pressed cakes of ehalk form 12 to 14 per cent. of the weight of the

surfaces of the same aren as the frame. The frames are squeezed together and against the
strongthened block, P, by the screw, V¥, so that hermetic joints are formed at the edges of all
the frames. Wach frame iy provided with bored projections, ¢ and &, at the top and bottom.
When the frames are joined up, the holes in the projections form two continuons channels.
The turbid juice enters at @ and thence passes thromgh af into all the empty framnes, the atr
being forced out from these through the valve, . When d is closed, the juice passes nnder
pressnre through the cloths on the two sides and the clear liquid flows down the grooves and
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beets (i.e., four times the weight of quicklime nsed). The washing of these eakes require
1 litre of water per kilo,

After the second and third defecations, use is often made, not of filter-presses l)?lt of
mechanical filiers (Fig. 345) which also serve for removing suspended matter and residucs
of the slices from the diffusor-juice. o

During the whele of its course from the diffusors and satarators, the julce 1s nnder
pressure and should rise in temperature from 70° to 100°, but shice heat is lost m all t.hu
pipes, in order that monocalcium sucrate may not be deposited or the liquor hecome tirbid,
the use of keaters is necessary for the first and second saturation juices, ete.

These heaters cousist of a species of tubular boiler divided into threc parts l'>y t.wo
plates, p (Fig. 346); each of the two end parts is divided into 0 chambers, communicating

mn“\

Fic. 344.

in pairs at the two ends alternately. Opposite chambers are connected by groups of long
tubes, 4 to 5 cm. in diameter, through which the juice circulates; steam cnters at (!,
follows a sinuous path round the partitions, V, and finally issues at D. The juice onters
chamber 1 of compartment I at 4, and passes through the tubes to charber 1 of compart-
ment II, then to chamber 2 of compartment II, through the tubes to chamber 2 of com-
partment I, and so on, until it reaches chamber 10 of compartment I and hence leaves the
heater at B.

is discharged at r into the tank, S. When the frames, 4, are filled with caleium carbonnte,
the latter Is washed with water to remove the sugar it retains. Since only the altemate grooved
plates communicate with the tube, b, water introduced under pressure at b will pass through
the cakes of calcium earbonate in the direetion of their thickness and into the grooved plates
(not communieating with ) to be discharged at the taps». In this way, each ecake is brought
into thorough contact with the washing water, which can be measured in S.

In other filter-presses there are no empty plates (Fig. 344), but each of these has a central
aperture over which the filter-cloth, with a hole exactly in the middle, is screwed with a ring
from both sides. The juiee is introduced into the chambers between adjacent plates, and tl.o
wash-water passes under pressure into alternate (odd) plates from the tube, m, traversing the
cakes, and collects in the other alternate (even) plates which communicate not with m but with k,
the wash.water being thus discharged; the air is initially discharged from the odd frames
through 4. Each press eontains 20 to 50 plates, each 3 to 5 cm. thick, and with a length of
side 60 to 100 cm.  The juice to be filtered is pumped in under a pressure of 3 to 4 atmos.



CONCENTRATION 559

After the third saturation the juice passes into a final heater or boiler, where it is
thoroughly boiled but not under pressure. The juice is moved by means of pumps, a
separate one being used after each operation (for raw juice, first saturation juice, second
saturation juice, etc.); double-action
piston pumps or Girard pumps, with
an efficiency of 80 to 85 per cent., are
employed.

When the tax is based on the
volume and density of the defecated
juice, before the latter goes to the
evaporators it passes into tanks under
the supervision of the Inland Revenue
authorities, who measure the density
at 85° to 90° and then reduceit to the
normaltemperature bymeansof tables.

~ CONCENTRATION OF THE
JUICE. The defecated, saturated,
and filtered juice is pale yellow and
perfectly clear ; it contains 88 to 90
per cent. of water, 10 to 11 per cent.
of sugar, and 0-8 to 1 per cent. of salts.
The formation of crystallised sugar
requires first considerable evaporation
or concentration and then botling.

The concentration of the dilute ' B
juices is one of the most important R T
problems in sugar factories, the pre-~ Fio. 345
paration of 74 tons of massecuite con- ) )
taining 7 per cent. of water from 500
tons of beet with a sugar-content of 12 per cent. involving the evaporation of 426 tons
of water. Enormous economies are cffected by evaporating or concentrating at reduced
pressure, which also prevents excessive colouring of the juice, since the boiling-points
of liquids are lowered as the pressure is reduced.?

1 The boiling-point of water for different degrees of vacuwm is as follows (Regnault-Claassen) :
with a vacuum of 50 mm., 98-1°; 100 mm., 961°; 150 mm., 94°; 200 mm., 91:7°;
300 mm., 86-5°; 400 mm., 80-4°; 500 mm., 72-5°; 600 mm., 61-6°; 650 mm., 53:6°; 700 mm.,
41-7°; 720 mm., 34-2°; 740 mm., 22-4°; 750 mm., 11-8°. It must, however, be remembered
that saccharine solutions boil at higher temperatures than water. Thus, under the ordinary
pressure, a solution containing 30 per cent. of sugar boils at 100-6°; 60 per cent., 103-1°;
80 per cent., 110-3°; 85 per cent., 115° .

The boiling-point of a liquid for a given degree of vacuum is obtained approximately by
Duhring's lare, according to which the difference between the boiling-points of a liquid at two
different pressures bears a constant relation to the eorresponding difference for a second liquid.

