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This invention. relates to the fractionation of
glyceride oils into at least two fractions, one
having a higher, and the other having a lower
degree of unsaturation than that of the unfrac-
tionated glyceride oil. More particularly the in-
. Vention relates to the fractionation of oils of
the drying type, such as linseed oil, and oils of
the semi-drying type, such as soybean oil.

While the invention relates generically to frac-
tionation of the above-defined glyceride oils, it
assumes particular importance in connection with
the fractionation of soybean oil because of the
large quantity of this oil that is available, because
of certain characteristics of soybean oil which
suit it for treatment by the process, and because
of the superior properties of each of the fra:-
tions for certain purposes as compared with the
original oil.

It is an object of the invention to fractionate
unsaturated glyceride oils into a fraction more
saturated than the original oil and suitable more
particularily for edible uses, soaps and other
purposes for which the more saturated oils and
fats are adapted, and into another fraction more
unsaturated than the original oil and suitable
particularly for paints, varnishes and other simi-
lar purposes.

It is g further object of the invention to frac-
tionate unsaturated glyceride oils utilizing but a
single solvent, although this may be any one of a
wide variety which is readily recovered and re-
used.

A further object of the invention is the pro-
visiont of a prozess in which the oil may be frac-
tionated continuously.

Still an additional object of the invention is
to provide a process in which the final separation
of the two fractions may be accomplished by
means of-a centrifuge.

Soybean oil is characterized by a so-called “re-
version” factor. This is associated with certain
odor and taste characteristics, which become par-
ticularly apparent when the oil is subjected re-
peatedly to higher temperatures.

It is an object of the invention, when it is
applied to soybean oil, to separate the oil into a
more saturated fraction and a more unsaturated
fraction, and in which the so-called reversion
factor is substantially contained in the more
unsaturated fraction where it is not objectionable
in paints, and to leave the more saturated frac-
tion, which is adapted for edible purposes, rela-
tively free from the reversion factor. - :

It has been proposed heretofore to separate
saturated from unsaturated fatty acids by means
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of fractional distillation. This process is based

upon the fact that the unsaturated acids have a

lower boiling point than the saturated acids of

the same molecular weight. This prozess is ex-

5 - pensive and disadvantageous because of the high
vacuum necessary- and the relatively large
amounts of heat required. In addition it requires
splitting the glycerides and re-esterifying the
acids. . :

It has also been proposed to separate un-
saturated oils in a liquid-from-liquid extraction
process utilizing a - selective solvent in which
efther the saturated or unsaturated glycerides are
selectively soluble. The fractions to be separated
are two liquids. This process requires the use of
certain “polar” solvents.

A two-phase solvent system in addition has
been suggested. This uses a non-polar solvent
and a polar solvent, each of which has a selective.
solvent action upon the glyzerides. This process
has the disadvantage of requiring two solvents.

It has also been proposed to chill unsaturated
glycerine oils to precipitate saturated glycerides
at a low temperature, following which the pre-
cipitate is separated by filtration. Such a process
is known generally as “winterizing.” This process
has also been used in connection with a solvent
such as acetone, but in such a process the satu-
rated glycerides are precipitated in solid crystal-
line form so that they can be pressed or separated
by flltration. L :

In accordance with the invention the unsatu-

.rated oil to be fractionated is diluted with an
{ organic solvent either polar or non-polar and
35\'\then subjected to chilling to such a low tempera-
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ture, at such a rapid rate, and under such appro-
priate agitation and other conditions, as to re-
sult in the precipitation of the saturated glyc-
erides in a solid form, but nevertheless in flow-
40 able condition. The precipitate may be amor-
phous or in a very fine crystalline state. The solid
fraction in an amorphous or flowable form.is
somewhat analogous to a very viscous liquid.
The chilled oil containing the saturated glycerides
45 in this solid but flowable condition may be sub-
jected to a continuous centrifugal separation, in-
asmuch as the solids in this form will ow through
the centrifuge. : :
The process is a solid~from-liqiid separation
50 and is to be distinguished from the liquid-from-
liquid separations referred to above. It is also to
be distinguished from the solid-from-liquid sepa- -
ration in which the solid is in a crystalline form
which can be filtered but not centrifuged. In
56 order to filter the solid from the liquid fraetion
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it is necessary to use a polar solvent such as ace-
tone in order to obtain distinct or large crystals
through which the liquid will flow in the filter
press. However, such a process results in crystals
which pack or interlock in a centrifuge and will
not flow through it.

