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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, oiticica oil, tung oil, soy 
bean oil, cottonseed oil, hempseed oil, fish oil, 
tallow and similar oils 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 various 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 
products, plastics, soaps, etc. 

O 

5 
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 film 
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: 

B 

H--0 R 
H--0 R 
H--or, 

B 

and are mono-di or tri glycerides according to 
the number of acyl groups in positions R1, R2 
and R3 which have been introduced by esterifica 
tion of the glycerol with a fatty acid. 

55 

60 

The principal difference 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 acid 
of the formula 

O 
2 CH,(CH)tic? 
oH 

contains 16 carbon atoms while stearic acid con 
tains 18 carbon atoms. The formula of stearic 
acid is 

• , aO CHCCH).cf 
OE 

Both are free of double bonds and are non-dry 
ing. Oleic acid of the probable formula. 

CH3(CH)7CH:CHCCH) 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 following constitutes the formula of this 

acid: 
II. B. B. H. E. 

"E." 5 

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

E. H. E. E. O 
2 H------------- ----o?oft H. H. H. H. H. H. H. H. : : 

8 7 6 5 4 13 12 1 0 9 8 7 6 5 4 3 2 
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: 

H. B. B.B. , E4, 
H. H. H. H. 
18 7 6 s 14 13 121 10 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 



2 
the meal 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 fatty acids are obtained 
in the extracted oils. Non-drying 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 film-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 a 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-forming 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 
obtained 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 oil and at a tem 
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2,818,688 
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 with 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: 

N N 
-OH, -CHO, CO, -COO-, -0-, CO 

Yo, 
/ 

-NB, XH, -COOH, -NO, 

Spo-ON 
/ 

Yo, -S- X- 20-c.( -c4o 
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, 

TABLE A 

Permissible 
Activating group number carbons 

pergroup 

OH---------------------------------------------- 3 

Ye 0---------------------------------------------- 3 
/ 
C00------------------------------------------ 3. 

Yo.w v. with as a us was a a wou wo war us a a as a he was as a vow or 4 w w as now 4. 

-cC So 
CEO.-------------------------------------------- 2 

COOH------------------------------------------ 2 

NO!--------------------------------------------- 2 

Yo 0--------------------------------------------- 2 
/ 
>sorurua - - - - - - - - - - - - - - - - - - - - - - - - - - - us - as is a -- a supa a >2 

XNE----------------------------------------- 2 
YEruwa who un or so use - - - - - - us as a v- w w - - - - we area won ----- 

/ 
CN--------------------------------------------- 3 

Spol. as on a - - - - - - - - - - - - - - - - - - - - - - - - - - as a us - us - or - - - a 6 

/ 
Ot---------------------------------------------- 1. 

Yc-c?,--- - - as a - - - - - - - - we - - - - - no an are r - a - - - - - - 1. 

/ N 
---------------------------------------------- 1. 
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In most cases the applicability 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 a 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 

H---H 
C-CIO /S / 

H o 
The latter contains two double bond (CsC) 

groupS, One oxy linkage 

Yoy 

() 
group. The sum of permissible carbon atoms for 
these groups is 1--1--1-2 or 5, which exactly 
Corresponds to the number of carbon atoms in 
the furfural nucleus. 

and an aldehyde 

5 

O 
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In the case of groups having but low activating 
pOWer, e. g. 

Yo-c? - 
/ N 

-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 a 
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 com 
promise between extreme selectivity and high 
yields, 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 application of the process to meals or 
pulp in order to remove the oil therefrom, the 
material to be treated containing 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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3 
tion into two liquid phases, one of which is rich in 
relatively saturated glycerides and contains a 
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 characteristics 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 until 
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 foll 
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 carbon atoms in the mole 
cule is listed in the column and the maximum 
number of carbon 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,” 

ABs B 

Carbon atoms 

Solwent p; C as maxie 
or above In the molecule permis 

sible for 
innisei 
bility 

Hydroxy: 
Methyl alcohol----------------- I 3 
Ethyl alcohol- 2 3. 
n-Propyl alcohol- 3 3 
iso-Propyl alcohol 3. 3. 
n-Butyl alcohol.---- M 4. 3 
iso-Butyl alcohol------- M 3 
Tertiary-butyl alcohol M 4. 3. 
n-Amy alcohol.----- M 5 3. 
iso-Amyl alcohol- MI 5 3 
sec.-Ainyl alcohol- M 5 ... 3 
Capryl alcohol----- M 8 3 
Cyclohexyl alcohol- w M 6 3. 
Ethylene glycol----- - - - 2 s 
Propylene glycol----...--------- 3. 6 
Glycerine---------------------- 3. 9 