The values of this constant, g, when the second liquid is water are given, for a number of liquids,
in the following table, which gives also the boiling-points under various pressures :

Vacuum in illimetres
Substance Constant
? 0 526 611 710 750
Boiling-point

Water . . . . . . —_ | 100° 70° 60° 40° 10
Aleoliol . . . . .1 0904 78:26 | Al14 | 421 | 2402 —~3-1
Ether . . 10 3497 497 | —503 | -2502 | —5503
Acctic acid . . . 1-164 | 1197 84-58 73-17 49-84 15
Benzylidenc chloride . . 11485 | 2100 165'5 150-6 120-9 78-4
Benzaldehyde and benzyl chloride 1'353 178-0 133-4 1139 96:8 6.2
Benzene . . . . 1-115 80-36 46-61 35-306 12:86 —20:9
Twrpentine 10329 | 159-15 | 119-28 | 108 79-81 39 54
Butyric acid . . . .| 1228 | 161'70 | 124-86 | 111'6 87-02 512
Glycerol . . . . . . 125 290 251-5 240 215 1775
Mcrenry . 2 35725 | 297.15 | 277-25 237-25 | 17725
8. Naphthol 2 290 230 210 170 110
Phenol 12 178 142 130 104 70
Cresol 12 190 164 145 118 82




580 ORGANIC CHEMISTRY

The commonest type of vacuum apparatus with a single vessel or offel is the spheroidal
form shown in Fig. 347, which is steam-heated and is simple and inexpensive, aud 18 often
nsed in small works dealing with alimentary and other products.

In multiple-effet appavatns the evaporation bodies arc simply largs wronght. or east.

Fra. 346.

iron (formerly copper) boilers surrounded by an insnlating carth. These hodies nae of
various shapes and are placed sometimes vertically and sometimes horizoutally. ‘Fhey nre
usually divided (Fig. 348) into three compartments by means of two partitions, held rigid
by a number of brass tubes, 2 to 25 ¢cm. in diameter, conntecting the first and third com-
partments, In boilers with harizontal tubes (Figs. 349, 350) the stean cirenlates in the
tubes in a sinilar mwmwr to the
juice in the heater described ahave
(Fig. 346). while the jnice sumromuls
all the tubes. i vertical badies
(Fig. 348) the steam, eatering al /1
and issuing at B. circulairs in the
chamber between the two partitions
and heats the munerous cammecking

Fie. 347, Fic. 348,
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tubes.  The saceliarine solution is thus brought into a condition of vigorous ¢bullition
aud cirenlates rapidly between the lower and upper chambers, as indicated by the
arrows in the fignre. The level of the liquid, which can always be controlled by the

. 349.

external glass tube, @, is kept just above the tubes; in this way, less froth is formed, the
frec vapour space is increased, and danger of caramelisation is avoided. The boiling may
he observed through the window, ». In order to separate the drops of liquid carried away
in the stcant, abont two-thivds of the way up the boiler is placed a plate, P, with a large

central aperture, O, above which is arranged a kind of metal nmbrella, p, at a height adjust-
able by the levers, ¢, w, and . This height is chosen so that the liquid condensing above
P contains no sugar.

Tigs. 349 and 350 show a high-power hLorizontal evaporator of the Wellner-Jelinek
type, and Fig. 351 the arrangement of the pipes therein. The heating tubes occupy only
the tower part and are covered by a thin layer of the sugar solution, the steam passing
through a long length of tubing.

In a triple-cffet plant (as in Fig, 352) the first effet or body on the left is charged with
solution previously heated in 4 and is heated in D by steam at 112° entering the bundle
of tubes E at @. The steam from the liquid in the first effet, which boils at 94-6° (vacunm
112 nm.), passes through the wide pipe H and is eondensed round the tubes of the second
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effet, where the boiling-point is 77-4° (vacuum 442 mm.). The steam from effet 2 passes
through H to be condensed round the heating tubes of effet 3, which communicates directly
by K with the barometric columns LN and by SR with the vacuum pump of effet 3 which
gives a vacunm of 608 mm. in F, the liquid thus boiling at 60°. The pipe, K, conveys the

steam from effet 3 to the
chamber, L, furnished with an
iron barometer tube, M, at
least 12 metres long, which
dips into a well or water-tank,
T. The condensation water
collects in the tube, M, to a
leight corresponding with the
vacuumn formed in L, and hence
in the effet 3, but the majority
of the steam condenses in the
chamber, N, into the top of
which the tube, O, introduces
a fine cold-water spray which
produces anabundantand rapid

Fia. 351,

condensation of steam and a considerable lowering of pressure, so that a large quantity of
hot water passes into the vessel, U, from the barometer tube, P A little stecam condenses
in the chamber, @, communicating by the tube, 8, with the suction pump which maintains
the vacuum. The vacuum pump may also be connected, by means of three narrow tubes,
with the three evaporation bodies, in which the vacuum may be regulated as desired. It is

I
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Fic. 352
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evident that in the three

evaporation bodies, espe-
cially in P, the water must
,\f a not be kept at too high a

N temperature, so that it

may not evaporate in its
turn and may help the
condensation of the steam.

In small plants use is
made of simple horizontal
evaporators with bundles
~S of heating tubes on to
which the liquid falls in a
thin film in continual cir-
culation, while in XKcst-
ner’s evaporator the liquid
circulates in a thin layer
in a systein of vertical
tubes (see Vol. L., p. 563).

