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PREFACE.

The complete discussion of the Sources, Production, and
General Technology of the numerous substances included in
the term Oils, and of the intimately associated Fats, Butters,
and Waxes (all of which are practically oils when melted),
would require far more space than is compatible with the
limits of the present work; it has accordingly been found
indispensable to make a selection from this wide field, as
the result of which the subjects now dealt with are
narrowed down to the Animal and Vegetable Fixed Oils
and allied substances; whilst Mineral Oils, Products of
Distillation, Essential Oils, and various analogous materials
are only discussed in so far as they are associated with the
Fixed Oils in their technological applications. For the
same sufficient reason minute details respecting the various
special tests employed in the practical examination of oils,
&c., for adulterations have, as a rule, been omitted ; as also
have the descriptions of the distinctive properties and
qualities of the individual oils and fats, excepting in a
comparatively small number of typical cases. In short, the
object aimed at has rather been to give general descriptions
of the methods whereby Animal and Vegetable Oils and Fat
are obtained from natural sources, of their leading practical
applications and uses, and of their chief physical and
chemical properties and reactions, than to enter into special
details, and to discuss minutely the analytical tests and
processes applicable in each scparate case for the detection
of adulteration.
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§ 1. General Composition and Nature of
Oils, Butters, Fats, Waxes, and
Allied Substances.

CHAPTER 1.

THE SOURCES AND GENERAL NATURE OF NATURAL
AND ARTIFICIAL OILS, &c.

AMONGST the alchemists the term “oil ” had a somewhat wider
range of application than is usual at the present day, including
various inorganic substances, such as “oil of vitriol.” Similarly
“butter of antimony ” and “butter of tin” were metallic deri-
vatives entirely dissimilar from cow’s butter in constitution,
although resembling it in physical consistency. Even when
such wholly inorganic compounds are excluded, the term “oil”
has still an extremely elastic meaning, being employed to
designate a very large variety of liquid substances, natural
and artificial, which have but few features in common beyond
the fact that, being all organic in character, they are capable of
burning with more or less facility under suitable conditions ;
whilst with but very few exceptions they are practically in-
soluble in water, so as to be incapable of permanent solution
therein ; being as a rule lighter than water, when agitated
therewith an emulsion forms, from which the water and oil
gradually separate on standing, the latter usually floating as a
separate layer on the former.

The term *fatty matter,” or more shortly “fat,” is applied to
substances which are more or less of a soft solid character at
the ordinary temperature, but on gently heating pass to liquids
closely resembling fluid oils in general characters; ‘butters”
being specially soft varieties of such fats possessing the peculiar
physical texture of cow’s butter at the atmospheric temperature
of temperate climates. “ Waxes,” on the other hand, possess a
somewhat different and much firmer texture at the ordinary
temperature, but when heated melt to fluids which closely
resemble ordinary liquid oils and melted fats in their general
physical characters.

1






THE SOURCES AND GENERAL NATURE OF OILS, ETC. 3

various kinds; and other analogous products of destructive
distillation, from which various ‘“closed chain” hydrocarbons .
(benzene, naphthalene, anthracene, &c.) are isolable, along with
many other kinds of hydrocarbons, some of the saturated”
class (paraffins, indicated by the general formula C,H,, ,,), some .
of the ‘unsaturated” classes (C,H,, where n is not greater
than m).

Oxidised oils (including fats, butters, and waxes), from the point
of view of chemical constitution, are divisible into two classes—
viz., those that are, and those that are not, of the nature of
“ compound ethers,” or substances capable of undergoing changes
of the character of that known as “saponification.” Oils of the
first class are again divisible into two groups—viz., Glycerides,
or oils, &c., developing glycerol by saponification; and Aon-
glycerides, or oils not developing glycerol by saponification, but
giving rise instead to some other alcoholiform product. As
examples of these two groups may be mentioned, olive oil,
coker * butter, mutton tallow, cow’s butter, Japanese wax,
linseed oil, colza oil, cod liver oil, and whale oil, essentially
glyceridic in character ; and oil of wintergreen (chiefly methyl
salicylate), beeswax (mainly myricyl palmitate), spermaceti
(chiefly cetylic palmitate), and sperm and doegling oils, essenti-
ally non-glyceridic in character.

Oils, &c., of the second class (non-saponifiable) include various.
oxidised essential oils belonging to different organic families—
e.g., aldelydes, such as oil of bitter almonds (benzoic aldehyde) ;.
ketones, like oil of rue (methyl nonyl ketone) and oil of tansy
(methyl octyl ketone); alcohols, such as oil of geranium
(geraniol) ; camphor analogues, such as oil of wormwood (absin-
thol); and resinoid constituents. Various alcoholiform sub-
stances are also contained in the free state in natural oils,

, &c.; thus woolgrease contains cholesterol, and amber-
gris an allied body ambreol ; whilst similar substances are found
in small quantity in many vegetable oils. Higher alcohols (e.g.,
cetylic alcohol) are often present in the free state in marine
cetacean oils ; whilst phenol and its homologues are present in
coaltar oils and other products of destructive distillation.

SAPONIFICATION.

Originally the term “Saponification” was used to designate
the chemical changes taking place when soap is prepared by
the action of alkalies on fixed oils and fats ; but subsequently 1t

* Although the spelling ‘‘ coker’ at first sight looks inelegant, it is con-
venient to employ it instead of *‘ cocoa,” in order clearly to distinguish the
Product of the cokernut palm (Cocos nucifera) from that of the cacao (choco-

ate plant yielding the beverage cocoa) and the coca (yielding the alkaloid
coeaine). “
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Some few vegetable waxes, however, are of glyceridic char-
acter, e.g., Japanese wax, chiefly consisting of palmatic glyceride,
CsH; (0. C,;H;,0),. . . ]
A considerable number of oxidised essential oils also consist
mainly of compound ethers of the first class; thus oil of winter-
green (Gaultheria procumbens) mainly consists of methyl salicylate,
and oil of cow parsnep (Heracleum spondylium) of octyl acetate ;
respectively saponified, thus—
Potassium Potassium Maethylic
Methyl Salicylate. Hydroxide. Saiicylate:s Alconul
CH;.O.C1H50, + K.OH = K.O.CTH:;Og + CH;. OH

Sodium Sodium Octylic
Octyl Acetite. Hydroxide. Acetate. Alcohol.

CgH;;.0.CqH30 + Na.OH = Na.0.C.H30 + CgH,;.0H

Compound ethers of Class II. (furnishing dihydric alcohols on
saponification), although not absolutely unknown amongst natural
products of the oil, fat, and wax class, are very rare; carnauba
wax has been found to yield (inter alia) a glycol, 025H50{ 8%
on saponification (p. 18). Tetrahydric ethers, like those of
erythrol, have not as yet been recognised as constituents of oils
and fats, &c. ; and the same remark applies to the yet more com-
plex pentahydric and hexhydric ethers; mannitol, C;Hy(OH),,
a hexhydric alcohol, has been found as a constituent of vege-
table fruits, &c., accompanying oil—e.g., in unripe olives; but
neither mannitol nor any ethers thereof appear to be contained
in purified expressed olive oil.

CLASSIFICATION OF OILS, FATS, WAXES, &c,
ACCORDING TO CHEMICAL COMPOSITION.

The following table indicates a rough classification of the
principal varieties of oils, fats, and waxes in accordance with
the general chemical character of their leading constituents :—

DivisioN I.—HYDROCARBONR,

1. Natural essential oils, mostly of vegetable origin.

2. Natural mineral oils (petroleum), including the crude oils, and the pro-
ducts thence obtained by distillation, &c. (benzoline, kerosene oils,
lubricating oils, &c.)

3. Artificial products of destructive distillation (paraffin oils, shale oils,
bone oils, coaltar oils, &c.)

4. Solid hydrocarbons obtainable from natural products (earthwax, &c.) or
isolated from the two previous sources—e.y., paraffin wax and allied
substances largely used in candle-making.
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CHAPTER II

SAPONIFICATION PRODUCTS OF OILS, FATS,
WAXES, &c.

ALCOHOLIFORM PRODUCTS.

A SBAPONIFIABLE oil, &c., as above stated, gives rise to two pro-
ducts under the influence of alkalies — viz.,, an alcoholiform
organic substance (which in practice is either glycerol or some
kind of monohydricalecohol), and the alkali salt of an organic acid.
Under suitable conditions (more especially heating under pres-
sure in contact with water) parallel decompositions can be
brought about by means of water, the products of the “hydro-
lysis” thus effected being the alcoholiform body and a free
“fatty acid.” Thus in the cases of the glyceride of oleic acid and of
cetyl palmitate the hydrolytic actions take place in accordance
with the following equations :—

Oleic Glyceride. Water. Oleic Acid. Glycerol.
0.C,3H330 OH
C3H;z4¢ 0.C3H330 + 3H;0 = 3C,3H330.0H + CsH, { OH
0. C)gHgzg OH

" Cetyl Palmitate. Water. Palmitic Acid. Cetylic Alcohol.

CigH3s.0.CH30 + H0 = C;H50.0H + CjHys.0H

Similar reactions occur in many other parallel cases, the nature
of the alcoholiform body and of the fatty acid developed only
differing in each instance.

TRIHYDRIC ALCOHOLS FORMED BY SAPONI-
FICATION (GLYCEROL).

Glycerol, the most frequently occurring alcoholiform saponi-
fication product of fixed oils and fatty matters, solidifies, when
pure, to a crystalline mass by long continued chilling,* the melting
point being about + 22° C.; its great hygroscopic character renders
it extremely difficult to obtain absolutely free from water, in
consequence of which values varying from 1-262 to 1'2653 have

* Passing a few bubbles of chlorine into concentrated glycerol will often
make it crystallise (Werner). Chilled glycerol usually crystallises when
stirred up with a few crystals of the previously solidified substance, &
method utilised in manufacture (Chap. xxi11.)






ALCOHOLIFORM PRODUCTS OF BAPONIFXCATION'. 9

residue, from the weight of which (after deducting ash) the
proportion of polyglycerols present may be deduced. It does
not appear, however, that the residue thus left has been definitely
proved to have the character and composition assigned to it,
:latl?ough the formation of polyglycerols is, a prior, highly pro-

le.

Natural Triglycerides.—As a very general, if not abso-
lutely invariable, rule, only one acid radicle is contained in any
given substance—t.e., substances of the types

CH; . OR CH,. OR CH, . OR

CH .OR }JH . 08 CH .08

| I l
CH, . 08 CH;. OR CH, . OT

(where R, S, and T are not the same) are only extremely rarely
met with. Cow’s butter, however, not improbably contains a
mixed glyceride of one or other of these classes; for whilst it
forms butyric acid on saponification, no butyrin (triglyceride of
butyric acid) can be dissolved out from it by means of alcohol ;
whereas mixtures of butyrin and other triglycerides readily
yield the former to that solvent; hence a mixed glyceride,
oleo palmito butyric glyceride,

CH;. 0. C;gHs30
|

(|)H . 0. CycH3,0
CH;.0.CH;0

or some analogous substance) has been supposed to be present,
reaking up on saponification into glycerol, with formation of
salts of oleic, palmitic, and butyric acids.

Some few other fats have been supposed, on similar grounds, to
contain analogous mixed glycerides; but, as a general rule, when-
ever an oil or fat yields on saponification the salts of two or more
different fatty acids, it can be shown that the original substance
is a mixture of two or more triglycerides of the ordinary t
(i.e., each containing only one acid radicle) ; thus, by chilling an
oil yielding palmitic and oleic acids on saponification, a solid fat
usually separates, yielding only palmitic acid on saponification ;
whilst the liquid portion is substantially olein, giving rise to
oleic acid only on similar treatment, the reaction in each case
being indicated by the general equation :—

Normalo' g::::.t::. Glycerol. Potg::{um
CHg . OR CH;. OH

|

CH .OR + 3K.OH = (IJH .OH + 3K.OR
|

CH; . OR CHs . OH
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which may be written somewhat more compactly—

Cfslo, + 3mo = Cffslo, + sH.0R

The formation of the intermediate substances by gradual
hydrolysis has not been much studied as yet; in the case of
rape oil, however, it has been shown that whilst fresh oil con-
tains the triglyceride erucin,

CsH;
(C22H10)s } 0s,
the corresponding diglyceride dierucin,
CsHs CHy.O. CegH,,0
(032H410)3 : 03 = CH .0. Cg’HuO
H CH,.0.H
is sometimes contained in old oil,* probably formed as above by
partial hydrolysis. On the other hand, the reverse reactions
leading to the successive building up from glycerol of mono-
glyceride, diglyceride, and triglyceride are well known laboratory
operations : thus—
Glycerool. Fatty Acid. Monoglyeglﬁe.

CsHs{OH + H.OR = c,,u,%ou + H,0
OH OH
M Iyceride. Diglyceride.
om:'gm’OR. OR

C;H;{OH + H.OR = C;H;{OR + H,0
OH OH
Diglyceride. Triglyceriia,
syceOf( rg’eoOR

C:H; |OR + H.OR = CsH;{OR + H,;0
OH lor

In many cases, when it is desired to obtain triglycerides in a
state of purity, it is more easy to saponify an oil, separate and
purify the resulting fatty acids, and convert them into glycerides
in this way than it is to separate the original glycerides them-
selves contained in the oil.

The following boiling and melting points are possessed by
some pure triglycerides prepared synthetically in this way :—

Melting Point.  Boiling Point.
Batyrin, . . . CgH;40.C/H;0); Fluid 285°
Lnnrin. . . . CaH;(O . Cn“zao)g 45°
Myl’iﬂﬁll. . . . CaH5(0 . C|'Hg70)3 55

Palmitin, . . . C3Hj(0. CyeHj3,0)4 62
Stenrin, . . . C;H;(O . C|3H350)3 715 .en
Olein, . . . C3H40. C1gH3:0); solidifies at-6° ...

*Reimer and Will (Berichte der Deut. Chem. Ges., 1886, xix., p. 3320) found
that a deposit which bad slowly formed in a quantity of colza oil was not
the triglyceride usually obtained under such conditions, but the diglyceride
melting at 47°. :
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MONOHYDRIC ALCOHOLS FORMED BY
SAPONIFICATION.

Numerous families of alcohols (monohydroxylated hydro-
carbons) are known to the chemist, derived successively from
saturated hydrocarbons of the series C, Hyp 19, and from the other
series of hydrocarbons containing less hydrogen, by the replace-
ment of hydrogen by hydroxyl: thus inter alta the following
families of alcohols are known :—

Ethylicalcohol homologues; general formula,Ca Hint1 . OH

Allylic ,, ” ” ” Ca Hay_y. OH
Phenol ” » ” CoHyn-7. OH
Cinnamic alcobhol ., ” » CuH-9. OH

Although representatives of several such families of alcohols
are found amongst products of destructive distillation (coaltar
oils, &c.), and in essential oils and the allied balsams and other
aromatic bodies, and in small quantities as natural constituents
of fixed oils of various kinds (occurring there in the free state),
yet compound ethers derived from alcohols of the first and second
of the above families appear to be the only kinds naturally
occurring in fixed oils and waxes, &c. ; and of these by far the
most frequently occurring substances belong to the first class.

Ethylic Series of Alcohols.—The table on next page indicates
the leading alcohols of this family (general formula CoHjy, 1 . OH)
derived from fixed and essential oils and similar sources ; besides
those mentioned numerous isomeric modifications of many of
them exist, obtainable artificially by laboratory reactions.

The higher alcohols of this series, when fused with alkalies,
evolve hydrogen with formation of the alkali salt of the corre-
sponding fatty acid ;* thus—

Cetslic Aleohol Potas-ium Palmitate.
CysHy;.CH; .OH + KOH CsH;,.CO.0OK + 2H,

Myricylic Alcohol Potassium Melissate.
ng“sg . CH:. OH + KOH C,gH;o .CO.0K + 2H,

They are readily converted into compound ethers by treatment
with organic anhydrides (e.g., acetic anhydride), and in some
cases by heating with the acids alone, water being evolved.

* C. Hell (Liebig’s Annalen, pp. 223, 269) has based a method for the quan-
titative determination of higher alcohols on this reaction, the substance to
be examined being heated to 300°-310° in contact with soda lime, and the
evolved hidrogen collected and measured. At higher temperatures there
is a possibility of hydrogen being also evolved by the action of caustie
alkalies on oleic acid (p. %4). This method has been found useful in the
examination of beeswax which, when genuine, furnishes about 54 per
cent. of myricylic alcohol.
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Cetylic Alcohol. An‘:;,;:‘icda. Cetyl Acotate. Acetic Acid.
CjeH3s. OH + (C3H30),0 = C;¢Hs3.0.C.H;0 + C.H30.OH

Cetylic Alcohol Acetic Acid. Cetyl Acetato. Water.
CigHzs. OH + CgH30.0H ‘= C;¢H35.0.C,H;0 + H:0

The compound ethers thus produced are, in turn, readily
saponified by alcoholic potash, and from the amount of potash
neutralised during the operation the molecular weight of the
alcohol is deducible, due corrections being made for unsaponifi-
able matters, &c., if present (Chap. viiL)

Allylic Series of Alcohols.—Alcohols of the series
C,H,,_,.OH, derived from the olefine family of hydrocarbons
of formula C,H,, are only sparsely represented amongst the
derivatives from natural products. Acrolein (acrylic aldehyde),
C,H,.CHO, by hydrogenation yields allylic alcohol,C,H,.CH,.OH
(also obtainable in various other ways), existing as a thiocyanic
ether in the oils of black mustard seed, horse radish, and garlic ;
whilst higher homologues are probably contained amongst the
alcohols of the previous series obtained on saponifying sperm
oil, since in certain cases a deficiency of hydrogen is observed
on analysis, coupled with a strongly marked tendency to com-
bine directly with iodine, indicating the presence of unsaturated
compounds. These higher alcohols, however, have not as yet
been isolated from the other bodies accompanying them in a
state of sufficient purity to admit of their formule being exactly
determined. Borneol, C,)H,,. OH, occurs in the camphor of
Dryobalanops camphora, and to a small extent in oil of valerian
and oil of rosemary.

Alcohols of the series C,H,,_,. OH, derived from the C,H,, ,
(acetylene) series of hydrocarbons, are found to some extent in
certain essential oils—e.g., geraniol, C;)H,.. OH, in Indian gera-
nium oil. This appears to be a true analogue of ethylic and
allylic alcohols, being capable of yielding by oxidation an alde-
hyde and a monobasic acid (geranic acid) C,H,,.COH and
C,H,,.CO.OH respectively : no substances of analogous char-
acter have as yet been isolated from fixed oils and fats, &ec.

Phenol and its Homologues.—Alcohols derived from hydro-
carbons still poorer in hydrogen are occasionally met with as
constituents of natural products of the resinous class, or as sub-
stances formed by destructive distillation ; thus the hydrocar-
bons of the benzene family, C,H,, ,, give rise to two such classes.
of alcohols, both indicated by the general formula C,H., ,. OH
and derived from the same parent body, phenol, C;H,. OH. In
the one class (phenols proper) the hydroxyl group is situated in
connection with the ‘“benzene nucleus” of 6 carbon atoms; and
in the other (benzylic alcokol series) the hydroxyl group is not
situated in the benzene radicle, but in one of the “side chains”






ALCOHOLIFORM PRODUCTS OF SAPONIFICATION. 17

—and isocholesterol) chiefly occur in oils, &c., of animal origin,
such as whale and fish oils and woolgrease ; others (phytosterol
and isophytosterol) are similarly found in vegetable oils, such as
olive oil. Ambergris and castoreum (from the Oastor beaver)
also appear to contain related substances (ambreol and castorol
respectively). All these bodies, like the sycocerylic alcohol and
its homologues above mentioned, are of alcoholiform character
readily yielding acetic and benzoic compound ethers (often .of
highly crystalline character, and readily purified in consequenca),
the melting points of which are characteristic. Thus, cholesterol
heated with benzoic anhydride (preferably in a sealed tube at
200°) forms a compound ether almost insoluble in boiling alcohol,
but crystallisable from ether in right-angled tables, melting at
150°~151°. The following table illustrates some of the differences
between cholesterol and its isomerides :—

Action on Polarised Moel Point of
Moelting Point. Light Ether.

Cholesterol, . . ' 147° Leevogyrate. 150°-151°
Isocholesterol, . ! 137°-138° Dextrogyrate. 190°-191°
Phytosterol, . .' 132°-133° Levogyrate. | ...
Paraphytosterol, 149°-150° Dextrogyrate. | ...

When dissolved in chloroform and treated with an equal
volume of sulphuric acid, cholesterol yields a blood red colora-
tion, soon becoming cherry red and purplish, permanent for
several days; the acid underlying the chloroform solution ex-
hibits a strong green fluorescence. Phytosterol gives a similar
coloration, becoming a bluish red on standing some days; whilst
isocholesterol gives no colour at all. On treatment with acetic
anhydride, compound ethers are produced in each case, the
“acetyl number” of which is 135-5 (parts of caustic potash,
KOH, neutralised by the acetic acid developed by the saponifica-
tion of 1,000 parts of compound ether, Chap. viir); the corre-
sponding values for the similar compound ethers obtained
from cetylic, cerylic, and myricylic alcohols being respectively
197-5, 1281, and 116-7.

Another substance closely akin to phytosterol has been isolated
from the seeds of Lupinus luteus, i.e., lupeol,* probably indicated
by the formula C,H,,0, containing less hydrogen than phyto-
sterol ; this melts at 204°, is dextrorotatory, and forms benzoic
and acetic ethers melting respectively at 250° and 230°; dissolved
in chloroform and treated with acetic anhydride and sulphuric
acid, it gives a reddish coloration, becoming intensely violet red
on standing. Several other substances of analogous character
appear to be contained in various vegetable products—e.g., Aydro-

® Likiernik, Berich'e Deut. Chem. Ges., 1891, xxiv., pp. 183 &ll2d 187.
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carotin (carrits), paracholesterol (Ethalium srpticum), &c., & ;
but their occurrence in oil-bearing seeds, ard the oils thence
obtainable, has not vet heen substantiated.

GLYCOLS.

It has been shown by Sturke * that when carnauba wax is
saponified, and the alevholiform constituents thus set free frac-
tionated by means of petroleum, a glycol is obtained melting at
1035 to 1033, and giving numbers on analysis agreeing with
the formula C;H.0,, or CH,, 4 gﬁ “Of this product evolves
eight hydmgen atoms on fusion with caustic alkalies, forming
an acid of the oxalic series, thus—

. JCH,.OH | , _ _ CO.ONa
C.H, | CH,.0H 2Na0OH = 4H, - C,H, CO.ONa
just as cerylic aleohol and similar bodies evolve four hydrogen

atoms (p. 13), forming an acid of the stearic series, thus—

CyH.,.CH,.OH + NaOH = 2H, - C,H,.CO.ONa.

CHAPTER IIIL

SAPONIFICATION PRODUCTS OF OILS, FATS,
WAXES, &e.

FATTY ACIDS.

It is a remarkable fact that all known compound ethers con-
tained in natural fixed oils and fats, &c., invariably give rise on
saponification to monobasic acids only, dibasic acids (like oxalic
acid), and acids of still higher basicity being conspicuous by their
absence from the products thus formed, although in many cases
readily obtainable from these products by simple operations in
the laboratory.

At least six different families of monobasic acids are repre-
sented amongst the saponification products of fixed oils, &c., four
of which are included in the general formula, C,H,, ,, . CO . OH;
according as m = n,or =n + 1, n + 2,0or n + 3, this general
formula represents the following families :—

Formuls of Acid l Famlily.
: Acetic (or stearic) series.
Acrylic (or oleic) series.
CuHoyp - 3. CO.OH i Propiolic (or linolic) series.
CuHzw - 5. CO. OH | Linolenic series.

* Annalen der Chemie, pp. 223-2€3 ; also in abstract, Journal Soc. Chem.

Industry, 1884, p. 448,
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Two other familics are more highly oxidised, being included in
the general formula C_H,, { 8(1)1 o’ accordingas m = n or
= n+ 1 the following two families result :—

Formuls of Acid. : Family.
OH. QOxyacetic(oxystearic or glycollic)
CaHim % CO . OH. series.
OH. Oxyacrylic (oxyoleic or ricinoleic)
CuHzm - o { CO . OH. series.

In addition to these six leading families of monobasic acids, re-
presentatives of several others are obtainable by saponification
from various essential oils and allied products ; whilst by gentle
oxidation processes or other reactions several different kinds of
more oxidised monobasic acids are readily formed from the
normal “fatty acids” derived from natural fixed oils, &e. Thus
for example :(—

Formuls of Acid. Family. i Examples and Sonrces.

.

i Benzoic and toluic acids, &e. ;

. . from gum benzoin, balsam of

CuoHgm - ;. CO.OH . Benzoic series l 2 Tolu, dragon’s blood, storax,
! oil of bitter almonds, &c.

; Cinnamic acid ; from oil of

CwHom - 9. CO.OH ' Cinnamic series cinnamon, cassia, storax,
| balsam of Tolu, &c.
OH | Oxybenzoic (salicylic) | [ Salicylic acid; from gaul-
Calrn -8 {CO. OH | zeries v { theria oil, &c.

OH | L. . Oxidation of oleic acid and
CaHsm - 1 {OH : Gly ceric (dioxystearic) 2 isomerides and homologues
C0.0H series { thereof.

: . ! ( CygH3405 ; from oxidation of

(OH) Erythroglucic  (tri- S 18, 36-5 5 s o

CaHzm - 3 COo. 5H oxystearic) series ( ;c:;gze;-c acid and its iso
C13Hj3g0g (sativic acid) ; from

(OH), ! N
CuHm - 3 { co. On | Tetroxystearic series oxidation of linolic acid.

C,3H 3405 (linusic acid) ; from
oxidation of linolenic acid.

CuHem - 5 { {'.%Ff)(a)ﬂ 5 Hexoxystearic series = %

ACETIC FAMILY OF FATTY ACIDS.

The following table denotes the leading acids of the acetic
family (general formula C H,,0, = C,H,, ,,.CO.OH) derived
from fixed oils, waxes, essential oils, and similar sources: in
addition numerous isomeric modifications of many of the acids
are known, obtained artificially by synthetic and other laboratory
operations :—

4,
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Formula. | Name of Acid I B‘P?:)ll‘:f x;gfg’:“ Sources.
g i— o 0.
C1sH3004 i Pentadecoic, | 53°5 Cetic acid (?) from sper-
! maceti.
| 53° Benomargaric acid (?)

from oil of Ben. Stilli-
stearic acid (?) from
Stillingia sebifera.

71°°5 62° Palm oil. One of the
t 100 constituents of most

|
|
C,cHs30; | Palmitic, ;
‘ | millims. animal fats. Sperma-
|
|

Ppressure. ceti; beeswax; Japan
. i wax.
Cy;H340; . Margaric, ' 60° . From cetyl cyanide ; for-
‘ [ ' merly s J)posed to be
. (f:ontnme in certain
! | ats
1 Daturic, -ad° From oil of Datura
| i | Strammonium.
CysH340s Stearic, 201°at 100 69°2 | Tallow, lard, and most
i millims, animal solid fats ; Shea
. pressure. butter ; Illipé fat.
Enneadecoic, | 66° From stearyl cyanide (?)
| ! obtained along with
. | artificial margaric acid.
| Earthnut oil (Arachis
hypogeea) ; butter (?)
i (Heintz)

Ci9H340,
Arachic (or Am- | v

chidic); Butic, |
. i .
Cq H, 30, ! 72°3 | Medullic acid (?) from

beef marrow.

CysH(O; | Benic or Beni- ... 76> ' Oilof Ben; black mustard
stearic, i seed oil ; rape oil.

i
CzoH 002 :

C,;HQQOQ Lo e o
24H(s0s . Lignoceric, hnrthnut oil;  beech-
wood tar.
72°5 (Carnauba wax.
46° | Paraffinic acid (f" from
" paraffin wax and nitric
. i acid.
CysH590, . Hyeenic, boese Hyena fat.
CeeH320, - Geoceric acid (?) from dis-
| | tillation of brown coal.
Ca:H;3,0e ° Cerotic, -5 Becswax; Carnauba wax;
. Chinese wax.

8o

Carnaubic,

~
»
®

jo°]
8

(=]
™

C30H 0O :hiefigsic, 88° Oxulatlon of myncyllc
oo ' alcohol from beeswax.
C31H,20, !

chl‘hzg‘)’ | Theol)romlc, ! et

72;“ | (Tacno buttcr.

The formule ascribed to several of the acids named in the pre-
ceding table can hardly be regarded as established with perfect

¥
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80 pass into the series of substitution derivatives of the satu-
rated hydrocarbons), the same tendency is shared by the fatty

Formals. Name of Acid. |Boiling Point. h{,ﬂg’i‘
CaH‘O’ Acrylic, 140°C. 8°C.
CHgO, Crotonic, 185° 72
C;HgO, Angelic, 185° 45°

Tiglic, 196° 64°
|

CgH.oOz Pyroterebic, l 210°

%

C:H,50, o 53°
CsH 4,0, ' Octenoic, l l
CyH;g0-. | Ennenoic, : liquid.

. Phoronic, 169°
CioH140; | Decenoic, | 242°-269° | 10°-86°
|
C11Hs005 | Hendecenoic, ‘ 275 | 24°5
Petroleumic, |250°-260°
Ci1gH:0s | Dodecenoic, | liquid.
C13Hg40s | Tridecenoic,
Cy4H4¢03 | Tetradecenoic,! | e
15He30, | Moringic, i 0°
Cimicic, | 44
CigHs,0, | Physetoleic, | | 300
Hypogwic, 34°
50°

Ci11H3203 | Heptadecenoic, N

C;sH3,0; | Oleic, 286° at 100| 14°
millims.
Ppressure.
Isoleic, e 44°-45°
Stearidic, . 35°
C19H 3604 Doeglic, A little
! above 0°
C'goﬂago, . . .o
Cq1H 4005 e
Cy3H 304 | Erucic, 254°°5 at 34°

10 millims.
Ppressure,

Sources.

Oxidation of acrolein from
glycerol.

From cyanide of allyl (de-
rived fromoil of mustard).

Angelica root. Sumbul root

resin.
0il of Chamornile.
oil.

Action of heat on terebicacid
from oil of turpentine and
nitric acid.

Damaluric acid? (from cow’s,
and horse’s urine).

Croton

(Emmthol (from ca.stor oil)
and acetic anhydride.

Oxidationofsodium camphor.

Several isomeric modifica-
tions known ; all of arti-
ficial origin.

Castor oil distilled under
diminished pressure.

Contained in petroleum.

Artificial.

0il of Ben.

Feetid oil from Raphigaster
punctipennis.

Sperm oil.

Earthnut oil (A rachis hypo-

gea).
Aldepalmitic acid (?) from
butter.

Contained as lycende in
most ammaf fats and
many vegetable oils.

Distillation of oxystearic
acid.

Action of water on silver
bromostearate.

Oil from deegling (bottle-
nose whale).

and

Colza, "érape seé;l',
mustard oils,
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the elements of HCl, HI, or HBr are eliminated, leaving an acid
of the acrylic series.

Thus acrylic acid itself is formed from iodvpropionic acid thus,

Iodoproplonic Acid. Acrylic Acid.
CaH,;IOg - HI = CaHﬂ g

the elimination of the elements of hydriodic acid being brought
about by treatment with sodium ethylate, lead oxide, or similar
hasic substances.

In other cases a dibromo- or dichlorosubstitution derivative of
an acid of the acetic family is acted upon with zinc dust, or other
substance having a strong tendency to combine with halogens ;
thus dibromopropionic acid and zinc dust form acrylic acid.

Dibromopropionie Acid. Acryiic Acid.
C;H4Bl"03 - Bl" = C;H403

In this way the dibrominated and diiodised products obtained
by adding Br, or I, to the higher acrylic acids can be made to
reproduce the original acid. This reaction is utilised in the
examination of oils, &c., containing the glycerides of unsaturated
acids ; bromine addition products are formed and separated from
one another by crystallisation, &c., and then debrominated so as
to reproduce the original acids, which can thus be indirectly
separated from one another in a fashion usually impracticable
with the actual acids themselves.

Acrylic acids, at any rate in certain casey, combine directly
with sulphuric acid, forming saturated compound sulphuric ucids
analogous to ethylsulphuric acid (sulphovinic acid) ; thus---

Oleic Acid. Sulpharic Acid. Oxystearosulphurie Acid.
Ci;Hss.CO.OH -+ SO4OH): = c.,,us‘{ 0550, OH

By the action of water, &c., on the compounds thus formed,
hydrolysis is brought about, with the formation of sulphuric acid
and an acid of the oxyacetic (glycollic) family ; thus-—

Oxystearosulphurie Acid. ‘Water. Salphuric Acid, Oxystearic Acill
CoHa{ Q504 O+ H0 = S00M: + CuHy {20 on

These reactions, especially the first, are utilised in the pro-
duction of certain kinds of “Turkey red oils;” obviously the
sum of the two changes is equivalent to the addition to an
acrylic acid of the elements of water.

The dibromides of acids of the oleic series, when treated
with silver hydroxide, &c., form silver bromide together with
glyceric acids—i.e., dioxy acids of the acetic series :—

. . OH
Clin {80 o + 2880H = 2agBr + CuH.a (VY
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Dichloride, . . . 46°
Methylester from dichloride, 30-5°

According to recent researches * the isomerism of erucic and
brassic acids is of the stereochemical order—i.e., the “structures”
of the two bodies, when expressed in space of three dimensions,
are not superposible ; a difference only imperfectly expressible
on a flat surface by the formule—

CiHyp - C - H CioHy - C - H
“ h

H - C - COH COsH - C - H
Isomerides of Oleic Acid.—Besides elaidic acid (formed
from oleic acid by contact with nitrous acid), two other acids
isomeric with oleic acid are known, viz., wsoleic and stearidic
acids; in addition, other isomerides of the anhydride character

exist.

Isoleic acid is obtained by acting on oleic acid with sulphuric

acid ; combination takes place with the formation of oxystearo-
sulphuric acid (probably two different modifications), thus—

C|7H33.C0.0H + HgS0, = C;;Hy, (C)(.),S(())%{

Dichloride, . . . 85
Methylester from dichloride, 42°°5

M merres of Olelc Acid. Elsidic Acid.
100 285:5—286 2876288
50 264 266
30 2495 2515
15 2325 234
10 223 225
- N
Erucic Acid. Brassic Acid.
30 | 281 282
| 15 ‘ 264 265
i 10 i 2545 256
| i
From Eracic Acid. l Frum Brassic Acid.
Melts at Melts at
Dioxybenic acid, . . 132133 | Isodioxybenic acid, £5°-99°
Dibromide of erucic acid, 42°-43° 1 Dibromide of brassic acid, 54°

and

By hydrolysis the product forms oxystearic acid (again, probably
more than one modification), which on distillation under dimin-
ished pressure becomes dehydrated, furnishing a mixture of ordi-
nary oleic acid and a solid isomeride, isoleic acid.

Ci;Hsy 80 Sgﬁ[ + H;0 = H;80, + erH:u{gg . OH

Cnﬂu{gg. OH ~ H:O + C);Hzs.CO.OH
* A. Holt, Berichte der Deutsch. Chem. Ges., 1891, vol. xxiv., $120. .
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Oleic Acid. Dibromostearic Acid.
CysH30s + Brg = C18HyBryO,
Dibromostearic Acid. Stearolic Acid.

C“H“BI,O’ - 2HBr = C]gHggO,

In similar fashion other homologues of stearolic acid (e.g., hende-
colic, palmitolic, and benolic acids) are obtainable from the corre-
sponding homologues of oleic acid, the general reaction being—

CnH:---_:BI'QOQ - 2HBr = Cqun_402

In certain cases propiolic acids may be directly obhtained from
acids of the acetic family by treatment with chlorine or bromine,
so as to produce dichloro- or dibromoderivatives of formula
C.H,, _,Br,0, which are then acted upon with alkalies so as to
remove the elements of 2HBr, in accordance with the above
equation ; the total change produced being therefore equivalent
to the removal of H,. In this way, for instance, myristic acid,
C, H,;,0,, forms myristolic acid, C,,H,,0,.

An analogous result is brought bout with monochloro- or
monobromoderivatives of acids of the acrylic series by similar
treatment, the elements of HCl or HBr being removed, thus—

CuH.n3Cl10g - HCl = C,Ha 40,
Cn H:n_gBl’03 - HBr = Cu}lgn - ‘Og

For instance, chlorocrotonic acid, C,H,ClO,, gives rise by this
treatment to tetrolic acid, C,H,0,.

The table on p. 32 includes the chief acids of this series:—

Just as one molecule of an acrylic acid will combine with I, or
Br,, so will one of a propiolic acid unite with Br, or I, this action
being substantially the reverse of that above described, where a
dibromoacetic acid loses 2HBr and becomes a propiolic acid ; this
reaction is utilised in the practical testing of oils (Chap. viin.)
Conversely, by the action of nascent hydrogen, zinc dust, and
similar dechlorinising agents, the tetrabrominated or tetra-
iodised bodies thus formed become again reduced to the original
propiolic acids; thus linolic acid can be separated from accompany-
ing acids (obtained by saponifying the mixture of glycerides con-
tained in linseed oil, &c.) by combining with bromine, separating
by crystallisation the tetrabrominated derivative, C,HgBrO,
(melting at 114°-115°), and reproducing linolic acid by removing
the bromine.

Tetrabromostearic Acid. Linolic Acid.

CjgHg3Bry0; - Bry = C;H;,0,

Those propiolic acids that are formed by the bromine reaction
above described (loss of 2HBr from dibromoderivatives of acids
of the acetic family) possess the power of directly combining
with oxygen (from suitable oxidising agents), forming saturated
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compounds by. the addition of two oxygen atoms instead of four
bromine atoms, thus—

Propiolic Acid. Saturated Compounds.

CuHyn.3.CO.OH + Br, = C“H="-°385‘.ou
=0

CoHgs-3.C0.0H + 0Oy = CuHgpu-3{=0
-CO.0H

In this way stearolic acid, C,;H,,0, forms stearoxylic acid,
C;sH;,0,; and similarly with palmitolic and benolic acids.
The general character of the action is indicated by the equation:

~0—~ ~0—
R.CH=CH.S.CH=CH.T+0;=R.CH-CH.S.CH-CH.T

Linolic Acid.—The earlier researches on the acids derivable
from the chief glycerides contained in linseed and other drying
oils led to the conclusion that they were identical, and indicated
by the formula C,;H,;O,, and to this body the name linoleic
acid was applied ; but Tater experiments have shown conclusively
that a considerably higher molecular weight is possessed by the
acid obtained from linseed oil, and have rendered it not impro-
bable that different homologous acids exist (related as myristic,
palmitic, and stearic acids, for example), and that different
drying oils are not always identical as regards the leading acid
of this series present. Linolic acid was originally obtained by
Schiiler by saponifying linseed oil with caustic soda, salting out,
dissolving in water, and precipitating with calcium chloride.
The precipitate was treated with ether, whereby calcium lino-
late was dissolved out, leaving other substances undissolved ;
by agitating the ethereal solution with hydrochloric acid, and
evaporating at a low temperature in an atmosphere of hydrogen,
crude linolic acid was obtained. This was purified by treat-
ment with alcoholic ammonia, precipitating as barium salt,
and regenerating the acid as before. The analysis of the acid
and its salts by Schiiler, and subsequent investigators, led to
the formula C,;H,,0,.

