Studies on the Alcoholysis of Some Seed Oils
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ABSTRACT: The effects of time and temperature on the alcoholysis of rubber seed,
melon seed, linseed, and soyabean oils have been studied. The following temperatures
were investigated: 200, 220, 245, and 260°C. Litharge (PbO) was used as the alcoholysis
catalyst. The optimum alcoholysis temperature was found to be 245 = 2 °C for each of
the oils. At lower alcoholysis temperatures (<245°C), there is the preferential alcohol-
ysis of seed oils derived from unsaturated acid; and the general alcoholysis rates were
found to be in the following order: linseed oil ~ rubber seed oil = soyabean oil ~ melon
seed oil. The alcohol-solubility of the oils is generally observed to begin at 42—-45%
conversion of oils to monoglycerides. The a-monoglyceride contents of the alcoholysis
mixtures of rubber seed and linseed oils were generally similar at methanol tolerance,
and higher than those of melon seed and soyabean oils. © 2000 John Wiley & Sons, Inc. J

Appl Polym Sci 78: 1826-1832, 2000
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INTRODUCTION

In the surface coatings industry, the use of vege-
table oils in the manufacture of oil-modified alkyd
resins is enormous. These alkyd resins are the
nonvolative binders or vehicles in the production
of oil paints and varnishes. The vegetable oils are
incorporated into the alkyd structure by the alco-
holysis reaction.

The alcoholysis of triglyceride oils is carried
out to obtain partial esters best suited to produce
linear polymers on subsequent polymerization.
The alcoholysis of a vegetable oil is normally car-
ried out with 2 mole of glycerol (I) for each mole of
oil (IT), since this ratio enables theoretically all
the oils to be converted to monoglycerides (III):
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where R = fatty acid radical. When pentaeryth-
ritol is used as the polyhydric alcohol (polyol), the
fatty acid diester of pentaerythritol is the pre-
ferred product, and 1 mole of pentaerythritol per
mole of oil is used.

Commercially, it is cheaper to produce alkyds
from vegetable oils because these are normally
cheaper than the equivalent quantity of fatty acid
and glycerol.! However, in alkyd manufacture,
attempts to react the vegetable oil, polyol, and
dibasic acid usually lead to incompatibility be-
cause of the preferential reaction of the polyol and
dibasic acid rather than with the oil.? To avoid
this, alcoholysis of the oil is carried out prior to
the esterification reaction. The progress of an al-
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Table I Fatty Acid Composition (%) and Iodine Values of Rubber and Melon Seed Oils

Oil Content Saturated Todine
Oil Seeds (%) Oleic Linoleic Linolenic Fatty Acids Values (mgl/g)
Rubber®” 49 21.9 38.2 24.3 15.3 137.7
Melon® 51 19 55.1 — 25.9 112.9

coholysis reaction is normally followed by mea-
suring the solubility of the alcoholysis mixture in
anhydrous methanol. The alcoholysis reaction is
completed when 1 volume of the alcoholysis mix-
ture is soluble in 2 volumes of anhydrous metha-
nol.

The alcoholysis reaction does not go to comple-
tion under the conditions used in practice, and the
alcoholysis product may be expected to contain
a-monoglyceride (ITI), B-monoglyceride (IV), a, o'-
diglyceride (V), «,B-diglyceride (VI), triglyceride
or oil (IT), and glycerol (1) when glycerol is used as
the polyol. This mixture is referred to as a mono-
glyceride.

CH,OH

| |
CHOCOR CHOH  CHOCOR

| | |
CH,0H CH,0COR CH,0H
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Because alcoholysis products are effective raw
materials for alkyd resin manufacture, a knowl-
edge of their composition becomes very impor-
tant. This is with a view to reduce the batch to
batch variations in properties of alkyd resins
made from the same alcoholysis products and
similar reaction conditions. Thus, Runk® con-
ducted alcoholysis of linseed oil with glycerol in
the molar ratio 1: 3 - 3 at 235°C in the presence of
PbO. He found an a-monoglyceride content of 58 —
60% at equilibrium. The viscosities of alkyd res-
ins of 52% oil length made from the alcoholysis
mixtures were markedly dependent upon a-mono-
glyceride content. Pintile* studied the alcoholysis
of oils and found that the highest monoglyceride
of final product was 54—-55% and the lowest dig-
lyceride content 23—-24%. Sathyanarayana et al.’
carried out alcoholysis of linseed oil with glycerol
under the same conditions as those for alkyd resin
synthesis by the monoglyceride route. The partial
glyceride formed in the alcoholysis reaction were
characterized by TLC-FID (thin-layer chromatog-