In various industries
S special methods of con-
centration of solutions are
applied, and of these the
following may be men-
* tioned.

i The solvent may be

frozen and removed in the
solid condition. Monti

(Ger. Pat. 194,235, 1907) suggested the industrial application of this process, which finds
a use particularly in the wine industry but is not convenjent in the manufacture of sugar,
The Honigmann-Kayser system of evaporation is described in Vol. I. (p. 568).
The auto~-condenser evanorator of Prache and Reanillan iz hagaed an the neinaiple that
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A somewhat similar method has been applied, in which use is made of a turbo-com-
Pressor of the Zoelly type giviug an energy efficiency of 60 per cent. or more (Fig. 353).
Tn this apparatus the liquid to be concentrated passes into the vertical boiler and is first
heated by live stcam circulating round the system of tubes. When the liquid boils the steam
Is drawn off at the top to the turbo-compressor, which compresses it and forees it round
the heating tubes, as shown by the arrow. This compressed steam is condensed and thus
<vaporates the lquid to be concentrated. Thus the turbo-compressor functions as a thermal
ump, transforming mechanical energy into thermal energy. After evaporation has
sstarted, very little live steam is required. This system is practicable only when very chieap
electrical energy is available. It is not applicable under reduced pressures and cannot be
used with liquids giving vapours which attack the metallic parts of the turbo-compressor.

In factories where there is not an abundance of water (that required by vacuum plant
is ten to twelves times the quantity of juice to be concentrated), it is convenient to utilise
the hot condensed water from the steam-cngines (an engine of 350 to 400 h.p. requires
about 1 cu, metre of water per minute for condensation) and that from the vacuum concen-
tration batteries. This water is cooled in suitable atmospheric coolers, T' (Fig. 354), so that
it can be used in the barometric tubes and al$o for the washing and hydraulic transport of
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Fie. 353.

the beets. The tank, K, corresponds with that marked U in Fig. 352. A pumip, 4, forces
this water to the top of the pile, 7' (see also Vol. I, p. 568), whence it flows down over the
faggots built up under a kind of hood, which produces a strong upward draught of air and
=m0 evaporates and cools the water (e.g., from 50° to 60° down to 25° to 30°). The latter
collects underneath in the tank, r, and is then transferred by the pump, M, to the chamber,
", where the dissolved air is separated and passes out through the pipe, g (higher than &).
"T'he water rises in the tube, @, to the top of the barometric condenser, C, which is evacuated
Ty the pump, B, and the tube, n; the pipe, V or S, corresponds with the tube, X, of the
yporeceding figure and communicates with the third evaporation vessel.
Other more efficient arrangements are also used for the cooling of the hot water. Fig. 355
-mhows a system consisting of numbers of vertical rods arranged in layers crossing one
avnother in & manner similar to those of the apparatus depicted in Figs. 249, 250 (p. 343).
"The hot water, entering by the pipe, 4, is distributed homogeneously by means of the
1Hooth-edged channel, C, and collects in the vessel, B, underneath ; the air drawn uI')wards
between the rods carries with it a cloud of steam. Another arrangement is shown in Fig.
356 ; here a wooden cap or cover fits over walls composed of sticks arranged in the form
of venetian blinds, while at the bottom a Kérting injector produces a powerful jet of
pulverised water in the shape of an inverted cone. The upward air-current evaporates
the water while the latter ascends or while it flows down in a thin film on th‘e boards (in
this manner only 4 per cent. of the water is Jost). Equally ingenious and simple is the
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cooling effected by forcing the hot water nnder pressure into a cirenlar pipe fitted with
a number of Kirting pulverisers, catching the water in a large tank and, if neecessary,
passing it again through the pulverisers (Fig. 357); but by this procedure more than 10
per cent. of the water is lost.

In those scasons of the year and on those days when the air is warm and dvy, the tem-
perature of the water can generally be redneed to that of the air, hmt if the air is cald
and not very dry, the temperature of the water remains 6 to 7° above that of the atmo-
sphere.

BOILING OF THE CONCENTRATED JUICE. The juice from the evaparators has
a density of 28° to 30° Bé ( = 50° to 55° Brix) and an intense hrown calour, aud in order
to induce crystallisation of the sugar it is necessary to concentrate it 1util not more than
15 per cent. of water remains (85° Brix). This conceutration or boiling is carried out in
simple vacuun: boilers or vacnwm pans, the juice being first filtered throngh mechamical
filters, collected in tanks and drawn into the pans which are alrcady evacuated.

Fig. 354

These pans resemble ordinary evaporators and are made of sheet.ivon ; they may he
cither horizontal (like that shown in Figs. 349 and 350) or vertical. In the lower purt of
the pan is a dense coil of copper or brass pipes arranged either i1 a %igzap nianner or in
concentric circles, and through these passes the steam (Ifig. 358); in somo cases, however,
the bottom of the pan is steam-jacketed (Fig. 359). The concentration or boiling is carried
out at ag low a temperature as possible and the pan is fitted with a froth-separatoer (vee
Figs. 348, 349), a tap for the removal of test-samples of the mass towards the end of the
operation, and a wide discharge pipe, K.

The first thing to be done is to evacuate the pan by connecting it with the condenser
and with the vacuum pump. Next the cock of the tube dipping into the concentrated juice
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lished in the pan. The whole mass is then discharged from the outlet, K, into a large vessel
furmished with stirrers, where it is gradually cooled and the crystallisation completed.
The boiling and discharging of the masseeunite ocoupy altogether abont 10 homrs.  Ifig. 360
shows a battery of Bock cylindrical erystallisers fitted with stirrers.

Larger erystals are obtaiuned by adding to the crystallising vessels a little wmiboiled juice,
which lowers the sugar-content somewhat and retards the crystallisation. When no further

Fia. 355. Fia. 356.

crystallisation takes place, the mass is discharged, by means of a parachnte at the hottom
of the crystallisex, into the centrifuges, which readily separate the ligunid molasses from
the solid sngar.

"This procesy of boiling is termned hoiling lo grain to distinguish it from the bodliny to
threwl, vaw nsed only in refining.  In the latter easo the boiling is not coutinued mtil
crystals fm, the proper density of the boiled juice behyg ascertained by sqneezing a drop
between the finger and thuib and then sharply withdrawing the finger; if o filament is

T, 357.

thus formed, the boiling is not finished, but the breaking of the thread with formation of
two projections indicates the end of the boiling, The syrup is then poured into moulds,
which are kept lnkewarm until the whole mass sets to an almost solid block composed of
finer crystals than in the preceding case.

