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The present invention relates to the treatment
of fat and oils, of the glyceride type, and it has

particular relation to the treatment of glyceride .

oils such as linseed oil, olticica oil, tung oil, soy-
bean oil, cottonseed oil, hempseed oil, fish oil,
tallow and similar oifls which are employed as
film-forming constituents in paints, varnish,
enamels, synthetic resins, and as food products,
drug products and in soaps, plastics, etc.

One object of the invention is to separate an

oil of the glyceride type into varlous fractions
each or most of which will have greater value
than the original oil when the fraction is suitably
selected for use In paints, synthetic resins, food
produects, plastics, soaps, ete.

10

15

For example, the invention provides a simple .

and convenient method of separating oils com-
prising mixtures of glycerides of fatty acids of
different degree or types of unsaturation into
fractions certain of which contain a higher ratio
of the more unsaturated or more actively unsatu-
rated components than the original mixture.

A second object of the invention is to provide
a method of extracting such glyceride oils as lin-
seed, soy-bean, cottonseed, fish oil, train oil and
similar oils from pulps or meals containing them,
while leaving most of the phosphatides in a
readily removable form in the meal.

A third object of the invention involves the
provision of a simple and convenient method
of separating mixtures of saturated and unsatu-
rated free fatty acids into fractions, one of

which is relatively more saturated than the

other.

These and other objects will be apparent from
consideration of the following specification and
the appended claims.

Oils of the glyceride type such as are employed
" in the preparation of foods, soaps, or as filim-
forming ingredients in many paints, varnishes
.and enamels are found in certain plants or in the
seeds thereof, and as fatty constituents in the
bodies of animals and fish, and are essentially
different from petroleum or mineral oil, since
they are composed mainly of mixtures of the
glycerides of the fatty acids such as stearic,
palmitic, oleic, linoleic, clupanodonic, linolenic,
licanic, elaeostearic, and many others.

The number and type-of glycerides present will
vary, depending upon the specific oil. The gen-
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eral or type structure of these glycerides may be

represented by the formula:
T
H—C—OR,

- bb

H—C—OR,
H—C—~OR;3
H

and are mono-di or tri glycerides according to
the number of acyl groups in positions Ri, Rz
and Rs which have been introduced by esterifica-
tion of the glycerol with a fatty acid.

Lill]

_tains 18 carbon atoms.

The principal dlﬁ'erence between these glyc-
erides, aside from variations in the number of
ester groups, consists in variations in the length
of the carbon chains, and in the number and
arrangement of the double bonds in the alkyl
groups or residues. For example, palmitic acld
of the formuls '

. 0

Z
CHj(CH)uC.
_ OH
contains 16 carbon atoms while stearic acid con-
The formula of stearic
acid is :
. 8 . . /O .
C.H:(CH:)1|C<
' OH -
Both are free of double bonds and are non-dry-

‘ing.. Oleic acid of the probable formuls .

CH3(CHz) 7TCH:CH(CH3) «COOH

has 18 carbon atoms and contains a single double
bond, but its glyceride is non-drying. Linoleic
acid which also contains 18 carbon atoms has two

" non-conjugate double bonds and these bonds by

reason of their number are of such activity that
the glycerides posssess drying properties.

The folllowing constitutes the formula of this
acid:

H
181716161413121110 9

Linolenic acid (9,12,15-octadecatriencic acid)
differs only in having an additional double bond:

HEEHHEHHEH

Hé-é- -é-é-é_é-é-é_é-é-+-
H H H H H
1817161514 13121110 ¢ 8 7
Elaeostearic acid and licanic acid, glycerides
of which occur in tung oil and oiticica oil respec-
tively contain double bonds in conjugate rela-
tionship in which they are extremely active, and
their glycerides dry faster than any of the fore-

_going.

Elaeostearic acid (9,11,13 - octodecatrienoic
acid) is of the formula:

HHHHHHHHHHHH

bbb ALl
ol r

HHH
1817 16151413121110 9

These glyceride oils are customarily extracted
from the seed meals or other material containing
them by application of high pressure, or by ex-
traction with a suitable organic solvent, such as
hexane. Both of these methods are objection-
able for numerous reasons. For example, in case
pressing is resorted to, the removal of oil is in-
complete and in event the percentage of oil in

(P_
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-~ the mes.l or pulp is initially low, the unextracted
oil may constitute a very large percentage of the
total. Extraction by means of organic solvents,
such .as hexane involves a very high explosion
hazard, and violent explosions often resulting in

‘loss of life are not uncommon in plants employ-.

ing such process. Both processes are objectional
~ because of non-selectivity. For example, in either
the pressing operation or the solvent extraction
with a hydrocarbon solvent 0.5— to 1.% phos-
phatides, 1 or 2% free fattty acids are obtained
- in the extracted oils. Non-drylng constituents
- such as realtively highly saturated glycerides are
. also removed in the oil." At the same time cer-
tain materials which seem to exert an antioxi-
dant effect upon the drying oils are obtained in
the mixture.

