
United States Patent Office Patented May 31, 1966 

3,254,097 
SOLVENT EXTRACTION OF EPOXOZED OILS 

David S. Darrow, Munster, Ind., assignor to Swift & Com 
pany, Chicago, Ill., a corporation of Illinois 

No Drawing. Filed Oct. 5, 1962, Ser. No. 228,762 
7 Clains. (C. 260-348) 

This invention relates to fatty epoxides and, more 
particularly, to improvements in the production of ox 
irane-substituted higher fatty acid derivatives and to the 
product thereby produced. 

Fatty epoxides in general have developed as an in 
creasingly important industrial chemical over the last sev 
eral years and it is anticipated that the growth of this 
industry will expand to an even greater extent in the near 
future. Esters of oxirane-substituted higher fatty acids 
find extensive use as plasticizer-stabilizers for vinyl halide 
resins such as polyvinyl chloride, polyvinylidene chloride 
and copolymers thereof. These esters are excellent 
stabilizers for vinyl halide polymers and copolymers 
against heat and light degradation. In addition, because 
of the good compatibility of these esters with vinyl resins, 
plasticizing efficiency is also very favorable. 

Oxirane content (percent oxirane oxygen) of a given 
epoxy derivative such as the ester is an important criterion 
in the evaluation of a fatty epoxide and for many uses 

0. 

15 

20 

25 

"high-oxirane' or "completely epoxidized' fatty acid 
derivatives are specified in order to obtain superior re 
Sults. High-oxirane epoxidized glycerides, such as epox 
idized naturally-occurring glyceride oils are of consider 
able value inasmuch as the high-oxirane content insures 
greater compatibility of the epoxidized material with vinyl 
resins when employed as a plasticizer. Similarly, where 
the epoxidized ester is used as a polymerizable material, 
the higher the oxirane content the greater will be the 
reactivity of the epoxidized fat. 

Epoxidation of naturally-occurring fatty acid esters such 
as animal, vegetable, and fish oils having ethylenic un 
Saturation using percarboxylic acids is a procedure well 
known in the art. The lower percarboxylic acids such 
as peracetic acid or performic acid are preferred for use 
in the epoxidation reaction, although others such as per 
propionic acid have been suggested. The peracid can be 
preformed or formed in situ and the reaction can be 
uncatalyzed or catalyzed with acidic materials such as 
sulfuric acid, phosphoric acid, mixtures of these acids, 
cation exchange resins in the acid form, and alkyl sul 
fonic acids. 
The product obtained from such epoxidation reactions, 

while primarily consisting of the epoxidized fatty acid 
ester, usually contains some ethylenic unsaturation, hy 
droxyl substituents and some esters which, because of the 
composition of the starting material, contain saturated 
fatty acids and, thus, are not epoxidized. Esters con 
taining oleic, linoleic, and linolenic acids esterified with 
glycerine will contain, after epoxidation, esterified epoxy 
stearic acid, esterified diepoxy stearic acid, and esterified 
triepoxy stearic acid. Nevertheless, since naturally 
occurring fatty materials are mixed glycerides, the epoxi 
dation of an oil such as soybean oil will result in a mix 
ture of individual glycerides some of which have a sub 
stantially higher percentage of oxirane substitution than 
others. Those triglyceride compounds containing sub 
stantial saturated fatty acids will exhibit a much lower 
oxirane content than an epoxidized dioleyl linolein, for 
example. It is highly desirable, where the product is to 
be employed for a specific purpose, to concentrate the 
high-oxirane-substituted materials and separate the less 
highly epoxidized esters and other impurities from the 
high-oxirane esters. 

It is, accordingly, an object of this invention to pro 
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2 
vide a method for separating oxirane-substituted fatty 
acid derivatives having a high-oxirane content from the 
low-oxirane-substituted fatty derivatives from a mixture 
containing the high-oxirane and low-oxirane materials. 
Another object of the invention is to provide a method 

for treating mixtures of epoxidized higher fatty acid esters 
by solvent extraction to provide improved epoxidized fatty 
acid ester compositions. 

