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epoxidized jojoba oil is at least comparable and, in
some instances, superior to other epoxides as a ther-
mal or ultraviolet stabilizer and that it can be satis-
factorily employed in DOP or TCP plasticized vinyl
copolymer stock without adversely affecting other
physical characteristics.

Summary

Epoxidized jojoba oil has been evaluated as a light
and heat stabilizer for vinyl chloride containing plas-
tics and its properties, intercompared with those of
other epoxides representative of three major classes
of oxirane stabilizers. The results obtained show that
epoxidized jojoba oil is a satisfactory thermal and
ultraviolet stabilizer for both TCP and DOP plasti-
cized stocks and has no adverse effects on the plasti-
cizer properties of these materials. In general, epoxi-
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dized jojoba oil was found to be equivalent to or, in
some instances, superior to the other epoxides tested.
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Laboratory Deodorizer with a Vaporization

Efficiency of Unity

D. SZABO SARKADI, Unilever Research Laboratory, Vlaardingen, The Netherlands

APORIZATION efficiencies in plant deodorizers have

been determined by Bailey (1), using fatty acids

as model volatile substances. Bailey fully real-
ized that the efficiency values so obtained were rela-
tive in nature and could be regarded as absolute only
in the event that a given vegetable oil/fatty acid
system behaved ideally in accordance with Raoult’s
Law. Such behavior in practical systems is however
unusual.

Recent investigations (la) carried out by the pres-
ent author have established that, as a result of molec-
ular association, the peanut oil/stearic acid system
does, in fact, show a significant positive deviation
from theory. The experimentally obtained vapor
pressure data have enabled the absolute vaporization
efficiency value to be determined and have formed the
basis of investigations to establish the conditions nec-
essary for achieving a vaporization efficiency of unity.
Laboratory experiments relevant to this latter prob-
lem and a laboratory deodorizer having a vaporiza-
tion efficiency of unity are described in this article.

Determination of Vaporization Efficiency

Vaporization efficiency can be determined by dis-
solving a model volatile substance of known vapor-
pressure in a refined oil and by steaming the solution
with a specific amount of steam at specific pressure
and temperature.

Provided that the solution behaves in accordance
with Raoult’s Law, vaporization efficiency values can
be calculated by means of Bailey’s equation, viz.:
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in which S = moles steam ; O = moles oil ; P = absolute
pressure ; P, = vapor pressure of the pure volatile sub-
stance and V; and V, = initial and final concentra-
tions of the volatile substance in the oil, respectively.
When ‘‘non-ideal’’ solutions are involved, activities
have to be used In lieu of concentrations. Should the
difference between initial and final concentrations be
small, the activity coefficient (A) applicable to the

average concentration may be used. The formula is
then:
E= PO ; Vi
~ShA UV,

A fatty acid/vegetable oil system shows significant
positive deviation from theory. The activity coeffi-
cients of solutions of stearic acid in peanut oil at
180°C. are shown in Figure 1. It will be seen that,
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Fie. 1. Activity coefficients of stearic acid in peanut oil
solutions.

at high acid concentrations, the deviations are small,
but at low concentrations they are considerable. For
the pure acid at 180°C. a vapor pressure of 0.80 mm.
Hg. was found, which is in agreement with other
recent measurements (2).

Although theoretically any concentration of acid
is convenient for the determination of vaporization
efficiency, the above equation is applicable only to
low (not higher than 1-29% stearic acid) concentra-
tions because in deriving the formula, it was assumed
that the number of moles of volatile substance is
negligible in comparison with the number of moles
of oil. Moreover, at higher concentrations, fatty acids
catalyze the hydrolysis of triglycerides and thereby
interfere with the measurement. Investigation has
shown that, with low fatty acid concentrations (1-
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2%) and with the low oil level and absolute pressure
(5—20 mm. Hg.) obtaining in a laboratory deodorizer,
this hydrolytic effect is negligible.! In plant deodor-
izers with their higher oil levels the hydrolysis factor
must be taken into account and determined experi-
mentally or graphically.

Influence of Design and of Working Conditions
on the Vaporization Efficiency of
Laboratory Deodorizers

A series of efficiency determinations was made in
a laboratory deodorizer (as shown in Figure 2, but
without heating elements) ; 30 g. of steam were blown
through 250 g. of oil containing 1.5% stearic acid at
different rates of flow and at a pressure of 10 mm.
The vaporization efficiencies obtained are recorded in
Table L.

