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ABSTRACT: Melon-seed and rubber-seed oils have been used in the synthesis of poly-
ester resins. Results reveal that rubber-seed oil can completely be substituted for
linseed and soyabean oils in the synthesis of both long and medium-oil–length polyester
resins. Melon-seed oil was found to be a substitute for 50% of linseed oil and 50% of
soyabean oil in the synthesis of long-oil–length polyester resins. It also substituted for
15% of linseed oil and 50% of soyabean oil in the synthesis of medium-oil–length
polyester resins. © 2000 John Wiley & Sons, Inc. J Appl Polym Sci 75: 1441–1446, 2000
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INTRODUCTION

There has been an increasing demand for conven-
tional vegetable-drying oils worldwide, resulting
in escalating costs of such drying oils as linseed
and soyabean oils traditionally used in polyester
resin synthesis. This, in turn, has led to increased
costs of finished coating products such as paints
and varnishes.

In the surface coatings industry, polyester res-
ins have been able to hold their own because of
the low cost of ingredients despite stiff competi-
tion arising from the use of low-cost vinyl poly-
mers. Phthalic anhydride, the backbone of poly-
ester resins, and polyhydric alcohols(polyols) are
produced today in large quantities in industries.
However, the production of conventional vegeta-
ble-drying oils has not kept pace with demand,
leading to increasing costs.

Over the years, efforts have been geared to-
wards arresting the increased costs of polyester
ingredients. Fortunately for the drying oils, new
vegetable oils are being discovered for polyester

resin synthesis, and are documented in the liter-
ature. For example, Muralidharan et al.1 have
reported the utilization of rubber-seed and kari-
notta oils in the synthesis of air-drying, oil-mod-
ified polyester resins. Khandelwal and Gogte2

prepared resins by the reaction of orange-seed oils
with glycerol and phthalic anhydride. The gloss,
drying time, and alkali resistance of polyester
resin film were improved by the replacement of
phthalic anhydride with 10% maleic anhydride.
Mondo and Rao3 prepared polyester resins of Ja-
tropha curcas-seed oil by reacting the oil with
various anhydrides and determining various pa-
rameters of the polyester resin films.

Abd El-Ghaffer4 used apricot oil extracted from
pits in several polyester resin coating formula-
tions by esterification. The comparison tests with
coconut oil-based formulations indicate that the
Egyptian apricot oil can be used as a substitute in
stoving nondrying short polyester resins.

From the literature, no polyester resin based
on melon-seed oil has been reported. However,
the industrial potential of rubber-seed oil in the
coatings industry has been recognized.

Melon- and rubber-seed oils are triglycerides,
and are composed of the glycerides of fatty ac-
ids. A typical vegetable oil has the general
structure:
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where R1, R2, and R3 stand for the hydrocarbon
portions of the fatty acid chains.

Melon-seed oil is light yellow in color, while
rubber-seed oil is reddish-brown; both can be ob-
tained from their oil-bearing seeds by solvent ex-
tractions.

The chemical compositions of rubber- and mel-
on-seed oils are shown in Table I.

Rubber-seed oil contains mostly linoleic and
linolenic acids, with a small proportion of oleic
acid and saturated fatty acids. The oil is a drying
oil, and is characterized by the property of absorb-
ing oxygen from the atmosphere and drying to an
elastic skin (crosslinking) when exposed to air
(oxygen) in a thin film. Melon-seed oil, on the
other hand, contains largely linoleic and oleic
acids, 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 the oils (linseed
and soyabean) presently used in the coatings in-
dustry.

Furthermore, no linolenic acid is found in
melon-seed oil, while the amount in rubber-seed
oil is small compared to that in linseed oil. Lin-
olenic acid is known to be the cause of yellowing
in polyesters prepared from highly unsaturated
(oxidizing) oils such as linseed oil. It is, therefore,
hoped that polyesters from melon- and rubber-
seed oils will be more color retentive.