Still another object of the invention is the provision 
of a method for improving the plasticizing effectiveness 
of epoxidized oils with vinyl resins. - 

Additional objects, if not specifically set forth herein, 
will be readily apparent to those skilled in the art from 
the detailed description of the invention which follows. 

Generally, the invention is concerned with the frac 
tionation of mixtures of epoxidized higher fatty acid esters 
with an inert liquid solvent to separate compounds having 
a Substantial amount of oxirane substitution from com 
pounds having a lesser degree of oxirane substitution. 
The solvent employed can be one which selectively dis 
Solves more of the high-oxirane compounds, leaving the 
compound having relatively less oxirane substitution im 
miscible, or the solvent can be one which preferentially 
dissolves more of the less highly substituted oxirane com 
pounds. Lower oxirane-substituted oils are miscible with 
lower aliphatic nonpolar hydrocarbon solvents, whereas 
highly epoxidized oils are not. The highly epoxidized 
oils, on the other hand, are miscible with acetonitrile and 
methanol, whereas the less highly epoxidized oils are not 
miscible with these water-soluble solvents. 
More particularly, the method of this invention com 

prises the selective extraction of mixtures of epoxidized 
glycerides containing highly epoxidized glycerides and less 
highly epoxidized glycerides to separate the higher oxirane 
compounds from those of lower oxirane content. The 
selective separation of these materials is achieved by mix 
ing a solvent in which either the high-oxirane or low 
oxirane component is preferentially soluble to form a two 
phase liquid or liquid-solid system and separating the two 
phases thus formed. In this manner, a solvent solution 
of the high-oxirane material is isolated from the solvent 
immiscible, low-oxirane material or a solvent solution of 
the low-oxirane material is isolated from the solvent-im 
miscible, high-oxirane material. After separation of the 
two fractions, the solvent can be removed from the frac 
tion in which it is dissolved by distillation, either at 
atmospheric pressure or under subatmospheric conditions. 
It may also be necessary to treat the immiscible fraction 
to remove traces of absorbed solvent. 

Oxirane-substituted glycerides prepared by improved 
epoxidation techniques can now be prepared having a 
high oxirane and a low iodine value. Thus, soybean 
oil having an unsaturation represented by an iodine value 
of 130 before epoxidation can be substantially completely 
epoxidized so that the percentage of oxirane oxygen in 
the epoxidized product is around 6.5-7%, whereas the 
iodine value is generally less than 5 and around 1-3. 
Linseed oil having an iodine value before epoxidation of 
180 or above can be substantially completely epoxidized 
to an oxirane oxygen content of about 8.3-9.7% or above 
and a residual iodine value of 3-5 or less. It is possible 
in the case of synthetic or highly purified triglycerides to 
epoxidize to an oxirane oxygen content of around 12%. 

Even when substantially completely epoxidized, how 
ever, these oxirane-containing triglycerides are mixtures 
of individual triglycerides some of which have a high per 
centage of oxirane substitution, while others have a low 
percentage of oxirane substitution. It is possible by the 
method of this invention to separate such mixtures into 
a fraction enriched in high-oxirane compounds. 
In the fractionation of the mixed glyceride esters, the 

