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HE remarkable discovery reported by Beugen in

1940 (2) that urea forms well-defined and easily

handled crystalline complexes with a wide variety
of straight chain compounds but generally not with
branched or cyclic compounds has prompted many
investigators to study the use of urea complexes in a
variety of separation problems, mainly in the petro-
leum and fat flelds (1, 3, 5, 6, 7, 9, 10, 11, 13, 17, 19,
20). Noteworthy contributions in the field of separa-
tion of fatty acids and derivatives are the papers of
Schlenk and Holman (13) and Newey, ¢t al. (11).
The former investigators (13) studied the prepara-
tion of urea complexes from many pure fatty acids
and pointed out, among other things, that saturated
and unsaturated fatty acids (or methyl esters) could
be separated at room temperature, taking advantage
of the preferential formation of urea complexes by
the saturated components of a mixture. These authors.
besides demonstrating that enrichment of saturated
and unsaturated acids could be readily achieved, also
isolated fairly pure methyl oleate and methyl linoleate
from olive oil and corn oil, respectively. Newey, ¢l
al. (11), took advantage of preferential urea complex
formation from the saturated and monounsaturated
components of mixtures and prepared concentrates
(filtrates) of polyunsaturated components from soy-
bean oil fatty acids, methyl esters and nitriles, corn
oil fatty acids and methyl esters, and linseed oil
methyl esters and aleohols. Newey, et al. (11), did
not report the preparation of purified fatty acids or
derivatives.

The main objects of the present study were. first.
to investigate the isolation of purified oleic acid (oleir
acid content > 90% ) from certain animal fat sources.
such as inedible tallow, grease, and red oil, and, scc-
ond to employ the most efficient laboratory techniques
involving urea complexes to obtain data regarding the
maximum yield and purity of oleic acid which could
be obtained.

To limit the scope of our study no attempt was made
in this work to employ procedures which had been
suggested for pilot plant or large-seale commercial use
of urea complexes; nor was any study conducted on
the recoverability and reuse of urea or methanol. We
believed that it was essential to determine the maxi-
mum efficiency of separation possible under the best
laboratory conditions with which we were familiar.
If, under these so-called ‘‘ideal’” conditions, the sep-
arations were poor, the commereial utilization of urea
complexes for preparing purified oleic acid from ani-
mal fats would, in all probability, be impractical. On
the other hand, if the separations and yields were
good, then the procedures would hold some promise
for large-scale utilization, provided that the wusual
produection, development, and recovery problems could
be worked out.
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Although the most acceptable research grades of
oleic acid are prepared from certain vegetable oils,
such as olive oil, commercial oleic acid, either red oil
or low-linoleic oleic acid, is obtained mainly from in-
edible animal fats. Oleic acid containing small quan-
tities of polyunsaturated acids ean be prepared from
inedible animal fats (or red oil) by low-temperature
crystallization at —50 to —70° (16), by preferential
polymerization of the polyunsaturated acids (8), or
by selective hydrogenation of the polyunsaturated
acids (14, 18).

Low-linoleic oleic acid prepared from inedible ani-
mal fats often contains as much as 25% of trans-oc-
tadecenoic acids and 3-53% of polyunsaturated acids.
Although it is frequently assumed that the high con-
tent of trans acids does not interfere with chemical
reactions, this mayv not be a sound assumption, and
it would be desirable to prepare from inedible ani-
mal fats a low-linoleic oleie acid which is also low in
trans isomers. Sinee beef fat has recently been shown
to contain as much as 10% of trans-octadecenoic acids
(15), in all probability oleic acid prepared from the
usual animal fat sources will invariably contain some
trans isomers. Since the urea complex technique does
not involve reaction with the double bond system,
there is no increase in the content of trans isomers
as a result of a purification involving urea complex
formation.

Low temperature ervstallization of oleic acid effec-
tively separates the polyunsaturates, but such a pro-
redure is not commercially feasible at present. In
view of the preferential formation of urea complexes
at room temperature from saturated and monounsat-
urated fatty acids, it should be possible to separate
these readily from the polyunsaturated acids pro-
vided that there is a sufficiently great difference in
the complex-forming ability of the saturates and
monounsaturates compared to the polyunsaturates,
and insufficient urea to form complexes with all the
complex-formers is employed.