On the other hand, the Koettstorfer values (Chap. viit.) for lin-
seed oil and other drying oils obtained by most of the later experi-
menters lead to the conclusion that the mean molecular weight of
the fatty acids contained therein, is sensibly higher than 252,
the value corresponding with C;;H,0,; the saponification
equivalents for linseed, poppy, and hemp oils thus deduced
mostly lie between 285 and 300, giving an average of 293 or
thereabouts for the glycerides, and consequently of about 280
for the fatty acids thence derivable (C,(H,,0, = 280). Further,
various later analyses of linolates and other derivatives corro-

3
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any of the various observers, inasmuch as purification by
recrystallisation of a well marked crystalline derivative was
not found readily practicable. On the other hand, Hazura and
Griissner obtained from hemp seed oil* a mixture of fatty
acids which on solution in acetic acid and treatment with
bromine gave more than one brominated product of crystal-
lisable character, as well as noncrystalline ones. One of the
crystallisable products was found to melt at 177°-178°, and
to have the composition C, H,0,Br;; another melted at
114°-115°, and had the composition C;;H,,0,Br,; from this latter
by the action of zinc and alcoholic hydrochloric acid the bromine
was removed, producing linolic acid, C,;H,,0,, free from ad-
mixture with other acids. It was found impracticable to bromi-
nate the bromine compound, C,,H,,0,Br,, so as to obtain from it
any substitution derivative, C,si—I:,OO._,i?»r,,; whence it appears that
the hexabrominated body, melting at 177°-178° was not formed
by the further substitutive action of bromine on the tetrabromi-
nated addition product (as supposed by Reformatsky), but must
have been produced by the direct combination of Brg with an
acid, C,gH,,0, contained along with linolic acid, &e., in the
original mixture ; this acid, linolenic acid, is in fact easily repro-
duced from the hexabromide by treatment with zinc and alco-
holic hydrochloric acid so as to remove the bromine (p. 27);
conversely, it is again converted into the original hexabromide
by direct combination with Br,

The linolic acid thus obtained from the tetrabromide of fusing
point 114°-115°, CH,,0,Br,, reproduced that substance by
combination with bromine; and similarly combined with I,
but did not form a hexabrominated derivative; on oxida-
tion with alkaline permanganate it formed a tetroxystearic

acid, sativic acid, C,gHy,0; = CyHy (s 11 » together with

a little azelaic acid and other secondary products, but no linusic
acid (p. 37). Sativic acid fuses at 170°;t on heating with
hydriodic acid and phosphorus, it forms an iodised acid, reduced
to stearic acid by means of zinc and hydrochloric acid ; it dis-
" solves in 1000 parts of boiling water, and .is readily soluble in
alcohol, but is insoluble in cold water and in ether; by acety-
lation it forms a tetracetyl derivative, C,.H, { E}OOC%)HH“O)‘:
hence it obviously possesses the constitution of a quadruply
hydroxylated stearic acid. On further oxidation it does not form
linusic acid, but produces «zelaic acid, C;H,,(CO . OH),.
Isomerides of Linolic Acid.—Stearolic acid, obtained by
combination of oleic acid with Br,, and removing the elements of

* Journal Soc. Chem. Industry, 1888, p. 506 : from Monatsh. d. Chemie,
ix., p. 180.
t ?\cconling to earlier observations, at 160°-162°.
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duced, Dbut, instead, ltnusic acid, a hexoxystearic acid,
C,H, { 8 (- This last melts at 203"-205", and furnishes

hexacetyl derivative, C,;H,y { (86061%0),. Hence the pre-exist-

ence of linolenic acid in the original mixture of acids, as
the source of the crystallisable hexabromide, would seem to be
pretty clearly demonstrated.

The existence of an isomeric modification of linolenic acid,
isolinolenic acid, is inferredfrom the fact of a noncrystalline hexa-
bromide heing apparently produced by the addition of bromine
to the original mixed acids, together with the circumstance
that on oxidising the mixture by alkaline permanganate there
are formed (in various relative proportions, according to the
kind of drying oil operated on) not only dioxystearic acid (due
to oleic acid contained), sativic acid (tetroxystearic acid, due
to linolic acid, C,,H,,0,), and linusic acid (due to linolenic acid),
but also another hexahydroxylated stearic acid, isolinusic acid,
isomeric with linusic acid ; this melts at 173°-175°, and furnishes
(0.C,H,0),

CO.OH
obtained from linusic acid, but less soluble in ether.

a hexacetyl derivative, C,;H,, resembling that

OXYACETIC (GLYCOLLIC) FAMILY OF FATTY
ACIDS.

OH
CO.0H
hitherto recognised as normal constituents of fats, oils, waxes,
&c., are but few in number. Carnauba wax has been found by
Stiircke * to contain a small quantity of a substance simultane-
ously possessing the properties of an alcohol and an acid, indi-

cated by the formula CIQH%{ 85[ 2 O(l)-IH ; when this is heated

The members of this family (general formula, C

f
H"m ]

m

with soda lime, it forms an acid of the oxalic family with evolu-
tion of hydrogen.
- \g
The essential oil of Angrlica Archangelica contains (probably
as some form of compound ether) an acid which appears to be
orymyristic acid,t C,;Hyy { 88‘: OH’ fusing at 51°, and yielding

a benzoyl oxymyristic acid Cl:,H,G{g(')C“OIﬁO, fusing at near

® Annalen der Chemie., 223, p. 283 ; also Journal Soc. Chem. Industry,
1884, p. 448,
+ R. Miiller, Berichte Deut. Chem. Ges., 1881, vol. xiv., p. 2476.
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with sulphuric acid, besides the a-oxystearic acids above described

a y-oxystearic acid, C, ,H,, — .CH.OH - CH, - CH, - CO.OH,

is’ produced, which readily forms an “inner” anhydride, stearo-
0

lactone, C,,H,, — CH ~ CH, — CH, — CO. This anhydride is
produced whenever a salt of y-oxystearic acid is decomposed by
a mineral acid ; if the acid solution be cautiously neutralised in
the cold by an alkali, the stearolactone remains unaltered, and
may be obtained by dissolving out with ether or benzoline,
and thus separated from any other accompanying fatty acids
set free by the mineral acid, but retained by the subsequent
addition of alkali. 'When boiled with alcoholic potash, however,
potassium y-oxystearate is produced.

Stearolactone. Potassium Oxystearate.

cng_o + HOK + CuHy)OH
17k B 470 174534 ) CO.OK

Processes for deétecting and estimating stearolactone in mix-
ture with free fatty acids, &c., are founded on these reactions.
Stearolactone is readily soluble in alcohol, ether, and light
petroleum spirit ; it crystallises in needles melting at 51°; it
is formed in somewhat large quantity when oleic acid is heated
with zinc chloride and the product treated with water (Benedikt),
probably by reactions analogous to those taking place under the
influence of sulphuric acid (vide Chap. vir.)

An anhydride isomeric with stearolactone is derived from
a-oxystearic acid by the action of hydrochloric acid thereon (C.
and A. Saytzeff) in accordance with the equation—

2C,;Hs, oH = 2H;0 + C;Hg co.9 Cy7Hsy
CO0.0H 0.Co

This substance is fluid at the ordinary temperature and does not
solidify on chilling ; it combines with neither bromine nor iodine
(Hiibl's reagent), but on heating with caustic potash becomes
wholly converted into potassium oxystearate ; on acidifying the
product a-oxystearic acid is set free, and not an anhydride, as
in the case of stearolactone.

OXYACRYLIC (RICINOLEIC) FAMILY OF
FATTY ACIDS.

The acids of general formula C, H,,, _,{ 8(1;{ OH obtained by

the saponification of fixed oils, &c., are not very numerous,
ricinoleic acid, C;;Hi, {85[ o being the only one as yet known
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(ricinoleic and isoricinoleic acids respectively). Both of these
trioxy acids form triacetyl derivatives, C;H,, .g%.((,}g:,O),,;
and both are reducible to ordinary stearic acid by means of
hydriodic acid ; the latter is present to the extent of about twice
as much as the former.

Isomerides of Ricinoleic Acid.—On heating barium ricin-
oleate Krafft obtained a residue from which an acid termed by him
ricinic acid was isolated,* apparently isomeric with ricinoleic
acid; this melted at 81°, and distilled unchanged at 250°-252°
under 15 mm. pressure ; by oxidation it yielded normal heptoic
acid.

Rapic Acid.—Reimer and Will have obtained from colza oil a
liquid aeid, C,;H,,0,, differing considerably from ricinoleic acid,
especially in not forming a solid elaidic acid with nitrous acidf
and in not yielding sebacic acid on fusion with potash. This is
isolated by means of the zinc salt which is soluble in ether,
whereas zinc erucate is insoluble therein ; by decomposing the
recrystallised salt (inelting at 78°) by tartaric acid, and well
washing with water, rapic acid is obtained as a fluid mass, not
solidifying cven when considerably chilled.

Oxyoleic Acid—When the dibromide of oleicacid (dibromo-
stearic acid) is treated with silver hydroxide it forms oxyoleic
acid, apparently in consequence of the removal of the elements of
HBr, forming bromoleic acid, and the action thereon of silver
hydroxide, thus—

Promoleic Acid. Oxyoleie Acid.

Ci;H;Br.CO.OH + AgOH = AgBr + Cnr“aa{gg OH

The same product results by first converting the dibromide
into bromoleic acid by means of potash and then acting upon
this with silver hydroxide (Overbeck). Oxyoleic acid is a thick
liquid at ordinary temperatures but solidifies on chilling; by
boiling with caustic potash it takes up water, forming a dioiy-
stearic acid, melting at 126°. }

OH _ (OH)
C"H”{CO.OH + H0 = C"H”{co.(’m

In similar fashion, oxyhypogeic acid, C,;Hy, { 8(1){ OH’ ¥
formed when the dibromide of hypogwic acid is treated with
silver hydroxide (Schrider); as with oleic dibromide, the action
probably takes place in two stages, the elements of HBr being

* Berichte d. Deut. Chem. (les., 1888, vol. xxi., p. 2730.

t Berichte d. Deut. Chem. (Jes., 1887, vol. xx., p. 2385.

tLater experiments by Saytzeff indicate that this acid is identical with
the dioxystearic acid melting at 136-5. obtained by him by oxidation of
oleic acid by alkaline permanganate (p. 30).
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It is not improbable that the rapic acid above mentioned
has an analogous constitution, since the low acetyl number pos-
sessed by colza oil renders it unlikely that any large quantity
of a glyceride of a hydroxylated acid is present therein (Chap. vi11.)

POLYHYDROXYLATED STEARIC ACIDS.

A number of acids are known, related to stearic acid in that
they are derived therefrom by the replacement of two or more
hydrogen atoms by hydroxyl groups—i.e., by a further continu-
ance of the action by means of which oxystearic acids may be
regarded as derived from stearic acid. These polyhydroxylated
derivatives are all expressed by the general formula,

C,;H,; _,(OH),.CO.0H

When n = 1, some modification of oxystearic acid results; when
n = 2, a dioxystearic acid (higher homologue of glyceric acid);
similarly, when n = 3, 4, or 6, trioxy-, tetroxy, and hexoxy-
stearic acids respectively result. ‘

The following table gives the principal sources and melting
points of these acids, the usual mode of production being gentle
oxidation of the acid serving as source with alkaline perman-
ganate :—%

Name, Formula. Source. ’;{lﬁ,’:g Sogg{;y'.ing
Dioxystearic acid, | C,sHg3(OH)3.CO.OH, | Oleic acid, 136°'5 119°-122°
Isodioxystearicacid, Do., Elaidic acid, 99°-100° | 85°-86°
" Do., Isoleic acid, T7°-78° | 64°-66°
Trioxystearic acid, | C;7Hs3(0H)3.CO.0H, | Castor oil, 140°-142°
Teotrioxystearic Do., Do., no-re| .
B-isotrioxystearic _{ Ricinelaidic o 11z0
acid, Do., acid, 114°-115

Sativic acid
(Te;roxystea.ric C,7Hs,(0H),.CO.0H, | Linolic acid, 173°
acid),

Linusic acid
(Hc:lxoxyatearic % C;7H4(0OH),.CO.0H, | Linolenic acid,| 203°-205°
acid) .

’ Hemp secd !

Isolinusic acid { oil, &c., i
(Isohexoxy- Do., " (supposed 173°-172° ..
stearic acid), s | isolinolenic \ |
[ acid), :
|

* A dioxystearic acid (melting point 136°) is also obtainable in small
quantity by the action of silver hydroxide on the dibromide of oleic acid
(p- 30); also by the hydration of oxyoleic acid (p. 41).

Oxyhypogwric acid
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In all probability the first action taking place is the direct com-
bination of oxygen in the same way as the combination of bro-
mine or iodine, thereby forming a substance containing the group

—CH —CR —CR_
0, or the derived groups | >0 or I 0;
—CH" —CH —C8-

this product then assimilating water whilst nascent.
Thus, for example, oleic acid, C;;H,,. CO. OH, may be suppoused

to combine with oxygen, forming CHH&.,{ ng on’ by tak-

ing up water this immediately produces dioxystearic acid,

OH
C.H, {OH ; whilst linolic acid, C;H,,.CO.OH, simi-
CO.OH
j =0
larly first forms C;;H,, .. =0 , which by taking up 2H,0
| -co.0H
OH
OH
forms tetroxystearic acid (sativic acid), C,;H;<{ OH
OH
CO.OH

In the case of the stearolic acid and its homologues obtained
from acrylic acids by the bromine reaction (addition of Br, and
removal of 2HBr, p. 31), the effect of oxidation stops short at
the first stage, 2 atoms of oxygen being added on forming a satu-
rated compound which does not take up water. Thus stearolic

=0
acid, C\;H,,. CO. OH, forms stearoxylic acid, C\.-H { =0
-CO.0H

melting at 84°-86°, by the direct action of nitric acid (Overbeck),*

or by means of alkaline permanganate (Hazura & Griissner).

Similarly palmitolic acid (from hypogeic dibromide), gives the
=0

analogous palmitoxylic acid, C;;H,. < =0 , melting at 67°
-CO.OH
(Schreeder); and benolic acid (from erucic dibromide) gives ben-
=0
orylic acid ¥ melting at 90°-91°, C, H,, <=0 (Hauss-
-CO.OH
knecht).

* Overbeck ( Annalen. Chem. Pharm., 1866, 140, p.39) found that the stear-
oxylic acid thus prepared would not combine with bromine, and concluded
that the 4 affinity units which in stearolic acid are capable of combining
with Bry, are saturited by oxygen when stearolic acid is converted into
stearoxylic acid.

t Termed ¢* dioxybenolic acid " by its discoverer.
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By the action of heat (distillation in vacuo) dioxystearic acid
(melting at 136°), loses water forming an anhydro derivative still

possessing the characters of a monobasic acid (Saytzeff); obviously
thus—

=0
- CO.0H

the reaction being the converse of the second stage in the
hydroxylation of unsaturated acids as above.

OH
C;;Hg3 { OH = H0 + Cy;Hg
C0.0H
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§ 2. Physical Properties of Oils, Fats,
Wazxes, &c.

CHAPTER IV.

GENERAL PHYSICAL CHARACTERS.
PHYSICAL TEXTURE AND CONSISTENCY.

THE physical consistency of a fixed oil—butter, fat, or wax—
depends entirely upon the temperature ; when this is sufficiently
raised all are fluid oils ; but at lower temperatures, according to
the nature of the substance, more or less complete solidification
is brought about. In many cases, natural fixed oils, &c., are
mixtures of different glycerides, &c., the melting points of which
are different ; accordingly, at temperatures somewhat below the
melting point of the least fusible constituent, this more or less
completely solidifies, whilst the other constituents remain liquid,
thus giving rise to pastiness or buttery texture. Substances of
practically uniform composition (z.e., consisting cssentially of only
one kind of compound) generally exhibit a fairly sharply defined
melting point when the temperature is sufficiently raised; but this
is not the case with mixtures; accordingly, considerably different
temperatures will be registered as the fusing points of such sub-
stances if different methods be employed, depending, for instance,
in one case, upon the production of a considerable degree of
softness only ; in another, upon the complete liquefaction of all
the constituents ; and so on (vide p. 61, 63).

Even the most fluid oils possess to a greater or lesser cxtent
the property of viscosity, or resistance to flow, due to the greater
or lesser degree of cohesion between the constituent particles of
the liquid. 'When the smooth surfaces of two solids are smeared
or wetted with a viscous fluid and applied to one another, a
varying degree of force will be requisite, according to circum-
stances, in order to enable one surface to glide over the other.
The amount of force requisite in any given case largely depends on
the viscosity of the fluid employed; to diminish this force is the
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Peter finds most vegetable oils to be slightly levogyrate, olive
oil being an exception, so that admixtures of other oils may some-
times be detected by the rotation being left handed instead of
right handed. Croton- il and castor oil, however, are compara-
tively powerfully dextrogyrate, giving values exceeding + 40°.

Refractive Index.—The differences in refractive power
exhibited by different oils are in most cases hardly sufficiently
marked to render this property of much value in discriminating
one from the other, or in detecting admixtures, excepting in the
case of a few oils and fats, such as olive oil and cow’s butter;
thus Strohmer gives the following values for the D line at 15°,
and Abbé the annexed values at 20°, water being taken as
1-3330 :—

; :
| ‘ Strohmer. ! Abbé,
| ;
" Olive oil, . . . . . 14698 to 1°4703 | 1-4690
v Almond oil, . . . .o X 1:4810
Sesamé oil (new), . . . 14748 !
,» Dine years old, o 1'4762
; Walnut oil, . . ! c dl'491 14732
: 47 g -rude, *
{ Cotton seed oil, . . o 14732 to 14752 Refined, 14748
Rape and colza oil, . . . 14720 t0 14757 | 1°472 to 1475
| geieé:h(;mt oil, coo ! | 15000
old drawn castor oil, . . | 14795 )
Hot pressed » . . I 1-4803 : } 1450
Cold drawn linseed 0il, . . 14835 1-4780
Poppy seed oil, . . . . 1-4783 1-4670
Cos liver oil, . . . .| 14800 to 1-4852 1-4800
Whale oil, . . . 1483
Sperm oil, . . . < 1-470

From which it appears that olive oil has a sensibly lower re-
fractive index than the others, whilst drying oils and castor oil
exhibit the highest values. For the direct determination of the
refractive index of oils and other substances, Abbé and Pulfrich
have devised special “refractometers.”

Amagat and Jean* have also constructed an “oleorefracto-
meter,” whereby the refractive power of a given oil is determined
by differential comparison with a sample of genuine oil taken as
standard, a positive reading denoting increased refractive index
and vice versd ; the following comparative differential values have
been obtained by de Bruijn and von Leent and by Jean in this
way, from which results they infer that the refractive powers of

* Comptes rendus, 1589, 109, p. 616 ; see also Journ. Soc. Chem. Industry,
1890, pp. 113 and 218.
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wise of a given sample without further tests, still the oleo-
refractometer indications at least enable a rough classification of
a variety of samples to be made, viz., those undoubtedly spurious,
those doubtful, and those probably genuine. The normal butter
deviation is regarded by him as —29° to — 31°, averaging — 30°;
if higher values (32°-36°) are observed, admixture with palm or
cokernut oil is probable; slightly lower ones (25°-29°) correspond
with doubtful qualities; margarine and oleomargarine give much
lower figures, 13°-17°.* Genuine butters have been found that
give values materially below the normal deviation, but the cause
of this is considered by Jean to be that the cows have been fed
on oilcake, unaltered oil from which finds its way into the
secreted milk in quantity large enough to affect the refraction,
though too small to produce any marked effect either on the
saponification equivalent, or the Reichert-Meissl-Wollny figure
for volatile acids (Chap. vin.)

Various British analysts also regard the oleorefractometer as
useful in preliminary butter examination, but other chemists
consider its value in this respect to be overrated ; thus de Bruijn
and von Leent obtained very discordant results with Dutch
butters, whilst H. O. G. Ellinger found { that genuine Danish
butters gave deflections varying between 23° and 35°, according
to the season of the year.

Electrical Conductivity.—In general, but little information
is obtainable by examining the relative electrical conductivities of
different oils. Olive oil, however, has a much lower conducting
power than most other oils of ordinary occurrence, and hence,
attempts to utilise this property as a means of detecting adultera-
tion of olive oil have been made, notably by Palmieri, who has
constructed a special instrument, or diagometer, for the purpose;
as yet, however, this method does not seem to have come into
practical use to any considerable extent.

SOLUBILITY OF OILS, FATS, &c., IN VARIOUS
SOLVENTS,

The immiscibility of “oil and water” is proverbial ; but some
few oils are known where the solubility in water, although far
from perfect, i8 not entirely inconsiderable ; thus the fusel oils of
" fermentation, and certain oxidised volatile essential oils, and
products of distillation (e.g., phenol), dissolve in water to the

* Journ. Soc. Chem. Industry, 1892, p. 943; from Monit. Scient., 1892, 6,

91.
P“l' The Analyst, 1891, p. 197; from Journ. f. prakt. Chemie, [2] 44, p.
157.
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1
| Cold. Bolling.
| S _ . .
| Parts. Parta.
. Almond oil, . . . . 60 15
| Cacao butter, . . 4
Cotton seed oil, . . . 7
| Croton oil, . . . . 36 vee
Camelina oil, . . . . (15 .
Cod liver oil, . . . . 45 6
| Hemp oil, . . . . 30 Soluble in all proportions.
Japan wax, . . . . 3
| Linsced oil, . . . . 40 5
' Lard (hog's), . . . . 27
i Madia oif, . . . . 30 6
| Nut oil (walnut), . . . 100 60 alcohol to 100 of oil.
. Nutmeg oil, . . . 4
Poppy seed, . . . . 25 6
. Tallow (sheep), . . . 45
| Suet (ox tallow), . . . 40
Whale oil (bottlenose), . . 1

As a general rule, fixed oils are very freely svluble in carbon
disulphide, chloroform, carbon tetrackloride, ether, benzene, light
petroleum distillate (mostly consisting of pentane and hexane
with their homologues), and oil of turpentine; and on this
property are based various methods of extracting oleaginous
matters from natural and other sources. Castor oil, however,
is almost insoluble in light petroleum spirit; whilst drying
oils, when oxidised to some considerable extent, generally be-
come either quite insoluble in these various solvents, or nearly
80, the decrease in solubility usually being the more marked the
greater the degree of oxidation. The action of nitrous acid on
an oil (conversion into elaidin, Chap. viL) usually diminishes
the solubility of the oil thus affected.

flacial acetic acid has been found by Valenta to be a con-
venient solvent for certain oils, &c., as a means of separation
from one another. Thus, when equal volumes of acid and oil are
intermixed, the oil being previously warmed, complete solution,
even when cold, occurs with castor oil, rosin oil, and olive kernel
oil, whilst rape oil, mustard seed oil, and wild radish seerl oil are
not completely dissolved even at the boiling point of the mixture.
Most other oils give a clear fluid whilst hot, which on cooling
becomes turbid, owing to the lesser solubility of the oil in the
acetic acid at lower temperatures. It has {)een proposed * to
make use of the temperature at which turbidity is thus brought
about as a distinguishing test for oils of various kinds; but the
figures obtained by different authorities who have repeated
* * Valenta, Dinyler's Polytech, Journal, 252, p. 296 ; also, Journal of the
Chemical Soriety, 46, p. 1078.
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discriminating the quality of oils ; an opinion also arrived at by
G. H. Hurst, by Ellwood,* and by Thomson and Ballantyne,t
the latter of whom obtained the following numbers, inter alia,
with glacial acids of different strengths :—

9 "Peroenugo of| Temperature of Turbidity with Glacial
' Free Acid Acetic Acid of
. Name of Oil. | a&?ﬂm
' ( lated as
i Oleic Acid). | Sp. gr. 10542 | Sp. gr. 1085-2.| Sp. gr. 1056-2.

el
| | °C. *C. *C.

Olive (Syrian), . . 23-88 42
| ., (Gioja), o oo 9-42 65 80 9l

Same sample rom
l froe w&’ . . . None. 87
| Arachis oil (commercial), | 620 76 % m,w ,
! (French . ot com !
l n (B, [l e 96 n 114W2 t complelly

. i 454 105 ot comp
Rapeoil, . . ' o943 110 } dmed |
Linseed oil (Baltic), . | 374 42 59 71
,»  (River Plate), 121 56
,»  (East India), ‘79 57 |
|

In some few cases, however, the comparatively solubility in
glacial acetic acid may afford a useful indication—e.g., in de-
tecting the presence of rape seed oil in linseed oil, and more
especially of hydrocarbons in animnal and vegetable saponifiable
oils ; thus, mineral oils are but sparingly soluble in glacial acctic
acid, so that on agitating with that solvent a mixture of mineral
oil and other substances freely soluble in acetic acid, the latter
are dissolved, leaving the former undissolved ; in this way the
presence of rosin oil is easily detected in paraffin and petroleum
distillates.

FUSING AND SOLIDIFYING POINTS.

It most unfortunately happens that several different thermo-
metric scales are in use in different countries; of these the
Celsius or Centigrade scale is by far the most convenient, and
is accordingly used almost exclusively for scientific purposes.
In England, however, the highly inconvenient Fahrenheit scale
is still largely in use for technical and general purposes; whilst
in some parts of the Continent the Réaumur scale is similarly
employed. The following formula gives the means of translating
the temperature expressed on any one of these systems to the

* Pharmaceutical Journal, 3, xvii., p. 519
+Journ. Soc. Chem. Industry, 1991, x., p. 233."
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oil, previously solidified by chilling, be dropped into a specimen
of cooled oil, solidification is brought about much sooner, the
particle introduced acting as a “nucleus ” and facilitating crystal-
lisation in the well.known way observed with other bodies (e.g.,
supersaturated solution of sodium sulphate; superfused metals;
glycerol ; monohydrated sulphuric acid; water chilled down
whilst at rest below 0° &c.). For determinations of this kind,
baths of fairly constant low temperatures, capable of being main-
tained for considerable periods, are requisite ; Hoffmeister uses
for this purpose various saline solutions cooled externally by a
freezing mixture ; by suitably choosing the saline substance and
the strength of its solution, baths of constant temperature are
obtainable so long as any liquid remains unsolidified or any solid
unmelted. Thus the following temperatures correspond with
solutions of the respective strengths : —

Temperatur>. l Solution.

i Degrees C. |
| 0 Distilled Water.
. — 2:'85to -~ 30 | Potassium nitrate, . 13 parts per 100 of water.
' 50 . . { Potassium nitrate, . 13 'y ’
' | Sedium chloride, . 33 ,, '
- ~ 87 to - 90 ' Barium chloride, . 358 ,, »”

~ 154 to ~ 150 ' Ammonium chloride, 25 ” '

Chil!ing baths of this description are more especially of use in
the examination of lubricating oils with respect to their congeal-
ing temperatures.

The following table, mostly derived from Schadler's 7echnologic
der Fette und Oele, exhibits the average melting and solidifying
points of many of the more commonly occurring fats and oils :—

Frazzmu AND MerTIiNe Points or OiLs, &c.

_— | Melting Poine  SOliliying Polot
Solidification. ‘“‘”’SS‘;(‘]‘;""' it
! Degrees. ! Dogrees.
Arachis oil, . . . . L e .l 2 3% -4
Almond oll . . . - 20
Baassia fat (Galnm butter), . .1 28t029 21 to 22
Beechnut oil, . . . . -16'5to =175
Benoil, . . . . . - About 0
Belladonna seed oxl . . . . ‘ - 16
Batter, . . . . 29 to 35 20 to 30
Bone greue, I 4tods 35
Cacao butter, ] 33 to 34 | 205
Castor oil, ' i - 18
Cokernut oil, | 245 ¢ 20 to 205
Colza oil, . -6
Cottonleedonl, . . . . .l : - 2
Cress .eed oxl . . . . . i -15
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Foeing Point. I, Salidifying Point.
— (I |
Bubl Bensemann. Allen. | Hiubl Bach. lAllen.
| A R. I o
| Dees. , N |
, C. Degs. Degs. | Degs. | Degs. Degs. | Degs.
Olive oil, . 1260(|26t027 2310241260 212 2240 (210
Almond oil, . 14°0 vee 50
Arachis oil, . 127734 t035 31 to32 29'5; 238 310 |280
Rapeoil, . . .'20'1|21t022 18t019|195! 122 1560 | 185
Cotton seed oil,. | 377|42t043{39t040| 350 305 350 |320
Sesamé oil, . . '26°0|29 t030:25t026|230 | 223 325 |185
Linseed oil, . . | 17:0 24°0 133 ves 175
Poppyoil, . .. 20% .- 165
Hemp seed oil, . 1 19°0| ... 15-0 .
Walnat oil, . . 200( .. o lo1es ||
Castor oil, . 1130 . .o ol 30 20 | ..
Palm oil, . . i47'8 . 5070 427 4556
Cokernut oil, 1246 . 240 ‘ 204 . 205
Japan wax, . .. ... . . |560] ... . |530
Myrtle wax,. . ! .. 47'5| e | 460
Lard, . . . .- 401 .. 42 390
Tallow, . . . '450 sos I 43 to 50|44 to 49| ...
Shea batter,. . i39'5 . O 380

The following tables by Heintz * represent the melting points
of various definite mixtures of fatty acids :—

MixTures oF MYRISTIC AND LaATkic AcCips,

Porcontage of '

Moelting Point. | Solidification Point. | —— "—— '

Myristic Acld. , Lauric Acid. {

Degrees C. Degrees C. l '
588 100 0
518 473 90 10
496 45 80 20

46-7 390 70 30 !
430 390 | 60 40
37-4 35-7 50 50

367 335 : 40 60 '
35°1 323 ! 30 , 70
385 330 20 ! 80
413 360 10 90
43¢ 0 ' 100

|

* Poggendorf Annalen, 92, p. 588.



72 OILS, FATS, WAXES, ETC.
MIXTURES OF PALMITIC AND MYRISTIC ACIDS.
Percentage of
Melting Point. Solidification Point.
Palmitic Acid. Myristic Acid.
Degrees C. Degrees C.
620 100 (1]
61°1 580 95 b
60°1 557 90 10
580 535 80 20
549 513 70 30
515 495 60 40
478 453 50 50
470 437 40 60
465 437 35 65
462 440 325 675

462 437 30 70
495 413 20 80
518 453 10 90
538 . 0 100

MIXTCRES OF STEARIC AND PaLMiTic AcCIDS.

Percentage of

Melting Point. Solidification Point. - —
Stearie Acid. Palmitic Acid.
Degrees C. Degrees C.
69-2 100 0
67 625 90 10
653 60-3 $0 20
629 593 70 30
603 565 60 40
566 550 50 50
563 545 40 60
556 54'3 35 65
552 540 325 876

551 540 30 70
876 538 20 80
60°1 545 10 90
620 0 100
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MIXTURES OF STEARIC AND MYRISTIC AcCIDS.

Percentage of
Melting Point. T
Steario Acid. | Myristic Acid.
I

69-2 100 ‘ 0

671 90 10

650 80 20

628 70 30

598 60 40

545 50 50

50-4 40 60

482 30 70

478 20 80

517 10 90 :
\ 538 0 100 i

MIXTCRES OF STEARIC AND LAURIC Acrvs.

' Percentage of l
: Meling Polot. | ————————— - - —— ~———!
! Stearic Acld. Myristic Acid, }
i
i — |— " ———— ]
| 692 100 0
l 670 ) 10

647 80 , 20

620 70 30
, 590 60 10
' 558 50 50

508 40 1 60

434 30 | 70

385 20 ! 80

415 10 | %

436 0 100

These tables amply illustrate the peculiarity above referred to
in cases where mixtures are heated —viz., that the melting point
»f the mixture is almost invariably lower than that calculated
from the relative proportions and fusing points of the ingredients,
and in certain cases falls below the melting point of the most
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allowing for small quantities of water present and loss of weight
by elimination of glycerol (vide Chap. viIl.) :—

! |
: ngg;m: i Stearic Acid. | Oleic Acid. Té;“nm: Stearic Acid. | Oleic Acid.
! l

: , |

© 40 1 3315 5985 i 45 5225 4275
405 3610 5890 | 46 5320 4180

| 3800 5700 | 465 5510 39-00

| 415 3895 5605 | 47 5795 37:05

| 42 40-90 5410 | 475 5890 36-10

i 425 4275 | 5225 | 48 6175 3325
43 - 4370 | 5130 | 485 6650 2850

433 465 | 5035 | 49 7125 2375

| 44 4750 4750 495 | 7220 2280

L 443 ' 4940 4560 50 7505 1995
4| 5130 4370

! I

The method of manipulation thus employed by Dalican is
applicable in the case of most other substances the solidifying
point of which is required ; but the amount of rise indicate({ by
the thermometer above the temperature of incipient solidification
varies considerably in different cases, a constant temperature for
two minutes or more not being always attained. Finkener* finds
that more concordant valuations are obtainable if the vessel
containing the fused fatty matter is enclosed in an envelope of
wadding, or jacketted with a wooden envelope, so as to diminish
the rate of cooling.

Solidifying Point |
‘ of TsA:E'FAKty Percentago of ** Stearine " (Solid Fatty Acids) of Solidification Point
I
| Degrees C. 48 Degrecs C. 50 Degrees C. l 52 Degrees C. | 648 Degrees C.
. 10 32 27 2:3 2°1
15 75 66 57 48
| 20 130 114 97 82
i 25 19-2 170 148 126
30 | 279 232 21-4 183
35 | 395 345 30°2 25-8
40 ' 578 496 435 370 |
: 42 666 576 50°5 429
; 44 770 662 584 498
46 876 758 670 568
48 1000 8§72 76°6 650
50 100-0 870 745
52 . 100-0 848
54 953 !
[ 48 10000 |

* Journad Soc. Chem. Industry, 1859, p. 423, and 1890, p. 1071.
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necessary to construct for each instrument a table of errors,
deduced by directly comparing at the same temperature the
values obtained with different fluids simultaneously examined
by means of an accurate pyknometer, and with the hydrometer.
The following illustration will suffice to indicate the mode of
construction of such a table of errors for a hydrometer intepded
to show at 15°:5 C. values ranging between ‘900 and ‘950 ; when
such a table is carefully prepared, the corrected reading of a
tolerably sensitive hydrometer should be exact within * two,
or even * one unit in the fourth decimal place. The figures are
expressed on the thousandfold scale,* three comparisons being
made respectively near the top, middle, and bottom of the hydro-
meter scale.

True Specific Gravity l nydrome;or;'luding
at 15°5.

'n 13°5 by Pyknometer. Difference.
!_————‘— Pl et
i 948°4 , 75 i + 09

i 924°7 | 9250 - 03

| 9011 , 902°5 — 14

|

From these comparisons the following table of errors is
deduced by interpolation :—

|
. Correction to be added
| Uydrol:z‘atlg'?ewhxg | toobtainthelrue |

| | Specific Gravity. |

Corrected Specific
Gravity at 15°5.

9000 - 130 ! 8085
9050 - 192 90375
910-0 - 100 I 9090
9150 - 075 | 91425
! 9200 - 050 | 919'5
' 9250 - 030 i 9247
9300 - 003 | 92995
9350 + 020 . 9352
, 9400 | + 0'43 \ 94043
! 9450 \ + 075 | 94575
X : 9510

9500 I + 1'00

In similar fashion, a table of errors may be constructed for a
hydrostatic balance ; thus, the following numbers were obtained
with such an instrument of fairly good construction, the values
being here expressed on the ordinary scale, and not multiplied
by 1,000, the temperature throughout being 15°:5:—

* To save decimals, specific gmvity values are often quoted after multi-
plication by 1,000: thus, an oil of specific gravity 0'967 is said *‘to have

the gravity 967,” and so on.
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1050 ; 100° T, specific gravity 1:500; 150° T, specific gravity
1-750 ; and s0 on. The same rule applies in the case of a fluid
having a density less than that of water, the value of » being
then negative, so that if n = —10°T, the specific gravity would
be ‘950, and so on; the negative-scale Twaddell hydrometer,
however, is but rarely used. A variety of other scales are also
in use, more especially in different garts of the Continent ; the
following table of formule is given by Benedikt, expressing the
relative values of their degrees, S an({ n having the same mean-
ings as above :—

Armometer of Temperature. Fluids v%:::.‘-," than m“]d'vlfl’fa:' than
Balliog, . . . | 1mge. |S= D 8=
Beaumé, . . 12:5C. S = n?f—'; 8= 131;41—“
Beaumé,* : ) 160C. 8= 1—41‘:%1_; §= 1.:;:: n
Bawmét . | 175G |S=jugre s |97 o7 v
Bk, ..o |12se |S=qon [S=ipy.
Brix, e 1S=doos |S=mmys
Cartier, . . . 125 C. S= l_(li‘—ls;f-—n
Gay Lussac,s . . 4C. IS = 1%0_ 8= l_:_O
E. G. Greiuer, {ll,g,ggléc ! S = 4—032(_) T S= i(:)og "

*S= (14 for lighter fluids (Schidler).
8=, é;‘?___gi — for lighter fuids (Schidler).
8= % for heavier fluids, and = 16(1)9:)-7; for lighter ones (Schiidler).

160 e _ 160 . .
§S = i60—n for heavier fluids, and = B0+ n for lighter ones (Schiidler).
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as expressing the average values of the specific gravities at 15°
of a large number of the more commonly occurring vegetable and

other oils :—
8
Name of OiL Oil from Seed of Gravity
at 10°.

Almond oil, . Amy dulua communu, 8190

Arachis oil (ea.rthnut onl), . % 9202

B.-u fat (Ilipé butter), . anm. lon ifolia, Roxb 9580

oil, Moringa oleifera, 9120

Bolhdonm seed onl, . Atropa belladonna, ‘9250

Beechnut oil, . Fagus sylvatica, 9225

Camelina oil ( gold of pleasure). Camelina sativa, 9328

Cacao butter, Theobroma cacao, *8000

Castor ail, . . . . Ricinus communis, 9667

Cokernut oil, . . . Cocos nucifera, 9250

Colza oil, . . . . Brassica campestris, ‘9150

Cotton seed oil (raw), . Gossypium herbaceum, 9224

” y o ” 9230

Croton oll . Croton’ tnglmm, 9550

Enonymna oil (apmdel oxl), Euonymus europzus, 9380

Grape seed oil, . Vitis vinifera, 9202

Hemp seed oil, . . Cannabis sativa, 9276

seedoil, . . . Cucurbita pepo, 9251
Haselnut 0il, . . . Corylus avellana, 9154
Linseed oil (raw), . . Linum umta.tuslmum, 9299

» (boiled), . ‘9411

Melon oil, . Cucurbita pepo, *9251

Madia oil, . R . . Madia sativa, ‘9350

Mustard 0il, . . . Sinapis nigra, 9182

Maize oil, . . Zea mais, 9210

Nut oil (wslnnt 011). . . Juglans regia, 9260

Nutmeg oil, . . Myristica moschata, 9480

Olive o%l ( ish ellow), Olea europea, '9142

»  (best qual ty)) ” ”» 9177

” (Gdl h)v . ” ” ‘9196

Pm:nm:edm%m:ﬂ“ °‘l Pinus picea, 9285
, o .

