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Fie. 5. Steam generator of the isothermie laboratory deo-
dorizer (scale 1:1).

This deodorizer can readily be modified to suit
different purposes. In the form shown in Figure 5 it
was used for routine deodorizations at pressures of 15
to 20 mm. The size of the flask can be varied (one
for 75 g. and one for 250 g. of oil are in use) without
altering the dimensions of the upper part of the
apparatus.

By electrically heating the outlet, all volatile sub-
stances condense exclusively in the condenser and are
therefore available for analysis. The volatile sub-
stances can be obtained in more concentrated form
by steaming at lower pressures (0.5-1 mm.), and a
microburette is then used to control the steam supply.

This type of deodorizer is also suitable for the
determination of vapor pressures; various liquids
then replace water as carrier. For accurate measure-
ments the temperature of the contents of the flask,
not that of the oil bath, must be determined. For
this purpose a thermocouple is used, which may be
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Fra. 6. Vaporization efficiency in the isothermic deodorizer
on deodorizing 150 g. of peanut oil at 180°C. with 1.6 m® steam
at various pressures and flow rates.

inserted through E after suitable modification of the
manometer plug.

Summary

Fatty acid/triglyceride systems deviate from ideal-
ity, consequently the use of activities is needed when
determining the vaporization efficiency in deodorizers.

In normal laboratory deodorizers the vaporization
efficiency is low and is dependent on thé¥steam flow
rate, also on the absolute pressure.

To obtain a vaporization efficiency of unity, inde-
pendent of the steam flow rate and of the absolute
pressure, heating of the head of the deodorizer is
necessary in order to eliminate cooling and conden-
sation effects.

An isothermic deodorizer has been constructed,
the steaming flask of which is immersed entirely in
the heating bath. No separate vapor generator and
superheater are needed ; these are incorporated in the
deodorizer and ensure a regular steam flow.

At very high flow rates the vaporization efficiency
decreases slightly.
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The Hydrogenation of Fatty Oils with Palladium Catalyst.

|. Hydrogenation of Castor Oil

MYKOLA ZAJCEW, Engelhard Industries Inc., Newark, New Jersey

uct with wide and diverse industrial use (1).

About 6,000,000 lbs. are produced annually in
the United States. It enjoys a wide popularity
through a number of desirable properties (1) includ-
ing hardness, low solubility in organic solvents, non-
toxicity, oxidation stability, and high dielectrie con-
stants (12 at 30° and 22 at 60° for 100 cycles). These
properties are insured only if the hydrogenation of
castor oil is earried out selectively, that is, most of
the olefinic linkages are reduced without appreciable
hydrogenolysis of the hydroxyl function.

FULLY hydrogenated castor oil is a valuable prod-

Castor oil contains glycerides of ricinoleic acid (85—
87%), oleic acid (6-8%), linoleic acid (3.0-3.5%),
saturated acids (2.5-3.0%), and a small amount of
dihydroxystearic acid (0.5-2%) (2, 3). The castor
oil used in the present work had a typical analysis:
an iodine value of 86, a hydroxyl value of 160,
and an acid value of 1.7. A satisfactory hydro-
genated castor oil has an iodine value of 2.5-8.5, a
m.p. of 85-86°, a hydroxyl value of 145-160, and
an acid value less than 2. Thus in the hydrogenation
of castor -0il the iodine value must be reduced by
about 90 to 97% while the hydroxyl value may be
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TABLE T
Hydrogenation of Castor Oil
P N 7% Pa T Hydrogenated castor oil
. ressure gitation 3 in ime, .
Experiment T°0. p.s.i.g. r.p.m, Catalyst oil min. N Capil. OH Acid
s m.p. # value
B PPN 30-60 atm. | ... A 0.1 160 3.7 83.0 126.0
2 vt e 100 50 420 A 0.1 100" 25.0 56.0 110.0
200 3.5 70.0 95.2
3 112-115 30 800 C 0.01 1200 7.3 85.5 138.6
180 5.5 85.7 138.8
4.... 122-125 40 800 B 0.002 180 5.4 82.2 128.5
Bauee 122-125 40 620 B 0.001 330 34.6 71.0 123.0
6.... 86-90 30 620 B 0.004 285 5.6 83.5 135.5
Tovee 8690 40 620 C 0.005 440 12.0 83.0 136.5
8.... 92-95 40 620 B 0.005 275 2.8 82.5 129.7
9.... 96-100 45 620 C 0.0055 400 3.8 85.8 144.8 1.8
10... 96-100 45 620 C 0.0065 375 4.0 86.0 145.0 1.8

2 One part of castor oil was dissolved in 60 parts of ethanol, and the hydrogenation was done in a shaking apparatus.

Catalysts: A 5% Pd on charceal; B 1% Pd on charcoal; C 19% Pd on charcoal, modified

increased as the reaction rate dropped.
b Samples removed before finish of hydrogenation.

