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11 Claims.

The present invention relates to a method of
separating mixtures of a plurality of free fatty
acids into fractions, each of which is relatively
enriched in certain components of the mixture
and correspondingly impoverished in other com-

ponents, and it has particular relation’to the .

fractionation of such mixtures by liquid phase
. extraction with a polar solvent which is a more
powerful solvent for certain components of the
mixtures of acids than for others.
One object of the invention is to provide a
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process of solvent extraction for fractionation -

of mixtures of free fatty acids, by means of
which it is possible to fractionate mixtures with
polar solvents possessing such degree of miscibil-
ity with all components of the acid mixture as to
render it difficult to make a liquid phase frac-
tionation by ordinary methods.

~ This and other objects of the invention will
be apparent from consideration of the following
specification and the appended claims.

In my copending applications Serial Nos.
144,315 now issued as Patent 2,200,390 and 251,340
issued as Patent 2,200,391, filed respectively May
22, 1937, and January 17, 1939, are disclosed
processes of  extracting mixtures of glycerides
such as occur in natural vegetable and animal
oils by selective extraction with.a polar solvent
to obtain fractions, some of which are enriched
in one component and correspondingly impov-
erished in others. -

It has been found that the fractionation of the
mixture of free fatty acids derivable by saponi-
fication of the glycerides fractiohation with many
selective solvents disclosed in’the foregoing ap-
plications or similar solvents is somewhat diffi-
cult because all components of the mixture pos-
sess such substantial degree of solubility in the
solvents at working temperatures as to mask the
selectivity due to active polar groups and render
it difficult to obtain immiscible phases.

It has now been found that in those cases
where the selective solvent is strongly miscible
with all components of the oil, it may be com-
bined ‘with a secondary relatively non-polar sol-

vent, which is immiscible in said selective solvent.

to obtain separable phases of acids. The more
active or polar components of the mixture of
acids are more strongly attracted to the polar
solvent than are the less active components so
that there is considerable degree of separation
of the components of the mixture. In particular
the process is applicable to the use of petroleum
hydrocarbons, as secondary solvents. These are
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are of low gravity so that separation into phases
is rapid and relatively compl@te. Preferably the
hydrocarbon is open chaifigand liquid at the op-
erating temperatures. Isooftane is a good ex-
ample of such solvent.

. If .the petroleum hydrocarbon‘ and ' a polar

solvent immiscible therewith be conjointly con-
tacted by agitation or countercurrent flow or
other suitable method with a mixture of free
fatty acids, such as are derivable by saponifica-
tion of various glyceride oils, including linseed
oil, tung oil, soya bean oil, cottonseed oil, perilla
oil, marine oils, such as menhaden, sardine,
whale, cod and the like, lard, tallow, coconut oil,
palm oil or to tall oil, it is possible to extract
certain components upon the basis of degree or

- aetivity, due to differences in degree of unsatura-

tion or differences in chain length. The acids are
simply appropriately contacted with the polar
and the non-polar solvents at a temperature at
which the two- solvents are immiscible, but all
components remain in liquid state. Perhaps, as
a result of the presence of double bonds in the
unsaturates or of short chain length, some com-
ponents of the mix are more polar than the sat-
urated compounds or compounds of greater chain
length, and have a greater affinity for the polar .
solvents. In other words they are more active
with respect to the polar solvents.

As a result the system separates into two
liquid phases, one consisting of a selective solvent
containing a fraction relatively rich in active
components of the acid mixture and the other

. consisting of petroleum hydrocarbon in which
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immiscible with many active polar solvents and 55

5 is dissolved a fraction relatively rich in less active

saturates.
If the process be applied to the fractionation
of free fatty acids of varying chain length such

.as obtained .by the saponification of coconut oil

or palm oil, it is found that the acids of relatively
short chain length are preferentially dissolved
in the selective polar solvent while the acids
of longer chain length tend to remain in solu-
tion in the petroleum hydrocarbon. The liquid
phases thus obtained may be separted from each

other by simply allowing them to settle for a

sufficient period of time and then:drawing them
off into separate containers. It is also possible
to make a separation by centrifugation in con-
ventional apparatus. After the separation of the
mixture, the solvents may be eliminated by
evaporation, crystallization, or other suitable
methods.