Pa. m oil, . . Elais guinensis, &c., 0046
oppy seed oil, . . . Papaver somniferum, ‘9A46
ellowhorn porpy oil, . Papaver glaucium, ‘9250

Plum kernel oi . . Prunus domestica, 9127

Raduh seed oxl, . Raphanus sativus, 9162

oil, . . Brassica napus oleifera, 91567

R rape oil, . Hesperis matronalis, ‘9282

Winter rape oil, Brassica rapa ohfem biennis, ‘9154

” (reﬁned), 9177

Sesamé oil, . . Sesamum orlentale, ‘9235

Sunflower seed oil, Helianthus annuus, *9262

‘Tobacco seed oil, . . Nicotiana tabacum, ‘9232

Weld seed oil, . . . Reseda luteola, 9338
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ol Limits of Specific Gravity. Average.
Almond oil, . . +8980 to ‘9109 9056
Arachis (groundnnt) onl, . . ‘9073 ,, 4020 9085
Castor, . . . 9550 ,, ‘9576 9558
Cokernnt, . . . . ‘9103 ,, 9152
Cotton seed (bmwn), . ‘9170 ,, -9197 ‘9176
" (reﬁned—-ulmd ou), . 9130 ,, 9140 9136
Cod fish oil, . ‘9114 ,, ‘9220 9176
Cod liver oll . . . . 9173 ,, -9180 ‘9179
Hemp seed oil, . . . . 9190 ,, ‘9.95 ‘9193
Lard oil, . . e . ‘9076 ,, ‘9082 9078
Linseed (raw), . . . . ss "9300 9252
» (boiled), . . ‘9320 ,, ‘9440 ‘9380
Neat’s foot, . . . . v 9079 9070
Nut, . . . N . . ‘9080 ,, ‘9090 | ‘9085
Olive, . . . . . . 9052 ,, 9079 | 9070
Poppy, - . . . . . 9160 ,, 9155 | 9154
Rape, . . . ‘9060 ,, ‘9077 9067
,, reﬁned (Colm), . . . ‘0053 ,, *9065 9067
. . . ‘9136 ,, 9195 ‘9179
‘ch . . . . . ‘8672 ,, ‘6963 ‘8724
Whale, . . . .. 9056 ,, ‘9066 9060

Since 1 c.c. of water weighs 10000 grm. at 4°, ‘99908 at
15°-5, and ‘9933 at 37°'8, these values, when reduced to the
standard of ¢ speciﬁc gravity at 37-8 referred to water at 15°5”
‘9933
99908
t.e., less by 0-58 per cent. ; that is, less by from 0051 to -0056.
If reduced to the standard of “weight at 37°8 in grms.

(specxﬁc gravity at 15 §), will be less in the proportion

per c.c.,” tney will be less in the proportion 13333 —it.e., by 67
per cent. ; that is, less by from ‘0058 to -0064.

Classlﬂca.txon of Oils and Fats, &c., accordmg to their
Relative Densities.—The followmg tables are given by A. H.
Allen,* exhibiting the general classification of oils and fats, &c.,

aecording to their respective densities; the relative density at

°

°-5 being taken in the case of liquid oils and that at 1??, in

the case of fats, &c., solid or nearly so at ordinary tempera-
tures :—

oil at 37°-8, referred to the weight of the same volume of water at the same
temperature as unity, and consequently are the true specitic gmvmes at
37°8 (p- 78). Muter, however, prefers to call them ‘‘ actual densities;” an
unfortunate term, as the figures are very different from the true deusities.

* Commercial Organic Analysis, vol. ii., p. 89, ct seq.



OILS, FATS, WAXES, EIC.

O1Ls Liquip AT 15°C.

Specific Gravity at 15*3C. = 60" F.

Class of Oil. l
‘875 t0 884, | 88#t0-912. | 912to 920. | 920 to 937, | 710 %0 |
i
Veget»,ble None. None. Olive. Cotton ‘ Japsnoa ‘
oils. Almond. seed.
Ben. Sesamé. Croton. !
Arachis. | Sunflower. : Castor. !
Rape. Hazelnut. | Linseed !
Colza. Poppy seedl. (bonlﬁ
Mustard. | Hemp seed.' Blown
Linseed - (manufae-
(raw). tured).
Walnut.
Cokernut
oleine
(manufac-
tured).
Essentially | More or less
non-drying | drying osls.
oils,
Terrestrial| None. None. Neat’s foot.]| None. None.
Animal ne.
oils. Lard and
tallow
oils (manu-
factured).l
Marine Sperm. None. | Shark Whale. Nome.
Animal | Bottlenose. liver. Porpoise.
oils. Seal.
Menhaden.
Cod liver.
Shark
liver
Free fatty None. | Oleic acid. - Linolic Ricinoleis
acids. acid acid.
Hydro- Shale pro- | Shale pro- | Heavy Noae. Neme.
carbon ducts. ducts. Petrolenm
oils. Petroleum | Petroleum | products.
products.| products.
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Onis, &cC., Pasry ox Sowsp a7 353*5C. = @ F.
Arranged according to their Specific Gravity when Melted.

Belattvo Demsity at ;2v.*
Class ot Oil, &c.
“750 to -800. 409 to 855. 853 to '853. *£G3 to "867.
Vegetable None. None. Palm oil. Palmnut oil.
fats. Cacao butter.| Cokernut oil.
Japan wax.
Myrtle wax.
Cokernut and
Cotton seed
stearine
(manufac-
tured),
Animal fats, None. None. Tallow. Butter fat.
Lard.
%ugt. .
ripping.
Boul:epfag
Oleomar-
arine
and Butterine
(manufac-
tured).
Vegetable None. Spermaceti. None. None.
.g:;& Animal B?s:awax.
Waxes. Chinese wax.
Carnauba
wax.
.! Free fatty None. Stearic acid. None. None.
| acids. Palmitic acid.
Oleic acid.
Hydro- Paraffin wax. | Shale pro- Vaseline. None.
carbons. Ozokerite. ducts.
Petroleum
products.

® These relative density values were mostly taken with the plummet
apparatus (Westphal's hydrostatic balance) and mot corrected for the
i of the values are,

expansion of the glass
abeat 0-2 per ceat. too

lummet used ;
gigh—tlc., too high by mearly -002 (p. 77).
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S S
Relative Time in Seconds (Redwood). ‘
[
50°F. : 70°F. lOO"F.'NO’F. mF.lWF.IWF.
. - . - - —_
Refined rape oil, No.1, l"l25|400 147 §1m5|585 8o .. |
" v 2 406 |146 [1063'575 | .. . '
o o 3 .. |4055 (147 1065,575 e |
" o4l .. 407 1475106 1585 ¢ .. |
Beef tallow, . vee e 54°75 ! 40 L
?J)erm oil, . .. 11368 605 5075 42 3475 30
eat’s foot oil, il | 620 | 366 |126 884.5 44 38
Anierican mineral oil, | - |
\pocific gravity, -885}| 145 | 0 | 47 | e T !
American mineral oil, ) . - . 9 | ad i '
avecific gravity, 023 | | 11030 485 (120 | 82 l42 |
Russian minera! onl - | 4R- i
e gty } 2040|820 174 116|485 |
R‘;::::;‘ol'::;“e“ °‘1 } e | B3 '317-5'99'25‘59425 426
| i ! \

Redwood’s results are indicated graphically by the curves
indicated in Figs. 23 and 24.

. Relative Time in S8econds (Hurst).
| T | 100 F. ' 120° F. l 150° F. ‘ 120° F.
| I
Castor vil, . ‘ 1,248 | 4875 ' 2013 : 91 | 48
| Thickened rape onl ' 1)370 | 3315 | 2795 | 156 783
Sperm oil, . . ' 585| 364 | 2 ¢ 195 17
Colza oil, . . 131 56 44 325 | o8
Whale oil, | 1287 6l T 25 ¢ 28
Tallow oil, 105 63 | 45 30 ¢ 20
| Cotton oil, | 100 5 | 40 1 25 | 20
American 885 oil, 68 35 | 23 115 | 14
American 905 oil, . . § &} 44 325 195 18
American 915 oil, . . 140 47 36 21 ! 195
Scotch 865 oil, . 3250 22 - 18 155 | 13
Scotch 885 oil, 585 2 ' 92 18 155
Scotch 890 oil, | 715, 39 | 26 . 195 | 17
Russian 906 oil, | 225, 9075 | 56 | 30 2
Russian 911 oil, 462 143 o9l o825 1 26
Rosin oil, dark, { 1525| 975 | 38 2|18
Rosin oil, . 1365 494 | 25 | 18 17
Cylinder "ol medxum, (. 385 ' 255 170 l 70
| Cylinder oxl pale, . we ' 405 . 265 120 90
| Cylmder oll dark, e 0 e | 890 ' 495 | 230 i 100
! |

As further illustration of the effect of rise of temperature in
diminishing the rate of efflux, the following figures may also be
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Coeficient of Friction in Capillary Tubes,—Traube has
constructed an arrangement for determining with considerable
accuracy and speed the friction coefficients for oils and other
liquids passing through capillary tubes under pressure. Fig. 26
represents this apparatus.* A is a Marriotte bottle filled with
water, which serves to compress air in the reservoir B, and to
keep the pressure constant; B is connected by means of a pi
and cock to the efflux apparatus H, consisting of the bulb G
(provided with two marks to permit the measurement of volume
of liquid to be discharged) and the capillary tube E. The
reservoir B is filled by means of a pump attached to branch and
stopcock. When the observations are to be made at temperatures
above that of the atmosphere a suitable airbath is employed.
When required to be cleaned, ether is forced through the tube.
With tubes of different diameters, the relative times observed for
water and oils of high viscosities are not identical ; but for oils
of considerable viscosity the differences are not great; thus, the
following figures were observed with a cylinder lubricating oil
and with olive oil as compared with rape seed oil, being the
respective times of efflux in seconds :—

|
Diameter of tube in milli- | . l . ' =
| oo it 15 I 08 05
l I N S
Cylinder oil, . . . | 1595= 1000l 472=1000 | "960:100'0
‘ Rape seed oil, . . . 790= 508 | 242= 513 ' 1503= 508
|
l Olive oil, . . . . | T1°7= 46°1 | 222= 470 | 1364= 46°1
|

In all probability the conditions existing when oil is forced
through a capillary tube are more nearly akin to those obtaining
with a film of oil lving between a shaft and its journal box than
are those subsisting in the ordinary forms of eflux viscosimeter ;
and hence it is probable that the results of valuations on
Traube’s system would be valuable as determinations more
closely approximating to the actual practical lubricative values.
Traube’s apparatus, however, is far less convenient for ordinary
laboratory work than Redwood’s or Engler’s viscosimeter.

* Journ. Soc. Chem. Ind., 1887, p. 414,
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éxtracted from the seeds by means of light petroleum spirit, and
the free fatty acid (determined by titration with phenolphthalein
as indicator) reckoned as oleic acid (vide p. 117) :—

| 10) Parts contain | .
+ Free Fatty

oils. — - — - = Acids Reckined

. per 100 of Total
Free Fatty Total Fat, Fac.

e e
(Brassica rapa), . . 042 P 3775 1-10
Cabbage (B. campestris), . . 0-32 4122 077
Poppy (Papaver somniferum), . 320 46°90 666
Earthnut (Arachis hypoyea) 191 4609 115
seed, . . . . g 0

Earthnut (4rachis hypogea) s .
outside pale husk, : 1-91 443 4310
Sesamé (Sesamum orientale), . 2] 5159 459
CA.;tor (Ricin;lo communis), . 121 4632 252
Palmnut (Klais guinensis) . . .
containing 6 per cent. husks, 419 , 10°16 853
Cokernut (Cocos nucifera), . 2:98 6740 4-42
0l Cakes. !

Rape, . . . 093 | 8§81 10°55
Poppy, - . 566 963 5889
Earthnut, 1-42 763 ;1862
| Sesamé, . 615 1544 4029
Palmnut, . 1-47 10139 | 1428
| Cokernat, 131 1311 | 1051
\ Linseed, . 075 | 8-81 | 975
Castor, 127 | 653 | 2007

| |

Obviously, when oil contains any considerable quantity of free
fatty acids the use of alkaline refining processes (Chap. x1.) is apt
to lead to a considerable diminution in the quantity of refined
product obtained, as compared with the raw material employed,
because the free fatty acids are removed in the form of soaps, the
production of which, moreover, often leads to further loss by
the mechanical entangling of *“neutral” oil in the saponaceous
* foots.”

The presence of free fatty acids in any quantity in most
kinds of oils is detrimental to their value, more especially in
reference to certain applications. Thus, in the case of lubricating
oils, corrosion of bearings, &c., is more apt to he brought about
when free fatty acids are present than when the oil is practically
free therefrom ; and hence in such cases alkaline refining pro-
cesses will often give a superior result, the more so that acid
processes are apt to communicate to oil refined thereby traces of
mineral acid, the corrosive action of which is still more marked.
This is notably the case with oils intended for wool spinning and
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alkali represents E milligrammnes of fatty acids, the total weight
of acids contained in w milligrammes of substance is » x E

milligrammes, whence 100 parts of substance contain E;if x 100

parts of free fatty acids.

In many instances the value of E is not known accurately,
and in such cases it is more convenient to express the amount
of fatty acids in terms of the alkali neutralised. This may be
done with respect to 100 parts of original substance, thus giving
the percentage of potash (or soda) neutralised, according to the
alkali employed ; but a more usual practice is to express the
value relatively to 1,000 parts of original substance, potash
(caustic potash, KOH, equivalent 56-1), being selected as the
alkali, thus giving the permillage of potush neutralised, con-
veniently referred to as the “free acidity potash permillage,” or
“free acid neutral sation number,” or, more shortly, as the * free

. - nooon
acid number,” and expressed by the value l: x 56,100.*

Thus, suppose that 10 grammes (10,000 milligrammes) of palm
butter neutralise 8 c.c. of seminormal alkali, equivalent to
40 c.c. of normal alkali; since 1 c.c. of normal alkali corre-
sponds with 56:1 milligrammes of KOH, and with 256 milli-
grammes of palmitic acid (i.e., E = 256), the result may be stated
In saying that tbe “free acidity potash permillage” or “free
acid number ” is 10 000 x 56,100 = 2244 ; or it may be expressed in
terms of percentage of palmitic acid by saying that the substance
. . Sy . 40 x 256 1pe
contains free acids jointly equivalent to 10,000 * 100 = 10-24
per cent. of palmitic acid.

When only small quantities of free acid are present, and
extremely sharp valuations are desired, somewhat large quantities
of material should be taken for the determination; 20 or 25
grammes, or even more. A less accurate method of determining
free fatty acids consists in shaking up the oil, &e., with alcohol,
allowing to stand, separating a known fraction of the alcoholic
tluid, and titrating with standard alkali ; the result is apt to be
somewhat too low on account of incomplete solution of all free
acid by the alcohol.

In some natural oils (e.g., unrefined cotton seed oil) substances
are present of an acid character, although not belonging to the

* Since 1 c.c. of normal alkali represents 36°1 milligrammes of KOH, n c.c.
represent n x 56°1 milligrammes: then if A be the free acid number as

above detined,
w:n x 56'1::1,000: A

whence A = = x 56,100.
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VARIATION IN IODINE ABSORPTION.

Value after 8ix Months’ Exposu
Original Value, to Sunlight, ™
ractically

Un&.ﬂﬁ 18 the .

g | g
Olive oil, . . . 8316 8264 78'24
Castor oil, . . . 8363 8327
Rapeoil, . . . 10559 105-27 102°12
Cotton seed oil, . . 10684 10640 100°12
Arachis oil, . . 9867 9760 93-20
Linseed oil, . < 173-46 172-88 166°17

|

VaRrIATION IN HeAT EvoLuTioN WITH SULPHURIC ACID.

Values after Keeping 8ix Months
In the Dark. In Sunlight.
Undisturbed, tated | gndisturbed, | Afitated
Corked. Uncorked. Corked. Uncorked.
Olive 0il, . . . 44° 43°5 47° 67°
Castor oil, . . . 73° 73° 74°5 78°5
Rapeoil, . . . 61°°5 60°°5 63° 72°5
Cotton seed oil, . . 75°°5 76°-5 76°5 100°
Arachis oil, . . . 73°5 73°5 77° 90°
Linseed oil, . . . 113°5 112°°5 120° 131°

Only minute amounts of free acid were developed in six months
during the course of these observations, indicating but little
hydrolysis of glycerides during the oxidation of the insolated
samples; the maximum amounts formed were in the case of
linseed and cotton seed oils, and corresponded with a develop-
ment of 0-34 and 0-50 per cent. respectively of free acid
(expressed as oleic acid) in sunlight, none at all heing formed
in the dark. Olive oil kept six months in the dark gave a hard
solid elaidin ; that exposed to sunlight in corked bottles with-
out agitation a somewhat less hard mass; but that insolated
and agitated daily, so as to expose as thoroughly as possible
to oxidising influences, did not even thicken when sub-
mitted to the elaidin test. Similarly Becchi's silver test for
cotton seed oil gave only faint indications with the insolated
oxidised oil, although reacting thoroughly with oil kept in the
dark. The viscosity of rape oil, as indicated by the efflux
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Porpy Seep O1L.

After Oxidation.
Before Exposure. |
P ! Calculated per 100
Compontion. | Parceel Limesd o1
Carbon, 7750 66-68 71-38
Hydrogen, . 11-40 904 10-64
Oxygen, 11°10 2338 2503
10000 10000 ' 10705

The original oils thus had a composition closely akin to that of a
triglyceride of an acid of formula CgH,,0, (p. 33), requiring
carbon 77-90, hydrogen 11-16, oxygen 10'94; during oxidation,
from y'y to 4 of the carbon disappeared and not far from the
same proportion of hydrogen. Even if the whole of the glyceridic
part of the oil had been oxidised to volatile products, only i of
the carbon would have disappeared ; so that, obviously, carbon
dioxide, or acetic acid, &c., must have been formed at the
expense of the fatty acids present, indicating a more deep-seated
oxidation change than the simple absorption of oxygen, con-
verting the glycerides of linolenic and isolinolenic acids into
hydroxylinolein.

With castor oil Cloez found the gain in weight alter eighteen
months was much less marked (2:68 per cent.); whilst only a
practically inappreciable amount (04 per cent.) of the original
carbon had disappeared. Intermediate results were obtained
with a semi-drying oil, sesamé oil, the gain in weight in eighteen
months being 4-83 per cent., and the loss of carbon about {!; of
the original amount.

POUTET'S ELAIDIN REACTION—NITROUS
ACID TEST.

Oils containing unsaturated acid glycerides, more especially
olein and its homologues, or ricinolein, often undergo a marked
change, when treated with nitrous acid, becoming more or
less solidified without alteration of composition. Gaseous
nitrous anhydride (fumes from nitric acid heated with starch
or arsenious anhydride) will produce the reaction, or agitation
with substance containing nitrous acid dissolved—e.g., red nitric
acid, solution of a nitrite recently acidified, copper or mercury
" recently dissolved in nitric acid, or even nitric acid warmed
until it begins to act on the oil. Of these the liquid originally
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A B. C.
Liquid anhydride, 8
Stearolactone, . . . . . 28 310 758
Oxystearic acid, . . c 17
Oleic and isoleic nclds . 40 433 157
Saturated fatty acids, . . . 7 12:1 85
Unsaponifiable matters, . . . e 136
100 | 1000 1000

The ‘“unsaponifiable matters” contained in B were mainly
liquid hydrocarbons of the olefine series (carbon = 84-1, hydro-
gen = 137, oxygen = 2:2).

It would appear that the general character of the main action
is that zinc chloride directly combines with the oleic acid, and
that the resulting compound (or, possibly, pair of isomeric com-
pounds) is partly decomposed again into oleic and isoleic acids,
and partly hydrolysed with formation of oxystearic acids, more
especially the 7 acid, which then loses the elements of water,
forming stearolactone (vide p. 39); the hydrolytic action pro-
bably being as follows :—

Compound of Zh;c Chloride

Olele Acid. Zinc Chloride. and Ol
C|QH|40’ + ZnCl, = C“HS‘O’,chlg
Oxystearic Acid.

Compound.
C“HMO’, ZnCly + H,;0 ZnClg + C,sHsg0s.

In all probability, similar reactions occur when glycerides
containing olein are saponified by means of sulphuric acid, the
yield of liguid oleic acid in the products finally obtained by
distillation with superheated steam being very small.

ACTION OF SULPHURIC ACID ON OILS AND FATS.
TURKEY RED OILS.

When sulphuric acid is added to a fixed oil or fat, various
kinds of effects are produced in different cases; in many instances
distinctive colours are developed, due not so much to the action
of the acid on the glycerides themselves as to that upon other
bodies accompanying them in small proportion; this is especially
marked in the case of certain fish liver oils where biliary con-
stituents are present (vide infra). In other cases action occurs
between the acid and the glyceride, producing more or less

* Isoleic acid only.
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The following table exhibits some of Maumené’s results,
together with those subsequently obtained by others ; numerous
other analogous values have been recorded, exhibiting more or
less marked differences according to the particular mode of
manipulation adopted :—

I ]
I Maumené. Allen. i Baynes. \ Archbatt.
Degrees. Degrees. Degrees. Degrees.
Menhaden oil, . . . 126 123 to 128
Cod liveroil, . . . '102to103] 113 1me | ..
Linseed oil, . . . 103 104 to 111 | 104 to l24i
Walnut oil, . . . 101
Hemp seed oil, . . 98 |
Seal Oil, . . . . s 92 l
Whale oil, northern, . 91 ;
Whale oil, southern, . 92
Poppy seed oil, . . 74 86 to 88
Cotton seed oil, crude, . 67 to 69 ‘ 70
Cotton seed oil, refined, . 74 t075 77 75 to 76
Arachisoil, . . . 67 47 t0 60
Beechnut oil, . . . 65
Rape and colza oils, . 57t058 | 51t060 | 60to92 | 55 to64
Almond oil, . . . 52 to 54 | 35
Horse foot oil, . . . 51 !
Tallow oil, . . . 41 to 44 1
g;ndoil,f . . . 41
perm oil, . . . 45 to 47 51
Bottlenose oil, . . . 41 to47 | 42
Oliveoil,. . . . © | 41to43 | 40 | 41t045
Castor oil, . . . 47 65 46
Neat's foot oil, . . 43
Oleic acid, . . . | 385 - 375
! | |

Obviously, an admixture of rape oil with linseed oil, or wvice
versa, may be characterised with some degree of precision (the
former yielding a value of little more than half that given by
the latter), when the suspected sample is examined side by side
with samples of known purity mixed in known proportions (e.g.,
2 to 1, equal proportions, or 1 to 2, and so on). Similarly with
olive oil admixed with arachis oil, or with cotton seed oil; or
sperm oil mixed with fish oil. According to Archbutt, olive oil
exposed to sunlight for some time develops considerably more
heat with sulphuric acid than the same oil kept in the dark;
52°-3 rise of temperature being noted by him instead of 41°-5.

A yet greater difference was observed by Ballantyne in the
case of olive oil exposed to light for six months, and agitated
daily so as to promote aérial oxidation (67° instead of 44°),
analogous differences being also observed with several other
kinds of oils similarly treated (p. 131).

Specific Temperature Reaction.—In order to render the
thermal test practically independent of variations in the strength












“qsIppay PR | umoiq Auy(q|  amolq yoelg | wmolq Yoelg ‘usox | ‘([io ure3) ey
oAy | "gRIuMoIq A 'u0a18 ysmnig | uMOIq gIAppeY "'pass Jamopung
WPIA R LY “usaly) ‘aealf) | ‘umolq ysippay ParMoPX |+ ¢ ¢ ‘pmesag
‘paz

‘POY | ‘uM0Iq YSIppay 'poolq ‘pal umorg ‘usolq pay PRI\
‘a1 |  -ysiuaail Lein “gSIMOf[d X *MO[[a4 Lo1f) | "UMOIQ YSTUIAIE) P * ‘paas ysipey
‘mo[a£ o8us1Q ‘yswmo[[d x. A _ "UM0Iq U1K P31 MO X ‘ystuaalx) |+ *‘pass Addog
*Mo[[ek yvg “Mo|[PX P31 poojq ‘goved | "waed3 SAT|Q) |'PAL poO[q ‘OB | “MO[IA USIPPIY | * ‘DU yovaq

‘qeTumoxg YEIUAALY) g4 L | “uda1y) ‘udaly) | ystumoaq L3an(g “qstuvaly) | “rolajur o o
-e8welo mo[jo X “os0d 3431 UM | ‘qeruealy “qSTURaLY) | Cystumolq AyI(];  wadad jglug | - éﬁ%v ANO
MY M ‘umorg ‘umosg | -mo[£ umoq | ‘YSIMOY[3X | © * ‘300] 898N

*qeaaaLy) ‘meaad Lear) | -moffe£ oA | "moj[ak ystuaair) ‘w2213 enjqg YRIpPaY “Mof[a£ ystumoxy | ‘yoelq [ ‘paes
"usau8 ysjumoag qELMO[[3X | *Moj[o£ USIpPey] | ‘wmoIq YsiuaIS) pAsL Ausay)) "YSLMOIR X | ‘3IyM AYSSE
‘ueald mo[[ox *YeIMO]|a X "‘Mo[[a4 pey *ueald yau([ ‘umorg ‘MO[[PApay | © v * lemiely
"qEIMO[[aX | ‘ystumolq ([ ‘waa8 Aaip) | A ystamorg ‘SIpv
‘mo[[oX | ‘mo[e£ 3qdug ‘mo[[e X ‘umolq uaalx) ‘ueaay) | ‘umoiq Lu1sy)) |-mo[£ umimpe) [ * ° ‘passur']
‘udeld Laay) Ystmo||e X ‘ystuaald anjg ‘3218 onjg ‘uaaul onig ‘Mo[Px | ° ‘4nupezey
"YP1uaaas moje x *MO[[94 u30af) | "mo[[e4 ystussly) *)ov[q A|reuty *ueals) ‘uaa1d yreq ‘wda1d Aaax) | © - ‘poas durolf
ave es og .ﬂgem oﬁmgaza ogem e . . . caﬂmfm
qIMo[e X OUYM | “#ofiof ysippey molq asals) "pod umorg ‘PRUYR) (5
‘0313 qeyamorg “us08 an[g “qomoqpox | “moyok qeppory | usweoss iy “pax umorg “gstmoqx | * ‘opnan) ¥A%D

. ‘pax

‘umorgq Lt ¢ ‘usolq poyg *39J01A | uMouq ‘paa poorg “I2AT] PO))
*a8unio mofle x ‘umoug | *(eowyams) 30[01A Py ‘pox cm mgd | ‘umorq eBSuwiQ " 'peas u0330)
‘uealp ‘Mo[[eX [ Pl ysfumodg sl | - umolq g ‘pyg | ¢ swpue)
‘o8we10 mo[[ex M YN “Mofa X “mofpL pay "Mofe X “YEIMO[R | ° ‘a0338))
‘mo[eL javq *Moj[e X ‘usoxq poy ‘umoxg ‘umoag *MO[2X | * ‘paes Noopey)

‘quuscg ‘poa a0y YA | aof[o4 ysrumosg ‘umorq pay ‘Moo X . ‘(ynu
wreg) jnupzeg
P yalg Qoao[[a x “qeIppoy g ‘pax Mo X YULMO[PPX | ¢ ‘Jnuyoedg
- ‘quiaojie x ‘anorq pay ‘Mo[PX “Mo[p4 poy * ° ‘ynumyueg
‘Moex ‘gelaaolg | peanofoo _»-o_h "sof(ef ystppey | “umoxe “mo[o£ pay | “Moffe4 guppey | : ...23..4
‘aso[[e£ oBuvio oHIM oy daxp qppd “uadB 2AYl0) ‘4sIppey ‘PoLereg | - * ‘puomy

‘¢t "ap 'dg 04109 00.1 *4p "dg | ‘or.1 10 "dg ‘Supmng | 8.1 03 §1.1 *1p dy
PV oHORBOIDAIL | opbores Sz - oHmgaIug pus oL | j 10 Jo oureN
0 -—ui w ..”m..co Plov opmyding POV N
fpmmm

o srit et ¥ L







SULPHUR CHLORIDE REACTION. 155

them to pass through a furnace before escaping into the factory
chimney, or some analogous treatment.

The effect of chloride of sulphur (diluted with carbon disul-
phide) upon oils of various kinds is so far different that in
certain cases it may be employed to discriminate one from
another, or to test for admixture; as in all other analogous
cases, comparison of the sample tested with genuine oils, treated
side by side, is necessary in order to obtain reliable results.
Bruce Warren finds* that when 5 grammes of oil are mixed
with 2 c.c. of carbon disulphide and 2 of a mixture of equal
volumes of carbon disulphide and yellow sulphur chloride (free
from dissolved sulphur) and the whole heated on a waterbath
till action commences, the products formed (after evaporating off
carbon disulphide) differ in weight and character according to the
nature of the oil, being partly soluble in carbon disulphide and

y insoluble therein. Thus poppy seed and linseed oils gave
the following figures (5 grammes used in each case) :—

et L
1 .

! PoppySeed. | Limseed |ouimiisat heTwo,

. :

Soluble, . . . 196 | 078 110
Insoluble, . . | 450 | 588 - 537 ’
Total, . | 64 ' 636 i 647 |

C. A. Fawsitt { employs sulphur chloride, S,Cl,, purified by
distillation, in the proportion of 2 c.c. to 30 grammes of oil,
operating as in the case of Maumené’s sulphuric acid test; very
considerable differences are observed with different oils as
regards the amount of heat evolved, the rate of its evolution,
and the formation or otherwise of hydrochloric acid gas; thus,
the following figures were obtained, inter alia.

‘ : 4 c.c. Sulphur Chloride to 30 grms. Oil.
Name of Oil. | T T T
Rise in l N
Gas Evolution. | Temperature. | Time in Rising. ;| Rise per Minute.
|

— - "I Degreesc. | Minutes. |
Sperm, . | Verysmall 71 8 1 8-8
Seal, . . | None 112 5 | 224
Whale, . | Slight. 91 3 ! 30-2
Neat’s foot, » 82 4 205
Rape, . | None. 89 6 148
Cotton seed, | Slight. 93 6 154
Linseed, . | Considerable. 97 2 487
Olive, . | Slight. 94 4 23-5
Cod liver, . | Abundant. 103 3 343
Palmnut, . | Slight. 9 7 14
Oleic acid, . | Considerable. 99 6 | 165
Stearic acid, | None. ] | 5 i 16

* Chemical News, 1888, 57, p. 113.  + Joura. Scc. Chem. Ind., 1888, p 552












SAPONIFICATION 159

1
_ Natare of OIL i Saponification
' -— . ———— ———
| A, OumixEs— |
Lard oil, . " 191 to196 |
Olive oil, . I 1803t0o196 ¢
Sweet almond oil, . o }gg to ig-&l)
1 Arachis oi . . 13 to 1966 . - ;
| Tad, o | 1955 | 285t 206
I Sesaméoil, . l 1900 to 1924 |
Cotton seed oil, 1910 to 1966 |
B. Rarz Oto:.LCLABS— 1708 to 1790 i
1 . : [
Rape oil, . 1702 to 1764 .
ustard seed oil, 174 |[ 313t0 330
Cabbage seed oi. . 17°52
C. O1Ls—
. 1874 to 19°52 .
: 192801946 )
. . 1931 |> 286 to 300
: 19-60 )
189 to191
D.
. . 1851 to 23132
Pilchard oil, . ; . 186 121875
il, . . . . 189 to 19 250 to 303
Southern Whm:llee oil, . . ]88;5)“-’5122 “ ‘
. oih . . 2160 to 2188
E.
c«mk fat, - . . 311;2 52 %‘ﬁ 241 to 233
ernut oil, . . . <V . ~
Palmnut oil, . . . 22:00 to 2476 } 209 to 255
F. s"umm' do— 1990 to 19°65
M 01 0| EmBes
i A . . . 5 to 19
ppms . . . 1938501965 '\ o a0
Goose fnt, . . . 19-26 ' 2T to 2
Bone fat, . . . 19°06 to 1971
Talm oi : . . 1903 to 2025
Cacao butter, . . . 1998
G. FLcip Waxes—
Sperm oil, . . . 12:34 to 1474 380 to 454
k Bottlenouse oil, . . . 12:30 to 13:40 419 to 456
"H.
! Spermaceti, . . © 1‘2,33 ttg 1 317)4 432 to 441
1 X, . . . o X vee
| Carnauba wax,. i 79 to 851
- I. UNCLASSED—
Shark liver oil.. ’ 14 0(1)7&‘)) 1976 284 3@0 400
' . . | 176 to 1815 309 o 319
| oil, : 211 266
. L, 2101t022:95 252 to 267
, . . T 2057to2117 265 to 273
oil, . . 198 to204 275 to 284
. . . | 170 to193 290 to 330
) .
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I Name of Oil. &c. Schiidler.

! Benedikt, :
| ’ |
. 1439
Porpolse, . . . . o [ { ' Fluid portion 2630 !
Pilchard, . . . . .o . | 186-187°6
Shark liver oil, . . . . ‘ 845
Seal 0il, . . . . o 180-195 191-196
Seeamé, . . . . . | 192193 | 187%6-1922
Sunflower, . e e e 193-194 193
Spermaceti, . . . . 108 1081
Spermoil, . . . . . ' 134 132-2
Suet (ox tallow, beef tallow), . 193-195
Tallow (sheep), . . . . ' 192-195
Tacamahac, . . . . 199-200
Unguadia, . . . . . 190-192
‘Whale, . . . . . 190-191 190-131
197-
Whale, bottlenose, . { Fluid portion 2000
l Woolgrease, . . . < 169-170 !
i |

Practical Determination of Saponification Equivalents
of @Glycerides, &c.—A known weight of the substance to be
examined (conveniently 2 or 3 grammes) is accurately weighed
up in a flask, and 25 c.c. (or other suitable quantity) of standard
alcoholic potash added (approximately seminormal); this should
be made from alcohol —not methylated spirit—that has been coho-
bated with caustic potash, and distilled so as to remove as far as
possible all compound ethers and other impurities that might be
resinised by potash, or otherwise partially neutralise alkali;
methylic alcohol of high purity may be similarly used, preferably
after the same treatment. The whole is heated on a waterbath
with a reflux condenser attached, and gently agitated at intervals
until complete solution has taken place; after a few minutes
more heating to ensure that saponification is complete, the un-
neutralised alkali is titrated by seminormal standard acid (pre-
ferably hydrochloric), using phenolphthalein as indicator. The
standardising of the alcoholic potash in terms of the acid is pre-
ferably effected by heating 25 c.c. on the waterbath, with an
inverted condenser attached, side by side with the oil examined,
and subsequently titrating; the difference between the acid
required in the two cases thus directly represents the acid
equivalent to that formed by the saponification. If w be the
weight in milligrammes of oil taken, and = the number of c.c. of
normal acid equivalent to the acid formed by saponification (i.e., if
2n c.c. of seminormal acid be used, 10n of decinormal, and so on),’
then the saponification equivalent E is given by the equation *

E="
n ’

*1 cc. of “normal” acid represents E millizrammes of fat, whence

n c.c. of acid are equivalent to nE milligrammes, Since this qumlmliity =w,
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deduced from the ester number: 3 x 56:1 parts of potash
neutralised by the acids liberated from the triglycerides, represent
92 parts of glycerol set free : hence, if S is the ester number, the

9
oo x 8 = 05466 x S per mille, or
05466 x S per cent.; thus, a sample of groundnut oil, yielding
the total acid number 1950, and the free acid number 5-0, and
consequently the ester number 1950 — 50 = 1900, would
theoretically yield 190-0 x ‘05466 = 10-39 per cent. of glycerol.

Proportion of Fatty Acids formed by Saponification.—
Just as the average molecular weight of a mixture of triglycerides
or other compound ethers will depend partly on the molecular
weights of the fatty acids formed by saponification, and partly on
those of the alcoholic or glyceridic constituents, so will the
percentage of fatty acids obtainable vary in like manner. In the
case of a mixture of glycerides, where some of the fatty acids are
of low molecular weight, obviously a smaller percentage of fatty
acids will be formed than would be were all the fatty acids
of higher molecular weight. Thus, 100 parts of butyrin,

H,(0.C,H;0);, would theoretically yield 874 of butyric acid;
winlﬂt 100 parts of stearin, C;H,(0.C,,H,,0),, would qlmxlarly
farnish 95-7 parts of stearic acid.

In certain cases, useful information is obtainable by deter-
mining the total percentage of fatty acids actually produced,
more especmlly when, in addition to the total percentage, the
amounts respectively soluble and insoluble in water are also
deduced ; the information being in some cases further supple-
mented by determining the amount and nature of alcoholic or
glyceridic complementary products.

The total percentage of fatty acids can be reckoned from the
amount of alkali requisite for saponification (the Koettstorfer
number determined as indicated on p. 161)if the mean equivalent
of the fatty acids is known ; more usually, however, the latter is
the principal point to be examined, and the percentage of acids
requires to be directly determined ; from which value, together
with the quantity of alkali used, the mean equivalent wewht of
the fatty acids is deduced. Thus, if 100 parts by wemht of
substance yield a weight, w,, of fatty acids (i.c., if w, be the

rcentage of fatty acids found), and ‘w, parts of potash, KOH,
E required to neutralise these acids, the mean equivalent welght
of the acids is given by the proportion—

glycerol produced is

wy: 561w :x = 0 56°1.
w

If K be the total acid number (permillage of KOH, or ten times
the percentage) the mean equivalent weight of the fatty acids
will obviously be—

?" x 36°1 = ’K‘ x 561.
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weight of glycerol = 92, plus three times the equivalent weight
of the fatty acid formed by saponification, 3F ; whence,

G = 3F + 92 - 54,
and § = F +12%7,

In similar fashion, in the case of a mixture of a triglyceride
and the fatty acid contained therein (e.g., tristearin and stearic
acid), the mean saponification equivalent of the mixture will
exceed the equivalent of the fatty acid by a fraction of the
number 12:67, expressing the proportion of fatty acid contained
as glyceride to the total fatty acid present. If 8 be the ester

number, and K the total acid number, this fraction is I% ; whence,

the mean saponification equivalent of the mixture, M, is given
by the equation

<
M=TF+ — x 12:67.
N

Thus, supposing the free acid number to be 5 per cent. (%) of
the total acid number, so that the ester number is 95 per cent.
(3%) thereof, the relationship between M and F will be

19 .
M = F + g x 1267,

=F + 1204,

Similarly, if the free acid number be 10 per cent. () of the
total acid number,

M=7F + 1140,

Hence, as in the case of most oils and fats, the amount of free:
acid is only a few per cents. of that of the total acids, it may be
taken as a general rule that the mean saponification equivalent of
a natural ol or fut erceeds the mean equivalent of the fatty acids
contained therein by about 12; and by a proportionately less
amount when the quantity of free fatty acid present increases
beyond a few per cents.

This relationship enables comparisons to be readily instituted
between the values deduced by the saponification of a fat or oil,
and by titrating of the fatty acids separated therefrom, when
expressed as equivalents; whereas, such comparisons are much
less readily made by means of the potash permillages directly
obtained, viz., the “total acid number” of the glyceride, and
* neutralisation number’’ of the free acids thence derived (p. 164).

Since the saponification equivalent of a triglyceride exceeds
the equivalent weight of the fatty acid contained therein by

\
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Percentagv Present of
Hehner Number Found.
Genuine Butter Fat. Margarine.