Most of the components of the natural oils and
the substances (meals or the like) containing the
oils are of themselves of substantial value for
various purposes. For example, the pulps are
valuable as cattle foods, the more highly unsat-
urated glycerides or the glycerides containing
conjugate double bonds, which are more highly
active than the more. saturated glycerides, are
useful as ilm-forming constituents in paints, var-
" nishes, and lacquers. They are also useful as
- modifiers in resins. The saturated glycerides and

the hydrogenated or unhydrogenated glycerides
of a low degree of saturation are useful in foods
and the like. The free acids of all types are useful
in the preparation or resins, plastics and soaps
and other important applications. The phos-
phatides are of value in foods, pharmaceutical
preparations and as emulsifying agents, etc.

It is the object of refining processes for such
oils to remove at least & part of certain of the
constituents which for specific purposes are ob-
jectionable. For the paint and varnish indus-

_tries it is particularly desirable to remove those
portions which cause so-called “break” or sludge
formation upon heating, and to remove excess
free fatty acids, color and non-drying portions.
The conventional method of refining these oils
involves the application either of strong sulphuric

. acid 'which chars and coagulates the by-product
portions, or treatment with sodium hydroxide.
Both of these methods are drastic in their action
upon the oil destroying some portions entirely,
thus producing a by-product which has little or
no value. In addition to causing destruction or
degraduation of the by-products, such treatment
also tends to decompose a part of the drying, or
film-forniing glycerides. The methods are tedi-
ous and require considerable equipment and much
space for storage purposes. Furthermore, the re-
agents employed in the process are not recover-
able and along with the by-products which are
obtalned in a degraded form constitute a con-
siderable source of loss.

The present invention involves as one feature
the discovery that certain types of non-reactive
organic polar solvents notably those which, at low
temperatures, are not completely miscible with
glyceride oils, may by proper control of tem-
perature be employed preferentially to dissolve
unsaturated or more actively unsaturated com-
ponents of glyceride oils either from simple or
crude mixtures of the glycerides, or from mate-
rials such as seed meals or pulps containing the
glycerides. Accordingly, by treating the oils, or

- materials, such as seed meals or pulps contain-

ing the oils, with one or more of the selective
solvents at a temperature sufficiently low to ob-

viate complete solution of the oll and at & tem- 75
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TABLE A
Permissible . -
Activating group - Inumber carbons
per group
40
O e 3
\CO ____________ 3
/
—C00— 3
435 ¢
-—C=0
AN e .
_c<
x
50 o
-—CHO 2
—COOH . 2
—~NOs.. : 2
55 \go, ‘ o .
Os >2
60 NHj. ' 2
\Nh 1
~/ .
—CN. X . 3
63 \P04--..n [ )
-—Q—.... 1
\c=c/ . 1
7 / AN .
8 1
\N 1
/ :
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perature high enough for the solvent to be liquid,
it becomes possible to separate the mixture into
two liquid components, one comprising the sol-
vent saturated wtih a fraction rich in unsat-
urates, the second consisting of glycerides which
are relatively poor in unsaturates.

These liquids contain activating groups, which
usually are polar and which may be selected from
a relatively large class among which ‘may be
enumerated the following:

—0H, —CHO, \co, —C00—, —0—, \co,
/ 4 /
\804 \':POC—CN
7 / »
—NHj, >NH, —COOH, —NO,,
—-C=0 )
0, —8—, >N—. >c=c<
Lo

Secondary or tertiary carbon atoms in a hydro-
carbon nucleus and the positions of the various
groups in the molecule exert a substantial in-
fluence upon the characteristics of treating liquid.

The capacity of these groups to activate the
molecules of which they are constituents is
variable. In general, there must be at least one
activating or polarizing group for every four car-
bon atoms and In many cases the ratio of the
groups must be substantially increased.

