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P A R T I I

VIII. ESTERS

(Oils, Fats, Waxes, Candles, Soaps)

The compounds or esters formed by alcohols with inorganic acids have
already been studied (see pp. 234 el seq.), and we shall now consider the esters
resulting from the substitution of the typical hydrogen of organic acids by alkyl
radicals. Various isomerides exist with these compounds, e.g., methyl butyrate
is isomeric with ethyl propionate, butyl formate with propyl acetate. Attention
will, however, be paid more especially to the esters of glycerine (glijcerides),
since on these are based the fat, oil, soarp, and candle industries.

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

C2H5 • CO • Cl + 02H5 • OH = HC1 + C2H5 • COOC2H5.

They are formed also by the interaction of the silver salt of the acid and
the alkyl iodide, and by the action of gaseous hydrog-n chloride on a hot
alcoholic solution of the nitrile of the acid. Further, the alcohols and acids
themselves react, slowly in the cold and more rapidly although not completely
in the hot, with formation of esters :

CUI5 - OH + CH3 • COaH - CH3 • COaCaH5 + H2O.
In practice the preparation is carried out as follows : the dry organic acid

is mixed with an excess of absolute alcohol and the mixture saturated with dry
hydrogen chloride gas, left for some time in a moderately warm place and
then poured into water ; the ester separates in an insoluble form after neutrali-
sation oi' the aqueous liquid with alkali in the cold.

In this reaction the acid chloride is probably formed as an intermediate
product: CH3 • CO2H + HC1 = H2O + CH? • CO • Cl; the latter—which with
water might give the reverse reaction—being in presence of excess of the
alcohol, forms the ester (equation given above). Esterification is, however,
never complete, as the reaction is a reversible one, the hydrochloric acid and
also other inorganic acids such as sulphuric acid,. even in the dilute state,
behaving as true moist catalysis (Berthelot, 1879 ; V. Meyer, Fischer and Speier,
1895 ; Senderens and Aboulenc, Sabatier and Mailhe, 1909-1913):

C,.H2w+1 • OH + C,fHa,4O2 ±£ H2O + C J f f ^ A • CAH2l4+1.
After a certain time a system is obtained which contains given quantities of alcohol

(a), acid (b), water and ester (2). The same equilibrium 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):
k(a — z)(b — z) = /^z2, where a and b 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); k and kL are constants depending on the nature of the reaction

k
and, according to a definite law, slightly on the temperature. If, for convenience, —• is

made equal to K, the equation becomes : (a—z)(b—z) = Kz2.
VOL. 11. 30.
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With 46 grams of alcohol and 60 grams of acetic acid (gram-molecules), it in found
experimentally that K = 0-25, and, as a and 6 both assume the value 1, 1 inol. of each
reacting, the equation becomes (1 — z)- = 0-25 z1, i.e., 1 — z — 0-5 z or z :;. This
means that when a state of equilibrium is reached, the system contains \ mol. of acetie
acid + \ mol. of alcohol -f \ mol. of ester + '~ mol. of water. Every substance partici-
pating in the equilibrium acts in proportion to its mass. If the above equation is <;ivcn

the form = K, ~ , it becomes evident that, in order to displace the equilibrium
Z ' 0 — Z •

so as to have a greater value of z (i.e., of esterification), the value of a must be increased,
and that of b decreased, esterification being complete when a — oo . The same final result
is obtained when b is much greater than a, esterification again being complete when /; • co .
In practice, almost complete esterification is attained when 1 mol. of acid is employed per
10 mols. of alcohol or vice versa. That the same result is obtained with excess of alcoliol
as with excess of acid is shown by the above equation, since, if instead of m mols. of both
acid and alcohol, n times as many molecules of acid are taken, the equation becomes:

= K
y

: whilst if n times as many molecules of alcohol are taken, it becomes :

• = K V These two equations are identical, multiplication of the terms of
z m — z

the former by giving the latter.
m — z "

The limit of esterification is modified but slightly by change of temperature, and amounts,
in the case of acetic acid, to 62-2 per cent, at 10° and to 66-5 per cent, at 220°.

Sabatier and Maillie (1909-1913) have shown that in many cases esters are
obtained with dry catalysts, especially thorium oxide or, better, titanium oxide
at about 300°; over these is passed the mixed acid and alcoliol vapours in
suitable proportions, i.e., with excess of one or the other component. When,
however, a certain temperature, varying with the nature of the cataly,iii»# oxide,
is exceeded the reaction becomes reversible and more or less decomposition
occurs.

The esters of monohydric alcohols and monobasic fatty acids are .neutral
liquids lighter than water (0-8 to 0-9) and pleasant smelling (some forming
artificial fruit essences) ; they are slightly soluble in water (the first members
more soluble than the higher ones) and they boil undecomposed.

By means of Grignard's reaction (see p. 243) they yield, tertiary alcohols.
The esters are hydrolysed into their components when heated with alkali,

mineral acid, or aluminium chloride, or superheated with water. The mineral,
acid has a purely catalytic accelerating action on the following reaction due to
the water, which is very slow in its action :

CH3 • C02C2H6 + H 20 = C2H5 • OH + CH3 • CCUL

With bases, the hydrolysis is expressed by the equation :

CH3 • CO2C2H5 + NaOH = C2H5 • OH + CH3 • COaNa.

The hydrotysing velccity of acids and bases depends on their degrees of
dissociation, i.e., on their strengths, so that feeble acids and bases hydrolyse
far more slowly than the strong ones. In the case of acids, the hydrolysis is
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,
acids, and with methyl acetate, the value of K for decinormal potassium
hydroxide is 1350 times that for decinormal hydrochloric acid. In the hydro-
lysis of fats, the acids of which are feeble and the resultant salts therefore
hydrolytically dissociated to a marked extent (i.e., even with excess of fatty
acid, there always remains free base or hydroxyl ions), complete hydrolysis
is obtained industrially with a quantity of base (e.jr., lime) much less than that
required theoretically.



V R I M T K S S K N C K S l'">i>

As has Ixk<vn already mcnt ioned, the esters of the first- monobasic acids and
monohydrio alcohols a,r<\ in general, substances of pleasing odour and an* US«MI
with suitable, admixtures as artificial fniil. (wciK'rs.1

ETHYL FORMATE, H • COOC.H,,, boils a< ;V> and is used for artificial
•MM or arrack.

METHYL ACETATE, sp. tfr. O-Wm, h. pt. T.u-U\ is used to dissolve cellulose
to make, the varnish (kk dope ") for ;icroplain's ; in its nianufac! lire from a e la tes ,
sulphuric acid and methyl alcohol, the plant is rapidly attacked, even ii
enamelled. Duchemin obtain* (he ester directly from pyroli^neou:-. arctic
acid and methyl alcohol b\r mean,; of :i catalyst (the nature ol \vhirli is not
disclosed), a, yield of \)>) J>T cent, beini'; thus obtained ;nnl the intermediate
preparation of calcium acetate avoided ; the result in.!.*; ester is then rectified
(m.akoilvr. I'ats. l>:L\ttlS, 277,! I I, :}77,I.S7, :!77Jss, ;!.s;>,WM), -md :!*h^l:>).

ETHYL ACETATE or Acetic Hstcr, CHH ' COOC.JJ,, is used in me<iiciue and
for the. preparation of ethvt aeeloacetale, which is ol considerable import
ance in or^smit' svniheses, It. is prepared bv lira tin*.?; alcohol with acetic and
sulphuric acids under the conditions jjfiwn above. It boils at 77 and has the
sp. tfr. ()-<)2:W jii-O".

AMYL ACETATE, CH:i ' COOC^H,,, has the sp. <»r. o-S7i»J! at i:> and b. pi.
I.W to I.'W, and forms a. ('olourless, fairlv mobile iullammable liipiid, ol
neutral reaction a.nd with the odour of pears ; it is very highly soluble ijj alcohol
or ether a.nd slightly so in water, and burns with a luminous ilame. It is used
a.s a solvent for cellulose acetate and celluloid in the preparation ol varnishe;,
('specially aeropKne "" dope " ; to some extent it serve:-* for making; alcoholic,
solutions of artificial fruit (pear) er.seuces.

Tlie crude impure product is prepared directly from fusel oil [sre p. U\U)
an<l a.cet-ic. and sulphuric acids {calcium acetate is also tir--.eeI), The pure e.iter
is obtained bv heating |(H) pai'ts of pure amvl ah^ohol, loo of ^Jacial acetie
acid, and 50 of <t.or!centr{iled sulphuric, acid for two to three hours at loo in a
copper vessel lit.ted with a rellux con<leiiser. It is then distilled in a current of
steam, the vapours bein/j; rectified slightly by means of a short column. The
distillate is washed with a little sodium bicarbonate solution and twice with n
little, water, and is (hen dried bv' means of fused calcium chloride. 'The final
product contains H.r> to \)h per cent, of anivl acetate, t he rest beinjj; amvl alcohol.
The. yield is about (.)f> per1 cent., t he loss of sulphuric, acid amount in# to <> per c »ut.
A se<'.ond rcctifK'.ation yields a purer product. Amvl acetate mav be obtained
also by passing amyl alcohol and acetic, acid vapours over a catalyst, r.</., dry
iit-a,nium oxide at 2<S0" to 21)0" (or oxide of thorium or ^lueiuum). Prior to the
war the. commercial product, cost l*;> to I'd per ewt., and the pure ester about
double, as much.

1 (\m\\\\oiv\n\ fruit rtwrnvrti HIT pr<»}mn»<l from \\\r I'ollmviiiL'. iniNltinvi nf ivihTM, nnd lurmrrlv
C-OHII IVom 2.v. Cut. in its, JXM' Ivilo :

HJUH'IHT of l 21 l l l ' 1 l

inns I
chloroform | r> ̂ rnmH nldehydo | K;">U j.»nnuM nlc<»hol.

tiwHcr oj ttfifilrtt: r>() r̂niMM c-Miyl nilrile | r»(l j.'j'iimii <'tliy! ui'cluli* | 100 r̂aiii
valcmto | -10 gntinn l̂tvc<«ro| | 7-.r> Î'IUUM jihlchydc | 7*.> j/raniM t'hhu'oi'orm i Vl«»
alcohol.

Ktwvnvv oj pruts: 2()U n̂utiN nuiyl M«M-IMI(* | f>() ĤUHM clhyl JUM-IIIIC J Ion j/rnimi ethyl
nitrites | 20 ̂ raum l̂yccrol | iVM) ^VIUUH nlcoiidl.

I'JWIHT of apn'cottt: ifr /̂ nuuN bcir/.nldehydc | I!K) grains umyl Imlyrnlc i |O t-nitu.-i rldum
forro | 7(>f) ̂ rainH alcohol.

KttHvuvv of x(r<firhtrrici ; 27 r̂nuiH nmyl JICC(JI<C | IH j-r,nmiM nmyl vnkult' \ <) JM-JIMI. JIUI.VI
bul.yral̂  | !) ̂ nimn amyl fonnatc | \!> \>vnn\n clhyl peciate j 7 tfnmiN mailer e»I VIMICIM . ',»!.»
jj;raniH alcohol.

ti.sxnicc of peav/tcx : 100 jrrnniH nmyl valcrnlc | 100 ̂ runiH nmyl hui\ru!c | 20 y.nunn otliyl
avcotatc | 10 gi'aniH hciM/.aldch.v̂ lc | 770 ĵ ra.mH alcohol.

UMio natural CHHOUCCH of (h<̂  cilruH IVuilH were givon on p. 115.
Tho amounts of tlilTorcnt, volatile oiln and IWIMHTH imporlcd into Kranrc were (IHUH) : NUt in

13, 012 in 1014, and 750 iu 1015.
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ETHYL BUTYRATE, C3H7• COOC2H5, boils at 121° and is used as essence
of pineapple and in rum.

ISOAMYL ISOVALERATE, C4H9 • COOC5Hll3 boils at 191° and is used in
essence of apples.

The higher esters form constituents of waxes (Cetyl Palmitate, C10H34OaC16H3.j;
Melissyl Palmitate, C16H31O2C30H61; Ceryl Cerotate, C26Hr)1O2C26H53> etc.).
These higher esters distil unchanged only in a vacuum ; under ordinary pres-
sure they decompose into olefines and fatty acids.

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

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

The importance of Malonic Esters in organic syntheses has already been
illustrated 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 atom may also be repkced by alkyl groups. Tims, for example,
Ethyl Dimethylmalonate, (C2H5 • CO2)2: C(CH3)2, is obtained from the sodium
derivative by treatment with methyl iodide. These compounds, when heated,
lose CO2 and yield alkylacetic derivatives. Similar relations are found with
the alkyl derivatives of succinic 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 succinic acid, CH3 • CO2 • CH2 • Clio • CO2 • CH.,,
melts at 19° and boils at 80° under 10 mm. pressure ; the ethyl ester boils nt
216°.

GLYCERIDES, OILS, FATS
Glycerol being a trihydric alcohol, its three alcoholic groups may be partially

or wholly esterified by acid residues. It suffices, indeed, to heat glycerol
with fatty acids to obtain1 mono-, di-, and tri-glyccrides. These glyc.erid.es
are also formed by the action of the tissues of the pancreas on a mixture of
oleic acid and glycerol, a still better method for synthesizing fats 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 fatty acid saturating the three alcoholic
groups of the glycerol, are termed Tripalmitin (melts at' 60°), Tristearin (melts
first at 55° and, after resolidification, at 71*0°), and Triolein (liquid, solidifying
at about 0°).

Triolein. which is the principal component of liquid fats and especially
of olive oil, is formed by the esterification of the glycerol molecule with 3 mols.
of oleic acid (see p. 358) :

CH2

1
CH-
1
CH2

• 0

0 -

• 0

• 0 -

0 -

• 0 -

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.1 A. Grun (1906-1909) synthesised mixed glycerides con-

Volatile fatly acids soluble in water. The number of c.c. of decinormal potassium hydroxide
solution required to neutralise the volatile fatty acids soluble in water from 5 grins, of the fat
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taining three acid residues, all different.1 The most simple glyceride is Tri-
formin, C3H5(CO2H)3, which was obtained crystalline by P. van Eomburgh
(1910) by protracted heating of glycerol with 100 per cent, formic acid; it
crystallises with difficulty, melts at 18°, boils at 266° (762 mm. pressure),
a n d at 210°, under ordinary pressure, decomposes. It is hydrolysed slowly by
cold, rapidly by hot water.

constitutes the so-called Reichert-Meissl-WoHny number, and serves to ascertain the purity
of certain fats, especially of butter. The determination is made as follows : exactly 5 grms.
of the fat (melted at a low temperature and rapidly filtered) is heated in a flask of about 350 c.c.
capacity with 10 c.c. of alcoholic potash (20 grms. of KOH in 100 c.c. 70 per cent, alcohol) on
a water-bath with frequent shaking until almost all the alcohol is evaporated; the remainder
of the alcohol is completely ex polled by shaking the llask and introducing a current of air every
half-minute. After about twenty minutes, when the smell of alcohol is no longer detectable,
.100 c.c. of distilled water is added, the heating being continued until a clear solution is obtained
(if the liquid does not become clear the test must be commenced anew, hydrolysis being
incomplete). To the tepid solution are then added 40 c.c. of the dilute sulphuric acid (1 vol.
cone. H;,vSO4 -f- 10 vols. water) and a few fragments of pumice, the llask being then placed on
a double wire-gauze and the liquid distilled, the dimensions of the apparatus
being shown in mm. in Fig. 254. In about half an hour, exactly 110 c.c.
of liquid distils over ; this is mixed and filtered through a dry filter, 100 c.c.
of the nitrate being titrated with decinormal KOH. solution in presence of
phenolphthalcin. The volume of the alkali used is increased by one-tenth of
its value (the volume of the distillate being 110 c.c.) and diminished by the
number of c.c. of the alkali obtained from a control experiment made without
fat as a check on the reagents employed. The result is the Heichert-
Meissi-Wollny number. At the present time many laboratories employ
the LefTmann-Beam-Polcnske method, which effects more rapid hydrolysis
(xrv. later, Butter). For butter the limits for this number allowed by law are
26 to 31-5 (Municipal Laboratory of Milan), the butter being suspected if it
#ives a value of 22 to 2(5, although the butter of certain districts and from
certain animals may, in exceptional cases, give a number as low as 21.
The value for rancid butter, even two months old, is only slightly lower
(by about 2) than the normal.

In soluble, fully acid*. The q uantity of fatty acid insoluble in water obtain-
able from 100 parts of fat is called the Hehner number, and is determined as
follows : into a llask of about 200 c.c. capacity is dropped, from a weighed
vessel containing the dry filtered fat, 3 to 4 grms. of the substance, the
vessel being then reweighed exactly. After addition of 50 c.c. of alcohol
and 1 to 2 grms. of KOH, the llask is heated on a water-bath for live minutes,
a clear solution being obtained. If the addition of a drop -of water pro-
duces turbidity, saponifiwition is incomplete, and the heating is continued
for a further period of live minutes, the liquid being then tested as before. Evaporation is
then continued until there remains a dense mass, which is taken up in 100 to 150 c.c. of water,
acidified with dilute sulphuric acid, and heated until the clear fatty acids float on the surface.
The liquid is then poured on a dry, .tared filter (about 12 cm. in diameter and in a funnel
either without a neck or with a very short one), previously half filled with hot water. The
acids are washed with boiling water until the washing water ceases to show an acid reaction (as
much as 2 litres of water is sometimes required). The filter is then cooled in a beaker of water
HO that the fatty acids solidify. The filter is then detached from the filter and introduced, with
the acids, into* a tared beaker, which is heated in an oven at 100° to 102° until its weight
remains almost constant (difference between two weighings less than 1 mgrin.). The weight of
fatty acids, referred to 100 parts of fat, represents the Hehner number.

Unadulterated fats generally have JHehner numbers 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 O. Gianoli (1891) to diminish the
rancidity of oils, especially of olive oil obtained from the pressed residue by means of carbon
disulphidc. This oil contains 20 to 30 per cent., or even more, of oleic acid, and is heated in an
autoclave with the corresponding quantity of glycerol (or even a slight excess) at 250° in a slow
stream of CO2, or in a vacuum with a trace of oxalic acid to facilitate mixing of the liquids and
avoid blackening of the mass owing to the presence of hydroxy-acids; the distillation of the
•water formed in the reaction is hastened by adding fragments of tin to the mass. This procedure
yields a neutral or almost neutral oil with an iodine number less than 75 and a marked viscosity*
BO that it may be used even for mixing with lubricating oils. Bellucci (1911) also achieved
an almost quantitative synthesis by heating together the theoretical proportions of glycerol
(1 mol.) and fatty acid (3 mols.) at 180° to 260° for two hours in a vacuum, so as to expel the
water formed, which would otherwise produce the reverse reaction ; in a current of C02, the
same reaction takes place at the ordinary pressure. A. Walter (1911) obtained a mixture of
tri- and di-oleins by treating glycerol and acetic acid in presence of the enzymes of castor oil
seeds, which act as catalysts. Indeed, catalysts cause reversible reactions, and while in presence
of water the enzymes of "castor oil seeds hydrolyse fats (see later, 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.

FIG. 254.
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Oils and fats have coefficients of expansion greater than those of other
liquids (100 litres of olein at 0° becomes 101-6 at 20°).

Fats and, still more, waxes contain also non-glyceridc components, e.g.
Cetyl Alcohol, C16H34O, which, as such or as palmitic ester, forms one of the
principal constituents of spermaceti fat. Cerotic Acid, C27Hr>2Oo, and its ester
occur in large proportions in wax. Non-hydroly sable mhstanv.es (cholesterol,
phytosterol, isocholesterol, aromatic alcohols, etc.) are always found in smnll
quantities in fats (olive oil, about 0-75 par cent. ; ravison oil, 1 ]>er wuk ;
cottonseed oil, 1-6 per cent. ; lard, 0-25 per cent. ; cod liver oil, 0-f) to X per-
cent. ; tallow, 0-02 to 0-6 per cent, ; bone fat, 0 4 to 2 4 per cent. ; wool \'at
more than 7 per cent.). The oils of cereals and of Leguminosexe contain abun-
dant amounts of LECITHIN, C42H86O9NP, which is decomposed, by the

f h b l do f t h e p a n c r e a s o r c a s t o r o i l s e e d , b u t n o t b y t h a t o f t h e b l o o d (serum h p a s e ) .

T h e f a t o f p e a s c o n t a i n s 1 - 1 7 p e r c e n t , o f p h o s p h o r u s o r 3 0 4 p e r c e n t . oi.

l e c i t h i n , a n d t h a t o f w h e a t , 0 - 2 5 p e r c e n t , o f p h o s p h o r u s o r < > - 5 o f l e e i t h i n .

L e c i t h i n a b o u n d s i n t h e b r a i n , n e r v e s , b l o o d c o r p u s c l e s , a n d e ^ - y o l k ' ; f o r i t s

c o n s t i t u t i o n , s e e c h a p t e r o n P r o t e i n s . T h e a m o u n t o f l e c i t h i n i s o b t a i n e d b y

m u l t i p l y i n g t h a t o f p h o s p h o r u s b y 2 6 .

F r e s h f a t s a n d o i l s c o n t a i n m i n i m u m p r o p o r t i o n s o f f r e e f a t t y a c i d s ( l e s s t h a n 1

p e r c e n t . ) , t h e s e i n c r e a s i n g w i t h l a p s e o f t i m e , e s p e c i a l l y i f t h e f a t s a r e n o t . m e l t e d .