875 100 0
88 9375 625
885 8756 125
89 81-25 1875
895 75 25
90 6875 3125
90°5 625 37°5
91 5625 4375
915 50 50
92 4375 56-25
925 375 625
93 312 6875
935 25 75
94 1875 8125
-5 125 875
9% 6-25 9375
955 0 100

Other tests depending on principles somewhat similar to those
involved in Hehner’s test have been proposed by other chemists
for use in special cases; thus the difference in solubility of
barium salts has been proposed as a criterion instead of the
difference in solubility of free acids for butter analysis, &c.
A modification of this principle is utilised as a means of deter-
mining the relative proportions of stearic and oleic acids in
mixtures of the two based on the different solubilities of their
lead salts in ether (vide p. 112).

PRACTICAL DETERMINATION OF THE AMOUNT OF
FATTY ACIDS FORMED ON SAPONIFICATION
(SOLUBLE AND INSOLUBLE IN WATER), AND
THEIR AVERAGE EQUIVALENT WEIGHTS.

The neutralised alcoholic solution left after determining the
saponification equivalent (or the product obtained by saponifying
a larger quantity of fat, say 10 grammes, with alkali without
titration) is evaporated to drive off alcohol, dissolved in hot
water, and treated with an excess of acid (standardised or other-
wise, according to circumstances—uvide infra); a few minutes
boiling decomposes all soap present, so that a clear layer of fused
fatty acids swims up to the top on standing. A weighed filter
(weighed in a dish after drying in the steam bath) is prepared
and wetted with water (otherwise fatty acids may pass through),
and the acidified fluid filtered through, the oily fatty acids






PRACTICAL DETERMINATIONS. 169

2,187

2,500

and their average equivalent weight is

2,187

83

w.e, 1 c.c. of normal alkali neutralises 263-5 milligrammes of the

mixed acids. Since the total acids neutralise 10-05 c.c. of normal

alkali, and the insoluble acids 83 c.c., the difference = 1-75 c.c.

represents the soluble acids. This corresponds with the soluble
acid number

x 100 = 8748 ;

= 263'5;

175
meGlOO 39°3.

If it be supposed that the soluble acids are essentially butyric
acid (equivalent = 88), 1 c.c. of normal alkali will neutralise
88 milligrammes, and consequently 1-75 c.c. will neutralise 154
milligrammes = 6-16 per cent. of the 2,500 grms. of butter fat.
employed. Hence the total percentage ‘of fatty acids formed on
saponification is

Insoluble acids (Hehner number), . . 8748

Soluble acids (reckoned as butyric acid), . 616

Total, . . . 6;2;1
The mean equivalent weight of the total acids is deduced thus—

Weight of insoluble acids, . e 2,187 milligrammes.
’” soluble ’ . . 154 '
2,341 ’

Since these neutralise 20-1 c.c. of seminormal alkali, equivalent
to 10-05 c.c. of normal alkali, the mean equivalent weight is

The soluble acids may also be directly estimated by employing
a known quantity of standard acid to decompose the soap left
after determination of the saponification equivalent, and deter-
mining the acidity of the watery filtrate, using phenolphthalein
as indicator. Thus, in the above case, suppose that 25 c.c. of
seminormal acid were used to decompose the soap, and that 84
c.c. of seminormal alkali were neutralised by the watery filtrate :
since the alkali present in the neutral soap represents 20°1 c.c.,
25 — 20°1 = 4'9 c.c. of the acid used would remain unneutralised
in the filtrate; whence, 84 — 4:9 = 3'5 c.c. of seminormal acid,
equal to 175 c.c. normal, would represent the soluble acids as
before. In practice, this method is less accurate than the other,
as the dilution of the fluid and the unavoidable absorption
of carbonic acid from the air (which interferes with phenol-
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\ Percentage of
¢ Mean Molecular Weight. : -
Palmitic Acid. | Stearic Acid.

: |

: 256 100 \ 0

‘ 2588 90 10
2616 80 [ 20

! 2644 70 ; 30

i 2672 60 ‘ 10

! 2700 50 50

: 2728 40 60

! 2756 ! 30 70

i 2784 i 20 80

: 2812 ' 10 90

i 2840 ‘ 0 ] 100

I

The following formula gives the same result :—Iet S le per-
centage of stearic acid, and M the mean molecular weight ; then

S = (M - 256) x 1%
°2d

= (M - 256) x 3'5716.

In similar fashion the relative proportions of any other two fatty
acids in a mixture thereof can be calculated.

REICHERT'S TEST.

Various natural oils and fats yield on saponification the alkali
salts of mixtures of acids, some of which are readily volatile with
the steam of water at ordinary pressure, and others practically
non-volatile. Reichert * has based on this a useful method for
the examination of butter as regards adulteration with other
kinds of fatty matter (oleomargarine, &c.), these adulterants
furnishing much smaller proportions of volatile acids. In prac-
tice, it is not convenient to continue the distillation until all the
volatile acid present has passed over, so that a particular method
of manipulation is employed, in order that an approximately
constant fraction of the volatile acids may be distilled off. For
this purpose 2-5 grammes of the fat to be examined are heated
with 25 c.c. of approximately seminormal alcoholic potash in a
flask with reflux condenser, until saponification is complete ; the
alcohol is evaporated off (by transferring to an evaporating dish),
and the residue dissolved in water, slightly acidulated with
dilute sulphuric acid, and made up to 70 c.c., of which 50 are
distilled off.t The distillate is filtered if solid acids insoluble in

* Zeits. Anal. Chem., 18, p. 68.

+To avoid bumpinﬁl}:umice stone with platinum wire coiled round should
be placed in the distilling vessel. i
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acids distilled off when the Reichert-Meissl test is employed
(5 grammes of material used) : —

Name of Ofl, &c. . C.c. of Decinormal Alkali.
Arachis, . . . . . . 04
Almond, . . . . . . 0-55
Cotton seed, . . . 095
Cokernut, . 73
Cod liver, . . . . 04
Castor, . . . . 40
Colza, crude, . . 0-90

, refined, 0-58
Lal . 1'10
Linseed, . 095
Nut (walnat), 0-92
Olive, . . 15
Palm, . 05

,» Kkernel, . . . . 34
Poppy, . . . . . . 06
Seal oil, . . . . . . 26
Sesamé, . . . . . . 12
Sunfiower, . . . . . . 05
Tallow (ox), . . . . . 10

s  (sheep), . . . . 12

Several other modifications of Reichert’s mode of manipulating
have been proposed by different chemists with the object of
obtaining greater accuracy; thus Wollny * employs special

recautions to avoid the presence of carbon dioxide in the
distillate and eliminate its disturbing effect, and prescribes that
the distillation (using 5 grammes of butter fat) should always
last the same time, 30 minutes. Similarly, Leffmann and Beam
use a solution of caustic soda in glycerol instead of alcohol, to
diminish possible formation of volatile acids by the action of the
alkali on the alcohol. Methylic alcohol is used by others for
the same purpose. Admitting that pure butter fat gives a
Reichert-Wollny number = 27, and that the corresponding
number for average margarine is 2, then a sample of butter fat
mixed with margarine and giving the number R will contain
x per cent. of margarine, where
27 - R
z=100 x - 95 =4(27-I).

The term “Reichert number ” (Reickert'sche Zall) is frequently
given to the figure expressing the number of c.c. of decinormal
alkali neutralised by the distillate obtained when operating in
the way prescribed by Reichert, using 25 grammes of substance;
and similarly the terms “Reichert-Meissl number” and “Reichert-
Wollny number”(Retchert- Meissl'sche Zahland Reichert- Wollny'sche
Zahl) to the corresponding figures obtained when Meissl’s or
Wollny’s modification of Reichert’s process is used (employing

* The Analyst, 1887, p. 203, et seq.; from the Alilch Zeitung, 1887,
Nos. 32-35.
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IODIXE TEST. 183
by numerous observers,* during the last few years, as the
amounts of iodine taken up by 100 parts of different oils and
fats : —

VEGETABLE O1Ls. .

Name. Mini Maxl Average.
Fresh linseed oil, . . . 170 181 175
Commercial oil, . . . 148 181 170
Lallemantia oil, . . 162
Hemp seed oil, . . . 142 158 150
Nut oil, . . . . 143 152 146
Poppy seed 0il, . . . 134 142 138
Sunflower seed 0il, . . 122 133 128
Curcas oil, . . . . vee 127
Pumpkin seed oil, . e 121
Maizeoil, . . . . 120
Cotton seed oil, . . . 102 11 108
Sesamé oil, . . . . 103 112 108
Hedge radish oil, . . . 105
Rapeseedoil, . . . 99 105 101
Apricot kernel oil, . . 99 102 100
Almond oil, . . . .98 102 98
Arachis oil, . . . . 873 103 96
Mustard oil, . . 96

| Castoroil, . . . . 83 85 84'5

| Olive oil, . . . . 81 845 82-8

+ Olive kernel oil, . . . : 81-8

ANIMAL OiLs.

: Name, Minimum. Maximum. Average.
Cod liver oil, . . . 126 153 140
Seal oil, . . . . 127 128 127
Japanese cod liver oil, 120
Bottlenose oil, . . . 995
Porpoise oil, . . . 768
Neat’s foot oil, . . . 70°3
Bone oil, . . . . 66 7 68
Porpoise oil oleine, . . 309 496 402
Bottlenose oleine, . . 328

* Habl, Moore, Dieterich, Wilson, Erban, Herz, Spiiller, Horn, Richter,
Kremel, Beringer, and Benedikt ; collated by Benedikt.—Analyse der Feite
und Wachsarten, 2nd edition, pp. 298 and 317.
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always a liability to obtain somewhat different results with free
fatty acids as compared with the original oils from which they
were obtained, owing to partial oxidation during isolation and

Asa rule, absorption of oxygen seems to diminish the
iodine absorption as might, a priors, be expected.

Neglecting this alteration, the amounts of iodine absorbed by
an oil, &c., and by the fatty acids thence obtainable, necessarily
stand to one another in the inverse ratio of their respective
mean equivalent weights ; for if E be the saponification equiva-
lent of an oil, and F the mean equivalent weight of the fatty
acids thence obtainable, quantities of oil and free acid in the
respective proportion of E to F will combine with the same
quantity of mdme so that the iodine taken up by 100 parts of

oil will be B times that taken up by 100 parts of fa.tty acids ;

i.e., if I be the iodine number of the oil and I’ that of the fatty
acids—

_Fy

I—EI
and

, B

If the oil, &c., consist wholly of triglycerides, E = F + 1267
(p. 165) ; whence

=1 (l + 1—2qu).

Hence for fatty acids of molecular weight between 250 and 330,
the iodine number of the fatty acids is between 5:1 and 38 per
cent. greater than that of the original oil ; so that for the great
majority of natural oils and fats, the iodine number of the free
fatty acids exceeds that of the oil by an amount sensibly close to
4-5 per cent. of the latter value.

Obviously, in some of the cases above tabulated, a notable
difference must have subsisted between the samples used for the
determination of the iodine number of a given oil, and of that of
the fatty acids derived from the same kind of oil, since the latter
values are, in some instances, less than the former ones instead
of exceeding them by about 45 per cent. of their value.

The theoretical amount of iodine corresponding with 100 parts
of pure olein is 86-2 parts. From the numbers above tabulated,
it is obvious that many of the fluid vegetable oils, usually
regarded as non-drying (arachis, almond, apricot kernel, &c.),
contain some small amount of glycerides of the linolic or drying
class, since their iodine absorptions exceed 86-2; a fortiort, with
oils of the intermediate class exhibiting a slight amount of
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free acids present in 1,000 parts by weight of substance. If K
be the total acid number, and A the free acid number, then

% x 100 represents the proportion of free acids present per 100

of total acids, assuming the mean equivalent to be the same in
each case.

Ejster number = Compound ether potash permillage (LEtherzald ;
Esterzall). The difference between the total acid number and
the free acid number, or value of K — A ; expressing the weight
of potash (KOH = 56°1) requisite to neutralise the acids formed
by the saponification of the compound ethers, glycerides, &c.,
present in 1,000 parts of substance.

The yield of glycerol, theoretically obtainable from an oil or
fat consisting of triglycerides (with more or less free fatty
acids), is 005466 x S per cent., where S is the ester number
=K - A,

Insoluble acid number = insoluble acid potash permillage.
The weight of potash (KOH = 56°1) required to neutralise the
fatty acids, insoluble in boiling water, obtained from 1,000 parts
of substance.

This figure must not be confounded with the ¢ Hehner
number” (Hehner'sche Zahl) expressing the percentage (not per-
millage) of insoluble acids yielded by the substance.

Soluble acid number = soluble acid potash permillage. The
weight of potash (KOH = 56°1) required to neutralise the fatty
acids, soluble in boiling water, obtained from 1,000 parts of
substance.

Obviously the total acid number, K, = the sum of the insoluble
acid number and the soluble acid number. In practice, the
soluble acid number is usually best determined by subtracting
the insoluble acid number from the total acid number (p. 168)—
t.e., the soluble acid number is K — N, where N is the insoluble
acid number. '

Volatile acid number = volatile acid potash permillage. The
weight of potash (KOH = 56-1) requisite to neutralise the vola-
tile fatty acids obtained from 1,000 parts of substance.

The Reichert number (Reichert'sche Zalhl) being the number of
c.c. of decinormal alkali required to neutralise the volatile acids
obtained from 25 grammes of substance by employing the
{mrticular mode of operating described by Reichert (p. 173), if n
e the Reichert number, the corresponding ¢ volatile acid potash
permillage” will be n x oo
sarily somewhat below the true ¢ volatile acid number” obtain-
able by continuing the distillation until the whole of the
volatile acids have passed over. .

If Meissl's modification of the Reichert test be employed
(p- 174), 5 grammes of substance being taken instead of 2-5, if

= n x 2:244. This value is neces-
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-In the case of an oil, &c., consisting wholly of triglycerides
(%.e., where the free acid number is so small as to be negligible),
the saponification equivalent of the oil, E, and the mean equi-
valent of the fatty acids obtainable therefrom, F, are related
thus— .

E=F + 1267,

If, however, the oil contain free acids in measurable quantity the
relationship is
_ 8
E=F + X
where 8 is the ester number and K the total acid number of
the oil.

The fatty acid neutralisation number, N, and the total acid
number of the original oil, K, are related thus—

E
N=F K.

x 1267,

IV. VALUES RECKONED PER 100 PARTS OF FREE
FATTY ACIDS FORMED ON SAPONIFICATION.

Iodine Number of Free Fatty Acids (lodzald der Fettsiuren).
—The maximum weight of iodine (or iodine equivalent to the
sum of chlorine and iodine or bromine and iodine) capable of
combining with 100 parts of free fatty acids.

If I be the iodine number of the original oil, &ec., and I’ that
of the fatty acids thence obtained, then

- E
r=gL

In the case of an oil, &c., consisting substantially of tri-
glycerides, so that E = F + 12:67, and where the mean equi-
valent of the free fatty acids lies between 250 and 330, the

value of-g lies between 10507 and 1-0384—i.c., the iodine

number of the fatty acids exceeds that of the original oil by
close to 45 per cent. of the latter value.

V. VALUES RECKONED PER 1,000 PARTS OF
PRODUCT OF ACETYLATION OF FREE FATTY ACIDS.

Acetyl Number = Acetyl potash permillage (Acetylzahl).—The
weight of potash (KOH = 56°1) neutralised by the acetic acid
formed on saponification of 1,000 parts of the product of the
action of acetic anhydride on the substance examined.
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The acetyl number as thus defined includes both the titration
value obtained by Benedikt and Ulzer, conveniently referred to
as the titration acetyl number ; and the result of applying the
distillation process so as to separate acetic acid, as proposed by
Lewkowitsch, conveniently distinguished as the distillation acetyl
number. Like the volatile acid number, this latter value is
always apt to be more or less erroneous in defect on account of
t.heldilﬁcu]ty of distilling off and titrating every trace of acetic
acid.

On the other hand, in the case of free fatty acids very little
dependence can be placed on the former number, although for
aleoholiform substances this objection does not apply.
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belts from shafting to a horizontal axle carrying a worm which
gears-into a toothed wheel, the revolution of which raises or
depresses the screw passing concentrically through the wheel,
and consequently elevates or lowers the plunger. According as
a straight belt is used connected with one pair of fast and loose
pulleys on the axle, or a crossed belt connected with the other
pair, the plunger moves in one direction or the other. The
material to be pressed is placed in bags between loose metal
plates, the press itself being enclosed in a wrought iron steam
casing (stayed to resist pressure) provided with a steam-heated
door of similar construction, so that when requisite the temper-
ature inside the press can be elevated up to that of the steam or
nearly so.

Fig. 39 represents a screw press of German make. The mate-
rial to be expressed is placed inside the perforated cylinder B,
which is then placed inside the cylinder, C, and mounted on the
platform, A ; the ram, D, attached to the screw, F F, being raised
to a convenient height. On turning the horizontal wheel, G, the
screw and ramn descend and the material is strongly compressed
in the inner cylinder. The expressed liquid passes through the
perforations in the walls of B and runs out through others at the
base of C into a circular groove in the platform, A, and thence
by the spout to a vessel placed to receive it. A small hydraulic
arrangement is attached at the base, such that by turning the
handle, E, a piston is screwed slowly inwards, thus raising a
hydraulic ram on to the top of which the platform, A, is fixed,
and so obtaining at the end of the operation a more powerful
pressure than would be possible by means of the screw, ' F, alone.

Hydraulic Press.—The ordinary form of hydraulic press as
adapted for 0il expression consists of a ram raised by admission
of water into its cylinder, either intermittently by pumps (worked
by hand or power) or continuously from an accumulator. The
former method is preferred for many purposes, since the pulsating
pressure obtained by means of a pump appears to be better
adapted for the expression of oil from most kinds of seeds, &e.,
than the continuous steady pressure of an accumulator. Presses
in which the ram works horizontally instead of vertically are
sometimes preferred. Fig. 40 represents a German form of
hydraulic press, empty before charging, and Fig. 41 the same
after the ram has risen. The bags are placed in the cavities of
the shelves or press boxes, E E E, and the ram started working.
As it rises each bag is strongly compressed ketween the base of
the press box containing it and the projecting lower portion of
the box next above it ; the oil runs out into the circular grooves,
F F, and thence to delivery spouts, J J, and so through the pipes,
G G, to the vertical oil shoot, H, leading to the il well or tank.
The headpiece of the press, C, is supported by stout pillars, D D,
to resist the strain.
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those made by the modern process only about 7 per cent., giving
an extra yield of oil to the extent of about 3} per cent. of the
weight of the cake.

The bagging requisite for moulded cakes is subjected to less
severe wear and tear than that used in the ordinary process;
whilst the costly hair envelopes are altogether abolished. More-
over, the cakes produced have a better surface and fracture, and
are better branded when the crushing is effected by rollers than
when done by means of edge stones in the ordinary way.

In what is termed a “unit” mill on this system, the plant is
capable of crushing from 160 to 200 cwts. of linseed or rape
seed per day, or 155 to 190 cwts. of cotton seed. The seed
passes down a shoot to a series of crushing rolls (usually five in
number), thence by an elevator to the kettle, where it is heated;
a moulding machine forms it into cakes, which are placed in
presses (four standing in one oil tank) and expressed. A paring
machine cuts off the oil-containing edges of the pressed oilcakes ;
these are ground up under small edgestones and returned to
the kettle to be worked over again with a fresh batch of
crushed seed. One set of four presses requires three men ir the

ressroom and about 45 actual horse power to work it. For

rger mills, this ¢ unit’’ set of plant is simply doubled, trebled,
or quadrupled, and so on, each additional set requiring a further
addition of about 35 actual horse power. In very large
installations, where more than two sets (eight presses) are used,
a system of accumulators is preferable rather than separate
pumps for each set of four presses; accumulators at a lower
pressure being also used for the moulding machines, cake hoists,
&c., whereby a considerable saving is effected in gearing and
space. Fig. 46 exhibits the ground plan of a 16-press installation
containing the following plant :—

1 High pressure accumulator.
& Hydral ses, each with a hydraul
16 Hydraulic presses, each with a hydraulic gauge.
1 Set of hydraulic pumps.
4 Sets of accumulator stope.
4 ,, seedrolls (5 rolls in each).
4 Seed kettles,
4 Moulding machines.
2 Paring ”
4 Sets of elevators.
2 Sets of edgestones.
2 Oil pumps and cisterns.
4 Seed screens.
0il cisterns to hold 200 tons of oil.
Engine to work up to 200 actual horse power.
Boilers . 250 "
together with gearing, elevators, sack lift, piping, &ec.
Such an installation requires twelve men in the press room,
Which should measure 66 ft. by 44 ft., the whole building being
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is now brought down on the top of the tray and cloth, and
crushed seed introduced from a box (fed automatically from the
kettle as required) until the frame is full. The frame is then
thrown back, the loose’ ends of the cloth folded over the seed,
and the sliding frame carrying the tray, seed, and cloth pushed
forward over the pressing plate. This motion of the frame sets
the machine at work, the pressing plate ascending and squeezing
the seed into a compact mass about 1} inch thick, after remain-
ing in contact with it about a quarter of a minute. The pressing
plate then falls, and the machine stops, enabling the press man
to remove the compressed cake to the press, carrying it on the
tray which is withdrawn as soon as the cake is in position.
During the time that the cake is being compressed, the moulder
is engaged in forming another one on a tray in front of the
machine as before ; so that cakes to the number of 240 may be
thus moulded in an hour.

Fig. 49 represents a moulding machine actuated by steam in
position with respect to the kettle ; other forms are sometimes
used worked by hydraulic power.

Paring Machine.—The cakes obtained in the hydraulic press
are usually oily at the edges whero the oil exuded, so that the
edges require to be cut off, not only to trim the cakes, but also
to save the oil with which they are impregnated, the parings
being ground up and returned to the kettle. In mills working
on the older systems the press cakes are generally trimmed by
hand ; but the simple form of machine indicated in Fig. 52 not
only enables the parers to do much more work in a given time,
but also to cut t{: edges far more regularly and neatly. The
cake to be pared is placed with one edge over a central longi-
tudinal trough ; a cutter block with attached knife passes along
and shears off the portion of the cake projecting beyond a given
line, being driven by the excentric working a bar jointed to the
upper part of the frame. The other side and ends of the cake
are trimmed in the same way, two knives being attached to the
cutter block, one cutting when the motion is in one direction,
the other when in the opposite direction. A screw works in the
trough, so that as the parings fall they are carried onward by the
screw and delivered on to the upper carfe plate of a pair of edge-
stones (Fig. 48), whereby they are reduced to meal, which is then
taken up and distributed to the kettles by elevators and screws.

Bupplementary Appliances. —In addition to the preceding
principal appliances, various other minor arrangements are re-
quisite in a well appointed oil mill. Thus, screens of various
sizes of mesh are necessary in order to sift out stones, &e., and
to partially separate different kinds of admixed seeds when their
respective dimensions renders this practicable. Machines for
decorticating seeds are also employed. Fig. 53 represents cotton
seed treated by such a machine. A, ordinary Egyptian seed
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ANALYSIS OF YORKSHIRE GREASE. £7h

matters” (alcohols, hydrocarbons, &c.) are dissolved out and
weighed, whilst the ¢ insoluble fatty acids” and “ volatile ” acids
are determined by the Hehner and Reichert-Meissl processes
(pp. 166, 174). Thus a sample of Yorkshire grease yielded the
following results :—

Unsapounifiable matters (weighed), . . 36°47 per cent.
Free fatty acids; insoluble (welghed Hehnex

number), 20-22 .
Free volatile acids (ca.lculated as C;H)oOg), . . 128 v

Combined fatty acids (calculated from difference of
htratlona, assuming the mean molecular weight
== 327°3), N . . . 4847

106-44

———

The excess of 6-44 per cent. thus found is partly due to the
water taken up during hydrolysis of the compound ethers ; pro-
bably also the assumed mean molecular weight of the combined
fatty acids (327-5) is somewhat too high. On the other hand the
value 282 (oleic acid) would be too low.

In the determination of the unsaponifiable matters present
‘W. Mansbridge * recommends in place of ether the use of light
petroleum spirit (commercial benzoline redistilled, collecting the
part distilling at about 110° F. = 43° C.); the grease is saponified
with excess of alcoholic potash (under pressure if requisite), and
the product decomposed with mineral acid, whereby a mixture of
free fatty acids and unsaponifiahle matters is obtained. Of this
a portion sufficient to yield about 05 gramme of unsaponifiable
matter is dissolved in 50 c.c. of methylated spirit saturated
with benzoline distillate, and 50 c.c. of that distillate added; tbe
whole is heated just to boiling, directly neutralised with semi-
normal potash, and then transferred to a separating funnel,
where the hot benzoline solution of unsaponifiable matter, and -
the alcoholic soap solution, separate from one another rapidly.
The alcoholic soap solution is run off, and 50 c.c. of water at
100° F. (37°-8C.) added, and the whole agitated to wash out any
soap dissolved by the benzoline. After separating by standing,
the watery fluid is run off, and replaced by 40 c.c. of warm 70
per cent. alcohol : this when agitated with the benzoline removes
the last traces of dissolved soap. The alcoholic soap solution
first run off is agitated a second time with benzoline, and the
benzoline solution purified as before : for some kinds of grease
more than two such extractions are requisite, but in general two
suffice.

The percentage of unsaponifiable matters (including choles-
terol, &c., produced by decomposition of cholesterol ethers) thus
deduced is not far removed from, but is usually somewhat less

* Cliomicul News, 27th May, 1892,
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ENGINE WASTE GREASE, FULLER'S GREASE. 279

’acid, inasmuch as the free acid found on analysis, when cal-
culated as stearic acid and added to the other constituents, gives
a total considerably under 100 (Hurst).* Thus—

Stearine. !
]
From First Distilled | From Second Distilled.
Grease. Grease.
Sp. Gr. at 15°°5, . . . . 0-9044 09193
9 98, . . . . 0836
‘Water, . 1-48 06
Free acid ca.lcn]nted as steanc a.cld 763 886
Unsaponifiable oil, . S 04 0-49
Neutral oil, . . . . . 77 2:11
8588 | o180
Melting point, . . . . 57° (134°F.) | 48 (LI8°F.)
| Solidifying point, . . . 535 (128°F.) 45°(113°F.)

The oleine simultaneously obtained is pale when fresh, but
gradually darkens, probably owing to the presence of iron
derived from the press or the tanks in which it is stored. It is
generally known in the district of production as “wool oil,”
because it is chiefly used for oiling woollen yarns, &ec.; lubricating
greases and soap are sometimes prepared from it ; "but for the
latter purpose it is not at all well suited on account of the large
proportion of unsaponifiable matters. It varies much in com-
position, even when from the same maker, on account of the
varying composition of the Yorkshire grease originally employed,
the neutral oil amounting to between 9 and 28 per cent., and the
unsaponifiable oil to between 10 and 38, whilst the free acid
(calculated as oleic acid) constitutes 53 to 65 per cent. The
flashing point usually lies between 322° F. and 342° F. (Hurst).

Engine Waste Grease and Fuller’s Grease.—The grease
recovered from greasy engine waste (p. 236) is closely akin to
that obtained from soap suds; but owing to the large use of
hydrocarbons as ingredients in lubricating oils at the present
day, it is usually much less valuable, the yield of solid “stearine”
being but small, and the “oleine” containing large quantities
of unsaponifiable hydrocarbons. When the spindles, &c., are
lubricated with tolerably pure vegetable oils or with sperm
oil, &c., a much better form of grease results; but this is
comparatwely rare.

Grease recovered from silk soap suds and soap baths from
cotton dyeing works, &c., mostly consists of free fatty acids with

* The presence of stearolactone (p. 170) migkt possibly explain the
P gLt p Yy exp
apparent deficiency in free acids.
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CLASSIFICATION OF OILS, ETC. 281

§5. Classification and Uses of Fixed Oils, Fats,
Waxes, &c.; Adulterations.

CHAPTER XIII

CLASSIFICATION.

In accordance with their ordinary physical texture, sources
(whether animal or vegetable), and essential chemical nature,
the fixed oils, fats, butters, and waxes, &c., may be conveniently
divided into twelve classes, falling into two principal divisions,
according as the main components are of glyceridic or non-
glyceridic nature.

DivisioN I.—EssSeENTIALLY GLYCERIDIC.

A. Fluid at Ordinary Temperatures :—
1. Non-drying Oils—

Vegetable—
(1) Olive (almond) class.
(2) Rape (colza) class.
(3) Ricinoleic (castor) class.

Animal—
(4) Lard oil class.

2. Intermediate : Drying Qualities possessed to a limited

extent :—
Vegetable—
(5) Cotton (sesamé) class.
Animal—

(6) Train, fish, and liver class,
3. Drying Oils: well marked Drying Qualities :—

Vegetable—
(7) Linseed class.
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this class that have been investigated to any extent are as
OWS :—

—

Name of Oil. | Source.
!

Almond oil (sweet), . .  Amygdalus conmunis (Prunus amyg-
‘ dalus), var. dulcis.
. (bitter), var. amara.

Arachis oil (groundnut oi.l), - | Arachis hypogm'z’.

hmast oil, . . . Fagus sylvatica.
oil, . . . . . - Moringa pterygosperma; M. aptera
(Quislandia moringa).
Hagelnutoil, . . . . | Corylusavellana.
Olive oil, . e . | Olea Europeea sylvestris : O. E. satira.

g . Prunus domestica ; P. persica ;
Plam, peach, cherry, and P. armeniaca; P. ceranw:'

apricot kernel oils, . P. brigantiaca ; P. serotina.
Tea seed oil, . . . + | Camellia theifera; C. oleifera ;
C. drupifera.

Besides these, however, a large number of oils are in use to
varying extents in different countries for edible purposes, burning,
anointing, &c., many of which agree in their general physical
characters with the above, more especially in being practically
non-drying in character and only solidifying at low temperatures,
and hence presumably consisting essentially of olein; the
chemical examination of most of these, however, has not yet
been undertaken ; and as yet they are but little exported, and
consequently have not found their way into general trade in any
large quantities (vide pp. 287, 296).

Vegetable Expression Oleines.—Semisolid vegetable tal-
lows and butters, when subjected to cold pressure, yield a solid
mass of higher fusing point together with a comparatively fluid
oil or oleine ; in certain cases, more especially for the production
of the higher fatty acids for candle making, this treatment is
resorted to in order to partially separate the more fluid glycerides
from the others. Cokernut and palm kernel butters when thus
treated yield fluid oleines, solidifying a few degrees above 0°;
these consist partly of oleic glyceride, partly of the glycerides of
the acetic series of lower molecular weight contained in the
original butters; and, in consequence of the presence of these
latter in considerable quantity, possess a somewhat different
composition from ordinary oils of the olive class—e.g., the iodine
absorption is much lower (often below 30 to 40) owing to the
relatively small amount of oleic glyceride present ; and similarly,
the beat development on mixture with sulphuric acid is below
that observed with olive oil (cokernut oleine = 26° to 27°; olive
oil = 41° to 43°—A. H. Allen). On account of the absence of
linolic and similar glycerides, these products are almost com-

pletely non-drying.
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Lesser Known Vegetable Oils.—In addition to the leading
vegetable oils above mentioned belonging to Classes I., IT., ITI.,
and V., a large number of other oils are locally known and used to
a considerable extent in various parts of the world. In most
instances nothing whatever is known as to the chemical constitu-
tion of these substances; judging from their general physical char-
acters they are, as a rule, either nondrying oils of the olive class,
or semidrying oils of the cotton seed type; some, however, in all
probability are more or less akin to rape or to castor oil. Amongst
these lesser known imperfectly drying oils may be mentioned
that derived from the soja bean (Soja kispida or Glycine soja) of
China and Japan, where both the beans themselves and the oil
thence expressed are important articles of food. Recently the
plant has been introduced into Europe; the seeds yield about a
sixth of their weight of oil by pressure, furnishing an excellent
oileake for cattle feeding. The oil itself thickens on chilling, and
when exposed to air oxidises somewhat rapidly.

The nuts of the candlenut trees (Aleurites moluccana, A. triloba ;
Jatropha moluccanum, Croton moluccanum), found in the Eastern
Archipelago, Malay, Cochih China and Southern China; Cali-
fornia, Chili and Venezuela; Bourbon, Mauritius, Jamaica,
Polynesia and North Australia) furnish similar eils, chiefly used
for cooking and burning, but sometimes possessing sufficient
drying power to be capable of use for painting purposes in hot
climates. In different countries the oil is known by different
names—e.g., Bankulnut oil, Kekune oil, &c. According to Lach
a sample of candlenut fat fusing at 24° and solidifying at 21°
yielded fatty acids melting at 65°-5 and solidifying at 56°: the
iodine number was 118, indicating the presence of a considerable
proportion of drying oils.

L. Field describes candlenut oil as limpid and sweet, not soli-
difying at 0°, and capable of forming a fine waxy looking soap
by the cold process. It is stated to be well adapted for cloth
dressing and to be largely exported to Europe for soapmaking,
but does not appear to be much used in England for those
purposes. The nuts are extremely hard, so as to be cracked
by ordinary machinery only with difficulty ; when strung on a
twig they can be burnt like a tallow candle, whence the ordinary
name.

The seeds of various species of pine (Pinus sylvestris, P. abies,
P. picea furnish by expression or solvents imperfectly drying oils
used to some extent for burning and other purposes; these vary
in specific gravity from 925 to ‘931 at 15°, and mostly thicken at
about - 15, solidifying at about —27°.

Croton oil, from Croton tiglium, is possessed of weak drying
characters, but has a composition differing in many respects from
most of the oils of the nondrying and senndrymf' classes. The
specific gravity of the fresh oil is ‘942 at 15°, older oil that has
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CLASS VIIL—VEGETABLE BUTTERS, FATS AND
WAXES, &c.

‘When the proportion of glycerides of relatively high melting
point to olein is large, the physical texture of a substance that
would be an oil in the tropics becomes more like that of butter
at 15°-20°; concurrently with the change in comparative fluidity
the iodine absorption is largely reduced as compared with oils
of Classes I. and VI, on account of the diminished proportion
of olein present. In the case of certain vegetable glyceridic
waxes (e.g., Japanese wax), the olein is reduced to insignificant
proportions or to nil, with the result of increasing the relative
solidity and considerably raising the melting point. Some of the
substances of this class contain a notable proportion of glycerides
of acids of the acetic family of sufficiently low molecular weight
to be readily volatile with steam at ordinary pressure (e.g., coker-
nut and laurel butters and palm kernel fat) ; others are practically
destitute of such ingredients. When subjected to regulated
pressure (p. 283) liquid oleines are squeezed out, and solid
stearines left, the former closely resembling oils of Classes I.
and VI. when sufficiently freed from the latter.

The best known substances of this class are the following :—

|
Name of Butter, &c. ' Sources.

Bassia fat; Illipé butter, | Bassialatifolia(Roxb.) B.longifolia(Linn.)
Mahwa butter, Phulwara | B. butyracea. B. Parkii (Butyrosperma
fat (Fulwa fat), Shea but- | Parkii—Kotschy).
ter (Galam butter), &c.

Cacao butter, . . . | Theobromacacao(Linn.) T.bicolor(Humb.)
T. augustifolium (Sessé). T. leiocarpium

and 7. pentagonum (Bern.) 7. microcar-

pium (Mart.)

Chinese tallow, . . | Stillingia sebifera (Croton sebiferum, Linn.)

Cokernut butter (copra | Cucos nucifera; C. butyracea.
butter or copra fat).

Cotton seed stearine, . | Cotton seed oil by chilling and pressing.

Dika fat, . . . . | Irvingia barteri (Hock.) Mangifera gabo-
nensis (Aubry Le Comte).
Japanese wax, . . . | Rhus succedanea (Linn.); R. acuminata

(De C.); R. vernicifera (De C.); R.juglan-
difolia (Don). R. sylvestris (Siebold).
Malabar tallow (Piney- | Vateria indica (Linn.) ; V. malabarica

tallow). (Blum.); Klwocarpus copaliferus (Retz.)
Myrtle wax, . . . | Myrica cerifera, and several other species
of myrtle.

Myristica butters (Nutmeg | Myristica officinalis (Linn.); M. moschata
butter, Virola tallow, | (Thumb.); M. sebifera (Virola sebifera);
Otaba wax, Ucuba or | Af. otoba (Humb. and B.); M. ocuba (M.
ocuba wax, &c.) ucuba, M. bicuhyba); M. malabarica,

g:ll:nl::‘te;n(&:im(g{h Elais guineensis (Jacq.) ; E. melanococca

kernel oil), (Gaert.); Alfonsia oleifera (Humb,)



















WAXES. 301

Various other toothed cetaceans also furnish oils containing
permaceti in sufficient quantity to separate out in the solid
tate on chilling and standing, more especially the oil from the
»ottlenose dolphin, Delphinus globiceps, which appears to be
meentially intermediate in character between the almost wholly
glyceridic and largely valerin-containing oil from the common

ise, and the mainly compound ethereal sperm oil of the
mlot in which only small amounts of valerin are present.

CLASS XI.—VEGETABLE NONGLYCERIDIC WAXES.

Several species of plants are known, the berries, leaves, stalks,
&c., of which are naturally covered with a waxy exudation closely
akin in its origin to certain of the more solid vegetable fats, but
differing therefrom in being essentially nonglyceridic in character.
Of these substances the principal are as follows : —

Name of Wax. Source.

[, e e
Carnauba wax, . . . | Corypha cerifera (Linn.); Copernicia
cerifera (Mart.)
Cowtree wax, . . . | Galactodendron americaum (Linn.);
(@. utile, Kunth; Brosimum galacto-
dendron, Don.) )

In addition very similar products are obtained from several
other sources—e.g., Petha wax, from the bloom on the Indian
white gourd (Benincasa cerifera); Fig war (Getah wax), pre-

in Java and Sumatra from Ficus umbellata and F. cerifera
(Blume) ; Palm wax (Ceroxylin), largely used in Brazil, from the
common wax palm, Ceroxylon andicola (Humb.), and the Klop-
stock palm, Alopstockia cerifera (Karsten); and Cordillera wax
from the Cordillera waxtree (Eleagia utilis.

These products, however, do not seem to have been submitted
as yet to full chemical investigation, so that it is not certain
whether they are trie vegetable waxes of nonglyceridic character,
or simply vegetable fats of waxy texture analogous to socalled
Japanese wax. Comparatively little of these various kinds
of vegetable waxes is as yet exported to Europe, most being
used for candlemaking, &c., in the countries where they are
indigenous.

CLASS XII.—BEESWAX AND SPERMACETI CLASS.

The nonglyceridic waxlike compound ethers of animal origin
used to any extent industrially are but few in number, the prin-

cipal being as follows :—
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and similar materials are also used as admixtures, generally
along with more or less harder fat, especially ¢ beef stearine.”
According to A. H. Allen the presence of any considerable
quantity of cotton seed stearine or coker butter may he detected
by the effect produced on the relative density, melting point,
saponification equivalent, and iodine number, as indicated by the
following table :—

— - . _
| Lard. l Cokernut Butter. c“g'}f:ﬂh?:fd
. o 985 i
Specific gravity at | -2 o | +860-°861 "868-874 |
Specific gravity at 37°'8 005 . . . .
ot Ty 28 1 00s-007 | o0-96 | ou-oi2
Melt.ing point, . . l °_45° 20°-28° 32°
S:Xoni cation equivalent, 286°-292° 209°-228° 285°-204°
JTodine number, . - 59-62 9 |

The percentage of water present is determined as described on
p- 122; substances insoluble in ether (starch, limesoap, &c.) as
indicated on p. 123. Mineral nonvolatile matters (lime, salt,
alam, &c.) may be found by incineration; soluble substances
(salt, alum, &c.) by agitating thoroughly with hot water and
separating the aqueous solution for further examination.