mixture is contacted with sufficient solvent to provide a 
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two-phase system. The system is subjected to agitation, 
and after the phases are allowed to separate, the solvent 
solution is separated from the immiscible fraction. In 
that embodiment of the invention wherein the less highly 
substituted oxirane fatty acid esters are soluble in the 
solvent, while high-oxirane esters are immiscible, low 
boiling aliphatic hydrocarbon solvents are employed. 
The amount of solvent employed is that amount which 
when added to the epoxidized oil causes the formation of 
two phases. Because of variations in the solubility of 
different oils in different solvents the ratio of solvent to 
oil will vary. In all cases, however, enough solvent should 
be employed to produce two phases. Usually, a solvent to 
epoxidized triglyceride ratio of at least 0.5:1 is sufficient 
to obtain good separation, although some deviation from 
this general rule is apparent. At room temperature, 
hexane, for example, used in a solvent-to-oil ratio of 
0.5:1 will not provide a two-phase system; whereas, 
isopentane used in the same amount and with the same 
epoxidized ester will provide the desired two-phase system. 
If the amount of hexane is increased to a solvent-to 
epoxidized-oil ratio of 1:1, two phases will appear. 

Generally, the higher the solvent-to-oil ratio the better 
the separation and the greater the certainty of formation 
of two phases. Solvent-to-oil ratios as high as 20:1 can 
be used, but increasing the ratio of solvent beyond this 
amount serves only to render the process less economical 
without increasing the separation efficiency commensu 
rately. Solvent ratios of 05:1 through 4:1 have been 
found very satisfactory for effective fractionation. Separa 
tion in some cases into two phases may be facilitated by 
chilling of the two-phase system below room temperature. 
Temperatures in the range of about 32-70 F. can some 
times be employed to improve the separation. Tem 
peraturs above room temperature can be employed so 
long as the temperature is maintained below the boiling 
point of the solvent. 

Solvents in which the highly epoxidized fraction of 
the mixed esters is preferentially soluble include methanol, 
acetonitrile, acrylonitrile, acetone, lower nitro paraffins 
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such as nitromethane, nitroethane and nitropropane, and . 
dimethyl sulfoxide. Enough of any of these solvents 
or mixtures thereof when added to the mixture of 
epoxidized esters induces two phases; that is, a solvent 
phase containing a large proportion of the highly 
epoxidized material and an oil phase rich in the less highly 
epoxidized material. In general, any solvent in which 
the highly epoxidized fraction is soluble can be employed. 
This solvent should also be immiscible with nonpolar 
solvents such as lower aliphatic hydrocarbons. 

Solvents in which the less highly epoxidized substance 
is preferentially soluble include the liquid lower aliphatic 
hydrocarbons, both saturated and unsaturated, such as 
propane, the butanes, pentanes, hexanes, heptanes, and 
octanes. Aliphatic hydrocarbons higher in the series 
than octanes are more difficult to remove from the sepa 
rated epoxy ester because of their generally higher 
boiling point and, although they can be employed in the 
process, they are not recommended, if lower boiling 
solvents are readily available. Hydrocarbon mixtures 
containing aliphatic hydrocarbons of 5-7 carbons such as 
ligroin and petroleum ether are very suitable for use in 
the method of the invention. These materials have 
boiling points in the range of around 100-140 F. an 
are liquids at atmospheric pressure. 
The method of the invention is applicable in the treat 

ment of a wide variety of epoxidized fatty materials, 
particularly esters of epoxidized higher fatty acids having 
10-22 carbons. Included within the scope of the materials 
to which the invention may be applied are triglycerides 
such as epoxidized animal, vegetable, and marine fats. 
Examples of these fats are epoxidized tallow, epoxidized 
soybean oil, epoxidized linseed oil, epoxidized tall oil, 
epoxidized safflower oil, epoxidized perilla oil, epoxidized 
sperm oil, epoxidized menhaden oil, and epoxidized 
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permitted to separate into two phases. 

