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This invention is concerned with a new process 
for fractionating mixtures of certain polar or 
ganic compounds. Specifically, it is concerned 
with the fractionation of such mixtures as vege 
table oil acids or their derivatives. The fraction 
ation of naturally-occurring mixtures of organic 
materials is necessary for their application in 
Specific industries. For example, use of Vegetable 
oils and the like in coating compositions requires 
removal of the less suitable components, which in 
most cases are the relatively Saturated Species. 
Heretofore, fractionation of vegetable oils has 
been effected by such means as fractional dis 
tillation or fractional crystallization, either of 
which methods may be combined with solvent 
extraction. Alternatively, the latter process 
alone has been used. These previously known 
processes vary considerably in their relative ef 
ficiency and especially in economy. 

It is an object of the present invention to pro 
vide a process for the fractionation of mixtures 
comprising straight-chain organic compounds 
having varying degrees of unsaturation. It is 
another object of the present invention to provide 
a process for the separation of mixtures of or 
ganic compounds into fractions having relatively 
more and less a degree of unsaturation. It is an 
additional object of this invention to provide a 
process for the improvement of vegetable oil acids 
for use in coating compositions. Other objects 
will become apparent during the following dis 
CuSSion. - - - 

This invention is based upon the discovery that 
mixtures of straight-chain polar Organic Con 
pounds may be effectively separated into frac 
tions respectively richer and poorer in the chem 
ically less saturated components by clathrate 
compound formation. With urea. 
In accordance with this invention, a mixture of 

straight-chain polar organic compounds con 
taining components having varying degrees of 
chemical unsaturation has urea, admixed there 
With, as more fully described hereinafter. The 
relatively more saturated components form 
crystalline clathrate compounds with urea, while 
the relatively less saturated components remain 
unchanged. 

It has been found, still in accordance with the 
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stantially improved by treatment of such mix 
tures of acids with urea. So as to extract the acids 
having a low degree of unsaturation, i. e., less 

... than two double bonds, thus leaving as a raffinate 
the more unsaturated members having the best 
potential drying characteristics. 
The process of the present invention may be 

applied with equal or even greater effectiveness 
to the mixtures of esters of the above acids, es 
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present invention, that mixtures of fatty acids - 
may be fractionated by the preferential forma 
tion of crystalline clathrate compounds between 
urea, and acids having relatively low unsaturation. 
Still in accordance with this invention, it has been 
found that the potential drying characteristics 
of vegetable-and-animal-oil acids may be Sub 
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pecially when the esters are formed by esterifi 
cation. With a straight-chain monohydric alcohol. 
It may also be applied to fatty alcohols compris 
iing mixtures of varied degrees of unsaturation. 
Branched-chain or cyclic compounds will not us 
ually form clathrate compounds with urea of the 
type described. 
The term "clathrate compounds' has been 

coined recently as a generic name for molecular 
co:aplexes such as those formed by urea, as de 
Scribed hereinafter. While the formation of 
clathrate compounds of urea and straight-chain 
hydrocarbons had been discovered, no adequate 
explanation Was available of how the two mole 
cules. Were united in the absence of chemical re 
action. In the investigations from Which the 
present invention resulted, X-ray and crystal 
lographic Studies have elucidated the structure to 
adequately explain the topography of the complex 
molecules and to describe the types of materials 
Which undergo clathrate formation with urea. 
A paper by H. M. Powell, J. Chem. Soc. (1948), 

61-73, describes, in general, the theory behind the 
formation of clathrate compounds. Powell de 
fines these as follows: 
"A Structural combination of two substances 

which remain associated, not through strong at 
traction between them, but because strong mutual 
binding of the molecules of one sort only makes 
pOSSible the firm enclosure of the other.' 
As stated hereinbefore, crystallographic and 

X-ray examinations of the clathrate compounds 
With Which the present invention is concerned 
were necessary to explain the phenomenon in 
Wolved. It has been found that the clathrate 
conpounds comprise spiral-like arrangements of 
urea molecules which bind within the spiral a 
Second organic compound. The X-ray data have 
shown that urea, apparently forms a Spiral hav 
ing a critical inner diameter and that this diam 
eter does not, appreciably vary with conditions 
Such as tamperature or environment. In order 
to form a clathrate compound therewith, an or 
ganic substance must have an unbranched con 
figuration except for terminal atoms. The cross 
Sectional diameter of a straight-chain organic 
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compound primarily depends upon bond angles 
between carbon atoms or other atoms comprising 
the straight chain and upon the diameter of Sub 
Stituent groups or atoms attached to the chain. 
The Critical requirements described above per 