Pure unadulterated lard has, according to various authorities,
the total acid number 192-197, corresponding with the saponi-
fication equivalent 285-292, averaging about 289, whence the
mean equivalent of the fatty acids is about 277 (p. 165); the
average value directly found is near 278. The iodine number
has been found to lie between 50 and 64, indicating about two-
thirds olein and one-third palmitin and stearin as the essential
composition. Traces of unsaponifiable matters (0:2-0-3 per cent.)
are also generally present. When perfectly fresh, lard contains
only minute quantities of free fatty acids, less than 1 per cent. ;
larger amounts are usually found in stale or partly rancid lard.

‘When chilled to 0 and pressed, lard furnished a solid stearine
(sometimes known as solar stearine) and lard oil (p. 231): the
examination of the fluid oil thus obtained is often better adapted
than that of the original lard for the purpose of detecting adul-
teration ; thus admixture of cotton seed oil largely increases its
iodine number, and interferes with the formation of a solid elaidin
(p. 137), and similarly in other cases. Still better results are ob-
tained on separating the solid and liquid fatty acids by Muter
and Koningh’s process and examining the latter apart (Chap. xv.)

Artificial Lard.—This name is sometimes applied to various
mixtures of “beef stearine” (vide infra) and cotton seed oil, or
similar hard fats and vegetable oils, in such proportions as to

* Water at 15°°5 = 1. + Water also at 37°8 = 1.
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by processes analogous to that of Mége Mouries, excepting that
the digestive operation is omitted. The sorted adipose tissue
(carefully handpicked, and sometimes washed to separate traces
of blood and suchlike animal matters, and then finely minced) is
subjected to gentle heat; in some cases alone, so that the more
fusible constituents liquate away from the rest, the mass being
supported in trays on sloping racks in a room kept at a temper-
ature not much exceeding 50°C. ; in other cases in tubs in contact
with water at about 45°~48°, when the more fluid matters gradu-
ally float up and are withdrawn from time to time. Beef suet
is the preferable material, but sheep’s fat is also employed ; much
of the margarine made in America is derived from hog's fat,
being in fact a variety of lard from which much of the solid
matter has been removed. The partially exhausted tissues left
are rendered in the usual way (p. 245), either alone or mixed
with other fatty matters, so as to produce a superior quality of
tallow : the oleaginous fluid matters that result from the first
processes are cooled and kept at about 25° for some time to allow
the solid glycerides to crystallise, and the mass is then pressed.
The solid pressed residue is generally known as “beef stearine,”
and is largely used in the manufacture of factitious lard by
incorporation with cotton seed or other fluid vegetable oil so
as to form a mass of the required physical consistency.

The resulting expressed oil acquires a buttery consistence at
the ordinary temperature, but is usually somewhat softer than
cow’s butter; by thoroughly churning it up with fresh (or, as
preferred by some, sour) milk, and a little minced cow’s udder,
it acquires a slightly firmer consistence and a buttery flavour.
If the temperature during pressing has heen too high, or if the
solid glycerides have not sufficiently thoroughly separated whilst
standing, the expressed substance may be too solid, in which
case it is admixed with fluid vegetable oil (cotton seed, arachis,
sesamé, &c.) The temperature at which the churning is effected
applied to certain fat constituents in earlier days before the chemistry of
these substances wus well elucidated. By saponifying tallow, lard, and
other animal fats, and separating the fatty acids thence ultimately obtained
as far as practicable, various substances were got of somewhat different.
characters in different cases, but mostly consisting of a liquid fatty acid
(oleic acid) ; a solid constituent melting at about 75°, known originally as
margarous acid (Chevreul), subsequently as stearic acid; and another solid
product termed margaric acid, crystallising in pearly scales (whence the
name, from udpyapov, or papyupitns = pearl), and melting at a lower
temperature, near 60°. This last was long regarded as a single substance
indicated by the formula C,;H3,04; the glyceride containing it in the
original fat was accordingly known as margarine. Subsequently, how-
ever, it was shown by Heintz that this pearly-scale crystalline substance
was a mixture of homologous substances, consisting chiefly of stearic and
palmitic acids; and that whilst true margaric acid, C,;Hg404, could be
produced artificially (p. 21), it was not a product of the saponification of
:nl:turpl fats, and its supposed glyceride, margarinc, was not contained

erein, .






311

UTILISATION OF OX FAT.

P10 21310 'S0 G-£3 AN0qU = Apurof H pue 0 'PIOD 2140218 ‘BOTIY & %3.. = &puiol g pue T

7190 98310 .uﬂz S-gl moqy 'PPY 2038 ..wo:._ 01 Jnoqy

PRIk bvuass_: h_a.:o_. N Pue Jy jo ‘so[iy ¢.33

1 T |
! T o yajeq ‘T Jo oreq *
ysaly yjm urele .:- paylom  ysoay ypm urede dn payiom | proe
*p1L O12)0 "SO[IY [ INOqY  Spiov £33u] prios so[1y § oqYy ?.E:«o.—_.a. P2|[e00S JO SO[IY G.Q[ INOYY ‘PraD 21uDa)s .._no__u_ ¥l noqy
0 N
|

|
Pt 980y Suniagy pue ‘Suisiressiio spra1£ s113 Suissoad 0y DYV
BuIo ANJY 510 pa+ JO “FOIY CI JMOQY  Iywd svasd P0d JO “BO[IY €.ZE INOQY
¥ ;. («UAB |, 1010I9TMWOD
—_— . — eand ‘soliy ¢ ﬁ:ﬁe 0¥ ‘uonjuqIsip ‘uoyy

_ -e1[g .:o_.t: vao £q pajowaixa Ajajewy(n aae

pra1£ osoy3 Suissaad prod 3993y
sprow fiyof spnad jo sop1y G.Lp Anoqy yorya woay ‘(uonryujos —o_.___och_m IN[IP) 470t P22Ng

i

‘prov ounydins [II4 qUIWFVOI} PUE SWI] 1M =o38m_=&an .S:e ‘prerh Apyutof 1 pue ( Jo °sofiy OC Inoqy o A31ng
120Yi14v,, JO ‘SO[1Y §] Jnoqe
splelA 1y o ‘Jrim Pimdn
Sunjiom pus ‘193em y3ia Sm
*.OF 18 Junypowt *D ¥ 9% Sunpomt -YSUM 193]V 2uNDO4DW020
‘nojpo) *so[ty Q. 1§ noqy  “sdw.ude .no—:__ c.e1moqy ‘sdo.os .3—:. gImoqy ‘ourewas .8—:. g.gjuoqy [o[|ecos jo .S_i ¢.91 Jnoqy

P ) i f ?

24nupw 10§ wwnu ._osaomoa J pue g

an:n 14} ppe 2.5._.—_.: Jo oouosaxd u} wmeaye YIja sppoik sy wa.-.ok_ pue Suwn; 033y
Uem}¥a) m.._ %&no‘—a ..3.«%< *210))D7 2PNLd JO “BO|IY 9Q 19/ aué:u ﬁo——\!.o- Jo 'so[iy 83

T
J fpooyeedo s e ®puao 3o wwwyatoryy g8 J909° s *° wy

| 7 - B

























BLOWN OILS. 319

the air current being divided by means of perforated plates;
an agitator is provided, by means of which the product when
approaching solidification is more or less granulated, whilst fused
gums, &c., can be incorporated.

Blown 0ils.—Of late years the manufacture of oils oxidised
by the direct action of air upon them, has acquired a considerable
magnitude, the effect prog:ced usually being a considerable
increment in density and viscosity, rendering nondrying or
semidrying oils (rape, cotton seed, fish oils, &c.) more suitable
for  use as lubricants, either directly or as ingredients in lubri-
cating mixtures ; and in the case of drying oils (more especially
linseed oil), bringing about more rapidly and certainly those
incipient oxidation changes requisite to produce more rapid
spontaneous absorption of oxygen from the air by the oil, when
spread out in thin layers—u.e., the changes effected in socalled
“ hoiled ” oil, rendering it better applicable for the production of
paint and varnish, &c., owing to its more rapidly “drying” up
to a comparatively hard varnish-like coating when thus applied.

The plant employed for the process is of simple construction,
consisting of a pan or tank fitted with a steam jacket (or an
internal dry steam coil) for heating up the oil, and with a false
bottom perforated with numerous small holes, cullender-fashion ;
air being pumped in under the false bottom rises up through the
hot oil in numerous minute streams of bubbles. Instead of a
false bottom, a horizontal serpentine with numerous pin holes is
sometimes employed. When the action is intended to be carried
to the limit, as in oxidising drying oils for linoleum making, an
agitating arrangement is also added for the purpose of breaking
up clots, and keeping the mass well stirred up (supre).

The nature of the chemical changes taking place during the
action of air on hot lard oil, cotton seed oil, rape oil, &e., has
not been thoroughly elucidated ; a considerable amount of heat
is developed during the process, so that, when once started, no
further extraneous heating is requisite, but in some cases rather
the converse, otherwise the temperature may rise so high as to
injure the product by incipient decomposition. In all probability
the olein present (or other homologous glyceride) becomes largely
converted into the glyceride of an oxyoleic or oxystearic acid,
either analogous to the ricinoleic acid of castor oil (ie., an
unsaturated hydroxylated acid), or more probably constituted
like anhydrodioxystearic acid (pp. 42, 46), where the oxygen is
directly added on in the same way that iodine or bromine is
added, so as to convert an unsaturated acid into a saturated
derivative; for in proportion as the oxidation proceeds, the
iodine absorption lessens. Other subsidiary actions, however,
also take place; thus, the proportion of insoluble acids (Hehner
number) lessens as the oxidation goes on, whilst increasing
amounts of soluble acids are formed; the mean saponification
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Animal and vegetable oils liable to contain free mineral acids,
may be conveniently examined as to the presence of such
constituents by the process described on p. 123; or the oil
may be well shaken up with distilled water, and the aqueous
liquor separated and examined, whilst the amount of free organic
acids may be determined by the titration method described on
p- 116. A practical test as to the relative tendency to gumming
is to place equal quantities (drops) of the oils to be examined on
an inclined plane, noting the distance run down by each sample
in a given time, and the time required before the oil ceases to
run, owing to the increased viscidity through oxidation ; thus,
the following figures are quoted from Appleton’s Dictionary of
Mechanices, representing the run of each oil in inches : —

Sperm Oil.

- — - (31'53?3“, Lard Oll. | Rape Oil. Llahe_ed
1st day,. . 32 19 10 10-25 14 175
2nd ,, . . 50 45 14 10°5 18 18
3rd ,, . . 535 55 18 1075 19 18
4th ,, . . 54 59 185 10°76 19 1825
5th ,, 54 62 195 11-75 1925 185
6th ,, 54 64 20°5 Still 19-25 Still.
7th ,, 54 67 21 1975 e
8th ,, . . 54 75 2125 Still. |
oh ,, . .| .. 68 215 e !

Only comparatively small amounts of unmixed animal and
vegetable fats and oils are used alone at the present day as
lubricants; a large proportion of the lubricating agents employed
consist of hydrocarbons only, and the remainder are much more
frequently mixtures of hydrocarbons with “saponifiable oils, than
substances free from petroleum and rosin oils, and such like
hydrocarbons.

One advantage gained in the case of such mixtures (apart from
cheapness) is, that greasy rags, engine waste, &c., impregnated
with oil, are much less likely to heat spontaneously through
oxidation on storage (p. 132), when a large fraction of the oil is
nonspontaneously oxidisable hydrocarbon, than would be the
cagse were the oil wholly composed of glycerides and such like
saponifiable bodies. :

W. Brink finds * that the solution -of a small quantity of
caoutchouc in a lubricating oil consisting of mineral hydrocarbons
increases its viscosity and tends to prevent gumming, without
introducing any corresponding disadvantages. Various metallic

* English Patent Spec., 17,163, 1880,
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peratures. The socalled “viscosity” values thus obtained by
means of one or other of the various forms of eflux viscosimeter
described in Chapter v. (or better still, the figures obtained by’
means of appropriate large scale testing machines, &c., whereby
the conditions obtaining during actual use can be nearly imitated)
are generally of more practical value to the consumer than
chemical analyses of the substances; especially when coupled
with valuations of the flashing point (p. 125) and the degree of
volatility—i.e., the rate of loss by volatilisation on heating to
known temperatures. On the Continent considerable stress is
often laid on the determination of the ‘congealing point” (vide
p- 67). For an outline of the standard methods and appliances
in use for the purpose, vide Journ. Soc. Chem. Ind., 1890, p. 772.

Lant Carpenter summarises the general experience gained as
to the character and behaviour of the various oils used for
lubricating as follows : —

1. A mineral oil flashing below 300° F. (149° C.) is unsafe on
account of causing fire.

2. A mineral oil evaporating more than 5 per cent. in ten
hours at 140°F. (60°C.) is inadmissible, as the evaporation
creates a viscous residue, or leaves the bearing dry.

3. The most fluid oil that will remain in its place, fulfilling

all other conditions, is the best for all light bearings at high
s s.
4. The best oil is that which has the greatest adhesion to
metallic surfaces, and the least cohesion in its own particles ; in
this respect fine mineral oils are lst, sperm oil 2nd, neat’s foot
oil 3rd, and lard oil 4th.

5. Consequently, the finest mineral oils are best for light

ings and high velocities.

6. The best animal oil to give “body” to fine mineral oils is
sperm oil.

7. Lard and neat’s foot oil may replace sperm oil when greater
tenacity is required.

8. The best mineral oil for cylinders is one having specific
gravity 0-893 at 60°F. (15°-5C.), evaporating point 550°F.
(288° C.), and flashing point 680° F. (360° C.)

9. The best mineral oil for heavy machinery has specific
gravity 0-880 at 60°F. (15°'5 C.), evaporating point 443" F.
(229° C.), and flashing point 518° F. (269° C.)

10. The best mineral oil for light bearings and high velocities
has specific gravity 0871 at 60° F. (15°5 C.), evaporating point
424° F. (218° C.), and flashing point 505° F. (262° C.)

11. Mineral oils alone are not suited for the heaviest
machinery on account of want of “body” and higher degree
of inflammability.

12. Well purified animal oils are applicable to very heavy
machinery.
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’ ° Winter. l Summer.

.cm. qrs. lbs. Lba. Cwts. qrs. 1bs. Lbs.
Tallow, . 3 3 0 = 42 4 2 0 = 504
Palm oil, 2 2 0 = 280 2 2 0 = 280
Spermoil, . 0 1 7 = 3 0 0 27 = 27
Soda crystals, 1 014 = 126 1 0 8 = 120

‘Water, . . 12 3 12 = 1,440 12 0 26 = 1,37
20 2 5 2,301 2 2 5 2,301

These quantities are reckoned to give 1 ton = 2,240 lbs. of
grease, allowing about 2} per cent. for loss.

A. H. Allen gives the following eomposmon of a similar
German waggon grease :—

Tallow, . . . . . 246
Palm oil, . . . . 98
Rape oxl . . . 11
Caustic soda, . . . . 52
Water, . . . . . 593

1000

The following composition, containing a smaller proportion of
saponaceous matter, has been patented by Hervieux and Bedard *
as a superior form of axle grease :—

Codfish oil, . . . 24 parts.
Beef tallow, . . . 16 ,,
Rosin, . . . . 1,
Soft soap, . . . . 2 ,,

A somewhat analogous imperfect lime resin soap is used for
railway trucks unprovided with axle boxes, carts, and waggons,
and similar vehicles; this is made by elutriating slaked lime
(by stirring up with water and running the “milk of lime”
through a succession of settling tanks), and thoroughly inter-
mixing the limemud with rosin oil in the cold ; the resulting
mass i8 often intermixed with coarse greases and other sub-
stances of the third class, and sometimes with mineral substances
possessed of antifrictional qualities; thus the following com-
position has been patented by A. Purvist as an improved
lubricant capable of resisting unusually high temperatures :—

Japanese tallow, . . . 2 cwt.
Russian tallow, . . . 3
Olive soft soap, . . . 2
Lard oil, . . . 108 lbs
Castor 011, . . . . 108 ,,
Carbonate of lime, . . . 10 ,,
Carbonate of soda, . . 10 ,,

* English Patent Spec., 4190 1889.
+ English Patent Spec., 13,936, 1890.
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manufacture of the castor oil products it is generally considered
indispensable to prevent the temperature from rising materially
above 35° or at most 40° C., otherwise secondary reactions take
place, leading to evolution of sulphurous acid, and production of
inferior products. The oil is run into a wooden tank, preferably
lined with sheet lead, and provided with cocks at different
heights to facilitate the running off of wash liquors, &c.; the
sulphuric acid is then gradually run in with continual agitation,
either by hand-worked paddles or by a mechanical agitator.
Considerable differences in the practice of various makers occur
in this stage of the process, the precise details of working being
usually regarded as trade secrets ; in some cases the acid is run in
at one operation, more especially when the proportion employed
is smaller ; in others part added at one time, and the rest at
intervals ; sometimes half being added one day, and the other
balf the next day. The proportion of acid used also varies
considerably,* from 15 to 40 per cent. of the weight of oil used.
After standing 14-24 hours, a solution of common salt is run in
and the whole well agitated with the object of removing excess
of free sulphuric acid not converted into compound acids, glycerol,
- glycerosulphuric acid, and such like substances soluble in water,
without removing the soluble compound sulphuric acids formed,
these being much less soluble in brine than in plain water. If
during this washing the liquor become much heated, considerable
loss is brought about because dilute hydrochloric acid is formed
which rapidly hydrolyses the compound acids present; plain
water is, therefore, sometimes used for a first washing, and brine
or, better still, sulphate of soda solution for subsequent ones. A
certain amount of soda or ammonia is then run in to the washed
oil and well admixed, so as to neutralise part (but usually not all)
of the free acidity ; finally enough water is added to bring down
the percentage of oleaginous matter present to the requisite
extent, 50 or even less in some cases. The ultimate product is
consequently a sort of emulsion of undecomposed fatty matter
and free acids disseminated through a watery solution of the
soaps formed by the action of the alkali added on the free fatty
acids and compound sulphuric acids formed ; if properly prepared
80 as to contain the latter in sufficient quantity, castor Turkey
red oil can be diluted with water without allowing oily drops to
separate until after standing some considerable time; and may
be dissolved in ammonia and diluted with water without becoming
seriously turbid through separation of oil, &c. If much precipi-
tation is visible solid fatty glycerides are present, due to adulter-

stearic, oleostearic, oleo-oxystearic acids, &c.) formed during the process
of washing out the uncombined sulphuric acid.

For a summary of the bibliography of the chemistry of Turkey red oils
vide Journ. Soc. Chem. Ind., loc. cit.

* J. A. Wilson, Journ. Soc. Chem. Ind., 1891, p. 26 ; 1892, p. 495.
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acid used ; so that no indications of any value as regards adul-
teration can be derived by its means.

The acetyl test, on the other hand, gives indications that are
of service in this direction : the fatty acids are boiled for an hour
and a half with four-fifths their weight of acetic anhydride with a
reflux condenser, and the acetylised product washed with hot
" water till the washings are neutral to delicate litmus paper. A
weighed quantity of the acetyl product is then exactly neutralised
with alcoholic potash in the cold (whereby the ‘acetyl acid
number ” is obtained, p. 187); excess of potash is then added
(about 1} times the first amount), and the whole boiled half an
hour to saponify acetyl derivatives, the unneutralised potash
being finally titrated. The amount of potash neutralised during
this second part of the titration (acety! number) varies consider-
ably, according as pure castor oil has been employed, or castor
oil admixed with olive or cotton seed oils; so that whether the
observed “ acetyl number” is wholly due to the saponification of
acetyl derivatives, or (as seems more probable, p. 189) is partly
due to the hydration of anhydrides formed by the action of acetic
anhydride on fatty acids, in any case it affords a means of
detecting adulterations ; thus Wilson gives the following aver-

ages :—

I Acetyl Acid Acetyl Number. : "Egel:ly{‘gtc;l)l:?ﬂ-

Number. | cation Number”).

—_— i —_
Castor oil maximum, . 144-0 1434 | 2874
» minimum, . 149-2 138-7 | 2879
Olive oil, . . . 1587 1083 2650
Cotton seed oil, . . 1790 530 \ 2320

These acetyl numbers are considerably higher than those yielded
by the fatty acids obtained on saponifying olive and cotton seed
oils not treated with sulphuric acid, quoted on p. 188, suggesting
that either a considerable amount of oxystearic acid, or some
analogous substance, is formed by the action of sulphuric acid on
olein and saponification of the product; or else that the forma-
tion of anhydrides under the influence of acetic anhydride takes
place more readily with the fatty acids obtained after treatment
with sulphuric acid, than with those formed by the saponification
of the original oils.*

Hydrocarbons (petroleum, rosin oils, &c.) are easily detected

# In all probability, the modification of the acetyl test Proposed by
Lewkowitsch (determination of ‘‘distillation acetyl number” instead of
¢ titration acid number,” pp. 190, 198) would give better results than
those obtained by Benedikt and Ulzer’s method, errors due to formation
of anhydrides being thus eliminated.
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by intermixing tallow and cod oil or similar materials, red oil
(crude oleic acid from the candle factory, Chap. xv1.) and wool-
grease sometimes entering into the composition, together with
neutral soap, or imperfectly made soap prepared by heating
together oil with an amount of alkali insufficient to saponify it
completely. These products, however, are generally regarded
as greatly inferior to that prepared by the oxidation of cod or
other fish oils in contact with skins, so that for the finer kinds
of French leather only the latter are employed.

Sod oils obtained by simple pressure from skins treated with
olive, cod, or menhaden oil are valuable when properly refined
for the lubrication of delicate machinery (clocks and watches, &e.),
not being liable to clog and thicken.

MANUFACTURE OF LANOLIN.

‘Wool, as cut from the sheep’s back, is largely impregnated
with a greasy material, suint, the inspissated perspiration of the
animal ; this partly consists of various natural potash salts and
soaps soluble in water, partly of cholesterol and isocholesterol
andp!I their stearic and other compound ethers, and to a small
extent of cerylic cerotate, and other waxy organic matters.
‘When solvent processes are employed for dissolving out the
grease (e.g., by means of ether or carbon disulphide) the sub-
stance obtained by distilling off the solvent is a tarry brown
mass of unpleasant odour, of specific gravity at 15° about 0-973,
melting at near 40°, sparingly soluble in alcohol, and only very
difficultly saponifiable, as the cholesterol ethers are compara-
tively very stable; the “woolgrease” thus obtained is usually
distilled by means of superheated steam, whereby a mixture is
produced mainly consisting of free fatty acids and cholesterol,
from which ¢ wool stearine” is obtained by expression. Methods
for cleansing wool by means of grease solvents have not come
largely into use in Britain, it being usually considered that the
heating requisite to remove the residual solvent from the wool
does more injury than the action of soap in the ordinary wet
grooess of wool scouring. Opinions on this point, however, are

Y no means unanimous.

On the Continent wool cleansing by means of solvents has
made much more progress, and a variety of different forms of
apparatus have been patented in which the use of ether, fusel oil,
carbon disulphide, light petroleum spirit, benzene, &ec., has been
claimed.*

By treatment with water, fleeces yield a solution of potash

* For a description of Singer & Judell’s arrangements in which carbon
disulphide is the solvent, vide a paper by Watson Smith, Journ. Soc. Chem.
Ind., 1889, p. 24.

22
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“purified woolgrease,” or under various fancy names, are of
much less desirable character than others. Levinstein gives the
following tests as those by which the purity of commercial lanolin
may be ascertained :—

1. If 2 to 3 grammes of lanolin be heated with 10 c.c. of a
30 per cent. caustic soda solution, no ammonia must be dis-
e .
2. 10 parts lanolin heated with 50 of distilled water must
yield a clear oil. Impure lanolin becomes frothy and turbid.

3. If oily, the lanolin thus separated must be free from
glycerol.

4. If rubbed with water with an iron spatula on a ground
glass plate, the oil must be capable of taking up at least its own
weight of water, forming a sticky and paste-like mass ; if impure,
the mass will have a soap-like smoothness, and will not adhere
to the spatula.

Langbeck * describes the following process for preparing a
purified lanolin :—The wool is washed twice in water at a
temperature not exceeding 110° F., and dried by pressure
or centrifugal action, whereby soluble potash salts are mostly
removed ; the residual wool is then scoured with a mix-
ture of potash ley and olive oil, whereby all the “woolfat”
is removed and the wool thoroughly cleansed. The watery
emulsion is evaporated and treated with alcohol of 40 to 60 per
cent., which dissolves out potash soaps, leaving behind crude
“woolfat,” purified by solution in benzene or carbon disulphide,
filtration, and distillation of the solvent. The product, after
further purification and decolorisation with animal charcoal
(preferably ¢ prussiate waste ”), and subsequently with peroxide
of hydrogen, produces an excellent white basis for pomades,
ointments, &c., containing 20 to 30 per cent. of mechanically
intermixed water. The unpurified woolfat forms a valuable
lubricant and leather grease.

A. Seibel has recently introduced a sulphurised lanolin { for
medicinal and other purposes prepared by heating lanolin to
120° C,, with about 20 per cent. of flowers of sulphur, whereby
most of the sulphur is dissolved ; after allowing to subside, the
supernatant sulphur-containing liquid is poured off and heated
to 230°, whereby much sulphuretted hydrogen is formed, together
with the sulphurised lanolin ; like ordinary lanolin, this mixes
freely with water without separation, forming a soft semivolid
emulsion.

* Journ. Soc. Chem. Ind., 190, p. 336.
+ German Patent, No. 56,491,
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the solidifying point, have been recorded by different observers.
Dieterich gives the following comparative values in ditferent
cases, using the same process throughout :—

* Melting Point. }Solldlﬂmtlon Point.
Olive oil (average of 19 samples), . . ‘ 26° to 28°°5 | 23°'5 to 24°6
3 parts olive oil to 1 of arachis oil, . 29 { 26
. »” cotton seed oil, 30 273
” " sunflower seed oil, 25 ‘ 205
. »” sesamé oil, . I 28 25
” »» linseed oil, . 245 | 195
. . colza oil, . ! 230 | 19
)

The figures thus deduced, however, are rarely sufliciently deci-
sive of themselves to warrant any accurate deduction being
drawn as to the nature and extent of the adulteration.

Mouch the same remark applies to tests based on the amount
of solubility in various menstrua—e.g., mixtures of alcohol, water,
and glacial acetic acid (Valenta’s test, p. 55), although in certain
cases this method gives useful corroborative indications, especially
when carried out side by side with genuine oil and mixtures of
known characters.

Admixtures of hydrocarbons may be detected by completely
saponifying the oil with alcobolic soda or potash, evaporating oft
most of the spirit and adding water, shaking up with ether,
separating the ethereal liquid and evaporating off the solvent ;
with pure oil only infinitesimal amounts of unsaponified matter
(phytosterol, &c.) will be left, whereas hydrocarbon oils, if
present, will be obtained in much larger quantity after evapora-
tion of the ether. This test may be made a quantitative one by
using a weighed amount of oil and evaporating a known fraction
of the ethereal solution in a weighed vessel (vide p. 119).

Occasionally metallic compounds are found in solution in olive
oil or substances purporting to be such; thus copper (added to
communicate’ a chlorophyll-like green shade) is occasionally
present. Lead compounds are said to be occasionally added for
the purpose of communicating a sweeter taste to the oil. Metallic
impurities of this kind may be detected as described on p. 122,

Several special instruments have been invented for the purpose
of examining olive oil, in order to detect adulterations, hased on
different physical properties—e.g., the thermal arwometer (p. 82);
the oleorefractometer (p. 51); and the diagometer (p. 53). The
polariscope may also be utilised, olive oil being slightly dextro-
gyrate, and most other oils levogyrate.

Very similar processes suffice (mutatis mutandis) for the
examination of other oils of the olive class—e.g., almond oil, oil
of ben (or behen), and groundnut (arachis) oil—and to some
extent of oils of the semidrying class, such as cotton seed oil and
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values between 161'9 and 1809 ; Benedikt found 170 to 181;
Holde 179 to 180; Thomson and Ballantyne 1755 to 1877 accord-
ing to the time allowed (vide p. 180). Lower values down to 149
have been recorded by other observers ; but in view of the results
of later researches on the difficulty of completely saturating
glycerides with iodine unless a considerable time is allowed and
a large excess of iodine employed, it would seem very doubtful
whether these lower values are correct : probably 180 to 185 is
nearer the true ultimate value for pure linseed oil. *

The fatty acids separable from linseed 0il have been found by
various observers to melt at temperatures lying between 17° and
24°, solidifying at 13° to 17°-5 ; as linseed oil occurs in commerce,
a small proportion of these acids is usually present in the free
state, free acid numbers being obtained varying from 07 to 80,
corresponding with amounts of free acid from 0-4 to upwards of
4 per cent. of the total acids present.

Linseed oil is especially characterised by the high heat evolu-
tion brought about by admixture with sulphuric acid (Maumené's
test, p. 147); in the absence of fish oils, any considerable admix-
ture of rape or other oil giving less heat evolution can be readily
detected in this way. Livache’s test (p. 133) also affords an
indication as to whether semidrying oils or drying oils of inferior
quality have been admixed, inasmuch as the increment of weight
after a few days, when no further increase is noticeable, is from
14 to 15 per cent. in the case of fresh genuine linseed oil, but
considerably less if any large admixture of other oils be present.
A simpler test based on the shorter time required by genuine lin-
seed oil to dry thoroughly, as compared with adulterated samples
and other drying oils, is the “film test” described on p. 133 ; the
character of the dried film formed is also taken into account,
whether resinoid and brittle when cold, or hard and varnish-like
but tough, or inclined to be readily broken up and crumbly ;
such a practical test, although not quantitative in character, is

* Assuming linseed oil to contain only 80 per cent. of unsaturated
glycerides in the relative proportions given by Hazura and Griissner
(supra), the calculated iodine number would be 142 05.

Proportional Amount Iodine Number of
resent. Glyceride.
Olein, 08 x 03 X 8620 = 3:45
Linolin, 08 x 15 x 17357 = 2053
Linolenin, 08 x -15 X 262°15 = 31-46
Isolinolenin, 08 x 65 < 26215 = 13631
19205

whence it would scem probable that the proportions of linolenin and iso-
linolenin deduced by Hazura and Griissner are a little overstated, at least
so far as these values are applicable to average qualities of oil.
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when this is worked up with the other runnings a considerable
amount of free fatty acids is contained in the ultimate product.
-30 per cent. and upwards of such free acids (essentially palmitic
.cuf)e are sometimes present in spermaceti of this lower grade.
Spermaceti is sometimes adulterated with free stearic and
miﬁc acids (not derived from the fuots, as above described),
pressed glycerides (pressed tallow), and animal waxes and
n wax. These latter additions raise the saponification
equivalent, whilst free fatty acids and glycerides lower it. The
detection of these adulterants is effected in ways substantially
the same as those above mentioned with respect to beeswax.
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light (cereus) were all in use in the early centuries of the Christian
era;* the oil lamp being still the most extensively used illuminant
amongst the well to do classes, wax lights ranking next.

With the exception that wax tapers were largely used for
ecclesiastical purposes, as well as private illumination, during
the middle ages, and that some improvements were consequently
introduced as regards their general size and finish, little advance
in the art of candlemaking seems to have been brought about
until the fifteenth century, when the process of “ moulding” was
introduced by the Sieur de Brez; but the manufacture of rush-
lights and of “dip” tallow candles, as well as of waxen tapers,
had by that time become a trade of itself, having to a consider-
able extent passed out of the region of ordinary household
operations carried on by each family for the supply of its own
wants, and into the hands of special candlemakers (candelarit, or
chandlers), who made tallow and other candles for sale to the
general public, at any rate in the larger towns. In country
districts, however, rushlights and tallow candles, of more or less
rough home-made manufacture, still continued to be the only
available means of artificial illumination other than oil lamps,
for the great majority of the population; a state of matters,
indeed, not entirely obsolete even at the present day in some
highly rural localities. In some savage countries highly olei-
ferous nuts, strung together on a fibrous twig, are burnt like
candles ; as one is consumed the next one becomes lighted and
burns till exhausted.

Combustible Materials.—At the present time the com-
bustible matters (in addition to the wicks) used for candle-
making may be divided into four classes—viz., (1) those natural
glycerides which are sufficiently solid at ordinary temperatures
to admit of being used for the purpose, or which yield sufticiently
solid glycerides by pressure; more especially tallow and similar
animal fats, together with vegetable products of corresponding
consistency, such as coker stearine, piney tallow, and the solid
fats of the Stillingia, Bassia, and other genera. (2) Substances of
waxy character, such as beeswax and the vegetable waxes, essen-
tially consisting of nonglyceridic compound ethers ; also including
spermaceti. (3) Free fatty acids of sufficiently high melting point,
obtained from natural oils and fats by saponification processes,
and mechanical separation of more fluid ingredients. (4) Paraffin
wax and analogous hydrocarbons of mineral origin, or formed by
destructive distillation. Of these the substances of the latter
two classes are those most largely used, more especially the last,
in this country, although ‘“stearine’ candles are somewhat pre-
ferred on the Continent. The trade in wax and spermaceti
candles is comparatively small, although by no means insigni-

* Vide Leopold Field, ¢ Cantor Lectures,” Joura. Soc. Arts, vol. xxxii.,
p. 821, et seq.
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autoclave or open pan process consists of the solid fatty acids
produced (chiefly stearic and palmitic) ; the liquid acids (mainly
oleic) ; and whatever undecomposed glycerides and unsaponifiable
organic matters may be present; the latter two ingredients
obviously vary with the degree of perfection or imperfection
attained in saponification, and with the purity of the materials.
The ratio between solid and liquid fatty acids also varies some-
what with the character of the tallow and other fatty matters
used ; in general, it is not far from 2 to 1. In examining such
materials, the author has found the “iodine test” (pp. 177, 179,
et seq.) particularly useful, especially in the case of press cake in
different stages of pressing. The further the pressing (hot after
cold) is carried, the smaller the quantity of oleic acid left in the
“stearine;” but no amount of hot pressing will completely
eliminate “unsaturated” acids,® from 1 to 2 per cent. being
retained even when the pressing has been carried to the utmost
possible extent permissible for commercial purposes in the pre-
paration of articles of exceptionally high melting points, and
larger proportions up to 4 or even 5 per cent. in products less
thoroughly hot pressed. Even crystallisation several times from
alcohol of a mixture of palmitic and stearic acid does not succeed
in removing all the oleic or other iodine-absorbing acid present.
Thus the following typical figures may be cited, obtained by the
author with the fatty acids manufactured from a mixture of
tallow and palm oil :—+t

oL A

Seg:;ation cake (mixture of fatty acids |

ore pressing), . . . - 320
Cold-pressed cake, . . . . 115 52°-8 C.
Once hot pressed, . . . 56 54°2
Twice s . . | 25 56°°1
Three times hot pressed, . . . 13 56°2

’ twice recrystallised from |

alcohol, . . . . | 08 56°25

Red oils (oleine) from cold pressing, . 715
Grease from hot pressing, . . 149 51°86

The percentage of solid fatty acids contained in red oils can be
deduced approximately from the determination of the oleic acid,
reckoning 111-02 parts of acid per 100 of iodine consumed, as
indicated by the equation—

* Possibly isoleic acid (m.p. 45°), and not oleic acid, remains.

+ When a pressed stearine is examined, presumably only containing a
small percentage of oleic acid, 5 grammes may be conveniently taken for
analysis ; on the other hand, with a substance containing a high percentage
of oleic acid, proportionally less should be weighed up, usually from 0-2
to 04 gramme.
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P of Ce
Boslw Point of e
on Cake.
Stearic Acid. I Olelc Acid.
Degrces C.
54 0 ' 100
10 25 ‘ 976
15 66 | 934
20 1211 | 879
25 185 | 815
30 ' 272 728
32 Poas | ess
34 - 366 | 634
36 430 ' 570
37 469 53-1
38 505 495
39 54'6 455
40 589 . 41°1
41 633 367 |
42 685 | 315 l
43 735 26-5
4“ 789 | 211 |
45 835 | 16'5 |
46 890 110 |
47 94-1 59
48 100-0 ! 0

The following analyses represent its usual composition :—

Free fatty acids, solid, . . . 542 514

» ’ liquid (oleic acid), 250 215
Unsaponified glycerides, . . 11-2 12:3
Unsaponifiable organic matters, 43 49
Fibres, dust, &c., . . . 53 93

1000 1000

Since the great majority of the unsaponified glycerides con-
tained in the rock find their way into the red oils, whilst these
latter constitute the smaller half of the fatty acids obtained (the
‘“ stearine ” amounting to upwards of 50 per cent. of the total
acids) it results that the percentage of unsaponified glycerides
present in the red oils is usually more than double that in the
separation cake. The same remark applies to the unsaponifiable
organic matters. If the red oils be distilled by means of super-
heated steam the unsaponified glycerides present mostly become
hydrolysed during the operation, so that *distilled oleine” is
practically free from glycerides. On the other hand, a small
proportion of the oleic acid becomes decomposed during the
process, forming hydrocarbons (compare p. 278), so that the
unsaponifiable organic matters usually become notably increased
in amount. The following analyses indicate the composition of
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possibly, stearolactone or oxystearic acid is formed. According
to Lant Carpenter,* tallow which will only yield about 50 per
cent. of its weight of
candle material when
treated by the lime
process, gives by the
sulphuric acid process
at least 75 per cent. of
such material of but
slightlyinferior quality.
Of this, about three-
fourths is ready for
candlemaking without )
further treatment; the ‘
other fourth, when
pressed and redistilled,
yields some 75 per
cent. of its weight of
stearic acid, and 25
of oleic acid; ulti-
mately, only about 5
parts of oleic acid per
100 of fat are obtained.
A considerable pro-
portion of black pitch
(often .amounting to
15 per cent. and up-
wards) is obtained as
bye product, whilst the )
.g{ycerol obtainable ~
from the acid liquors, :
&c., is much less in
quantity and more
costly to isolate than
that from the lime
process ; accordingly,
whilst the larger yield N
of solid fatty acids
renderstheacid method
more economical from
one point of view, it
must be taken into
consideration, per con-
tra, that pitch instead
of oleine is obtained as part of the product,t and that glycerol
* Spon's Encyclopedia, p. 581, et seq.
+B§° distilﬁ%ioﬁt a Kigher tem‘genture the pitch left on the first
distillation affords a certain proportion of fatty acids of inferior quality.

Fig. 83.
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at the base. The vapours pass off through the neck, G, to the
condenser ; the most easily condensed fatty acids are collected in
H, and drawn off from time to time through the cocks, J J,
whilst the other vapours pass on. K K is a blow off pipe for
removing residual pitch at intervals, the supply of fatty acids
through C being temporarily shut off. Heat is applied by means
of a bath of molten lead or other suitable metal contained in the
outer pan, B.

According to Schédler, the quantities of steam requisite for
distillation of a given quantity of fatty acids at different tem-
peratures are as follows :—

Temperature. ' Welght of Steamn for 1 part of Fatty Aclds. |

. _
| 2000t0230° | 7 parts. |
¢ 230°to 260° | 3 to 4 parta. X
i 290° 2 partas. |
| 35 to350° ' 1 part. l
1

‘When the distillation temperature does not exceed 240°, the
distilled fatty acids are almost white ; at 260° a little coloration
is manifest ; at 290° this is more marked, whilst at temperatures
above 300° the distillate is yellow or brown.