CENTRIFUGATION OF THE FIRST MASSECUITE. The centrifuges for the masse-
cwile have dimms of perforated steel with an hmer coating of fine‘meshed ganze. The
diameter of the dimmn is about 80 to 100 ¢m., the height 40 to 45 cm., and the speed of
rotation 800 to 1000 per mimute. The motive force is applied mmderncath, and the centri~
fuged sugar remaining in the drum is discharged either above (Ifig. 361) or through a door
which can be opened in the base of the drum (Pig. 362). The massecuite is passed directly
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from the crystallisers to the centrifuges, and, in order to effect more complete separation
of the molasses adhering to the surface of the crystals, especially in the layer adjacent to
the gauze, so-called covering or clearing is resorted to ; while the centrifuge is still in motion,

Fie. 359.

%ug&r is sprayed with finely divided cold or tepid water (Fig. 363), or cven with a jet
of steam applied inside or, better, to the outside of the basket, the molasses being therehy
rendered more liquid. This procedure naturally gives a whiter raw sugar (first prachict)
but in diminished yield, a small part of the sugar being carried away with the molasses by
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Frc. 360.

the water. This loss is diminished by using, in place of water or steam, sugar juices (syrups)
gradually increasing in purity, so that the molasses and less pure syrups are removed and
the sugar left covered with a solution of pure sugar. In this way minute, moderately white
crystals of sngar are obtained, and these are sometimes placed on the market without
refining, but the public suspects them of being adulterated and prefers quite white crystals
or cubes.



CENTRIKUGATION O THE MASSECUITE 367

The molasses from the centrifugation of the first massecuite, after separation of the
Jirst-product sugar (first runnings), is further concentrated and boiled in syrup pans, which

are similar to vertical evapora-
tors and are worked under a
vacuuni, but are wusually of
single effet. The boiling is con~
thrued until the syrup gives a
long thread (see above), the im-
purities present preventing
boiling to grain.

This second massecuile is
then placed in large tanks in
the molasses roown, where it is
kept for 25 to 30 days at a
temperature of 35° to 40°. The
blocks of erystals which sepa-
rate are broken up with suit-
able bladed machines, and are
then delivered to the centri-
fuges by means of screws or
piston pumps. The resulting
second-product sugar is rather
yellow. The molasses which
then separates is further con-

Fie. 361.

centrated and the third massecuite gent to the molasses room, but no more sugar separates,
since the various potassinm and other salts present prevent about five times their own

i

Fra. 362.

1 Ti somo worlis the second product is obtained
nmiuch more rapidly by the Bock or the Grosse
rocess.  In the first of these, the molasses is not
eft for 25 to 30 days in the molasses room but
is crystallised in 4 to 5 days by contimially
shaking in large, jacketed drums heated to 90° to
05° and adding a considerable quantity (25 to
30 per cent.) of crystallised sngar. It is then
allowed to cool slowly, but at certain times it is
heated one or two degrees above the temperatures
it shows at those times, so that the smaller crystals
formed, and these only, are redissolved. When
the mass has been cooled to 35°, the crystalline
blocks are crushed and centrifuged, the amount
required (25 to 30 per cent.) to induce the molasses
(sec above) to crystallise being previously removed.
In the Grosse process, the mass is kept in
motion by a vertical Archimedean screw rotating

weight of sugar from crystallising. This
molagses is hence sold as it is for the pre-
paration of cattle-foods or for the manu-
facture of spirit (see p. 166). In some.
countries, however, it is treated by speciaf)
processes for the extraction of the sugar
still present.! Kvery 100 kilos of beet
treated yield 1 to 3 kilos of molasses.

The first- and second-product sugars

= from the centrifuges are sent to the stores,

where they are sieved to break up the
crusts, which retain molasses. The two
products are often mixed, putup in bags

l holding 100 kilos, and despatched to the

refinery.
SUGAR REFINING. The raw sugar
(first and second products, with a purity

Fic. 363.

in the vacuum pan. With this procedure, crystallisation takes place in 48 homrs and, after
cooling to 40°, the crystalline mass is disintegrated and centrifuged. . .
Loblich, Zschene, Stenzel, and others have tried mixing the molasses with fresh juice and
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of 88 to 96 per cent.) is not usually placed on the market, but is purified in vefincries,
where it is dissolved in hot water, the purer and less coloured qualities of high remlenmcnt *
being kept separate from the more impure grades of low rendement.

The solution, with a density of 37° to 39° B&,, is treated with a little ime, with 3 ta 4
per cent. of animal charcoal and often with 2 per cent. of ox-blood, after which it is bailed,
the frothy crust forming at the snrface being continually broken. The suspended matber
is then removed by rapid mecchanical filters or by filter-presses. The residue (retinery
black) is utilised as a manure. while the hot and still coloured solution iy passedt thrangh n
battery of four or six tower filters, 8 to 9 mctres in height and 60 to 80 en. in dimmncter,
filled with animal chareoal (Vig. 364: A, tube for dense jiice, B, for dilnte jnice. (! for
water, D for steam) and previonsly hoates]
with steam (D) to prevent the sigar
scparating and to ohtain the maxinmm
decoloriging action of the charcoal, this
being exerted in the hot.

The animal charcoal or bone-litnck has
a considerable affiuity for colowming-
matter and for lime, but only a slight
one for sugar, but in course of tinte the
pores of the charcoal become obstracted
and its decolorising power diminished,
so that after a few wecks it hecames
necessary to revivify the charcoal.*

The solution is passed throngh the
filters in succession and, if necessary, this
procedure is repeated. When the syrpy
liquid is decolorised, it is councentratel
and boiled in ordinary single-cffet vacimm
pans (of copper) nntil it shows the grain
or short-thread test (see «hane).