T h i s r a n c i d i t y i s f a c i l i t a t e d b y s u n l i g h t a n d a l s o b y t h e p r o t e i n s u b s t a n c e s

o f u n r e f i n e d f a t s a n d o i l s . C o c o n u t o i l d o e s n o t r e a d i l y t u r n r a n c i d , b u t . w i t h

o l i v e o i l t h e p r o p o r t i o n o f f r e e o l e i c a c i d r e a c h e s 2 5 p e r c e n t . , a n d . w i t h p a l m o i l

a s m u c h a s 7 0 p e r c e n t , o f f r e e a c i d s m a y b e f o r m e d . T h e taste and smell o f h i t s

d e p e n d , n o t o n t h e g l y c e i i d e s , b u t o n o t h e r s u b s t a n c e s .

T h e specific gravity o f o i l s a n d f a t s v a r i e s f r o m 0 - 8 7 5 t o 0 - 9 7 0 (see T a b l e

g i v e n l a t e r ) a n d i s d e t e r m i n e d b y m e a n s o f a n a e r o m e t e r o r W e s t p h a l b a l a n c e

(zee V o l . L , p . 7 6 ) . T h e y a r e a l m o s t c o m p l e t e l y i n s o l u b l e i n w a t e r , a c e t o n e , o r

c o l d a l c o h o l ( t h i s d i s s o l v e s a c e r t a i n a m o u n t o f c a s t o r o i l a n d o f o l i v e - k e r n e l o i l ) .

T h e s o l u b i l i t y i n c r e a s e s m a r k e d l y i n b o i l i n g a l c o h o l a n d i s c o m -

p l e t e i n e t h e r , c h l o r o f o r m , c a r b o n d i s u l p h i d e o r t e t r a c h l o r i d c ,

p e t r o l e u m o r p e t r o l e u m e t h e r ( i n t h e l a s t t w o , c a s t o r o i l i s s l i g h t l y

s o l u b l e , w h i l e e t h e r d i s s o l v e s a l i t t l e pure t r i s t e a r i n ) . 1

W h e n h e a t e d o n a s p a t u l a h e l d s o m e d i s t a n c e a b o v e a f l a m e ,

a l l f a t s g i v e g r e e n i s h flames, o w i n g t o t h e p r e s e n c e o f c a r b o n

m o n o x i d e a n d s o d i u m ; a l s o a l l f a t s a r e b l a c k e n e d b y o s m i u m

t e t r o x i d e ( s e n s i t i v e r e a c t i o n ) .

O i l s d i s s o l v e s m a l l q u a n t i t i e s o f s u l p h u r o r p h o s p h o r u s a n d

l a r g e r q u a n t i t i e s o f s o a p s e v e n w h e n t h e y a r e d i s s o l v e d i n . e t h e r o r

p e t r o l e u m e t h e r .

T h e o x y g e n o f t h e a i r e x e r t s a m a r k e d a n d r a p i d i n f l u e n c e , a s

i t i s fixed b y t h e drying oils ( l i n s e e d , w a l n u t , h e m p s e e d , p o j v p y -

s e e d , e t c . ) , w h i c h a r e t h u s t r a n s f o r m e d i n t o varnishes, t h i s

o c c u r r i n g m o r e r e a d i l y i f t h e o i l s a r e b o i l e d w i t h o x i d e o f l e n d

o r o f m a n g a n e s e .

^ T o d e t e r m i n e t h e q u a n t i t y o f f a t c o n t a i n e d i n a n y s o l i d s u b s t a n c e , a w e i g h e d

p o r t i o n o f t h e l a t t e r i n a finely d i v i d e d , d r y s t a t e ( 5 t o 1 5 g r i n s . i>s t a k e n a n d , i f

p a s t y , m i x e d w i t h f r a g m e n t s o f p u m i c e ) i s i n t r o d u c e d i n t o a f i l t e r - p a p e r c a r t r i d g e

s i t u a t e i n a Soxhlet apparatus ( P i g . 255).

T h e S o x h l e t a p p a r a t u s i s c o n n e c t e d a t t h e b o t t o m w i t h a t a r e d flask r o u t i n g

o n a w a t e r - b a t h , a n d a t t h e t o p w i t h a r e f l u x c o n d e n s e r . F r o m 1 0 0 t o 1 5 0 c . e . o f

p e t r o l e u m e t h e r o r e t h e r i s t h e n a d d e d a n d e x t r a c t i o n c o n t i n u e d f o r 2 t o 4 h o u r s

i n s u c h a w a y t h a t t h e s o l v e n t s i p h o n s o v e r 1 5 o r 2 0 t i m e s p e r h o u r . A c a l c i u m

c h l o r i d e t u b e m a y b e a t t a c h e d t o t h e e x t r e m i t y o f t h e c o n d e n s e r t o p r e v e n t a c c e s s

o f m o i s t u r e f r o m t h e a i r . T h e s o l v e n t i s a f t e r w a r d s e v a p o r a t e d f r o m t h e 11 a s k a n d

t h e r e s i d u a l f a t d r i e d a t 1 0 0 ° t o 1 0 2 ° u n t i l a l m o s t c o n s t a n t i n w e i g h t .

T h e d i f f e r e n c e b e t w e e n t h e w e i g h t o f f a t a n d t h a t o f t h e o r i g i n a l s u b s t a n c e " i v e s t h o s o l i d s
not fat.

r

F I G . 2 5 5 .
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With the other non-drytp^ oils, the. a,ir (toother with litfUt) gradually
causes nmcidity, which, however, sonic attribute to tin* action o.f bacteria, or
rather to hydroly,sing and. oxidising enzymes ; however this may he, the acidity
increases owin<j; to formation of butyric, ca.proie, oleie, etc., acids, but the
rancid taste and smell are due more especially to the formation, of aldehydic,
Iv'etonic, and ethereal substances, hydroxy-acids, and volatile, acids which
can be eliminated by repeated washing with dilute solution of alkali and subse-
quently of bisulphite (for the aldehydes and kctones, sec Idler, Renovated
Butter).

When 1'n.ts turn rahcid, the iodine -number l is lowered and the Indes- of
'refraction? the dropping or mclthuj•• point {sec pp. f> and. (>), and. the aeeUjl

Mwr in nMiiiii" ncing a-Mi-on-Juiico as IOIIOWN : ,>*I>O.M gniiM. 01 pun1, urv poiaiŝ iuin uiriuuinn.iin
is dissolved in water at 15" and the solution nri.de up to a litre ; exactly 20 c.c. of this solution
is introduced into n. Mask with a. ground stopper, ah.uit 15 c.c. of a 10 per cent, potassium iodide
solution (U'cv from hydroxide) being added and then 5 e.e. of concentrated hydrochloric, acid.

I III 1.1 I l l W t i I I tf I I I t'Jk M / k t i l I I I Ll t i t j I 1 J 1 I I I t i k l l l l I l i . l t J k l / L * ' l * J . 4 l * * J t . ^ )

| U ' | | i 1 ' i w i i l i i ^ t ' I M M I I I I y M I U ! \ M M I F ' » I I l i ^ M ' * ' I ' * I l ^ i l l t l I ' M * I I

T h i s p r o c e d u r e r e s u l t s i n t h e l i b e r a t i o n o f e x a c t l y 0 - 2

g r i n , o f i o d i n e . T h e t h i o s u l p h a t c ! s o l u t i o n i s t h e n r u n

i n f r o m a b u r e t t e u n t i l t h o s o l u t i o n i s o n l y f a i n t l y

y e l l o w . A l e w d r o p s o f f r e s h s t a r c h - p a s t e a r c t h e n

a . d d e d a n d n . d d i t i o n o f t h e t h i o s u l p h u t c c o n t i n u e d

u n t i l t h e b l u e c o l o u r d i s a p p e a r s . I t i s t h u s f o u n d

h o w m u e h i o d i n e c o r r e s p o n d s w i t h I c . c . o f t l j i o s u l p h a t e

s o l i d . i o n , t h e s t r e n g t h o f w h i c h r e m a i n s c o n s t a n t , f o r

s e v e r a l m o n t h s .

T h e i o d i n e n u m b e r i s d e t e r m i n e d b y d i s s o l v i n g a

k n o w n w e i g h t - o f t h e f a t o r o i l ( 0 - 2 t o 0 - 5 g n u . o r , f o r

d r y i n g - o i l s ' , 0 - 1 t o 0 - 1 2 g n u . ) , i n a 5 0 0 t o S 0 0 c . c . ( b i s k

w i t h a g r o u n d s t o p p e r , i n 1 5 c . c . o f p u r e c h l o r o f o r m

a n d a d d i n g 2 5 e . c . o f t h o i o d i n e s o l u t i o n ( p r e p a r e d

• I S h o u r s p r e v i o u s l y , a s s t a t e d a b o v e ) ; i f , a f t e r t w o

h o u r s , t h e l i q u i d i s n o l o n g e r v e r y b r o w n , a . f u r t h e r

m e a s u r e d v o l u m e o f i o d i n e s o l u t i o n i s a d d e d a n d t h e

w h o l e l e f t i n t h e d a r k . A l t e r s i x h o u r s t h e e x c e s s o f

i o d i n e l e f t u u a b s o r b e d b y t h e f a t i s d e t e r m i n e d b y

a d d i n g 2 0 e . c . o f 1 0 p e r c e n t . K l s o l u t i o n , d i l u t i n g

w i t h 1 5 0 e . c . o f w a t e r , a n d a d d i n g m o r e K l i f t h e

r e d d i s h b r o w n s o l u t i o n i s n o t . c l e a r . T h e e x c e s s o f

i o d i n e i s t h e n t i t r a t e d w i t h t h e t h i o s u l p h n t e s o l u t i o n

i n t h e m a n n e r a l r e a d y d e s c r i b e d . I m m e d i a t e l y a f t e r •

w a r d s , 2 5 e . e . o f t h o i o d i n e s o l u t i o n e m p l o y e d i s

t i t r a t e d . T h e d i f f e r e n c e b e t w e e n t h o t w o v a l u e s

t h u s o b t a i n e d , e x p r e s s e d a . s g r a m s o f i o d i n e p e r

iodiix
Km. 25(5.

meld solid fats) by passing water_ . . . . . 7 . , - ( j i U ' i n n M i M i y " > • M ' ^ u i i i i i r u \ n ) ) i r » M I m v - i i ' P H M U I i « . n n j u y | i ( M i n i i i ^ v > u i v i ,

a t a h i g h e r o r l o w e r t e m p e r a t u r e , i n a t b) a n d t h r o u g h t h e r u b b e r t u b e , I), t o t h e o u t i l o w , <%

""'h i i r e f r a c t i o n i s u s u a l l y s t a t e d i n t h o c o n t c s i . n a l d e c r e e s o f t h o Z e n s s c a l e , t h e t e m p e r a t u r e

obtained at other temperatures may be referred to

mac
index of 1-42JJ0 -|

ilightly
raetive

aim nfc exactly witli
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number (see p. 224) rise. In butter rancidity is facilitated by the presence of
the casein and milk-sugar, which give rise to other decompositions. Although
not rigorously exact, the degree of rancidity is expressed by the number of
c.c. of normal potash necessary to neutralise 100 grms. of the fat. A butter with
10° of rancidity should be rejected. The free fatly acids in fats and oils aro
usually determined with a decinormal alkali solution, 5 to 10 gnus, of the
fat beirg dissolved in 50 to 60 c.c. of a perfectly neutral mixture of alcohol,
and ether (1 : 2) and phenolphthalein being used as indicator. _ The ami
number gives the number of IT gems, of KOH necessary to neutralise 1 grm.
of fat.

By passing a current of air through oils heated to 70° to .120°, the so-called
blown or oxidized oils, rich in triglycerides of hydroxy-ackls, are obtained.
These are dark in colour and have the density of castor oil (but are soluble
in petroleum ether), but if " blown " in the cold for a longer time, they are
obtained almost colourless. Blown oils are valued as lubricants. If the blow-
ing is continued, yellow or brown gelatinous masses are obtained. With the
exception of the iodine number and the Hehner number—which arc lowered. -
the chemical and physical constants of blown oils {thickened oils, etc.) are higher
than those of the original oils. Oils also fix ozone in proportion to the un-
saturated fatty acids they contain, and at .the same time become denser (sea
p. 359) ; olive oil has the ozone number 15-8-(grins, of ozone fixed per 100 grms.
of oil: Fenaroli, 19C6); maize oil, 21 ; linseed oil, 33 ; and castor oil, 16. Also
sulphur is dissolved and combined in amount increasirg with the proportion
of glycerides of unsaturated acids present, giving very viscous, brown Jiquids,
sometimes almost solid and gammy.

Chlorine acts on fats, partly replacing hydrrgen and partly combining
directly.

Iodine 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 results in tlie development
of heat and the evolution of sulphur dioxide ; in the cold, sulphuric ethers oJ:
the triglycerides are formed.1

Dilute nitric acid, in the hot, slowly oxidises fats, while the concentrated
acid attacks them with evolution of red vapours.

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

and the iodine number and Hehner number (per cent, of
insoluble fatty acids) diminish.

When burnt, fats give the characteristic odour of acroleln,
which is derived from the glycerol.

the true index of refraction (1-4452); similarly, 00° on the Hcale means a
refractive index of 14220 -f 60 X -J^TT, = 14058. Inversely, the wale

FIG. 257.

reading is obtained by subtracting 14220 from the refractive index and
dividing the remainder by 7-8, 7-5, 7-3, or 7-0.

The colour of the line of demarcation on the scale sometimes gives an
indication of impurity in the fat, being colourless for pure butter, blue
if margarine is present, and orange with admixtures of certain other fats.1 Maumene found that the rise of temperature produced by auplniric
acid of definite concentration serves to distinguish different fats (.sec Table
given later). This constant {Maumene number) is nowadays determined by
means of the Tortdli thermo-okometer (1905). 20 c.c. of the oil is poured

into the glass receiver, A (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 initial
temperature read. 5 c.c. of concentrated sulphuric acid (sp. gr. 1-8413 or 66° Be.) is then
added from a pipette in 30 seconds, the liquid being kept stirred as long as the temperature rises.
The rise of temperature is the Maumene number. If the sulphuric acid has not the density
given above, but is allowed to absorb even traces of moisture, discordant results are obtained.
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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
t h e purity of fatty substances (see later).

WAXES. Unlike fats, waxes are usually composed, not of triglyccrides, but of esters
derived from the higher monohydric alcohols (e.g., cetyl, myricyl, and ceryl alcohols, choles-
terol, etc.), and sometimes dihydric alcohols also. They contain, in addition, the high
acids {e.g., palmitic, stearic, ccrotic, oleic, etc.) and alcohols in the free state. Further, bees-
wax contains as much a« 15 per cent, of high melting-point hydrocarbons.

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

The commonest waxes are beeswax, Japanese wax, spermaceti wax (from whales), and
carnauba wax (from the leaves of certain palms).

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

The European waxes have the following physical and chemical constants, which allow
of the detection 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 ; difference between
saponification number and acid number (ester number), 74 to 76 ; iodine number, 8 to 11 ;
degrees on the Zeiss butyro-refractometer at 40°, 44 to 45-5 (rarely 42). Foreign waxes
have somewhat different constants.

The bleaching of the wax is effected by melting it several times with slightly acidified
water, allowing it to cool slowly so as to separate the impurities more thoroughly and
then causing it to solidify in thin layers on a cylinder half immersed in water and exposing
these to the sun and air for five to six weeks. A more expeditious method of bleaching
consists 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—presents almost
the same physical and chemical constants as.the virgin wax, the iodine number alone
being lowered by 1 to 7.

The wax is insoluble or only slightly soluble in cold alcohol or ether, but dissolves
in the boiling solvents. It dissolves in the cold in chloroform, oil of turpentine, carbon
disulphide, or fatty oils. It resists dilute caustic alkalis and concentrated alkali car-
bonates. It is used for making candles, waxed cloth and paper, mastics, artificial fruit
and flowers, etc.

Carnauba wax is exuded from the leaves of certain palms (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 substances. It is used for the manufacture of candles and, mixed with
potash (soft) soap, forms the encaustic with which pavements are cleaned.

Japanese wax is the fat extracted from the fruit of certain Japanese and Chinese trees
of the order Terebinthaceae (Rhus succedanea, R. vemicifera, and R. sylvestris). It differs
from beeswax in having an ester number of about 200 and a saponification number of about
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 European' 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

Vegetable
Oils and Fats
Linseed oil .
Hempseed oil
Poppyseed oil
Maize oil
Cottonseed oil
Sesam6 oil .
Colza oil
Castor oil
Almond oil .
Arachis oil .
Olive oil
Palm oil
Palm-kernel oil
Grapeseed oil
Cacao-butter
Coconut oil .(butter)
Soja-bean oil

Animal Fats
Oxfat(taUow)
Bone fat ,
EmM .
Butter . i

Specific
gravity
at 15°

0-9315-0-9375
0-9255-0-9280
0-9240-0-9370
0-9213-0-9255
0-9220-0-9310
0-9230-0-9237
0-9132-0-9168
0-9600-0-9679
0-9175-0-9195
0-9170-0-9209
0-9160-0-9180
0-9210-0-9245
0-9520
0-9258-0-9262
0-9500-0-9760
0-9115-0-9250
0-9255

0-9430-0-9520
MUW9160.1

(HHS)

Solidifying
point

I Fat

-16° to —27°
|-27°
-18°
-20°
-5°

-2° to -10°
— 10° to -18°
-10° to -20°
-3° to -7°
-6° to +2°

20-5°
23°-21°
22°-14°

-8° to -16°

35°-27°
15:-2? :

Fatty acids

13°-17°
15°

15°-16°
16°-14°
32°-35°

21°-23-5°
16°
3°

5°-10-5°
26°-29D

22°-17°
36°-45°
20°-25:)

47°-45°
20°-16°

38°-46D !

."4.".' .-- " •

Melting-
point

Fat

— 20°

3Q-4°

27°-42°
23°-28°
28e-33°
21D-24°

45M0°
21:_w
37;-43:

Fatty acids

173-21°
18D-19°
20-5°

18D-20°
36°-38°
26°-32°
16°-22°13D

13a-143

•>7-7~—3O0

24°-27°
47c-50°
25°-28=
—

48°-50°
25°-27°

43D-44° ;

30:

« * at

!

Hehner
number

95-5
95-2
—

95-96
95-7
95-1
94

96-2
95-8
95
95

S7-6-91
92-6-93-7

94-6
84—90
95-9

95-6
88-94

1

| Acetyl
i number

4-S
—
8

8-18
11-5
14-7

147-150
—
—

10-6
18
2-8

23-25
2-8
1-12
—

3-S
11

j Reichcrt-
' Mcissl-
Wcllny
number

—
—
.—
1-2
0-3

1-4-2-8

0-3
0-5
5-6

0-35-0-40
1-4
7-8-4
0-45

0-25
—

i
! Saponification
[ number

iKgrms

Fat

192-195
172-192

195
188-193
Ifl3-lfl6
1S9-193
170-179
183-180

191
190-196
185-196
196-202
242-250
IV0-195
193-5

246-260
192-0-193-5

193-200
191
\n

w

KOH

Fatty acids
*

197
l(»0

198-4
202-208
200-4
185
192
204

201-6
193
205.6

258-264
—
190

258-266
—

197
200

Iodine
number

Fat

171-195
148

133-143
116

108-110
103-108
94-102
83-86
93-102
83-100
79-88
51-5
13-14

130-140
32-41
8-9-5
125

38-46
48-5ft

Fattv acids

179-198
141
130

119-125
111-115
110-4
99-103
87-93
93-96-5
96-103
86-00
53-3
12

32-39
8-4-9-3

41-5

Maumene
number

Fat

110-126
97

86-89
95

75-90
65

55-64
46-5
52-5

45-51
41-45
—
—

86-87

_
—
—

j Butyro-
refractometer

i reading

j Fat

72-5 at 40D

63-4 at 40°
67

68-5 at 253

CS at 25°
68 at 25°
78 at 25°
64-4 at 253

67 at 253

62-4 at 25°
—

3G-5 at 40°
—

47 at 40°
34 at 40°

Index of
refraction

at 60°

Fatty acids

1-4546
-

1-4506
—

1-4460
1-4461
1-4991
1-4546
1-4461
1-4461
1-4410
1-4510
1-4310
1-4220
1-4295

1-4750 (at 20°)

49 at 40° S 1-4375
— _

SK at 4u: -

o
w
o
>
2;
^s
i. 2
o
W

—̂
w

w
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Hydrolysis (Saponification) of fats and waxes. -The term sap milicat ion is
implied i.o i-lu*. deeomposit ion of fats into the alcohols and acids romp >smg
them with simultaneous addition of a molecule of water (lujdynltjsis), by heat
injr with water under pressure at- 200" or by the. action of acid or alkali (svv
p. -158) ; when 21.lka.li is used, the alkali salt (soap) of the fatty acid ami not the
free acid itself is obtained :

•<yir,(O -o<!IHi!.,,,)., 1 : ; K O I I r . l i j o i l ) , | :;<!lsii:l ,o.,K.
Tri.'ilc.-irlu <;!\<vriiic Pnlu ••.• iiim il.unil.-

The nncha.nism of the saponilieation of fats was for Ion**; a matter oi eon
trovensy. Some regarded it. as occurring gradually, I mol. of fat first reacting
with I of alkali (bimoleeular reaction) {srr Vol. I., p. <>!>) and di and mono
glyeerides being formed as intermediate products, whilst, according to other;!,
saponiiieation was a, single (tetramoleeular) reaction. Only since the invest!
gations of (icitel (I <S<)7), Lewkowitsch (!8ihS 11)01) and, more especially, Kre
inaiiii (100(5), does it. appear to be established with certainty that sap mifiealion
is gradual, consisting of successive biinoh'cular resiet ions, Cmtrary to the
view of .Kortini (11)12), .1. Meyer (101.'*) showed that the various giyceride:,,
glyeerol, and i-'.oap occur together in an equilibrated mixture, (he equilibrium
under^o'iP/; ^ra.dua.l disp!a.<'(iment. towards complete sap(>niiicat ion, as w.i-i
indicated by tin* results of Kellner (11)01)) and of Kremann (11)0.') lin.S).