The permissible number of carbon atoms in the
molecule of the solvent for each activating group
may be tabulated as follows.
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- In most cases the applicabmty of a particular
solvent for the fractionation of glyceride oils can
" be determined from the above table in which the

permissible carbon atoms for each of the more:
common of the polar or activating groups are

listed. In order to determine if & particular
- solvent is applicable, the number of permissible

carbon atoms for all of the activating groups are
. added together. If the sum is equal to or greater
than the number of carbon atoms actually
present in the nucleus of the solvent molecule,
- the latter can usually be employed selectively to
dissolve unsaturated glycerides from more satu-
rated glycerides. The operation of the rule is
illustrated by furfural

The latter contains two double bond (C=C)
groups, one oxy linkage

\o/

. —0—0)

group. The sum of permissible carbon atoms for
these groups is 1414142 or 5, which exactly
corresponds to the number of carbon atoms in
the furfural nucleus.

and an aldehyde
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In the case of groups having but low activating "

pOWer, e, g. ]
\c=c/ .
. / AN

—O—, etc., it is usually necessary that an ad-
ditional and more active group be included in the
molecule. However, the groups of low activating
power then increase the selective action of the
molecule for unsaturates. This is also true with
the halogens, such as chlorine and bromine.

It will be apparent that most of the solvents, if
sufficiently heated, will become miscible with all
components of the oil. Accordingly, the tempera-
ture must be sufficiently low and ratio of the
solvent must be maintained in a region where
solution is incomplete. Usually, the lower the
temperature of treatment (within reasonable
limits) the more selective will be the solvent and
the higher will be the proportion of the unsatu-
rates in the fraction dissolved. However, the
proportion of the glycerides recovered in the dis-
solved fraction is also decreased. Therefore, in
commercial operations it is preferred to come
promise between extreme selectivity and high
vields, and to employ the solvent at such tem-
perature and in such proportion that two frac-
tions separate but that a reasonable yield is ob-
tained in the dissolved fraction.

In the practice of the invention, it is preferred
to treat the oils containing saturated and unsatu-
rated glycerides at the temperature and in a
ratio at which separation into fractions occurs.
The treatment of oil or meal may be by batch, or
multistage, or counter-current or concurrent
flow, or by combination of these methods.

In the applcation of the process to meals or
pulp in order to remove the oil therefrom, the
material to be treated contammg an oil, e. g. soy-
bean oil, or linseed oil, or marine oil, or the like
may be treated at a temperature sufficient to dis-
solve all or a substantial proportion of the oil
therein. The liquids are separated from the solids
and the temperature is adjusted to obtain separa-
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tion into two liquid phases, one of which is xich in
relatively saturated glycerides and contains s
small amount of solvent and the second consists
of solvent in which is dissolved a fraction rich in
unsaturates. The ratio of solvent to oil must not
be too low because an undue proportion of it will
be dissolved in the more saturated fraction and
there will not then be sufficient amount satis-
factorily to dissolve and separate the more un-
saturated fraction. Conversely, if too. much
solvent is employed an excessive amount of satu-
rates will be taken into solution and fraction-
ation cannot be accomplished. Probably in most
instances the solvent should be within a range
of two to twelve parts by volume of solvent to one
part of oil. In batch extractions, a ratio of about
four parts of solvent to one part of oil has been
found to be a good average. Mechanical separa-
tion of the two fractions by settling and decanta-
tion, or by centrifugation may be easily effected.
The solvent can be recovered by steam distillation
or by crystallization or by the addition of a non-
solvent for the oil such as water, in order to
cause an alteration of the charactertstics of the
solvent, etc.

A series of tests was conducted upon soy-bean
oil having an iodine number of 136, the solvents
were employed in.the ratio of four parts to one
part of oil. In the event liquid separation did
not occur at room temperature the mixtures
were chilled. The chilling was continued untit
separation of two liquid fractions occurred, or if
no separation took place, to a temperature of
—20° C. The solvents tested are listed in the fol-
lowing table. In the event that solidification of
one or more components of the mixture occurred
before liquid separation took place the mixture
was recorded as miscible. The third column in
which the number of carbion atoms in the mole-
cule is listed in the column and the maximum
number of ¢arbon atoms theoretically permissible
as calculated by assignment of numbers from
table A to the activating groups are included in
the last column.

Those solvents capable of separating the oil
into two fractions are designated as “I.” ‘Those
which do not so separate are designated as “M.”