The temperature was

by addition of 0.35% Ag and 0.2% Bi. (A discussion on selectivity of palladium catalyst will be given in a subsequent paper.)

reduced only by about 99%. Catalysts for this hydro-
genation are therefore necessarily limited to those
having an adequate selectivity.

This paper deals with the use of palladium cata-
lysts for the hydrogenation of castor oil. These are
widely used for the reduction of olefins, and since
they inherently, or with modification, display a nota-
ble selectivity in hydrogenation, it seemed worthwhile
to investigate their use in a problem where selectivity
is of prime importance.

Nickel is the catalyst that has been most widely
used in industry for the hydrogenation of ecastor
oil. Generally nickel hydrogenations are made at
high pressures, 15 to 150 atmospheres, and temper-
atures at 160-170°C. Iligher temperatures are usu-
ally avoided to minimize dehydroxylation, but the
use of temperatures as high as 260° at a pressure
of 110 atmospheres has been reported to give little
loss of hydroxyl with a copper catalyst (4). The
use of platinum metal catalysts as well as iron, co-
balt, and manganese (5-8) has also been reported.
No details for the use of platinum metals have been
given previously,

Experimental

All hydrogenations were done in a laboratory
stainless steel hydrogenator with a 3-1b. eharge of oil
and intensive agitation. Selectivity was not affected
by changing agitation, but the reaction vate inereased
appreciably with increasing agitation. Processing was
controlled by a rapid softening-point determination
of the product (modified A.O.C.S. method Ce-3-25, 10
min. on the ice). Castor oil, nonselectively hydro-
genated, consists mostly of glycerides of stearic acid
having a melting point in the range of 70°C. Iodine
values were determined at constant temperature of
24° by Hanus’ method. In agreement with recent
publications (3, 9) it was found that the use of Wijs
solution necessitated lower reaction temperatures, 15—
20°, for an exact determination of unsaturation in
castor oil. Determination of capillary melting points,
hydroxyl numbers, and acidities was made according
to the official methods of the American OQil Chemists’
Society (10).

Catalyst A and B. The palladium on high surface
carbon catalysts was prepared by the addition of a
solution of palladous chloride in distilled water to
Norite and reduction with hydrogen according to the
directions of Shriner (11).

Catalyst C: Ag, Bi, Pd. Basic bismuth acetate, to
the amount of 3.75 g., was boiled in 300 ml. of glacial

acetic acid, and evaporated to 200 ml. of clear solu-
tion. To this were added 8.13 g. of silver acetate in
900 ml. of a 1% acetic acid solution and then made
up to 1,500 ml. with distilled water. This solution was
then added slowly, over a period of 30 min., to 1,500
g. of 1% palladium on Norite (prepared as above),
suspended in 15 liters of water. To this mixture 25 g.
of sodium formate dissolved in 100 mli. of water were
added dropwise. The resulting solution was heated
to boiling for 20 min. After settling, the solution was
decanted ; the catalyst was filtered, washed with dis-
tilled water, and dried at 100°C.

Results and Discussion

The experimental results are summarized in Table
I. The very mild conditions used in these hydrogen-
ations are in marked contrast to the conditions usu-
ally employed for the production of castor wax. Even
so in some cases the hydrogenation was carried too
far. With an unmodified 5% palladium on charcoal
catalyst, A, a satisfactory product could not be ob-
tained. This catalyst was nonselective, and hydroxyl
groups were too rapidly reduced concomitantly with
the olefin, Experiment 2. Howcver the use of a sol-
vent, Bxperiment 1, improved selectivity greatly.

A 19 palladium on charcoal catalyst, B, gave a
more suitable, although not completely, satisfactory
product. This catalyst produced a product with a
maximum m.p. of 83.5°C. and a maximum hydroxyl
value of 135.5 (Experiment 6).

An entirely satisfactory product was obtained from
a special palladium catalyst so modified as to give
better selectivity. The products deseribed in Experi-
ments 9 and 10 are entirely staisfactory. There was
no increase in the acidity value, showing the absence of
such side reactions as hydrolysis, estolide formation,
and etherification. The selectivity of this catalyst is
demonstrated by Experiment 3, where in 60 min. of
processing the 1odine value decreased 259 while the
hydroxyl number was unchanged.

These castor wax products were obtained under
extremely mild working conditions, which would in
practice permit important operating economies. In
addition to these operating benefits, preliminary cal-
culations indicate that the catalyst cost involved in
hydrogenating castor oil with palladium -catalysts
would be competitive with that of nickel.