Hydroxyl, Ester: 
Methylglycolate--------------- 3. 6 
Ethyl glycolate----------------. 4. 6 
Beta-hydroxyethyl acetate 4. 
Methyl lactate- 4. 8 
Ethylactate--- 5 s 
Butylactate- M. 7 
Mono acetin------ 5 9 
Diacetin------------------------ 7 9 

  



TABLE B-Continued 
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Hydroxyl, carbonyl: 
Methylbutanolone.------------. 
Acetylmethyl carbinol. - 
Diacetone alcohol--------------- 

Rydroxyl, ether: 
b-Methoxyethanol------------- 
b-ethoxyethanol--- 
b-Butoxyethanol.-- 
Diethylene glycol-- 
Triethylene glycol-------------- 
Methyl ether of diethylene 

glycol-------- - - - - - - - - - - - - - - - - - 

Mono-butyl ether of diethylene 
glycol------------------------ 

2-hydroxymethyl 1,3-dioxolane. 
Hydroxyl, double bonds: 

Allyl alcohol 
Phenol--- 
Cresylic acid 
o-Amyl pheno 
2,4-diamyl phenol 
Benzyl alcohol.------ 
Geraniol.----------------------- 

Hydroxyl, triple bond: 
IDimethylethynyl carbinol----- 

Hydroxyl, halogen: 
Ethylene chlorohydrin.--------- 
Propylene chlorohydrin 
Glycerol monochlorohydrin.----- 

Hydroxyl, other: 
Beta-hydroxypropionitrile----- 
Beta-ethoxyethylactate------- 
Beta-ethoxyethylglycolate 
Furfuryl alcohol------------ 
Eugenol---------- - - - - - -ar 
Acetochlorohydrin--------- 
Dichloro triethylene glycol----- 
2,4-dichlorophenols------------ 
2 bromo 4-tertiary-butylphenol 
Diethylamino ethanol---------- 
Salicylaldehyde---------------- 

Carboxyl: 
Formic acid-------------------- 
Acetic acid--- 
Propionic acid 
Isobutyric acid 

Acid Anhydride 

f A1C. 
Ester: 

Methyl formate.-- 
Ethylfonate.-- 
Glycol diformate 
Methyl acetate--- 
Ethyl acetate.-- 
Triacetin------- 

Ethyl acetylglycolate---- 
Methylmalonate--------- 
Ethyl oxalate------------------- 

Ester, carbonyl: 
Methyi levulinate-------------- 
Ethyl levulinate.-- 
Methyl acetoacetate------------ 
Ethyl acetoacetate------------- 

Ester, ether: 
Miethyi cellosolve acetate------- 
Celilosolve acetate.-------------- 

Ester, imido: 
Ethyl N-methyl carbamate-...- 

Ester, double bond: 
Binyl acetate.------------------ 
Allyl formate- - - - 
Ethyl maleate---- 

Ester-Double bond-Ether: Methylfuroate----------------- 
n-Propyl furoate 
Furfuryl acetate.--------------- 

Ester, triple bond: Dimethyl ethynyl 
acetate----------------------- 

Ester, halogen 
Methychloroacetate 
Ethyl chloroacetate 
Chloroethyl acetate 
Ethyl dichloro acetate 

Ester, cyanide: 
Methylcyano acetate---------- 

Aldehyde: 
Acetaldehyde------------------- 
Propionaldehyde 
Butyraldehyde-- - - 
Octylaldehyde------------------ 

Aldehyde, other: Methoxyacetaldehyde------... 
Furfura 

s 
4. 
6 

3 
4. 
6 
4. 

6 

8 
4 

3. 
6 
7 

s 
7 
O 

1. 
4. 
6 

0. 
s 
7 

2 
3. 
4. 

4. 
3. 

2 
3 
4. 
3 
4. 
9 
6 

s 
6 

s 
7 
s 
6 

5 
6 

4. 

4 
4. 
8 

6 
8 
7. 

Carbonyl, ando: 

Solvent 

Aldehyde, other-Continued 
Sets:- - - - - - - - - - - - - 8-. 
Benzaldehyde--------. 
m-Nitrobenzaldehyde---------- 

Carbonyl: 
Acetone......------------------ 
Methyl ethyl ketone 
Butyrone.-------------- 
Methyl isobutyl ketone 
Disobutyl ketone.---- 

. Diacetyl----------- 
Acetonyl acetone.-------------- 

Carbonyl, ether, double bonds: 
Furfural acetone---------------- 

Carbonyl, double bonds: 
Mesity oxide 
Acetophenone 
Benzal acetone 

Formanide 
Acetamide 
Propionamide. 
Butyramide--------------- 

th e: 
Diethyl ether------------------- 
Disopropyl ether--- - 
Dibutyl ether----- 
Propylene ether- - 