Siij)oniiica.t ion with lime, baryta., or lead oxide is never so complete as \vi h
cjiust ic |»)t.a.sh or soda in the hot., while with an alcoholic solution of caustic
potash or soda, it. is complete and rapid, formation of the ethyl ester of the fatty
acids and liberation of ^Iveerine first occurring and then complete hyd''o!v;ii
of the ethyl ester. The hitler may be obtained directly from Tuts by heating
them with slightly acidified alcohol.

Sodium and potassium carbonates do not attack fats.
Ka.ts may be saponified by treatment with a. small prop >rt ion of aqueotu

ammonia, in an autoclave, but- the early attempts to render thi.4 process pmc
tieable on an industrial scale were unsuccessful. Tin* reaction was, however,
investigated systematically by (Jarelli, Barbe aiul l)e Paoli, who obtain com
p!(kt.(̂  sa.ponifica.tion by hea.t.in^ t-he. fa.t. for seven to ei^ht hours in a lea.<l lined
a.ut.oc.la.ve under a, pressure of C> a.tmos. with a minimum amount of ammonia
(()•() p;4i' cent.), which acts eutalytically and liberat.<»s the fat t v acitls. This pro
cess is undoubtedly an improvement on the linn', magnesia and /,inc oxide
process(ks, but sin<*<̂  t\u\ a,mmonia. cannot' be recovered, it caimot. compete with
the enzymie dccomposit.ion of fats in open wooden vats at eomp.iralivclv low
temperatures (sec later). The use of (i to 7 per cent, of ammonia., as proposed
by liuisine (1HH3), or <kven of 2 to .'5 p:ir cent., in \\,\\ aut.o<ila.v<» hva.ds to serious
difficulty owin^ to t-he formation of a. completely emulsified mass of ammonia
soaps which do not. allow the glycerine solution to separate, and to (-he trouble
and expense, of treating t-h<̂  n.mmonia. soa.ps with .steam to sep irate the fattv
acids, (jarelli, Ha.rbe and. l)c V110U ((!er. Pa.t. 2O1),M7, IDIMi) transform the
ammonia soajM directly into soda soapn by simple treatment with sodium
chloride, just as in the Solvuy soda process (Vol. I., p. 51)15) ; the recovery of the
ammonia is, however, difficult and the loss exceeds 8 per cent.

A. process patented some, years ago for saponifying fats by means of sulphur
dioxide or bisulphite in autoclaves at. 10 to 15 a.tinos. offers no promise of
practical application.

No matter how dill'icnlt the. saponificat ion of u fat-, it may be rendered
complete even in the cold by the Ilcnriques process, which consists in dU
solving, say, % to 4 grms. of the fat. in 25 e.e. of p.»tro|e.um ether and 25 c.c. of
normal alcoholic, potash, the. mixture being shaken from time to time during a.
period of twelve hours; on heating, waxes are also dissolved in this manner.
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To determine the quantity of alkali fixed (saponificatian number),1 the excess
of alkali is titrated with normal acid solution.

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

ANIMAL OILS AND FATS
It is not possible here to study in detail all fats, so that only felic more

important ones, the processes of treating which are partially applicable to the
others, will be considered.

Classification of fats into those of animal and those of vegetable origin 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 liquid vege-
table fats, to distinguish between those which have drying (linseed, walnut,
poppyseed) and those with non-drying properties (olive, colza, arachis, castor,
cottonseed, maize, etc.).

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 thorn hot
or by treatment with suitable solvents. In both cases they are refined by a
series of mechanical and chemical operations which will be described more
particularly in dealing with tallow, butter, and olive oil.

TALLOW (ox £at, sheep fat, etc., but not hog's fat) melts at 35° to 37°, contains 75 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 contains
various impurities, such as blood, skin, etc., which gradually putrefy, giving a bad odour
to the tallow. To prepare the real fat from the crude tallow, the latter J"H cut up in suitable
machines fitted with knives and is then melted in open iron or copper boilers provided with
stirrers and heated either wholly by direct-fire heat or partly in this way (K"itf. 2f>8) and
partly by injecting direct steam, superheated to 180° to 200° through the tube, I). The
strongly smelling gases evolved are led by the pipe, a, under the hearth and there burned.

1 The Saponification number, or Koltstorf number, indicates the number of millignuriH
of KOH necessary to saponify 1 grin, 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 c.e. wide-noekp.d llask,
to which is then added 25 c.c. of seminormal alcoholic KOH solution prepared with 90 per cent,
alcohol and also 25 c.c. of neutralised alcohol. The mixture is then heated for 15 to 20 minutes
in a reflux apparatus on a water-bath previously heated to boiling, and, while still tepid, is
titrated with seminormal hydrochloric acid (not sulphuric acid, which would precipitate K-jHÔ ),
using phenolphthalein as indicator. Multiplication of the number of c.c. of sominormal KOI I
solution actually consumed in the saponification by 0-0301 gives the number of mgrnis. of KOH',
which is calculated for 1 grm. of the fat.

Non-saponifiabk substances (mineral oils, etc.) added to fats as adulterants can bo detected
by the following qualitative test devised by Holde : two drops of tho oil are boiled for one
minute with a solution of a piece of caustic potash the size of a pea in 5 c.c. of boiling absolute
alcohol, 3 to 4 c.c. of water being afterwards added to the liquid; in presence of an little as
1 per cent, of non-saponifiable compounds, a turbidity is produced. Also a benzene 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 fatty acids of commerce, OcUcVa
test is employed : 15 c.c: of ammonia solution is added to a solution of 2 grms. of the fatty acids
in 15 c.c. of hot alcohol. Turbidity of the liquid indicates the presence of much neutral fat.
If, 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 tost applied
to the fatty acids obtained in determining the Hehner number (see p. 461) : a few drops of cold
sulphuric acid of 50° Be. are added to a well-cooled solution of 1 to 2 grms. of the fatty acid.s
(which contain the resins) in 1 c.c. of acetic acid. If traces of resin (pine or colophony) arc
present, an intense red or violet coloration forms immediately and rapidly gives way to a brown
fluorescence (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
through 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 a press such as that made by C. E. Host, of Dresden (Fig. 259), being placed inside the
perforated cylinder, a, which is surrounded by the jacket, h, and closed by the cover, b,

ar

."FIG. 258.
fixod by the screws, d; the pressure is exerted underneath on a plate raised by means of
the lever, e. The pressed residue is then either treated with carbon disulphide to recover
the wniall amount of fat still retained, or used directly as cattle-food. A powerful press,
which is largely used, is shown in Fig. 260.

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

FIG. 260. FIG. 261.
a coil on the bottom and by direct steam issuing from a perforated pipe passing also to the
bottom. 1O0 kilos of tallow are mixed with 50 kilos of water containing 1 kilo of sulphuric
acid of 66° 336., the whole being heated for two hours at 105° to 110°. The clear, fused fat
floats on the 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 containing a
kilo of caustic soda, the mixture being then melted at 100° in the Fouche 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 been successfully 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. In
general, it is heated and stirred with water for a long time in suitable vats. It is then left
at rest until it separates from the water and is filtered through a cloth bag and collected
in a tank, heated outside in order to retard solidification and give time for any further
impurities present to deposit.

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

Many different processes have been suggested for the bleaching 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. I., 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 aqueous solution 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. Chlorine, which is
sometimes used for vegetable oils, is harmful to animal fats. Excellent results have been
obtained recently by bleaching with sodium hydrosulphite (Vol. L, p. 586). Certain fats
can be well bleached at 80° to 100° with 1 to 2 per cent, of barium peroxide, which is added
gradually and with continual stirring. Fats and fatty acids are sometimes deodorized by
treating with 20 per cent, of concentrated sulphuric acid at 30° to 40°, and then, distilling
the fatty acids under reduced pressure.

The purity of tallow is determined by the analytical methods already given (see ateo
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 introducing them in the fused
state into a double-walled tcst-tule (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°. Adulteration with cottonseed
oil is detected by Halpheris reaction : 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-tube ;
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 continued 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 churning it up with milk.
It is also used to some extent for making the so-called margarine-cheese from separated
milk, the butter being replaced by oleomargarine, which, is incorporated by means of
emulsificrs.

It was Napoleon III. who, on account of the rise in price of provisions and more especi-
ally of butter, offered in 1870 a prize for the discovery of a cheap fat to replace butter, and
placed at the disposal of the inventor a large works at Poissy, near Paris, adapted to the
development of the industry. The prize was awarded in 1871 to the Mege Mouries process
for the manufacture of oleomargarine from tallow by a method which is almost identical
with that used at the present day (the addition of sheep's stomach to render soluble the
cellular membranes enveloping the fat has now, however, been abandoned). As early as
1873 30 tons of margarine was consumed in Paris.

As a rule, oleomargarine factories are situated close to the slaughterhouses, so that the
tallow may be obtained fresh from the animals. The tallow is cooled immediately bv
washing it in a current of cold water, which removes the blood and other impurities, and if
it cannot be worked at once is hung in separate pieces in a cold chamber.

The tallow is then cut up and introduced, with one-fourth of its weight of water at 55°
into a vat similar to that used for the melting of tallow (see p. 468), but nowadays the heat-
ing and melting are ejected by the circulation of hot water at 60° to 70° instead of steam,
so as to avoid scalding the mass. The latter is kept slowly stirred and a couple of hours is
sufficient time to melt 2000 kilos of tallow, which floats on the water, whilst the bits and
membranes are deposited on the bottom ; this separation is facilitated by the addition of
2 per cent, of salt, previously dissolved in water.

After the mass has remained at rest for some time, all the impurities settle and the
molten fat is removed by a tap connecting inside the vat with a free, floating tube which
gradually falls as the layer of fat diminishes : the latter is collected in tinned, double-walled
tanks surrounded by hot water, so that further clarification may result on long standing.
The fat then bears the name premier-jus and is mixed in small proportion into margarine,
while the remainder is poured into flat, tinned moulds holding about 20 kilos and allowed
to solidify in a chamber kept at a temperature of about 30n.

The semi-solid mass thus formed is placed in cloths and squeezed—not too stronglv
in hydraulic presses (similar to those used in making stearic acid for candles, see later) in a
room at about 25°. Tlri.s procedure yields about 45 per cent, of a solid residue of stearin (for
candles) mixed with a little olein, and a liquid product (55 to CO per cent.) composed of
55 per cent, of triolein, 35 per cent, of tripalmitin, and .10 to 15 per cent, of tristearin ; this
is oleomargarine, which assumes an almost pasty consistency at ordinary temperatures and
has a yellow colour and a pleasant odour similar to that of butter.

It is used in some cases as fat for cooking, but usually it is converted into artificial
butter.

Oleomargarine has the sp. gr. 0-859 to 0-860 at 100°, melts at 33-7°, has the Hehner
number (ace p. 461) 05-5, the Rcichcrt-Meissl-Wollny number (see p. 461) 0-4 to 0-9, and
the iodine number (see p. 463) 44 to f>5.

MARGARINE (or Artificial Butter) is prepared from oleomargarine, from one-tenth to
one-fifth of sesame or arachis or even cottonseed oil being added for the lower qualities (in
America maize oil is used). In some countries no milk is now used, attempts being made
to flavour the oleomargarine directly with certain strongly flavoured cheeses prepared for
this express purposes, or with butyric acid or its homologuea, or with a special flavouring
placed on the market under 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 natural 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 been proposed to add a
little powdered casein, egg-yolk and pasteurised milk-cream (Ger. Pat. 170,163).

The yellow colour of commercial; natural butter is imitated by the addition of a little
hutyroflavine (dimethylaminoazobenzcne) dissolved in sesame or cottonseed oil (placed on
the market by the Societe 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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FIG." 262.

sesame oil; for winter margarine, the premier-jus is replaced by a similar quantity of
sesame oil) are first melted separately at 40° to 45°. For inferior margarines, less oleo-
margarine, more premier-jus, and a certain amount of cottonseed oil are used. Half of
the molten, homogeneous fat is introduced into a churn (that of H. Grasso, of Hertogen-
bosch, Holland, Fig. 262, gives good results) containing 300 litres of milk * previously
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 stirrers (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
machine of the Schroeder type has been introduced
recently, and this allows of continuous working and effects a far more perfect mixing
of the fats and milk, while it yields a more aromatic and stable product.

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 introduced into
the Werner-Pfleiderer kneader (similar to that
used for kneading bread), which can easily bo
reversed so as to expel the excess of liquid and
finally the paste itself (Fig. 264).

The margarine thus obtained is made up
into cakes by means of suitable moulds bearing
the trade mark and is then wrapped in parch-
ment-paper previously disinfected in brine. In
some countries this paper is marked with
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 sesame 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 sesame oil present, it gives the Baudouin reaction for furfural.2 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 vessels in a cool place, and is consumed as soon as
possible so as to avoid contamination. It may be centrifuged after pasteurising and cooling.
If it is not rendered acid, the milk, and also the butter obtained therefrom, keep badly and do
not incorporate well with the other fats.

2 10 c.c. of margarine, filtered into a separating funnel, is shaken for half a minute with
10 c.c. of HC1 (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 is shaken with JO c.c. of HC1 (sp. gr. 1-19)

FIG. 263.
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10 per cent, of butter is added to margarine the Reichert-Meissl-Wollny number (see p. 461)
exceeds 2-5.

Normal margarine contains 8 to 9 per cent, of water and 1 to 2 per cent, of NaCl, and
has the saponifieation number 193 to 203 (coconut fat raises this number to 220 and the
Wollny number to 5) and the iodine number 52 to 60.

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

In 1911 many cases of fatal poisoning occurred in Germany owing to the use in mar-
garine of cardamom oil (or Marotti fat) which may contain the poisonous chaulmoogric
acid, C1SH32O2, m.-pt. 09°, and possibly also hydnocarpic acid, C1Gtf,s(X, m.-pt. 60-4°,
which is likewise poisonous.

The consumption of margarine, which costs little more than half as much as butter, is
continually increasing in all countries. Germany possessed r^) factories in 1SS6 and 83,
employing 1555 workmen, in 1895 ; and in 1899 produced 91,000 tons (worth more than
£3,800,000) of first- and second-quality margarines, 55,000 tons of animal fats, 23,000 of
vegetable fats and oils. 53,000 of skim-milk, and 4800 of salt being employed. Germany
imported 28,500 tons of oleomargarine in 1908 and about 23,000 tons in 1903, and exported
297 tons of artificial butter in 1906 and 525 in
1909. In North Germany, margarine of first
quality is used, but in the South margarine
without butter and without milk.

In 1907 there were 31 margarine factarbs
in Norway. Thirty-seven factories existed
in the United States in 1886, and the output,
which was less than 6000 tons in 1902, ro3c
to 45,000 tons in 1908 and 70,000 in 1910
(almost all not coloured), the exports being
1550 tons in 1910 (almost all coloured). In
1910-1911 the output in the United States fell
to about 65,000 tons. In Denmark 22 factories
produced 30,000 tons in 1909 and 34,300 tons
in 1910, when the exports amounted to 1100
tons. England imported 1650 tons of oleo-
margarine in 1909 and 4050 tons in 1910 and
exported 3295 tons in 1909 and 8138 tons
(£206,360) in 1910. The principal exportation
from the United States consists of the prime
material, oleo oil. which is largely used in other
countries 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 oleomargarine (£S0,000) were exported,
and in 1911, 77,000 tons of oleo oil (of the value £3,120,000), and 18,000 tons of oleo-
margarine (£84,000). In 1907, Sweden produced 15,000,000 kilos, and in Holland there
are over 100 factories. The total output of Holland and Belgium in 1910 was 65,000 tons
(of the value £3,600,000), about 48,000 tons being exported. In Paris, more than 30 tons
of margarine were manufactured per day as early as 1875. In Italy, the first factory, that
of Regondi and Chierichctti, was erected 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 time, as a company (Chierichetti and Torriini), it still occupies the premier
position. A considerable amount of suspicion was removed from the industry in Italy
as the result of a valuable report 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, 803 in 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 known.

FIG. 264.

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 intense red coloration, the margarine contained the required
quantity of sesame* oil. This reaction has, however, been criticised as being in some cases
indecisive.

VOL. II. 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,1 in which it occurs emulsified in small drops
1 MILK 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,

supply of milk to large towns constitutes a serious problem, since, for example, Genoa consumes
500 hectols. per day, Turin 700, Milan 1300, Berlin 8000, Paris 9000, and New York 16,000. In
1903 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
7,330,000, 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 (barely one-iifth
exported). In the United Kingdom 4,000,000 cows produced in 1909 about 72,000,000 hectols.
of milk. In 1910 Norway produced 10,000,000 hectols. of milk. Germany possessed 10,000,000
cows in 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 mean yield 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 co?nposition of the rnilk obtained by complete milking is found from
some thousands of different analyses to be as follows: water, 87-22; fat, 3-02 ; nitrogenous
substances (casein and a little albumin), 3-66 ; milk sugar, 4-82; and mineral matter, 0-68.
The casein forms a kind of colloidal solution, which holds, in an emulsiiied and suspended
condition, fat-drops of varying magnitude (diameter, 0-01 to 0-0016 mm.). Casein in milk
occurs, indeed, in the form of a non-reversible hydrosol {see Vol. I., p. 106) and its coagulation
by acid.s or heat can be retarded or prevented by the presence of a reversible colloid (•proteclinij
colloid, like gelatine or gum). In cows' milk the relation between casein (non-revcrsible) and
albumin (reversible) is 3-02 : 0-53, whilst in Jiuman milk this relation is 0-75 : 1-00; in human
milk, then, there is abundance of albumin (reversible) and the coagulability is eight times less
than with cows' milk. These relations explain the different nutritive effects of the two milks
on infants.

Boiled milk may be distinguished from raw milk as it no longer contains reductase or catalaso
(see p. 135) ; also oxidation of the whey with a little hydrogen peroxide and treatment with
pyramidone at 60° yields, with raw milk, a violet coloration, while that of boiled milk gives no
coloration. The sugar and, partly, the salts are found in the aqueous solution composing the
whey. Milk has an acid and an alkaline reaction (atnpJioteric reaction) at the same time, owing
to the presence of primary (acid) and secondary (alkaline) phosphates. The natural acidity of
milk is due, not to lactic acid, but to phosphates, carbon dioxide, citric acid, etc. Milk is alkaline
to methyl orange and acid to phenolphthalein; lactic acid acts on methyl orange only when
it has precipitated the casein and transformed the dicalcium phosphate into monocaleium
phosphate (Bordas and Touplain, 1911). Urea, dicyandiamide, amino-acids, polypeptidea,
urethane, albumoses, xanthine bases, 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 pasteurised, and then kept
in hermetically sealed vessels; to prevent separation of the fat from the milk, the latter is iirst
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 decompose, giving free fatty
acids. Sterilisation by ultra-violet rays is incomplete and alters the composition and taste
of the milk to some extent.

Prom milk defatted by centrifugation (ski?n-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 15U

of acidity), is also caused spontaneously in 24 to 48 hours by adding a dilute acid and keeping
at 55° to t> J° ; the casein probably exists as calcium salt (1-55 per cent. CaO), 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, zinc, tinplate, or tinned copper (Besana), although, according
to Fascetti, traces of dissolved copper are advantageous in cheese since they retard lactic
fermentation; the latter author suggests, however, the addition of hydrogen peroxide, which
hai the advantages of the copper without its disadvantages. To avoid secondary fermentations
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suspended impurities, the milk passes, while still tepid, to the chamber of the centrifuge,
A, mounted on the axle, S, actuated by a pulley which is not shown in the figure (2(55)
and which rotates several thousands (6 to 7) of times per minute. In this manner the skim-
mills: is expelled to the periphery and carried off by the tube, h, into the collecting plate,
Be, whilst the lighter cream rises and is discharged by the channel, e, into the collector,
Cf. These separators easily treat 10 hectols. of milk per hour. The cream that separates
is agglomerated into small lumps of butter by churning (see, for instance, Fig. 262), knead-

ing, and so on, just as with margarine. To obtain a
butter that will keep, however, the cream is subjected to
pasteurisation and acidification (see Note on p. 472), the
butter being worked with water that has been sterilised,
for instance, by ozone or ultra-violet rays. The flavour of
butter, which was formerly regarded as due to the cstori-
fication of the fatty acids, seems to result from the fer-
mentation of lactose and the formation of aldehydes.

