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Rubber seed oil (RSO) and epoxidised rubber seed oil (ERSO) were used as secondary 
plasticiser cum heat stabiliser in polyvinyl chloride (PVC). High temperature mixing studies, 

dynamic mechanical analysis, hot air aging tests and colour stability tests indicated that ERSO 

could be used as a less volatile secondary plasticiser and heat stabiliser for PVC in combination 

with dioctyl phthalate (DOR). The tensile properties of the compound containing 50:10  DOP/ 

ERSO were found to be comparable to that containing 60 parts of DOP per 100 parts PVC.
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Introduction
R u bber tree {Hevea brasiliensis) is widely used a s  the 
source o f  natural rubber and its seed has been found 
to  be rich in oil. F resh  seed contain s ab ou t 65%  kerne! 
and 35%  she!!.* T h ou gh  there is variation  in oil content 
o f  the seed from  difTerent clones, the average oil yield 
is abou t 42%  o f  the weight o f  the dried kernel. 
C om position  and characteristics o f  rubber seed oil vary 
with p lanting location  and clone.^ R u bber seed oil 
(R S O ) is  a  light yellow, sem idrying oil. T h e  oil contains 
about 18-22% sutumted and 78-82% unsaiunited higher
fatty  acids. T h e com position  o f  fatty  acids present in 
R SO  is given in T ab le  1.

There are  various industrial application s for R SO . The 
oil is used fo r the production  o f  factice.^ V ijayagopalan  
and G opalakrishnan** had reported the epoxidation  o f  
R SO  with hydrogen peroxide and acetic acid. Epoxidised 
rubber seed oil (E R S O ) is used in the form ulations for 
anticorrosive coalin gs and adhesives.^ R S O  is also 
suitable for production  o f  low quality  soap.** Properties 
o f  rubber seed oil resem ble those o f  linseed oil. It was 
therefore conceived a s  having stro n g  potential for replac­
ing linseed oil, partially  in alkyd production .’  A igbodin  
el a l}  have reported the use o f  R S O  and E R S O  in 
natural rubber com poun ds for im proving the processa- 
bility characteristics an d  physicom echanical properties. 

Plasticisers are organic substances added to polymers
to  im prove their flexibility and processability.** 
Plasticiser increases the so ftn ess, elongation  and low 
tem perature flexibility an d  decreases the concentration 
o f  inlerm olecular forces and the g lass transition
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tem perature Tg o f  polym ers. They are classified into 
prim ary, secondary and extenders. Esters, phosphates 
and epoxides are  the m ost suitable plasticisers for 
PV C . Since PV C  is p o lar in nature, m ostly ester type 
plasticisers such a s  dioctyl phthalate (D O P ) and dibutyl 
phthalate (D B P ) are used for its com poun ds. E p o x id is^  
vegetable oil is used both as a p lasticiser and acid 
scavenger in PV C  com poun ds to im prove the resistance 
to thermal aging.

PV C  is not thermally stable and beyond 100°C 
it degrades with the evolution o f  hydrochloric a c id / '  
This process is further extended by the formation of 
conjugated and easily  oxid isab le double bon ds a lon g  the 
chain which will result in the discolouration  o f  the 
polym er.'^ Th e reactions involved are  shown in F ig . 1.

Epoxidised so y a  bean oil, epoxidised  oleic acid  ester 
and other chem ically m odified vegetable o ils are  exten­
sively used a s  stab ilisers to im prove the high tem perature 
heat stability  o f  P V C  com poun ds.'^  U se  o f  R S O , E R S O  
and its lead and barium  sa lts  a s  heat stab ilisers for 
P V C  has been reported by O kieim en an d  E b h o a y e .'^ '*  
In their trials, PV C  w as m ixed with R SO , E R S O  and 
its lead and barium  sa lts and the com poun d heated in 
a  nitrogen atm osphere. Th e polym er got degraded and 
the H Cl evolved w as ab sorbed  in stan dard  sodium  
hydroxide solution. The residual concentration o f  
sodium  hydroxide w as then determ ined by titration 
with standiird hydrochloric acid, Epoxides can be used 
a s  H Cl scavengers and the reaction is expected to 
proceed by the neutralisation  o f  H Cl by epoxides.

T h is paper reports the results o f  a  detailed study on 
the use o f  E R S O  a s  a  secondary plasticiser/stabiliser for 
PVC.