Equilibrium constant data for complex formation,
obtained recently by Redlich, et al. (12), and unpub-
lished work from this laboratory coupled with infor-
mation on the known composition of inedible animal
fats and red oil, have indicated that the complete
separation of saturated fatty acids from monoun-
saturated fatty acids by preferential urea complex
formation, although theoretically possible, would be
inefficient and impractical. On the other hand, the
simultaneous precipitation of saturated and monoun-
saturated fatty acids, as urea complexes, leaving the
polvunsaturates in the non-complex-forming filtrate,
should be feasible. Further thought on this problem
has indicated that. because of the advisability of
reducing the quantity of urea as much as possible.
wherever saturated acids can be separated from the
other components of the mixture by solvent crystal-
lization at or above 0°C., this technique would be
preferred over precipitation as urea complexes. The
reasons for making this last assertion are: a) satu-
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rated acids can be cleanly separated from the mixed
acids of inedible animal fats by erystallization from
aqueous methanol at 0°; and b) there seems to be
little point in employing the much larger quantities
of urea needed to precipitate the bulk of the satu-
rated acids with the monounsaturated acids as urea
complexes and then subsequently having to separate
the saturated acids from the monounsaturated acids
by solvent crystallization anyway.

With the establishment of this rationale the pro-
cedure followed in preparing purified oleic acid from
the mixed fatty acids of inedible animal fats con-
sisted in a) precipitation of the bulk of the saturated
fatty acids from 90% methanol: 10% water mixtures
at 0°C.; b) addition of sufficient urea to the filtrate
to combine with unprecipitated saturated acids and
oleic acid; and ¢) filtration at room temperature.
The final filtrate was a concentrate of polyunsatu-
rated fatty acids (iodine number 105-136). Addition
of water to the mixed urea complex (precipitate)
fraction dissolved the urea and yielded an oleic acid
concentrate containing 80-85% oleic acid, 12-18%
saturated acids, mainly palmitic and shorter-chain
saturated acids, and a maximum of 3% (usually 1-
2%) of polyunsaturated acids. Straight-run distil-
lation removed residual color, if still present, from
the oleic acid concentrate, and fractional distillation
vielded oleic acid concentrates containing as much as
95% oleic acid. Yields of oleic acid however based
on the oleic acid content of the starting materials,
were lower than those obtained by low-temperature
erystallization procedures. At present we believe that
the separation of saturated from monounsaturated
acids is best condueted by solvent crystallization, but
separation of polyunsaturated from monounsaturated
acids is more convenient, although somewhat less effi-
cient, by use of urea complexes.

Schlenk and Holman (13) employed a purification
procedure involving the successive stepwise addition
of urea to mixed methyl esters. In view of the earlier
discussion we prefer a single dose technique for the
simultaneous precipitation of oleie acid plus any sat-
urated acids not precipitated in an earlier crystalli-
zation step.

Advantages in using urea in the separation of oleic
acid from inedible animal fat sources are: a) all sep-
arations are made at room temperature (20-25°C.),
whereas the conventional procedures require erystal-
lization of oleie acid at or below —50°C.; b) the urea
technique can be readily coupled with modern sep-
aration processes for fractionating the fatty acids
from inedible animal fat sources merely by dissolving
urea in the agueous methanol filtrate from the separa-
tion of the saturated fatty acids; ¢) darkly-colored
impurities are concentrated in the non-complex (fil-
trate) fraction; d) no highly specialized apparatus
or techniques are required; and e) solvents and chem-
ieals required are inexpensive, readily available, and
presumably, readily recovered. Disadvantages are:
a) large quantities of urea are required; b) after
filtration of the complexes, they must be decomposed
and the fatty acids recovered; e) large volumes of
solids must be handled (urea complexes contain only
about 25% fatty acids); d) yields are lower than
those from solvent crystallization processes; and e)
‘“‘recrystallization’’ of urea complexes does not com-
pletely free them from polyunsaturated acids whereas,
in fractional erystallization procedures for preparing

purified oleic acid, the content of polyunsaturated
acids can be reduced to less than 1% (often less than
0.2%) by a single recrystallization of the once-crys-
tallized oleic acid. The reason for the failure to free
urea complexes from residual polyunsaturated acids
by ‘‘recrystallization’’ has not yet been explained.