mit the use of clathrate formation from the frac 
tionation of mixtures of polar organic com 
pounds. Branched-chain compounds, for ex 
ample, have CrOSS-sectional diameter's larger than 
that which will permit the compound to fit into 
the urea, Spiral. Hence, these substances do 
not undergo clathrate formation with urea. 
Straight-chain organic compounds form clath 
rates With urea, with increasing reluctance as 
their degree of unsaturation increases. 
These considerations have led to the inven 

tion of the present process for the fractionation 
of mixtures of the acids derived from naturally 
OCCurring fats and oils. In order to take ad 
vantage of the present process, it has been found 
neceSSary to hydrolyze the mixtures of naturally 
Occurring glycerides in order to leave the free 
acids or their esters of monohydric straight 
chain alcohols or to otherwise destroy the 
branching caused by the glyceryl radical of an 
oil. The methods of hydrolysis, ester inter 
change and reduction used for these purposes 
are well known in the art. Preferably, when 
esters are to be employed, the lower aliphatic 
alcohols such as methyl, ethyl, amyl, etc., are 
employed. While the treatment of the mixtures 
of free acids gives sufficient fractionation for 
most purposes, it has been found that the use 
of the lower esters such as the methyl esters 
allows a greater degree of fractionation at 
Ordinary temperatures. 

Typical vegetable oils containing acids which 
may be treated in this way include Soybean, 
Cottonseed, linSeed, cocoanut, perilla, and hemp 
Seed oils, as well as oiticica, and tung oils. Fish 
oils such as Sardine, menhaden, whale oil and fish 
liver oils also provide Suitable acids for use in 
the present process. Other sources comprise tall 
oil, isomerized linSeed and soybean oils, as well 
as dehydrated castor oil. While the process of 
the present invention may be employed in the 
fractionation of other mixtures, as described 
hereinafter, it will be described with particular 
reference to acids obtained from the above 
typical Sources. 

Linseed oil comprises primarily a mixture of 
glycerides of fatty acids having a typical analysis 
as follows: 

- Per- Iodine 
Acid cent. No. 

Stearic and Palmitic 5 0 
Oleic----------------- 13 90 
Linoleic------------ - 17 81. 
Linolenic----------------------------------------- 54 273 
Arachidic----------------------------------------- ll-------- 

After hydrolysis of linseed oil and separation 
of the mixture of fatty acids from glycerin, the 
mixture is treated with urea, preferably at a 
temperature between 0 and 75° C. 

. The flexibility of possible reaction temper 
atures which may be used allows for fractionation 
of mixtures according to molecular weight, as 
Well as according to their relative degree of un 
Saturation. By the use of reaction temperatures 
in the order of 35-75° C., the process may be 
made highly selective, since at these higher tem 
peratures the shorter chained materials will not 
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- 4. 
usually react. Similarly, with increasing reaction 
temperature, the compounds having a relatively 
greater degree of unsaturation from clathrate 
compounds with urea, with increasing reluctance. 
Conversely, a larger fraction of any of the above 
mixtures may be isolated by the use of relatively 
low temperatures, that is, below about 35° C. 
Hence, it becomes possible to employ a tem 
perature gradient so as to separate a specific 
mixture into a number of desired fractions. This 
is especially important when particular Species 
or narrow cuts according to molecular Weight 
or degree of unsaturation are required. 
The mixture of fatty acids may be treated in 

the absence of any diluent or solvent; however, 
it is usually preferable to include a diluent such 
as a ketone or alcohol. Suitable diluents include 
especially methyl isobutyl ketone and methyl 
ethyl ketone. Alcohols which are preferred in 
clude those having four and five carbon atoms 
and may be primary, Secondary or tertiary in 
structure. Mixtures of such solvents may be 
employed. The use of equal amounts of amyl 
alcohols with methyl isobutyl ketone has been 
found especially useful for the subject process. 
This particular type of mixture permits rapid 
Separation of the raffinate from the crystalline 
clathrate compounds. The term "rafiinate' is 
used in the present case to describe the unaf 
fected fractions of the mixtures treated with 

ea. 
The use of Solvent-to-fatty acid ratios of at 

least 2:1 to about 4:1 has been found to promote 
the most favorable conditions for clathrate for 
mation. Ratios within this range favor the 
formation of large crystals which separate 
cleanly from the rafiinate and hence favor the 
formation of pure fractions. 