The process of the invention is adapted to a
continuous type of operation in which the oil
is continuously mixed with the solvent in a pre-
ferred ratio, then passed in continuous fashion
through a chilling and agitating unit where the
oil is chilled at the proper rate to the desired low
temperature, following which the-chilled mix-
ture is sent to & continuous type centrifuge where
the solid more saturated fraction is separated
from the liquid more unsaturated fraction; the
latter contains most of the solvent, also any ob-
jectionable odorous reversion factor that may be
present in the original oil. Following this the
fractions can be heated to recover the solvent,
and this may be used in the treatment of an ad-
ditional quantity of the oil. -

It is an advantage of the process that non-polar
solvents, such as petroleum ether, hexane, tri-
chlorethylene, and any other hydrocarbons, or
chlorinated hydrocarbon may be used. These
solvents result in the solid fraction being precipi-
tated in the preferred form for centrifuging and
are also much cheaper. Under these circum-
stances the non-polar solvents are the preferred
species. This iIs to be distinguished from all of
the prior art processes which require a polar sol-
vent. The polar solvents, such as acetone, fur-
fural, etc., can be used in the process, but they
have a tendency to result in crystalline precipi-
tates that are more difficult to separate centrifu-
gally. However, under controlled conditions, par-
ticularly the rate of chilling and the proper de-
gree of agitation, the crystallization may be mini-
mized to an extent to permit centrifugation. Thus
any organic solvent which is a solvent for the
glycerides may be used.

The ratio of solvent to oil may be varied over
a wide range. 'This ratio may be varied in accord-
ance with the temperature and rate of chilling
and also the extent of the separation desired.
In general, the larger the amount of solvent the
greater will be the spread in iodine values be-
tween the two fractions. For example, if the oil
to be treated is soybean oil having an iodine value
of 132.2, it may be separated using 7 parts of sol-
vent (acetone) to 3 parts of oil. The solid frac-
tion yields an oil having an iodine value of 129.2,
- and the liquid fraction yields an oil having an
{odine value of 144.7. The larger the amount of
solvent used, the lower will be the iodine value of

the solid fraction. When a ratio of 10 parts of -

solvent (petroleum ether) to 1 part of soybean oil
is used, the iodine value of the solid fraction will
be of the order of 92.0. In general, the range is
1 part of oil to 1 to 20 parts of solvent. Since the
solvent is used to give the entire mass of oil a
sufficient fluidity at the lower temperature to per-
mit handling, it is apparent that for a given tem-
perature it may be possible to separate the solid
fraction with greater facility and with less en-
trainment of the liquid fraction if more solvent
isused. Also, the spread in iodine value is greater.
However, the use of larger quantities of solvent
increases the cost of chilling and the cost of sol-
vent recovery, and the economical factors must
be taken into account in the commercial adapta-
tion of the invention.

The process may be carried out, if desired, in
two stages. If the solvent to oil ratio is to be 20
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to 1, the oll may be treated with a solvent in a
10 to 1 ratio and separated, and then either of
the fractions again treated in a 10 to 1 ratio. As
will be seen from Table I, however, the two stage
treatment, insofar as retreatment of the more
unsaturated fraction is concerned, does not ap-
pear to result in an oil of higher unsaturation.
As Indicative of the results that may be ob-
tained utilizing acetone as the solvent the fol-

lowing table is set forth:
Table I
{Chilling temperature ~40° C.]

Percont { Percent | 1. V.of | L V.of

Acetone-Oit | Ollin Oilin | Liquid Solid
Ratio Liquid 8olid | Fraction | Fraction

Fraction | Fraction oil 0il

T 73 8.6 91.4 1527 127.8

5:1 20.0 80.0 150. 5 125.8

10:1 36.3 3.7 147.7 120.0

5:14 511 32.6 67.4 Joe._-. 119.0

20:1 58.0 42.0 145.0 108.1

10:14-10:11 58.0 420 | 106.8

12-gtage,

As iIndicative of the effect of different temper-
atures the following results are set forth:

Table II
[Acetone-0il Ratio 5:1}
Percent | Percent | I. V.of | 1. V.of
Acetone-0il | Oilin Oil in Liquid Schd
Ratio Liquid Solid | Fraction | Fraction
Fraction | Fraction 0Oil 0il
—2A4° C. 55.0 45.0 138.6 . 121.5
—32° C. 25.7 74.3 146.6 124.3
—40° C. 20.0 80. (1 150. 5 125.8
As indicative of the results that may be ob-
40 tained using petroleum ether, the following results
are given:
Table I1I1I
[Chilling Temperature —40° C.]
LV.of L V.of
Petroleum | Liquid Solid
Ether-Oil | Fraction | Fraction
Ratio oit oil
21 136. 2 117.2
10:1 134.3 92.0
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The temperature at which the oil is ultimately
chilled, the rate of chilling, and the extent of
agitation, are more or less related to each other,
to the solvent used, to the oil treated and to the
products. wanted, and should be adjusted relative
to each other,