The use of aqueous urea—methyl isobutyl ketone
systems, employed with such success recently in petro-
leum separations (1)—may offer serious problems in
separations of fatty acids owing to soap and subse-
quent emulsion formation because of reaction of fatty
acids with ammonium carbonate obtained by hydroly-
sis of urea. With the aqueous methanol systems em-
ployed in this study no difficulty was experienced
with emulsions.

A point of interest is that the urea separation tech-
nique is least satisfactory with the lowest grades of
inedible animal fatty acids and most satisfactory with
the best grades. Ordinary fractional ecrystallization
procedures show similar behavior; the best yields are
obtained from the highest quality materials.

Experimental

Separation of Simulated Animal Fatty Acids. Pre-
liminary separation experiments were conducted on a
model mixture of pure fatty acids designed to simu-
late the fatty acid composition of some typical inedi-
ble tallows and greases. The following model mixture
was employed :

Myristie acid
Palmitie acid
Stearic acid...

Oleic acid.......
LANOIEIC ACIA. .. oo eeree i rree e e enie e e renre e

The experiment to be described was the most satis-
factory from the standpoint of ease of handling and
separation of products. Twenty grams of the above-
described fatty acid mixture was dissolved in 100 ml.
of a 90% methanol: 109 water mixture. The solu-
tion was cooled to 0°, and the glistening, well-formed
crystals were filtered, yielding 8.4 g. of solid fatty
acids, m.p. 54-5°, and iodine number 1.7. These cor-
responded to a typieal triple-pressed stearic acid.

Forty-five grams of urea was dissolved in the filtrate
with heating, and the solution was allowed to cool to
room temperature. The long, hard crystals of urea
complex (33 g.) were filtered off and air-dried. Ad-
dition of warm water to the complex yielded 8.2 g.
of colorless liquid, iodine number 73 (composition:
78% oleic acid, 20% saturated acids, 2% linoleic
acid). The yield of oleic acid precipitated as urea
complex was 70%.

The filtrate from the precipitation of urea complex
was evaporated nearly to dryness, warm water was
added to the crystalline residue to dissolve urea, and
the oily phase was separated by ether extraction.
Evaporation of the ether yielded 3.4 g. of pale-yellow
oil, 1odine number 121 [composition (4) : 48% linoleic
acid, 37% oleic acid, 15% saturated acids].

Separation of Commercial Prime Tallow Fatty
Acids. These had been straight-run distilled (com-
mercially) and had the following composition: 53.2%
octadecenoic acids (mainly oleic acid), 40.7% satu-
rated acids, 6.1% polyunsaturated acids. One thou-
sand grams were crystallized from 4,000 ml. of 90%
methanol at 0°, yielding 429 g. of saturated fatty
acids, iodine number 4.2, as the precipitate.
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To the filtrate 2,550 g. of urea (5 g. of urea per g.
of oleie acid plus unpreeipitated saturated acids) were
dissolved at the boiling point, and the solution was
cooled to room temperature and filtered, yielding 1,960
g. of urea complexes, iodine number 22. Warm water
was added to these, yielding 495 g. of pale-yellow
liquid fatty acids, iodine number 79 (composition :
83% octadecenoic acids, 15% saturated acids, 2%
polyunsaturated acids). The yield of octadecenoic
acids recovered to this point was 77%. Fraectional
distillation yielded 259 g. of purified oleic acid, iodine
number 85.1 and n§ 1.4563 (composition: 90% octa-
decenoic acids, 7.7% saturated acids, 2.3% polyunsat-
urated acids). The yield of octadecenoic acids was
45%. The lower fraciions from this distillation
weighed 198 g. and had an iodine number of 62.

The filtrate from the urea complex precipitation
step was evaporated nearly to dryness, warm water
was added, and the oily layer was exfracted with
petroleum naphtha (hexane fraction). Evaporation
of the solvent under vacuum in a nitrogen atmosphere
vielded 87 g. of brown liquid, iodine number 131.