When the massecuite reaches this
degree of conceutration, it is ponnmed hila
a jacketed copper vessel, in which it is
kept at 85° to 90” to initiate the farmn-
tion of large erystals. It is then allawal
to flow into conical copper monlds with
their apices, closed by plags imderucath.
The mass, which has just began ta crystal-
Fic. 364. Tise, is well stirred, and when it has

I
I

|

|

defecating the mixture in the ordinary way, but this process does not scem to offer any great
advantage.

1 The rendement expresses the percentage of refined sugar obtainahle from tho raw megar
and s determinerd indirectlv: an tha acmntian #hat svapn 1 navk af aah dipminichao (ha salineat
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assumed a certain consistency it is left at rest at a tcmpemture' of 35° so that all the
molasses collects at the bottom and can he discharged by removing .thc plug.‘ In order
to remove the molasses completely, the sngar-loaves with‘thelr casings are introdncesl
into the moulds of a Fesca centrifuge (Ifig. 366). which holds sixteen of them, arranged alter-

S
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a, 363,

nately in two superposed series of eight. The point of the sngar-cono communicates with
the aperture, J', of the drum of the centrifuge, and when the latter is charged it is fittod
in the middle with a cylinder, b A"k, which rotates with the drm and is provided with
channels, S, communicatihyy with all the cones, so that the covering solntions (see abone) may
be run in from the tank, ». These sohibions consist of three or four pale syrmps and three or
four concentrated solutions of puwe sugar. In order to remove the last traces of yollow
colour from the sugar and to bhue it slightly,
as is sometimes required, the final covering
synip is mixed with a minimmm amomt of
ultramarine (5 grms. per 10 tons of sugar) or
nicthyl or ethyl violet or, better still, accord-
ing to a recent suggestion, indanthrene. The
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Cube sugar was formerly obtained by sawing the large blocks, this entailing consider-
able loss, but at the present timne suitable centrifuges (Adant type, Figs. 367 and 368)
yield directly long rods of sugar of the requisite thickness, these being then sawn with a
minimum of loss, A platform, F, carries eight vertical prisms, o, furnished with screws by
which they are fixed to an upper annular disc. The latter is slotted (¢) to allow of nsse-
cuite being introduced into the chambers (a ) remaining between each prism and the next,
and divided into a mumber of tall narrow chambers by fixed plates in the grooves, i The
platform is introduced into the cylinder, H, which fits tightly the periphery of the moulds,
these being closed inside by a second c¢ylinder. All the chambers are filled with massceuite
introduced through the slots, ¢, the whole being allowed to cool for 12 to 14 hours with
occasional shaking. After complete crystallisation, the whole platform is withdvawn hy
the crane, G, and placed in the centrifnge, D, which makes about 700 revolntions per
minute. The covering is effected at a reduced velocity with sugar solutions eutering by
the tube, C, from a reservoir at a height of 5 metres. After the sticks of sugar have been

Frc. 368.

remioved, the platform and moulds are washed with water and are then ready to reccive a
fresh quantity of massecuite. . M

Pilé or crushed sugar is obtained in a more simple manncr by covering the crystalline
sugar (from massecuite) in the centrifuge itself by means of water, steamn, or pure sugar
solution. Slight prolongation of the centrifugation yields a hard, compact mass, which is
removed in large blocks and broken into small irregular pieces (pilé sugar) by a special
crusher having an indented drum (Fig. 369).

Powdered sugar or farin is obtained by grinding tumnp sugar and any scraps betwcen
two smooth, horizontal rollers (4 and d’, Fig. 370) which are brought near to one another
by springs and are furnished with scrapers, f, to detach the powdered sugar ; the latter is
subsequently sieved. Powdered sugar can also be obtained by means of the Xxcelsior mill
(see Fig, 164, p. 201), which yields as much as 2000 kilos per hour of a sugar not too finely
powdered.

UTILISATION OF MOLASSES, The processes employed for the extraction of beet-
sugar yield about 3 per cent. (of the weight of beets) of molasses, 2-3 per cent. being obtained
in the factories and 0-8 per cent. in the refineries. These are dense, dark-coloured syrups,
containing 40 to 50 per cent. of sugar, This does not crystallise owing to the presence in
the molasses of 8 to 10 per cent. of mineral salts, which prevent about five times their
weight of sugar from crystallising. Hence, in general, it is diffioult or almost impossible to
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extract sugar by direct crystallisation from syrups with a degree of purity less than 60 to
65 per cent. The percentage composition of molasses varies between the following limits :
water, 19 to 28 (ircan, 23); sugar, 45 to 54 (mean, 48); solids not sugar, 26 to 29 (mean,
28); ash, 6 to 8 (mean, 7; largely potassium salts); invert sugar, 0-1 to 0-4 (mean, 0°15);
nitrogen, 1-25 to 1:-85 (mean, 1-65). The degree of purity ranges from 62 to 67 per cent.
(mean, 64 per cent.). The molasses contains about 10 per cent. of the total sugar of the
hect.

The recovery of the sugar from molasses involves indirect processes which are uot
always convenient in practice, and when this
is the case the molasses is employed for the
manufacture of cattle-food or spirit (see p. 166).
In spirit factories the molasses is diluted to 12°
to 14° Bé. (about 15 per cent. of sugar), when it
can be fermented (see p. 166). Ten tons of
molasses yield 23 to 25 hectols. of alcohol
(calculated as anhydrous spirit) and 1800 kilos
of CO, The potassium salts are extracted
from the residual vinasse by the process de-
seribed in Vol L, p. 545. 100 kilos of molasses
give 35 kilos of concentrated vinasse (40° Bé.),
and by calcining this 10 kilos of vinasse charconl
are obtained. In some factories the vinasse is

F1g.~369. now treated for the recovery of the ammonia
- and fatty acids by the Iffront process described
on p. 188, without, however, losing the potassium salts.!