Urea, may be dissolved in a Suitable Solvent or 
may be employed in the crystalline state. Pref 
erably, it is dispersed in an aqueous medium and, 
still more preferably, is employed as a Solution 
which is initially Saturated at the temperature 
of the reaction. The concentration of urea in 
its solvent may be adjusted to obtain Selective 
fractionation, since it has been found that solu 
tions having less than a Saturation content of 
urea, have a diminished reactivity with some 
components of the mixtures treated. 
The ratio of urea, to the mixture of organic 

compounds is an additional factor which may 
be varied in controlling the degree and type of 
the resulting fraction. The examples which 
follow principally show the use of equal molar 
amounts of urea, and vegetable oil. As the 
amount of urea. With relation to the vegetable 
oil acids is reduced, the process becomes in 
creasingly Selective. Since the clathrate com 
pounds being considered normally comprise one 
mol of urea, for each carbon atom in the extracted 
component, the molar ratio of urea to the active 
fraction of the vegetable oil should be quite 
large. Even under the most favorable condi 
tions, it is a preferred practice to employ a large 
exceSS of urea. When a maximum removal is 
desired. However, a reduced quantity of urea 
may be employed in controlling the removal of 
Specific fractions. 
The process generally comprises mixing the 

fatty acids with urea, in a reactor column by 
means of rapid stirring, allowing the mixture to 
remain in the reactor for a time Sufficient for 
complete reaction and then transporting the re 
acted mixture to a Separator. The separator 
may comprise a settling tank, filter or centrifuge, 

  



2,596,844 
5 

depending upon the exact character of the mix 
ture and the ease with which it may be sepa 
rated by any one of these means. If a settling 
tank is employed, the rafiinate separates from 
the crystalline clathrate compounds and the re 
sidual urea, Solution. After removal of the raffi 
nate, the mixture of dilute urea, Solution and 
clathrate compounds may be heated to a tem 
perature of 80°-125° C., in order to decompose 
the clathrate and regenerate both fatty acids and 
urea, therefron. A convenient process step com 
prises permitting decomposition to take place in 
the presence of the dilute urea, Solution, where 
upon the regenerated urea redissolves in the urea, 
solution and is recirculated for additional frac 
tionations. 

It has been discovered, in accordance with the 
present invention, that the process described 
permits the concentration of highly unsaturated 
acids and the less unsaturated acids into at least 
two separate fractions. As the degree of unsatu 
ration diminishes, the tendency to form clathrate 
compounds With urea, increases. Data from 
which these statements are based Will be found 
in the examples given hereinafter. 

If centrifuging or filtration are employed as 
the means of separation, the crystalline clathrate 
conpounds are Separated from the liquid com 
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ponents of the mixture, namely, the dilute urea, 
Solution and the raffinate fraction. The clath 
rate compounds may be regenerated by the use 
of heat or by such methods as Steam distillation 
or treatment with hot organic solvents or water. 

It has been noted that urea solutions tend to 
promote rapid corrosion of iron equipment and 
even of fixtures composed of cement. This ap 
pears to be caused by oxidation, which apparently 
is accelerated in the presence of urea. The equip 
ment may be protected by blanketing with an 
inert gas, Such as nitrogen, by including corro 
Sion inhibitors in the mixture, such as ammonium 
phosphate and ammonium chromate, or by coat 
ing the equipment with resins or corrosion-resis 
tant metals. 
While the process of the present invention 

has been described particularly with reference 
to mixtures of naturally-occurring acids, the 
phenomena, involved permit its application to 
the fractionation of other mixtures containing 
straight-chain components of varying degrees of 
Saturation bearing a common polar group 
throughout. Hence, it is possible to fractionate 
mixtures of amines, amides, nitriles, esters, al 
cohols, aldehydes or ketones having components 
of varying degrees of saturation. 

Particular species of fatty acids which readily 
form clathrate compounds include especially the 
saturated straight-chain fatty acids having four 
to fifty carbon atoms, such as butyric, caprylic, 
myristic and stearic acids, and the mono-olefinic 
acids such as oleic acid. Unsaturated fatty acids 
which form clathrate compounds with urea with 
some reluctance under the conditions described 
include especially linolenic and elaeostearic acids; 
Specific esters which readily form clathrate com 
pounds with urea, are methyl stearate and ethyl 
palmitate. 
The following examples illustrate the process of 