It will be apparent that the process is-appli-

cable to batch operation in which the free fatty
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acid mixture is simply agitated with the selective
- polar solvent and the immiscible hydrocarbon in
a suitable container until a satisfactory degree
of equilibrium is reached. The phases may be
allowed to settle out and are then separated
as above described.

Countercurtent flow extraction as subsequently

described may be employed. Various other proc-
esses involving modifications and combinations
of these two processes may, also, be employed in
contacting the free acids and the solvents.

The following constitute specific examples of
polar solvents which may.be combined in various
ratios, for example 1 to 1 ratio with an immiscible
petroleum hydrocarbon, such as isooctane or the

_ Iike and applied to the liquid phase extraction
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of the free acids herein enumerated or to similar
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The ratio of active or polar solvent to hydro-
carbon may vary over a range of from about 4
to 1 up to 10 or more of the latter to one of the
The. immiscible mixtures of selective
polar solvent and hydrocaroon may be applied to
the free fatty acids in varying ratios. For ex-
ample, in ratios from 1 to 1 up to a ratio of 10
or 12 parts of the solvent mixture to 1 part of
acid. In general it is possible by increasing the
temperature to obtain complete miscibility of al-
most any of the systems herein disclosed. Con-
versely, they can be‘cooled to effect splitting into
liquid phases, which can be separated from each
other, The miscibility temperature for different
systems will vary, but can easily be determined
for a given system by cooling a miscible system
until a cloud appears. The division or removal

_ of the fractions, preferably is effected at a tem-

free acids: _

Table A o - 20
Hydrozyl - Ester—Double Bond—Fther
Methyl aleohol Methyl furoate
Ethy]e]me gl eol1 Furfuryl acetate
Propylene glycol
Glyggﬂne ) Ester, Halogen -

Methgl chloroacetate
Hydroxyl, Ester beta-Chloroethyl acetate Y
bets-Hfdr%xstr ethyl acetate Acétochlorhydrin
-~ Methyl lactate .

Ethyl lactste Esier, Cyanide
Diacetin : Methyl cyanoacetate

Hydrozyl, Carbonyl

Ethylene glycol diformate
Triacetin

Glyecol diacetate
Ethyl acetyl glycolate
Ethylidine diacetate
Methyl malonsate
Ethyl oxalate
Methyl oxalate

Amino (or Imino)

thyl butanolone " Diethylene triamine

1feeety methyl carbinol Triethylene tetramine 30
Hydrozyl, Ether * - ‘Amino  (or Imino), Double
Methyl Cellosolve’ (b-methoxy Bonde

ethanol) . Aniline
Diethylene glf' Toluidine

. Trlethylene glycol Witrile :

Carl : - 35
2-Hydroxy methyl-l, 3-dioxo-  Propionitrile

lane. - Sulfate
Carbozyl . . Dimethyl sulfate
Formic acid
Aceticacid ‘;{lgﬁgd‘ acotaldehs do
Hydroxyl, Double Bonds Furial ¥ 40
Phenol . ‘Cinnamaldehyde :
Benzyl alcohol Benzaldehyde

: m-Nitrobenzaldehyde

Hydroxyl, Triple Bonds Carbonul
Dimethy! ethynyl carbinol aroony )
Hydrozyl, Halogen Acetonyl acetone ]
E:h;‘l):ze' cmogﬁydﬂn Carbomiyl, Ether, Double Bonds 45
Propylene chlorhydrin Furfural acetone
,l;e;ﬁ;oh%?mma-dlbromo propyl Carbonyl, Double Bonds
Hydrozyl, Oth Benzal acetone

ydrozyl, Other
beta-Hydroxy ropionitrile Carbongl, Amido
beta-Ethoxy ethyl laciate Formamide 50
beta-Ethoxy ethyl glycolate Acetamide
%ﬁggggl alcohol Carbonyl, Chloro
Balicylaldehyde (aldehyde, dou-  I-chlor butanone-2

ble bond) Ether :
2-Nitro-1-butanol '
2-Nitro-2-methyl-3-hexanol Dimethoxy tetrs.gl\ycol 55
Acid Anhydride Ether, Chloro
Acetic : beta, beta’-Dichloro  diethyl
Ester