raphy—flame ionization detector) and proton
NMR (nuclear magnetic resonance). The predom-
inant products they found were 1-monoglycerides,
the concentration of which increased with the de-
crease in oil length. Of the isomeric diglycerides,
the concentration of only 1,3-diglycerides varied
but that of 1,2-diglycerides remained nearly the
same in the formulations studied.

From the literature, the alcoholysis responses
of the oils of melon and rubber seeds have not
been reported. Melon and rubber seed oils are
triglycerides, and are thus composed of the glyc-
erides of fatty acids. Melon seed oil is light yellow
in color whereas rubber seed oil is reddish-brown;
both can be obtained from their oil-bearing seeds
by solvent extractions. The chemical compositions
of rubber and melon seed oils are shown in Table
I. Rubber seed oil contains mostly linoleic and
linolenic acids with small proportion of oleic acid
and saturated fatty acids. The oil is a drying oil
and is characterized by the property of absorbing
oxygen from the atmosphere and drying to an
elastic skin (cross-linking) when exposed to air
(oxygen) in a thin film. Melon seed oil, on the
other hand, contains largely linoleic and oleic ac-
ids with an appreciable proportion of saturated
acids. The oil is classified as a semidrying oil and
the drying process is slower.

The chemical compositions of the oils of rubber
and melon seeds show that these oils have com-
parable levels of unsaturation as linseed (a drying
oil), and soyabean (a semidrying oil) presently
used in the coatings industry. Both rubber and
melon seed oils respond to the conventional refin-
ing processes of degumming, bleaching, and al-
kali refining. The optimum bleaching conditions
of the oils using various clays, and the solvents
that give high extraction yield of the oils, have
been established.®*°

The present study investigated the alcoholysis
responses of the oils of rubber seed, melon seed,
linseed, and soyabean at the reaction tempera-
tures of 200, 220, 245, and 260°C. These temper-
atures cover the range generally encountered in
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the commercial preparation of alkyd resins. The
effects of time on the alcoholysis reaction are also
reported. Linseed and soyabean oils are chosen as
they are typical of drying and semidrying oils
currently in use in alkyd resin synthesis.

Rubber seed and melon seed oils presently are
undergoing investigations in our laboratory as
possible substitutes for the imported linseed and
soyabean oils currently used as the sole drying
oils in the surface coatings industry in the coun-
try.

Both rubber and melon seed oils presently have
no industrial importance in the country. How-
ever, there are many domestic applications of
melon seeds in the country, among which are the
making of the popular egusi soup and ogiri, a local
spice among the Igbos. Rubber seed is yet to have
any known domestic application in the country.
Recently, however, an attempt by a vegetable oil
processing company based in Kano, Nigeria to
introduce processed rubber seed oil into the mar-
ket as an edible oil was promptly stopped by the
Food and Drug Administration of Nigeria because
its fitness for human consumption could not be
guaranteed. The rubber seeds, containing the oil,
presently rot away at the various plantations
each season. Newfield!! in his studies had shown
that the quantity of rubber seeds available in the
country are more than enough to meet the rubber
seed oil requirements of our oil paint industry and
consequently has the potential of entering global
surface coatings industrial market.

The total production of melon seeds in the
country on the basis of 1992 census was put at
190,000 tonnes per year. This figure, which must
have increased significantly over the years,
should be able to meet a paint industry melon
seed requirements for the production of melon
seed oil. Melon seed has a very high oil content.