the present invention. 
Two-hundred and fifty parts by weight of each 

of the fatty acid mixtures described hereinafter 
Were diluted with an equal amount of methyl iso 
butyl ketone. The dilute mixture was stirred with 
2000 parts by weight of saturated aqueous urea, 
Solution at 22-25 C. In the course of five min 
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6 
utes, a white crystalline precipitate formed, which 
was separated by filtration and washed with 500 
parts of methyl isobutyl ketone. The precipitate, 
Which was the mixture of clathrate compounds, 
was decomposed by stirring in 1000 parts by 
Weight of water at 80° C. The oily layer which 
formed was separated from the aqueous layer 
which contained regenerated urea. Methyl iso 
butyl ketone was removed from the oily layer by 
distillation to 110° C. at 0.5 mm. mercury pres 
sure. The raftinate was recovered as an oily 
layer from the dilute urea, Solution obtained in 
the original filtration. Methyl isobutyl ketone 
Was removed therefrom as described above. The 
iodine values of the fatty acids regenerated from 
the clathrate compounds and of the raffinate 
were determined and are reported below. Methyl 
esters of each of the three types of fatty acid 
mixtures were treated in a similar manner. The 
results obtained are given in the table which 
follows. 

as Percent of NE Examples by eSept. Ner Original .g. 1/100g. Weight Wijs 

1. Linseed Fatty Acid 250 100 180 
Extract.-- -- A9. 19.6 54 
Rafflinate- 201 80.4 ,199 

2. Soybean Fatty Acids-- - - 250 100 138 
Extract.-------------------- 38 15.2 59 
Raflinate---------'- - - - - - - - - 212. 84.8 46 3. Dehydrated Castor Oil 
Fatty Acids--------- - 250 00 1 167 
Extract--------------------- 25 10, 1107 
Rafflinate------------------- 225 90 170 4, Methyl Ester of Linseed: 
Fatty Acid 250 100 . 187 
Extract 106 42.4 30 
Raflinate- 144. 57.6 224 5. Methyl Ester of Soybean: 
Fatty Acids------- - - - - - - - - - 250 100 139 
Extract..... ----- ... 2 44. 97 
Raftinate------------------ 38 55.3 175 6. Methyl Ester of Dehydrated: 
Castor Oil Fatty Acids---- 250 100 i.162 
Extract--------------------- 125 50 1 150 
Raftinate------------------- 25 50 i 174 

1 Woburn Iodine Values, For method see Ind. Eng. Chem., anal. ed., vol. 3, pg. 782, November 15, 194i. 

EXAMPLE7 
Urect eactraction of the alcohols obtained from the 

reduction of linseed oil. 

Tinseed oil acids were reduced to the unsatu 
rated Straight-chain alcohols by use of metallic 
Sodium and methyl isobutyl carbinol (Ind. Eng. 
Chem. 39 55-62 (1947) ). This reduction retains 
the unsaturation present in the linseed acids. 
The distilled alcohols boiling between 164°-182 
C. at 0.8-1.7 mm. were used in the following ex 
traction. 
Two-hundred and fifty grams of the alcohols 

Were mixed with 250 grams of methyl isobutyl 
ketOne and poured into 2000 ml. of Saturated 
urea, Solution at 25 C. After fifteen minutes, a 
precipitate began to form. The mixture was 
stirred for forty-five minutes longer and then 
filtered. The precipitate was carefully washed 
with 500 ml. of methyl isobutyl ketone. The 
Washed precipitate Was decomposed in One liter 
of water at 80° C. The upper oily layer which 
Separated Was Washed, filtered and the remaining 
methyl isobutyl ketone removed under wacuum. 
Weight of extract, 71 g. 
The raffinate in the methyl isobtuylketone was 

Washed, filtered and the methyl isobutyl ketone 
removed under vacuum. Weight of raftinate, 
158 g. - - - - - - - - - - 
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Analysis of products 

Starting Alcohols Extract. Rafiinate 

Weight, g----------------- 250-------------- 7. 58 
Iodine Value------------- 96-------------- 106 233 
Hydroxyl Value, g-------- 0.37 Eq.(100----- 0.37 0.36 
Acidity, g---------------- <0.001 Eq/100. K0.001 <0.00 

The extract was a mushy solid at room tem 
perature, while the starting alcohol and raftinate 
were both mobile liquids. 