4. 
cottonseed oil. Epoxidized soybean oil and epoxidized 
linseed oil, in particular, have become important as 
plasticizer-stabilizers for vinyl halide resins and the 
method of the invention is particularly useful for im 
proving the properties of oils used for such purposes. 
Some epoxidized soybean oils and epoxidized linseed 

oils when stored at room temperature for an extended 
period of time such as a week or more show some sedi 
mentation of solids or partial solidification. If the oils 
are first treated by the process described and claimed 
herein, this sedimentation and partial solidification is 
obviated. Furthermore, some untreated epoxidized oils 
when used at a high level (around 50% by weight) in 
plasticizing vinyl halide resins appear to cause or induce 
the development of an exudate on vinyl films prepared 
from resins plasticized with such oils. Epoxidized oils 
treated in the manner described herein do not cause or 
promote this development of exudate. As a result, in 
cases where the epoxidized oil is to be employed in com 
bination with polyvinyl chloride or polyvinylidene chloride 
or copolymers thereof, the method of the invention can be 
used to substantially increase the effectiveness of the 
plasticizer-stabilizer. 
The following examples show the treatment of oils 

having various oxirane contents with various solvents. 
The examples are intended to be illustrative rather than 
limitative. 

Example I 
300 grams of petroleum ether was added to 300 grams 

of epoxidized linseed oil having an iodine value of 8 
The mixture was 

agitated and then permitted to settle. The two phases 
which developed were separated in a separatory funnel 
and the two fractions were analyzed. The fraction soluble 
in petroleum ether contained 6.41% oxirane oxygen and 
had an iodine value of 7.4. The fraction-insoluble in the 
petroleum ether contained 8.84% oxirane oxygen and 
had an iodine value of 9.4. 

Example II 
A mixture of 300 grams of epoxidized linseed oil having 

an iodine value of 9.3 and an oxirane content of 8.5% 
was admixed with 240 grams petroleum ether and 60 
grams of hexane. After agitating the mixture to obtain 
substantially complete contact of the oil with the solvent 
mixture, the mix was permitted to stand, at which point 
the two phases separated. The portion soluble in the 
hydrocarbon mixture contained 6.5% oxirane oxygen 
and had an iodine value of 7.4. That portion insoluble 
in the hydrocarbon solvent had 8.6% oxirane oxygen and 
an iodine value of 9.4. The hydrocarbon soluble portion 
represented 15% of the starting material. 

Example III 
1,000 grams of petroleum ether was added to 1,000 

grams of epoxidized linseed oil having an oxirane oxygen 
content of 9.08% and an iodine value of 2.33. The mix 
ture thus formed was stirred for 3-5 minutes, at which 
time the stirring was terminated and the mixture was 

The fraction 
soluble in the petroleum ether contained 5.82% oxirane 
oxygen and had an iodine value of 1.49. The fraction 
which was insoluble in the petroleum ether had an oxirane 
oxygen value of 9.59% and an iodine value of 2.43. 
Further treatment of the portion insoluble in the petroleum 
ether (approximately 900 grams) was again extracted 
with 11 grams additional petroleum ether. The insoluble 
portion derived from this extraction contained 9.66% 
toxirane oxygen and had an iodine value of 2.4, while the 
portion soluble in petroleum ether had an oxirane oxygen 
content of 6.34% and an iodine value of 1.66. 

Example IV 

A highly epoxidized linseed oil having an oxirane oxygen 
content of 9.73% and an iodine value of 3.98 was mixed 
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with an equal portion of petroleum ether. The 2,000 
gram mixture was agitated and then permitted to settle. 
The petroleum ether soluble fraction contained 6.30% 
oxirane oxygen and had an iodine value of 2.91. The 
fraction insoluble in petroleum ether contained 10.0% 
oxirane oxygen and had an iodine value of 4.1. 

Example V 
100 grams of epoxidized soybean oil having an oxirane 

oxygen content of 7.02% and an iodine value of 3.0 was 
mixed with 200 grams of isopentane. The mixture was 
agitated for about 3-5 minutes, stirring was then ter 
minated, and the mixture was permitted to separate into 
two phases. The isopentane phase was removed and the 
isopentane insoluble portion was again extracted with an 
additional 100 gram portion of isopentane. The iso 
pentane extracts were combined and the solvent was re 
moved by evaporation. 34 grams of highly epoxidized 
glycerides having an oxirane content of 7.72% was ob 
tained. 