EXPERIMENTAL

The oils of melon (Colocynthis vulgaris Shrad)
and rubber (Hevea brasiliensis (Kunth) Muell)
seeds were obtained by solvent extraction. The
oils of linseed (Linum usitatissimum L.) and soya-
bean (Glycine max (L) Merr) were obtained in
refined states and used without further purifica-
tions. The melon seed and rubber seed oils were
alkali refined using Cocks and Rede’s method!?
and bleached. The iodine values of the oils were
determined using ASTM method, (D 1959-69,
1982).1?

The reaction between glycerol and the oils were
carried out in a three-necked reaction kettle
equipped with a variable speed stirrer, water con-
denser, thermometer (0-300°C), sampling device,
and nitrogen inlet tube.

The kettle that had been flushed with nitrogen
was charged 133.50 g of the refined oil (melon
seed, rubber seed, soyabean, or linseed). The oil
was heated to the reaction temperature (200, 220,
245, or 260° + 2°C), 3.22 g of the catalyst litharge
(PbO) was then added immediately followed by
30.7 g glycerol, which was added slowly from a
dropping funnel over a period of 2 min with vig-
orous agitation. Samples were withdrawn at dif-
ferent reaction times and the methanol tolerance
of each sample determined by noting the solubil-
ity of 1 volume of alcoholysis mixture in 2 volumes
of anhydrous methanol. The alcoholysis reaction
is completed when the alcoholysis mixture be-
comes soluble in the methanol. Each sample with-
drawn is analyzed for a-monoglyceride, and free
glycerol contents by the method of Pohle and
Mehlenbacher.'* Polyglycerol analysis was done
as reported by Tawn.'®

RESULTS AND DISCUSSION

The alcoholysis responses of the oils of rubber
seed, melon seed, linseed, and soyabean oils at
different reaction temperatures and times are
shown in Tables II and III. Tables IV and V give
the polyglycerol contents of the alcoholysis mix-
tures of the oils at the temperatures studied.

At 200°C, the alcoholysis reactions of the oils
were too slow for significant degrees of oil/glycerol
interactions to occur in reasonable times. At
220°C, reactions were much faster. Temperatures
of 245 and 260°C give reasonable reaction rates in
the oil/glycerol reactions. It is evident from Tables
IT and IIT that the alcoholysis rate of the oils at
245 and 260°C are quite similar. For example,
linseed oil had alcoholysis rate of 25 min at 245°C
and 20 min at 260°C, whereas rubber seed oil had
alcoholysis rate of 30 min at 245°C and 25 min at
260°C. From energy considerations alone, espe-
cially in a country like Nigeria where the cost of
electricity is very high, the temperature of 245°C
should represent the optimum alcoholysis tem-
perature for the oils of linseed, rubber seed, soya-
bean, and melon seed oils.

Investigations on the polyglycerol contents of
the alcoholysis mixture of the oils at 220, 245,
and 260°C have shown the presence of small
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Table II Effects of Time and Temperature on the Alcoholysis of Linseed and Soyabean Oils

Linseed Oil

Soyabean Oil

Periodate Oxidation

- -
Temp (°C) Time (mins) Monoglyceride Glycerol Monoglyceride Glycerol

200 80 42.70 21.73 39.42 22.81
90 43.47* 18.21 41.74 21.93

100 43.91 18.83 42.91* 20.36

110 44.25 14.51 43.36 18.69

120 44.80 13.17 43.90 16.43

220 40 40.92 21.98 39.62 23.17
50 42.16 20.61 40.81 21.58

60 44.23* 15.33 42.46 20.79

70 44.38 14.80 43.41* 17.91

80 44.90 13.78 43.64 17.63

90 — — 44.47 15.00

245 25 43.61* 19.31 41.62 21.60
30 43.79 17.63 42.30 20.97

40 44.20 13.69 43.00* 18.23

45 — — 43.41 17.91

260 20 43.68* 17.61 42.96 21.77
30 44.40 13.96 43.91* 15.21

40 44.93 13.01 44.00 14.81

45 — — 44.60 13.87

2 First indication of methanol tolerance by alcoholysis mixture.

quantities of polyglycerols at 220 and 245°C but
definite quantities at 260°C, the amount of
which increased with increasing alcoholysis
time (see Tables IV and V). These polyglycerols
are formed from etherification reaction of glyc-
erol, a competing side reaction during the alco-
holysis process. The etherification reactions