TABLE B
Carbon atoms—
Cal-
Misei-
culated
Solvent b’%y at e |% maxi-
] mum
or above molecule | permis-
sible for
immisel-
bility
Hydroxyl:
Methylaleohol ... _._._____._. I 1 3
Ethylaleobol....__ . ... _.___ I 2 .3
n-Propyl alcohol.___ I 3 3
iso-Propyl alcohol . I 3 3
n-Butyl aleohol ____ M 4 3
iso-Butyl aleohol ___._ - M 4 3
Tertiary-butyl alcohol.__ -- M 4 3
n-Amylalechol . .. M 5 3
iso-Amyl alcohol . M 5 3
sec.-Amyl aleohol M 5 -3
Capryl alcohol__ __ . M 8 3
Cyclohexyl alcohol M 6 3
Ethylene glycol _ _ 1 2 6
I 3 []
I 3 9
1 3 6
i i 4
Beta-hydroxy ethyl acetate.
Methyl lacta I 4 8
Ethyl Iactate - I 5 6
Butyllactate. .. ... ... M 7 6
Mono acetin I 5 9
Diacetin ; 1 7 e
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TasLx B—Continued

Carbon atoms— Carbon atoms—
Solvent bﬂitz at e | ™ maxi- Solvent bmt{ at as maxi-

e mum R In the mum

or 'b°v° molecule or ‘b°" molecule | permis-
stble for sible for
im misci~

bility bility

Hydroxyl, carbonyl: . Aldehydo. ot hn‘—Continned
Methyl butunolone ............. ] Cinnamaldehyde._..__._._...._. 9 6
Acetyl methyl carbinol. . 4 Crotomld.eh({de ..... 4 3
Diacetone aleohol................ 6 Benraldehyde._...___. 7 5

Hydroxyl, ether: . m-Nltrobenuldehyde ........ - 7 7
b-Methoxy ethanol___.__._.___. N 3 Carbo nyl
b-Ethoxy ethanol_____.. 41 4 Acetome.__.... ..o eooeeoooo.. 3 3
b-Butoxy ethanol..__ [] Methyl ethyl ketone ........... 4 3
Diethylene gl eol ..... 4 7 3
Triethylene g { .............. 6 Met yl sobutyl ketone_...__.. 6 3
Moncmthyl ether of diethylene o Bi&tg]ﬂ ketone 9 3

------------------------- . 4 6
Mono—butyl ether of diethylene Acetonyl acetone.___.. .. ..._. 6 [}
........................ 8 Carbonyl, ether, double bonds:
2-hydroxy methyl 1,3-dioxolane. 41 . '8 . Furfuralacetone ........___.... 8 7

Hydroxyl, double ‘bonds: . Cnbonyl double bonds
Allyl alcohol 3 Mesityl oxide ... ... ... [} 4
Phenol. _. ] Acetor 8 6
Cresylicacid. 7 Benzal acetone. ... 10 7
o-Amy) pheno! 11 - Carbonyl, amido:
2,4-diamy} phenol 16 Formamide._ 1 5
Benzyl aleohol.._._____ 7 Acetamide_.._...... 2 5

- dG g 1tri"1- e 10 Brn- i idfﬂn 3 5

ydroxy. ple utyram ] 4 5
Dimethyl ethynyl carbinol _..___ Ether ,

Hydroxyl, halogen: Dlethyl ether.... ... ..__..... 4 1
Ethylene chlorohydrin ......... Diisopropyl ether_ .. R 6 1
Propylene chlorohydrin___ . Dibutyl ether____. 8 1
(ycerol monochlorohydrin_ ... Propyleneether_ ..o ... 3 1

Hydroxyl, other: 4 2
Beta-hydroxy propionitrile_.._. Dioxolane..__.._._ ... 3 2
Beta-ethoxy ethyl lactate__.__._ A cetal . 6 2
Beta-ethoxy ethyl glycolate. thyl. 5 2
Furfurylaleohol ... . .._._ Dimethylacetal _..__.__.__.___ 4 2
Eugenol ..o 1 Dimethyl cellosolve. ... 4 2
Acetochlorohy drin Methoxy methylal____ 4 3
Dichloro triethylene glycol. Dimethoxy tetmglyool ......... 10 5

2,4-dichlorophenol . _____.___._.__ Ether, double bonds:
2'bromo 4-tertiary-butyl phenol. 1 'I‘ tmmethyl dihydrofurane. . . 8 2
. Diethyl amino ethanol._________ et hylfurane__.____.______. [ 3
Salicylaldehyde. .. .. ..._._._. 7 4
Y Ether, trl 1 bond

Ethyl ether of dimethyl ethynl

carbinol_._____ . ... .. 7 2
Ether, chloro:- .
Bet?], beta’-dlchlom diethyl

Ethyl acety! glycolate.__
Methyl malonate.
Ethyl oxalate.
Ester, carbonyl:
Methy] levalinate. .........__..
Ethyllevulinate......___.
Methyl acetoncetate ;
Ethyl acetoacetate_.._...__....
Ester, ether:
Methyl cellosolve acetate_.._...
Cellosolve acetate
Ester, imido:
Ethyl N-meth lcarbamnte .....
Ester, double bon
Blnyl acetate...