Example VI 
A mixture was formed of 85 grams of epoxidized soy 

bean oil having an oxirane oxygen content of 7.02% and 
an iodine value of 3, and 100 grams of acetonitrile. The 
solvent solution of the epoxidized oil was then extracted 
with 100 grams of petroleum ether. The petroleum ether 
soluble fraction was isolated and after removal of the 
petroleum ether the product which represented about 1.9% 
of the original epoxidized soybean oil had an oxirane 
oxygen content of 5.81%. The acetonitrile solution of 
the epoxidized oil was then extracted with an additional 
100 gram portion of petroleum ether, and after removal 
of the petroleum ether, the residue which represented 
about 1.1% of the original epoxidized soybean oil analyzed 
5.68% oxirane oxygen. 

After removal of the acetonitrile from the acetonitrile 
solution, the residue which represented 60% of the original 
charge analyzed 7.50% oxirane oxygen. The portions 
soluble in petroleum ether were combined and these ma 
terials were semi-solid to solid at room temperature. The 
acetonitrile soluble portion remained as a clear liquid 
even after holding for one week at 40 F. 

Example VII 

100 grams of epoxidized soybean oil having an oxirane 
OXygen content of 7.02% and an iodine value of 3 was 
dissolved in 100 grams of nitromethane. The epoxidized 
oil was completely miscible with the nitromethane. This 
solvent solution was then admixed with 100 grams of 
petroleum ether. The mixture was agitated and the 
petroleum ether fraction was separated from the nitro 
methane fraction. The residue obtained after removal of 
the petroleum ether weighed 11 grams and analyzed 
5.02% oxirane oxygen. An additional extraction of the 
nitromethane with 100 grams of petroleum ether resulted 
in the removal of an additional 12.5 grams of a fraction 
containing 5.16% oxirane oxygen. 

After removal of the nitromethane from the nitro 
methane fraction, 76 grams of an oil having 7.53% 
oxirane oxygen was obtained. While the petroleum ether 
soluble fractions were semisolid at room temperature, the 
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nitromethane soluble oil was an optically clear liquid 
even after four days at 40° F. 

It will be noted that the separations in accordance with 
the method of this invention have no bearing on nor 
relation to the amount of unsaturation present in the 
epoxidized materials. All of the starting materials are 
essentially Saturated inasmuch as each has a lower iodine 
value than the well-known single-pressed stearic acid. 

It is apparent that by use of the instant invention it is 
possible to produce epoxidized higher fatty acid deriva 
tives having a greater chemical reactivity due to the 
higher epoxy oxygen content. Also, it is possible to 
produce epoxidized higher fatty acid esters having a 
greater compatibility with vinyl resins and superior heat 
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6 
and ultraviolet stability. Again, the products of the in 
vention do not exhibit partial solidification or sedimenta 
tion during handling and storing. 
While the invention has been described as applying 

particularly to the treatment of mixtures of glyceride esters 
of epoxidized higher fatty acids, it can also be employed 
to separate mixtures of other alcohol esters of epoxidized 
higher fatty acids. Thus the lower aliphatic monohydric 
alcohol esters of fatty acid mixtures such as those obtained 
from epoxidized glyceride oils can also be treated to 
separate the high or low oxirane fractions. The methyl, 
ethyl, propyl, octyl esters of epoxidized soybean, linseed, 
tall, or perilla oil fatty acids, for example, can be frac 
tionated by the method of the invention, particularly that 
embodiment involving the use of nitro paraffins along with 
cooling. 

Obviously, many modifications and variations of the 
invention as hereinbefore set forth may be made without 
departing from the Spirit and scope thereof and, accord 
ingly, only those limitations should be imposed as are 
indicated in the appended claims. 