EXAMPLE 8 
Urea eatraction of tall oil 

The tall oil used in this extraction had an 
analysis as follows: - 
Acid number ---------------------------- 168 
Ester number --------------------------- 9.4 
Per cent rosin acids ---------------------- 36 
Per cent fatty acids ---------------------- 58 
Percent linolenic ------------------------ 22 
Per cent linoleic ------------------------- 2 
Per cent oleic ---------------------------- 24 
Two-hundred and fifty grams of tall oil were 

dissolved in 250 g. of methyl isobutyl ketone and 
stirred into 200 ml. of Saturated urea solution at 
25° C. The mixture was stirred forty-five min 
utes, While a large amount of precipitate formed. 
This was filtered off and carefully washed with 
methyl isobutyl ketOne. The precipitate Was de 
composed in one liter of water at 80° C. The 
upper layer which formed was separated, washed, 
and the Solvent evaporated under Vacuum. 
Weight of extract, 31 g. 
The rafiinate was recovered by Separating the 

upper oily layer from the dilute urea, solution fil 
trate, and Washing and evaporating the solvent 
from the oil. Weight of rafiinate, 208 g. 

Analysis of products were as follows: 

Starting Material Extract Raftinate 

Weight.------------------------- 250 3. 208 
Wijs Iodine Number---------- 167 63,3 182 
Acidity Eq./100 Phenolphthal- 0.29 0.30 0.29 
e 

The extract was a very light-colored, waxy 
Solid. 

EXAMPLE 9 
Ureat eactraction of the methyl esters of Soybean 

ocids itsing no Solent for the ured 
The methyl esters of soybean fatty acids were 

made from refined Soybean oil by exchange With 
methanol, B. P. 138-148 at 0.2 to 0.5 mm. mercury 
preSSure. Two-hundred grams of the methyl 
esters were poured into a small ball mill and 100 
g. Of Solid urea, Were added. The contentS Were 
milled overnight. To work up the mushy mix 
ture that resulted, methyl isobutyl ketone was 
added, and the crystals were filtered off. The 
crystals were washed with more methyl isobutyl 
ketone and then decomposed with Warm water. 
The Upper layer, which separated, Was Washed, 
and the remaining solvent evaporated under vac 
uum. Weight of extract, 44 g. The raffinate in 
the methyl isobutyl ketone was washed, and the 
solvent taken off under reduced pressure. 
Weight of raffinate, 140 g. 
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Analysis of products 

Starting 
Methyl Extract Raftinate 
Esters - 

Weight, g----------------------- 200 44 40 
Iodine Number----------------- 4. 77.8 160 
Refractive Index, ND200-------- 1.4575 1,4508 1,460 

EXAMPLE 10 

Urea eactraction of a miacture of Stearic and oleic 
acid 

This experiment was run to determine whether 
stearic acid could be separated from oleic acid 
by urea, extraction. Oleic acid, 150 g., Stearic 
acid, 50 g., and methyl isobutyl ketOne 200 g. Were 
mixed. This clear Solution was stirred With 200 
ml. of Saturated aqueous urea, Solution at 25 C. 
The crystalline complex which formed was fill 
tered off, washed with methyl isobutyl ketone, 
and decomposed with warm water. The product 
Which separated Was a hard Solid at room ten 
perature. It was dissolved in toluene, washed 
with water, and all solvent removed under vac 
uum. This Was designated 1. The methyl isor 
butyl ketone solution of the mixture that did not 
form a complex Was Washed with Water, and 
another 200 ml, of Saturated aqueous urea, added. 
The product separated was designated 2. This 
was repeated until five extractions had been 
made. The raffinate was then worked up by 
Washing it in the methyl isobutyl ketone Solution, 
and then evaporating the methyl isobutyl ketone 
under Vacuum. 

Analytical results 

Wijs 
Weight Iodine 

Number 

fil--- 8 17. (5) 
10 26. (7) 
8 24, (2) 
8 23. (6) 
8 27. (O) 

116 84. (3) 

EXAMPLE 1. 

Urea eactraction of a fraction of methyllinseedate 
having a high iodine value 

The following experiment was run to determine 
if a urea, complex could be formed from a frac 
tion of methyl esters of linseed oil acids that had 
two or more double bonds per molecule. The 
rafiinate from the urea extraction of methyl 
linseedate (Example 4) was used in this ex 
periment. The iodine value was 224, indicating 
that the fraction was predominately the ester of 
linoleic acid (iodine Value, 172.8) and linolenic 
acid (iodine value, 261.3). 