Experimental 
Materials used
PV C  resin (pow der, em ulsion grade, K  value 65) used 
for the present study w as supplied by Chem plast,
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1 HCI evolution from PVC and formation of conjugated 
structure

Chennai, India. Tw o  types o f  P V C  were used. 103 E P  
Grade and 103 E P M  7 Grade. Rubber seed oil was 
obtained from Virudhunagar. The quality parameters o f 
rubber seed oil used for the present study are given in 
Table 2. E R S O  o f  5-0"/> epoxy content was prepared 
from R S O  using hydrogen peroxide and formic acid 
as cpoxidising agents at a temperature o f 58-60’C .’* 
Epoxidation level was determined by the acidimetric 
method.”  A ll other chemicals used in the study were 
o f commercial grade. Formulations o f the compounds 
prepared are given in Table 3. R S O . E R S O  and D O P  
were used as plasticisers in these compounds.

Preparation of compounds
The compounds for preparing test slabs were mixed 
in a ‘Haakc’ Rhcocord 90 for 6 min a l I70"C  and 
60 rev m in~ '. Fo r assessing the effectiveness o f E R S O  
and R S O  as secondary plasticisers, formulations 1-5 
given in Table 3 were used. Partial replacement o f D O P

Table 1 Composition of fatty acids in rubber seed oli

Fatty acid Content, %

Palmitic acid 108
Stearic acid 10-0
Oleic acid 235
Linoleic acid 385
Linolenic acid 162
Unidentified 10

Table 2 Ph y ilc il properties of rubber leed oil used

Parameter Value

Acid value 36
Saponification value 191
Iodine value 132
Hydroxyl value 31
Unsaponifiables, % 080
Refractive index 1 47
Specific gravity (GOX) 092
Titre. ”C 28

Titre is the solidifying temperature of the mixed fatty acids 
obtained from fat/oil.

Time (minutes)

2 Mixing torque versus time plots for compounds 1-3

T i a e  ( m i n u t e s )

3 Mixing torque versus time piots for compounds 4 and 
5; figure given in brackets is stabilisation torque

with E R S O  was attempted and standard graphs showing 
lorquc versus mixing lime were ploUed. The graphs 
obtained are shown in Figs. 2 and 3. Fo r assessing the 
role o f E R S O  as a secondary plasticiser and stabiliser, 
mixes 6 to 9 were prepared (Table 3).

George el a/.” * had developed a stabiliser system for 
P V C  containing a magnesium oxide/zinc oxide combi­
nation. In the study reported here, zinc oxide, magne­
sium oxide and stearic acid were partially replaced 
by E R S O , because E R S O  could act as a secondary 
plasticiser/stabiliser (H C I scavenger). A  control was 
prepared using tribasic lead sulphate (TBLS)/calcium  
stearate system. Formulations used are given in Table 4.

Table 3 Formulations for compounding

Ingredients 1 2 3 4 5 6 7 8 9 10

Polyvinyl chloride 100 100 100 100 100 100 100 100 100 100
(103 EPM 7 grade) 
Tribasic lead sulphate 3 3 3 3 3 2 2
Calcium stearate 1 1 1 1 1 • 1 1 1 1 1
Dioctyl phthalate 60 50 40 35 50 50 40 50 40 60
ERSO - 10 20 25 - 10 20 10 20 -

RSO - - - - 10 - - - - -
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4 Mixing torque versus time plots for compounds A-E; 
figure given in brackets is degradation torque

In this experiment, 103 E P  grade P V C  was used. The 
standard graphs showing torque versus mixing time (up 
to 50 min) were drawn (Fig. 4). The stabilising torque 
and degradation time were noted wherever applicable 
and are given in Table 5.

The samples used for preparing compounds for 
dynamic mechanical analysis are 1 to 3 and A  to E.

Physical properties and aging resistance
Using the P V C  compounds prepared in the ‘Haake’ 
Rheocord 90, tesl slabs were moulded at 170"C for 
3 min in an electrically heated hydraulic press. Dumb-bell 
shaped testpieces were punched out from the sheets and 
tested for tensile properties, as per A S T M  D  638-1999 
using a ‘Zw ick ’ 1474 model Universiil Testing Machine. 
Ageing resistance o f the samples was determined by 
testing the tensile properties o f the sample before and after 
aging at 100°C for 48 h. Results are given in Table 6.

The dynamic*mechanical thermal analyser (D M T A ) 
spectra were recorded on rectangular specimens 
(length X width X thickness=6 X 1 X 0-25 cm ') in tensile 
mode at a frequency o f 10 Hz using a Eplexor 150N 
device (Gabo Qualimeter, Testanlagen Gm bH, Germany). 
D M T A  spectra, namely storage and loss moduli and 
mechanical loss factor (tan S) were recorded in the 
temperature range from -100 to lOO'^C at a healing rate 
o f 2 K  m in“ ’ .