Chloroethoxy chlorethyl ether
Ether, Imino
Morpholine
Fther, Nitro

o-Nitro anisole
0-Nitro phenotols

60

Ether, carbonate
Ester, Carbonyl beta-Methoxy ethyl carbonate 85
Methyl levulinate Nitro .
Ethyl levulinate .
Methyl acetoacetate Nitromethane
Ethyl acotoacetate Nitrobenzene
Ester, Ether Thiocyanate
ﬁ"?ﬁy{ 89'%050{“ h:irimatte Methyl thiocyanate v0
ethyl Cellosolve adipate {
Dimethyl Cellosolve succinate Phosphate
Trimethyl phosphate
FEster, Imido Triethyl phosphate
Ethyl n-methyl carbamate
Ester, double bond
) Ethyl maleate

76

_cent.

- phere.

perature somewhat below that of complete mis-
cibility, but above that which the components
tend to separate by crystallization. In general
the division should be effected within a range of
about 2 to 40° C. below that of complete mis-
cibility of the system. As the system of acids
and solvents approach the temperatures of com-
plete miscibility, it will be apparent that the
‘components g0 more and more into solution in
each other, but so long as the phases separate
it is possible to effect some degree of fractiona-
tion. " The degree of fractionation desired in any
particular mixture of acids will depend upon the
characteristics desired in the fractions. In some
cases & small degree of fractionation is sufficient.
In other cases relatively marked differences be-
tween one or more components and the original
acid mixture may be desired. Such separation
can be attained by appropriate reduction of the
temperature of the system. Such reduction, of
course, is attended by corresponding reduction of
the yield of the desired component.

In my copending applications above referred fo
the addition of water to the selective solvent in
order to reduce miscibility at low temperatures
of the relatively saturated or long chain com-
ponent of a glyceride oil mixture is referred to.
The same principles may be applied to the ex-
traction of the free fatty acids derived from the
oil. Manifestly this principle is of particular ap-
plicability to the fractionation of glyceride oil
acids with a solvent which possesses a substan-
tial degree of solubility with water. Examples
of such water soluble polar solvents are furfural
and the various alcohols including methyl, ethyl
alcohol, ethylene glycol, -propylene glycol and
glycerin, To these water may be added in vary-
ing amounts, for example, of from 1 to 15 per
In general the addition of water tends
substantially to increase the temperature at
which the glyceride oil acids and the polar sol-
vent become completely miscible in each other.
In some cases this is. of advantage because it
permits the operation of the system at a tem-
perature substantially above that of the atmos-
This is sometimes desirable because it
obviates cooling of the system- in order to obtain
separation of the liquid phases, and also because
it is easier to maintain substantially constant
working conditions at an elevated temperature
than at a low temperature.

It is also possible to admix two or more of the
selective polar solvents with each other and to
admix non-selective polar solvents at least in
Iimited amounts with the system.

The following constitutes specific examples of
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the application of the principles of the invention
to acid mixtures:

Parts by volume
Linseed 0il acidSa oo ccome e 200
Petroleum ether B. P. 30-60° C.) o e 200
Anhydrous furfural. . e eemeem 400

These were agitated together at room tempera-
~ture 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
Todine value of acid in hydrocarbon__.__._- - 166
193

TIodine value of acid in furfural . ________..