In Italy, before the modification of the fiscal regulations which taxed the defecated
saccharine juices directly and left untaxed the sugar in the molasses, various factorics
applied certain of the chemical and physical methods used in other countries for the extrac-
tion of the sugar from molasses—by means of osmosis, lime, strontia, baryta (formerly by
means of alcohol), ete. When these methods (see later) are used, it is calculated that the final
molasses does not exceed 0-5 to 1 per cent. of the weight of the original beets.

(1) Osmosis Process. This was .
first proposed by Dubrunfaut in :
1863, and is based on the osmotic
propertics of erystalloids, which
pass through a membrane immersed
n water (see Vol. I., p. 80). Dif-
ferent crystalloids traverse the

1 The molasses vinasse (spent
wash) remaining after the distillation
of the alcohol has a density of about
4° Bé. and contains 6 to 7 per cent. of
golids. When utilised, it is first con~
centrated to 40° Bé. (100 kilos of
nolasses give 35 kilos of this concen-
trated vinasse), when it contains 75
per cent. of solids with about 4 per
cent. of nitrogen. Abont one-half of
the solid substances are nitrogenous
compounds. The solids contain 10 to
12 per eent. of betaine, 5 to 7 per cent. . . . . . )
of glutamic acid, and 1 to 2 per cent. of leucine and isoleucine, besides varying quantities of
amino-acids and nuclein bases; the non-nitrogenous constituents consist of about 15 per cent.
of fatty acids (formic, acetic, lactic, butyric, and homologous acids), and 15 to 20 per cent.
of otheér organic compounds not completely investigated. Effront thinks it possible, from
10 tons of molasses, to obtain 75 kilos of ammonium sulphate and 95 to 120 kilos of fatty acids,
by the action of yeasts which decompose the amino-acids into ammonia and fatty acids, separable
by distillation. ~According to F. Dhrlich, however, yeasts transform amino-acids into alcohol
and succinic acid, the formation of ammonia and fatty acids being due not‘to yeasts but to butyric
aud other bacteria which always occur with yeasts, and decongpose the amino-acids into ammonia,
tatty acids, and varions amines just ag in ordinary putrefaction. Hence the effect of the Effront
process could also be obtained by adding to the aqueous vinasse a little putrefied meat and
allowing putrefaction to proceed. The r{xanipulatlon of large masses of putrefied liquid would
not, however, be very agreeable or hygienic.

Q7_9
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membrane at varying speeds, the sugar, for instance, far more slowly than salts. Hence,
if the molasses is placed in a dialyser and surrounded with water, after a time the water will
coutain more salts than sugar, while the molasses will be diluted with water but will contain
relatively mare sugar and less salts than at first.

The apparatus now used for osmosis (Ifig. 371) consists of a serics of wooden frames
4 ¢m. in thickness and of the size of those used in filter-presses ; these are separated by
sheets of parchment paper, the whole being pressed tightly together. The compartments
thus formed are filled alternately with water and molasses. The upper part of the whole
of the osmogen constitutes an open reservoir formed by the upper vertical projections of
the frames. The molasses for feeding the alternate chambers is placed in this reservoir and
is kept circalating in various ways. The water chainbers are fed from the lower part and
ave discharged through a commion npper tube as they become enviched with salts,

The osmotic effcets ocenr best i the hot, so that the molasses is introduced at 80° and
the water at 90"

The taps through which the lignids enter and leave the osmoyen are regnlated by
automatic floats which close or open the taps more or less so as to maintain a constant
relation between the density of the exosmosed aqueous solution and that of the osmosed
molasses. This relation is determinet beforchand in the laboratory, aml corresponds with
the conditions least favourable to the loss of sugar with the osmosis water and most favonr-
able to the purity of the residual molasses.
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Fra. 371.

The exosmosed water generally has a density of 3° Brix (3 per cent. of sngar and salt
together), and the osmosed molasses 35° to 40° Brix (measured at 75° C..); the latter is
cqncontratcd and boiled in ordinary syrup pans until it shows the string test. Crystallisa-
tion is carried out in the molasses room at 40° to 45° or in the Grosse apparatis. The
crystallised sugar is separated by centrifugation and the new molasses ohtained again
subjected to osmosis. This operation is repcated onco or twice more—in fact, until the
quantity of sugar extracted would be insufficient to pay the cost. Insome cases the osmosis
waters are concentrated and reosmosed.

. The fina} molasses and the final osmosis waters—rich in salts and also in sugar—serve
for making spirit, shoe-polish, or potassium salts (see p. 183). They are also given to cattle,
but must then be dilnted with solid vegetable products as an excess of salts may excrt
harmful effects.

(2) Lime Process. Steffen found that the addition of finely powdered, sieved quicklime
in small portions to a solution of molasses of a suitable concentration (abont 12° Brix.
i.e., 7 per cent. of sugar, obtained from 1 ton of molasses - 70 hectols. of water), and
kept at a temperature below 15° results in the separation of insoluble sucrate conta,irﬁng
rather more lime than tncalclum sucrate, whilst the impurities remain dissolved in tho
aqueous molasses.

The operation is carried out in a vessel (Figs. 372, 373) similar to the Grosse apparatus,
the steam-pipes being used, however, for the cireulation of cold water at about 12°, so that
after each addition of lime, when the temperature rises 7° to 8°, it can be brought rapidly
down below 15°. The addition of lime is continued until all the sugar is precipitated (about
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100 kilos of lime per 100 kilos of sugar), this being ascertained by reading the clear liquid
in the saccharimeter.