Ester, triple bond:
Dlm%zl;yl ethynyl carbinol
Ester, haloy
Methy chloroacetate
Ethyl chloroacetate
Chloro ethyl acetate
Ethyl dichloro acetate__._
Ester, cyanide:
Methyl cyano acefate__...._.__
Aldehyde:
Acetaldeh: g ...................
Propionsaldehyde.
Butyraldehyde. _.___.______.._.
Qctylaldehyde____..__..__..___.
Aldehyde, other:
Muerf hoxy acetaldehyde. .._....
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o-Nitro phenotole ...............
Ether, carbonate:
Betu-mothoxy ethyl carbonate.
Sulfide, doubls bonds:

Tiophene. ... o

N’.itromnth ane

1ethylene dismine..._

Te
Dl( met yl butyl) amine.

Dimethyl carbonate. .....___._-
Dimethyl carbonate...........

o'slPrimethyl hosphate......._.__
Triethyl phmte..--
* Tributyl phosphate

ate:
Dimethyl suifate. . __....___.
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similariy sottonsesd oll may be exu‘aeted with
& guantity (four volume, moig¢ or }ess) of active
solvents such as: ,

n Pmpyi aicohol Ethyl acetyl glyco!&te

P){. aleohol Ethylidene
{’h{ Methyl levalinate
lactatn . . Methyl reetoacetate

Dlacetone alcohol . Et acetoacetate

- Metbyl Cellosolve Acetaldehyde
Mono-ethyl ether of diethyl- Furfural

ene glycol Diacetyl

Allyl alechol Acetonyl acetone
Ethylene chlorhydrin Formamide
Furfaryl alcohol Ritromethane
Acetic acid Nitroethane
Acetic acid anhydride E&i}hylene tetramine
Methyl formate pmpl,,m
Glycol diformate rimethyl hosphate

Glycol dizacetate Trlethyl phosphate

and many others to obtain immiscible systems
that separate into two phases which can be sep-
arated by decantation or other methods.
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Linseed oli was similarly extmcted with acetic
a.cld with the Iollowing resuits:
Iodine numbder
Originaloft Sclable | tpsotuble
175 181 2
Marine oil (menhaden) was extracted with a
series of solvents as follows:
Iodine number
. Solvent Original | BOIEbe | pnoorante
Methyl cellosolve. ... ooeeeo. 187.5 " 208 182
Ethyl acetoacetate and phenol....._ 186 201 161
Ethy) acetoacetate 186 281 181
Phenol and petroleum ether........ 184 189 181
Furfural 184 206 157

Most of these solvents will also behave simi-
larly with fish ofl, linseed oil, tung oil, olive oil
and animal fats such as tallow.

~ In s series of quantitative tests to determine
the selectivity of certain liquids for unsaturated
components of a glyceride oil, a soy-bean oil
having an iodine number of 136 was treated
with liquids in the ratio of 1 part of oil to 4 parts
of extracting liquid. E=xtraction was effected by
agitating together the oil and the extracting
agent at the temperatures indicated in the fol-
lowing table. They were subsequently -allowed
to separate into two layers. One layer consisted
of oil relatively poor in unsaturates in which was
dissolved some of the solvent. The other layer
comprised a solvent in which was dissolved oil
rich in unsaturates. The layers were then sep-
arated and the extracting agent was eliminated
by vacuum distillation. Jodine numbers were de-
termined by the Wijs method. The results are