Ethyl--------- - - - - 

dimethyl acetal.------ 
Dimethylcelosolve.-- 
Eliyot. ethoxy yo0- - - - - - - - - 

Ether, double bonds: Tetramethyl dihydrofurane--- 
Dimethylfurane.---------- - 
Anisole------------------------- 

Ether, triple bond: 
Ethylether of dimethyl ethynll 
carbinol--------------------- 

Ether, chloro: 
Beta, beta'-dichloro diethyl 
ether-------- m r - or - - - a 

Dichloro diisopropyl ethe 
Monochloro diethyl ether 
E. dioxand.----- hloroecetal.--------------- 

Chloroethoxychlorethyl ether 
Ether, mino: iWortholine..................... 
Ether nitro: 

onitro Anisole.................. 
o-Nitro phenotole--------------- 

ther, carbonate: Beta-methoxyethyl carbonate 
Sulfide, double bonds: 

Tophene------------, - or - us or - - - 

Nitro: 
Nitromethane------------------ 
Eng.: propane.-- 

Nitrobenzene-...---------------- 
Amino (or innino): 

Diethylene trianine------------ s tetramine----. Dioctylanine------------------ 
Te lethylene diamine.--- 
Di(2-methylbutyl)amine------ 
Piperidine-------------------- 

Amigg (orimino), double bonds: 

Nitre: 
Proptonitrile------------------- 

Carbonate: 
Dimethyl carbonate------------ 
Dimethyl carbonate------------ 

Ph Aniyi hosphate etnypnosphate.---------- 
Trethyl E. - - - 
Tributylphosphate------------ 

Sulfate: 
Dimethylsulfate--------------- 

Misc 
by at 
-20 C. 
or above 

Carbon atoms 

In the 

Ca 
culated 
a maxi 

Inolecule permis 

1. 

7 

- 

sible for 
in misci 
bility 

2 

More 
than 2 

  

  

  

  

  



similarly cottonseed oil may be extracted with 
a quantity (or "yourne, Enore or less) of active 
Salveats such as: - 

-Propy aileohol Ethyl acetylglycoate 
so EP acolad Ethyleaedictate 
E. etate eas evate Ethy aetae . Mety ricetoneetate 
Discetone cohol Et acetoacetate Methy Celosolve Acetaldehyde 
Mono-ethyl ether of diethyl- Erfural 
eae glycol Diaeety 

Ally alcohol Acetony acetone 
Ethylene chlorhydrin Formande 
Furfuryl alcohol Nitronaethane 
Acetic acid Eitetramine 
Acetic acid anhydride Alaine w 
Methy formate Proptonitrile 
Glycol diformate rinethyl phosphate 
Glycol dacetate Triethyl phosphate 

and many others to obtain immiscible systems 
that separate into two phases which can be sep 
arated by decantation or other methods, 

3,333,888 & 5 

Linseed oil was similarly extracted with acetic 
acid with the following results: 

fodile anaber 

5 
Original oil E insoluble 

15.---------------------------------------- 181 e 

Marine oil (menhaden) was extracted with a 
series of solvents as follows: 

Iodine amater 

15 Solwent Original E Insoluble 

Methyl celloSolve------------------ 187.5 208 182 
Ethyl acetoacetate and pheno 83 201 16 
Ethyl acetoacetate. --...---- 86 281 61 
Phenol and petroleum ether----...-- 84 189 181 

20 Furural.--------------------------- 84 206 157 Most of these solvents will also behave simi 
larly with fish oil, linseed oil, tung oil, olive oil 
and animal fats such as tallow. 

In a 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. Extraction was effected by 
agitating together the oil and the extracting 
agent at the temperatures indicated in the foll 
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. Iodine numbers were de 
termined by the Wiis method. The results are 
tablated below: 

TABLE: C 

Per cent Iodine Teap. 
of p number Dif. 

Solvent sepa- fers 
s Ex- rafii Ex- Raff 

tract nate tract nate 

Nitroethane.-------- 0 28.3 48.2 30.3 17.9 
Methy formate.--- O 3.8 86.2 49, 6 133.8 15.8 

2 28.5 71.7 144.2 32.9 3 
Methy celloSolve--- 28 9.0 9. 47.0 1322 14.8 

O 43.0 57 38.0 135 6.5 
Methyleytinate. 27 5 85 14.0 32.5 4.5 
Propionitrile----- 0 33.2 66.8 145.5 3.2 4.3 
Furfural----------- i8 
Trimethyl phos 

phate------------ o 2 90 4.0 340 13,0 
28 89 1440 132.8 1, 2 

Acetaldehyde...---- O 27.9 72.1 44.3 139 12.4 
Tirethylphosphate- O 41 59 42. 30.0 12. 
Acetonylacetone. 27 20 80 46.0 - 34. 12.0 