Separation of Commercial Brown Grease Fatty
Acids. These were darkly colored and had the fol-
lowing composition : 48.1% octadecenoic acids (mainly
oleic acid), 48.0% saturated acids, 3.9% polyunsatu-
rated acids. As described under Separation of Prime
Tallow Fatty Acids, 543 g. of saturated acids were ob-
tained by erystallization of 1,000 g. of Brown Grease
Fatty Acids from 909 methanol at 0°.

Addition of 2,100 g. of urea to the filtrate yielded
1,514 g. of urea complexes from which 358 g. of liquid
fatty acids, iodine number 68, were obtained as de-
seribed. Straight-run distillation yielded 341 g. of
straw-yellow acids, iodine number 65.3 (composi-
tion: 69% octadecenoic acids, 29% saturated acids,
2% polyunsaturated acids). Fractional distillation
yielded only 145 g. of straw-yellow liquid acids, b.p.
201-205°/3.5-4.0 mm. and iodine number 81.8 (compo-
sition: 87% octadecenoie acids, 119% saturated acids,
2% polyunsaturated acids). The yield of oleic acid
was only 26%. The lower fraction from the distilla-
tion weighed 196 g. and had an iodine number of 53.

The polyunsaturated acid fraction, isolated from
the urea complex filtrate, weighed 94 g. and had an
iodine number of only 105.

Separation of Commercial Hydrolyzed Inedible Tal-
low. These fatty acids were obtained directly from a
commercial Twitchell hydrolysis operation, and they
were dark brown and foul smelling. Mineral acid was
removed by three hot water washes, but the fatty acids
were not distilled.

From 1,000 g. of fatty acids 325 g. of saturated
acids, iodine number 10.2, were obtained by crystalli-
zation from 90% methanol at 0°. From 1,546 g. of
urea complexes, prepared as already described, 390
g. of dark-brown liquid acids, iodine number 76.1,
were isolated. Straight-run distillation yielded 298 g.
of yellow-brown acids, iodine number 77.6, and a sub-
stantial tarry still residue. Fractional distillation
vielded only 145 g. of oleic acid, iodine number 89.7
(eomposition: 95% octadecenocic acids, 8% saturated
acids, 2% polyunsafurated acids), and 153 g. of lower
fraction, iodine number 66. The yield of oleic acid
was only 26%.

When hot water was added to the filtrate from the
urea complex separation after evaporation of meth-
anol, an emulsion was obtained which eould not be

completely broken by the addition of salt. The mix-
ture was extracted with commercial hexane, the lower
milky aqueous layer discarded, and the polyunsatu-
rated acids were isolated from the solvent as already
described. The polyunsaturated acid fraction weighed
38 ¢. and had an iodine number of 127.

Separation of Single-Distilled Commercial Oleic
Acid (Red O4dl). This product was a dark brown,
foul-smelling liquid prepared commercially by hot
pressing of single-distilled fatty acids obtained by the
Twitchell hydrolysis of inedible tallow and grease.
The composition of the red oil, iodine number 92, was
70% octadecenoic acids, mainly oleic, 15% saturated
acids, and 159 polyunsaturated acids (12.1% diene
and 2.69% triene). One thousand grams of red oil were
dissolved in a boiling solution of 4,250 g. of urea (5 g.
of urea per gram of oleic plus saturated acids) in 10 1.
of 90% methanol. Urea complexes formed immedi-
ately on cooling. The mixture was allowed to cool to
room temperature and filtered, yielding 2,727 g. of
urea complexes. Addition of warm water to the com-
plex to dissolve the urea yielded a pale-yellow insolu-
ble oil which weighed 682 g., iodine number 73.7.
Straight-run distillation yielded 630 g. of colorless
liquid, iodine number 79.2 (composition: 84% octa-
decenoic acids, 149, saturated acids, 2% polyunsatu-
rated acids). Yield of octadecenoie acids recovered,
76%. Fractional distillation yielded 448 g. of color-
less liquid, iodine number 87.4 (composition: 91%
octadecenoic acids. 6% saturated acids, 3% polyun-
saturated acids). Yield of octadecenoic acids recov-
ered 58%. The lower fraction from this distillation
weighed 182 g. and had an iodine number of 59.