The resultant sludgy mass is filter-pressed at a pressnre not excoeding 13 atmosphere,
the filtrate still containing ahout 0-5 por cent. of sugar, which can be separated as tricalcium
snerate by heating the liquid to 90° and filtering,

The cakes of snerate are washed several times in the filter-press and the fahly Jure.
residue used to defceate fresh diffusion juice before saturation with earbon dioxi(‘le; or
the sucrate may be treated with any cold saccharine salntion se as to form the saluble
monosiierato, the precipitated excess of lime being removed hy filtration aud the fltrate
then saturated with carbon dioxide in the ordinary mamer.

(3) Strontia Process. When an cxcess of orystallised stroutimu hydroxide is added to
a dilute sugar solution at a temperature of about 100° and the lgnid boiled, a granular,

Ihe. 372, I, 373.

sandy precipitate of strontimn disncrate i obtained, which is stable in the hot whilst in
the cold it decomposes hito sugar and strontimn hyslroxide.

In a snitable boiler provided with steam-coils and stirrers, a 10 per cent. solution of
strontium hydroxide is boiled, further quantities of the hydroxide being added until a
20 to 25 per cent. solution is obtained. The molasses is now added in amount eqnal to
about one-third of that of the strontium solution, which is stirred rapidly and heated
meanwhile. Stronthum hydroxide is snbsequently introduced in such amount that the mass
has 12 to 13 per cent. of excess alkalinity. The total strontium hydroxide is related to the
sugar in the molasses in abont the proportion 2-5: 1.

The precipitated disucrate is filtered rapidly in the hot through bag-filters and washed
with boiling 10 per ceut. strontium hydroxide, the latter being recovered from the filtrate.
The disucrate is then disgolved in a cold strontiun hydroxide solution and the sohition
introduced into metallic vesscls situate in an apartment kept below 10° 1In the conrse of
three days one-half of the hydrate separates in a crystalline form, the saccharine solution
being then decanted and the residue centrifuged. The sugar solution is then saturated with
carbon dioxide until it shows an alkalinity of 0-05, all the strontium being thus separated
a3 carbonate. The very pure sugar solution obtained after filtration is concentrated and
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boiled as usual, the crystallised sugar obtained being placed directly on the market without
being refined.

A somewhat different mode of procedure is that based on the formation of strontium
monosucrate, but this does not yield the whole of the sugar as the above process docs. In
Germany the desaccharification of molasses is effected almost exclusively with strontia in
large works specialising in such work. _

(4) Baryta Process. When solutions of molasses and of barium hydroxide are nixed
in the hot in the proportion of 1 mol. of sugar to 1 mol. of the hydroxide, a heavy, sandy
precipitate of barium monosucrate is formed which is stable to eitber hot or cold water;
this is collected as usual on filters and freed from impurities by washing with cold water.
It is then saturated with carbon dioxide in order to liberatc the sugar and, after dilntion
with other sugar Juices, is filtered, concentrated, and erystatlised.t

YIELD AND COST OF PRODUCTION. Formerly a hectare of land yielded with diffi-
culty 20 tons of beet, but as the result of long-continued improvement of the methods of
cultivation, manuring, selection of seed, ete., as much as 30 to 40 tons are now obtamed,
and in certain special regions (e.g., Ferrarese) as much as 60 to 65.

For every 100 kilos of beet worked, the loss is caleulated to be 16 kilo of sugar i Ttaly
and only 1 kilo in Germany. The cost of cultivating 1 hectare of becet, including mamure,
transport, etc., amounted before the war to £12.

Ttalian manufacturers catculate that in bad seasons the production of 100 kilos of refined
sugar required 1 ton of bect, the cost of working this being 7s. to 8s. (inchuding 3s. for
coal). Refining cost about 5s. 6d. (100 kilos of raw sugar give about 90 of rcfined).

In Germany 100 kilos of beet gave not more than 8-4 of sugar in 1870, about 125 in
1890, and 158 (inchiding that from the molasses) in 1909-1910. The mecan prodiction per
hectare was 24 tons of beet in 1871 and 30 in 1910.

The consumption of coal in working 100 kilos of beet in Germany was 35 kilos in 1867,
24 kilos in 1877, 10 kilos in 1890, and 7 kilos (8 in Italy) in 1900. By these of Kestiter
concentrators (see above) a further saving in coal has since been cffected.

The cost of mamifacturing 100 kilos of cane-sugar in Java varied, before the War, from
12s. to 16s., and transport to England or the United States ammounted to 2s.

STATISTICS.> The history of the development of the sugar indnstry i Enrope and

1 The barium carbonatoe filtered off is converted into the oxide and then into the hydroxide
by heating in suitable high-temperature furnaces.

This barium process was used for some time in Italy, after it had heen show that 110 danger
to health was to be feared from the use of a barinm compound, since this i climinated alnost
completely by carbon dioxide and the firal traces by caleim sulphate. The harinm hydroxide
required s importeil priveipally from America and Clermany, hut hy 1003, fonr factories had
been erected in Italy for supplying all the baryta nceessary to the sngar factories.  thie of these
factories, at Calolzio, starts from barium snlphate ; another, at Milmy, heats the harinm carhonate
from the sugar-works; while the remaining two, at Foligne aud Pont St Martin respectively,
treat barium carbonate in electric furnaces, niaking first barium carbide, which with water gives
acetylene and barium hydroxide (Garelli's process).