50 47 53 5.0 30 0.0 
Acetoe (3% water). 27 4 59 39.6 132.8 6,8 
Diacetyl-...--------- O 18 82 45.0 133.2 8 
Nitronethane...-- 27 94 145, 33.5 1.5 

95 4.3 85.7 143.0 1345 8.5 
Glycol diacetate.-- 65 38 62 4.9 2.7 1.3 

Ethyl oxalate- 8 is a 3: E. : 
Methyl cellosowe 
acetate. ---------- 0 4 59 40.2 30.2 0.0 

Methylactate--- 0 23.3 76, 39.5 13.7 9.7 
Ethylactate-----. *27 56 44 38.5 : 130.2 8.3 
Celilosolve..... 0 56.5 43.5 38.8 130.7 8. 
Ethylmaleate- - O 28 4. 10, 132,0 8. 
Acetic anhydride 90 5. 49 38.2 130 7.2 
Carbitol. ----------- 125 22.5 7.5 39.0 32.8 6.2 
Fropylene glycol- 27 5 95 39.0 35.0 4.0 
Acetic acid.------- 50 62 38 3.8 133,8 4.0 
Methylbutaroone- O 49 5. 13.0 132.2 38 
a-Butyramide..... 20 30 O 36.2. 32.5 3. 
Isopropano. ------ 28 9 9. 138.0 135.0. 3.0 
Ethylglycolate.---- 77 2. 77 1380 35,0 3.0 

In the example in which ethyl acetoacetate and 
phenol were employed in admixture, the ratio 
of the two was ethyl acetoacetate 80 parts, phenol 

25 20 parts. 
Where phenol and petroleum ether were emi 

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 constitutes a measure 
for the drying powers of an oil. Samples of a 
marine oil having an index of refraction of 14820 
were treated with ethylene chlorohydrin and py 
ridine to obtain two layers, one consisting of in 

35 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. 

30 

40 

Extracting agent Original Soluble insoluble 

Ethylene chlorohydrin.-- A820 1,4869 489 
45 Pyridine----------------- 14820 14850 180 

These solvents indicated by the letter 'M' in 
Table B could not be used by themselves to effect 
fractionation of highly unsaturated glycerides 

50 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 

55 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, 

as the stronger will be the tendency to pull away 
the satunated 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 

to in polar or activesolvents such as are listed above. However, by sufficient admixing of the solvent 
with a hydrocarbon it is possible to effect sepa 
ration of free acids into two phases, one con 
sisting essentially of active solvent which is rich 

is 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 acids 
from linseed oil: 

Parts by volume 
Linseed oil acids-------------------------200 
Petroleum ether (B. P. 30-60 C.)--------- 200 
Anhydrous furfural----------------------- 400 
These were agitated together at room ten 

5 

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. 
Iodine value of original acid--------------- 173 
Iodine value of acid in hydrocarbon-------- 162 
Iodine value of acid in solvent.------------ 203 

U 

20 

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. 
Iodine value of original acids-------!------- 173 
Iodine value of acids in hydrocarbon------ 168 
Iodine 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 countercurrent 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 oil 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 nate 
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 solverts such as methyl cello 
solve acetate which are miscible at all practicable 
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temperatures with glycerides such as occur in 
tung oil 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 acid fractions 

and the Solvents may be effected, as previously 
stated, by crystallization, vacuum distillation, 
steam distillation or other methods. A conven 
ient 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 miscible 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 
a 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 inseed 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 

70 
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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 iodine 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 alcohol in 2:1 ratio on the ethyl aceto 
acetate extract of the raw fish oil produced a 
rafiinate 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: 

Iodine 
value 
(Wijs) 

Oil Acid value 

Raw oil----------------------------------- 
1st extract.-------------------------------- 
Alcohol treated.---------------------------- 

188 
201 
22.5 

5.3 
7.7 
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 a result of extraction was 
only 2 or 3% and the color was materially in 
proved. The results of tests conducted upon the 
material are tabulated as follows: 

Oil Acid value 

Rawmarine------------------------------------------- 15.3 
80% extract-------------------------------------------- 5.8 
Furfural-O 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°F. They dry faster than inseed 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 oil 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 oils such as hempseed oil, soy 

bean oil, Perilla oil, etc. may be treated with fur 
fural, ethyl acetoacetate, or the like, in order to 
obtain refined fractions, if so desired. 

Detailed discussion of the treatment of glyc 
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 
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 foln 
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 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, unsatul 
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 such 
that two-liquid phases are formed, one compris 
ing solvent in which is 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 therefron. 

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

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

STEPHEN E, FREEMAN. 