Numerous other forms of apparatus for effecting distillation by
means of superheated steam have been constructed for particular

es—e.g., the purification of grease from cotton seed foots
(p. 261), of Yorkshire grease (p. 277), and similar substances ;
for the most part these differ from the above arrangements more in
details of construction than in general principles.

In Marix’ arrangement for the distillation of free fatty acids
produced by hydrolysis or otherwise an air pump is applied, so
that a temperature of 250°-255° suffices for the distillation under
diminished pressure. A similar process has been patented by
Lewkowitsch (English patent, 5,985, 1888), the pressure being
reduced by 10 to 13 lbs., so that a temperature of about 460° F
(238° C.) suffices, instead of about 600° F. (316° C.

It is noticeable that when the products of distillation of a
charge of given material are collected in separate fractions, it is
found that in some cases the portions first passing over are the
most fusible, those coming over later possessing successively
higher and higher melting points; whilst with other fatty matters
the reverse is the case. Thus, with palm oil the first distillate is
sufficiently solid to be used for candlemaking without any further
treatment, whilst the later portions are softer, and must be

before they can be thus employed. With bone fat, on
the other hand, the successive fractions show a regular increment
in consistency. The following illustrative figures are given by








































































- X1GHTLIGHTS, 407

and fixed in position sufficiently securely by a blow carefully given
with a peculiar kind of hammer : these are generally burnt in
glass dishes without water. Palmitic acid from palm oil, highly
pressed coker stearine, and pressed tallow are the materials most

uently employed as combustible matter ; wicks of rush pith
peeled so that two small strips of peel are left adherent on oppo-
site sides are used for some, the effect of the strips being to turn
outwards in burning, giving a well-shaped flame.

Spills for lighting candles, &c., are generally drawn by much
the same process as that above described for thin wax tapers
(p. 389), the wicks being wound on a drum after passing through
tge melted composition and a suitable sized drawplate. After
cutting to length the ends are *feathered” by dipping into hot
water 80 as to melt half an inch or so of composition and giving
a vigorous shake or jerk which dislodges most of the melted
materials, slightly separating the strands in so doing.

Medicated Candles.—For the purpose of impregnating the
air of sickrooms, &ec., with disinfecting vapours, certain substances
are sometimes intermixed with the candle material—e.g., todine
and eucalyptus oil. In the latter case the effect is produced by
the volatilisation of eucalyptol from the hot cup of melted grease
at the base of the wick, that portion which is burnt in the flame
being ineffective ; with iodine, the free element is evolved from
the flame itself, hydriodic acid, if formed, being largely decom-
posed again by the heat. Sulphur* has been used in similar
fashion, sulphur dioxide being formed on combustion.

* A spirit lamp charged with a mixture of alcohol and carbon disulphide
affords a convenient means of producing sulphur dioxide for disinfecting
chambers, &c.
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axiom that any kind of greasy or oleaginous matter can be made
into soap of a more or less useful and valuable character, even
when fit for no other applications, the coarsest kind of cart grease
and such like rough lubricants alone excepted.

A certain amount of higher priced soaps (toilet and special
varieties) is also prepared from less coarse fatty matters, in some
instances from materials of the finest qualities ; but the quantity
of these superior grades made bears only a small proportion to
the total amount of ordinary coarser soaps manufactured for
scouring and laundry purposes (vide Chap. xx.)

Alkalies.—The term a/kali is usually traced to the Arabic
Al kali, a name applied to a particular plant (a kind of “ glass-
wort "), the ashes of which abound in potash, and have conse-
quently been used from the earliest ages, not only for the manu-
facture of glass (whence the English trivial name), but also for
laundry and detergent purposes generally. The term ¢ potash,”
‘indeed, connotes much the same idea, being originally applied to
the soluble part of woodushes dissolved out by water and re-
covered by boiling down the solution in a pot ; pearlash being
the same material subjected to further purification so as to
whiten it. Even at the present day crude ashes from vegetable
combustibles are often used as a detergent without purification,
the earthy and calcareous insoluble matters present serving
rather to aid scouring purposes; thus, cigar ash furnishes a
very effective dentifrice.*

The difference in character (from the soap boiler’s point of
view) between the alkali contained in the ashes of inland vege-
tation (potash) and that present in marine plant ash (soda),
appears to have been known to a considerable extent to the
alchemists of the earlier and middle ages of the Christian era ;
although the essential chemical differences between the two, and
the practical identity of the latter with the mineral product
matron, were probably not so clearly understood. The effect of
treatment with quicklime so as to render “mild alkali” (car-
bonate) “quick” or “caustic,” and the superior action of the
quickened product on oleaginous matters, so as to form soap,
were also more or less imperfectly known to them. At the pre-

ssent day the alkalies used in soapmaking are generally (though
not invariably) used in the caustic condition because of this more
rapid action; but saponification can be effected by carbonated
alkalies if sufficient time be allowed, or if the action be acceler-
ated by increased heat and pressure. In all probability the
action of an alkaline carbonate essentially consists in the forma-

* A few years ago an ancient tomb was duz up in Rome; a quantity of
what appeared to be ashes were found therein, which were appropriated
‘. by one of the workmen for his wife to use in washing. It subsequently
- transpired that the ashes were the remains of the Kmperor Gulba, who was
cremated some eighteen centurics ago (7T'imes).
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are readily prepared by simply dissolving a known weight of the
solid caustic sods in a given volume of water, and are then ready
for use. When, however, sodium carbonate or potassium
carbonate is bought, before caustic leys suitable for soap boiling
can be obtained, the operation of “causticising” must be gone
through, consisting in dissolving the carbonated alkali in water,
adding lime, and boiling up with agitation so that the calcium
hydroxide and alkaline carbonate may react on one another in
accordance with the equations—

8Sodium Carbonate. Slaked Lime. Caustic 8oda. Calcium Carbonate.
NaCO;, + CaH;0, = 2NaOH +  CaCO,

Potassium Carbonate. Calclum Hydroxide.  Potassium Hydroxide. Calcium Carbonate.
K.CO, + CaH,0, = 2KOH +  CaCO,

Causticising Process.—In the earlier days of soapmaking
the causticising of the alkalies employed was generally effected
in the cold ; a purer ley being thus obtained from crude “ashes”
(rough potashes and “black ash”) than when the whole was
boiled up together, and then allowed to settle. At the present
day this method of treatment is but seldom employed in this
country, although still in use on the Continent. In order to
carry it out to the best advantage the bottom of the vat is
covered with lumps of quicklime, over which water is thrown to
slake it; b parts of soda ash * for every 6 of quicklime originally
used are then shovelled in on the top as uniformly as possible.
Another layer of lime is then added, and a second of soda ash,
equal in weight to the lime; then a third layer of lime, and u
third of soda ash, equal to the second laycrs. Water, or weak

i from a previous batch, is then gradually run on, and
the whole allowed to stand till next day, when the caustic soda
ley formed is run off through a cock at the base of the vat into
a settling tank. More water is then added and allowed to stand
as before, and finally run off, giving a much weaker liquor either
mixed with the first, or used for lixiviating another batch. The
lime mud is then stirred up with more water, and the final weak
liquor thus obtained used to work a new batch. Conveniently
three (or even four) vats are worked in series, exactly like black
ash lixiviating tanks; the second liquor from No. 2 is passed
through No. 1, coming out of full strength, being itself obtained
a8 the third liquor from No. 3, which is then exhausted. No. 3,
being ‘refilled, then becomes No. 1 of a new series; the former
No. 1 becomes the second; and so on, methodically. Crude
Leblanc soda liquors are much less frequently used now than

* Theoretically, 106 parts of NayCOjg are equivalent to 56 parts of CaO;
a considerable excess of lime, however, is requisite to ensure causticisi
in the cold. For steam boiling in practice 200 parts of soda ash are nﬁ
per 100 of quicklime.
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carbonated liquor, and so oa continuausiy alternateiv. The
e mud resuhting from the second treatment with carbuonated
uors usually contains too litile caustic lime to be wurth using
hird time ; bat by boiling up with water the adhering sada
ution is mostly washed out, and a weak ley obtained, utilised
er to dissolve more carbunated alkali, or for other purposes
the fastory.*
© ciusticise sodium carbonate solution thorvughly, the liquor
t not be too strong, otherwise a consideralle purtion of the
line carbonate escapes the causticising action of the lime ; on
the{ other hand, when the leys are made too weak, the quantity of
salt{ subsequently requisite for * salting out ~ the soap (Chap. xx.)
is inffcreased. When the open pan system is adopted. a sutliciently
comjplete degree of causticising is-generally effected by using
rs of such strengths that the ley finally obtained has a

speciiffic gravity not exceeding about 1075 to 1110 (15° to 20" Tw.),
althofugh slightly higher strengths, up to specific gravity 111 or

(22° to 25° Tw.), are sometimes made: by caustivising
undefr pressure, considerably stronger leys may be effectively
prepjared, provided that the subsidence of the lime mud and the
ramping off of the clear ley is still effectad under the same
ure ; thus, with a pressure of 50 lhs. per square inch, caustie
leys| up to specific gravity 1:16 to 1-20 (32° to 40° Tw.) may be
ily prepared, provided this precaution is adopted ; otherwise
the \reverse action goes on, caustic soda reacting on calcium
carbgnate so as to reproduce sodium carbonate (Parnell).  When
morel concentrated leys are required, they are obtained by
quicklly boiling down with as little access of air as possible;
weaker leys are got by diluting stronger ones with water, or
with jhe very weak liquors obtained by ¢ washing” the lime
mud 1eft after running off the caustic liquor—i.r., by adding
water ‘to the mud, boiling up, allowing to settle, running off
the weak ley thus obtained, and repeating the operation so as to
obtain another batch of still weaker washings. ‘Tho storngo
tanks in which the caustic leys are kept should be well closed to
prevent absorption of carbonic acid from the air; this is somo-
times done by pouring a layer of paraffin oil or melted paraflin
wax on the ley, of course taking the requisite precautions to
avoid any hydrocarbon being drawn off with the ley used for
making soap ; when properly prepared, no visible disengngement
of bubbles of gas should be noticeable on adding suflicient hydro-

* The lime mud finally obtained from soda leys usually retains a notable
roportion of sodium carbonate in a form insoluble in water, chicfly an a
onble carbonate of calcium and sodium. This may be regained in Leblane

alkali works by drying and using the impure calcium carbonute obtained
over again in the black ash operation; but in an ordinary soap work,
where the residual lime mud is little better than a waste product, the soda
thus retained in the lime mud is usually lost. )
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s for bulk, at a given specific gravity than that from a
r cent. caustic” (containing 60 per cent. Na,O = about
cent. NaOH), except in so far as the difference in
between the two kinds of caustic is due simply to water,
to saline matters, such as sulphate and chloride.

following tables exhibit the relationships between the
strengths of pure solutions of sodium and potassium
ides and carbonates, and their respective specific gravities,
ordinary temperature (15° C.), or at more elevated tem-

GRAVITY oF CAUSTIC SoDA SoLuTiON AT 15° (Tliinnermann).

Gravity. Per Cent. of Na,0 Specific Gravity. Per Cent of Na,0.
. — - —
14285 ' 3022 1-2392 1511
14193 ; 29-62 i 1-2280 1450
1+4101 ‘ 2901 b 1-2178 1390
o | esar 1 12088 1330
F 13923 ; 27-80 | 1'1948 12:69
1383 | 2720 ‘f 141841 12:09
1:3751 2659 | 1'1734 1148
1-3668 ; 2599 ' 1-1630 10-88
1:3586 : 25-39 11528 ! 1028
13505 . 2478 1 1'1428 967
13426 2418 ! 1-1330 907
13349 ! 2357 111233 846
1373 2297 Ii rns7 | 786
1-3198 ' 22:36 ! 11042 1 725
13143 ! 21-89 ; 1:0948 665
13125 2176 1:0855 604
1-3053 21415 10764 544
12082 | 2055 10675 484
1-2912 : 19-95 i 1-0587 423
12843 19:34 i 1:0500 363
12775 1873 , 10414 ‘ 302
1-2708 ; 18°13 : 1:0330 i 242
1-2642 1753 ' 1:0246 1:81
12578 16-92 i 1:0163 121
12315 16:38 | 1:0081 1-60
1-2453 1571 | 1'0040 1:30
|

—— e =+ == = — f—— e e ———t
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s’\'l:mo GRAVITY oF CausTIC PoTASH SOLUTION AT 15° (Téinnermann).

Sypecific
Gravity.

Percentage of Percentage of
— Specific e —
Gravity.

KHO. K,0. KHO. K,0.
3369 28-29 11437 1685 1415
3235 27°16 11308 1550 1301
3100 2603 1-1182 14-15 1188
2965 24 90 11059 12-80 10°756
28-30 2376 1-0938 11-46 9-62
26°95 22:63 1-0819 10°11 849
2561 2150 1-0703 876 736
24-93 2094 1-0589 741 6-22
2359 19-80 10478 596 500
2224 18-67 1-0369 472 3:98
20-89 17-54 1-0260 367 2:83
19'54 16-41 10153 202 170
18-20 1528 1-0050 0674 0-566

Specrric GRAVITY oF CausTic PorasH SoLUTION AT 15°.
(Lunge and Hurter).

Grammes per Litre. - Grammes per Litre.
: ', Specific

Gravity. " Gravity.

K,0. Kon ! K,0. KOH.
1007 7 9 1-252 284 338
1014 14 17 1-263 297 353
1022 22 26 1274 308 368
1029 30 36 1-285 321 385
1-037 39 46 1-297 335 398
1045 49 58 1-308 349 416
1052 57 67 1320 363 432
1-060 66 78 1-332 377 449
1-087 74 88 1°345 394 469
1075 83 99 1357 410 487
1083 92 109 1370 425 506
1-091 100 119 1-383 440 522
1-100 11 132 1:397 457 543
1-108 119 143 1410 472 563
1-116 129 153 1424 490 582
1125 140 167 1:438 509 605
1:134 150 178 1453 530 631
1-142 159 188 1468 549 655
1152 170 203 1483 571 679
1-162 181 216 1498 593 708
1171 192 228 1514 615 731
1-180 203 242 1530 635 756
1:190 214 255 1'546 655 779
1200 226 269 1-563 681 811
1-210 237 282 1580 706 840
1220 218 295 L 1597 731 870
1-231 260 309 | 1'615 759 902
1-241 272 324 ! 1634 789 940

|

27
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Porasstum CARBONATE (Gerlach).

Percentage § fie Percen Specific Percen
of K;CO,. anvizy at15°.| of KgC'(.):. Gravity at 15°)| of K,c?)? Gnqu?;l =f 15°,
1 1-0091 19 1-1827 37 1-3828
2 { 10183 20 1-1929 38 1-3948
3 ' 10274 21 12034 39 1:4067
4 1-0366 22 12140 40 1-4187
5 1-0457 23 12246 41 1-4310
6 10551 24 1-2352 42 1°4434
7 1-0645 25 12458 43 1-4557
.} 10740 26 1-2568 4 1-4681
9 . 0834 27 12679 45 1-4804
10 10928 28 1-2789 46 1-4931
11 1-1026 29 1-2900 47 15059
12 1-1124 30 1-3011 48 1-5186
13 1-1222 31 1-3126 49 1-5314
14 11320 32 1-3242 50 1-5441
15 1°1418 33 1-3357 51 1-5573
16 11520 M4 1-3473 52 1-5705
17 1-1622 35 1-3589 52:024 157079
18 1-172: 36 1-3708

The above tables only apply to pure solutions of alkaline car-
bonates and hydroxides ; with commercial substances containing
other neutral saline matters (chloride, sulphate, &c.) a correction
is necessary to allow for the increment in specific gravity brought
about by the presence of these impurities without any corre-
sponding increase in alkaline strength : the amount of this cor-
rection necessarily varies with the proportion and nature of the
saline matter present, and consequently no very accurate allow-
ance on this score is practicable in most cases ; but an approxi-
mation sufficiently near for most practical purposes is obtained
by assuming that the effect of a given quantity of neutral saline
matter in increasing the specific gravity is the same as that of
the same quantity of actual alkali ; so that if it is known that a
given sample contains n per cent. of neutral saline matters,
together with 100 —» per cent. of actual alkali (reckoned on the
sum of alkali and salts as 100), the correction is obtained by
subtracting from the tabular number corresponding with the
particular specific gravity n per cent. of its value. Thus, for
example, if a solution of sodium carbonate be made from a soda
ash, &c., where the saline impurities (sulphate, chloride, &c.)
jointly represent 5 per cent. of the total solids dissolved (the
sodium carbonate consequently representing 95 per cent.), the
amount of sodium carbonate given in the table for a given
specific gravity is to be reduced by 5 per cent. of its value.
Similarly if the actual caustic sotii, NaOH, in a sample of
commercial caustic be 90 per cent., and the saline impurities
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8 _ D _ @G

) Q‘l 31 49 T 53
-3 &0 8 is the alkaline strength expressed as percentage of Na,O
ent 31 —sometimes spoken of as the strength in “Gay

3\:& degrees ”) ; D the same in Descroizilles degrees (equivalent
Ra IS0, = 49); and G the same expressed in German degrees
N ent of Na,CO, = 53).
= &"From this formula result the equations—
g, e
' s = Mp - oerD
49
Fe. 31
S = 2 = 05 3
* = 53 G = 05849 ¢
; 49 <
D = 31 S = 138068
19 .
= 53 G = 00245 G .
-
G = 31 S = 170978
53
= 4 D = 140316D

The following table represents the same relationships—

| |
8. . | e R 1

| D. | G.

2 316 342 || 42 66-39 7181
4 632 9-84 4 6955 75:23
6 9-48 1026 46 7271 7866
8 1264 | 1368 48 7587 82:07
10 | 1581 1710 50 79-03 85-48
12 1897 2052 {52 8219 8890
4 ' 2213 2394 | 51 8535 92:32
16 2529 | 2736 | 56 8852 9574
18 2845 30-78 58 91468 | 9916
20 31'61 34-20 60 . 9484 | 102'58
22 3477 3762 62 9800 106-01
2% 37:03 41-04 64 101°16 10943
2 41-09 4446 66 10432 11285
28 4425 4788 68 107-48 11627
30 4742 5129 H 11064 11969
32 5088 . 5471 72 11381 12310
3 5374 5813 74 | 11697 126-52
36 5600 6155 | 76 12013 12994
38 60-06 64-97 715 | 12250 132°50
40 6322 6839 ‘ |

Calculation of Quantity of Alkaline Ley requisite for
Saponification.—When an alkaline solution of known strength
(either determined by titration, or inferred from the specific
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A7 l—, or —56—1,- litres of ley; or 1 kilogramme represents
b x E b, x E
31,000 (40,000 47,100 56,100\ . :
—— 15y —y OF ——- ) litres. Thus, one kilo.
ﬁxﬁ byx B by x E b, x E
cokernut oil (i") = 215) would be exactly saponified by
———2030 :?02015 = 0930 litres of caustic soda solution of such
strength that 1 litre = 200 grammes NaOH; or 1 kilo. of lin-
o T 001.R . 47,100
seed oil (E=291'5) would correspond with 1570 x 3915 = 1-029
litres of potash ley of which 1 litre = 157-0 grammes K,0.
40,000 56,100
E and B for
values of E between 190 and 400 ; by its means the number of
litres, z, of caustic soda (or potash) solution can be readily
calculated, requisite for the saponification of a kilogramme of any
fatty mixture the mean saponification equivalent of which is E,
by the simple formula—

The following table gives the values of

z__n
=N

where n is the tabular number corresponding with E, and N the
number of grammes of NaOH (or of KOH) contained in a litre of
the ley used :—

E. !o—'gio' Difference. 5‘%0 Difference.
190 2105 2952
200 2000 105 280°5 147
210 1905 9'5 2672 133
220 1818 87 255°0 122
230 1739 79 2439 11°1
240 1667 7-2 2337 10-2
250 160°0 67 224°4 9-3
260 1538 62 2158 86
270 148°1 57 2078 80
280 1428 53 200°4 74
290 1379 49 1935 69
300 1333 46 1870 65
310 129-0 ! 43 1810 60
320 1250 | 40 1753 57
330 1212 3-8 1700 53
340 1176 36 1650 50
350 114'3 33 160°3 47
360 1111 32 15658 45
370 108°1 30 1516 42
380 1053 28 1476 40
390 1026 2-7 1438 38
400 100°0 2:6 140-25 3:65
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. increased or diminished below that corresponding with the
- original gaugings according as the alkalimetrical test of the
liquor (or the value deduced from its specific gravity) shows
that it is a little below or above its normal strength—i.e., that
pertaining to the original gaugings.

‘When it is required to calculate the amount of sodium or
potassium hydroxide or carbonate equivalent to a given amount
of anhydrous oxide, or vice versd, the following formule may be
employed, based on the molecular weights—

Na = 23 : K = 39°1
NagO = 62 KO = 942
NaOH = 40 KOH = 561

Let a given weight A of Na,U be equivalent to B of NaOH
and C of Na,CO, ; and let a given weight D of K,O be equivalent
_to E of KOH and F of K,CO4: then—

To reduce Formula.
NaOH to NasO A= ;25 - omwos
N2,CO; to Na0 A= B¢ = oemmc
Ne0 toNaOH B = 2% 4 19003 A
NosCOs to NaOIL B = 2X4 ¢ _ 55070
Na;0 to Na,CO3 C = 1:3 A = 17097 A
NaOH to Na;CO0; C = % B = 13250 B
KOH to K0 D = ;2 E = 08306 E
K4CO; to K40 D = 193‘8—2 F = 0GSI16F
KO tokoH E = »°p - 1onp
KsCOs to KOH E o= 2X81lp - suoF
KO toK,CO03 F = lggf D = 14671 D
KOH to K,(Os F = ,_,‘335'?;,—1 E = 12317 E

Thus a solution of sodium_hydroxide of specific gravity 1-206
containing 13:3 per cent. of NaOH will contain 133 x 0775 =
10-3 per cent. of Na,0; one containing 215 per cent. of K ,COy
is equivalent to another containing 215 x 0-8119 = 17 16 per
cent. of KOH ; and so on.
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is pattern in America are generally from two to three times
sep as they are wide, sometimes filling a building of two or
» stories; whilst in Britain the depth rarely exceeds once
1lf times the diameter, still shallower pans being often used.
wpper 15 feet diameter and 15 feet deep will turn out 20 to

Soap running

Fig. 114.

ms of soap, a usual rule being to allow 6 cubic feet capacity
at 375 gallons) for each 100 lbs. weight of fatty matters
«d, or about, 135 cubic feet (nearly 850 gallons)per ton ; so that
yper holding some 2,500 cubic feet (upwards of 15,000 gallons)
suffice for about 18 tons of fatty matters yielding 25 to 30
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Fig. 132.
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handle, so that the piston suddenly rises, and consequently
depresses the plunger to which the die is attached on the
opposite side of the axis of motion. In another form of machine

O

Fig. 134.

%—elm

1 N

Fig. 135.

the requisite impact is given by raising the upper die to which
a considerable weight is attached, and then letting it fall, pile-
driver fashion.

In the case of transparent toilet soaps made by the spirit
process (Chap. xx.}, the pan in which the solution of the soap in
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In similar fashion the strength and quantity of ley requisite for
any other given mixtures of free fatty acids can be calculated ;
thus suppose the mean equivalent of the fatty acids to be E, and
that the surplus free alkali is to be n per cent. of that combined
as soap ; then for E parts of fatty acid a quantity of ley must be
used containing 40 x E(I)O-(; % =04 x (100 + n) parts of NaOH
altogether. With a ley containing saline matters (chloride,
sulphate, &c.) representing m parts per 100 of NaOH, the

quantity of saline matter will be ™ x 04 x (100 + n) =

100
0004 x m x (100 + n); so that a weight, W, of ley will contain—
NaOH, . . . . . . . 04 x (100 + n)
Saline matters, . . . mx 0004 x (100 + n)
Water, . . . . W - 0°004 x (100 + m) (100 + n)

Hence the total water present will be—
18 + W - 0°004 x (100 + m) (100 + n),

and the resulting soap will consist of—

Sodium oleate, E+40—18 . . . . . =E +22
Excess of NaOH, 100 x 40 . . . . . . =04 xn
Saline matters, ]00 x 04 x (100 + n). = 0004 x m x (100 + n)

Water, . . . . . W+I18-0004(100 + m) (100 + n)

Tota, . . . . . . . E+W.

Suppose that w parts of resinate of soda solution be added to
the soap, consisting of—

Resinate of soda, . . . . . . a parts.
Excess of NaOH, . . . . .
Water, . . . . . . w—(a+0b) ,

then the total mass, neglecting mechanical loss and evaporation,
will consist of—

Soap (sodium oleate + resmnte), . . . E+a+22
Excess of NaOH . 04xn+bd
Saline matters, . . 0004 x m x (100 + n)
Water, W +w+ 18 - foooumo+m)(mo+n)+a+b}
Total, . . . . . . E+ W+ w

If, on the other hand, w' parts of silicate of soda be added,
containing—
Silicate of soda and other saline matters, . . c p&m

Excess of NaOH,
Water, . . . . . . w - (c + d) ”
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reaction to occur at a more elevated temperature under increased
pressure. Thus Tilghmann proposed the use for soapmaking of
the same plant as used by him for hydrolysing glycerides by
water alone (p. 385). The apparatus that has been generally
found to answer best is some kind of autoclave where the
mutually adjusted quantities of fatty matter and lye are either
run in through a manhole or pumped in through a pipe, and
then heated up either by means of a free fire or by blowing in
high-pressure steam, much as in the manufacture of “stearine”
for candlemaking (p.
373). Fig. 142 illus-
trates Dunn's plant,
consisting of a ver-
tical boiler, B, with
manhole and safety A——
valve; the fat and
ley are pumped in
through the safety
pipe, A, and the
finished mass ejected
through the empty- C
ing tube and cock, C. A —
Heat is communi- :

cated by means of D
free firing, the tem-
perature attained be-
ing determined by
means of a long- Fig. 142.

stemmed thermo-

meter, inserted in a tube filled with mercury or paraffin wax,
projecting inwards into the boiler.*

In Bennett and Gibb’s process a horizontal hoiler furnished
with an agitator is employed, somewhat similar to that used by
Hawe’s (p. 457) ; into this are continuously pumped at one end
the fatty matters to be saponified and soda leys not causticised
(sodium carbonate solution), containing the appropriate quantity
of alkali (30 to 33 parts of soda ash at 48 per cent. Na,O
dissolved in 100 of water to 100 of fatty matter). At the other
end the finished soap mass emerges through a weighted exit
valve, the pressure being maintained at 220 to 280 lbs. per
square inch (about 15 to 20 atmospheres, corresponding with a

* This boiler also serves for the preparation of silicate of soda (or potash)
solution. The boiler is charged with broken up flints or quartz pebb?:s and
soda ley of specific gravity 1°15 to 1°175 (30° to 35° Tw.), and is gradually
heated up until a pressure of 4 to 5 atmospheres is attained (corresponding
with a temperature of about 150° C.), which is maintained for some hours.
At the end of this time the soda has dissolved silica to approximate satura-

tion ; the liquor is then blown off into a settling tank, and the clear portion
used for intermixture with soap.

A
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In the case of a potash soap, if m parts of neutral saline
matters be present per 100 of KOH, and if n parts of KOH in
excess be used per 100 converted into soap, the total KOH used

. 100
will be 57-1 x —w‘(;-” = 0571 x (100 + n) per E parts of tri-

glyceride mixture; whilst a given weight of ley, W, will contain—

KOH, . . . . . . . 0571 x (100 + n)
Saline matters, -7 x 0°571 x (100 + m) = 000571 x m x (100+n)
Water, § ¥ 00T OO0y 0! } = W~ 000571 (100+-m) 100+ n)

Total, . . . . . . W

‘Whence the entire soap mass produced will consist of—

Potash soap, E + 571~ 3 = Ex243
Glycerol, L = 3067
Excess of KOH, u’,'(-, x 57°1 . = 000571 x n
Saline matters, . . . . . 0°00571 x m x (100 + n)
Water, . . . . . . W._000571 (100 + m) (100 + n)

Total, . . . . . E+ W

Suppose that an admixture of silicate of soda, resinate of soda,
syrup, or loading of any kind be made to the extent of w parts
by weight, the composition of the total mass will be similarly
arrived at; thus suppose a mixture of fatty matters of mean
saponification equivalent 290 (E = 290) be saponified with excess
of soda ley such that W = 160, n = 15, and m = 10, and that 150
parts of syrup be added per 290 of fatty matters, consisting of—

Sugar, . . 50 parts.
‘Vater, . . 100 2]
150

i.e., let w =150 ; then the composition of the resulting mass will

Soap, . .. . 290 + 933 = 299-33 = 49°89 percent.

Glycerol, . . . = - 3067 = 51

Excess of NaOH, . . 04 x 13 = 600= 10 ,,

Saline matters, . 0004 x 10x115 = 460 = 077 ,,

Sugar, . . . . . . . . 5000 = 833 ,,

Water, . 160 + 100 — 0004 x 110 x 115 = 209:40 = 3490 .
Total, . 290 + 160 + 150 = 60000 =

10000
3
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ley and curd as possible, and the half spent ley completely
pumped away. Wet steam is then turned on, the condensation
of which dilutes the ley still entangled in the interstices of the
soap grains. With a particular stage of dilution (attained if
need be by adding water to dilute further, or a little stronger
ley if the dilution have gone too far) the mass of soap acquires
the property of allowing a watery soap solution to separate at
the bottom of the mass on standing (for some days with large
batches, for twenty-four hours with smaller ones), whilst the
rest of the soup forms a mass of jelly-like flakes, which solidify
on cooling to a yellow. somewhat waxy and translucent solid,
usually containing a little under 30 per cent. of water. Before
this cools, it remains sufficiently soft to allow all dirt and solid
impurities, such as coloured metallic soaps (containing iron, &c.),
to subside by gravity, so that the lowest watery stratum is very
dirty and much discoloured, and in consequence is known as the
“negur ” (sometimes spelt negre, nigre, nigger, &c.) The upper-
most layer of the “neat soap” resting on the negur generally
solidifies whilst standing to a solid frothy crust known as the
“fob.” *

The character of the “fit” attained, whether ‘“fine” or
“coarse,” i8 judged by the indications observed on sampling
the mass from time to time with a trowel; when the physical
indications known by experience to denote the desired constitu-
tion of the mass are observed, the boiling is stopped, and the
copper covered over to keep in the heat, the whole being allowed
to stand at rest for from two to six days according to the size of
the batch. Finally the cover is removed, the fob carefully cut
away, and the still soft and semifluid neat soap pumped into the
frames. After cooling, fitted soaps generally contain notably
more water than curd soaps ; from 28 to 33 per cent. is usually
present in nonsilicated genuine fitted soaps. The fob is gener-
ally worked up with the next batch ; the negur is either worked
up with coarse fats and darker rosin and made into a brown
rosin soap, or is utilised for making mottled soap.

Mottled Soaps.—In the earlier half and middle of the pre-
sent century the majority of soap manufactured was of the
curd class, and being made from leys directly prepared from
black ash without purification, generally contained more or less
sulphide of iron, or metallic soaps disseminated through it,
derived from the impure liquors, or in some cases purposely
added (in the form of raw or calcined green vitriol = ferrous
sulphate, &c.) The curd was hoiled down wuntil the proportion
of water therein was reduced to a quantity not exceeding about

* Society has been compared with a pot of porter, ‘‘dregs at foot, scum at
top, and good liquor in the middle ;" a copper of fitted soap with *‘ negur ”
and ¢ fob ”’ as the extremes and clean ‘ neat soap ™ in the midst, would be
quite as apt a comparison.
















































HYDROLYSIS OF BOAP SOLUTIONS. 487

soap with alcohol to which a little phenolphthalein has been
added, and filter the solution into a tall jar or large test tube;
the solution should be strong enough to set to a firm jelly on
standing. When set, a little distilled water is poured on the
top of the jelly; this hydrolyses the soap in the top layer so as
to turn it pink by the reaction on the phenolphthalein of the
liberated alkali. On standing, the water gradually dialyses
downward through the colloid soap mass, and the pink colour
descends with it.

By adding salt to an aqueous solution of soap so as to salt out
the curd completely, filtering off, and examining the filtrate
alkalimetrically, the amount of alkali set free under given condi-
tions can be determined ; or the same result can be got at (with
more trouble) by collecting the salted out curd, washing with
brine over the vacuum filter, dissolving the curd in absolute
alcohol, and titrating the acidity with phenolphthalein as indi-
cator. A long series of observations thus made led to the
following results :—*

Hydrolysls brought about by = Molecules
Mean of Water.
Fatty Acids. Molecul.
Weight.
Z w100 | Z =260 | x = 500 | 2= 1000 | 2 =~ 2000
Pure stearic acid, . 284 0-7 10 17 | 26 | 355
Nearly pure palmmc scld 256 1445 (19 | 26 | 315 | 375
Crude lauric acid (cokemut
oil), . 195 375 | 45 54 | 645 71
Pure oleic acld . . 282 185 | 26 38 | 52 | 665
Crude ricinoleic acid, . 204 155 | 22 30 | 38 | 45
Chiefly stearic, palmitic,
and oleic acids (pa.lm oil
tallow soap), 271 111 155 | 26 | 41 | 53
Chiefly tallow and rosin
(primrose), . . . 280 15 22 31 | 42 53
Cotton seed, . . © 250 225 I 30 50 | 75 | 95

Fig. 143 represents these results in the form of curves, from
which it would seem to result inter alia that amongst homologous
soaps (stearic acid, palmitic acid, cokernut oil acids) the higher
the molecular weight the less rapid the hydrolysis.

If extra alkali be added to the soap solution, the hydrolytic
effect is proportionately weakened, as suggested by the character
of these curves, concave downwards ; thus the following figures
were obtained with some of these same soaps :—

* Alder Wright and Thompson, Journ. Soc. Chem, Ind., 1885, p. 625;
Alder Wright, ‘‘Cantor Lectures,” Society of Arts (Journal Soc. Am,
xxxiii., 1885, p. 1124).
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Here the disproportion between the results in the (a) series and
those in the (b) series is much less than in the case of carbonates,
although it is still obvious that on the whole there is a greater
tendency for sodium chloride to form a soda soap by acting on a
potash soap, than for the converse reaction to occur.

The same result follows if a mixture of equivalent quantities
of potash and soda soaps (obtained by halving the fatty acid, and
neutralising one half with one alkali, and the other with the
other) be dissolved in water and salted out with a mixture of
equivalent quantities of potassium and sodium chlorides; a much
larger proportion of soda soap is thus separated than is equiva-
lent to the potash soap simultaneously thrown out of solution,
the precise proportion varying with the nature of the fatty acids.
Thus the following figures were obtained, indicating from 16 to
5-7 molecules of soda soap to 1 of potash soap:—

|
Percentage of Fatty Acid contained. .
Fatty Acid Tsed. : M“A?d':"s‘;.n;&’ of
As Potash Soap. | As Soda Hoap, |  Potashzoap.
Pure oleic acid, . . . 380 620 163to1
Crude ricinoleic acid (from
castor oil), . . . 17°8 82-2 46 tol
Stearic, oleic, and rosinagids
mixed (primrose soap), . 172 828 48 tol
Crude lauric acid (from |
cokernut oil soap), . . 15°1 ! 859 i 57 tol

It is remarkable that when only one acid is present, or a
mixture of organic acids not greatly differing in strength, the
proportion of soda and potash soaps formed by acting on a mixture
of the two bases is sensibly the same as the proportion of the
bases ; thus with equal molecular quantities of potash and soda,
and amounts of acid exactly equivalent to either of the alkalies
separately, or to one-half of the two jointly, the following figures
were obtained :—

' Percentage ofr‘l";)till Fatty Acid
Fatty Acids Employed. converted Into i

Suda Soap. | Potash Soap.
Pure stearic acid, . . . . o ! 512 ' 48-8
v oleicacid, . . . . .| 508 492
Crude stearic Andloleic acid3 (tallow), . . 515 485
stearic, palmitic, and oleic acids ) | . .
" (palm oil and tallow), . . 82 | o8
»» lauric acid (cokernut oil), . . | 497 ; 50-3

Mean, , 503 497
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weight of actual soap present then is a — b + (¢ - d) — n per cent.,
where n is the amount to be subtracted in order to calculate
fatty acids into fatty anhydrides (the soap being viewed for
present purposes as made up of compounds of metallic oxides
and the anhydrides of acids, such as Na,O, (C,,H,0),0 for
sodium stearate, and so on). Obviously, if the alkali be expressed

a8 Na,0O, n=" ;T (a — b); whilst if it be expressed as K,O,
n= 4?.1 (a —b); so that in the first case the percentage of actual
soap is—
9 22
a-b + (c-d)- 3 (a-0) = 3l (@a-1) + (c-d)
and in the second case—
a-b + (c-d)-, 9 (a-b)=38.l- (@-b) + (c-d)
4711 47°1

For instance, suppose that a soda soap gave the foullowing
results on analysis —

Crude mixture of fatty acids, &c¢., = ¢ = 67°05 per cent.
Unsaponifiable matters, &c., = d = 180 ’
Fatty acids present in soap, . = ¢-d = 632¢
Total alkali (expressed as Nag0), = a = 835
Free alkali . = b = 0-85 .
Combined alkali present in soap, = a-b = 770
Hence— n = f?i x 770 = 2:23
Whence the fatty anhydrides are 6525 - 223 = 6302
And the actual soap present = 6302 + 770 = 7072
The analysis would then be stated thus—
Fatty anhydrides, . . 63°02 per cent. | Jointly = 70'72 per cent. of
Combined alkali (Na,0), . 770 ,, actual soap.
Unsaponifiable matters, &c., 1°8! ’s
Water, free alkali, saline Containing free alkali equi-
matters, &c. (by differ- ;2748 ,, valent to 085 per cent.
ence)) . . . . ; 0-85 1
s Na;0, or 750 = about 9 of
100°00 the combined alkali.

In order, therefore, to determine the percentage of actual soap
present, the four quantities @, b, ¢, and d must be determined ;
during the course of which analysis, the separate percentages of
potash and soda may conveniently be also determined (when the
two alkalies are simultaneously present); moreover, whilst ¢ and &
















































muuc'wasns', HOUSEHOLD, AND LAUNDRY SOAPS. 509

able variety of British and colonial manufacturers’ and other
scouring and laundry soaps. Where no analyst’s name is men-
tioned, the analyses were made by the author.