Both rubber- and melon-seed oils respond to
the conventional refining processes of degum-
ming, bleaching, and alkali refining. The opti-
mum bleaching conditions of the oils using vari-
ous clays, and the solvents that give high extrac-
tion yield of the oils, have been established.8,9

This article reports the use of rubber-seed
oil—a drying oil—and melon-seed oil—a semidry-
ing oil—as possible substitutes for linseed and
soyabean oils in the synthesis of oil-modified poly-
ester resins. Sixty percent long and fifty percent
medium oil-length polyester resin samples were
synthesized with each oil. In addition, polyester
resin samples were prepared from blends of rub-
ber-seed, melon-seed, linseed, and soyabean oils
to find out the level of substitution of the conven-
tional oils possible by rubber-seed and melon-seed
oils. Physical blends of the synthesized polyester
samples were made and compared with polyester
resins from the oil blends.

Rubber plantations are grown in many tropical
regions of the world. In Nigeria, the trees are
grown in the Southern States occupying about
200,000 ha of land.10 The rubber seeds, contain-
ing the oil, presently have no domestic/industrial
utilization, and rot away at the various planta-
tions each season. Newfield,11 in his studies, had
shown that the quantity of rubber seeds available
in Nigeria are more than enough to meet the
rubber-seed oil requirements of our oil paint in-
dustry and, consequently, has the potential of
entering the global surface-coatings industrial
market.

Melon seed (Colocynthis vulgaris, Shrad) is
grown in many states of Nigeria. The total pro-
duction of melon seeds in the country on the basis
of 1992 census was put at 190,000 tons per year,
a figure that can meet a paint industry melon-
seed requirements for the production of melon-
seed oil.

EXPERIMENTAL

The oils of melon (Colocynthis vulgaris Shrad)
and rubber (Hevea brasiliensis (Kunth) Muell)
seeds were obtained by solvent extraction. The
linseed oil (Linum usitatissimum L.) and soya-
bean oil (Glycine max (L) Merr) were obtained in
a refined state, and used without further purifi-

Table I Fatty Acid Composition (%) and Iodine Values of Rubber- and Melon-Seed Oils

Oil Seeds
Oil Content

(%) Oleic Linoleic Linolenic
Saturated

Fatty Acids
Iodine Values

(mgI/g)

Rubber5,6 49 21.9 38.2 24.3 15.3 137.7
Melon7 51 19 55.1 — 25.9 112.9
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cation. The melon- and rubber-seed oils were al-
kali refined using Cocks and Rede’s method,12

and bleached. The iodine values of the oils were
determined using the ASTM method (D 1959-69,
1973).13 All the polyester resin samples were pre-
pared by the alcoholysis process in a three-necked
reaction kettle equipped with a variable-speed
stirrer. PbO(Litharge) was used as the alcoholysis
catalyst (0.025% on oil). Glycerol with phthalic
anhydride were used for the synthesis. All the
resins were synthesized to low acid values, ,10
mg KOH/g resin. The long and medium oil-length
polyester resin samples were thinned to 64 and
38% solids with xylene, respectively.

Performance Evaluation of the Synthesized
Polyester Resin Samples

Drying Tests

A weighed amount of each resin solution was
mixed with the required amount of the metal
naphthanates to give a drier level of 0.50% Pb and
0.050% Co in the mixture. The resin drier mix-
tures were applied on glass plates immediately
after their preparation, and leveled with a doctor
blade. The coated plates were placed on a level
surface and allowed to dry at room temperature of
28.0°C. Surface dry after 24 h followed by tack-

free dry after 48 h were taken as a satisfactory
performance (Muralidharan Nair et al.).1

Media Resistance Tests

Four coated glass plates prepared as described
above were stoved at 120°C for 3 h and cooled.
The plates were immersed one each into four bea-
kers labeled 1–4, and containing distilled water,
2% H2SO4, 2% Na2CO3, and 2% NH3 solution,
respectively. The immersed coated plates were
examined at regular intervals, and the perfor-
mance of the applied polyester resins on the glass
plates into the different media was rated as fol-
lows (Muralidharan Nair et al.)1: 0—no change,
1—very slight effect, 2—slight effect, 3—definite
effect, and 4—bad effect.