Summary

A good quality of castor wax was prepared in the
laboratory at 100°C. and 45 p.s.i.g., using a modified
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palladium catalyst. The product obtained had an
iodine value of 4, a hydroxy value of 145, and acid
value of 1.8, and a capillary melting point of 86°.
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Preparation of Pure Palmitic Acid

Plasticizer from Cottonseed Oil’

FRANK C. MAGNE, ROBERT R. MOD, and EVALD L.

Research Laboratory,? New Orleans, Louisiana

acid purification it was observed that very pure

fatty acids could be obtained by recrystallization
of their amine salts from organic solvents. The ecy-
clohexylamine salts of the higher fatty acids were
found to be particularly amenable to this procedure
because of their excellent filtration characteristics and
high temperature coefficients of solubility. While this
method had never been applied to such a complex
mixture as the cottonseed acids, where the acid to be
recovered was not in the predominant concentration,
it mnevertheless appeared promising because of the
unique composition of the cottonseed acids. Al-
though palmitic acid accounts for only about 22—
249 of the total acids, the major constituents of
which are linoleic and oleie aecids, it is the dominant
saturated acid in a ratio of at least 10 to 1.

Application of the amine salt method to the cotton-
seed acids proved to be very effective when cyclo-
hexylamine was the amine used. From the point of
view of the by-products formed however, it was
found advantageous to use a mixture of cyclohexyl-
amine and morpholine. The residual unsaturated
fatty acids can thus be recovered as the morpholine
salts, which ean be converted to useful morpholide
plasticizers (2).

:[N THE COURSE of investigating methods for fatty

Experimental and Results

Materials and General Procedure. The cottonseed
acids were obtained by saponification and subsequent
acidulation of a refined and bleached cottonseed oil
with an iodine value of 108.8 and a thiocyanogen
value of 69.9. The hydrogenated cottonseed acids
were similarly derived from the same oil after selee-
tive hydrogenation to an iodine value of 63.1 and a
thiocyanogen value of 62.9. The cyclohexylamine
and morpholine were White Label Eastman Kodak
products. Drum C. P. acetone was employed as the
solvent.

In general, one part by weight of cottonseed acids
was dissolved in about four parts by weight of

1 Presented at the 49th Annual Meeting of the American Oil ‘Chem-
ists’ Society, Memphis, Tenn., April 21-23, 1958.

2 One of the laboratories of the Southern Utilization Research and
Development Division, Agricultural Research Service, U. 8. Depart-
ment of Agriculture, ’
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and a »By-Product

SKAU, Southern Regional

acetone containing a slight excess (0.5%) of the
amine as calculated from the neutralization equiva-
lent of the acids. The heat of solution was usually
sufficient to cause complete solution, but in some
instances it was necessary to warm to 40-45°C. The
crude amine salt of palmitic acid was separated on
a Buchner funnel at the crystallization temperature
and washed 4n situ with a small volume of cold sol-
vent. The moist filter cake was then redissolved in
acetone and subjected to a number of recrystalliza-
tions in a ecentrifugal filtration tube (4). There
were no intervening crystal washings in these oper-
ations. All concentrations were reported in terms of
the dry amine salt, taking into account the residual
solvent in the filter or centrifuge cake, as determined
on an aliquot. The acid was regenerated from the
amine salt by exhaustive extraction with warm hy-
drochloric acid solution by a modified Soxhlet-type
liquid-liquid extraction. Unless otherwise mentioned,
all freezing points were determined by the sealed
tube thermostatic method (3).

Cyclohexylamine Method. A 100-g. portion of the
cottonseed acids and 35.8 g. of cyclohexylamine were
dissolved in 500 ml. of acetone. Crystallization and
filtration of the crude cyclohexylamine salt of pal-
mitic acid from this solution were carried out at
room temperature (about 27°C.). An aliquot of the
filter cake was taken from this and subsequent re-
crystallizations for iodine value and freezing point
determinations on the regenerated acid in order to
follow the improvement in purity. The regenerated
acid at this point had an LV. of 42 and a f.p. of
51.8°C. The remainder of the moist filter cake, con-
sisting of 47 g. of the dry amine salt and 66 g. of
residual solvent, was dissolved in 34 g. of additional
acetone and recrystallized at room temperature in a
centrifugal filtration tube. The regenerated acid now
had an 1.V, of 10.2 and a £.p. of 59.6°C. The centri-
fuged cake, amounting to 25.6 g. (dry basis), was
redissolved in 95 g. of acetone, allowed to crystallize
at room temperature, and centrifuged. Analysis of
the filter cake then indicated an 1.V. and f.p. for the
regenerated acid of 1.2 and 62.3°C., respectively.
The last recrystallization was carried out from 48 g.
of acetone (7.6 g. of cake, dry basis) and the mother



