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In Part I of this investigation it had been clearly indicated that prolonging the
period of heating at 250°C. after the first 60 minutes, initiates polymerization and
there is also a slight increase in the content of conjugated isomers in the product.
This increase in conjugated isomers has been found to be associated with a decrease
in the non-conjugated dienoic acids in the product. This has not been reported
by any previous worker.

von Mikusch (1940) carried out extensive investigations on the bodying of
dehydrated castor oil and showed that the tendency to polymerize increased with
increase in temperature and for the same temperature the rate of polymerization
was more rapid than inlinseed oil. He did not, however, record the influence of tem-
perature and period of heating on the shifting of the double bonds fram the non-con-
jugated to conjugated positions during bodying. It is obvious that both conjugated
and non-conjugated dienes are involved during polymerization. It is also possible
that prolongation of the heating period, after the dehydration is complete, may
change the initial course of the reaction due to the accumulation of a large
proportion of non-conjugated dienoie acid in the reaction product (about 609, after
one hour ; initially 1 to 4%).

This increased concentration of the 9, 12 dienoic acid might well be expected
to give a high speed of conversion of non-conjugated to conjugated isomers as indi-
cated in Part I (Joc. cit.).

Another fact to be considered is that the proportion of conjugated dienes is
initially nil but goes up to between 18 and 289, during the first sixty minutes of
heating (Part I; loc. cit.). The increased concentration of conjugated isomers will
exert a prepondering influence on the speed of polymerization reaction. It is quite
reasonable to assume, therefore, that if polymerization can be regulated the product
will be enriched with conjugated isomers. This aspect of the problem has been
investigated on the following lines.

EXPERIMENTAL

Cold-pressed raw castor oil was dehydrated at 250°C. with 19, NaHSO, and 1%,
KHSO; (on weight of oil) in the manner previously described (vide Part I). The
heating was carried out for one hour ; the product was then rapidly chilled, and the
catalysts remaining in suspension were removed. The prepared sample was divided
into several portions which were respectively maintained at temperatures of 100°,
150°, 200°, 250°, and 300°C. for various periods in an atmosphere of nitrogen under
partial vacuum. Samples were withdrawn from time to time in each case and
were analysed for determining the following :
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(2) The molecular weight of the oil.

(1t) Acid value of the oil.

(¢13) Viscosity of the oil.

(i) Per cent 9, 12 linoleic acid in the component mixed fatty acids.
(v) Per cent 9, 11 linoleic acid in the component mixed fatty acids.

The analyses were carried out according to the methods already described
(vide Part I). The results are given in Table 1. It has been observed that the
higher the temperature and the longer the period of heating, the higher is the vis-
cosity and the acid value of the product. The effects of temperature and period
of heating on isomerization are best manifested at 200°C. and within that temperature
range it is found that the proportion of conjugation reaches a maximum after the
first sixty minutes and then tends to decrease. A possible explanation of this
phenomenon is given. It has been noted that at lower temperatures neither poly-
merization nor isomerization assumes prominence while at higher temperatures,
specially at 300°C., the former reaction proceeds so rapidly that the latter is outpaced.

Discussion

It has been found that some dienoic acids are formed during heat bodying of
oils which are not reactive (Paschke and Wheeler, 1949). Isomerization to a con-
jugated form is the first step in the heat bodying of non-conjugated oils, and is a
slow reaction. Certain catalysts are known to greatly accelerate bodying of oils.
The catalyst may also be effective in promoting the polymerization step.

Results in the given Table show the effect of temperature on isomerization and
polymerization. It has been observed that the proportion of conjugated com-
pounds diminishes after reaching a certain maximum, This diminution in con-
jugation is, perhaps, due to ring formation. 9, 12 linoleic esters combine with con-
jugated dienes, but the latter react with each other at a faster rate. This ring for-
mation helps to bind together the glyceride molecules and the larger the number of
glyceride molecules combined together, the bigger is the size of individual molecules,
The increase in viscosity is a result of this polymerization.

While the dienoic acids combine to form a dimer containing a single ring, it
appears that the addition products form tri-unsaturated groups which may, to some
extent, go further and form a structure containing two rings. Bradley and
Johnston (1941) found that a third fatty acid group can combine and the conjugated
group can add to one of the groups already combined to form a second ring. This
reaction, perhaps, is a subsequent step to the first ring formation and, as it involves a
termolecular reaction, its speed is slow and occurs at the later stages of bodying.
In general, speeds of reaction can be accelerated by increasing the temperature.
Results presented in the accompanying Table prove that while polymerization is not
very appreciable at temperatures of 100°C. and 150°C., it increases considerably at
200°C. At 250°C. and 300°C. it proceeds very rapidly. The mechanism of
polymerization is suggested below.

As regards the formation of 9, 11 linoleic acid at the cost of 9, 12 linoleic acid
it has been found that particularly little or no increase in conjugation occurs when
castor oil, previously dehydrated at 250°C. for 60 minutes, is held at temperatures
of 100°C. and 150°C. for one hour. A temperature of 200°C. is an optimum for such a
reaction ; by maintaining the dehydrated oil at this temperature for 90 minutes
conjugation could be increased by 8'6%. On prolonging the heating conjugation
begins to decrease. At 250°C. the conjugation could be increased by 7-6%, within
60 minutes after which period conjugation tends to decrease. At 300°C. the conju-
gation could be increased by only 4% after 60 minutes. Prolonging the period
further than this results in destruction of conjugated structure and there is a rapid
increase in polymerization. Data in the Table clearly indicate that the higher the
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temperature, the higher is the acid value of the product. This probably results
from decomposition of fat by pyrolysis. Moreover, a substance, saponifiable with
difficulty, has been found to be formed during heating of the dehydrated oil at
300°C.

SuMMARY

An attempt has been made to regulate the polymerization of dehydrated castor oil during
bodying and to enrich the product with conjugated isomers. It has been found that at 250°C.
and above, polymerization predominates over isomerization and that the optimum temperature
for the formation of 9, 11 linoleic acid at the expense of 9, 12 linoleic acid is 200°C. So by
maintaining the product after dehydration stage at 200°C. for 90 minutes, it has been possible
to increase its comjugated isomer content by 3-69%,.
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