The percentages of the various fatty acids entering into
the composition of the glycerides of butter arc as follow
stearic, 7 to 11 ; palmitic, 14 to 18 ; myristic, 11 or more ;
lauric, 14 to 16 ; oleic, 25 to 30; higher unsaturated
acids, 4 to 5-7 ; also the volatile acids, butyric, caproic,
caprylic, and capric ; further, small proportions of acetic,
arachic, and hydroxy-acids, cholesterol, phytosterol, leci-

thin, and a yellow colouring-matter; winter butter is less yellow than that of summer
(green feeding of the cows). Unlike other fats, butter contains a mixed palmito-oleo-
butyric glyceride, C3H5(C1eHai02)(C18H33Oo)(C4H702).

Also, in comparison with all other fats, butter contains a large quantity of volatile
acids soluble in water. The mean percentage composition of natural butter is : water, 15 ;
fatty substances, 83 ; lactose, 0-5 ; proteins, 0-7 ; and mineral salts, 0*5.

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 obtained by
heating the butter to about 50° and then leaving it to clarify and to deposit the water
salts, etc. The constants for this fat are compared with those given in the Table on p. 40(i,
attention being paid to the remarks on pp. 460 and 463 referring to the soluble volatile acids
and to the butyro-refractometric reading, which should have the following values at dif-
ferent temperatures : 41-5 at 45°, 43-6 at 43°, 43-7 at 41°, 44-7 at 39°, 45-9 at 37°, 47 at 35".,
48-1 at 33°, 49-2 at 31°, 50-3 at 29°, 51-4 at 27°, and 52-5 at 25°.

Genuine milk has not less than 12 per cent, of dry residue, or, subtracting the amount of fat,
not less than 9 per cent. The dry residue (r) may also be calculated from the specific gravity (*)
and the percentagcof fi>< (g) by FleischmanrTs formula : r — l-2# + 2'(>(>5 —*?—-— .

pIQ

p n of Fat. This is usually made with the ikrhar biih/romrLcr (Fig. 2(>(>). Into
a special wide-mouthed flask with a long, narrow, graduated neck are pipetted .10 c.c. of
concentrated sulphuric acid (sp. gr. 1-825), 1 c.c. of amyl alcohol, and 1.1 c.c. of milk, which
are allowed to flow gently down the side. The flask is then tightly closed with a rubber stopper,
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 on a
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 ilask 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 extracted from
the milk after rendering alkaline. In nearly all countries in has been established that a natural
milk, obtained by milking completely a number of cows, contains as a rule not less than 3 per cent,
of fat, in very rare cases 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 (<•/) that it
should contain is deduced from Fleischmann's formula : g — OS33r — 2'22 ^^s ~~~ 10Q .̂ To
calculate the dry residue (r) of a whole milk use may be made of Heischmann's corrected
formula: r = l-2g -\ —±—-£-H \ while that of a skim-milk is given by : r' = 0-2<7 -f
2-665 (100? - 100)
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Tlie most certain method of detecting adulteration of butter with coconut oil is by deter-
mining the volatile fatty acids insoluble in water (Polenske number),1 and for other adul-
terations various tests are made.

The degree of rancidity 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, turmeric or, more commonly, annatto, which is
an extract of the fruit of Bixa orellana made into a paste with an oil; the use of coal-tar
dyes is prohibited.

Renovated butter is prepared in America from rancid butter, which is kneaded with a
solution of sodium bicarbonate [e.g. in the Werner and Pfleiderer kneading machine.
Fig. 264, p. 473), and is then washed with just tepid water in the rotating-plate kneader
(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 second time in the latter kneader. Natural butter can be distinguished 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 glue factories, and is extracted from the crushed
bones either by boiling with water (see Vol. I., p. 647) and skimming the fat which collects
at the surface, or by treatment with benzine or carbon disulphide in an extraction apparatus
{see 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 sulphuric 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 constant proportion of volatile

fatty acid insoluble in water, whilst butter contains very little of these. If the Polenske number
(or new butler-value) is expressed in c.c. of decinormal KOH necessary to neutralise the insoluble
volatile acids contained in 5 grms. of the fat, its value is 16-8 to 17-8 for coconut oil and 1*5 to 3
for pure butter. The Reichei't-Meissl-Wollny number and the Polenske number may be
determined by a single operation, the butter being saponified in. the following manner (Leffmann
and Beam) : 5 grms. of the filtered butter, together with 20 grms. of glycerine and 2 c.c. of
caustic soda solution (100 NaOH to 100 H2O), are placed in a flask of about 300 c.c. capacity,
this being heated with a naked flame. After 5 to 8 minutes' boiling, the water evaporates,
frothing ceases, and the mixture becomes clear, the heating being then continued for a few
minutes longer. When the liquid has cooled to 80° to 90°, 90 c.c. of water at 80° are added,
a clear and almost colourless solution of the soap formed being thus obtained. To this solution,
heated nearly to boiling, are added 50 c.c. of dilute sulphuric acid (25 c.c. of the concentrated
acid in a litre) and I grin, of powdered pumice, the volatile acids being then distilled so that
110 c.c. is collected in 19 to 21 minutes in an apparatus corresponding exactly with that shown
in Fig. 254 on p. 461.

The 110 c.c. flask is cooled in water at 15° and inverted several times 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-Wollny 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 flask being subsequently washed with three quantities, each of 15 c.cc.
of neutralised 91) per cent, alcohol. Titration of the whole of the alcoholic filtrate with decinormal
KOH gives the Polenske number, which allows of the detection of 10 per cent, of coconut oil
in butter. The result has been stated to be inconclusive if the cows have been fed with coconut
cake.

Adulteration with marr/arine is readily detected by the content of aggregated crystals which
are observed under the microscope in polarised light or, better, in light which has previously
passed through a selenite plate. Fresh, 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 is invalid.

The determination of water, fat, solids not fat (casein, lactose, and mineral salts) can be
simply carried out, according to Fahrio2i (190(5), as follows : in a platinum crucible, tared together
with a glass rod, are weighed 2-5 to 3 grms. of butter, which is then heated over a small flame
and stirred until it is melted and clear; reweighing give3 the proportion of water. The residue
is then dissolved in light petroleum and the solution filtered through 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 keeping of butter, is allowed ; boric and salicylic acids
can be detected as in beer. The presence of formaldehyde may be ascertained by'distilling
25 c.c. of water in a current of steam from a flask containing 50 grms. of butter and 50 c.c. of
boiling water; the distillate is tested by means of Rimini's reaction (see p. 131).

Addition of artificial yellow colouring-matter is shown by the intense coloration assumed
by absolute alcohol when shaken with the fused butter.
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HOG'S FAT (Lard) is obtained by melting the fatty parts of the pig, as in the case of
tallow (Refining, see p. 470). In Germany large quantities of it are consumed for culinary
purposes, and in Italy almost the whole of this product is used 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 diseased
animals, while addition of appreciable quantities of cottonseed oil and bleaching by the
addition of lard stcarine 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 by Halphen's
test (see p. 470).

In the United States the production of lard is continually increasing, 21 millions of pigs
being killed in 1002 and 25i 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, seal, and
dolphin is extracted from a species of lard contained in the membranes of the brain and
back ; it is, however, worked in 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 Physeter macro-
ce'jrfuilus (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
Sperm Oil), which, after nitration, 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 manufacture of pharmaceutical products, perfumes, and high-class
candles.

Cod-liver Oil (from the fresh liver of Gadus niorrhua, caught in large numbers in Norway
and elsewhere) is used in considerable quantities as a recuperative medicine in virtue of
the small proportion, of chemically combined iodine and of the large amounts of readily
emulsifiablc fatty acids it contains. It 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 steam, the best results being obtained in absence of air—in an atmosphere
of hydrogen or carbon dioxide or in a vacuum (Eng. Pat. 25,083, 1006).

Natural cod-liver oil, prepared by the old process, has a considerably higher acidity
(acid number, 8 to 25) than that separated by the more modern methods (acid number,
0-7 to 1-4).

The production of cod-liver oil in Norway shows a continual increase, although it
varies in different years, according to the abundance or scarcity of the iish. from 20,000
to 100,000 tons per annum, about one-half 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 odour being
due especially to an unsaturated compound, clupanodonic acid, CJ8H28O2, which combines
with 8H to form stearic acid. These oils are used in dressing leather, in the manufacture of
DEGRAS,1 also employed for treating skins, and in the preparation of fatty acids for soap-

1 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 tanning other skins. It consists essentially
of water (30 to 40 per cent.), rancid fish oil, resinous substances (de'gragbie or dajras-former,
14 to 20 per cent.) from the oxidation of the oil, mineral substances (about 2 per cent, consisting
of lime, soda, and sulphates) and residues of skin, membranes, hair, etc. (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. Digraghiz is the characteristic constituent and, unlike other resins, is insoluble in light
petroleum.

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

This use of degras has been known for many years and lias increased so rapidly that the supply
is no longer sufficient, factories for making artificial 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 degras or moellon : the residue is then treated with u,
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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.
1 FAT. Pliny mentions the use of this fat in medicine, and its employment for
ose extended to the seventeenth century. In 1856 Chevreul classified it with the
'ing 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 potassium or
im 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, secreted by tho
i,l 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
le or, better, of benzine (at Verviers, in Belgium, the wool from all the establish-
L. the city has for several years been washed with beiv/inc in a large works), subsc-
ashing with water and a little soap being then more easy and economical. Tbo
obtained in this way after distillation of the solvent is slightly coloured and almost

.i water, and is ready for the market. Usually, however, the dirty wool is washed
•eviathan machine, the soapy, greasy wash-waters being first allowed to stand to
earthy matters and then treated with dilute milk of lime or, better, with calcium

solution slightly acidified with hydrochloric acid. The soaps and fatty acids
c, cerotic, a little caproic and oleic and traces of stearic, isovaleric, butyric, myristic,
ic, and lanoceric) are precipitated as calcium salts and carry down the wool fat,
s only slightly saponifiable owing to its large content (55 to 60 per cent.) of
rol, isocholesterol, ceryl alcohol, lanolyl alcohol (C12rI21O) and carnaubyl alcohol
O), which do not contain glycerides. After this treatment the wash-waters are
*fb to stand or coarsely filtered to separate the pasty mass ; in some cases the water
ved from the calcium soap and fat by centrifuging in a separator 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 fat being extracted
.ese by means of carbon disulphidc or, better, benzine. The residue from the cakes,
reated with dilute sulphuric acid, yields fatty acids, and the resultant aqueous
•n, coarsely filtered to remove solid substances, deposits the fatty acids when heated.
.s obtained, wool fat is dirty yellow, transparent, and very viscous (it can be obtained
llow by special refining processes) ; it melts at 35° to 40°, and has the saponification
c 85 to 105, the iodine number 13 to 17, the acid number 0-5 to 1-3, the Hehncr
v 85 to 95, the Rcichert-Meissl number 6 to 7, and 0-5 to 1 per cent, of water, while
itory power in saccharimetric degrees is + 10-2 to + 11-2. Commercial lanolino
Dt contain more than 30 per cent, of water.
ol fat is better suited than any other fat or even vaseline as a basis for salves and
nts, and has also considerable 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
3 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 oil 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 remains.
Dts have also been made to obtain moellon by pulverising fish oil in the air at 120° and
:ying with water. At the present time, the term degras is applied to a complex substance
ssing skins and consisting of a mixture of moellon with wool fat, tallow, and other solid
hilst by moellon is indicated the aqueous emulsion of oxidised fish oil. Artificial degras
preferred to the natural product, since different types can be prepared for different purposes,
^pes being of more constant composition, and hence more certain, in their effects. A good
al degras usually contains 15 per cent, or more of degragene and less than 20 per cent.
3r. When such degras contains more than 1 to 2 per cent, of non-saponiftable substances,
ire derived, not from the fish oil, but rather from the wool fat, resin oil, mineral oil, etc.
i. degras sometimes contains 1 to 2 per cent, of soap and as much as 5 to 6 per cent, of
ares: in general, it should contain less than 0-05 per cent, of iron and, when spread in a
uyer 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,
aid be absorbed within an hour, leaving only a minimum residue.
tural degras costs about 2S<f. per cwt., the artificial product of the first quality about 20s.,
te French (moellon) about 34s,
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cent, of hydrocarbons, and 5 to 10 per cent, of alcohols, while the distillate deposits a
wool stearine, which melts at 42° to 55°, has the iodine number 37, and the saponification
number 170, and contains cholesterol and. altogether, 73 to SS per cent, of free, solid
fatty acids.

In 1905 Germany exported 134 tons (130 in 1903) of lanoline, of the value £10,000.
CHRYSALIS OIL. The dead silkworm chrysalides remaining after removal of the silk frcm

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 temperature 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 fuller'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 crude 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) deodorises 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 earth (a Japanese earth superior to
Florida earth ; see Vol. L, p. 738). Thus prepared, the oil yields consistent fats on hydro-
genation (vide infra).

Italy 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, etc.) preponderate in
ordinary liquid 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 are of higher value and more readily
utilisable (see note 1, p. 359).

Although various hydrogenation processes had been known in the laboratory, indus-
trial application of these to the hardening of oils was not attempted until after the work of
Sabatier and Senderens on the hydrogenation of organic compounds 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 glycerides (oils). The process was
not, however, at once applied on an industrial scale in Germany, but was used first in Eng-
land by Orosfield 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 palladium., which works at 80° to 90°
(in 1908, Paal used colloidal palladium at almost the ordinary temperature), but, although
a large part of the palladium (which serves for a long time and is not so sensitive as nickel
to poisons such as sulphur, H2Sr CŜ , Cl, organic thio-compounds, hydrocarbons, etc.) is
recoverable; it is, nevertheless, very expensive. Palladium chloride, which Skita proposed
to use at a pressure of 2 to 3 atmos.. is cheaper, and at 100° one part of palladium suffices
for 100,000 parts of oil.

The nickel catalyst is prepared by reducing the oxide obtained either by calcining the
nitrate or by precipitating the sulphate by means of an alkali, the oxide being deposited on
an inactive, porous support such as pumice, 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. L, p. 846) also yields an active product.

When prepared in this way, the catalyst is emulsified with the oil. The oxide itself
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
be 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 organic
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substances in the hot at pressures of 8 to 10 atmos. by 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 ; nickel borate has also been used.
Nickel oxide has a slow action and hardens oils at temperatures above 200° to 240°, the oil
being darkened. Erdmann 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 Wilbuschewitscli (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 solution, and afterwards in sodium carbonate solution,
the nickel carbonate thus formed being converted 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 by the pumps, A and A l9 in the proper proportions to be emulsified
in B and passed through the pipe, G, and distributed by the valve, //, and the'pulveriser, C,
to the jacketed autoclaves, Jl9 J2, etc. The hydrogen is injected by a compresser, K, at a

FIG. 267.

pressure of 9 atmos. through the tube, X, to the bottom of the autoclave, where it is finely
subdivided by the distributors, D^ D.>, D.y 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 J1 being
drawn off by the pump, E, and injected into J2, while the hydrogen escaping from Jx passes
into J., through the pipe, Y ; the oil then goes through the pump E.2 to J3. In the passage
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, 8 and T, 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 autoclave, </3, issues from the valve, W,
and through the tube, Q, to the cooling coil, L, and thence to the washer, M (containing
sodium carbonate), from which it returns to the cycle through the compressor, K. 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 0-1 per cent, of BUS (see Vol. I., p. 141). The rapidity of the reaction and the life
of the catalyst increase with the purity of the gas.

The iodine number of all hardened oils is very low
(5 to 25). The cholesterols and phytosteroLs undergo no
change and serve to indicate if the original oil was a
mixture of vegetable and animal oils. Hydrogenation is
applied to inferior oils (olive, cottonseed, fish, etc.) to obtain
consistent fats for making margarine and candles. In
general, oils thus treated lose their original odour and
assume that of tallow.

In Germany about 200 tons of hardened oils were
produced per day in 1913, and during the European War
the manufacture assumed enormous importance, in
France two factories have an output of 20,000 tons per
annum. Before the War the total cost of hydrogenation
was calculated at £6 to £8 per ton of oil.

Hardened oils, sold under different names (Uilgoh talghin,
ca?idelite, cruteolin, etc.), have m.-pt. 38" to 50", acid value
3*5 to 4, iodine number 20 to 60, saponificatioii number 189
to 192, non-saponiflable substances 0-3 to 0-5. They give
increased yields of soaps, but these form less lather and
wash more slowly. The refractive index is lowered some-
what and the colour reactions are attenuated or annulled.
Almost all of them retain minimum traces of catalyst, and
nickel may be detected in the ash by means of dimethyl-
glyoxime {see p. 398).FIG. 268.

VEGETABLE OILS
In plants oils accumulate especially in the seeds and the Meshy 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

1 The Mean Compositions of Oily Seeds and Fruits (the maxima and minima jire 10 to
15 per cent, above and below the mean values) are as follows :—

Olive : pulp . . . .
kernel (shell)
seed . . . .

Linseed : winter
summer .

Ricinus (seeds) : Italian .
Indian .

Sesame (seeds) : brown Levant
yellow Indian.

Cottonseed: Egyptian .
American .

Colza or rape (seeds)
Ravison (seeds) : fresh .

two years old
Arachis (shelled nuts) : fresh .

old .
Hempseed . . . .
Mustard : black

white
Poppy : white

black
Sweet almonds
Maize : whole grain

germ
Palm fruit . . . .
Palm kernel . . . .
Coconut. . . . .

Water
per
cent.

24-22
4-20
6-20
8-65
7-80
8
7-26
5-90
7-06
7-54
8-12
6
9-10
5-25
7-37
2-75
8-65
6-78
7
8-85
9-50
9-53
—
—
—
—

Ash
per

cent.

2-68
4-16
2-16
3-15
3-20
2-93
3-40
7-52
6-85
8-60
9-44
4-30
4-80
4-36
2-43
2-50
3-45
4-21
4-45
3-42
4
2-86

—

Oil
per

cent.

56-40
5-75

12-26
35-20
31-60
52-62
55-23
55-63
50-84
23-95
20-58
38
36-80
39-25
37-84
41-63
33-60
22-20
29-30
55-62
51-36
51-42
6-10

44-46
65-72
45-50
45-63

Organic
matter

free from
oil

per cent.

16-70
85-89
79-38
53
57-40
36-45
34-11
30-95
35-25
59-91
61-86
51-70
49-30
51-14
52-36
53-12
54-30
66-81
59-25
32-11
35-14
38-19

—

Proteins
in 100
parts of
organic
matter.

1-10
2-50
2-10

22-10
24
25-50
24-20
21-42
22-30
27-20
28-12
20
2-50
4-20

27-25
27-85
15-95
20-52
28-20
16-89
17-50
22-50

—

Cukesafter
pressing.

-
per rent.

!• 5-15
j
| 0-8

]• 7-10

I 12-10.
8-10

i
j 7-10

8-12

f 9-11

6-10
7-0
10-14

-
Protein
per cent,.

•1-8

30-38

28-31
35-40

30 -'18
29-32
29-32
44--HO
28-33

33-37

14-18
14-17
18-22
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The oil is extracted by two processes : by pressure and by means of solvents.
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 (oil-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 cake with solvents removes all but the fifteenth part of the
total amount 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

Fro. 2(50. FIG. 270.

and fans, crushed in a kind of roller press (Figs. 268, 269) and powdered (some-
times this is done directly) 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 commonly the pressing is carried out 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 orifices, a, which
allow the quantity corresponding with each cake to be delivered. Steam
heating is applied in the upper chamber, c, while the lower one, b, is well insulated
so as to maintain the temperature of the mass.

Nowadays the pressing is effected almost everywhere with hydraulic presses of various
forms,1 and only in small works are wooden or metal screw-presses still employed.

1 The HYDRAULIC PRESS is based on Pascal's principle, according 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. cm. in area, on a liquid
in one arm of 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 (Fig. 271), the pressure transmitted
by the pressing surface being proportional to the area receiving the pressure.

The hydraulic press consists of a suction pump, P (Fig. 272), which draws water from the
reservoir, A, and forces it through the strong copper tube, t, into the thick-walled chamber, Bt
hermetically sealed at the upper part by a large piston, 6, carrying a wide plate, c, 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 by the base of the piston, b%
the pressure received being dependent on the ratio of the sections of the pistons and on the
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A hydraulic press which is widely used is the ring-press of Briick and Htibner, of Mann-
heim, shown in Fig. 275. The powdered seeds are placed on the rings, a, the base of which

ratio between the arms, OP and PR, of the pump-lever. If PR is ten times 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).

FIG. 271. FIG. 272.
When the piston, b, rises, the plate presses the substance agaiist a strong cover, d, fixed

by three or four columns, c. 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 desired. The large piston is made tight by encircling it at b
with a leather ring (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 and forces its edges against the
piston with a pressure increasing with the pressure of the water, and thus forms a true hermetic seal.

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

In practice, 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 lirst the
resistance is small; when the pressure increases,
the compression is continued more slowly by means
of a small pump.