Fifty grams of this rafiinate were diluted with 
an equal weight of methyl isobutyl ketone and 
shaken. With 900 ml. of saturated aqueous urea, 
at 25° C. After Shaking four hours, a crystalline 
complex started to form, and the shaking was 
continued for twenty-four hours. The precipi 
tate was carefully filtered off and washed with 
methyl isobutyl ketone. It was decomposed in 
Warm Water, and the upper layer was washed with 
Water, and all solvent evaporated. Weight of ex 
tract, 21 g.; idodine value, 217. 
The rafiinate in the methyl isobutyl ketone 

Solution was washed with water, and the solvent 
removed under vacuum. Weight of raffinate, 
24 g.; iodine value, 231. 
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EXAMPLE 12 

Urea ectraction of the ethyl esters of soybean 
- fatty acids 

The ethyl esters of soybean fatty acids were 
prepared from refined soybean oil by exchange 
with ethanol. Two-hundred grams of the esters 
were d with t dred grams of methyl 
isobutyl ketone and stirred with two liters of 
saturated aqueous urea at 25 C. A crystalline 
complex readily formed, and the stirring was con 
tinued for one-half hour. The precipitated 
complex was filtered off, washed with methyl 
isobutyl ketone and decomposed in warm water. 
The upper layer which separated was washed 
with water, separated, and the solvent removed 
under vacuum. Weight of extract, 57 g. 
The raffinate in the methyl isobutyl ketone 

solution was washed with water, separated and 
the solvent removed under vacuum. Weight of 
rafflinate, 12 g. - 

Analysis of product 
Starting 
RE Extract Raftinate. 

Weight.------- - - - 200 57 27 

Iodine Value- - 131 66 163 

EXAMPLE 13 
Urea, eactraction of the methyl esters of soybean. 
faity acids using no Solents for the esters or ured 
Five-hundred grams of the methyl esters of 

soybean fatty acids were mixed with 300 g. of 
finely-ground urea. The mixture was stirred for 
six hours in a beaker blanketed with carbon di 
oxide. The mixture was then poured into the 
basket of a centrifugal filter, and the raffinate 
spun away from the crystalline complex that had formed. 
The crystalline complex was stirred in 1500 ml. 

of warm water. The upper layer which sepa 
rated was washed with water and dried by filter 
ing through paper. Weight of extract, 50 g.; 
Wijs iodine value, 73.9. 
The raftinate as it came from centrifuge was 

clear and was analyzed without further treat 
ment. Weight of rafiinate, 401 g.; iodine 
value, 148. 

EXAMPLE 14 
Urea ectraction of the methyl esters of tung oil 

fatty acids 
The methyl esters of tung oil fatty acids (B. P. 

165-174 at 0.3-0.8 mm.) was extracted with urea. 
Two-hundred and fifty grams of the methyl 
esters were diluted with 250 g. of methyl isobutyl 
ketone and stirred into two liters of saturated 
aqueous urea at 25° C. The complex which 
formed was filtered off, and the extract and rafi 
nate were worked up as described above. 

Analysis of products 
Starting , ' 

| Rigi Extract Raftinate 
Weight, K---------------------- 25) 54. 186 
Woburn Iodine Number 1. ----- 210 179 230 

r End. Eng. Chem, Anal. Ed., vol. 13, page 782, November 15, 

actionation of mix 
ing degrees of Satu 

60 

O 
ration resulting from the hydrolysis of vegetable 
oils the steps which comprise, contacting said 
mixture at 0-75° C. with an aqueous solution of 
urea, whereby crystalline clathrate compounds of 

5 urea, and the relatively less, unsaturated or satu 
rated components thereof are formed but the 
relatively more unsaturated acids are unaffected, 
and separating Said clathrate compounds from 
the relatively more unsaturated acids. 

0 2. In a process for the improvement in drying 
properties of vegetable oils, the process which 
comprises Subjecting said oils to hydrolysis, 
Whereby the glycerides present in the oils are 
hydrolysed to form a mixture of fatty, acids hav 

15 ing varying degrees of Saturation; treating said 
mixture with urea at a temperature of 0-75° C., 
whereby the clathrate compounds form between 
urea, and the acids having the relatively greater 
degree of saturation, the unaffected raffinate 

20 comprising the acids. Which have a relatively 
greater degree of unsaturation. 

3. In a process for the fractionation of a mix 
ture comprising esters of fatty acids of differing 
degrees of Saturation resulting from the hy 

25 drolysis of vegetable oils and lower monohydric 
alcohols the steps which comprise contacting said 
mixture with an aqueous solution of urea at a 
temperature of 0-75° C., whereby crystalline 
clathrate compounds of urea and esters having 

30 relatively less unsaturation or saturation are 
formed While esters having relatively more un 
saturation are unaffected, and subsequently sepa 
rating the clathrate compounds from the un 
affected esters. - 

5 4. In a process for the fractionation of a mix 
ture of straight-chain polar organic compounds 
bearing an unbranched hydrocarbon chain, a 
fraction A of which comprises chemically less un 
Saturated or saturated straight-chain polar or 

40 ganic compounds bearing an unbranched hydro 
carbon chain and a fraction B of which comi 
prises chemically more unsaturated straight 
chain polar organic compounds bearing an un 
branched hydrocarbon chain bearing a polar sub 

45 stituent of the same chemical class as that borne 
by the compounds of fraction A, the steps which 
comprise contacting urea. With said mixture at a 
temperature between 0-75° C., whereby the 
compounds of fraction. A form crystalline molec 

50 ular complexes with urea, but fraction B is un 
affected, and separating said molecular complexes 
from fraction B. 