tabulated below:
TABLE C
Per ceng Todine
Temp.,
of D number Dif-
Solvent sepa: fer-
‘g,t(?;‘ Ex- | rafi- | Ex- | Raf- | o000
tract | nate | tract | nate
Nitroethane___..... 0} 28.3| 71.7| 148,21 130.3 17.9
Methy! formate.__. 0] 13.81 86.2| 149.6 | 133.8 15.8
12| 28.6| 7.7 144.2| 1329 11.3
Methyl cellosolve._. 28 9.0} 91 147.0 | 132.2 14.8
70| 43.0| 57 138.0{ 1315 6.5
Methyl levulinate.. 271 15 85 147.0 | 132.5] 14.5
Proplonitrile_..... 0] 33.2] 66,8} 145.5] 13L.2 4.3
Fusnl-... - AERENRE
Trimethyl phos-
Phatee.ceeoaaean 70 2 90 147.0 | 1340 13.0
181 1t 89 144.0 | 132.8 1.2
Acetaldebyde. ... 0] 27.9| 72.1| 144.3| 1319 12,4
Tirethyl phosphate. 0 41 59 142,1 | 130.0 12.1
Acetonyl acetone... 27| 20 80 146.0 { 134.0 12,0
50 | 47 53 151.0 | 131.0 10.0
Acetone (3% water). 27| 4 59 139.6 | 132.8 6.8
Diacetyl. .cccoco.- 0 18 82 145.0 1 133.2 11.8
Nitromethane....... 27 (] o 145.0 | 133.5 1.5
961 143 85,71 143.0| 1345 8.5
Glycol diacetate..... 651 38 62 141.0 | 129.71 1.3
-501 23 77 141,0 | 132.0 9.0
Ethﬂ oxalate....... 0| 558} 44.2| 140.3 | 129.2 1.1
ethyl cellosolve .
cetate. . ........ 01 41 59 140.2 | 130.2 10.0
Methyl lactate ... 70 ] -28.3 | 76.7( 139.5] 1317 9.7
Ethyl lactate__...: =27 | 68 4 138.5 ¢ 130.2 8.3
Cellosolve.._... 0| 66.5] 43.5| 138.8| 130.7 8.1
- 0| 28 74 140.1 | 132.0 8.1
00| &1 49 138.2 | 131.0 7.2
1251 22,6 77.5| 139.0] 1328 6.2
AREENE HE it
. 3 4.0
Methyl butanolone 0] 49 51 137.0 | 132.2 3.8
n- Butymmid ...... 120 30 70 136.2 |  132.5 3.7
Isopro [P 28 9 91 138.0 | 135.0 3.0
Ethyl glyco!at ...... 7|2 77 138.0 | 135.0 3.0
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In the example in which ethyl acetoacetate and
phenol were employed in admixture, the ratio
of the two was ethyl acetoacetate 80 parts, phenol
20 parts.

Where phenol and petroleum ether were em-
ployed the ratios of the two ingredients were
phenol 1 part, petroleum ether 10 parts, or 1:1
ratio using phenol plus 10% water.

Index of refraction also constituies a measure
for the drying powers of an oil. Samples of a
marine oil having an index of refraction of 1.4820
were treated with ethylene chlorohydrin and py-
ridine to obtain two layers, one consisting of in-
soluble oil having a lower index of refraction than
the original material and the other having a
substantially higher index than the original oil.
The results are as follows:

Indices of refraction

Extracting agent Oﬁogxi']nal Soluble | Insoluble
Ethylene chlorohydrin. ... ... 1.4820 1.4869 1.4800
Pyridine. 1.4820 1,4850 1.4810

These solvents indicated by the lefter “M” in
Table B could not be used by themselves to effect
fractionation of highly unsaturated glycerides
from less highly unsaturated ones, because of
undue miscibility with both types. However, in
many cases it is possible to mix the active solvent
with an aliphatic hydrocarbon such as heXane,
butane, propane, dodecane, or the like, which is
relatively immiscible with the selective solvent.
The hydrocarbons tend to pull the saturated
glycerides away from the active solvent and per-
mits separation of the oil into two fractions.
The ratio of hydrocarbon to active solvent may
vary over a broad range, e. g. 1 to 10 parts of
hydrocarbon per 1 part of the active solvent.
However, good results have been obtained by
employment of a ratio of 4 to 1. In general the
greater the proportion of hydrocarbon employed,
the stronger will be the tendency to pull away
the saturated glycerides from the polar solvent.

Similar methods may be employed to effect
fractionation of mixtures of saturated and un-
saturated fatty acids. These are usually soluble
in polar or activesolvents such as are listed above.
However, by sufficient admixing of the solvent
with & hydrocarbon it is possible to effect sepa-
ration of free acids into two phases, one con-
sisting essentially of active solvent which is rich
in unsaturated acids and the other consisting
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essentially of hydrocarbon which is rich in satu-
rated acids.” This process is illustrated by aeids
from linseed ofl:

Parts by volume
Linseed oil acids. .-- 200
Petroleum ether (B, P, 30—60° C.) e 200
Anhydrous furfural - -- 400

These were agitated together at room tem-

perature and allowed to separate into layers. -

The solvents were then distilled off from the two-

fractions separately under vacuum.

Iodine value of original acid 173
Iodine value of acid in hydrocarbon....-. 166
Iodine value of acid In furfural ____.__.... 193

A 30 per cent mixture of linseed oil fatty acids
in the same hydrocarbon was agitated with 1
volume of furfuryl alcohol and separated into
fractions at room temperature.