To avoid attention to a number of pumps and
loss of energy, works employing many hydraulic
presses make use of the so-called hydraulic accu-
mulators (Armstrong, 1843), which provide a .store
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 in an ordinary
hydraulic press, receives pressure from below by
means of compressed water from a pump, passing
through p and vL; the upper part of the piston is
fixed to the centre of a plate, C, which, by means of
three columns, S, supports the plate, E, carrying
the heavy iron discs, D. When the piston is raised
by the compressed water entering A, the whole
accumulator, E, C, and the discs, D, are raised.
When ?;x is closed A contains a store of water under
great pressure which transmits pressure to a
number of hydraulic presses simultaneously when
the cock, i\, communicating with these presses isFIG. 273. FIG. 274.

opened. In order to prevent the piston, L, from being raised too much and so forced out of the
cylinder, B, the lower part of the piston is provided witli a small vertical channel with a lateral
exit; when the latter is forced from the top of the cylinder, Z?, the water escapes, the pressure
is lowered and the piston falls. Large works 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 hence raised. In this
way, also, the final pressure of the hydraulic 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. Accumulators
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 accumulator may be exerted in -some degree gradually by
connecting it with a compressed-air chamber [automatic accumulator). As liquid for use in
the accumulators, water, glycerine, or oil may be employed.
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consists of a movable, perforated steel plate covered with a disc of woollen or horsehair
material. The flour is well pressed by hand or by a suitable machine, covered with a second
woollen or horsehair disc, and passed along the guides, b, being thus brought between two
plates, 6, which are smooth underneath and grooved on the top and fit exactly into the

FIG. 27O. FIG. 27G.

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. In
some cases the pressing is carried out first at a low pressure,
which gives an oil of improved quality, the cake thus obtained
being ground (e.g. by an Excelsior mill, p. 200) and squeezed
under a high pressure for the extraction of a further quantity
of oil of lower grade.

The presses most commonly used are of the type shown in
Fig. 276 (in plan at t)9 d being a cylindrical cage made of a
number of vertical steel bars fixed to stout horizontal rings
surrounding them (Fig. 277), so as to leave vertical slits
through which the oil flows. The cakes consisting of 2 to 3 kilos
of the hot flour and well wrapped in strong horsehair material,
are placed in d, the superposed cakes being separated by
fluted steel discs. The pressure is raised gradually to 200 to
300 atmos. When batteries of several cages are used (Fig. 278)
hydraulic accumulators (Figs. 273, 274) are often employed.

Double hydraulic presses are sometimes used (Fig. 279), the two cages being rotatab e
round the column s. One cage is discharged and recharged while the pressure is 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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Extraction of the oil by means of solvents (first attempted in England in 1856), from the
crushed seeds or broken cake, is effected with carbon disulphide (see Vol. I., p. 493)—which
has considerable solvent action on fats, even in the cold, but also removes a certain amount
of chlorophyll—or with light petroleum (benzine), which exerts its maximum solvent effect
in the hot. The use of carbon tetrachloride has also been suggested (see Vol. I., 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 extracti&n may be carried out by direct exhaustion or by systematic exhaustion.
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 number
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 exhausted, is
charged with fresh material and placed last in the series (see exhaustion of beet in the
diffusers, under the heading Sugar, later). From the saturated solution of the oil, the solvent

FIG. 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 extractor, that of Pallenberg, and the Wegelin and Hubner
(Fig. 280) form, which is fairly widely used. In the last of these the fatty material is
placed in the vessel, A, into which solvent is introduced from D by means of the tube, r q.
The solvent saturated with fat is discharged into the still, G, where, by means of indirect
steam passing through the coil, y, the solvent is distilled, its vapour ascending the tube, ?',
and condensing in Bf and the liquid collecting in D. The fat remaining in C can then be drawn
off through the tap, x, but if it retains solvent tenaciously, it is first heated by a current of
direct steam, solvent 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 x 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 cylinder, D\ joined at the bottom
to the tube, C, and provided with a lateral tube, D, slightly higher than the top of the tube W1
(h = 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, carries the condensed mixture of water and solvent to
the bottom of the separator, the benzine 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 effected with continuous cir-
culation of the solvent until the substance is exhausted. To expel and recover the solvent

FIG. 279.

FIG. 280.

retained by the substance remaining in A, a
current of direct steam is passed into the latter;
this carries off the vaporised solvent along the
tube, k, through the
valve, 7i, to the cool-
ing coil, B, the con- r:
densed water and oil
being passed through
the separator, w, be-
fore the latter liquid
is collected in D.

By means of the
Merz ext rac tor ,

slightly modified by Fisher (Eng. Pat. 123,645), extraction
may be effected in either an upward 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 extracted
before it reaches the condenser. The material is introduced
at A into the cylinder, B, having a closed base, 0, on which
are a series of closed coils, D, for indirect heating, and the
perforated coil, E, for the introduction of direct steam, which

D to the tank (D, Fig. 280), while the water is discharged
through Wv At the commencement of the operation water is
introduced through the tap, /-, into U until it flows out at Wx;
during the distillation a trickle of water enters at t. If at any
instant irregular distillation causes a sudden excess or deficit
of pressure in the separator, either the excess of gas may escape
momentarily from s, forcing a column, of water into u, or suction
at s is absorbed by a small quantity of water falling into the FIG. 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, chloroform, etc., is used, the tube, Wlt is connected with the solvent tank, the water
discharging 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, W2.
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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 tlelUel of
this plate * a rectangular door, G, for the discharge of the exhausted material.

The solvent arrmng from the tank through the pipe, H, may be directed to the top or
bottom of the mass by the 3-way cock, 2. At the top it enters at K, escapes thro,,,7th
holes of the annular tube, J, is heated by falling over the double steam coil, /, arnli dfa
tnbuted over the mass to be discharged through I into the still, below CliF In ordw to
extract from the hotto™ ,,T,«™W1SJ the solvent is passed in at M an '

nel, 0, and thus pass through P and the
inspection glass, Q, into the still beneath.

The still is furnished with a heating
coil which can be dismounted and with-
drawn, for cleaning or repair, through
the manhole, R. Direct steam maybe
introduced, by the coil, 8, 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 through

the valve, 3, at the bottom.
The condenser is separated from
the solvent tank by a plate, U,
and consists of three coils round
which the cooling water fiowa.
The condensed solvent passes,
together with the steam, into the
automatic separator, V (see Fi«r.
282). The steam for the extrac-
tion should be at 4 to 5 atmos.
pressure and should be dry, and
if possible, slightly superheated.

Large works, however, always
use batteries of extraction ap-
paratus arranged in series. In
a good extracting plant, the IOSH
of solvent docs not usually exceed
0-5 per cent, of the weight of oil
extracted and is always less than
1 t 1

Fic. 282.

REFINING of oils, to separate as far as possible the tannins, proteins and colouring
matters extracted from the oily seeds and fruits, is generally effected by means o f 7 f
drat ngo°d oxidising agents (the latter attack the colouring-matters moJe^Z^. '"

In order that sulphuric acid may not act on the glycerides (forming ethers) L d heaf
and partial y carbonise the oil, it must be used at a concentration of about S B 6 a n d t
small quantity (! to 2 per cent.) with oil heated to 50° to 60°, or with the cold oH" Tnder

^f l b linflammable a*d give explosive mixtureŝ with air T^f f ln^olu
1

ble m water, but are highly
60 persons being'killed L d IS'?£ u ^
is bein d f i f l b s h I h JZlt\ 5 e a s o n ™c™asm£ use
0 persons beingkilled L d IS?£ u ^

is being made of non-inflammable solvents such Is corhon JZlt\ -5e a s o n ™c™asm£ use
derivatives of hydrocarbons (see p. 122) tetrachlonde and other chloro-
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these conditions the few impurities are first carbonised and the oil becomes coloured, but
after filtration it is obtained paler, purer, and clear.

Zinc chloride often gives almost the same results as sulphuric acid, and is added in con-
centrated solution (sp. gr. 1-S5) and in amounts up to 1-5 per cent, of the oil; the black
flocculent matter formed separates on standing or nitration.

In some cases it is sufficient to leave the oil in 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, etc., may be added, these carrying down the impurities
as they settle. In order to avoid prolonged
contact of the oil with the air, pressure filters
(described in the section on Sugar) 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 later, 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 eight hours, by which time
small black clots of carbonised 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 small
quantity of sodium carbonate is added to the
second water), being stirred meanwhile or
emulsified by air from a Korting injector;
after being left to stand, it is either decanted
or filtered.

The water is sometimes intimately mixed
with the oil to be washed by means of the
so-called emulsor-centrifuge (Fig. 2S4), 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 minute, while through a central aperture
commanded by two taps—exactly adjustable
—the oil and water are introduced in the
desired proportions. The distance between
the two plates can be altered so as to give a
slit between their edges from 0-02 to 2 mm. in
width, the more or less completely emulsified
mass being forced out through the slit by the
plates themselves. If the oil does not separate
from the water on standing, the emulsion may
be destroyed by adding powdered and calcined
sodium sulphate or carbonate (which act as
dehydrating agents) or by agitating the emul-
sion with animal black or magnesium silicate
(which separates the components), but the
best results are obtained with centrifugal FIG. 283.

separators, like that used for milk (seep. 476), the water and impurities being forced to the
periphery, where they adhere, while the oil is 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 emul-
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 a boiling mixture of water and

VOL H; ^2VOL. H;
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when mixed, the dense emulsion is stable, even in the cold (Kostcrs,amincstearic acid;
1907).

To deodorise oils, they are passed through bone-black or, sometimes, elm-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 are purified by deacidifying them
with a concentrated solution (8° to 10° Be. for cottonseed oil and 36° to 38° Be. for olive
oil) of caustic soda in amount slightly exceeding that calculated from the acid number;
this treatment, however, readily leads to the formation of persistent emulsions and to loss
of glycerides and also of fatty acids. These emulsions, which are due to the presence of
soaps, are broken down in the manner already described, first being heated to 50° to 60°.
Emulsification is sometimes avoided by adding sufficient lime or ammonia to neutralise the
free acidity and then completing the refining by the passage of steam. If the acidity
exceeds 30 per cent., the losses would 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 .lubricants
or for softening wool, but are used solely for soap, unless indeed the fatty acids are trams-
formed into glycerides by treatment with glycerine as described on p. 461.

Bleaching with hydrogen peroxide, dichromate or permanganate is carried out 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 wit It a
boiling solution of 5 per cent, sulphuric acid.
Vegetable oils are frequently decolorised nowa-
days with fuller's earth (see Vol. I., p. 738),1 and
good results arc obtained also by heating with
alkaline solutions of sodium hydrosulphite.

OLIVE OIL is obtained by pressing the fresh
olives of Olea eurojxca in the period from October
to December (in Morocco, in August and Septem-
ber). The olive grows in abundance in Central
and Southern Italy, on the shores of Lake Garda,
on the Genoese Riviera, and in Southern France*,
Spain, Portugal, Dalmatia, Istria, Greece,
Morocco. California, and Southern 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
so-called huile tournmite, which is rich in fatty
acids and yields a persistent emulsion when
shaken with soda solution, and a Turkey-red
oil—similar to the sulphoricinate (see p. 300)—•

when treated with concentrated sulphuric acid.
If the olives cannot be worked at once, fermentation is prevented by storing them in

a cold, dry, and well-ventilated place. The fermentation (according to Tolomci) is due
to an enzyme (olease) 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,
but usually the olives are first crushed by means of the ordinary edge-runners (see Fig. 185,
p. 269).

1 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 considerably 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 filtrate
being refiltered,

FIG. 284.
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ob ta ined b y pressure, H a l p h c n ' s t( \st m a y \w emnloyeil . To ;»o (•,«•. <i| th<> t>\\ ln-.ih-d (.. ]nn
is a d d e d 12 c.c. of alcoholic caust ic . po(.a,sh dilutcil with an etpud voluaie *»| v u t t n , the uu- . lun
being heated for 10 m i n u t e s a t 110" a,nd cooled to lot)11; 2U0 <•.«•. <>( hut water r . ( I n n iMltl< «i
a n d t h e liquid, after cooling, s h a k e n w i t h 2 0 0 e.e. of Hattmited Modiutu Mulphnte ;>nlutiMii , ; 'n , ,
of 30 per cent, copper s u l p h a t e in thei» a d d e d , and the liquid filtered. II the t i h i a t e \ •. IM-I •.•HTU
a l i t t le more of the copper s u l p h a t e s o l u t i o n is added and the liquid tillered n-.-am il n. . i ;,t«,
5 c.c. of silver n i t r a t e so lu t ion (<?oiit.ainin^ 1 vol. of I per e ru t . a<pieuu, .a l \e t m f i a h t*tufn-»i
and 5 vols. of glacial acet ic ac id ) is Mien a d d e d to the liquid, which ia boded, al!ou«-«! f,, . . . . . I ,
supe r sa tu ra t ed wi th a m m o n i a a n d f i l t e r e d , the filter beiiitf wnnlu-d with d d u t e amnuMit;, It
b lack silver sulphide r ema ins on t h o t i l l e r , t h e pivHenee of Httlphoenrhou ml (<T i m / , « , . « JU« it. t..u >
oils—colza, mus ta rd , e t c . — w h i c h c a n n o t , be deUvlctl otherwise) i:; c r r t iun ( !» . , .» , t p io ' i ,
h a s devised a simple t e s t : 200 ̂ ,-nm. of Unco i l IN viKnrnuHly Mlmken with ;»0 ».»in =. .»! ' I U , « T M . , I
a lcohol and t h e n distil led o n a w a t e r - b a t . h , the diHlillnt.e'beiiur eollprted ui n w.l l I,,] \U I
conta in ing a lit t le alcoholic p o t a s h . K v e n tn iecs <»f earhoa (linulplude f h u , vield p..f,i--»um
x a n t h a t e , which gives a y e l l o w c o l o r a t i o n o r pree in i ta tc <»n ndd i t ionof nl .^h. , ) , . »•„,„„ iXt,(.lfr
solut ion. {
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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
(i.e., 8-1 per cent, of acids calculated as oleic acid), it cannot be used as machine oil, as it
attacks metals.

Pure olive oil is used as a comestible and the very pure and more liquid qualities for
oiling clocks, while the other qualities are employed in large quantities in the manufacture
of soap, lubricants, burning oil, and Turkey-red oil.

The purity 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.g., Algerian and Moroccan oils have an iodine number of 96 and are reddened
by nitric acid ; pure Tunisian olive oil gives the reaction for sesame oil (Villavecchia and
Fabris' test) but not the Belliez reaction (test for sesame oil with a saturated solution of
rcsorcinol in benzene and nitric acid); the extraneous substances of Tunisian oil which
give the Villavecchia and Fabris test can be removed by shaking the oil with hot water.
Detection of added sesame 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 itself by means of
Villavecchia and Fahris' 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 cylinder, and
observing the lapse of time required for the disappearance of the red coloration. With any
pure olive oil, if there is a coloration, this disappears within five minutes or, in exceptional
cases, in eight minutes, whilst if sesame oil (even only 3 per cent.) is present the colour will
persist for 30 minutes (Zega 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 liquid 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 aqueous 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 funnel by dilute hydrochloric acid.
The ethereal layer is filtered and the ether evaporated, and to 5 c.c. of the residue (liquid
fatty acids) L are added 10 c.c. of 90 per cent, alcohol and 1 c.c. of 5 -per cent, aqueous
silver nitrate solution ; if a black precipitate is then formed 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 Becchi reaction alone is insufficient 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,
190S ; 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 acetic acid, sufficient bromine
being then added to produce a persistent brown coloration; after 10 minutes' rest the
vessel is introduced into boiling water, when the liquid will remain liquid if the vegetable
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
aura-mine, this is detected by boiling 1 c.c. of the oil with 20 c.c. of 8 per cent, alcoholic
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 acetic acid, a blue coloration, becoming darker on heating, being formed, if auramine
is present. Sanse oil or sulphocarbon oil, extracted from the cake or marc by means of
carbon disulpliide, has a dark green colour, and the corresponding fatty acids have a rather
low iodine number (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 sulphuric acid, and the clear fused acids collected on a moist
filter ; they are then washed with hot water and dissolved in 150 c.c. of pure, tepid acetone,
water being subsequently added, drop by drop, until a turbidity is formed ; the liquid is

1 The liquid fatty acids can "he separated, to a considerable extent if not quantitatively,
from the solid ones by dissolving the mixtures in light petroleum or, better, in acetone and
crystallising out almost all the solid fatty acids by cooling to — 20° (Fachini 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.
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1916
206,200
207,115

old olive trees were

finally rendered clear by the addition of a few drops of acetone at 40° to 45° and then left
to crystallise. 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 -f- 68 vols. acetone) and examined for arachic and lignoceric acids by the Tortelli
and Kuggeri test: one-half is dissolved in 100 c.c. of 70 per cent, alcohol, warmed slightly
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
Italy . . . . "260,540 124,610 160,560
Spain . . . . 306,415 108,5.10 207,765

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

CASTOR OIL is extrac-
ted from the seeds of Rici-
nus 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. mm. broad,
and rather flat, and are
covered with a brownish or
marbled, shilling, brittle 1, stamens ; 2, anthers, magnified ; 3, ovary with three stig-
skin ; when peeled they niata ; 4, fruit, half size; 5-8, sections of fruit; 9-12, seeds and
contain 45 to 55 per cent. s e c t i o n s t h e r e o f-
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 poisonous sub-
stances [ricin, ricinin), which do not pass into the oil, but the pressed cake cannot be used
as cattle food, and is employed as fertiliser, as it contains about 4 per cent, of assimilable
organic nitrogen, 2 per cent, of P2O5 and 1-12 per cent, of K2O.

The oil was at one time extracted by pressing the ground seeds twice in 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 used. This procedure yields first a fairly pure pale oil, then one
less pure, and finally a more highly coloured oil for secondary industrial purposes. One
hundred 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 bone-black or by the ordinary-
processes given for tallow. The medicinal oil is obtained by a first cold pressing, and is then
filtered in a vacuum to prevent rancidity.

Fie. 285.—Ricimis communis : Shoots with [lowers, male
below and female above.
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The refined oil is almost colourless or faintly yellow, and has a high specific gravity,
considerable viscosity, and a peculiar, unpleasant taste and smell. It forms an excellent
purgative, the less pure qualities being used in the manufacture of mdphorUnmtlv. (sec.
p. 390) and of transparent soaps capable of retaining considerable quantities of water. It
is used for softening leather and for making pegamoid. Its soap differs from others in not
rendering water opalescent.

Its specific gravity mostly lies between 0-961 and 0-964, and it freezes between 12" and
— 18°, and owing to its high viscosity even at high temperatures, its slight solubility h»
benzine, and the small amount of solid residue left on combustion, it serves as an excel lent
lubricant for high-speed engines (for aeroplanes, etc).

Castor oil contains various glycerides but is free from tripalmitin. Tririe.inoJein is solid,
and there appear to be glycerides of a ricinoleic acid and of a riciuisolcic acid, also of a
hydroxystearic acid (melting at 141° to 143°) and a dihydroxysteario acid (which explains
the characteristic high acetyl number of castor oil).

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

Castor oil is strongly dextro-rotatory (24 to 25 saccharimctric 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, alcohol,
but is insoluble in light petroleum or vaseline oil (which dissolve all other oils and fats).
Hence, if a castor oil is insoluble in light petroleum and gives a clear solution with 5 vols.
of 90 per cent, alcohol, it may be regarded as pure. The solubility relations are completely
inverted if the oil is heated to 300° and 10 to 12 per cent, of it distilled ; there then remains
a product term.edfl.oncm, which solidifies at — 20°, is insoluble in alcohol, dissolves in all
proportions in mineral oil, and forms a stable emulsion with 5 parts of water. A similar
product is also obtained by heating castor oil to 200° in presence of 1 per cent, of form-
aldehyde ; if heated with zinc chloride solution, it thickens. The potassium sail, of the
thickened product, with water and formaldehyde, gives a disinfectant solution producing
the same effects as lysoform or ozoform.

The constants of castor oil are given in the Table on p. 46(>.
LINSEED OIL is a drying oil, as it contains much linoieic and linolenie acids (ace

pp. 363 and 364), and when spread out in a thin layer on a sheet of glass slowly forms a
solid skin (varnish), this forming more rapidly with the boiled oil.

Linseed oil is extracted from the seeds (containing 35 per cent, of oil) of Linum. HKitalis'
simum, which are converted into flour by the ordinary edge-runner mills and pressed hot
in hydraulic presses.

Linseed is cultivated especially in the Baltic provinces of Russia, and also in Southern
Russiâ  Eastern India, the United States, and the Argentine, and to a less extent in Ifyypt,
Belgium and Italy. Linseed oil extracted by means of solvents contains more unsat united
fatty acids and less volatile acids than the expressed oil.

According to Fahrion (1903 and 1910), the fatty acids separated from linseed oil contain
17-5 per cent, of oleic acid, 30 per cent, of linolic acid, 38 per cent, of linolenic and iso-
linolenic acids, 8 per cent, of palmitic and stearic acids, all combined with 4-2 per cent,
of glycerine and 0-6 per cent, of non-saponifiable substances.

The purity of the oil is indicated by means of the constants given in the Table on p. 4(>(>,
especially by the iodine number and the refractive index, which, in the different qualities,
varies from 1-484 to 1-488 at 15° (or from 81 to 85 Zeiss at 25° or 87 to 91 Zeiss at ir>"),
whilst cottonseed oil gives no more than 1-477 and maize oil no more than l-47(>f> at 15".