CH, — CH — CH,—O[CH,— CH

| | |

OH OH OH
(VI)

Commercially, it is desirable to keep the time
of reaction to a minimum; on the other hand, from
a technical point of view, the most reproducible
process would be one in which side reactions did
not occur, and the glycerol/oil reaction reaches
equilibrium. The presence of small quantities of
polyglycerols in the alcoholysis mixtures of the

generally are nonreversible and lead to in-
creased functionality of the alcoholysis system
and also interfere with the control and repro-
ducibility of the alcoholysis product. Under ba-
sic catalysis (used to promote alcoholysis),
polyglycerols of the type (VI) are formed.®

—CH,—O0],CH,— CH — CH,

| |
OH  OH

oils at 245°C when compared with the quantity
present at 260°C makes it reasonable to further
consider 245°C as the optimum alcoholysis tem-
perature for the linseed, soyabean, rubber seed,
and melon seed oils. At the optimum alcoholysis
temperature, there is a high degree of glycerol/oil
interaction in a relatively short reaction time as
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Table III Effects of Time and Temperature on the Alcoholysis of Rubber Seed and Melon Seed Oils

Rubber Oil Melon Oil
Periodate Oxidation
Time a- -
Temp (°C) (mins) Monoglyceride Glycerol Monoglyceride Glycerol

200 80 42.96 20.18 40.72 22.76
90 43.71* 17.33 42.37 19.91
100 43.92 16.27 43.17* 16.79
110 4411 14.82 43.33 15.00
120 44.67 14.36 43.67 15.01
220 40 41.62 22.93 40.62 23.46
50 42.96 21.37 41.90 21.09
60 44217 14.96 4291 18.41
70 44.28 14.23 43.62? 16.82
80 44.70 13.41 43.88 14.05
90 — — 44.01 13.33
245 25 43.82 16.0 40.27 23.61
30 44,07 14.12 42.46 17.78
35 — — 42.812 17.01
40 14.16 13.10 43.89 16.17

45 — — — —
260 20 43.09 17.17 43.0 17.76

25 43.412 14.78 — —
30 44.03 14.57 43.73? 14.32
40 44 .87 13.81 44.07 13.46
45 — — 44.71 12.76

2 First indication of methanol tolerance by alcoholysis mixture.

indicated by the a-monoglyceride content. These
monoglycerides are two-dimensional polymers
and in subsequent esterification reaction, lead to
resins with faster drying power and improved
gloss, and gloss retention.

As shown in Tables II and III, it is evident that
at lower temperatures (200, 220, and 245°C)
there is the preferential alcoholysis of the more
unsaturated oils, rubber seed and linseed. The
general alcoholysis rates observed in this study
are: linseed oil ~ rubber seed oil > soyabean oil
> melon seed oil.

The degree of unsaturation of the oils based on
their iodine number is in the following order: lin-
seed oil > rubber seed oil > soyabean oil > melon
seed oil. The high alcoholysis rate of linseed oil
has been reported. Siego et al.!” in their study on
the alcoholysis of fatty oils observed the following
order in alcoholysis rate: linseed oil > olive oil
= coconut oil = dehydrated caster oil > soyabean
oil. Ghanem et al.'® have attributed the high al-

coholysis rate of oils with high iodine numbers to
a high solution capacity for glycerol in the mixed
triglyceride at the reaction temperature.