In general, the temperature used should be
not above —20° F, In few instances will it be .
economically advantageous to employ tempera-
tures of lower than —60° F. In general, the
rate of chilling should be as rapid as the facilities
will permit; the retention of a relatively small
mass of oil in the chiiling apparatus at any one
time and with rapid passage through the chilling
apparatus is preferred. This is generally known
as a “shock” chilling. These factors also will
vary dependent upon the characteristics of the
oil being treated, the state of refinement, ete., as
well as the ratio of solvent to oil, and in some
instances in the type of centrifuge and the ability
to handle amorphous solids of different forms and
viscosities. In addition, the factors must be se-
lected and adjusted in view of the economics in-
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volved, and the degree of saturation or unsatura-
tion wanted in the final products. It is difficult,
if not impossible, to specify any particular de-
tails as to the inter-relation of these variables
other than the ranges specified heretofore, but
it is believed that one skilled in the art, in view
of the disclosure herein, will be enabled to select
such factors in view of the product wanted and
the economic factors to be considered.

In the application of the invention to soybean
oil, it has been found that a fractionation to yield
& more saturated fraction with an iodine value
of about 125 or less is substantially free from the
reversion factor. When this fraction is hydro-
genated in the usual manner and tested by the
deep-fat doughnut frying test it shows substan-
tially none of the odor characteristics of a short-
ening made by similarly hydrogenating untreated
soybean oil, It is admirably suited for edible
purposes. Shortening prepared from this frac-
tion also is higher in the naturally occurring
saturated glycerides (i. e., glycerides of palmitic
acid) than are present in a shortening prepared
by hydrogenating the unsaturated oil. Such a
‘shortening has desirable plastic and digestible
charscteristics.

When the invention is applied to.soybean oil
the more unsaturated fraction has its drying
properties greatly improved. For example, the
iodine value may be readily raised from  about
130 to at least 150. While this more unsaturated
fraction perhaps does not possess as good drying
properties as tung or other natural drying oils, the
drying properties are such as to permit the use
of larger quantities in paints, varnishes, ete.

. 'The invention has been described particularly
with reference to soybean oil, but it will be under-
stood that it may be applied to other oils, for ex-
ample linseed oil, to obtain a more unsaturated
fraction having superior drying properties. This
is economically advantageous because the more

saturated fraction which is separated will be rel- .

atively free from the characteristic odor and
taste ingredients and may be used in an edible
product. - Similarly, the invention may be applied
to fish oils and the same advantages accrue.
Such advantages are particularly important un-
der economic conditions where it is desired to di-
vert the more unpalatable olls, or at least a por-
tion of them into edible uses. - The invention may
be applied to other oils, such as cottonseed oil,
but the advantages would not suggest this par-
ticular application because the oil has desirable
characteristies in its natural form.
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It will be apparent that the invention includes
many modifications and variations of the pre-
ferred embodiment disclosed as illustrative, and
all of these are included in the invention as are
within the following claims.

I claim:

1. A process of fractionating soybean oil, which
comprises mixing one part of soybean oil with an
amount of a non-polar solvent within the range
of 1 to 20 parts, rapidly chilling said mixture of
oil and solvent to a temperature within the range
of —20° to —60° F., the rapidity of chilling, the
amount of solvent within the above range and
the chilling temperature within the above range
being interrelated so as to precipitate a fraction
in an amorphous flowable form having. a lower
iodine value than the iodine value of the soybean
oil, and to leave the remainder of the oil as a
liquid fraction having a higher iodine value than
the soybean oil, and continuously separating the
precipitated amorphous flowable fraction from
the liquid fraction in a continuous type centri-
fuge, said precipitated fraction of lower iodine
value being suitable for hydrogenation to form an
edible shortening, and said liquid fraction of
higher iodine value having improved drying prop-
erties.

2. The process in accordance with claim 1 in -
which the non-polar solvent is a hydrocarbon.

3. The process in accordance with claim 1 in
which the non-polar solvent is petroleum ether.

4. The process in accordance with claim 1 in
which the mixture of the non-polar solvent and
soybean oil is continuously chilled while being
agitated.

5. The process in accordance with claim 4 in
which the non-polar solvent is petroleum ether.
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