Such treatment of molassesin Italy was found feasiblo as long as tho sugar extracted in this
way remajied free from taxation, that is, while the tax was levied solely on the defecated diffnsion
juice. Since 1904, however, the total quantity of sugar produced, incinding that extracted
from molasses, has been liable to duty, and the molasses is consequently utilised in the distillery
and in the manufacture of cattle-food. Recently some sugar factories have resorted ta treatment
of the molasses with barium sulphide, which is much cheaper than the hydroxide and is obtainel
direetly from the sulphate in the electric furnace.

% The Commercial, Customs, and Fiscal Conditions of the sugar industry in Ttaly and
other countries. In some countries this great industry has heen extended artificiully awing
to the direct and indircet help afforded by the State, and to the speculations of financievs. With
the excuse of protecting national industries, Governments havo levied heavy Customs dnties,
with the result that the public has paid dearly for its sugar, while nammfacturers have accanmlated
enormous profits and have been enabled to export sugar at less than cost prico ta other canutries.
At first the protective duty was from 24s. to 32s. per quintal, while in Franco it was raised to
64s. Theform taken by the protection was then changed by the istitution of export hounties,
whieh allowed the sugar to be sold abroad at a low price, while largo profits were mado owing
to the high prices at home and to the bounties. First Belgium and then Mranco estahlished o
bounty of 85, to 10s. for every guintal of sugar exported, France being thus sabjected to an
enormous burden amounting to over £2,000,000, without connting the rcbate on tho freight
from the factory to the frontier. This enormots sum has been paid by the nass of the population,
to the exclusive advantage of a few manufacturers (rule of the Méline Ministry).

In Germany and Austria, where the export bounties were relatively low, the maymfacturers
formed sale syndicates (cartels), which operated in the following manuer: the manufacturcrs
pledged themselves to supply all the raw sugar to the refiners, who granted a bounty of 24s. per
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the importance this industry has assumed during the past quarter of a century have already
been discussed on p. 545. Reference has also been made to the production of cane-sugar
compared with that of beet-sugar. While in 1854 beet-sugar formed only 14 per cent. of
_the world’s total production (1,423,000 tons), in 1866 the proportion was 30 per cent. (on
a total of 2,000,000 tous) ; in 1878, 44 per cent. (on 3,000,000 tons) ; in 1887, 47 per cent.
(on more than 5,000,000 tons) ; in 1893, 55 per cent. (on about 6,000,000 tons); in 1899,
64 per cent. (on 7,500,000 tons) ; in 1901, 67 per cent. on almost 9,000,000 tons. In 1908~
1909 canc-sugar again assumed first place, which it has since maintained.

To give an idea of the progress made by the beet-sugar industry during the jast 80
years, the production of raw sugar in the two countries where this industry has developed
most is given in the foltowing Table :

Gerany
In France 1n Gerwtany I E
Yield of sugar per | Annual conannip-
100 kjlos beot tion per hiead
Tons Tons .

-1840 . . 22,784 14,200 5-9 kilos 25 kilos
1850 . . 62,165 53,300 73 ., 31,
1860 . . 126,480 126,520 86 ,, 43 ,,
1870 . . 282,136 186,000 86 ,, 47
1890 . . 750,000 1,336,000 125 ,, 85 ,,
1903 . . 1,080,000 1,921,000 144 13 .
1905 . . — 1,605,000 149 ,, 149
1906 . . 730,000 2,400,000 147 ,, 7,
1909 . . 807,500 - 2,037,400 16-3 ,,. 195 ,
1912-13 . 960,900 2,700,000 162 . 21 .
1913-14 . 738,440 2,478.700 157 ,, —

quintal to the manufacturer and sold the sugar to the home consumer at a very high price, there
being no fear of competition, as they enjoyed a monopoly. The sufferers, as always, were the
consumers. The home profits were so enormous that sugar could be sold abroad at less than
coat price and contpetition thus vanquished. On the other hand, England, the greatest consumer
of sugar, found its markets deluged with cheap Continental sugar, which competed seriously
with that from its Colonies, wlich had also become considerable exporters.

Under these conditious a more rational solution was found for the problem of sugar with
reference to international contmerce. The initiation of such an undertaking could come only
from England, who was able finally to impose her conditions on all countries sending sugar to
her markets. Tho Brussels Convention, convoked on September 1, 1902, was subscribed to by
Iéngland, CGiermany, Austria, France, Belgium, Holland, and Italy. The result was the abolition
of export premiums and the reduction of the boundary duty to 5s. per quintal above the
mannfacturiug tax, from September 1, 1903, onwards. Such duty was to be enjoyed only by thoso
countries conforming to the Brussels Convention,

Ttaly did thns conform iu a modified way : the boundary duty remained as before, namely,
234, for first quality and 16s. 6d. for second quality, while a pledge was given not to export sugar
to other countries and to imposc an exceptionally heavy Customs dutyon countries not adhering
to the Brussels Convention (espeeially on Russia and the Argentine Republic ; but Russia entered
the Convention in January, 1908, and pledged herself to export for six years not more than
200,000 tons per annum of bounty-fed sugar. After 1908 England held herself free to import

remiumed sugar without imposing supertaxation). Spain and Sweden were treated like Ilga,ly
gy the Brussels Convention, to which then Luxemnburg, Peru, and Switzerland conformed. In
Spain an overproduction crisis arose.

In Italy the price of sugar fell, owing to overproduction and frenzied competition, to 92s. per
«uintal, so that in 1901-1903 almost all the sugar factories showed either minimum profits or
considerable losses. Indeed, deducting the tax of 56s., there remained 36s. as the price of the
sugar. According to the manufaeturers, 10 quintals of beet, giving 1 of sugar, cost 16s., while
the cost of production of crude sugar was 8s. (including 4s. for coal), that.of refining about 6s. 44.
and that of transport ls. 84. : total, 32s. Thus only 4s. remained to provide interest on capital
as well as depreciation. Hence, in 1904, all the sugar-makers combined to form a syndicate
and ra