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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.
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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.