5. A process for the separation of mixtures of 
straight-chain polar organic compounds bearing 
an unbranched hydrocarbon chain having differ 
ing degrees of unsaturation comprising contact 
ing said mixture at a temperature of 0-75 C. with 
urea, whereby crystalline complexes are formed 
between urea, and a fraction A of said mixture, 
a fraction B of said mixture being inert towards 
urea, under the contacting conditions, separating 
the resulting crystalline complexes from said 
fraction B, and regenerating polar compounds 
of fraction. A from the separated complexes, frac 
tion. A being enriched in relatively less unsatu 
rated Straight-chain polar organic compounds 
bearing an unbranched hydrocarbon chain and 
fraction B being enriched in relatively more un 
saturated Straight-chain polar organic com 
pounds bearing an unbranched hydrocarbon 
chain bearing a polar Substituent of the same 
chemical class as that borne by the compounds of 
fraction A. - 

6. A process according to claim 1 wherein the r 

vegetable oil is soybean oil. 
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7. In a process for the fractionation of a mix 

ture of polar organic compounds selected from 
the group consisting of mixtures of long-chain 
fatty acids, mixtures of esters thereof with mono 
hydric alcohols, and mixtures of long-chain fatty 
alcohols, a fraction A of which mixture com 
prises chemically less unsaturated or saturated 
Straight-chain polar organic compounds and a 
fraction B of which comprises chemically more 
unsaturated straight-chain polar organic com 
pounds bearing a polar substituent of the same 
chemical class as that borne by the compounds of 
fraction A, the steps which comprise contacting 
urea, with said mixture at a temperature between 
0 and 75 C. whereby a first portion enriched in 
the compounds of fraction. A form crystalline 
clathrate compounds with urea, but a second por 
tion enriched in compounds of fraction B is un 
affected and separating said clathrate compounds 
from Said second portion. 

8. In the process for the fractionation of mix 
tures of fatty acids of differing degrees of Satura 
tion and having from 4 to 50 carbon atoms, the 
steps which comprise contacting said mixture at 
a temperature between 0° and 75° C. With an 
aqueous Solution of urea, whereby crystalline 
molecular complexes of urea, and a first portion 
enriched in the relatively less unsaturated or 
Saturated Straight-chain components thereof are 
formed but a second portion enriched in the 
relatively more unsaturated straight-chain acids 
is unaffected and separating said molecular con 
plexes from said second portion. 

9. In the process for the fractionation of mix 
tures of fatty alcohols of differing degrees of 
Saturation, the steps which comprise contacting 
Said mixture at a temperature between 0 and 
75 C. With an aqueous solution of urea, whereby 
crystalline molecular complexes of urea, and a 
first portion enriched in the relatively less un 
Saturated or Saturated straight-chain compo 
nents thereof are formed but a second portion en 
riched in the relatively more unsaturated 
straight-chain acids is unaffected and separating 
Said molecular complexes from said second por 
tion. 

10. In the process for the fractionation of mix 
tures of fatty esters of substantially unbranched 
fatty acids and monohydric alcohols of differing 
degrees of Saturation, the steps which comprise ; 
contacting said mixture at a temperature between 
0 and 75 C. With an aqueous solution of urea, 
whereby crystalline molecular complexes of urea 
and a first portion enriched in the relatively less 
unsaturated or saturated straight-chain compo- i. 
nents thereof are formed but a second portion 
enriched in the relatively more unsaturated 
straight-chain acids are unaffected and separat 
ing Said molecular complexes from said second 
portion. 

11. A process for the fractionation of mixtures 
of fish oil fatty acids having differing degrees of 
Saturation comprising contacting said mixture at 
a temperature of 0-75° C. with urea, whereby 
Crystalline complexes are formed between urea 
and a fraction A of said mixture, a fraction B 
of Said mixture being inert toward urea under 
the contacting conditions, separating the result 
ing Crystalline complexes from said fraction B 
and regenerating fatty acids from the separated 
complexes, fraction. A being enriched in relatively 
less unsaturated fatty acids and fraction B being 
enriched in relatively more unsaturated fatty 
acids. 