TABLE I

Influence of Steam Flow Rate on Vaporization Efficiency in -a
Laboratory Deodorizer (as in Figure 2, but Without
Heating Elements)

Steam flow rate (g./min.) 0.15 0.30 0.50 1.0 1.5 1.7 1.9
Vaporization efficiency 0.12 0.16 0.27 0.30 0.50 0.51 0.486

Fie. 2. Laboratory deodorizer—I1. manometer; 2-3. ther-
mometers; 4-5. heating elements.

The figures show that in this frequently used type
of apparatus the vaporization efficiency is very low
and is dependent on the steam flow rate, viz., the effi-
ciency increases with increasing steam flow rate.

Correlation was also found between absolute pres-
sure and efficiency at constant steam volume rate: the
vaporization efficiency decreases with decreasing ab-
solute pressure (Table II).

* Details of this investigation will be submitted for publication in due
course.

TABLE IL

Influence of Absolute Pressure on Vaporization Efficiency in a
Laboratory Deodorizer (as in Figure 2, but Without
Heating Elements)

. Vaporization
Pressure Steam Time officiency
(mm. Hyg.) (g.) (min.)
.| 100.00 72 0.39
66.50 69 0.33
50.00 60 0.33
33.33 66 0.22
20.00 68 0.24
13.35 62 0.13
10.00 42 0.15
6.65 66 0.026
3.33 45 0.039
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Bailey (1) found no decrease in the vaporization
efficiency of plant deodorizers at absolute pressures
down to 6 mm. and therefore concluded that the sat-
uration of the steam bubbles is a very rapid process.

In the shallow oil layer of laboratory deodorizers
rapid saturation might not oceur, and the above val-
ues seemed to indicate this. However, as is shown in
the present investigation, even in this case there is
sufficient contact between steam bubbles and oil to ob-
tain complete saturation. The decrease in the vaporiza-
tion efficiency, as indicated in Tables I and II, is
caused by other phenomena.

The head of the deodorizer is relatively cold; it
is not insulated, and heat transfer from the heating
bath to the head is very poor. Temperature measure-
ments with an experimental deodorizer (as depieted
schematically in Figure 3) showed, surprisingly, that
the temperature, even in that part of the flask below
the surface level of the heating-bath, may be consid-
erably lower than that of the bath itself, probably
because of radiation losses. The exact temperature
differences are dependent on the steam flow rate (i.e.,
heat supply by the vapor to the head) as shown in
Table III.

TABLE III
Temperatures (°C.) Inside the Experimental Deodorizer (Figure 3)

Steam flow rate (g./min.)

Measuring _
point 0 | oz | 1 2
160.0 164.0 165.5 167.5
168.0 170.5 171.7 | ...
177.0 178.0 179.0 179.0
180.0 180.0 180.0 179.0

The temperature differences recorded in Table III
are not high enough to cause condensation of stearic
acid, even with an acid content of 4%, as may be
seen from Table IV. It is clear however that the
cooling of the oil surface by 1°C. has the same effect
on vaporization efficiency as does the lowering of the
temperature of the whole oil by 1°C. Therefore re-
duction in the vaporization efficiency may oceur even
when no condensation of volatile substances takes
place.

TABLE IV
Condensation Temperatures of Stearic Acid in Peanut Oil Solution
o Part. Condensa-
Stearic acid P rl;%(zli?) n pressure tion
pv=PvAX point ®
(X) (mm.) (°0.)
0.0155 0.0180 125
0.0317 0.0358 134
0.060 0.064 142
0.115 0.114 | 149

2 Temperatures at which Pv = p.

In the deodorizer depicted in Figure 3 vaporiza-
tion efficiencies of 0.55 to 0.88 have been measured,
dependent on the steam flow rate.

Use of the stirrer, which at 1,000 r.p.m. caused
pronounced turbulence and the steam bubbles to rise
in a spiral instead of vertically, did not raise the
vaporization efficiency above this value despite the
greater contact between steam and oil.