RESULTS AND DISCUSSION

The drying and film properties of the synthesized
long- and medium-oil–length polyester resin sam-
ples are given in Tables II to V. Tables II and IV
give the evaluation performance of the long- and
medium-length polyester resins of the individual
oils (soyabean, melon, rubber seed, and linseed)
and their blends, respectively. Tables III and V
give the evaluation performance of the physical

Table II Evaluation of Long-Oil Polyester Resins from Individual Oils and Their Blends

Formulation
Drying

Performancea

Resistance To

Distilled Water 2% H2SO4 2% NH3 2% Na2CO3

L1 LSO S 1 0 4 4
L2 SBO S 2 0 4 4
L3 RSO S 2 1 4 4
L4 MSO NS — — — —
CB-L5 RSO : LSO (15 : 85) S 2 1 4 4
CB-L6 RSO : LSO (50 : 50) S 1 0 4 4
CB-L7 RSO : LSO (85 : 15) S 2 0 4 4
CB-L8 MSO : LSO (15 : 85) S 1 0 4 4
CB-L9 MSO : LSO (50 : 50) S 1 1 4 4
CB-L10 MSO : LSO (85 : 15) NS — — — —
CB-L11 RSO : SBO (15 : 85) S 1 0 4 4
CB-L12 RSO : SBO (50 : 50) S 1 1 4 4
CB-L13 RSO : SBO (85 : 15) S 1 0 4 4
CB-L14 MSO : SBO (15 : 85) S 1 0 4 4
CB-L15 MSO : SBO (50 : 50) NS — — — —

CB-L16 MSO : SBO (85 : 15) NS — — —
—

a 24-h surface dry, followed by 48 h tack-free dry; S 5 satisfactory, NS 5 not satisfactory.
Abbreviations: CB 5 chemical blend; RSO 5 rubber-seed oil; MSO 5 melon-seed oil; LSO 5 linseed oil; SBO 5 soyabean oil.
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blends of the synthesized polyester resins (both
long and medium).

From Table II, the long-oil polyester resins of
linseed, soyabean, and rubber oils (L1, L2, and
L3) were observed to dry satisfactorily, whereas
melon seed oil (L4) did not. All long-oil polyester
resins prepared from blends of rubber-seed and
linseed oils or soyabean oil show satisfactory air-

drying properties. This shows that rubber-seed oil
can substitute linseed or soyabean oil up to 85%
in the preparation of long-oil polyester resins.
This result is in agreement with the work of Mu-
ralidharan Nair et al.,1 who reported that rubber-
seed oil could substitute linseed oil up to 80% in
the preparation of air-drying long-oil polyester
resins.

Table III Evaluation of Long-Oil Polyester Resin Blends

Formulation
Drying

Performancea

Resistance To

Distilled Water 2% H2SO4 2% NH3 2% Na2CO3

PB-L5 RSOP : LSOP (15 : 85) S 1 0 4 4
PB-L6 RSOP : LSOP (50 : 50) S 1 0 4 4
PB-L7 RSOP : LSOP (85 : 15) S 2 0 4 4
PB-L8 MSOP : LSOP (15 : 85) S 2 0 4 4
PB-L9 MSOP : LSOP (50 : 50) S 2 0 4 4
PB-L10 MSOP : LSOP (85 : 15) NS — — — —
PB-L11 RSOP : SBOP (15 : 85) S 2 0 4 4
PB-L12 RSOP : SBOP (50 : 50) S 1 0 4 4
PB-L13 RSOP : SBOP (85 : 15) S 1 0 4 4
PB-L14 MSOP : SBOP (15 : 85) S 2 0 4 4
PB-L15 MSOP : SBOP (50 : 50) NS — — — —
PB-L16 MSOP : SBOP (85 : 15) NS — — — —

a 24-h surface dry, followed by 48 h tack-free dry; S 5 satisfactory, NS 5 not satisfactory.
Abbreviations: CB 5 chemical blend; RSO 5 rubber-seed oil; MSO 5 melon-seed oil; LSO 5 linseed oil; SBO 5 soyabean oil.