The a-monoglyceride contents of the alcoholy-
sis mixtures of rubber seed and linseed oils at
methanol tolerance were in most cases similar
and higher than those of soyabean and melon
seed oils. This has some practical implications in
the manufacture of alkyd resins. Because alcohol-
ysis products are effective raw materials for alkyd
resin manufacture it is logical to expect resins
synthesized from alcoholysis mixtures of rubber
seed and linseed oils (which have high a-mono-
glyceride contents) to produce high viscosity
alkyds with better drying properties than ones
prepared from alcoholysis mixtures of melon seed
and soyabean oil. Melon seed oil can be brought
up to the same standard by increasing alcoholysis
time at 245°C to 40 min at which the a-monoglyc-
eride content matches that of linseed oil with 25
min alcoholysis time. Based on the discussions



Table IV Effects of Time and Temperature on
the Polyglycerol Contents of Linseed and
Soyabean Oil Alcoholysis Mixtures

Linseed Soyabean
0il Oil
Temp Time
(°C) (min) Polyglycerol Content
220 40 0.03 —
50 0.25 0.18
60 0.28* 0.20
70 0.31 0.53%
80 0.46 0.65
90 — 1.15
245 25 0.19* —
30 0.38 0.06
40 0.64 0.28*
45 — 0.76
260 20 0.32% 0.28
30 0.86 0.47*
40 0.56 1.21
45 — 2.86

2 First indication of methanol tolerance by alcoholysis mix-
ture.

above, it is therefore possible to replace linseed oil
with rubber seed oil and to replace soyabean oil
with melon seed oil in the synthesis of alkyd res-
ins.

From Tables II and III it is evident that there
are small variations in the a-monoglyceride con-
tents of the alcoholysis mixtures of the melon
seed, rubber seed, linseed, and soyabean oils at
and after methanol tolerance. This is an indica-
tion that alcoholysis reaction is not an equilib-
rium reaction. The attainment of chemical equi-
librium by the glycerol/oil reaction has been the
subject of disagreement among some research
workers. Although some workers claim that equi-
librium is attained in the system,'®2° others
claim that equilibrium is not attained in the sys-
tem?1?2 and that alcoholysis reaction is a non-
equilibrium reaction.

The alcohol solubility of the alcoholysis mix-
tures of the oils is observed to begin at 42—45%
conversion of oils to monoglyceride, corresponding
to infinite tolerance for methanol.

From Tables II and III it is evident that tem-
perature greatly affects the alcoholysis of triglyc-
erides (oils). The higher the temperature, the
faster is the alcoholysis reaction and vice versa.
Increase in temperature generally speeds up
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chemical reactions by lowering the activation en-
ergy, which enables reactants to form products in
relatively shorter reaction times. Higher alcohol-
ysis temperatures, however, are not recom-
mended because at these temperatures reactions,
particularly self-polymerization of the polyols,
may become important.

Tables IT and IIT show that the percent of glyc-
erol is observed to fall steadily as more oils are
converted to monoglycerides. Free glycerol in an
alcoholysis mixture reacts with phthalic anhy-
dride during alkyd resin synthesis to produce
three-dimensional polymers, which can be of very
high molecular weight.

CONCLUSION

The optimum alcoholysis temperature for the oils
of melon seed, rubber seed, linseed, and soyabean
has been determined to be 245 + 2 °C for each of
the oils. The alcohol solubility of the oils has been
observed to begin at 42—45% conversion of oils to
monoglycerides.

Table V Effects of Time and Temperature on
the Polyglycerol Contents of Rubber Seed and
Melon Seed Oil Alcoholysis Mixtures

Rubber Melon
Seed Oil Seed Oil
Temp Time - -

(°C) (min) Polyglycerol Content
220 40 — _
50 0.22 —
60 0.26* 0.19

70 — 0.30*
80 0.56 0.46
90 — 1.26
245 25 0.16 —
30 0.512 —

35 — 0.38*
40 0.63 0.67
45 — —
260 20 0.29 0.30
25 0.76* —

30 1.31 0.41*
40 2.49 1.19
45 — 2.01

2 First indication of methanol tolerance by alcoholysis mix-
ture.
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The alcoholysis reactions of rubber seed and

linseed oils were found to be similar; so are those
of melon and soyabean oils. This similarity there-
fore suggests that rubber seed and melon seed oils
can replace (substitute) linseed and soyabean oils
respectively in the synthesis of oil-modified alkyd
resins.
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