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

The drying power may be determined by Livache's method. On a watch-glass is spread
1 grm. of lead-powder (obtained by immersing a strip of zinc in the solution of a lead salt
and washing the precipitate with water, alcohol and ether, and drying), on which ()•(> to
0-7 grm. of oil is allowed to fall slowly in drops, the whole being then weighed exactly and
left at a moderate temperature in a well-lighted situation. After 18 hours the weight
begins to increase, the maximum increase (12 to 15 per cent.) being obtained within two or
at most three days (it then diminishes slightly). Other drying oils give the following
increases : walnut oil, 7-9 per cent.; poppyseed oil, 6-8 per cent. ; cottonseed oil, 5-9 per cent.
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cod-liver oil, 7-4 per cent. ; the remaining oils increase in weight only after the fourth or
fifth day to a maximum of 2-9 per cent, after seven clays. The dryiwj properties are deter-
mined best and most rapidly by spreading a given weight of the boiled linseed oil on a
definite area of glass (1 mgrm. per sq. cm.) and leaving the latter in a horizontal position
until the oil is no longer adhesive when pressed lightly with the finger (the temperature
should always be noted). The drying power of an oil may be determined also from the
ozone number (Molinari and Scansetti, 1910).

In a 20mm. tube, pure linseed oil gives a rotation of — 0-.T1 in the Laurent saceharimeter
at 15°, whilst other resin oils and sesame oil are dextro-rotatory.

Linseed oil is used mostly in the manufacture of Uics and vartdxhes,1 mastics and lino-

1 Oil Varnishes and Lacs are liquids which, when spread out in a. thin layer on an object,
leave on drying a solid, shining skin insoluble in ether and. water and almost impermeable.
Varnishes and lacs have linseed oil as a basis, and are often mixed with mincra.l or organic
colouring-matters. Oil varnishes arc formed from linseed oil rendered drying by dissolving
small quantities of certain minerals in the hot. Oil hies are obtained by adding to the almost
boiling oil varnish (free from gummy matter) fused copal or other resin, and diluting with oil
of turpentine at the moment of using : all these new components contribute to increase the
fixation of oxygen.

Copal is a resin derived from various species of more or less fossil wed. plants. The harder
copals melt at temperatures up to 300 °and the softer ones at 100°. They have specilic gravities
lying between 1-035 and 1-07, and they dissolve partially in ether, alcohol, benzene, acetone
or chloroform, and almost completely/but slowly, in a mixture of alcohol and ether; they
are insoluble in petroleum ether, fatty oils and oil of turpentine, but. soluble in rubber-seed oil
or copal oil (from the distillation of copal). To render them soluble in linseed and other oils
and in oil of turpentine, they are heated for () to 10 hours at 300° to 320', best in presence
of either stearic acid or the fatty acids of linseed or castor oil. Copal consists of resin acids
(trachylolic and isotracltylolic acids), resens (copal resens), a bitter substance and an essential
oil. The acid number varies from 80 to 150, the iodine number from 58 to 70, and thoHaponi-
fication number from 100 to 1G5. Before the European War copal was sold at 32,v. to lOO.v.
per cwt.

Crude linseed oil requires four to five days to dry in a thin layer, but the fixing of oxygen,
that is, the drying, may be markedly accelerated by the presence of small quantities of dissolved
metals which act as catalysts.

At one time oil varnish (boiled linseed oil) was prepared by heating the oil to 220° to 300°
for two to three hours in presence of minium, litharge, or manganese dioxide (dryers). This
procedure yielded dark varnishes {boiled varnishes), and was accompanied by danger from lire,
the heating being carried out in open iron vessels furnished with stirrcrs and heated directly
over the fire. Nowadays the dryer (0-1 to 0-25 per cent. Mil or 0-5 per cent. Pb -|- 0-1 per cent.
Mn is sufficient) is dissolved by heating at a far lower temperature (100° to .120° and best in
a vacuum) for four or live hours (by indirect steam at 135° to 150°), it being added (when the
oil ceases frothing) as manganese boratc or, better, manganese linoleate or resinate, and the
mass stirred with compressed air; in this way, the so-called cold varnishes are obtained. These
are paler varnishes which dry in G to 8 hours, whilst the others require as long as 24 hours.
It has been proposed to decolorise boiled linseed oil with ultra-violet rays. The drying ih» far
more rapid in the hot than in the cold. Prolonged boiling of linseed oil without dryers increases
not so much the drying properties as the consistency, certain components of the- oil being
polymerised and linoxyn formed, and the iodine number consequently diminished [e.g., from
154 to 27); these oils, thickened at 295° to 340°, bear the names Dickol, HlamlM, and lUhoyraphrn?
varnish. The action of oxygen during the drying of varnishes seems to lead to tho decomposition
of the glycerides of the saturated acids and of oleic acid with subsequent complete oxidation
of the glycerine and acids, the glyecride of hydroxylinolie acid (hydroxyUnolein), insoluble in
ether, being also formed as well as anhydrides and polymerised substances. If 2 to 3 per (tent,
of pyridine, quinoline or other organic base is added to a linseed oil varnish, cracking will not
occur, even after years (Cer. Pat. 239,289, 1908).

In the manufacture of lacs, a difficult and important operation is the fusion of the copal.
previously prepared in lumps—in cylindrical or slightly conical, enamelled iron or aluminium
vessels ; these are protected at the bottom by an iron or copper casing when heated by direct lire
heat and are provided with a cover and chimney to carry oil the noxious vapours, which are
carefully condensed or burnt. The temperature is closely'watched by means of a thermometer
immersed in the fused copal (300° to 3(50°). 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 boiler.
Complete, uniform fusion occupies 3 to 4 hours (with a loss in weight of 15 to 30 per cent.),
the unseed oil containing the dryer and heated to about 100° being then mixed in ; if any turbidity
appears, the mass is heated to 300°. It is then allowed to cool to .150° to 200°, tho addition of
the oil of turpentine—which dissolves the lac—and, if necessary, of tho dryer, being then begun.
The diluted lac is filtered under pressure and discharged into smaller vessels, in which it is allowed
to cool completely. The addition of calcium salts of colophony renders the lac harder but more
brittle.

The copal is sometimes replaced by colophony and other resins, which are, however, readily
saponiflable ; a mixture of Japanese wood oil with resin and a little lime gives a good lae. Lac's
are improved by prolonged storage (at least a year). Linseed oil for making lacs should be free
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leum. The last, first prepared by Walton in 18G0 and improved by Parnaeott and Taylor,
is obtained by oxidising (blowing) hot linseed oil after addition of the dryer (we Note), for
18 to 20 hours with hot air until it thickens to linoxyn ; about 30 per cent, of colophony is
then added, the whole being converted into a paste with cork-dust at a temperature exceed-
ing 100°. The mass swelfs and is compressed hot (140°) on a strong textile previously
varnished to protect it from moisture, the whole being repeatedly pressed between hot
rollers. It is finally dried for some weeks in suitable chambers at 30° to 35", where it loses
its smell and acquires elasticity and weight. It is coloured in the pasty condition with
mineral colouring-matters. According to Bitter (1911) linoleum exerts a marked germi-
cidal action.

Uncrusta also is made from linoxyn, a stream of air being passed through linseed oil at
100° for some days until a dense mass is formed. This is mixed with, white chalk and other,
pigments and cement, the mixture being spread and pressed on to strips of paper by means

of hot rolls whieh impress
designs on to the surface.

Linseed oil is used also
for making soft, trans-
parent soaps (sac, later).

The mean annual pro-
du c t i o n of l i n s e e d
throughout the world in
11)07-1910 amounted to
about 2,750,000 tons.

WALNUT OIL.—-This
is a drying oil like linseed
oil. The fresh nuts are
freed from the outer green
husk and left to dry for
some weeks, after which
they are stored in heaps
for ,'J to i months;
this treatment increases
the yield of oil and leads
to the disappearance of
the milky juice of the
nuts, whieh would ho
difficult to separate from
the oil. After removal
of the shell, the dried nuts
give 25 to «'U) per cent.. oC
fruit yielding .'10 to «i5 per
cent, of pale yellow, virgin
oil in a first- pressing in

bags in the cold, and a further 15 to 20 per cent, of greenish oil when the residual cake is
broken, treated with hot water and pressed hot. The fresh virgin oil is sometimes used
as a comestible, but it quickly turns rancid and has a pronounced flavour ; it is used more
commonly for lighting and as a drying oil for varnishes and for artists' use.

It contains glycerides of oleic, linoleic, linolenic, lauric and myristio acids and has the
specific gravity 0-925, iodine number 142 to 152, saponification number 18« to 11)7, Tortelli
thermo-oleometer reading 104°, Zeiss butyro-refractometer reading 64 to <>S at 40", melting-
point of the fatty acids 16° to 20°.

PALM OIL is extracted from the fruit of certain varieties of palm (Kkvis ymneensix
and Elais melanococca, which grow in Western and Central Africa and in America, and
Astrocanjum acuale and Astrocaryum vulgare, growing in Guiana). The orange-brown
fruit, of the size of walnuts, hangs in bunches'; each bunch weighs 10 to 20 kilos and con-
tains 1000 to 2000 fruits, and each plant yields, on the average, four bunches per annum.

from gummy matters, which may be removed by nitration through Florida earth (.see p. 4»0
ana vol. i., p. /3S) The softer lacs contain more than 50 per cent, and the harder OUCH leas
than oO per cent, of linseed oil.

FIG. 286.—Oil palm (Elais guineensis).
1, male flowers; 2 and 3, male flowers, magnified; 4,

stamens; 5, fruit with three stigmata; C, nut with throe
apertures at the top; 7, section of the nut with the need
inside; 8, transverse section of the seed.
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The pulp constitutes, according to the variety, 25 to 75 per cent, of the fruit, which contains
a nut, and this a white seed also yielding an oil (ycilm-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
comes to the top and can be decanted off. In these ways more than one-half of the oil is
lost, and machinery is now being introduced for detaching and disintegrating the pulp
and for the rational pressing of the latter.

When freshly expressed, the oil has a buttery consistency, an intense orange-yellow
colour and a faint smell of violets ; the colour and odour persist in the soap prepared from it.
It can be 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 means of an indirect steam coil, VP, and a vigorous and finely divided
stream of air passed through the oil from a perforated tube, JR. In 3 to 4 hours'
decolorisation is complete; at the same time the pleasant
odour of the fat remains, although it is destroyed if the fat is
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 dichrornate dissolved in 18 to 20 litres of boiling
water are stirred in. After 15 to 20 minutes, 1 to 2 kilos of
sulphuric acid are sometimes added, the stining being con-
tinued until the oil becomes limpid ; stirring is then stopped m
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.

Even when fresh it contains 12 per cent, of free fatty acids,
and as it becomes older it decomposes spontaneously with _• [^_ ^ FIG. 2S7.
increasing ease, separation of fatty acids (up to 55 per cent.)
and glycerine—which can be extracted with water—taking place. Besides free palmitic
acid, the principal components are the glycerides of oleic and palmitic acids, up to 1 per
cent, of stearic acid, a little linolic acid, and about 1 per cent, of heptadecylic acid, C17H34Oo.

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

Palm 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 consumed where produced),
amounts to 70,000 to 80,000 tons per annum. Before the European War, the price f aried
with the year from 20s. to 26s. per cwt. The best qualities of palm 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 Cameroons.

PALM-NUT OIL (or Palm-kernel Oil) is obtained by crushing and then either pressing
in hydraulic presses or extracting witfi 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 niyristic 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, (coconut soap up to .1200 per
cent.)—and of being somewhat soluble in solutions of salt. The total quantity of palm
nuts placed on the market is about 1,125,000 tons.

COCONUT OIL (or Coconut Butter) is obtained from the coconuts yielded twice a year
by the palms Cocos nucifera and Cocos butyracea, which grow abundantly in Africa., (Vylon,
Cochin China, and the Indies.

The coconut is oval (Fig. 288) and about 20 to 25 cm. long and 12 to 1(> cm. broad ; it
is covered with a fibrous mass, used for making matting, cord, and baskets, and. with a
hard, woody shell, 8 to 12 mm. thick, which some time before maturation contains a
sweetish, watery liquid (coconut milk), this subsequently disappearing and giving place to
a soft edible pulp. The latter hardens in the air and is sold under the name of copra

FIG. 288.—Cocos nucijna.
1, flowers ; 2, round female flower and two male flowers ; 3, male ilower ; 4, male flower,

separated from leaves aiid calyx, magnified; 5, female 1 lower, .separated from leaves and
calyx, magnified ; 6, fruit; 7, same in longitudinal section, the bony seed being surrounded
by a fibrous layer; 8, the seed with one-half of the fibrous layer removed ; \)9 the bony seed
with three orifices ; 10, section of the inner seed with chamber filled with latex ; .1.1," lower
portion of the husk with.'the embryo ; 12, embryo.

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

The oil is nowadays decolorised with bone-black or absorbent earths (magnesium hydro-
silicates), and in the white form thus obtained is used as a comestible (coconut butler ; .see
Margarine), after the free acids have been removed with highly concentrated solutions of
caustic soda and after the odorous constituents have been expelled by means of super-
heated steam. The best form for use as food is the softer, almost liquid butter obtained by
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 oleic acid), it cannot be
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 oleic 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^q-uantities of_sa]ĵ
it is, however, capable of absorbing as much as 10 to 12 times its own weight of--water,-ail'cj,
is hence highly valued by soap manufacturers. It is used alone for culinary purposes and
for mixing with margarine and adulterating cacao butter.

In its analysis, attention is paid to the physical and chemical constants given in the
Table on p. 466.

A large area of the earth's surface (about 1,400,000 hectares) is under coconut palms,
which in a good year would yield 960,000 tons of coconut oil.

VEGETABLE TALLOW (Chinese Tallow) is obtained by pressing the fruit (separated
more or less from the seeds) of Stillingia sebifera (tallow-tree), which grows in China, Indo-
China, etc. Pressing of the seeds (3 per fruit) yields stillingia oil, which is to some
extent drying (iodine number more than 135). The tallow, however, serves well for making
soap and has an iodine number of about 30, but this varies somewhat owing to varia-
tion of the amount of stillingia oil present. The tallow melts 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 seeds of the cotton
plant {Gossypium herbaceum and harbaden&e cultivated in North America, and G. religiosum,
hirsutimi, and arboreum, cultivated in Egypt, India, China, Siam, etc.). The whole cotton-
seed, with the husk, contains 7 to 10 per cent, of water, 15 to 20 per cent, of nitrogenous
substances, 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 hydraulic
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 (sulphuric 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° Be. 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° Be.) 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 fatt}r 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 (palmitic 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 contains 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.

About 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 time, 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 yea^s.

KAPOK OIL. This oil, obtained in 25 per cent, yield by pressing kapok seeds (from
Eriodendrum anfractuosum, growing in Java, East Africa, the Antilles, and Central America),
exhibits slight drying properties and has the specific gravity 0-920, iodine number 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 quantities in America and
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Italy from maize germs, which are separated during grinding. These germs contain 40 to
50 per cent, of oil, and after being pressed hot leave an excellent cake for cattle-food (fw?. to
65. per cwt.). The dense oil has a fine golden yellow colour and a faint odour of maize, and
serves well for soap-making and for adulterating edible oils and linseed oil. That obtained
by extracting the dried grains from spirit manufacture (see p. 182) is reddish brown, and is
used for burning and as a lubricant when mixed with olive and mineral oils, but is not vised
alone, as it tends to rcsinify. As a drying oil it has no great value.

The fatty acids of the glycerides of maize oil are : stcaric and palmitic (4 to 25 per
cent.), oleic (about 40 per cent.), linolic and linolenic (about 45 per cent., so that the oil
is partly a drying one), and small proportions of arachic, liypogseic, caproic, caprylic, and
capric acids ; the oil contains also about 1-2 per cent, of lecithin and 1-4 per cent, of non-
saponifiable substances, mostly cholesterol, or, more precisely, sitosterol, identical with that
obtained from wheat and rye.

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

SESAME OIL (Gingelly Oil, Teel Oil) is obtained from the seeds of Sesamum indicum
(brown, oval, flat seeds, 4 mm.
long, 2 mm. broad, and 1-mm.
thick: Fig. 289) and of Sexa-
mum orieutale (violet-brown or
black), the latter giving as
much as 50 per cent, of oil
when pressed once in the cold
and twice hot. The first oil
expressed serves as a food for
250 millions of the inhabitants
of India, where the area under
sesame exceeds ten millions
of acres (i.e., 4,000,000 lice-
tares). The exportation of
sesame seeds from India
amounts to about 120,000 tons
annually, nearly all of this
being directed to the Marseilles
market, whence other countries
are supplied. The Levant pro-
duces about one-tenth as much

as India, and a little is produced in Africa, China, and Japan. In France the sesame oil
industry is declining owing to the obstinate empiricism of the older manufacturers and to
the almost prohibitive Customs duties of various countries, but more than 1000 truckloadw
of the oil are still exported per annum.

Sesame 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 per cent. ; and
ash, 9-5 per cent.

Sesame oil lias a golden-yellow colour, that from the Levant being the paler ; it consists
of glycerides of stearic, palmitic, oleic, and linolic acids, 78 per cent, of the fatty acids
being liquid 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 with
other oils on p. 492. It is dextro-rotatory (+ 0-8° to + 2-4°).

The characteristic reactions, especially the colorimetric ones, are due to special com-
ponents, such as sesamin ; a laevo-rotatory alcohol, sesamol, C2CH44O, i>H2O, which gives
Baudouin's reaction (p. 472), and the methylene ether of hydroxyhydroquinone, C7HGOa.

Sesame oil is used in the manufacture of oleomargarine and soap and as burning oil.
ARACHIS OIL (Earthnut Oil, Peanut Oil) is obtained from the seeds of Arachis hypo-

gcea, 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 Plate9
Southern China, Indo-China, and to some extent in Spain, the south of France and Italy.

FIG. 289.—Scsamum indicum, with white seeds.
A and B, ripê  fruit seen from the front and aide;

C, longitudinal section of fruit; D, transverse section of
the fruit and four rows of seeds; E, seeds. All natural
size.
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The fruit develops in the ground and attached to the roots, and consists of a yellow
fibrous husk containing two seeds covered with a reddish-brown skin (Fig. 290). Senegal
seeds contain 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 butter.
Before the War the nuts were sold in the husk at 10s. to 12s. per cwt. and the dehusked nuts
at 16s.

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

FIG. 290.—Araclds Jiypogcea.
A, whole plant (one-third natural size) with fruit; B, fruit (three-fourths natural size);

C-, 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 hypogaeic 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 Tort ell i
and Ruggeri and by Fachini and Dorta (see p. 492).

COLZA OIL. This is obtained by pressing the seeds 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 (the Indian seeds arc the richest, but contain also more sinigrin and myrosin, which
give mustard, oil with water, so that the cake is not utilisablo as cattle food).

The raviso?i( Brassica napus) yields the brownish-yellow ravison oil, with an unpleasant
taste and penetrating odour ; its colour and taste are improved by refining by means of
concentrated sulphuric acid, zinc chloride, etc. The oil consists of glyecrides of oleic,
erucic, stcaric and arachie acids, with 1 per cent, of phytosterol. It is used for illuminating
purposes, as it gives a bright, non-smoky flame; it serves also for making soft soap and,
when heated to a high temperature in a current of air, yields a viscous product (oxidised oil).
Kubber substitutes are obtained by heating it with sulphur or sulphur chloride.

SOJA BEAN OIL (Chinese Bean Oil) is extracted from the beans of tioja Mspida (or
Soja japonica or PJuiseolm hispid us), which are cultivated in China and .Japan (Formosa).
The crushed beans are heated in jute bags over jets of steam and then pressed. A large
part of the oil is used for soap-making. After purification by standing, the oil lias the sp.
gr. 0-0255 at 15° ; acidity, 0 ; saponification number, 193-2 ; iodine number, 135 ; Hehner
number, 95-95; Reichert-Mcissl number, 0-45; Maumene number, 80 to 87; index of
refraction, 1-4750 at 20° ; solidification point, — 8° to — 16° ; melting-point of the fatty
acids, 27° ; and solidification-point of the fatty acids, 22° (Oettinger and Buckta, 1911).
The exportation of the oil from China amounts to 60,000 tons per annum.

GRAPESEED OIL. The seeds of the grape contain 10 to 20 per cent, of oil (moro
in white and sweet grapes). They are separated from the skins by drying in the sun or in
ovens and then beating, the sun-dried seeds containing 10 to 12 per cent, of water, 9 to 12
per cent, of carbohydrates, 10 to 11 per cent, of nitrogenous matters, and 2-5 to 4 per cent,
of ash. The sieved seeds 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 (benzine or carbon disulphide). When dark-
coloured (extracted from the seeds of distilled marc or in the hot with solvents), it can be
readily decolorised with animal-black or fuller's earth. It has not a very pleasant odour
and is rather bitter (if expressed in the hot). Pressure of the. seeds yields 9 to 13 per cent,
of oil.

This oil consists of glycerides mainly of linolic acid, together with tho.se of solid fatty
acids (10 per cent.), and a little erucic, linolenic, and ricinoleic acids. It has the sp. gr.
0-1)202 to O-9350.

It has slight drying properties and solidifies between — 10° and — 15°; its saponification
number is 178 to 180 ; iodine number, 130 to 140 ; Wollny number, 0-4(5; Maumene
number, 52 to 54 ; and butyro-refractometer reading, 60 at 40°. The acetyl number of the
fatty acids varies from 43 to 144, according to the extent of oxidation ; it thus resembles
castor oil to some extent, so that it is recommended for the manufacture of sulphoricinate
(aeep. 390).