Jodine value of original acid 173
Todine value of acid in hydrocarbon__..._... 162
Jodine value of acid in solvent._ . _____ 203
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Ethylene glycol diacetate was agitated at room .

temperature with a 12 per cent by volume mix-
ture of linseed oil fatty acids in petroleum ether,
and the mixture was separated into fractions
from which the solvents were eliminated.

. Todine value of original acids

i 173
Iodine value of acids in hydrocarbon___.. 168
Todine value of acids in solvent.____ ———— 175

Where the herein-described selective polar
solvents are employed to extract glyceride oils
and free fatty acids from seed meals, extrac-
tion preferably is effected under conditions such
that all components pass into solution. The dis-
solved material may then be suitably fractionated
by manipulation of temperatures or by modifica-
tion of the solubility characteristics by addition
of hexane or the like, Subsequently the dissolved
unsaturates may be separated from the selective
solvent.

The use of phenol and petroleum ether, as
shown in the above table, constitutes an example
in which a relatively miscible but polar solvent is

employed in combination with a non-polar hy- -

drocarbon to obtain fractionation of the oil into
less saturated and more saturated cuts.

An extension of the foregoing method would
involve treatment of mixed fatty glycerides, e. g.
linseed oil or soy-bean oil with a selective polar
solvent such as furfural or ethyl acetoacetate
or the like, to obtain two liquid phases, The
phase comprising the solvent and the more un-
saturated glycerides .could then be treated by
batch or by counter-current or concurrent ex-
traction with hexane or other hydrocarbon to
pull out additional saturated glycerides, thus
leaving a higher concentration of unsaturates
in the fraction obtained from the solvent. -

The immiscible fraction of oi! containing a
more fully saturated glyceride after separation
from the solvent may be treated in an additional
stage with a more sharply selective solvent to
remove therefrom additional unsaturated mate-
rial.

An example of such procedure would involve
initial extraction of soy-bean or similar oil with
" furfural followed by treatment of the immiscible
phase with nitroethane to remove therefrom an
additional quantity of unsaturated material,

Similarly polar solveuts such ac methyl cello-
solve acetate which are miscible at all practicable
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temperatures with glycerides such as occur in
tung oll and oiticica oil may be employed in
combination with hexane or other open chain -
hydrocarbons to obtain separation into a hydro-
carbon soluble fraction and a fraction. soluble in
the polar or active solvent. In this process the
proportion of hydrocarbon to the polar solvent
may vary over a broad range. However, the
higher the ratio of hydrocarbon the more selec-
tive will be the system,

In some cases where extreme selectivity of the
system is not required, a readily miscible solvent
such as phenol may be incorporated with a more
selective solvent to increase yield of extract.
Such system is illustrated by ethyl acetoacetate-
phenol above described. These ingredients may
be employed in a ratio of 1 part of phenol to 4
parts of ethyl acetoacetate,

Separation of the glyceride or acxd fractions
and the solvents may be effected, as previously
stated, by crystallization, vacuum distillation,
steam distillation or other methods. A conven-
fent method involves addition of water, which
tends to reduce the solubility of the glycerides in
the solvent. The water may be employed in an
amount sufficient to saturate the solvent or if the
solubility of water in the solvent is high it may be
added until the glycerides or the free fatty acids
separate.

Appropriate variations in the mode of manipu-
lating the fractions obtained by solvent extraction
of a glyceride oil would involve further frac-
tionating or splitting one of the fractions, e. g.

- the solution of highly unsaturated glycerides, to

obtain a portion which is richer in unsaturates
than the initial fraction and a fraction which is
poorer in unsaturates. The latter fraction can
then be recycled by admixing it with fresh glyc-
erides or with glycerides at an appropriate stage
of extraction.  For example, a fraction compris-
Ing furfural saturated with glycerides of high dry-

ing power may be stream distilled to drive off some

of the solvent, or may be chilled, thus causing
some of the less soluble (more saturated) glyc-
erides to be separated. This latter fraction can
then be recycled.

Manifestly, the highly mlsmble solvents which
can not be conveniently employed by themselves
in the fractionation of mixed glycerides can still
be employed to extract the glycerides from seed
meals and pulp. Afterwards the more selective
solvents can be applied to the whole oil after or
before elimination of the initial solvent to sepa-
rate a highly unsaturated fraction. Ethyl aceto-
acetate is of particular value in the extraction of
fish oils.