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,

TIodine value of original acide oo 173
Iodine value of acid in hydrocarbon....__.. 162
Iodine value of acid in solvent e —aeen 203

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. oo 173
Iodine value of acids in hydrocarbon_.__... . 168
Todine value of acids in solvent___________.. : 175

Free fatty acids may be subjected to repeated
stages of extraction with the hydrocarbon in
. order to remove additional amounts of the less
active constituents therefrom. In the case of
mixtures containing unsaturated acids it is pos-
sible by application of a relatively few stages of
washing the hydrocarbon to obtain the substan-
tially pure acid. The following flow diagram il-
lustrates the treatment of free fatty acids with
a mixture of furfural in a series of stages:

Furfural

Soya bean acids
Dissolved in Naphtha
1. V.=135.8

Furfural

Naphtha | raffinate

Extract |

Naphtha 1. V=128 (1)
| Furfural

Extract
1) I. V=147

|

Furfural
B @)
3 I

L

- Furfural {

. . V=125
] (€Y

1 I V=140
()
156 1. V.=134

V=0,
I

2

I

4) L v=i6s I v.=147 %L V.=135 1 v.=18
. [GIR

I v=i&.
o e

In conducting the extraction the free fatty
acids of soya bean oil were dissolved in petroleum
naphtha to obtain a 50% solution of volume of
free fatty acids. This solution was extracted by
agitating with furfural which had previously
been saturated with petroleum naphths at room
temperature (approximately 23° C.). The.ratio

of furfural to fatty acid solution was 1 to 1. The’

raffinate was reextracted with furfural saturated
with naphtha repeatedly keepxng the ratio of
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furfural to fatty acid solutmn in the relation of
1to 2.

The extract solution was simply contacted
with an additional equal volume of petroleum
naphtha at each stage and separation repeated.
The iodine values for each extract is indicated
by the numerals in the diagram. ]

The raffinate pha,ses were contacted with ad-
ditional furfural to split out further fractions
of relatively high iodine value. These can be
used -as such or can be returned to the original
or feed acids or to one of the other fractions on
the extract side-of the system having the same
or nearly the same iodine value. For example,

fractions 7 and 5’ might be returned to the feed

acids, 2’ might be combined with 1, 4’ with 5, 6’
with 3, 4’ with 6 and 5 with 7.

This repeated extraction of the free fatty acids
is substantially analogous to back washing free
fatty acids in countercurrent flow to a solvent
in a suitable column. Such apparatus and proc-
ess are illustrated diagrammatically in the draw-

" ing in which an extraction column i0 is pro-
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vided with jacket sections {I, having inlets 12
and outlets {3 for temperature control medium.

A hydrocarbon diluent such as petroleum
naphtha is introduced into the column a short
distance above the lower extremity through con-
duit 14, and a free fatty acid mixture, such as
soya bean oil acids, cottonseed acids, coconut
oil acids, or others of like nature, is fed to an
intermediate portion of the column at a sub-
stantial distdnce above the inlet 14 through con-
duit 16. 'The latter may be encased in a heating
jacket |1 having inlet 18 and outlet 19 for a
heating fuid. - It is, also, permissible to admix
the hydrocarbon and the oil or oil acids and in-
troduce them simultaneously into column
through conduit 16. Active solvents such as fur-
fural or one of the other solvents herein disclosed
may be introduced a shoft distance from the up-
per extremity .of the column through conduit 19.

It is to be observed that the raffinate phase
comprising the less active or more highly satu-
rated or longer chain length fatty acids dissolved
in the outer carbon collect as a layer 23 in the
upper extremity of the column while the extract
comprising the active polar solvent saturated
with more active acids collects as a distinct lig-
uid layer 24 in the lower portion of the column.
Between these two layers there is an extensive
zone 26 filled with countercurrently flowing mix-
tures of oil, hydrocarbon and free fatty acids
in varying degrees of saturation with each other.
Extract is drawn off at the lower extremity

through conduit 27 and raffinate is drawn out at

" the upper extremity through conduit 28, or in

60
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the case of some solvents of low specific gravity
it will flow out at the top.

The use of the apparatus and solvent mixtures
herein disclosed for fractionating the glycerides
of the acids described is contemplated.

For example, coconut oil glycerides may be
separated into fractions which differ mainly by
differences in the average chain length of the. .
molecule. The shorter chain lengths tend to
go into the polar solvent more strongly than do
the longer chain lengths.