Table IV Evaluation of Medium-Oil Polyester Resins from Individual Oils and Their Blends

Formulation
Drying

Performancea

Resistance To

Distilled Water 2% H2SO4 2% NH3 2% Na2CO3

M1 LSO S 1 1 4 3
M2 SBO S 1 1 4 4
M3 RSO S 1 0 4 3
M4 MSO S 1 0 4 4
CB-M5 RSO : LSO (15 : 85) S 1 1 4 4
CB-M6 RSO : LSO (50 : 50) S 1 1 4 3
CB-M7 RSO : LSO (85 : 15) S 1 0 4 3
CB-M8 MSO : LSO (15 : 85) S 1 2 4 3
CB-M9 MSO : LSO (50 : 50) S 1 2 4 3
CB-M10 MSO : LSO (85 : 15) NS — — — —
CB-M11 RSO : SBO (15 : 85) S 1 2 4 4
CB-M12 RSO : SBO (50 : 50) S 1 1 4 4
CB-M13 RSO : SBO (85 : 15) S 1 2 4 3
CB-M14 MSO : SBO (15 : 85) S 1 2 4 4
CB-M15 MSO : SBO (50 : 50) S 1 3 4 3
CB-M16 MSO : SBO (85 : 15) NS — — — —

a 24-h surface dry, followed by 48 h tack-free dry; S 5 satisfactory, NS 5 not satisfactory.
Abbreviations: CB 5 chemical blend; RSO 5 rubber-seed oil; MSO 5 melon-seed oil; LSO 5 linseed oil; SBO 5 soyabean oil.
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From Table III, all long-oil physical blends of
rubber-seed oil polyesters with linseed oil polyes-
ters or soyabean oil polyesters show satisfactory
air-drying performance. Again, rubber-seed oil
polyester resin can substitute 85% of linseed-oil
polyester resins or soyabean-oil polyester resins
in the preparation of long-oil air-drying polyester
resins. The chemical blends and physical blends
are observed to have shown identical good drying
properties.

In the long-oil polyester resins of melon-seed
oil–linseed oil blends, melon-seed oil was found to
substitute linseed only up to 50% as opposed to
85% substitution by rubber-seed oil. This result
shows the superiority of rubber-seed oil over mel-
on-seed oil in the preparation of long oil air-dry-
ing polyester resins. Rubber-seed oil is a drying
oil (iodine value 5 135.4), while melon-seed oil
(iodine value 5 113.4) is a semidrying oil.

In the long polyester resins prepared from mel-
on-seed oil–soyabean oil blends, melon-seed oil
could substitute soyabean oil only up to 15% as
opposed to 85% substitution by rubber-seed oil.
This again, confirms the superiority of rubber-
seed oil over melon-seed oil in the preparation of
long-oil–modified polyester resins. Also, as lin-
seed oil has an iodine value of 148.9 as opposed to
127.6 for soyabean oil, the blends of linseed oil
should be expected to perform better than soya-
bean oil, and this was confirmed by the experi-
mental results.

The physical blends of polyesters of melon-seed
oil with polyesters of linseed oil or soyabean oil

showed that melon-seed oil polyesters could only
mix up to 50% with linseed oil, or 15% with soya-
bean oil. These results show that the compatibil-
ity of melon-seed oil polyesters with those of lin-
seed oil polyesters or soyabean oil polyesters were
poor, and that chemical and physical blends have
identical drying performance as was observed for
rubber-seed oil polyesters.