The pure oil expressed in the cold is used as a food, and the other varieties for soap-
making, but if purified with sulphuric acidi t serves well as a lighting oil, not so much on
account of its luminosity, which is rather low, but more especially because it gives a smoke-
less name.

After the removal of the fat, the cake contains 10 to 15 per cent, of water, 14 to IS
p?r cent, of protein substances, 6 to 18 per cent, of fat, and 6-5 to 7 per cent, of ash, and is
used as cattle-food and also as a fuel.

In Italy the extraction of grapeseed oil is capable of considerable development. A
few oil-crushing mills of Southern and Northern Italy treat a certain amount of the
seed. Seeds obtained from distilled vinasse are of less value, as they yield an inferior,
brown oil.

TOMATOSEED OIL. Dried tomato seeds 1 contain 18 to 22 per cent, of oil, two-thirds
1 Tomatces are the fruit of a herbaceous plant (Solatium ly coper sicum) of Peruvian origin,

and from 1700 to 1850 were cultivated in various countries as a garden plant for local domestic*
u.se. Since 1860 they have been grown extensively in North America, especially in California,
where in 1911 15,000 tons were marketed, large quantities being exported to other countries
in the fresh condition. In Italy also they are cultivated on a large scale.

Fresh tomatoes contain 92 to 95 per cent, of water, 1 to 3 per cent, of slun, 2 to 5 per cent,
of seeds, 0-0 per cent, of nitrogenous compounds, 0-2 per cent, of fat, 2-5 per cent, of .sugars,
0-8 per cent, of cellulose, 0-G per cent, of ash, and 0-4 per cent, of free acids (mostly citric).

Concentrated tomato preserve is prepared by rupturing the fresh fruit, centrifuging and
hydraulically pressing the mass, and concentrating the whole of the liquid in vacuum .pans
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of which is extracted by subjecting the ground seeds to a pressure of 300 to 400 atmos.
The residual cake forms an excellent cattle food (superior to linseed cake), as it contains
36 to 38 per cent, of proteins, 10 to 12-S per cent, of fat, about 30 per cent, of noil-nitro-
genous extractives, 8 to 10 per cent, of water, 6 per cent, of cellulose, and 5 per cent, of ash.

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

Analysis of the oil gives the following results (Fachini) : density at 15", 0•0215 ; refrac-
tive index, 1*4705; acid number, 0-46; saponification number, .101-fi; iodine number,
114 ; iodine number of the fatty acids, 122-7 ; iodine number of the liquid fatty acids,
142-2 ; Hehner number, 03-8 ; acctyl number, 20-4.

WOOD OIL (from Japan and China) is derived from the seeds of A/rurUes corthtlu.
These contain as much as 53 per cent, of oil with an odour' like that of castor* oil. and yield
42 per cent, when pressed cold ; the oil has the specific gravity 0-i)3<> to 0-043, and the
iodine number 155 to 166, and exhibits drying properties. At 250" it sets to a solid, trans-
parent, elastic mass, and it is used for making paint and for rendering wood and fabrics
impermeable.

TREATMENT OF FATS FOR THE MANUFACTURE OF
SOAP AND CANDLES

Candles are mostly made from solid fatty acids (stearic and palmitic) obtained by
decomposing fats and oils into glycerine and fatty acids and pressing from the latter the,
liquid fatty acids, which are used, either alone or together with the solid acids, for soap-
making. Liquid oils and soft fats, which contain little stearic and palmitic acids, are
hence used not for candles but only for soap, but the stiller fats are often treated in one
and the same works for making candles and soap.

The resolution of fats into acids and glycerine is carried out in very varied ways : by
means of lime, sulphuric acid, or superheated
steam, or by biological or catalytic methods.

(1) Saponification with Lime and Separation of
the Solid fjatty Acids. Theoretically 100 kilos of
fat (see p. 467) require 0-5 kilos of lime for hydro-
lysis, but when this process was first used industri-
ally by Milly in 1834 as much as 15 per cent, of
lime was used, so that a very large amount of
sulphuric acid was consumed in liberating the
fatty acids from the calcium soaps formed, while
fatty acids were carried down by the enormous
quantities of calcium sulphate formed and hence
lost.

On this account the process was not used, but
Milly showed later (1855) that, by heating in an
autoclave under pressure instead of in open pans,
the amount of lime could be reduced to 2 to 3 per
cent.—that is, less than the theoretical quantity—
and yet practically complete saponification effected
(see p. 457). Indeed, after one hour 64 per cent,
of the fat remained unsaponified ; after two hours,
24 per cent. ; after four hours, 15 per cent. ;
after six hours, 9 per cent. ; after nine hours, 2 per cent. ; and after 12 hours, 0-7 per cent.

The saponification is now carried out in large vertical copper autoclaves (Fig. 201)
(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 cwts. (up to 2 tons) of the fused fat from the tank, A (Fig. 21)3),

(see chapter on Sugar) until a red pulp or sauce containing about GO per cent, of water is obtained.
This is mixed with 2 to 3 per cent, of salt and either bottled or sealed in cans after bein<r sterilised
at 100°. « • • . •

The pressed residues, amounting to 7 to 9 per cent, of the weight of the original fruit, eon tain
0 to S per cent, of skin, 22 to 24 per cent, of seeds, and about GO to 70 per cent, of wator, and
readily putrefy. Nowadays they are broken up immediately they come from the presses,' ami
a-re tlien dried and beaten while hot to separate the skins from the seeds,

f

FIG. 291. F.KJ. 292.
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and then about one-third as much milk of lime,, containing 2 to 3 per cent, of lime (cal-
culated on the fat), from the vessel B. The heating is continued for six to eight hours at a
pressure of 8 to 10 atmos., steam free from air being passed in, first at low pressure from
the boiler, D, and then at high pressure (10 to 12 atmos.) by the tube, e (Fig. 292), reach-
ing to the bottom of the "autoclave and terminating in a perforated coil. The steam alone

FIG. 293.

keeps the mass mixed without the special stirrers formerly used, if the precaution is taken
of allowing a little steam to escape continually from a valve at the top. At the end of the
operation the steam is shut off, and when the temperature has fallen to 125" to 130° (about
3-5 atmos. pressure) the internal pressure is utilised to discharge first of all the aqueous
glycerine from below by opening the valve, c, connected with a tube reaching to the bottom
of the autoclave. In a similar manner the fused and subdivided calcium soap mixed with
free fatty acids is forced into the tank, E, where a further quantity of aqueous glycerine
separates, or the calcium soap is passed directly to the lead-lined vessels, 7'\ where it is
decomposed by a sufficient quantity of sulphuric acid to neutralise all the lime added.1

After shaking, the gypsum is deposited and can be separated, and the fatty acids, which
float, are washed several times with hot water, and then, if the fatty acids aro*distilled—
as is done in certain factories where dark fats are treated—they are forced by a pump, Ot

to the tank, //. The. latter feeds a cast-
iron, or copper (this is considerably <it-
tacked) boiler, K, which is heated partly
by almost direct-fire heat and partly by
superheated steam (at ]8()'J to 230")
passed into the interior from the super-
heater, J. The steam carries the fatty
acids, which distil, into the tinned copper
condensing coil, L; these acids finally
collect in a white condition, together
with condensed water, in ;S', while the
non-condensed gases are evolved from
the tube, M {see. later: Decomposition
with Sulphuric Aeid).

Where the fatty acids are not distilled,
FIG 294 they are solidified by passing them into a

number of superposed tin-plate pans
(Fig. 204) fed by the tubes, D, from the fused fatty-acid tank, F. When all the pans are
full, the tubes, D, are closed with wooden plugs, E, and in 24 hours many of the pans

1 During recent years several factories have replaced the limo by magnesia (calcined natural
carbonate), which possesses various advantages : when it is used in tho proportion of 1-5
to 2 per cent., a pressure of 4 to 5 atmos. is sufficient to produce complete saponification,
since the magnesium ̂  soap formed gradually emulsifies and almost dissolves in tho remaining
fat, which is thus easily resolved by the water and magnesia. Then, too, decomposition of the
magnesium soap with sulphuric acid, instead of giving an insoluble and useless salt (calcium
sulphate, which always retains a little fat), gives magnesium sulphate, which is soluble in water,
readily separable by simple decantation and in some cases utilisablc. For similar reasons,
zinc oxide is now used in some of the Italian factories. !Bottaro (1008) has suggested tho use
of sulphurous anhydride to decompose the calcium soap from tho autoclave.
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contain solid cakes, consist iny of a mixture oi solid stearie and palmitic acids and liquid
oleic acid. I n order to separate t he hit tet\ t he cakes are w rapped in woollen or camel hair or
•/oat's hair cloths and i\\r then placed between metal plates and pressed, iirst. in (he cold
with a pressure "radually increasin", to :*(>(> to l!(i() n( mo :. A second pressing at 10', either
in the same press or in a hon/.ontsl pre ; s, results in the almost complete separation of
the oleic acid, which, however, retains in solution a little palmitic ami sfearie acid:;.
The latter acids are separated b\ cooliii" the oleie acid and, alter some time, fillcrim.', or
deenut in;1; oil' t he tihiiir < p. .'li>N}, which is then put on the market or used for soap makiuv;.

The solid white cakes ol stearic and palmitic acids, freed horn the dark edi'es, bear the
commercial name of r.h'triiu and melt at ,»fi to .>*>•>. These are often melted ai'itin,
washed with warm water, poured into pans to solidify, and then pressed hot in hydraulic
presses so as (o remove \\\r final portions of oleic aeid ; this product, known as tliwhlr
strttrhir, melts at *>'!•',* to «>S .

The solidification <>J i\w crude acids, after liberation by sulphuric acid, is now effected
more rapidly and more perfectly by passim' the fused acids at ;/ ( Kij-'S- U'.).'> mul 2i)(5) into a.
easing into which dips a lars/o, rotating, double walled cylinder. Between the walls flows
a. nou congealing solution like that from an ice machine' (.srr Vol. I,, pp. 2«V.>, tllil), and the
layer of fatty acid solidifying at the surface is detached by means of a scraper, //, and falls
into a cooled box, b\ con
nooted with < ho pump, /\ and
functioning; as a filter press. This
process of the linn of Petit
I<YorcH has now been improved
by replacing the cylinder by a
highly cooled toothed wheel. In
Home eases, also, channelled
cylinders are used, whilst, in
others the liquid fatty acids are
withdrawn from the cold pastv
mass containing the mixture of
liquid oloino and the ntoarine in
small crystals, hy immersing in
the mass a. rotating vertical
cylinder formed of metallic
gauze, and covered with a well
at retched clot h : inside (he
cylinder the pressure is minced
by means of a. suction pump, so
that, the liquid oleic acid is sucked in, while the stearicacid IM gradually
(•ho surface of (he cylinder and pressed in a, hydraulic press.

Messrs. Lanza, Bros, of Turin, instead of separat-ing the liquid from thonolid fatty acids
by means of hydraulic presses, surest. emulsifying and dissolving the li<juid IV<M<IH with
solutions of Mtilpho oleic acid, so (hat they separate at the surface, while crystals of f.ho
solid fatty acids collect underneath ((<er. Pal. l!H,2.'iH). T\w nulphooleie aeid in prepared
by shaking 100 parts of «ylcic acid with 50 parts of sulphuric acid of Wl" Be. in tho o<ilcl aiwl
then diluting with -lOOO parts of water.

The decomposition of fats by lime in an autoclave at not, too high a pressure has the
advantage of giving the. fatty acids in a sutTlicieutly clear condition to render distillation
unnecessary ; the result ing glycerine and Htearinc arc* also

made of the KrcbitK process ((Jer.

from

OVCM me majr jiiiri u urn myMJi
econd washing p:iveH n, moro <lilutof In to 20 pur cent curvcutrat ion, while a HCi ,,»•., ,,,,...,,.^ „ ...,.,..

gl vcerino Holut ion which is IIH<M1 lor t.ho lirst- wawhing of HIM calcium soap of a subsequent operation*
W'hon t.reafed in t-h<< hot. with mnHuni carhoaafe HolutionH, th<̂  calcium Hoap yieldH mxla soap and
calcium <Mirhonat(», which require skilled manipulation for their proper separation. In thin ca.Ho
also, fuHiou and treatmt̂ nt with hot water is ornployco! for the complete removal of impurities.alHlf, mniwn thim. i leju-uiOUl/ WlMt IUUI WIIUM' JM eiujMwyri* n/i IMIC V
This prot'OHH is not applicable to tliu iniumfacturo of Hoft Hoaps.

VOL. xt.
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(2) Decomposition with Sulphuric Acid (proposed by Achard in 1777 cancl by Fremy in
1836). This method is now used more especially for very dark fats, which should, however,
be freed from impurities, dried by fusion at 120°, and decanted after long standing. The
fused fat is introduced into a double-walled, lead-lined, copper or iron boiler fitted with a
hood for carrying off the sulphur dioxide which is always evolved. According to the nature
of the fat, it is heated with 5 to 10 per cent, of concentrated sulphuric acid at .120" for
1 to 1-| hours, steam being passed through 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 mass is then passed into large wooden vats and
heated with water until the emulsion first formed is resolved into two layers, the glycerine
below (this is separated and freed from sulphuric acid by means of lime) and the acids
above. The latter is subsequently boiled several times with water until the excess of
sulphuric acid is removed, the sulphuric ethers of oleic acid being decomposed with forma-
tion of solid hydroxystearic acid. The resulting fatty acids are dark, since they retain in
solution the impurities of the fat partially carbonised by the sulphuric acid ; to purify and
whiten them, they are distilled with superheated steam, as described above (,s*ce aim Fig.
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 continuous
distillation, all that is required being a boiler of moderate size into which the crude fatty
acids are run in a constant stream ; the pure acids distil over, while the tar remaining at the
bottom of the boiler is discharged.

Redistillation of this tar gives a final residue of black steariua pitch, amounting 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 liquid and solid by pressure
in hydraulic presses, liquid distilled oleine and white, solid distilled simrine. being thus
obtained. This oleine always contains a little acrolein and hydrocarbons, as the crude
fatty acids which are distilled invariably include a small proportion of non-saponified
neutral fat. On the other hand, distillation results in the formation of an .increased amount
of solid fatty acids (about 15 to 18 per cent.), since sulphuric acid converts oleic acid partly
into the corresponding sulphuric ether, which yields solid hydroxystearic acid, m.-pt. 84",
when boiled with water :

yL'V./.>ri
C17H33-CO«H + HoSOa = C17H34< "

xO-SOaH
Mf.

During the distillation with superheated steam, the hydroxytilmric. acid is transformed
almost entirely into iso-oleic acid, m.-pt. 44° (see p. 359). It must, however, be borne in
mind that hydroxystearic acid is not very good for making candles, as it aeeumulal.es in a
fused state in the cup formed by the burning candle round the wick ; further, when melted
with stearic acid it tends to separate in layers instead of giving a homogeneous mass.

In order to obtain a greater proportion of solid fatty acids, some works combine these
two systems of saponifying by means of lime and acid. The saponification is first carried
out in 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 acids
and fat are dried and completely saponified with 2 to 2-5 per cent, of concentrated sulphuric
acid at a temperature of 110° to 120° maintained for an hour. The resulting fatty acids
are not distilled but are simply washed with boiling water, being thus rendered rich in
solid hydroxystearic acid ; this process also yields a much purer glycerine.

L. Fournier (Fr. Pat. 262,263) has suggested a method of increasing the amount of
solid fatty acids by effecting the sulphonation with concentrated sulphuric acid in a carbon
disulphide solution of the fat, the reaction, then proceeding immediately without heating.1

1 Transformation of Oleic Acid into Solid Fatty Acids. For nomo years (about
1877-1885) oleic acid was converted on an industrial scale in France and England (by the procosH
of Olivier and Radisson) i?ito solid palmitic acid by utilising Varrentrapp's reaction, according
to which this change is almost quantitative on fusion with solid caustic potash (m>. pp. 350
and 359): C18H34O2 + 2K0H = H2 + CH3-C0aK + Cl6H31OaK, but the greasiness and
unpleasant odour of the candles obtained compared with those made from stoarino, the necessity
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(3) Hydrolysis by Hot Water under Pressure (proposed by Tilghmann in IS54, and
improved by Price in England) is but little used owing to the low yields obtained and the
very high pressures required. The fat, emulsified with water, is circulated in coils arranged
in a furnace so as to attain a temperature of 290° to 315°.

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

(4) The Biological or Enzymic Process has been applied industrially since 1902, as a
result of the work of W. Connstein, E. Hoyer, and H. Wartcnburg, and is based on the
observations of Pelouze (1855), of Green and of Sigmund (181)0) according to which, when
oily seeds are pounded with water, fatty acids are gradually liberated by the action of
lipolytic enzymes (see p. 134). It is found that the most active enzymes are those of castor
oil seeds (in which they occur to the extent of 70 parts per 1000 of fat), especially after
removal of the oil, but better results are now obtained by using aqueous emulsions rich in
enzymes (extract of castor oil seeds), but much poorer in proteins (which are harmful) and
containing 60 per cent, of water, 37 per cent, of castor oil, and 3 per cent, of proteins.
Other active seeds are, according to Fokin, those of CheUdonium majiis, JAnaria purpurea,
etc. 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 roughly
from the skins and treated with 0-06 per cent, of acetic acid (calculated on 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 saponiMcation number,
although tallow requires the maximum amount and a temperature of 40°). To accelerate
the decomposition, 0-15 to 0-20 per cent, (on the weight of fat) of manganese sulphate (acti-
vator) dissolved in a little hot water is added, and if the fat contains much protein or gummy
matter, it is well to clarify ft by heating with 1 per cent, of sulphuric acid diluted with a
little water ; the last traces of this acid are then removed by repeated and thorough washing
with boiling water, as they would be deleterious 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-ĵ oints are mixed with liquid oils.1

The practical working of the process is as follows (see Fig. 297): A leaden coil a, b, for
indirect steam and a tube, d, for the injection of air reach almost to the bottom of a lead-
lined iron boiler, A, with a conical base ; discharge cocks, /, are fitted to the boiler at the
of distilling the resultant dark acid, and the difficulty of eliminating all the acetic acid, led to
the abandonment of this process. Also da Wilde and Rcychiefs process for Lra/nsforming oleine
into stearine by heating in an autoclave at 260° to 2S0° with 1 per cent, of iodine or chlorine
or bromine seems to have been given up in practice since 1890, the yield being 1O.SK than 75 per
cent, (the combined chlorine was eliminated by heating under 8 to 1.6 atmos. in presence of zinc
dust or iron, and then decomposing the metallic soap).

The industrial transformation of oleic acid into solid elaidic acid by treatment with a little,
nitrous acid (see p. 359) does not give satisfactory practical results, first bccau.se elaidic acid Is
not a very good material for candle-making, and also because the reaction is reversible and
succeeds well only with fairly pure und fresh oleic acid and not with the commercial acid (partly
polymerised). Max v. Schmidt treats 10 parts of oleic acid with 1 of zinc chloride at 180°, then
decomposes the zinc soap by boiling first with dilute HC1 and afterwards with water, and limilly
distils the fatty acids, which can be separated into liquid and solid by means of hydraulic presses.
By this process Benedikt (1890) obtained 75-8 per cent, of slearolactone, C1HrI.,,l()2 (the internal
anhydride of y-hydro xyslearic acid, m.-pt. 48°), 15-7 per cent, of iso-oleic acid, and 8*5 per cent,
of other saturated acids. This method was applied in. Austria, but was soon abandoned, as much
of the oleine remains unaltered.

K. Hartl, jun. (Ger. Pat. 148,002, 1903), in order to avoid the browning produced 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 Shukoif, Ger. Pat. 150,798,
1902), but first distils the oleic acid in steam and afterwards treats it with sulphuric acid of
58° to 60° Be. (e.g., at a temperature of 60° to 80° and using 1 mol. of sulphuric acid per I mol.
of oleic acid); the resulting fatty acids are then washed and decolorised by heating in open pans
with 1 to 10 per cent, of zinc dust at 100°, the zinc soap being finally decomposed by hot dilute
hydrochloric acid. W. H. Burton (U.S. Pat. 772,129, 1904) uses a process similar to that of
Fournier (see above), benzine or naphtha being employed as solvent and the sulphonic ethers
being decomposed in solution by the direct action of steam; the final product melts at 85° to 90°,
but does not mix well with paraffin wax, even when fused.

Nowadays, however, the industrial transformation of oleic into stearic acid is effected solely
by catalytic hydrogenation (see p. 480).1 Dunlap and Gilbert (1911) found that, when oleic acid is treated with glycerine in presence
of defatted castor oil seeds and linseed, 26 per cent, of the oleic acid is transformed into glyccrido
in 11 days.