12. In a process for the fractionation of a mix 
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ture of polar organic compounds selected from 
the group consisting of mixtures of long chain 
fatty acids, mixtures of esters thereof With mono 
hydric alcohols and mixtures of long chain fatty 
alcohols, a fraction A of which mixture Comprises 
chemically saturated or less unsaturated straight 
chain polar organic compounds and a fraction B 
of which comprises chemically more unsaturated 
straight-chain polar organic compounds bearing 
a polar substituent of the same chemical class 
as that borne by the class of compounds of frac 
tion A, the step which comprises contacting urea, 
with said mixture at a temperature between 0 
and 75° C. whereby a first portion enriched in the 
compounds of fraction. A form crystalline mole 
cular complexes with urea, but a second portion 
enriched in compounds of fraction B and con 
taining Some less unSaturated compounds of 
fraction A is substantially unaffected under the 
conditions of contact; separating Said crystalline 
molecular complexes from Said Second portion 
and Subsequently contacting said second portion 
With an additional quantity of urea, whereby a 
relatively less unSaturated fraction thereof forms 
crystalline molecular complexes With urea. 

13. In the process for the fractionation of mix 
tures of straight-chain polar organic compounds 
bearing an unbranched hydrocarbon chain, a 
fraction A of which mixture comprises compounds 
having a relatively lesser proportion of olefinic 
linkages and a fraction B of which comprises 
compounds having a relatively greater proportion 
of olefinic linkages and bearing a polar substitu 
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ent of the Same chemical class as that borne by 
the compounds of fraction A, the steps which 
comprise contacting urea, with said mixture at a 
temperature between 0 and 75 C. whereby a . 
first portion enriched in the compounds of frac 
tion. A form crystalline molecular complexes with 
urea, but a second portion enriched in compounds 
of fraction B is unaffected, and separating Said 
molecular complexes from said second portion. 

i4. In the process for the fractionation of mix 
tures of long-chain fatty acids of differing de 
grees of Saturation, the steps which comprise 
contacting said mixture at 0-75°. C. with urea, 
whereby crystalline molecular complexes of urea, 
and saturated or relatively less unsaturated 
straight-chain components thereof are formed 
but the relatively more unsaturated straight 
chain acids are unaffected, and separating said 
molecular complexes from the relatively more 
unsaturated acids. 

15. In a process for the fractionation of a mix 
ture of polar organic compounds selected from 
the group consisting of mixtures of long-chain 
fatty acids, mixtures of esters thereof with mono 
hydric alcohols, and mixtures of long-chain fatty 
alcohols, a fraction A of which mixture com 
prises chemically saturated or less unsaturated 
straight-chain polar organic compounds and a 
fraction B of which comprises chemically more 
unsaturated straight-chain polar organic com 
pounds bearing a polar Substituent of the same 
chemical class as that borne by the compounds of 
fraction A, said mixture being dissolved in a sub 
stantially inert Solvent with respect to urea, the 
Steps which comprise contacting urea with said 
mixture at a temperature between 0° and 75° C. 
Whereby a first portion enriched in compounds of 
fraction. A form crystalline molecular complexes 
with urea, but a second portion enriched in com 
pounds of fraction B is unaffected and separating 
said molecular complexes from said-second por 
tion. 
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16. In a process for the fractionation of a mix 
ture of polar organic compounds selected from 
the group consisting of mixtures of long-chain 
fatty acids, mixtures of esters thereof with mono 
hydric alcohols, and mixtures of long-chain fatty 
alcohols, a fraction A of Which mixture comprises 
chemically saturated or less unsaturated straight 
chain polar organic compounds and a fraction B 
of which comprises chemically more unsaturated 
straight-chain polar organic compounds bearing 
a polar Substituent of the same chemical class as 
that borne by the compounds of fraction A, said 
mixture being dissolved in a substantially inert 
Solvent, the steps which comprise contacting fine 
ly ground urea, with said mixture at a tempera 
ture between 0° and 75° C. whereby a first portion 
enriched incompounds of fraction. A form crystal 
line molecular complexes with urea, but a second 
portion enriched in compounds of fraction B is 
unaffected, and Separating said molecular con- 20 
plexes from said second portion. 
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17. A process according to claim 1 wherein the 

vegetable oil is tall oil. 
HERBERT A NEWEY. 
EDWARD C. SHOKAI. 
THEODORE, E, BRADLEY. 
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