Table IV shows that the medium-oil polyesters
of melon-seed oil and rubber-seed oil dried as well
as those of linseed and soyabean oils.

All the polyester resins prepared from the
blends of rubber-seed oil; with linseed oil or soya-
bean oil show satisfactory drying properties, indi-
cating acceptable compatibility of the oil mix-
tures, and thus the capacity of rubber-seed oil to
completely substitute linseed oil or soyabean oil
in the preparation of medium drying-oil–modified
polyester resins. The physical blends of the poly-
esters of rubber-seed oil with linseed oil or soya-
bean oil gave satisfactory air-drying performance,
indicating good compatibility of the polyester
mixtures.

In the preparation of medium-oil polyester res-
ins, melon-seed oil could substitute 50% of linseed
oil and 50% of soyabean oil. In the physical blends
of polyesters of melon-seed oil with linseed oil,
melon-seed oil could substitute 50% of linseed oil
polyester. With soyabean oil polyesters, substitu-
tion is also possible up to 50%. These results show
better substitution of the conventional oils (lin-
seed, soyabean) by melon-seed oil in the prepara-
tion of medium-oil drying polyester resins than

Table V Evaluation of Medium-Oil Polyester Resin Blends

Formulation
Drying

Performancea

Resistance To

Distilled Water 2% H2SO4 2% NH3 2% Na2CO3

PB-M5 RSOP : LSOP (15 : 85) S 1 1 4 3
PB-M6 RSOP : LSOP (50 : 50) S 1 0 4 3
PB-M7 RSOP : LSOP (85 : 15) S 2 1 4 4
PB-M8 MSOP : LSOP (15 : 85) S 2 1 4 4
PB-M9 MSOP : LSOP (50 : 50) S 2 2 4 3
PB-M10 MSOP : LSOP (85 : 15) S 2 2 4 4
PB-M11 RSOP : SBOP (15 : 85) S 1 2 4 3
PB-M12 RSOP : SBOP (50 : 50) S 1 2 4 3
PB-M13 RSOP : SBOP (85 : 15) S 2 1 4 3
PB-M14 MSOP : SBOP (15 : 85) S 2 2 4 3
PB-M15 MSOP : SBOP (50 : 50) S 3 3 4 3
PB-M16 MSOP : SBOP (85 : 15) NS — — — —

a 24-h surface dry, followed by 48 h tack-free dry; S 5 satisfactory, NS 5 not satisfactory.
Abbreviations: CB 5 chemical blend; RSO 5 rubber-seed oil; MSO 5 melon-seed oil; LSO 5 linseed oil; SBO 5 soyabean oil.
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was found for the long-oil–drying polyester res-
ins. Furthermore, the physical blends of medium-
oil polyesters of melon-seed oil with soyabean oil
were observed to show better drying properties
than the physical blends of the long-oil polyester
resins of the two.

The Media Resistance Tests

The water and acid resistance of the synthesized
polyester resins were generally good except for
the poor water resistance obtained with blends of
polyesters of melon-seed oil with soyabean oil CB-
M15 and PB-M15. All the formulations failed the
alkali resistance test. This confirms the fact that
polyesters generally have low alkali resistance.

CONCLUSIONS

It can be inferred without any ambiguity that
rubber-seed oil provides an outstanding complete
substitution for the conventional drying oils (lin-
seed, soyabean) in the manufacture of long- and
medium-oil polyester resins. The earlier work of
Muralidharan Nair et al.1 on the possible use of
rubber-seed oil in the synthesis of polyester resins
is further confirmed. Melon-seed oil was found to
be an acceptable substitute for linseed and soya-
bean oils to the extent of 50% each in the synthe-
sis of long-oil–length polyester resins. It was also

found to substitute for 15% of linseed and 50% of
soyabean oils in the synthesis of medium-oil–
length polyester resins.
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