In the fractionation of coconut oil glycendes ’
the oil was first dissolved in an equal volume
of petroleum hydrocarbon, e. g. petroleum naph-
tha and one volume of the mixture was treated

~ with four volumes of anhydrous furfural, at a

75

temperature of about 20 or 25° C. With furfural
saturated or at least partially saturated with
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water it is possible: to increase the temperature
of treatment several degrees. The solvents, when
left to stand, separated into iiquid layers that
_ could be drawn off into separate containers.
The solvents were then eliminated by vacuum
distillation. ‘The raffinate fraction (that dis-
solved in the naphtha) had a substantially higher
melting point than the original oil or that ex-
tracted by the furfural. Conversely the melting
point of the extract from the furfural was sub-
stantially lower than that of the original oil.
Apparently separation had been upon the basis
of chain length.

In the case of more highly unsaturated glycer-
ide oils, such as tung oil, linseed -oil, fish oil, soya
bean oil, cotton-seed and others herein enumer-
ated, the more unsaturated or actively unsatu-

_rated components are extracted preferentially
by the polar solvents listed, while the more satu-
rated components prefer the hydrocarbon phase

What I claim is:

1. A process of extracting a relatively actlve
fraction from a mixture of free fatty acids com-
prising such active fatty acid in admixture with
less active fatty, acid, which process comprises
contacting the mixture with a two phase solvent
system comprising a relatively non-polar hydro-
carbon solvent and an active polar solvent im-
miscible therewith, separating the immiscible
solvents and eliminating them from the fatty
acids dissolved therein.

2. A process of extracting a relatively active
fraction from a mixture of free fatty acids com-
prising such active fatty acid in admixture with
less active fatty acid, which process comprises
contacting the mixture with a two phase solvent
system comprising a relatively non-polar nydro-
carbon solvent and an active polar solvent im-
miscible therewith, the free. fatty acids being
passed in at an intermediate point in the length
of a column, polar solvent being passed in akove
the inlet for free acids and non-polar solvent
being passed-in at a point below the ialet for
iree acids, the immiscible solvents carrying re-

spective components dissolved therein. being.

withdrawn at opposite ends of the column.
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3. A process of extracting a relatively active
fraction from a mixture of free fatty acids com-
prising such active fatty acid in admixture with
less active fatty acid, which process comprises
contacting the mixture with a two phase solvent
system comprising a relatively non-polar hydro-
carbon solvent and an active polar solvent im-
miscible therewith, in which the polar solvent
is a compound from Table A, separating the sol-
vents and eliminating them from the free acids
contained therein.

4. A process as defined in claim 3 in whtch the
non-polar solvent is a parafinic hydrocarbon.

.. 5. A process as defilned in claim 3 in which
the hydrocarbon is isooctane.

6. A process as defined in claim 1 in which the -
polar solvent is furfural and the non-polar sol--
vent is a paraffine hydrocarbon.. .

7. A process as defined in claim 1 in which
the non-polar solvent is iso-octane. .

8. A process of extracting a relatively active
fraction from a mixture of free fatty acids com-
prising such active fatty acid in admixture with
less active fatty acid, which process comprises
centacting the mixture with a two phase solvent
system comprising a relatively non-polar hydro-
carkon solvent and an active polar solvént, im-
miscible therewith, said polar solvent containing”
a suwvstantial amount of water, separating the
solvents ‘and freeing them from the free acids
dissolved therein.

9. A process as defined in claim 3 in which the

. acids are those from oils of a class consisting of

40

marine oil, soya bean oil, linseed oil, perilla oil,.
tung oil, cottonseed oil, coconut oil, lard tallow
and tall oil. _ ;

10. A process as defined in ¢laim 1 1n which .
the polar solvent is- ‘wet furfural and the hydro-
carbon is isooctane.-

11. A process as deﬁned in cla.lm 1 in which

_ the free acids treated are those from an oil “of

a class consisting of linseed oil, tung oil, coco~
nut oil, soya bean oil, cottonseed oil, perilla oil,
lard, tallow and tall oil, the solvent is wet fur-
fural and the hydrocarbon is iscoctane. .
STEPHEN E. FREEMAN.