33—2
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bottom and at various heights. The fat, and about 35 per cent, of water heated to the
desired temperature in B (see above) are introduced and are kept stirred by means of a
current of air from the compressor, L, and the reservoir, W. The castor oil seed extract,
mixed with 0-2 per cent, of manganese sulphate and 0-06 per cent, of acetic acid (on the
weight of fat; the reaction starts and proceeds well if the mass is faintly acid at fi rut.)
is then added, the whole being mixed for about 15 minutes so as to give a homogeneous
emulsion. The vessel is then tightly covered so that the temperature may be maintained,
the mass being mixed from time to time to keep it emulsified. After 24 to 36 hours, when
more than 90 per cent, of the fat is decomposed, the mass is mixed and heated to 80° to 8f>°,
0-2 to 0*3 per cent, (of the weight of fat) of concentrated sulphuric acid (66° Be.) diluted
with one-half its weight of water being then added. The whitish emulsion soon becomes
dark owing to the separation of the fused fatty acids, and when this occurs the heating
and stirring are suspended and the mass left overnight. The various taps arc then, act
in operation to separate the bottom layer of fairly concentrated glycerine, the intermediate
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 instead of the extract, the resulting glycerine was very dark, and
it was necessary to decolorise it with bone-black (nowadays it is as good as that given by
saponification with lime), while the intermediate emulsified layer formed as much as 22 per

M G

Pto. 297.

cent, of the total fatty acids (now only 2 to 4 per cent.). The aqueous gh/carine (moe.pi water)
of the enzymic process is first concentrated to 10° Be. in open pans, the sulphuric acid being
separated by means of barium carbonate in the hot. The barium sulphate in removed by
filter-pressing and the filtered liquid further concentrated in a multiple-efTect vacuum,
apparatus to 28° Be., a clear, brownish glycerine containing only 0-2 to 0-4 per cent, of ash
being thus obtained.

The' biological process has spread rapidly during recent years, since the 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, etc. The fatty
acids from sulphocarbon olive oil retain, however, their characteristic green colour, and
those from palm oil their orange colour. The fatty acids yielded by this process contain
neither hydroxy-acids, as do those obtained under pressure, nor calcium soaps, and arc
hence more suitable for the manufacture of either candles or soap (see later, Soap).

(5) Twitchell's Catalytic Process. The decomposition is here analogous to that with
sulphuric acid (which also, strictly speaking, is catalytic), but with TwitcIbdVs reagent
(benzenestearosulphonic acid or hydroxystearonaphthalenesulpJionic ester) it takes place far
more readily, probably because this reagent dissolves in the fat more easily than docs
sulphuric acid.- The fats are first purified by heating to 90° to 100° in a lead-lined covered
vat, A (Fig. 298), with 1-5 to 2 per cent, of sulphuric acid at 60° B&, direct steam being
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passed in so that when the acid is discharged after standing overnight it has the specific
gravity 8° Bo. (for cottonseed or linseed oil, 15° Be.). The purified fat is passed into
other wooden vats, Bx and J32, 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
mixture being then boiled by direct steam and 0-5 to 0-15 per cent, of the Twitchell reagent
added (the minimum with pure fats and the maximum with highly impure third-grade fats).
The current of steam is continued so that a homogeneous emulsion is rapidly obtained, and
after being heated in tins way for 24 hours about 90 per cent, of the fatty acids are liberated
and the glycerine separated. No more steam is then passed through the mass, but a slow
jet is kept flowing into the space between the surface of the liquid and the cover to prevent
the fatty acids from turning brown during the subsequent operations owing to contact
with the air. In about an hour's time, the emulsion breaks up 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 sulphuric acid of 60° Be. and then left. The sweet
water is discharged through the separator, S, into the tank, 6'; it usually has the specific
gravity 5° Be. (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 clryness of the steam
employed are varied when further quantities of fat are treated. The sweet water is
neutralised with lime and concentrated in Fx and F2 and collected in G (see p. 221). For
soap-making the fatty acids, which are discharged into Dx and D2, may be used as they are,
but as a rule the saponification
is completed by adding 10 per ffl,
cent, of pure water and heating
for 12 to 24 hours with direct
steam, any small amount of emul-
sion formed at the surface of the
liquid by the steam being de-
stroyed by the addition of a little
sulphuric acid. In this way, 97 to
98 per cent, of the theoretical
amount of fatty acids is obtained.
Barium carbonate (1 part per 10
parts of Twitch ell's reagent used,
or more if sulphuric acid were
added to destroy emulsion), mixed
with a little water, is now added,
and the whole heated for 15 to 20
minutes; if the lower layer of
water now has an acid reaction
towards methyl orange, more
barium carbonate must be added.

FIG. 298.
The current of steam, both in and above the liquid, is

now stopped, since after this the fatty acids arc no longer turned 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 separate the
solid from the liquid acids (see 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
used and the duration of its action are diminished. C4ood results are not obtained until
after five or six operations, by which time tho surface of the wooden vessels ceases to be
attacked.

Just as with tho preceding process, the use of the Twitchell process has spread con-
siderably in America and in Europe.1 The Twitchell reagent cost, before the War, about
\s. 2d. per kilo. A reagent, known as Kontaht, prepared in Petrograd in 1914, effects the
scission of fats to the extent of 90 per cent, in 10 to 15 hours, and is hence three times as
active as Twitchell's reagent. It was obtained by sulphonating the cyclic hydrocarbons
(naphthenes) of petroleum.

1 The plant for a factory using the biological or catalytic process is considerably less expensive
than for one employing autoclaves, while there is also a decided economy in the working expenses.
In 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.1

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 " gutter "
or diffuse an unpleasant smell, should not be greasy to the touch, should be white and
<nve 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 in
usually made of filaments (15 to 20) of pure cotton or linen without knots. Animal fibres
should be rejected, as they give an unpleasant smell and a fused carbonaceous 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 plaited or woven and twisted, as Cambaceres proposed, this inconvenience
is overcome. For stearine candles obtained by fusion, the wick is of twisted cotton braid,
while for more readily fusible materials (wax, tallow, etc.), more or less twisted wicks are
used according as the candles are made by fusion or by compression. Nowadays wicks are-
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 carbon-
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 for this purpose. Thus, in France the wicks are im-
mersed for three hours in a solution of 1 kilo of boric acid in 50 litres of water, and are then
pressed, centrifuged, and dried ; in some cases a trace of sulphuric acid is added to the bath.
In Bussia the wick is left for 24 hours in a solution of sulphuric acid (50 grins, per litre),
squeezed, dried in hot air, steeped in a bath containing 4-5 grms. of boric acid and 18 grms.
of ammonium sulphate per litre of water, and then dried. Another solution giving good
results is composed of 60 grms. of borax, 30 grms. KC1, 30 grms. KN0.>, 30 grms. NHn and
3-5 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. In HO me cases
the penetration of the solution into the wick is hastened by the addition of a little alcohol.

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

1 The ancient Romans used for illuminating purposes a kind of torch stooped in. wax. or
bitumen. Only after the second century of the Christian era was a distinction drawn between
wax candles and those of tallow; the use of the latter was regarded as a luxury, while wax
candles were employed in churches. The Catholic religion used them exclusively for religions
functions, and thus caused a great increase in the consumption, which diminished only after
the spread of the Reformation. Very soon, however, the consumption of wax candles again
increased very considerably owing to their extended use at the courts of kings and princes.
Meanwhile the employment of tallow candles for domestic purposes was continually .spreading,
and in the eighteenth century several important factories were working in England, but the
candles produced were high in price and burned very quickly. Only after Chovreul's work on
the nature of fats in the early part of last century (after 1815) led to improvements in the
saponification and to the preparation of solid fatty acids was the rational manufacture of candles
initiated. Chevreul himself, together with Gay-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 saponification and in the preparation of the wick. It was
only when Cambaceres, in 1830, devised plaited and twisted wicks, and when Milly, in 1834,
introduced saponification with lime and the subsequent decomposition of the calcium soap with
sulphuric acid, that the manufacture was placed on a stable and remunerative basis. Milly's
first factory for stearine candles was erected in Austria in 1837, and in 1840 one 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 Mclsen). Almost
immediately after this, however, the manufacture of paraffin candles was started, paraffin wax
having been obtained in large quantities by Young (1850) by the dry distillation of bituminous
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 quantity of wax is melted and no cup is formed to contain it, the candle
guttering continually from the sides and the flame being less luminous.

In 11)04 a patent was filed for the manufacture of artificial silk candle-wicks, which
seem to give good results.

Formation of the Candles. The white blocks of stearie and palmitic acids from the
presses arc scraped at the surface and edges to remove adherent impurities. The purer
residue is melted and shaken in a leaden vessel with sulphuric acid (,TJ !Be.) to dissolve.
and separate the impurities (iron, hairs from the press bags, etc.) ; the sulphuric acid is
then decanted ofT and the stearine washed repeatedly with boiling water to remove all
trace of the mineral acid. In some cases the fused fatty acids are shaken
with a little coagulated albumin. In cooling/the stearine tends to crystallise,
the resultant candles being then less homogeneous and more "brittle. At first
arsenious acid was used to prevent crystallisation, but, now that this is pro-
hibited, the stearine is kept continually shaken until it almost solidifies when
it is introduced into the moulds, and the candles then rapidly solidified. It is
often more convenient to add a little white wax or paraffin wax (2 to 10 per
cent.), which also prevents crystallisation of the stearine.

The quality and purity of the stearine are ascertained by the usual tests, the
neutral fat being determined by GeiteFs test (see p. 468), the paraffin wax,
cerasin, cholesterol, and carnauba wax by the saponification number 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 jmre stearine pressed once and 57-5° to
58° for doubly pressed- stearine) and the solidification point, making use of
de Schepper and Geitel's Table 1 obtained by mixing saponification stearine,
solidifying at 48°, with oleine having a solidifying point of 5-4°.

Candles are made in three different ways : (1) by immersion ; (2) by fusion ; -^ ^g
and (3) by pressure.

The first of these methods is the oldest and is now almost entirely abandoned. It
was employed originally for tallow candles, and is now sometimes used to mask the presence:
of inferior fat or stearine, the wicks suspended from frames being first immersed in the
impure fused fat, while the outer layers arc 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 hole
in the middle.

Certain long 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 admit
of a maximum output being rapidly obtained with a minimum of labour. The moulds,
which are very smooth inside, have the shape of the candles—with the pointed end below
and the enlarged base at the top (Fig. 299)—and are imperceptibly conical; they are
made of an alloy composed of three parts of tin and I part of lead. For the fusion of a
large number of candles at a time (100 or more) a machine is used similar to that shown
in Fig. 300. The moulds of all the candles pass through the closed metallic box, E I),
to the bottom and 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 moulds. The lower part of each
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31°
32°
33°
34°
35°
36°
37°

Per cent,
of stearine
melting
at 48°

21-7
23-3
25-2
27-2
29-2
31-5
33-8
30-0
39-5
43-0
40- 9

Tempera-
ture of

solidification

38°
39°
40°
41°
42°
43°
44°
45°
4(5°
47°
48°

Por cent,
of Htearine

melting
at 48"

50-5
54-5
58« S)
03-1}
()8-5
73 5
78-9
83-5
89-0
94-1

100-0
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mould contains a kind of small piston which has exactly the shaj)c of the point of the
candle and can be made to traverse the whole length of the mould, being joined to an
iron tube, J5, fixed to a
frame capable of being
raised and lowered by the
rack and pinion, C. All the
pistons can be raised at
once so as to force 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, A, and
passes through the iron
tube which raises the piston
to the upper part of the """ "^Iflllil UTinnft nnnflflTlViflfflftfflllfIflflHVatlHfaflHIc
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
are cut off by a knife and
the candles forced out and FIG. 300.
grasped by the rods, L. In rising, the candles unwind from tho bobbins new wicks
which are thus brought into the middle of the moulds ready for tho next operation.
When the second batch of candles is solidified in the moulds, the wicks of tho first batch
are cut so as to make way for the others to be removed from the moulds. When shorter
candles are required, the pistons are raised in the moulds to the desired height and tho

stearine then run. in.
The candles thus ob-
tained arc bleached by
arranging them verti-
cally on trucks in
metal gauze frames and

V I U(l" W i T ~ i i l " T i l l Til 1 1 lcav i l¥ t h ,cm f o r HOm.°
days in the open air
exposed to tho action
of the air, sunlight, and
dew.

Af te r th i s , t he
candles are washed,
polished, and sawn off
to a uniform length in

FIG. 301. a machine of the Binct
type (Fig. 301). The

candles are first dipped in a bath, F, 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 tho
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
71 ; when they reach M' they fall into the trough, E. The finished candles are stamped
automatically with the trade mark and are then tied and wrapped up in packets of 12 or
24 (or i 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 paraffin candles
and HO make them resemble those of stearinc, about 5 per cent, of stearine and 5 per cent,
of paraffin oil arc added. The same effect may be obtained with a small quantity of
/3-naphthol (GOT. Pat. 165,503) or any other substance which dissolves the paraffin wax in
the hot and deposits it in tho cold in a finely divided state (e.g., solid fatty acids, amides,
phenols, kctonea, etc.). Mixed paraffin candles, containing more than 30 per cent, of
rmraffin wax, are now manufactured on a vast scale, wax of higher melting-point being
used and the defects formerly encountered eliminated.

MANUFACTURE OF SOAP1

Theoretically soaps include all metallic salts of. the higher fatty acids, but
practically the name is given only to salts of oleic, stearic, and palmitic acids,
and, in general, of the fatty acids contained in natural oils and fats. Importance
attaches mainly to the sodium soaps and, to a less extent, to those of potassium
and ammonium. It was at one time thought that soaps were composed largely
of margarie 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
margarie acid (see p. 350).

Almost in its 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,
etc.

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 amount of alkali liberated on dissolving the soap in water.

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

1 History of Soap. Soap was not known to the ancient Hebrews and Phoenicians or to
tho Greeks of the time of Homer, who washed their garments with the ashes of plants and water,
and by mechanical rubbing.. Some races used the juices of certain plants, and later it was
discovered that when ashes were heated with lime they gave rise to natron, whicli was much
more eft'ectivo than the ashes themselves. Yet the writers of the Bible, who are certainly not
conscientious and exact historians, several times mention soap, and quote the following supposed
phrase of tho prophet Jeremiah (who would have lived several centuries before the Christian
era) : " Though tliou wash thee with nitre [natron] and take thee much soap, yet thine iniquity
is marked before me." Seneca and Pliny mention soap in their writings and attribute its
discovery to tho Gauls, who prepared it from tho 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
of the Christian era) proposed the use of soap for washing. In the excavations of Pompeii has
been found a complete soap factory with utensils and saponified material. Marseilles did a large
trade in soap as early as the ninth century, but in the eleventh century it had a serious rival for
the premier position in Savona. In the fifteenth century the industry flourished at Venice,
and in tho seventeenth at Genoa, which, together with. Savona, Marseilles, and Alicante, enjoyed
a monopoly in soap-making. In England the industry began to develop after l()50, and in
Germany it assumed considerable importance after Chevreul's investigations on fats (1810—1823).
With the development of the soda industry and increase of the trade in palm oil and coconut
oil, the conditions in Germany and, to some extent, in other countries favoured extension of
soap-making. At the present timo Marseilles, although partly surpassed by the large English
factories, still preserves its early fame, which, however, the Italian factories have lost. Several
times in tho 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 Prance 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 against the malefactors who
adulterate it 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 readily be shown by the opalescence of the dilute aqueous solutions and by the
violet colour imparted to phenolphthalein by a perfectly neutral (i.e., not yet dissociated)
alcoholic solution or highly concentrated aqueous solution of soap, after pouring into a
large quantity of water. If, then, part of the grease can be rendered soluble by the saponi-
fying action of the alkali gradually liberated from the soap, another part is certainly carried
away mechanically by the emulsifying action of the soap itself and of its fatty acids ; this
action is accompanied by the abundant production of lather, which, together with the
water, incorporates and removes all the grease with which it comes into contact. It is for
this purpose—the formation of lather and emulsification of the grease—that rubbing is
necessary in the washing of a garment with soapy water. A mere solution of caustic soda,
even in excess, does not produce a detergent effect equal to that of soap.

Soap is detergent when it dissolves in water, so that pure stearinc soaps (e.(/., 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 soluble
in cold water, are detergent even in the cold.

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

According to Plateau and Hillger (1903) the detergent power, and hence the ready
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 aqueous suspension of
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 lamp-black is
more stable than that of cellulose with lamp-black.

As regards the molecular condition of soap in its concentrated, non-dissociated solu-
tions, it appears demonstrated that it there exists in a colloidal condition, since an increase
in the concentration is not accompanied by rise in the boiling-point, which approximates
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 colloid,
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 soluble salts which do not
decompose the soap, e.g., NaCl, KC1, Na2S04, NH4C1, Na2C03, and. even NaOH,
etc., this action being due to a change in the density of the solution and in its
degree of dissociation. This phenomenon is the basis of the salting-out or
graining of soap during its manufacture, but it must be noted that if the fats
or fatty acids used in the making of the soap contain hydroxy-acids, 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



S O A P 515

of glyceride that decomposes fixing 3 molecules of alkali 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-G 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 kilos of glycerine and 102 of soap ; in practice
about 1*5 to 2 kilos of glycerine is lost, while 140 to 160 kilos of soap, contain-
ing a considerable amount of water is obtained. Potash soaps are softer than
those of soda, and soaps of liquid fatty acids softer than those of solid fatty
acids.

Soap may be made either from the fatty acids obtained from fats by the methods
described above, or from the fats themselves. In the former case the saponification is
carried out mainly by sodium carbonate, and is completed (since with the carbonate it
proceeds only to the extent of about 90 per cent.) by caustic soda, but in the latter case
concentrated solutions of caustic soda in the hot arc employed ; the carbonate is, indeed,
unable to resolve glycerides, and that amount of it which always occurs in the caustic
alkali is lost during the subsequent operations of salting-out, etc.

Mention has already been made (see p. 467) of the process of decomposing fats in. an
autoclave by means of ammonia and sodium chloride, which was studied by Lcuchs (1859),
Witelw (1876), Buisine (1883), and Polony (1882), and improved by Garelli, Barbe, and
de Paoli (Ger. Pat. 209,537, 1906). This process leads directly to the sodium soap with
formation of ammonium chloride, from which the ammonia may be recovered in the usual
way, and, according to the above patent, gradual decomposition of the ammonia by means
of steam results in a considerable separation of the solid fatty 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 distinguished :
(1) mixing or pasting of the fat with the alkaline lye ; (2) mixing in the hot to form the
soap and separate it partially from the excess of water ; (3) salting-out (or " graining " or
" cutting the pan ") to render the soap insoluble and separate it from the lye, which thus
collects under 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 & finishing process,
that is, a final treatment with dilute alkali hydroxide or carbonate solution, in order to
separate the more thoroughly the residual impurities (aluminium or iron soaps) and so
avoid a partial mottling, and to give to the soap, first, the quantity of water necessary to
the particular type, and, secondly, a still more homogeneous appearance.1

A well-finished soap contains 35 to 40 per cent, of water and only 0-20 to 0-36 per cent,
of salt and free alkali together. When excess of free caustic soda remains in the soap, con-
siderable efflorescence, due to formation of sodium carbonate by the carbon dioxide in the
air, occurs at the surface during the subsequent drying. In order to avoid such a serious
inconvenience, it is necessary to treat repeatedly with sodium carbonate solutions, because,
even if a little of the latter is left in the soap, only a slight powder forms at the surface on

1 Finishing is best effected when the soap contains a certain proportion of water, namely,
10 mols. of water (40-5 per cent.) per 1 moi. of sodium oleate, or 10 mols. (48-5 per cent.) permol.
of sodium stearate. If the soap is more concentrated than this, it remains too viscous and
opposes too great a resistance to the precipitation of the impurities and of the drops of saline
and caustic solutions ; but if, in the finishing, the necessary quantity 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, sesame, linseed, poppyseed,
etc.) can be finished only when mixed with readily soluble soaps (coconut, castor, etc.). 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, homogeneous soap, well separated from the lye; above this is a small, irregular, and
gelatinous layer composed of more soluble soaps (of hydroxy-acids) of calcium, magnesium,
and iron, and of certain other impurities insoluble in the lye (colouring-matters, coagulated
proteins, etc.), and it is this mass which forms the refuse,
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d r y i n g a n d t h i s can be readily eliminated. In some cases, a small proportion of a non-
n a p o n i l i a b l e f a t {e.g., wool fat) or even of a dense mineral oil is added to the soap, the caustic
H o d a b e i n g t h e r e b y preserved from direct contact with the air.

A t o n e t i m e the coppers used for soap-making were largely made of masonry, but nowa-
< layw t h e y a r e almost universally of iron and are heated either by fire or by direct or indirect

FIG. 302. FIG. 302A.

Ht'Oam, as is shown in Figs. 302, 302A, 303, 303A. Small coppers hold 10 to 50 heciola. and
lanjjo ones 100 to 400.

Kor every 100 kilos of fat to be saponified, a copper-volume of 500 litres is taken.
Xn most soap-works the mixing is done by wooden blades worked by hand, although

(•<>l>|><\rH are made fitted with stirrers of various forms.
The saponification of 100 kilos of fat or oil requires theoretically about VMS kilos of

303. 3()3A.
NaOH, but practically rather more than this amount is used. Tallow soap is made in the
following manner: The tallow is mixed and gently heated in the copper with, about one-
fourth of the necessary amount of caustic soda in the form of a solution of 10" Be. First
of all an emulsion is formed and then saponification gradually proceeds, the mass begins
to become homogeneous and to boil gently and the volume to increase slightly. When a
lit t le is removed on the blade, it forms a jelly which does not separate the lye, and the
Hoap-boiler judges of the fixation of the alkali hy observing when the caustic taste of the
alkali disappears. Much of the fat remains unsaponified, so that a hot caustic soda solution