. ** Prim- " “ “Cold Oleic Acid
Ehion |G B | A | S
| Take. ‘ Euglish. | Canadian. ke,
Fatty anhydrides, . . | 4688 | 43-33 ' 4370 | 4585 | 6271
Resinous anhydrides, . ‘ 1540 | 2500 | 2200 | 24:00 .
Combined alkali (NagO), 712 772 928 ! 800 7-36
Sodium carbonate, . “l 14 264 58 | 222 ‘68
,» chloride, . - '(1)4 !
, sulphate, . . 07 a1 o4 . .
Water with minute quan- 2181 - 2444 1993 | 2925

tities of insoluble mat- ' 3025 i |
ters, lime, ferric oxide, ‘

100-00 loo~oo|1oo~oo 100:00 | 10000

Percentu%e of true soap, ' 6940 ' 7605 | 7498 | 7207 | 7007
§ ree alkali (.\'la,()), h. 08 1-54 34 1-30 40
ean molecular weight o o -
of fatty acids, &c., . 280 283 230 280 ! 273

MAaNUFACTURERS’ Soaps (C. Hope).

| - B
! T OE
| = ?'sgw

8z <

B Ehe ! |

& | =% |

- Fatty anhydrides and rosin, i7|'.’<10 06266 59 § 35:89 ! 1942 60¢
b 7

l
DJ
Soda (Nag0). comhined as soap, 798 727 66 5'76& 311 Dy

w3

Free alkali (Na,0)), including

carbonate and silicate, . 123 ‘80 40 291 698 10
Sodium chloride, . . . 36 ‘76 47 198 513 46
Sodium sulphate, . . 30 30 13 T2, 35 12
| Siliea, . . . . . , 107 06 42 640. 900 ‘04
I Lime, oxide of iron, &c¢., . ‘16 '16' ‘16 03 "' 16 02

Water, ... |1744 2820!3235 ‘38'70 (5332 3122
. Total, 9984 0021 9986 9319t 97- 71”00 08

! Actual soap present, . . !79'28' 6993 6593 4465 2233 | 6812

* Exhibited in the ‘‘Colonial and Indian Exhibition,” London, 18886,
For analyses of various of the Colonial soaps, made by the author, vide
¢*Colonial and Indian Exhibition Reports—Oilsand Fats” (Leopold Field).

t GGlycerol present, but not determined.
























BPECIFIC GRAVITY OF GLYCEROL SOLUTIONS. 517

been given by Strohmer * and Lenz, t reproduced by Benedikt. §
Hehner (loc. cit. supra) considers Lenz's table accurate, and

Richmond has recalculated it to 15°:5O.
SPECIFIC GRAVITY AT 15°°5 (Lenz, recalculated by Richmond).
3]

Peael;nm of Bpoclﬂ«ib g'?'vlty at Pe(rﬁ;nm' of Speclnib. _Zwlty at

100 12674 87 12327

99 1-2647 86 12301

98 12620 85 1-2274

97 12594 84 12248

98 12567 83 1-2222

95 1:2540] 82 1-2196

94 12513 81 1-2169

93 1-2486 80 1-2143

92 12460 79 12117

9l 12433 78 12090

90 1:2406 77 1-2064

89 1-2380 76 1-2037

88 1:2353 75 12011

SPEcIFIC GRAVITY AND REFRACTIVE INDEX OF (iLYCEROL
SoLuTIoNs (Skalweit).

* Monatsh. tir Chemie, v., 61.

1 Analyse der Fette, 2ud edition, p. 256, et seq.

Spec
Percoptae® | Goveuyet | TodextorDat | oof "6 | Griviigat |ndesfor Dat
Glycerol. 15° 0. 15° 0. QGlycerol 15° C. 16° O.
100 1-2850 1:4742 50 11290 1:3996
98 1-2600 1:4712 48 1:1236 1:3966
96 12550 14684 46 11182 1-3938
94 1-2499 1-4655 44 11128 1-3910
92 12447 14625 42 11074 1-3882
90 1:2395 14595 40 1-1020 1-3854
88 12341 1-4565 38 1-0966 13827
86 12287 14535 36 1-0912 1-3799
84 1:2233 14505 34 1-0858 1-3771
82 12179 1-4475 32 10804 1:3743
80 12125 1-4444 30 10750 13716
78 1-2071 14414 28 1-0698 1-3687
76 1-2017 1-4384 26 1'0646 13660
74 11963 1-4354 24 1-0594 13633
72 1-1909 1:4324 22 1'0542 1-3607
70 11855 1-4295 20 1'0490 1-3581
68 11799 14265 18 1:0440 1-3555
66 11743 1-4235 16 1:0390 1:3529
64 1-1686 14205 14 1'0340 1:3503
62 1-1628 14175 12 1:0290 1-3477
60 11570 14144 10 10240 1-3452
58 1°1514 1-4104 8 10192 1:3426
56 11458 1-4084 6 10144 1-3402
54 1-1402 1-4054 4 1:0096 1-3378
52 11346 1-4024 2 1'0048 1-3354
e

+ Zeitach. f. Analyt. Chemie, xix., 302.












OXALATE PROCESS FOR VALUATION OF GLYCERINES, 521

The quantity of glycerol thus found is close to, but generally
a little below, that deduced from the saponification cquivalent
of the substance on the assumption that only triglycerides are
present.* In the case of oxidised drying oils, however, a notable
excess is observed, doubtless on account of the formation of other
products yielding oxalic acid by oxidation. Thus Benedikt and
Zsigmondy obtained the following values:—

Glycerol ca'culated from Glycerol found by Oxalls

Name of Oil, &c. '-he‘g:‘ll"“";llgﬁtfi‘"‘ Acid Process.
Olive oil, . . . . 1049 to 11°10 1015 to 10-38
Coker butter, . . . . 1476 to 1483 133 to 145
Tallow, . . . . B 10°72 994 to 1021
Cows’ butter fat, . . . 12-51 1169
Linseed oil, . . . . 1024 to 1066 945 to 997
Skins from boiled linseed oil, . 15:5 (AUen)

The following table exhibits the amounts of glycerol theo-
retically obtainable from 100 parts of the triglycerides of the
respective acids named ; the last column indicates the amount
of fatty acid simultaneously produced :—

Percentage of Percentage of

Glyceride of Formula of Acld. Glycerol. Fatty Acid.
Batyric acid, . . 305 8741
Lauric ,, . . 144 9404
Myristic ,, 127 94-47
Palmitic ,, 1142 9528
Stearic ,, 10-3¢ 9573
Oleic » 10°41 9570
Ricinoleic,, 9-98 9592
Linolic ,, . 1048 9567

In the case of the higher acids the sum of the glycerol and
fatty acids is approximately constant—viz., 106 to 107 per 100 of
glyceride used.

C. Mangold t modifies the oxalic acid process by dissolving
0-4 gramme of the glycerine to be tested in 300 c.c. of water
containing 10 grammes caustic potash, and adding 55 c.c. of a
5 per cent. solution of potassium permanganate. After standing
half an hour hydrogen peroxide solution is added until all
manganese is precipitated. A known fraction of the total fluid

* If E is the mean aa.}aoniﬁmtion equivalent of a mixture of triglycerides,
3E milligrammes of the mixture theoretically yield 92 of glycerol =
3?12? x 100, or B 1 per cent.

+ Zeits. angew. Chem., 1891, p. 400,
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nearly to dryness a residue is obtained from which nearly
absolute alcohol dissolves out glycerol along with movre or less
inorganic matter ; a rough estimate of the glycerol present is
obtainable by evaporating the alcoholic solution to dryness
and weighing, and then gently incinerating so as to burn off
organic matter, the weight of ash left being deducted from that
of the total residue. If, however, other organic matters soluble
in alcohol be present, obviously they would thus be reckoned
as glycerol ; in some cases a partial purification of the glycerol
may be brought about by again evaporating the alcoholic extract,
treating the residue with a small quantity of absolute alcohol,
and then adding one and a-half times the volume of ether ;
glycerol is kept in solution, but some of the other organic matters
are usually precipitated, so that a partial purification is brought
about. In other cases the crude glycerol may be purified by
treatment with neutral or basic lead acetate to precipitate
colouring matters, &c. When rosin is present in the liquors
they may be conveniently purified by evaporating down after
neutralising with dilute sulphuric and adding a little milk of
lime (whereby most of the rosin is converted into insoluble
lime salt) and filtering ; the residue is treated with a mixture of
three volumes absolute alcohol and one of pure ether, the dis-
solved matter weighed (after expulsion of the solvent) and
corrected for ash left on incineration (Fleming).

Another process (Muter’s)* consists in heating the crude
glycerol liquors with basic lead acetate to remove certain kinds
of organic matters that would interfere with the subsequent
1;;m'i: of the test, filtering and removing the lead by sulphuretted

ydrogen, and then treating with caustic soda or potash, and
dropping in copper sulphate solution with continuous agitation
until copper hydroxide remains permanently undissolved ; the
quantity of copper contained in the blue solution is about pro-
portionate to the amount of glycerol present (under certain con-
ditions—vide infra), so that by determining the dissolved copper
the glycerol is known. For this purpose Muter employs a
standard solution of potassium cyanide, for which the author
has substituted a colorimetric process based on comparison of
the hue of the tinted fluid (filtered) with that of a known relative
thickness of copper solution containing a known amount of
copper also dissolved in glycerol solution under the same con-
ditions.t

Unless the proportion of caustic alkali present is uniform, a
measurable difference in the solvent power of glycerol for copper
hydroxide is noticeable, as the amount of alkali varies (Puls);
so that when a cyanide solution is used it should be standardised

* Analyst, 1881, p. 41.
+ Alder Wright, * Cantor Lectures,” Society of Arts Journal, 1885,
xxxiii., p. 1123.






525

INDEX.

A
ABBS, refractive index, 51.
Abel, flashing point apparatus,
126.

Absolute measure, determination of
viscosity in, 107.
Absorption of oxygen by fatty acids,
113.

by oils, 42, 125, 129-
137, 318, 341.

during cod liver oil
extraction, preven-
tion of, 248.

quickened by boil-
ing, 129, 313.

test for lubricating
oils, 134, 330.
See also Oils
(blown), Oils (dry-
ing), Gumming.

9 spectrum, 50.
Acajou—see Oil (cashewnut).
Accumulators—see Hydraulic presses.
Acetic anhydride, action on acids

from Turkey red oils,

” ”

”

,» action on alcohols, glycerol,
&e., 8, 13, 186, 191.

,» action on cholesterol and
allied bodies, 17, 191.

sy 8ction on hydroxylated
acids, 35, 37, 41, 186-191.
» &ction on non-hydroxy-

lated acids, 1§9-191.
,» action on cenanthol, 25.
Acetyl acid number (acetyl saponifi-
cation number), 187.
Acetyl number, titration ; acetyl
number, distillation, 198.

Acetylation test (acetyl test, acetyl
number), 17, 43,
121, 129, 157, 341.

s» process of working,
186-191.

,»» Pprocess of working,
Lewkowitsch’s dis-
tillation moditica-
tion, 190, 198.

”

Acetylation test, use of, in analysis of
glycerine, 8, 186,
516.

,» in  analysis of
lubricants, 329,

» in  analysis of
Turkey red oils,
335

”

”»

y» in  analysis of
Yorkshire
grease, 273.
Acid, acetic, 20, 288.
as solvent (Valenta’s
test), 55-57, 347, 349.
formed from oleic acid
24, 28, 30, 387.
acetyl oxyoleic, 189.
»» _ OXystearic, 186,
acrylic, 25, 27.
aldepalmitic, 24, 25,
angelic, 25.
anhydrodioxystearic, 42, 46.
possibly formed in
blown oils, 319.
arachic (arachidic, butic), 21.
separation from other
fatty acids, 112,
azelaic, 34, 35, 36.
benic (behenic, benistearic), 21.
benolic (behenolic), 31, 32, 45.
benomargaric, 21, 22,
benoxylic, 45.
benzoic, 19, 32.
benzoleic, 32.
benzoyl oxymyristic, 37.
brassic (brassaidic), 28, 29, 44,
129.
bromohypogeic, 42.
bromoleic, 23, 41.
bromomyristic, 38.
bromostearic, 30.
butic—see Acid (arachic).
butyric, 20, 268.
camphic, 32.
campholenic, 32.
caproic —see Acid (hexoic).
capric—see Acid (decoic).
capryhc—see Acid (octoic).

”»

” ”

” ”
”
”
”»
”»”
”»
”
”» ”
”
” ”
”»
”»
”»
»
”
”»
”»
”
”»

»
”
”
”
”»
”
”
”»
”
”»
”

s carbolic—see Phenol.
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Acid, myristolic, 31, 32.

”

”

””
”»

k2l

nitrous, test with—see Elaidin
reaction.
nitric, test with—see Nitric acid
octenoic, 25.
octoic, 20.
cenanthic—see Acid (heptoic).
oleic, 25, 38, 68, 75, 90-92, 113.
,» action of acetic anhy-
dride on, 190.
” ”
on, 27, 176, 180.
” "
24, 28, 30, 387.
of nitrous acid on
(elaidin reaction), 28.
., of sulphuric acid on,
27, 145, 149.
of sulphur chloride
on, 165, 156.
of zinc chloride on,
39, 142.
,, amount in candle stear-
ine, 375-377.
,» conversion into stecaric
acid, 26, 386, 387.
sy determinationof(Muter’s
process), 376.
,» oxidation products of,
10, 28, 43-45, 128.
s separation from other
acids, 112, 376.
»» 8oap—aee Soapmaking.
o yield from ox fat, 311.
See also Red oils.
oleo-oxystearic, 330, 331.
oleo-stearic, 331.
orthopropionic, 12.
oxybenzoic—zsee Acid (sali-
lic).
oxyhypogric, 41, 43.
oxylinoleic, 125, 134.
oxymyristic, 37, 38.
oxyoleic, 41, 42, 43, 332.
,» contained in dégras, 336.
,» formed in blowing oils,
319,
oxypalmitic, 38.
oxystearic, 25, 27, 38, 39, 43,
143-145, 330, 384.
oxystearosulphuric, 27, 29, 38,
144, 330.
palmitic, 21, 44, 72, 74, 91.
»» action of acetic anhy-
dride on, 190.
» artificial, manufac-
ture of, 387.
» formation from cety-
lic alcohol, 13.

-
.
<

-
-
-

” (3]

of bromine and iodine |

of fused potash on,’
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Acid, palmitic, formation from oleic,

isoleic, and elaidic
acids, 30— see also

Acid, oleic, action of
tash on.
,, mixed with stearic—asee
Candle stearine.

,» occurrence in arachis oil
denied, 111.

,»» Ppresent in spermaceti of
low grade, 361.

,» separation from other
acids, 112, 113, 376.

,» used fornight lights, 407.
palmitolic, 31, 32, 45,
palmitoxylic, 45.
paraffinic, 21.
parasorbic, 32.
pelargonic—see Acid (ennoic).
pentadecoic, 20, 21.
pentaricinoleic, 147.
pentoic, 20.
pentolic, 32.
petroleumic, 25.
phoronic, 25.
phosphoric, colour test, 151.
physetoleic, 4. 25.

,,  characteristic of train
oils, 292.
propiolic, 32.
propionic. 20.
pyroterebic, 25.
rapic, 41, 43, 284,
ricilinolic, 32, 36.
ricinelaidic, 40, 43, 44.
ricinic, 41.
ricinoleic, 39, 40, 90, 176, 180.
,+ action of fused potash on,
40,

,» oxidation products of, 19,
40, 43, 44, 129,

,» polymerised, 146, 147,333,
ricinoleosulphuric, 145,332,333,
salicylic, 5, 19.
sativic, 19, 34, 35, 43-45, 135.

,, ascharacteristic oxidation
product, 128, 344,
,» formed from olive oil, 344.
,» not formed from animal
oils, 291.
sebacic, 40.
sorbic, 32.
stearic, 21, 72, 73, 88-92, 155,
156, 190, 309.
,» adulterant of beeswax and
spermaceti, 359, 361.
,, formed fromlinolicacid,34.
from oleic acid, 26,
386, 387.

" ”»
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Alkalimetrical assay, 420.

Alkaline carbonates as saponifying
agents, 409, 410.
causticising of — see

Causticising.
direct use in soap-
making, 409, 438,
453, 460, 463.
,» earths, use in refining, 256.
,» refiningprocesses-see Refining.
s 808p, Injurious effects — see
Soap, alkaline.
»» solutions, strength of, 418, 419,
Alkalinity, degrees of —see Degrees.
. negative, 498, 499.
s of leys, 414-419.

” "

”» [ 3]

- ,» corrections for impur-
ities, 419.
” ,» effect of temperature

on density, 416.
’ of soda, British trade cus-
. tom, 420.
Allbright & Clark, spontaneous in-
flammation, 132.
Allen, A. H., beeswax, 358, 359.

. bromine reaction, 177.
” distilled cotton seed
stearine, 305.

’» glycerine valuation, 519.
» linolic acid, 34.

» Maumené's test, 149,

» melting points, 71.

» nitric acid test, 140.
” Reichert’s test, 174.
. relative density, 89, 93.

’ saponification  equiva-
lents, 160.

. soap analysis, 494, 507.

” sugar test forsesamé, 346.

” sufphur in oils, 123.

» sulphuric acid colour re-
actions, 151.

. test for arachis oil, 344.

’ Valenta’s test, 56.

e viscosimetry, 99, 101,104.
» waggon grease, 327.
Allen and Nickels, glycerine extrac-

tion, 515
Allen and Thomson, free alcohols in
sperm oil, &c., 171.
,»  unsaponifiable matters in
various oils, &c., 257.
Alligator fat, 299.
Allihn's condenser, 239.
Allyl cyanide, 25.
,, ethers, 15, 25.
Almonds, sweet and bitter—see Oil
(alinonds).
Alpaca fat, 299.
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Alum in lard, 307.
5 USE _in cleansing rancid tallow,

Aluminjum oleate used in thickening

oils, 121-124, 324, 329.

,»  Soaps, 121-124, 324, 328, 329.

Aluminoferric cake, aluminium sul-

phate, use in recovering grease,
270.

Amagat and Jean, oleorefractometer,

51

Aml;reol (ambergris), 3, 17.
Ambiih), specific gravity vapour bath,
80.

American mineral oils, viscosity, 105.
Ammonia process for alkali manufac-
ture, 410.
' saponification process, 379,
410, 515.
’ salt, dealkalising process
(Alder Wright's) — see
Wright, Alder.
Angelica, 25.
Anglo-American system of oil pres-
sing, 210, 215-218.
Anhydrides, fatty, in analysis, 371.

,» of dioxystearic acids, 42, 46.

,» ofnonhydroxylatedacids, 189.

,» of oxystearic acids, 30, 39.
Animal charcoal, use of, in decoloris-

ing oils, &c., 263, 269.

' »» use of, in deodorising

cokernut oil, 310,
,, in purifying gly-
cerine, 514.
,»» in  purifying lan-
olin, 339.

,y fats, acids from, 21, 23.

»» s rendering of, 245-251,
Anise camphor (anethol), 192, 194.
Anschiltz, action of acetic anhydride

on benzoic acid, &c., 189.
Anthracene, extraction from anthra-
cene oils, 230.

, Oils (coarse lubricants), 328.
Antifriction ingredients, 324-328.
Aqua regia, colour test, 151.

Arachin (arachic glyceride), chief con-

stituent of Rambutan tallow, 296.
Arachis nuts, decortication of, 224.
Armometer, 77.

. (Burstyn’s method), 118.

' Lefebre’s, 79.

v thermal, 82, 347.
Archimedean screw (mixing soap),

440.
Archbutt, elaidin test, 138,
v free fatty acids in burning
oils, 313,

”" ”

L2 ”
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Bone fat, extraction of, from bones, Butter, cow’s. water contained in. 122,

251-254.

,» removalofcalcium phosphate,

&c., contained in, 256.

Bone tar (bone oil, Dippel’s oil), 2, 5.
Borneol, 15.
Borith, 449

Bosch—see Margarine.
Bottlenose whale—aee 01l ( Doeghnz)
Bran from cotton seeds, 304.
Brandy fusel oils, 14.

Brassica (rape, colza), various spectel

of, 348.
Bnun and Liebreich, lanolin, 338.

Brez, de, moulded mdlu invented

by, 363, 395.
Brine — see Salting out.

Briok, caoutchouc in lubricating oils, | !
Brin's Oxygen Co., oil boiling process, '
321 :

Bromine abeorption, 26, 176-179.

”» reaction, formmg propiolic

acids, 31, 32,

Bromo substitution’ derivatives—see '

Substitution.

Bruijn, de, and von Leent, oleore-

fractometer, 51- 53
Buccia (olive marc), 343.
Baisine, beeswax, 269, 358.
Burstyn’s method, 118.
Batter, animal, 174, 298.
(ewes’, goctl'

” ”

poises’), Reicl ert

number of, 174
. cow’s, adulteration ol' 310.
fat of, 3, 9, 299.

(1] ”

from, 20, 23, 70.

166, 310.
,» 1odine
181-1%4, 310.

51-53.
174, 310.

equivalent, 160,
310.
” ”
” "

» , quality of 303
.: ',, 2.1& contained i in, 123.
9 ,» 8weetening rancid,

., acids obtainable
,, Hehner number,
number,
» mflting point, 67-
” rt;g;ctive power,
,» Reichert number,
,» saponification

,» solubility, 54-56.
v speciﬁc gravity,

by
washing with water, 281.

»» general nature of, 1.
,» mineral ;antimony, tinl. 1.
vegetable vegetable & fat, veget-
able tallow .. 2, 6, 47.
4 Class, 2w2, ‘2.45

Bntten, vegetable. exprestion clemes

from—ae Oleines
lesser known, 295-295

oy "

B tters, vegetabie—

Andirota fat—sse Oil ¢ N

Bassia fatr (Illipe butter, Makwa
butter.. 21, 56, 67, 57, 241, 243,
295, 363.

Bayberry fat—ses ixra Laxvrel
butter.

Borneo tallow ‘Malayan tallow,
Fever nut butter), 242 296

Butter naut fat. 297.

Cacao butter, 21, 241, 295.

” cremical properties.,
160, 114 isl-154
. vug
Ph 56, 6;-.0. %,
3-.91. i}
. thenvromic acd =,
"Dl ﬂ

Carapa fat—ass i ‘carapa -
Chm:e (Stillingia allow. 21, 76,
295. 3.

waler process,
.
. r;elid.m
qumwb—t‘ 2

Cocculus indi-=s fs‘. 4.

Coker butter—se (71 . -EsTLIT.

Copra butter— ., .-

Coumoa buteer—ase (L wozee,.

Dika fat. 2.2 232 247,

Fevernut bitver e nrz bremen:
tallow.

Fulwab iotser Iniias vatter. 242,
295,

Galam butter—se mrs Soes
batter .

Goa butter Kok fat. Max s
oil . 65. 242, 205

Ilipe boter—ae rorra Daama a3
Fulwa: vctur—ee cprs
Fulwah butter

Karanja butzer. K X tTvax
(Ponza wutter, Poega o, P omnds
oil.. 242, 295,

Kokum fai—er rurea (vm UISue.

Laare: butter Lawrslo . .;n Ty
fat.. 2. 7. Lo 1= .

Macaja butier. 243, 27

Mafora taLow. 285, =,
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Elaidin reaction, 28, 40, 341.

methods of working,
137-139.

solubility diminished
by, 55.

Elbow press, 202.

Electrical conductivity, 53.

»»  method (melting points), 65.

Elevators, 221-225,

Ellinger, Danish butter, 53.

Ellwood, Valenta's test, 57.

Enfleurage, 302.

Engine waste, grease from — see
Grease.

Engler, viscosimeter, 101.

Englerand Kiinkler, viscosimeter,101.

English degrees (alkali), 420.

Entozoa present in inferior margarine,
308.

Envelopes (oil pressing), 217, 221.

Equivalent quantities of soda and
potash, 425, 426,

Error due to neglect of expansion, 77,

’” "

78.
Errors, tables of, construction, 82-84.
Equivalent, mean, of fatty acids—see
Acids (fatty).
. suponification — see  Sa-
ponification equivalent.
Erucin (erucic triglyceride), 11.
Erythrol, 4.
Erythrols from diallyl hydrocarbons
by oxidation, 44.
Eschwege seife, 461.
Essential oils— see Qils (essential).
Ester number (Esterzahl), 162, 195.
Estrayer cylinder (oil press), 204.
Ether as solvent for lead salts, 112,
128, 136, 3356,
376, 501.
oils, &c: 55, 119-
124, 231, 262,
273, 328, 359,
495-497, 501-503.
Ether, petroleum — s-e Pectroleum
ether.
Ethers, compound—sce Compound
ethers.
Ethyl acetate, 4.
,» linolate, 34.
Ethylene, action of chlorine on, 26.
” diacetate, 4.
Eugenol, 194.
E\;%omting point (lubricating oils),

” T}

Evrard, alkaline tallow rendering
process, 249,

Examination of oils, &c., general
scheme for, 124.
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Expansion of glass, 77.
pu." ,, correction for, 77, 78.
' oils, &c., Allen’s results,
90

Crampton’s re-
sults, 93.
Lohmann's re-
sults, 94.
Wenzell's re-
sults, 93.
Experimental laboratory press, 213.
Expression in stages, 212,
Extraction of oils by solvents, ap-
pliances for, 232-240.
Extractive matters, fermentation,
causes hydrolysis, 10.

F

FAHRENHEIT scale, 57-59.
Fahrion, boiled oil, 135.
Fan (soapboiling), 433, 434, 460, 469.
Farina as adulterant of fats, 123—-see
Starch.
Fat, animal, class, 2582, 298.
,» Dature of, 1.
,» unsaponitied, determination of,
119.
Fats, animal, expression of oleines
from, 299.
from birds, 298.
from milk (animal but-
ters), 174, 208 —xee
also Butter (cow’s),
from reptiles, 299,
refining and bleaching,
254-268.
rendering of, 245-251.
tallow, lard, butter
cluss, 282, 298.
5  vegetable—asee Butters, vege-
table.
Fatty acids—see Acids, fatty.
,, Matters in seeds, nuts, &c.,
115, 237-244.
Fawsitt, sulphur chloride and oils,
155.
Ferrous

” i3
” ”

” ”

LE] ”»
” ”»

sulphate as decolorising
agent, 264, 269,
used in soap mot-
tling, 471.
Fibre from cotton seeds, 304.
Ficus gummiflua, 14,
,» rubiginosa, 16.
Field, Leopold, candle nut oil, 287,
s candles, &c., in the Ro-
man period, 363.
»» lamp chimneys, 313.
9 soaps, 509.

” ”
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Glycerides, mixed—see Mixed gly-
cerides.
” saponification equivalents
of pure, 158.
»» »» Of, in three stages,
468,

synthesis of, 11.
manufacture of (glycerol
extraction), 513-516.

’» analysis and detection of
impurities, 515.
" extractionfrom soap leys,
451, 468, 469,
541.
» y» from soap leys, com-
position, 514.
v ,» from sweet waters,
513, 514.
»”» loss in sulphuric acid hy-
drolysis processes, 381.
” production in candlemak-
ing processes, 311, 366,
373, 385, 513.
' production in soapmaking
processes, 450, 451,
466-470.
» valuation, acetyl process,
8, 191, 516.
bichromate process,
8, 516.
»” ,»» David’s process, 522.
» ,» litharge ,,  524.
’ sy Muter's ,, 523
oxalic acid process,
8, 519.
by specific gravity,
516, 517.
by tension of vap-
our, 518, 519.
»” yield from ox fat, 311, 312,

Glycerine,

” ”

” 2
” ”

” ”

»» » Ppractical, from
various glycerides,
521.

»” ,» theoretical, 162,195,
Glycerine soaps—see Soaps (special
inds).
Glycerines (commercial products), 8,
10, 513.
Glycerol, 4, 7, 110, 513. [144.
»»  action of sulphuric acid on,
heaton—see Acrolein.
standard in viscosi-
metry, 101.
»  calculated yield from tri-
glycerides, 521.
s  crystallised, 7, 514,
s  formation during examina-
tion of oils, 124.
. s» from allylic alcohol, 44.

”» ”
) as

541

Glycerol, formation on saponifyin,
’ adulterated goeesv{sx&:

359.

» sy ON sa(ronifying adulter-
ated sperm oil, 354.

’ » on saponifying Tur-
key red oils, as a test
334.

. physical properties of, 7.

» qualitative tests for, 8, 516.

s quantitative—aseeGlycerine,
manufacture of (valua-
tion).

” retained in cold process

soaps, &c., 460,
456-466.

calculations respect-
ing, 464-466.

” ”

Glycol, 4.
sy from Carnauba wax, 5, 18.
» ,y olefines by oxidation,44.
Goat's tallow—are Tallow.
Goods, “‘killing” of, in soapmaking,
433, 468.
,» rancid, deodorising soap made
from, 267.
Goose grease, 68, 184, 298, 299.
Gossage, method of emptying soap
pans, 434,
Graf, theobromic acid, 22.
Grain spirit fusel oils, 14,
Graining soap—see Soapmaking.
Granulating presscake—see Separa-
tion cake.
Grape fusel oils, 20,
Grease, birds, 298.
s  bone—see Bone grease.
, curriers’, 336.
,,  distilled, 277-see Distillation.
, engine waste, 236, 279, 324.
,» from hot pressing—see Hot
press.
,» from silk soap suds, 279.
,y fullers’, 279, 250.
,»  horse,mare's—aseeOils(horse).
, lubricating—see Lubricants.
,» recovered, 262, 270-280.
used in soapmaking,
450, 453.
»» recovery by Yorkshire pro-
cess, 272—see
Yorkshire grease.

” ”

» v by lime process, 271,

,» trade refuse (tannery grease.
&ec.), 299

. . used in soap-

making, 409.
»»  Yorkshire — see Yorkshire
grease.
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Hurst, efflux viscosity values, 105.
Valenta’s test, 56, 57.

» Viscosimeter, 101.

»  Yorkshire grease, 276-279.
Hyena fat, 21.
Hydrated soaps—aee Soapmaking.
Hydration of anhydrides, &c., 41-43,

45.

”»”

of isoleic acid, 38.
Hydnnhc filter press — see Filter
press.
. presses, 207-212, 215-218.
Hydriodic acid, action on isoleic
acid, 30.

» ,» action on linolic acid,
34.

Hydrocarbons, 2, 3, 5, 54, 90.

detectlon in linseed oil, 352.

in olive oil, 347

in rape oil, 349.

in Turkey red oils,
335

”
”
”
”

”
”
’”

in wax and sper-
maceti, 359, 361.

” "

' determination in lubri-
cants, 329.

. msoluble in glacial acetic
acid, 57.

» mmera.l solid—see Cerasgin,
Ozokerite.

» miscible with blown oils,

320, 321.
presence of, in distilled
oleines, &c., 120, 258,
261,274-278, 377, 378.
in engine waste
grease, 279.
saturated and unsaturated,

”

” ”

separation of, from oils,
119-124.
use of, in manufacture of
lubricants, 322-329.
used as adulterants, 120,
121, 335, 347-349, 352.
Hydrocarotin, 18.
Hydrochloric acid,
bummg wax tap-
ers, 267, 365.

”

”

oil making, 331.
removal of lime salts
frombone fat by,256.
used in grease re-

covery, 271.

process, 308.
,, in oleic
valuation, 376.
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Hydrochloricacid used with bleaching
powder, &c., in decolorising oils,
&c., 264-266.

Hydrogen, atmosphere of, in cod liver
oil extraction, 248.

evolved by fusion with

alkalies, from
acrylic acids, 24,

,» from alcohols, 13, 121.

»» from glycols, 18.

,» from glycollic acids,
37.

nascent, as dechlorinising
agent, 31, 35.

peroxide as bleaching
agent, 264, 339, 359.

Hydrogenation of acids, 20, 26, 32,

”

» aldehydes, 14, 15.
Hydrolysis accompanies rancidity,
.10, 12, 114, 292,
but little effected by light,

131.
by superheated steam, 10,
110, 125, 261.
autoclaves, &c., 373
—-sve also Distillation.
condensed  ricinoleic
acids, 146, 333.
of oils, &c.,7,10,12,114,116.
of soap solutions, 12, 23,
456-488.
of soap solutions, rate
diminished by presence
of alkali, 487.
sulphuric acid com-
pounds, 27, 29, 331, 333.
of Turkey red vils, 331-333.
water taken up during, 10,
275.
Hydrometer, 77.
scales, 84-86.
table of errors,
structlon of, 83.

in

of

of

”»

” con-

evolved from'

formed in Turkeyred .

Hydrostatic balance, 77-79, 81.

table of errors, construc-
tion of, 83.

Hydroxylinolein, 136, 137.

”

I

IcELAND moss in lard, 306.
Ignition point, 329.
“1llipd fat—see Butters, vegetable.

,» in Mege Mouries | Impurities, systematic examination

for, 124.

acid 'Incipient melting und solidifying

points—see Melting point.
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Lamps, 312, 313, 362.
Langbeck, lanolin 339.
Langlet, thermal arometer, 82.
Lanolin, 274, 336, 337-339.
in soaps, 448.
manufacture of, 337.
s»  sulphurised, 339.
sy tests of quality of, 339.
Lant Carpenter, lubricating oils, 325.
soap analysis, 510.
soap boiling, 470.
sulphuric acid pro-
cess, 381, 388.
Lard, 21, 164, 299, 303-308.
adulteration of, 306, 307.
artiticial, 307.
damaged, used for soapmaking,
408

”
”»
”»

”»
”»
”

free ﬁ;tty acids in, small when
fresh, 307.

iodine number of, 181-184, 307,
356,

”

”

manufacture of, 306.

melting point of, 68, 306, 307.

oil—see Oil (lard).

Reichert number of, 175.

saponification equivalent of,
160, 307.

solid suspended matters in, 123.

solubility of, 56.

specific gravity of, 88-93, 307.

stearine (solar stearine) — see
Stearine (lard).

unsaponifiable constituents in,
&ec., 257, 307.

vegetable, 305, 310.

,»»  Wwater contained in, 122, 307.

Laurent, polarimeter, 50.

Lauric aldehyde, 14.

Laurin, lauric triglyceride, 11.

Lead wetéate, use in boiling oils, 262,

14,

contained in oils, 121-124, 314.

oxide as saponifying agent, 410.

oxides as driers, 314.

plasters, 410, 485.

salts soluble in ether—ses Ether
as solvent.

salts, useof, in refining, 256, 263.

”»
”
”
”
”

”

”
”
”
2
”

, test (Livache's), 133.

Leather currying, leather grease, 302,
336, 339.

Leblanc process of alkali msnufac- |
ture, 410. :

Lecithin, 121, 240, 259. :

determination of phospho-!

rus in, 124, 240.

Leeds, soap analysis, 494.

Lefebre, ol 7

”

y 19,
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Le]ﬂ'rgmnand Beam, Reichertnumber,
75.
Legler, consistency tester, 139.
Lenz, density of glycerol solution, 517.
Lepenau, leptometer, 106.
Le2| ner, bonefat extraction apparatus,
53.
Lever presses, 199.
Lever and Scott, carbon tetrachloride
as solvent, 236.
Levinstein, lanolin, 339.
Lewkowitsch, acetylation test and
modification thereof,
189-191, 198.
distillationunder dim-
inished pressure, 383.
rosin in soap, 502-504.
Yorkshire grease, 272.
»» analysis
of, 274.
Leys, alkalinity of—see Alkalinity.
,» calculations respectingquantity
and strength of—see Calcula-
tions.
»» causticising —see Causticising.
spent—aee Soapmaking, Glycer-
ine manufacture,
use of, in soapmaking — see
Soapmaking.
Liechti and Suida, sulphuric acid and
oils, 144.
Liebig, distillation of acids, fractional
saturation, 112.
Light coaltar oils, 2.
petroleumdistillate—see Petro-
leum ether.
Light, effect of, on oils—see Oils, effect
of light on.
facilitates air bleaching of wax,
8, 269.

larised (polariscope), 17, 50,
e p°34 52.

”
”

” ”»

”

”

sugar valuation in
soap, 505.
Limburg cheese, 20.
Lime, use of, in causticising alkalies
—see Causticising.
making railway
grease, 327.
recovering grease, 270.
refining oils, 256, 261.
stearine manufacture,
365, 369.
Lime rosin soap (railway grease), 327.
Lime soap (grease recovery), 271.
in  candlemaking — sze
Candle stearine.
in lard, 307.
in lubricants, 3‘;4_.327 1328,
bl

” ”

”

”
”
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Melting points, determination of,
60-67.

-67.
distilled fatty acids, 354.
erucic and brassic acid|
derivatives, 29, |
mixed fattyacids,69-76,341.
oils and fats, &c., 67-69.
polyhydroxylated stearic
acids, 43.
propivlic acids, 32.
synthetic triglycerides, 11.
Mercuric bromide, use of, in Hiibl’s
test, 179.

” nitmte, colour test, 151,
Mercury and nitric acid test, 138.
Merryweather & Sons, improved dry

heat rendering arrangement, 247.
Metallic salts, used in refining oils,

262, 263.
80aps, detection in oliveoil, 347.
formed in paint, 135.
in lubricants, 324, 328.
in oils, &c., 121-124, 315,

324, 485.
in ordinary soaps, 410.
ironsoapinmottling,472.
isolation of metallic con-
stituent (analysis),328.
Methyl esters (bra.aslc and erucic), 29.
number (methyl iodide test),
157, 191-194, 196.
orange as indicator, 420, 497,

”
”

(2]
.y

"

»
”
”»
”

”
"
”»

"
”
”

”
2
”

”

”

e
Methylic ethers, 5.
Mica (antifriction), 324, 32§.
Michaud Freres, glycerine manufac-
ture, 513.
Milk fats, composition unlike that of
body fats, 298.
v Reichert number, 174.
Milling machinery (toilet soaps), 446-
448.

Mills, viscosity, 107, 108.
W., oil bleaching, 264,
Millsand Akett, Mills and Snodgrass,
bromine al)sorpt,mn, 177.
Milly, de, candle material, 365.
s wicks, 394.
Mineral acids, injurious effect of —see
Acids, mineral.
Miiellon, 336.
Moller, improved cod liver oil extrac-
tion process, 248.
Momlcr und Bontigny, candle stear-
ine,
Monoglycendes, 10.
synthesis of, 11.
Morawakiand Demski, iodine absorp-

647

Morfit, oleine soap process, 453.
steam series of soap pans, 432.
steamn twirl, 428, 429.
,» use in makmg lub-
rlctmng grease, 3?5.
,» use in making resin-
ate of soda, 453.

Mortars (mortuary candles), 406

Mottled soaps—see Soapmaking.

Moulding, Moulding machine (oil
pressing), 215, 221.223.

Mountain ash \)erm,s 32.

Mucilage (vegetable mucus), deter-
mination of,
118-123.

removal from
oils—=zee Oils

(claritication).

Miiller-Jacobs, sulphuric acid and
oils, 144.

Muirhead and Alder Wright, zinc
chloride and oils, 141.

Mulder, drying oils, 134, 136.

Muntz, thermal areometer, §2.

Muter, colour reactions, 142.

determination of oleic acid,
376

”
”
”

’”

s  olein tube, 376.
»  8pecific gravities, 88.

Muter and Koningh, separation of
fatty acids, 307, 356.

Mutton tallow—see Tallow.

Myncm (myricylic palmitate), 4, 358,

Mynstlc aldehyde, 14.
Myristin (myristic triglyceride), 11.

N

NaTrON, 409, 449.
Natural naphtha —see Oils (mineral).
Negative alkalinity, 498, 499,
Negur (negre, nigre, mgger) of fitted
soaps, 471
Neill & Sons, modern soap coppers,
433.

remelting pans, 441.
heutral oil (Yorkshire greasc), 276-
279.

Neutralisation number of fatty acids,
164, 169.
,» mixed acids, calcu-
lation of composi-
tion from, 172.
Nightlights, 312, 402,
manufacture of, 406.
Niin fat Niin wax, 302

”»

tion, 184,

Nitric wcxd test, 139, 153, 204, 341.
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Oil, cabbage, 115.