The filtrate from the urea complex separation was
worked up in the usual way, vielding 222 g. of dark-
colored, foul-smelling liquid, iodine number 132.

Separation of Double-Distilled Commercial Oleic
Acid. This product [composition: 709 octadecensic
acids (59% «ecis, 11% trans; ratio of cis to traus.
54:1), 15% saturated acids, 15% polyunsaturated
acids] was straw-vellow and was prepared commer-
cially by a straight-run distillation of the single-dis-
tilled commereial oleic acid, described in the preced-
ing seetion. From 1.000 g. dissolved in 10 1. of 90%
methanol, 2,800 g. of urea complexes were obtained
(4,250 g. of urea employed). These yielded 735 g.
of colorless liquid, iodine number 79.8 [composition :
84% octadecenoic acids (71% ecis, 13% trans; ratio
of cis to trans, 5.5:1), 14% saturated acids, 2% poly-
unsaturated acids?!. Yield of octadecenoic acids recov-
ered, 88%. Fractional distillation vielded 452 g. of
colorless liquid, b.p. 206°/4 and iodine number 86.7
(ecomposition: 90% octadecenoic acids, 7% saturated
acids, 3% polyunsaturated acids). Yield of octadec-
enoic acids recovered, 58%. The lower fraction from
this distillation weighed 212 ¢. and had an iodine
number of 62,

The filtrate from the urea complex separation was
a yellow oil which weighed 244 ¢., jodine number 136.

Acknowledgment

The authors thank S. F. Herb for some of the an-
alyses for polyunsaturated fatty acids, and H. B.
Knight and J. E. Coleman for helpful suggestions.

Summary

Urea complex formation has been employed in the
preparation of purified oleic acid (oleic acid content,
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80-95%) from various grades of inedible animal fats
and red oils. Since the urea complex of oleic acid
forms in good yield at room temperature, low temper-
atures are not required in the isolation procedure.
Yields of oleic acid are equal to or lower than those
obtained by conventional low-temperature crystalliza-
tion procedures, but the preparation of a polyunsatu-
rate-free oleic acid is apparently not possible by urea
complex formation alone. The separation of polyun-
saturated acids from oleic acid by urea complex for-
mation is more convenient than but not as efficient as
by solvent erystallization, but separation of saturated
acids from unsaturated acids is less convenient.

Advantages and disadvantages in using urea in the
preparation of purified oleic acid are briefly diseussed.
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Steam consumption under different working conditions in oil-
deodorization processes. T. K. Ghose and N. C. Chakravartty
(Coll. Eng. Technol.,, Caleutta). Trans. Indian Inst. Chem.
Engrs. 3, 21-31(1949-50). Information on deodorization con-
ditions in 9 Indian factories manufacturing Vanaspati [a hy-
drogenated peanut oil (95%) and sesame oil (5%) mixture]
is summarized. 19 referencecs. (Chem. Abs. 46, 6853)

Sesame oil in margarine and in similar fats, additions of color-
ing matters, S. Anselmi and Adriana Cesari (Inst. super san-
ita, Rome). Ann. chim. (Rome) 41, 573-86 (1951); Rend, ist
super sanita (Rome) 14, 624-38(1951). The colored material
in sesame oil was extracted with ethanol, treated with acti-
vated C, and evaporated to dryness over a water bath. The
oily residue gave a characteristic red color with a furfural-
HCI mixture. Fat-soluble dyes either used alone or in mixtures
could be easily distinguished from the dye in sesame oil by
the HCl test. (Chem. Abs. 46, 6853)

Turbidity due to impurities in edible beechnut oils. H. P. Kauf-
mann, J. Baltes and L. Grunwald (Univ. Munster/Westf., Ger.).
Fette u. Seifen. 53, 531-3(1951). The turbidity was due mainly
to the preecipitation of myrieyl lignocerate and B-sitosterol. The
unsaponifiable fraction of beechnut oil may contain isophyto-
sterol. (Chem. 4bs. 46, 6852)