It possesses low solvent powers for the break
and color constituents of various oils and ac-
cordingly by application of it, it is possible di-
rectly to dissolve out most of the constituents of
the oil, useful in paints and varnishes, to obtain
8 product which is low in break and color and
which dries rapidly to non-tacky films. When
warm, it may also be used directly to extract
vegetable oils such as linseed oil, or soy-bean oil
from the meal or pulp. The following constitutes
a specific example of its application to the treat-

- ment of raw fish oil, such as sardine or menhaden
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oils. -

- Oil in the ratio of one part was contacted in .
three stages with three parts of ethyl acetoacetate
at room temperature to obtain a fraction in solu-
tion constituting 60 per cent of the total volume
of oil. This fraction upon separation from the
solvent by evaporation of the solvent, or by add-
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ing water was found to be of a pale green color
and to dry practically free of tack. The fish-like
odor was substantially less pronounced than in
ordinary oil. The residue was of a deep reddish
brown color of substantially lower index of re-
fraction and jodine number than the original oil.
If dried very slowly and remained permanently
tacky. The yield of oil can be increased though
with slight impairment of quality by the addition
of phenol in considerable portions (15 to 30 per
cent more or less). The use of methyl alcohol or
ethyl aleohol in 2:1 ratio on the ethyl aceto-
acetate extract of the raw fish oil produced a
raffinate whose acid number was 0.0 and whose
iodine number had increased to the remarkable
value of 212.5. This oil was pale green; it had a
very bright appearance. The drying test showed
the film to be slightly better than raw linseed oil
in regard to tack. The test values are as follows:

Todine )
0il value Acid value
(Wijs) |-
Raw oil 186 15.3
18t eXtTACT . o L . 201 7.7
Alcohol treated 212.5 0.0

Combination of ethyl acetoacetate and furfural
extraction may sometimes be desirable. For ex-
ample, raw fish oil (such as menhaden) was ex-
tracted with ethyl acetoacetate at 39° C. and a
fraction containing 80% of the oil was recovered.
The product was then extracted with furfural
saturated with water in 1:1 ratio, at 20° C. The
loss from the product as & result of extraction was
only 2 or 3% and the color was materially im-
proved. The results of tests conducted upon the
material are tabulated as follows:

Acid value

oil
Raw marine._ 15.3
80% extract R - 5.6
Furfural—H30 extracted oil 0.9

Marine oils, which normally produce tacky
films when treated with solvents, in accordance
with the provisions of the present invention, do
not show any break even when heated to upward
of 600° P, They dry faster than linseed oil. The
films produced by them are non-tacky, free of
fishy odor and are highly resistant to blistering.

Upon extracting linseed oil with 2 to 3 parts by
weight of ethyl acetoacetate, 80% of the ofl was
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dissolved and upon recovery from the solvent it
was found to be free from break and of a pale
yellow color which changed to green when the
oil was heated to 600° F

Other drying olls such as hempseed oil, soy-
bean oil, Perilla oil, etc. may be treated with fur-
fural, ethyl acetoacetate, or the like, in order to
abtain refined fractions, if so desired.

Detailed discussion of the treatment of glye-
eride oils with furfural are contained in copend-
ing application Serial No. 144,315, to Stephen E.

"~ Freeman, filed May 22, 1937, of which the present
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case is a continuation in part.

The foregoing examples are to be considered
merely as illustrative and numerous modifications
may be made therein without departure from the
spirit of the invention or the scope of the fol-
lowing claims.

The present application is a division of my
copending application Serial No. 251,340, filed
January 17, 1939, issuing as Patent 2,200 391 ,
as of the date of May 14, 1940,

What I claim is:

1. A process of separating mixtures of saturated
and unsaturated fatty acids into a plurality of
fractions, one of which is relatively rich in, and
the other of which is relatively poor in, unsatu-
rates, said process comprising intimately contact-
ing the mixture with a selective polar solvent
containing at least one of the groups included in
‘Table A, the number of carbon atoms for each
group not being substantially less than the num-
ber permissible as determined from the table and
not exceeding about 4, the temperature being stich
that two liquid phases are formed, ohe compris-
ing solvent in which 1s dissolved the first-men-
tioned fraction and the other comprising the sec-
ond mentioned fraction, in which is dissolved
some of the solvent, separating the phases and
removing the solvent therefrom.

2. A process as defined in claim 1 in which the
solvent is selected from a class conslstlng of fur-
fural and furfuryl alcohol.

3. A process as deflned in claim 1 in which the
acids treated are from an oil of the class con-
sisting of linseed oil and soya bean oil.

4, A process as defined in claim 1 in which the
solvent is selected from a class consisting of fur-
fural and furfuryl alcohol and the acids treated-
are from an oil selected from a class consisting

.of linseed oil and soya bean oil.

STEPHEN E. FREEMAN,