Increase in vaporization efficiency with increased
steam flow rate (Table 1) may therefore be attrib-
uted to the effects of cooling and condensation. The
deerease, at lower absolute pressure (Table II) may
be similarly explained since less heat is supplied to
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F1a. 3. Laboratory deodorizer with stirrer—A. manometer;
B. condenser; C. stirrer; D. steam distributor.

the head by the vapor because of the decrease of the
heat content per volume unit with deecreasing pres-
sure. It is also evident from the data given in Table
III that the steam, which was at 26-55°C. on entering
the flask, is instantaneously heated to the tempera-
ture of the oil. In view of the very high specific
volume of the steam at this low pressure and its
consequently low heat content, this rapidity is not
surprising, nor is it surprising that the temperature
of the oil does not change appreciably.

To eliminate cooling effects, the head of the deodor-
izer must also be heated. The deodorizer depicted in
Figure 2 was therefore equipped with heating jack-
ets, the temperature of which was maintained at
200°C. This resulted in an increase in vaporization
efficiency to unity, using relatively low steam flow
rates independent of the absolute pressure (Tables
VI and VII).

TABLE VI

Influence of Absolute Pressure on Vaporization Fificiency in a

Pressure in mm. Hg, 3.5 4.0 5.0 10 30
Vaporization efficiency 1.04 0.98 0.90 0.97 0.98
TABLE VII

Influence of Steam ¥low Rate on Vaporization Efficiency in a
Laboratory Deodorizer (Figure 2)

Steam flow rate (g./min.)

Steam distributor 0.1 0.2 0.6 1.0 2.0

Vaporization efficiency

Fritted glass plate

(diameter 6 Mm.).......ccooooiiiiiniinnnn 1.03 0.97 1.09 0.84 0.77
1 opening
(diameter 1.5 M. ) ...cocceeeiinennneanns 0.95 1.02 0.92 0.78 0.76

The values given in Table VII show that the re-
placement of the steam distributor plate by a single
opening 1.5 mm. in diameter has practically no influ-
ence on the vaporization efficiency.

The decrease in vaporization efficiency at very high
rates of flow has important consequences. When the
flow of stripping steam is irregular, thus subjecting
the oil to violent bumping (as with wet steam or when
boiling is retarded), the vaporization efficiency should
be lower than with a regular steam flow. Therefore a
regular flow of dry steam is essential although, as the
experiments described above demonstrate (Table TI1),
superheating is not necessary.
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Isothermic Laboratory Deodorizer

The elimination of cooling effects by electrically
heating the head of the deodorizer cannot be consid-
ered an ideal solution to the problem. Only part of
the head is heated, and the electrical heating must be
carefully controlled. If the temperature is too high,
heat transfer to the oil takes place (especially when
the neck of the flask is short) and a vaporization effi-
ciency greater than unity may be obtained.

The most satisfactory procedure is to immerse also
the head of the deodorizer in the heating-bath., A
deodorizer capable of being so immersed was there-
fore. constructed (Figures 4 and 5) and gave very
satisfactory results. The high performance is shown
by the efficiency curve plotted from the results ob-
tained with 150 g. of oil (Figure 6).

= Alr inlet
= Tap to connect Dwith E
when vacuum is discharged

o =

= Wadding to protect capillary.

= Capillary for water supply

= 01l inlet and sample removal
tube

= Steam evaporater, filled
with cotton or nickel chips

= Steam superheater coil

= 0il-bath

= Steam distributor

= Vacuum
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Fi1g. 4. Isothermic laboratory deodorizer.

This type of deodorizer is much simpler and easier
to handle than any other apparatus used hitherto
since no separate steam generator is needed. Deaer-
ated water, flowing from a burette through a capil-
lary, is evaporated in a small tube heated by the
oil-bath. The wet steam so developed passes through
a heated coil, where it is superheated and probably
reaches the same temperature as the oil. To ensure
regular evaporation a cottonwool filling in the evapo-
rator tube is satisfactory at lower rates of flow, but
at higher rates it is useless since it is a good insulator
and therefore incapable of transferring heat needed
for evaporation. Nickel chips were found to be very
effective at high rates of flow.

" The shape of the outlet tube to the condenser was
designed to minimize carry-over losses and proved to
be very effective even at high rates of flow.

The steam distributor has 14 holes, each 0.5 mm.
in diameter. With holes of this size no excessive spat-
tering was observed even at high rates of flow, and
the steam distribution remained good.
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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