Boleko (isano) oil. I. The fat acids of the oil and their sep-
aration. H. P. Kaufmann, J. Baltes and H. Herminghaus
(Univ. Munster/ Westf., Ger.). Fette u. Seifen 53, 537-42(1951).
A new, highly unsaturated monohydroxy fat acid, CisHx0Os, for
which the name isanolic acid is proposed, has been separated
from Boleko (Ongoekoa gore or Oklaineana) oil. Isanolic aecid
has an acid no. of 190.7, hydroxyl value 191.7, n¥ 1.4924, and
iodine no. (Kaufmann) 166.0. Isanolie acid is the chief fat
aeid in Boleko oil (44%). Since its absorption spectrum closely
resembles that of isanic acid, it is assumed that isanolic acid
is 8-hydroxyisanie acid. Isanic aeid is also present in the oil
in appreeiable quantity together with a small amount of lino-
lenie acid and saturated acids. (Chem. Abs. 46, 6852)

The analysis of isomerized oils. J. D. v. Mikusch (F. Thorl's
Ver. Harburger Oelfabriken, Hamburg-Harburg, Ger.). Inrd.
vernice (Milan) 6, 15-22(1952). A review with 38 references
of the development of oil isomerization and of chemical and
physieal methods to study it. (Chem. 4bs. 46, 6852)

Utilization of by-products and waste products of the fatty-oil
industry. I. Recovery of nickel from spent nickel catalyst.

G. K. Belekar, J. G. Kane, and H. S. Shahani (Univ. Bombay).
J. Sci. Ind. Research (India) 11B, 28-30(1952). Five spent
catalyst samples were digested with 10-509% H:SOs and with
various H.80,-HNO, mixtures of 15-70% and 20-70% propor-
tions. Higher Ni recoveries (93.2 to 98.3%) in the combined
mother liguor and washings occurred from mixed acid treat-
nent. 27 references. (Chem. Abs. 46, 6852)

Use of the titers of fatty acids for the analysis of binary and
tertiary mixtures. C. Paquot (Centre natl. recherches, Paris).
Bull. mens. ITERG (Inst. tech. etudes et recherches corps
gras) 6, 174-8(1952). The titers of a series of binary and
tertiary mixtures containing laurie, myristic, stearie, oleie, and
linoleie acids are given on 11 charts. With these values and
the acid nos. it is possible to determine the composition of
tertiary mixtures of the saturated acids. The systems con-
taining unsaturated acids, palmitic-stearic-oleic and steariec-
oleie-linoleie, are determined by their titer and iodine value.
(Chem. Abs. 46, 6852)

Fats, CXXIX. Paper chromatography in the field of fats.
7. Identification and separation of fatty acids. H. P. Kauf-
mann and J. Budwig (Chem. Landes-Untersuchungsamt Nor-
drhein-Westfalen, Munster, Ger.). Fette u. Seifen 53, 390-9
(1951). The paper chromatography of propionie, butyrie, va-
lerie, eaproie, enanthie, caprylie, octenoie, pelargonie, decanoic,
undecylenic, stearie, oleic, elaidic, linoleie, and erucic acids was
investigated. Basic dyes, particularly Rhodamine B and Nile
Blue, give characteristic reactions with these acids, particularly
under ultraviolet light. By using No. 214 paper (Fa. Macherey,
Nagel & Co.) and treating successively with PhNHNH., Roda-
mine B, and aqueous AgNOs, characteristic colors are obtained.
N.H,, toludine, and quinine react similarly to PhNHNH..

CXXX. 8. Lipid replacement in the human skin and its meas-
urement by paper chromatography. H. P. Kaufmann, A. Sza-
kall and J. Budwig. Ibid. 406-8. The lipids present in the
cpidermis after defatting consisted mainly of fatty acids, par-
tieularly oleic acid. An extract of the skin (not defatted)
contained glycerides.

CXXXI. 9. Application to lacquer raw materials. H. P. Kauf-
mann, J. Budwig and C. W. Sehmidt. Ibid. 408-12. The boiling
of stand oil was investigated. By using 99% methanol as the
developer, the free fat acids could be removed from the glyce:-
ides; after application of a contrasting dye the fat acid area
was dependent on the inerease in saponification no. of the oil.
During the boiling process, the most unsaturated glycerides van-
ish slowly, and, parallel to the increase in viscosity of the oil,
the amount of polymerized products inereases. (Chem. 4bs. 46,
6851)