I claim: 
1. Process for treating oxirane substituted higher fatty 

materials containing highly epoxidized triglycerides and 
less highly epoxidized triglycerides comprising: contact 
ing said materials with a liquid lower aliphatic hydrocar 
bon solvent in which said less highly epoxidized mate 
rials are Soluble, said solvent being selected from the 
group consisting of propane, butane, pentane, hexane, 
heptane, and octane and mixtures thereof, and separating 
the solvent solution of said less highly epoxidized trigly 
cerides from the insoluble more highly epoxidized trigly 
cerides. 

2. Process for improving the plasticizer-stabilizer prop 
erties of epoxidized triglycerides comprising: contacting 
Said triglycerides with an amount of a nonpolar liquid 
lower aliphatic hydrocarbon solvent having a boiling 
point of about 100-140 F. and being selected from the 
group consisting of ligroin and petroleum ether sufficient 
to form two phases, one comprising a solvent solution of 
less highly epoxidized triglycerides and the other phase 
being substantially immiscible with said solvent, and 
Separating the two phases. 

3. A method for improving the plasticizer-stabilizer 
properties of epoxidized soybean oil comprising: con 
tacting said epoxidized soybean oil with an amount of 
nonpolar aliphatic hydrocarbon solvent selected from 
the group consisting of propane, butane, pentane, hexane, 
heptane, and octane and mixtures thereof sufficient to 
form two phases when admixed with said soybean oil, 
one phase comprising a solvent solution of less highly 
epoxidized triglycerides and the other phase being sub 
Stantially immiscible with said solvent, and separating 
the two phases. 

4. A method for improving the plasticizer-stabilizer 
properties of epoxidized naturally occurring triglycerides 
comprising: contacting naturally occurring triglycerides 
with an amount of low boiling liquid nonpolar aliphatic 
hydrocarbon solvent selected from the group consisting 
of propane, butane, pentane, hexane, heptane, and octane 
and mixtures thereof sufficient to form two phases with 
Said epoxidized triglycerides, one phase comprising a 
Solvent solution of less highly epoxidized triglycerides, 
the other phase being substantially immiscible with said 
Solvent, separating the two phases, and removing solvent 
from said two phases. 

5. A method for separating the high oxirane compo 
nents from the low oxirane components in a mixture of 
epoxidized triglycerides comprising: contacting said mix 
ture with an amount of a solvent selected from the group 
consisting of methanol, acetonitrile, acrylonitrile, ace 
tone, lower nitroparaffins, dimethyl sulfoxide, and mix 
tures thereof, sufficient to dissolve said epoxidized trigly 
cerides, adding to the solvent solution of said epoxidized 
triglycerides an amount of a nonpolar aliphatic hydro 
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carbon solvent selected from the group consisting of 
propane, butane, pentane, hexane, heptane, and octane 
and mixtures thereof sufficient to form two solvent 
phases, one comprising a solvent solution of more highly 
epoxidized triglycerides, the other phase being substan 
tially immiscible with said solvent solution, separating 
the two phases and removing the solvent from each frac 
tion. 

6. Highly epoxidized glycerides substantially free of 
hydroxyl substituents, sediment and other impurities, pre 
pared in accordance with the method of claim 5. 

7. A method for separating the high-oxirane com 
ponents from the low-oxirane components in a mixture 
of epoxidized triglycerides comprising: contacting said 
mixture with an amount of a first solvent selected from 
the group consisting of methanol, acetonitrile, acryloni 
trile, acetone, lower nitro paraffins, dimethyl sulfoxide, 
and mixtures thereof to form a solution of said trigly 
cerides, adding an amount of a nonpolar aliphatic hydro 
carbon solvent selected from the group consisting of 
propane, butane, pentane, hexane, heptane, and octane 
and mixtures thereof sufficient to form two substantially 
immiscible phases, one phase comprising a solution of 
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said first solvent and more highly epoxidized triglycerides, 
the other phase comprising a solution of said nonpolar 
aliphatic hydrocarbon solvent and less highly epoxidized 
triglycerides, and separating the two phases. 
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