”

9’

”

»

-
- e

”

calabar bean (poon sced, dilo,
domba, pinnay, tamanu oil;
poona fat, tacamahac fat), 241,
291, 296.
camelina (German sesamé, gold
of pleasure), 241,
286.
’s ,» tests for sulphar in,
»» use in soapmaking
— see Soapwaking.
canary—see Oil (Java nut).
candle nut (bankulnut, kekune),
241, 287. R
carapa nut (crabwood nut oil,
touloucoona oil, coundi oil,
andiroba fat), 242, 296.
caryocar, 297.
cashew (acajou), 241, 289,
cassia, 19.
castanha—asee Oil (brazil nut).
castor, 14, 20, 25, 43, 241, 285.
y» action of sulphuric acid—
see Oils (Turkey red).
ss  » zinc chloride on, 141.
,» blown, 321,
s class, 281, 284.
»» effect of exposure toair, 136.
s heat on, 40.
» extraction by hot water
process, 200.
y»» Telative price of, 342.
soap —see Soapmaking.
soluble, 188, 321—see Oils
(Turkey red).
»» Use in soapmaking, 408,
centaury, 242,
chamomile, 14, 25.
charlock, 241.
chaulmoogra, 20, 242, 297,
cherry kernel, 283.
chinese cabbage, 284, 348.
chironji, 242, 289,
cinnamon, 19,
cloves, 194.
cod (lubricating), 330.
cod fishand cod liver, 257,258, 294.
,y extraction of, 247,

”

. 248,
’ ,, extraction of, ex-
clusion of air dur-
ing, 248. .
’ ,» relative price of,

342 —see Oils
(liver, tish liver).
,» used for soapmak-
ing—asee Soapmaking.
cokernut, 20, 241, 257, 258, 295.

=

oi

”

-

”
”»
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1, cokernut, deodorisingrancid, 261,

' separation of coker
stearine from, 231,
305 —see Stearine
(cokernut).
» spelling of, 3.
» use in soapmaking—see
Soapmaking.
colocynth (bitter apple, 241, 288,
colza (cole, cole seed, kohlsaat),
348-—see Oil (rape).
combo nut, 242. .
copra (coprah)-see Oil (cokernut).
corn poppy, 242.
cotton seed, 241, 257, 258, 286.
" absorption of oxygen
by, 330

y X
. action of sulphuric
acid on—see Oils
(Turkey red).
' adulteration of, 347.
adulteration of lard
with, 306-308.
. as lubricant, 322,325.
’ Becchi's test for—
see Becchi’s test.
. blown, 319.
' clarifying and refin-
ing, 255-263.
class, 281, 286.
refined, use as edible
and cookingoil, and
as adulterant of sa-
lad oils, 267, 304.
' relative price of, 342,
» use in soapmaking—
8¢ Soapmaking,
utilisation of a ton of
cotton seeds, 304.
coumu nut (coumu butter), 289,
297

”

”
”

cow parsnep (heracleum), 5,14, 20.
crabwood nut-see Oil (carapanut),
cress seed, 241, 286.
croton, 20, 25, 287.
curcas (purqueira, purgir, jatro-
pha), 20, 285.
datura (strammonium seed), 21,
244.
dilo, 201—see Oil (calabar bean).
doegling (bottlenose whale, arctic
sperm), 3, 25, 258, 300, 360.
,» (oubt as to existence of
doeglic acid in, 24,
,»» relative price of, 342,
»» Yyields spermaceti of higher
melting point than cachelot
spermaceti, 360.






Oil,

”
”
”
”
”

-
-

-

INDEX,

mai —asee Oil (zedrach).
menhaden (porgie), 249, 258, 294,
” relative price of, 342,
meni seed, 289,
morse, 293.
m’poga nut, 289.
mustard, 15, 21, 25,243, 234, 348.
. tests for sulphur in, 123,
neat’s foot, 286, 298.
v as lubricant, 322, 325.
” relative price of, 342,
nettle seed, 243.
neutral (Yorkshire grease), 276-
279.
niger sced (ramtil), 243, 286, 408.
. relative price of, 342.
night shade seed, 243.
niko nut, 289.
nimb (neem)—are Oil (zedrach).
nut (walnut), 243, 291.
nutmeg, 20, 243, 295.
odal, 238,
olive, 243, 257, 258, 283, 322.
absorptionof oxygen by, 330.
action of sulphuric acid on
—aee Oils (Turkeyred).
adulterations of, 344-347.
as lubricant, 326.
class, 281, 282,
extraction by hot water
process, 200.
relative price of, 342,
relative tendency to gum-
ming, 323.
sources and production of,
342-344.
taste improved hy presence
of free acids, 116.
used for soapmaking—see
Soapmaking.
olive kernel, 243, 343.
extraction of, 343,

”
”

"
”»
”»
"

" "
oolachan, 294.
opochala, 288, 289,
owala, 283, 289.
palm (palm butter), 21, 243, 257,

205, 322,
bleaching processes. 264,265.
as candle material — see

Candle stearine.
extraction of, by hot water

process, 200.
use in soapmaking — see

Soapmaking.
palinkernel(palmnut),20,243,295.
extraction by sol-

vents, 200.
use in soapmaking—

see Soapmaking.

”
”»

”

”

"

0il
”
”

-
-

-

551

, pea, 121, 259,
peach kernel, 243, 283.
peanut—see Oil (arachis).
pelargonium, 20.
pilchard, 161, 294,
pine—see Oil (red pine).
pinnay, 291 —see Oil (calabar

)

piquia (pekea), 297.
pistachio nut, 244, 289,
plum kernel, 283.
poppy seed, 33, 243, 257, 201.
relative price of, 342.
use as cooking oil, 304.
s in soft soapmaking
Del —h—«ce StlJ]spmnkin .

rpoise (Delphinus phocenaoil),
porp 247, 293.

"
”»
”

’ contains valerin, 301.
ponga — see Butters, vegetable
(karanja butter).
poon seed—see Oil (calabar bean).
poondi —see Butters, vegetable
(karanja butter).
porgie—asee Oil (menhaden).
pumpkin seed (gourd seed), 243,
288.

purgir nut (purqueira, jatropha,
curcas)—see Oil (curcas).

radish seed, 244.

ramtil — see Oil (niger seed).

ray liver, 294.

rape (colza), 21, 25, 49, 257-259,
284, 313, 322, :

absorption of oxygen by, 330.

adulteration of, 349.

as standard of viscosity,
101, 349.

blown, 319, 320.

class, 281, 284.

fatty acids and glycerides
contained in, 11, 41,

injurious effects of free
acids on, 115, 313.

insoluble in acetic acid, 565,
349.

refining of --see Oils, refining.

relative price of, 342.
,» tendency to gumming,

323

»
”»
”

”»
1]
"

tests for sulphur in, 123.

used for soapmaking, 408.

,s yield of, 241, 348,

rarlm (raps;r:fn), 348. '

red pine (pine oil, pinaster
oil), 244, 287.p

rosemary, 15.

rosin—see Rosin oils.

riibsen, 348.
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Qils, anthracene—see Anthracene.

”

”
”»”
”

Benedikt and Ulzer’s test—asee
Acetylation test.
blacktish, 203.
bleaching of, 263-268.
,» partly effected by pre-
cipitation of mucilage,
&ec., 263
blown, 42, 90, 123, 130.
,» chemical changes during
manufacture of, 319-321.
,» manufacture of, 264, 319.
blubber—xee Qils (cetacean).
body of —see Viscosity.
boiled—see Oils, drying (boiling

of).
bone—see Bone fat,
bromine absorption of, 176-179.
burning (lamp oils), 2, 5, 302,
312,

,» injurious effect of free
acid on, 116, 260, 313.
cetacean (blubber oils, train
oils), 6, 113, 116,
292, 293, 299, 360.

’ extraction of, 247.
. from toothed whales
yield spermaceti,

293, 300, 301.
. separation of alco-
holiform constitu-

ents from, 121.

’ separation of sper-
maceti from, 300,
301, 360.

characteristic oxidation pro-
bdn?tal‘)fl’l 128. d d
chemmical changes durin yin
of, 134-137.g going
clarification of, by chemical
processes, 254-263, 349.
»» byfilter presses and ordin-
ary filters, 228, 255, 257.
y» by standing in contact
with water, 344,
classification of—see Classifica-
tion.
cleansing of —see Oils (refining).
coaltar, 2, 5, 50, 328.
cod, 204 —see Oil (codfish, cod
liver).
cohesion figures of—see Cohe-
sion figures.
cold drawn, 114, 212,
colour of—see Colour.
,, reactions of—see Colour
reactions,
congealing point of—see Melt-
ing pointa,

5563

Oils, cooking, 302-304,

”

creosote, 2, 328.
cylinder, 105, 128, 324.
dead, 324, 328.
decolorising of —asee Oils,
bleaching of.
dissolved impurities, 256.
dolphin, 293.
drying, 32, 33, 55.
,» boiling of, by air blowing
process, 314-316.
s 3 by free fire process,
314, 315.
»» 1 byoxygenprocess,321.
,y class, 281, 290,
decolorising high class, 268.
filn test, Livache'stest, 133.
present in nondrying oils
in small quantity, 185,
282, 344.
relative proportions of dif-
ferent glyccrides in, 136,
290.
used in paint manufacture,
&e., 313.
soft soapmaking—
see Soapmaking.
drying of, chemical changes dur-
ing, 129, 134-137.
edible, 302-312.
claidin test—zee Elaidin test.
ellect of heat on, 125-128, 314.
»  light on, 130-132, 139,
149.
y»»  polarised light — see
Light (polarised).
electrical conductivity of, 53.
engine, 324,
essential, artificial, 6.
. natural, 2, 5, 20, 53.
ester numbers of —see Kster
number.
examination of, gencral scheme
for, 124,
expression of, 303 —ace Presses.
extraction of, by solvents, 231-
244, 303.
’ fish and liver, by
hot water, 248.
s vegetable, fats, &c.,
by hot water,200.
tish, 248, 259, 263, 294, 299.
,» bleached by hot air, 264.
' ' bichromate, 265.
,» colour reactions of, 294.
,» detection in linseed oil,
352.
s» give unpleasant smell to
soft soap, 439.

’
b
’

S . -

’

” ”
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Oils, pyrene, 344.

»”

”

"

”

”

”

”

”

”
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”
”»
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»
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”

”

rancidity in—see Rancid, Ran-
cidity.

ray, 204.

red—see Red oils.

reﬁning of, 254-263.

refractive index of —see Refrac-
tive index.

Reichert’s test for—see Reichert
number.

rosin — aee Rosin oils.

salad, 212, 257, 303, 344.

refined cotton seed oil
intermixed with, 267.

saponaceous matters contained
in, 121,

saponifiable, 3, 6, 323.

saponification number of—see

'otal acid number.

saponitication equivalents of— |

seeSaponiticationequivalents.
scal, 293.

,» colour reactions of, 294.
semidrying, 286, 290.
proportions bhetween

different glycerides

in, 290, 291

1

|

separation of stearines from— .

8ee Stearines.
shale, 2, 5, 80, 91, 313, 322.
shark liver, 247, 294, 408.

, 336.

solidifying points of —see Melt-

ing points.
soluble acid numbers of—see
Soluble acid numnber,
solubility in solvents of —see
Solubulity.
specific gravity of, 76-94, 341.
,» effect of light on, 130.
spindle, 128, 324.
spontaneous combustion of,132.
oxidation of — see
Spontaneous oxidation.
standard, preparation of —see
Standard.
sulphur chloride on, action of
—uee Sulphur chloride.
sulphocarbon, 344, 408.
sulphuric acid on, action of—
see Sulphuric acid.
sulphurised, tests for, 123, 154.
summer, 257, 304, 348.
table—see Oils (edible, salad,
virgin).
taste of—aee Taste.
tournantes—asee Huiles.
total acid numbers of — see
Total acid number,

”

|
|
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Oils, train—see Oils (cetacean).
,, class, 281, 292, 293,
Turkey red, 27, 42.
adulterations of, 334-
336.

analysis of, 332-336.

bibliography of, 331.

constitution of, 143-
147, 330, 331.

manufacture of, 330-
332.

turret, 324.

uses of, 302,

unsaponifiable matters con-
tained in — see  Unsaponifi-
able matters.

vegetable, 281-285, 286-291,

295-298.
,, lesser known, 287.

virgin, 304,344—see also Oils
(salad).

viscosity of—see Viscosity.

volatile, 2.

acids from—see Vola-
tile acids.

number of—see Vola-
tile acid number.

,» vulcanised, 154,

, water contained in—asee Water.

whale, 203—see Oils (cetacean).

,» colour reactions of, 294.
winter, 230, 257, 348.
yield of, from seeds, &c.—see

Yield.
,» fatty acids from, 76, 163.
Zeisel's test for—see Methyl
number,
,, zinc chloride on, action of—see
Zinc chloride.
Olberg, water bath, 6l.
Olefiant gas, 26.
Olefines form glycols by oxidation, 44.
Olein (oleic triglyceride), 7, 11, 28,
110, 285.
action of nitrous acid on—see
Elaidin reaction.
sulphuricacid on—asee
Qils (Turkey red).
Oleine, candle—ser Red oils.
,» cokernut, 90, 92, 231, 283.
,»  palm kernel, 283.

Oleines (commercial products), 90,
92, 110, 285.

animal, 285, 299.

distilled, 110, 262, 277, 285,

”
”
" ”
"
”
”

"
”
”»
”? ”
”
”
”»

Y]

”» ”

(2]
"
”
”
”

”

” ”

”"
»”

324, 377.
" " hydrocarbons pre-
sent in—see Hy-

drocarbons.
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Permanganate,oxidation of linolicacid ' Pitchused as coarselubricant,277,324.

34, 35, 43, 128,
,» of ricinoleic acid,
40, 43, 129.

,» of stearolic acids,
33, 36, 45.

»» rule respecting,

44

wax bleached by
. means of, 269.
Peroxide of hydrogen as bleaching
agent—see Hydrogen peroxide.
Peters, linolic acid, 34.
* ,, polarised light, 51.
Petroleum—see Oil (mineral).
ether (light petroleum spirit,
benzoline), 2, 5.
as solvent, 55, 115, 118-
124, 231, 236, 252,
262, 273, 275, 328,
329, 336, 337—see also
Soap analysis.
fatty acids insoluble in,
from boiled oil, 135.
preferable to ordinary
ether as solvent, 118,
120, 273, 275.
Phasol, 16, 259.
Pheasant grease, 298.
Phenol (carbolic acid)and homologues,
3, 6, 15, 16, 53.
determination of, in soap, 506.
extraction from coaltar, 230.
use of, in disinfectant soaps
—see Soaps, special kinds of
(carbolic, disinfectant).
Phenolphthalein as indicator, 23, 115-
117, 124, 328, 333, 359, 497.
Phlorol, 16.
Phosphorised constituents, 121.
Phosphorus, determination of, 124.
Physical properties of glycerol, 7.
” ' oils, &c.,47-109.
Phytosterol, 6, 16, 17, 240, 259.
,» determination of inoils, &c.,121.
Pichurim bean fat, 20.
Pickling soap bars, 438.
» wicks, 394, 395.
Pigments (mottled soap), 472.
Piston candlemoulding machines, 399.
Pitch, Burgundy, adulterant of bees-
wax, 359.
Pitch formed in Wilson's process, 381.
from distillation of foots by
superheated steam,
261.
of Yorkshire grease
by  superheated
steam, 277.

”

»

”»

” ”»

”

” ”

”
”
bR

Pliny, early soapwaking processes,
449.
Plotting (milled soap), 448.
Plumbago (antifriction), 324.
Pohl, melting points, 64.
Poiseuille, viscosity, 107.
Polariscope, polarised light — see
Light, polarised.
Polishing candles, 406.
s soap tablets, 448.
Polyglycerols, 8.
Polymerised fatty acids formed by
elaidin reaction, 139.
»» glycerides formed during
' boiling and drying,
135, 318.
oleo-oxystearic acid, 330.
ricinoleic acids — see
Acid, ricinoleic.
Pomades, lanolin used in making, 339.
" oils used in making, 302.
Porpoise blubber, extraction of oil
from, 247.
Potassium carbonate, causticising—see
Causticising,
leys, alkalinity
of, 419,
used in Mage
Mouries  pro-
cess, 308.
used in pearl-
ashing — see
Pearlashing.
used in soap-
making —see
Soapmaking.
chloride, action on soda
soaps, 490, 491.
source of potash,
410.
Potash, ac‘tion on brominated acids,
28

”
| th)

” ”"”

11
"

”"

” ”

caustic(potassium hydroxide),
effect of fusion with—see
Hydrogen.

from sunflower seeds, 305.

leys, alkalinity of, 417, 419,

”

leys: [;repantion of, 411-414,
neutralised — see Free acid
number, Total acid number,

c.
quantity equivalent to soda,
425.

to fats — see

Calculations.

soaps, action of soda salts on,
451, 472, 473.

.

2 ”
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Railway grease—aee Lubricants.
Rancid tallow, &c., cleansing of,
256, 260, 261, 265, 310.
Rancldlty, 10, 49 69, 255,
due to oxidation, 132,
light promotes, 132
produces much free fatty
acid, 10, 114, 253, 35.
Rape seed (colza, cole seed), various
species of, 348,

”
”
”

Raw oils, 313—see Oils (drying).
Reaction, specific temperature, 149.
Reactions of oils, &c., quantitative,
156-19s.
Reaumur scale, 57, 58.
Recovered greases—sce Grease.
Red oils (crude oleic acid, candle
oleine), 110, 231, 285,
analysis of, 375, 373.
expression of, 231, 370.
filter cake—«r¢ Filter cake.
palmitic acid from, 387.
soap from—ace Soapmaking
unsaponitied grease in—te
Unsaponified fat.
utilisation of, 356-388.

. )1eld from ox fat, 311, 312
Redwood, viscosimeter, 98,
results obtained

by, 101-105.
Retining oils, &c.. 234-263.
s &cid processes, 239, 349.
» alkaline ,, 260, 349.
++ process removes free
acids, 12, 113, 260, 322.
«» bytreatment with water,3H
. Hartley and Blenkinsop's
_process, 263,
» Nverdlinger's process, 263.
pn-cnplntxon Pprocesses, 262
- vin oils, 304.
Rtfomhk\ inolic acid, 34, 35.
Refractive 1ndex, refncmmeter, 31,
34l
Reichert's test (Reichert number), 23,
33, 157, 195, 341.

- mode of vorkmg. 133-136
Reichert-Meisel test, 154, 193
Reichert-Wallny ., 1735.

Reichl, test for glycerol. &, 516.
Reimer and W xﬁ dierucin, 11.
rapic acid, 41.
Relative dennt\-—m Specitic gravity.
w  Viscosity—aee V iscoeity.
Renehmb pans, H1-443.
Remand, test for arachis ml. 4.
Rendering animal fats, 245-251.

”» ”»

"
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Resin (pine)—see Rosin.
,» used for early torches, 312.
Resinate of soda, 450, 453.

' calculations respect-
ing. 455, 465.
. useof,insoapmaking

—asee Soapmaking ;

Soa‘). special kinds

(yellow soap).
Resinous constituents of oils, 118.

260, 262, 322.
Resins and resinoid bodies, 3, 23,
used as beeswax
adulterants, 359,
Richards, testing liability to spon-
taneous inflammability, 133.
Richardson and Watts, railway

”» ”»

grease, 327.
Richmond, density of glycerol solu-
tion, 517.
Ricinelaidin, 40, 137.
Ricinolein (ricinoleic triglyceride),40.
»» action of nitrous acid on, 137.
sy distillation of, 40.
Rn,ie;l, viscosity of gum solutions,
(v

Ritsert, causes of rancidity, 132,

.  glycerine testing, 515,
Rock — see Candle stearine.
Rolls—aee Crushing rolls.

Rose, Down and Thompson, oil press
machinery, 215.
Rosin, (colophony), 88, 92, 118, 178.
» tctlion of sulphur chloride on,
56

»» admixed with thickened oils,
&c., 142,
y» adulteration of linsced oil
with, 352,
’”. »» Of beeswax with, 359.
»» manufacture of resinate of
soda, 453.
»» use in making lubricating
greases, 327-329.
” »»  soapmaking—see Soap-
making.

» window glass, 474.
Rosin oils, 2, 92.
» s absorption of oxygen by,
330.

action of, on polarised
light, 50.
adulteration of linseed
oil witb, 352.
detection of, in Turkey
red oils, 335.
fluorescence of, 50.

” ”
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Rosin oils, refractive index of, 52.

relative price of, 342.

solubility in glacial acetic
acid, 55, 57, 329.

use of, in preparing lubri-
cants, 322-324, 327-329,
v v Viscosity of, 103,

Rotation of polarised light—see Light
(polarised).

” (3]
” ”

” "

‘Royan, candle moulding machine,
removal of, from:
oils, 255, 256, |

Ri‘idof'ﬂ', melting points, 69.

Rule followed in oxidation, 44.

Rush lights, rush pith wicks, 312, 362,
390.

Russian mineral oils (viscosity), 105.

Rutschmann, stripping machine, 446.

S

SAKE, grease recovery, 272.
Salad oils—see Oils (salad).
Salt as source of alkali (soda), 410.
,» in butter, &c., 123, 307.
Salting out, 23, 33, 54.
» in refining oils, &c., 256.

’» in soapboiling— see Soap-
making.
’ in Turkey red oil nak-

ing, 331.
Sand, use of, in clarifying oils, 255.
Sanza (olive marc), 343.
Saponaceous matters in oils, &c., 121-
124, 135, 315, 324, 328, 347.
Saponification by alkaline carbonates,
409, 410.

Saponification equivalents, 33, 158,
194, 341.

’ ,» determination of,
161-170.

of glycerides ex-
ceed mean equi-
valents of acids

” ”»

by 1267, 165.
' in three stuges, 468.
" number--see Total acid
number.
» quantity of ley requisite

for—see Calculations.
Saponification, typical reactions of,
3-5.
Saponin, 297,
Sarg, utilisation of fat of an ox, 311.
Saturated hydrocarbons—see Hydro-
carbons.
Saturation, fractional, 112, 113.
Saytzeff, dioxystearic acids, 28, 30,
41, 42, 46, 129,
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30ap analysis— ’
Determination of average molecular

”

”»

”

”

”

”
”

”
”

weight of fatty acids,
172, 494.
crude fatty acids, 492,
493, 496, 506.
fattyanhydrides, 493,496,
497, 500,
free alkali, 492, 497-501,
507, 512.
,, 88 caustic, 498-500,
507

,» ascarbonate,500,507.

,»» by alcohol test, 498,

» by fatty acid titra-
tion test, 499.

» by mltmg out test,
500.

» by saltm% out test,
excess ound by,

glycerol 494 504-506,512.

hydrocarbons (paraffin,
&c.), 258, 495, 496 506.

mineral welghtmg ad-
mixtures (China clay,
steatite, &c.), 494, 504,
507.

organicweighting admix-
tures (starch, oatmeal,
sawdust, &c.), 494,
504, 507.

phenol and phenoloids,
506.

pigments, 504.

potash, 501, 506.

rosin acids, 474 497, 506
508.

» by Gladding’s pro-
cess, 485, 501,
502, 5ll.

,» sources of er-

ror in, 502.

” b‘{ modlhed Glad-

mlg 's process, 502.

s» by Twitchell’s pro-

cess, 503, 504, 511.

sa.]ts(uulphutes,chlorides,

&c.), 494, 497, 499, 506,
507

silicate, 494, 407, 504,507.
soluble aclds, 496 497,
499.

sugar, 494, 504-500.

total ullmh 492, 493, 496,
497, 506.

unsaponifiable matters,
é‘l)g, 258, 492-495, 497,
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Soap analysis—
Determination of unsapomﬁed fat,
492, 495-497, 506
vola.tile matters, 505.
water, 494, 495, 506.
waxy matters (beeswax,
spermaceti, cholesterol,
&c.), 495, 496, 506.
General schemes, 494, 506, 507.
Typlcal results ( manufactarers’ »
g harmaceutical, toilet, soft soaps,
c.), 508, 511.
Soap, bleachmg dark coloured, 267.
,» chemistry of, 484-492,
Soap factory plant, 426-448,
Crutching pans, 438-441,
Curbs, 432, 433.
Cutting apphances, 437, 438
Fan, 433, 434, 460.
Frames, 434-437, 444.
Kettlen (coppers, pans)—see Ket-

”
”»
»

Mlllmg machinery, 446.
Plotting machinery, 448,
Pumps, 434.
Remelting pans, 441-443.
Slabbing and barring machines,
437, 438.
Stamping machines, 444, 445.
Steam twirl, 428—see also Morfit.
Strippin, g m&chme, 446.
Soap, fused, reaction of salts, &c., on,
451, 473, 488-492,
alkaline carbonates
on, 451, 489, 490—
see also Pearlashmg.
historical references to, 449,
hydrolysis of, 486-488.
' \Vnght and Thom
experiments, 487,
leaves, 483.
powders, 477.
saline matters in, calculations
respecting, 455, 465.
Soap, special kinds of—
Aluminated, 451, 475.
Bleached palm 011 508.
Borax, 451, 475.
Castile, 467, 472, 508.
Carbolic, 451, 477.
Carbonated, 451, 462, 475, 477—
see also Pea.rla.ohmg
Cold water, 477, 509, 510.
Curd —see boa.Fmakmg
» a.mount of water present in,

2 ”

” analyslsof 508, 510.
Dealkalised (nentmlued), 453, 461,
480, 481, 483, 484. 38
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So&smu.king, factory operations—
Cleansing curd, 467.
Crutching, 438-440, 441.
Cutting, slabbing, and barring, 437,
438, 444, 449.
Dealkalising — see  Soap, special
kinds of (dealkalised).
Drying, 433, 447.
Filling (loading), 438,450, 458, 462,
465, 472, 4706, 483, 511.
Fitting, 451, 467, 470, 471.
Framing, 434-437, 444, 449.
Graining (cutting the soap ; salting
out), 54, 413, 433, 450, 469,
485,

Killing—see infra Manufacture of
curd.
Loading—see supra Filling.
Manufacture by cold process, 450,
457, 513

,» calculations
respecting, 4(4-466.
by old German process,
449, 451, 472, 473.
of curd soap, boiling for
curd, 451, 467-470.
analysis of curd
soap, 508, 510.
of fitted soaps—see supra

»

”

”»

Fitting.
s of hydrated soap, 450,
456, 461.
. s (Swiss soap, Esch-
wege Seife), 461,
” ,» under pressure, 450,
456, 461.

of marine soap, 450, 456,
461, 508, 509.
of milled soap—see infra
Milling.
of mottled soap, 451, 466,
471, 472, 509.
modern inferior
kinds, 467, 472.
of olcine roap (oil soap),
258, 451-453.
,» analyses of, 509, 510.
s calculations respect-
ing, 454-456.
of resinate of soda, 453,
of soft soap, 450, 436,
459, 466.
,, analyses of, 510.
of transparent soap—see
Soap, special kinds of
(transparent).
of yellow soap (rosin soap)
—esree  Soap, special
kinds of (rosin).

"
”»

”
”»

”
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So;fmsking, factory operations—
illing, 446, 457, 479, 480.
Pearlashing, 451, 479, 489.
Perfuming (scenting), 441,444,448,
457, 478-480, 483, 512.
Pickling bars, 438.
Plotting, 448.
Preparation of leys, 411-426—see
also Alkali, Alkalinity, Cauns-
ticising, Potash, Soda.
calculation of quantity re-
quisite for saponification,
421-426. .
Remelting, 441-443, 478.
Running off spent leys, 428, 432,
433, 469.
Salting out—see supra Graining.
Slabbing and barring, 437, 414, 449.
Stamping tablets, 444, 445, 449.
Stripping, 446.
Tinting, 441, 479,
Soapmaking, raw materials for, 302,
408-411.
Soaps, colonial, 509.
commercial (mapufacturer’s,
laundry, &c.), composition
of, by analysis, 508-510.
discoloration of, 266, 356, 479.
discoloured, bleaching of, 267.
ingredients in lubricating
mixtures, 324-329,
jellifying of, 485.
manufacturers — see Soaps,
commercial.
metallic—asee Metallic soaps.
mixed, formed from mixture of
acidsandexcessof alkali,491.
salting out from solution
(Whitelaw)—see Soapmak-
ing ( lnmg)' 486.
solubilitg;ain water, &c., 485.
toilet, classification of, accord-
ing to free alkali, 512,
composition of, by
analysis, 511.
Soapsuds, recovery of grease from—
see Grease.
Soap test, Clark’s (water hardness), .

, 508.
Soda ash, 410.
,» causticising — see Causti-
cising.
caustic (sodium hydroxide),410.
colour test, 151, 153, 352.
effect of fusion with
(soda lime)— see
Hydrogen.
leys, alkalinity of, 414-
416, 419, 420.

”

”» 3

»
”

" »
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Stannic chloride, colour test, 151.
Starch as adulterant of beeswax, 359.
. fats, 123, 307, 355.
Starch in soft soap, 459.
Steam, distillation with—see Distilla-
tion.
o dry, 428-433, 459.
»» kettles heated by, 428, 432,
433, 441, 452, 459.
sy  twirl (Morfit’s)—see Morfit.
wet, 428-433, 459.
Stearic aldehyde, 4.
bulnl‘Bm (stearic triglyceride), 4, 11,
’
Stearine, beef, 307, 309.
' candle—s+e Candle stearine.
. candles—see Candles.

" cokernut, 91, 92, 231, 283,
305, 363.

. ' use for nightlights,
candles, &c.,
364, 407.

. cotton sced, 91, 184, 230,
205, 304, 305,
307, 354.
’ ,» Bocalled, from distilla-
tion of foots, 262, 305.
» French, 365.
'y lard (solar stearine), 93,
231, 307.

" olive, 230.
s tallow ( pressed tallow), 231,
3A

yield from ox fat, 311, 312.
Stearmes (commercial ploducts), 88,
91-93, 230, 285,
. distillell, 110, 262, 277, 305,
324,

adulteration of
tallow with, 355.
from cotton seed
foots, 262, 305.
from  Yorkshire
grease, 277. 335.
usein soapmaking,
450.
’ expressed from natural oils,
&ec.,110,229,257,
305, 309, 407.
used as lard adul-
terants, 307.
v . , a3 tallow
adulterants,354.
from animal oils and fats,
230, 231, 307, 311.
Stearolactone, 30. 39, 143,262,273,384.
correction for presence
of, 170, 273.
Stearyl cyanide, 21.

” 2

”» ”

" ”

” ”

”

”
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Steatite added to soft soap, 459,
» (antifriction), 324.
. | Stein, Bergé, and de Roubaix, sul-
phurous acid process, 380.
Stereochemical 1somerism, 29.
Stills—see Distillation.
Stoddart, nitric acid test, 140.
gtonx. 16, 19. \, 448,
trippin, (soa. N
Stroi‘:ne%, det?slty of glycerol solu-
tion, 517.
refractive index, 51.
Stiircke. Carpauba wax derivatives,
18, 37.
Substitution derivatives, bromo, 26-
28, 30, 31, 34, 38,
41, 42, 45, 176.
. »» chloriodo, 177.
» ,» chloro, 30-32,267,364
iodo, 26, 27, 30, 31,
38, 177 — see also
Todine number.

”» M

Sudcake, 272.
Suds, grease recovered from — see
Grease.
Sugar in toilet soaps — see Soap,
special kiuds (transparent).
,, test for be;amu oil, &ec., 1583,
346, 3.2
Suet, 55, 70, 91, 161 164, 181, 298.
Suint, 33;
Sulphur, adulterant of beeswax, 359.
,y candles, 407.
,» chloridereaction, 154-156,341.
s, dioxide (liquefied) as solvent,
236.
use in candle stearine
making, 369, 370.
,y trioxide, use of, in bleachmg

oils, 264.
Sulphuric acld action on glycerol, 144,
’ ,, isoleic acid, 38.
’ ,, oleicacid, 27, 29
” 4, olein and ricin-
olein—see Oils
(Turkey red).

,» colour reactions with oils,
151-153, 204, 341,352, 354.

,» decomposing rock by, 366,

,» heat evolved by—see Oils
(heat evolution).

» Dpreparation of, of constant
strength, 148,

»» presence of, in oils, &c.,123.

,, Treaction with cholesterol
and allied bodies, 17.

,» refining with, 123,255, 259,

,» removal of lime salts from
bonefat by, 256.
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Thomson and Ballantyne, iodine num-
bers of li oil,
18%, 351.

specific temperature

pereaction. %’29’349.
” ,» unsaponifiable mat-
ters, 259.
» »» Valenta's test, 57.
Thousandfold scale of specific gravity,

83, 84.
Thum, fractional saturation, 13.
free acids formed by hydro-

”

lysis, 12.
Thymol,
Tilghmann, hydrolysis under pres-
sure, 385,
" soapmaking under pres-
sure, 463

Time of efflux—see Viscosity.
Titration, 23, 116, 161, 168, 173, 323,
328, 352, 359, 420—see
also Soap analysis,
»»  acetyl number, 198.
»» of alkaline leys preferable
to density valuation,420.
’ test, fatty acid—see Soap
analysis (determination
of free alkali).

Toluene (golvent for wax in soap), 496.

Tomlinson, cohesion tigures, 345,

Torches, 312, 362.

Total acid number (saponification
number, Kettstorfer number), 33,
157, 168, 194, 341.

Transparent soap—see Soapmaking,
Soap (special kinds), Colloidal
state of soap.

Traube, friction in tubes, 109.

Triacetin, 8, 186.

Triglycerides, 9.

’ synthesis of, 11.

Triglycerol, 8.

Tiinnermann, specific gravity of alka-
line leys, 415, 417.

Turkey fat, 298.

sy redoils—aee Oils (Turkey red).

Turpentine—asee Oil (turpentine).

Turpentine, crude (Meinecke’s rosin
soap), 473.

Tartle fat, 299.

Twaddell, hydrometer scale, 84, 86.

Twitchell, rosin in soap, 503, 504.

U
U.\2'rr mill (Anglo-American system),
17

Unsa}')oniﬁable matters contained in
oils, &c., 1186, 257, 258, 341, 355.

567

Unsaponifiable matters in candle
stearine products, 371-374.
y»» in Yorkshire grease, 273-279.
s determination of, 119-124,
» Pproportions usually present in
oils, 257, 238.
. ” in soaps, 258.
Unsaponified fat, amount less with
longer time, 373.
»» in red oils, 370,
377-379.
. in rock, 371-374.
”» in separation
cakes and press
cakes, 376-379.
” in soap, 119, 371.
” interferes  with
crystallisation,370.
Unsaturated compounds, acids, 24.
” alcohols, 15,
v hydrocarbons, 3,
24, 26.
’ oxidation of, 44.
Unguents in toilet soaps, 448,
»» lanolin preparationsas, 338.
s  oils used for, 302.
Ure, soft soap analyses, 510.
Urine, damaluric acid from, 25.
Utilisation of fat of an ox, 311.
» red oils—eee Red oils.

v

VALENTA’S test—see Acid (acetic).
Valerin (valeric triglyceride), 20, 301.
Vapour bath, Ambiihl’s, 80.
Varnish making, 302,
Variation of constituents of oils with
soil, climate, &c., 111.
” density with tempera-
ture—see Expansion.
Vaseline, 91.
. in soaps, 448,
Vegetable alkali, 410.
» fats, butters, and tallows
—see Butters (vegetable).
” lard —see Lard.
Versmann, glycerine manufacture,
515.
Villavecchia and Fabris, test for
sesamé oil, 346.
» »» Viscosity, 106.
Vincent, boiling oils, 317.
Viscidity of oils increased by blowing,
164 —see Oils (blown).
Viscosimetry, 94-109.
Viscosity (body), 47, 94, 101.
»» degree, 102,
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Waxes, animal and vegetable—
Japanese wax contains practically
no olein, 295.
»»  fusing point, 68-71.
y»  iodine number, 181-184.
' punhcatlon and bleach-
ing, 268.
mhcatlon equiva-
ent and total acid
number, 160.
»»  solubility in alcohol,55.
” apectﬁc gravity, 88, 91-

" 8a

» unsaponmable matter
contained in, 257.
yield of, 242,
Myrtle wax, 71, 91, 178, 295.
Niin wax (niin fat). 302.
Ocuba wax, 243, 295.
Otaba wax, 295.
Palm wax, 301.
Paraffin wax, 2, 5, 21, 91-93.
,» adulterantofbeeswaxand
spermaceti, 359, 361.
s 88 candle material—see
Candles.
manufacture of, 230, 364.
Pela’ (Peh la, Pe-lah) wax — see
supra, Chinese wax.
Petha wax, 301.
Spermaceti wax—see Spermaceti.
cuba wax, 295.
‘Waxes, free alcohols in, 114, 116.
»  general nature of, 1.
”» glycen(hc and non-glyceridic,
3-5, 282, 301, 302.
” liquid, 6.
mineral (earthwax)—see Ozo-
kerite.
s»»  mostly indigestible, 303.
5, used as spermaccti adulter-
ants, 361.
»  vegetable, hot water process
of preparation, 201.
ang matters, separation from oils,

‘Wedge presses, 199, 203.
Chmeae, 200.
Wenaell, expansion, 93.
‘Werner, oxyoleates, 332.
Westphal, hydrostatic balance, 79, 80.
Wet steam—see Steam.
Whale blubber, extraction of oil
from, 247.
‘Whales, toothed, yield most sper-
maceti, 293, 300 301.
Whitelaw, salting out soap, 486.
‘Whitelead in paint, 135.
Whiting, adult terant of tallow, 355.

~
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Wicks, 312, 362, 363, 394.
sy  charring of, 116, 260, 313.
»»  Palmer’s metallic, 394.
vy ickling, 394.
Wilde, ge, and Reichler, conversion
of oleic into stearic acid, 387.
Wilson, acetyl number, 188 338,
,»»  analysis of Turkey red oils,
333-335.
»  BODp unnlysis, 495, 499.
»»  Viscosity, 102,
,»  Wwater in soap, 495.
Wilson and Payne, hydrolysis by
superhea.ted water, 385.
Wilson’s process (preparing candle
material), 262, 380, 334.
v » (tallow rendering), 250.
Wimmell, melting points, 68.
Winter oils—see Qils (winter).
» Tailway grease, 327.
Wire (soap cutting), 437.
Wollny, Reichert number, 53, 175.
Wool cleansing, wool scouring, 271,
337, 338.
injurious effect of
alkaline and
silicated soaps
—asee Soap,
alkahue; Soap
Fecml kinds),
icated.
Woolfat, analysis of, 2;0
Woolgrense,3 70, 161, 182, 184, 299,
302, 337, 161-" see York-
shire grease; Lanolin.
. effect on soap, 258.
v tallow adulterated with,
258, 354, 369.
Wool oil (from Yorkshire grease dis-
tillation), 279.
Wright, Alder (author), analyses of
manufacturers’ and toilet
soaps, 508-512.

» ”

' analysis of rock, stearine
cakes, red oils, &ec.,
371-375.

v analysisof soap (freealkali).
500.

» autoclave experiments, 373.

» Cantor lectures, 487, 512,
523.

. classification of soaps ac-
cording to alkalinity, 512.

" dealkalising process, 453,
461, 484.

» glycermc valuation, 523.

. hydrolysis of soa) solutions,
487.

' methoxyl test, 192,
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