Heat stability

TlM  (Minutes)

5 Mixing torque versus time piots for compounds 6 and 
7

as per the formulations 6 and 7 (Table 3) which 
contained I part T B L S  less than the control. There 
was no change in the stabilised torque for 50 min 
(Fig. 5). So compounds 8 and 9, which did not contain 
any T B L S  were prepared and graphs showing torque

Table 5 Mixing characteristics of compounds

Compound
number

Stabilising 
torque, N m

Degradation 
time, min

1 14 >50
2 15 >50
3 16 >50
4 17'5 >50
5 20 >50
6 14 >50
7 15 >50
8 15’5 >50
9 175 >50
A 18 >50
B 14 35
C 18 >50
D 19 >50
E 18 >50

Table 6 Tensile properties of compounds

Compound
number

Tsneile
strength,
IVIPa

Elongation 
at break,
%

Modulus Modulus 
100%, 200%, 
MPa MPa

Dynamic heat stability 1 Ba 18-1 343 8'6 125
Fo r testing dynamic heat stability o f the compound. Aa 19-6 385 76 12-1
Rheocord traces were drawn using compounds prepared 2 Ba 19-6 322 101 143

Aa 20-5 356 9-1 14-0
Table 4 Formulations (Series II) 3 Ba

Aa
190
20-4

295
317

110
111

15-1
158

Ingredients A B C D E A Ba 15-8 244 84 13-9
Aa 15-9 250 79 13-6

Poly vinyl chloride 100 100 100 100 100 B Ba 15-8 258 8-1 . 13-1
(103 EP grade) Aa 15-4 264 7-5 12-5
Tribasic lead sulphate 3 _ C Ba 15-6 252 8-8 13-5
Calcium stearate 1 _ _ Aa 15-6 232 9-3 146
Magnesium oxide _ 4 4 2 2 D Ba 168 251 91 142
Zinc oxide _ 4 4 4 2 Aa 16-9 238 93 14'4
Stearic acid _ 2 2 1 1 E Ba 15-6 261 96 137
Dioctyl phlhalate 60 60 50 50 40 Aa 157 236 110 15'3
ERSO - ' 10 10 20 Aa, after aging; Ba. before aging.
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6 Mixing torque versus time plots for compounds 8 and 
9

versus mixing lime were drawn using ‘Haake’ 
Rheochord 90. In this case also, there was no change 
in stabilised torque for 50 min (F ig . 6).

Static heat stabHlty

Volatilisation loss o f the plasticiser was determined 
using a thermogravimetric analyzer (T G A ). Thermograms 
were taken using ‘Shimadzu* Model TGA-50 for com­
pounds I and 2 and these arc shown in Fig. 7 (samples 
change from light yellow lo dark orange). Samples were 
heated at 250"C for I h and the isotherm plot is given in 
Fig. 8.

Colour test
Fo r the colour test, samples were prepared from com­
pounds 8 and A  to E . Another compound, containing 60 
parts o f D O P  and I part calcium stearate (without 
T B L S )  was also prepared (compound 10) lo compare 
with compound 8. During mixing in a 'H aake ' Rheocord 
90 at 170°C and 6 0 re vm in ~ ', samples were drawn 
at definite intervals, passed through a two-roll mill 
and moulded to the same thickness at I70"C. Optical 
photographs o f the samples were taken and these are 
shown in Figs. 9 and 10. As there was a light yellow 
colour for E R S O , the original colour o f samples 8, C , D 
and E  was not pure white.

6 Mass retained versus time plots for compounds 1 and 
2 at 250 C

9 Photograph showing change with time of mixing of 
compounds 8 and 10

Results and discussion
Effect of ERSO as secondary plasticiser
Mixing torque versus time plots given in Fig. 2 show 
that compounds 1, 2 and 3 have similar mixing beha­
viour and the stabilised torque values o f compounds in 
which a part o f D O P  has been replaced by E R S O  are 
only marginally higher than that containing O O P  alone.

Compounds 4 and 5, which contained 25 parts E R S O  
and 10 parts R SO , respectively, had higher stabilising 
torque (F ig . 3) and they showed exudation o f the 
plaslicisers. Beyond 20 parts E R S O , the increase in 
torque seems to be greater, indicating 10 parts E R S O  
as the safe limit for replacing D O P. Also, without 
epoxidation, R S O  cannot function as a secondary 
plasticiser. Hence, these compounds were not evaluated 
further. Figure 11 shows tan 6 versus temperature plots 
o f samples I to 3 and A  to E . Replacement o f 10 parts o f 
D O P  with E R S O  gave almost comparable values 
with that o f sample containing 60 D O P . B u i  in the case 
o f samples 3 and E  in which 20 parll tsf DOP was 
replaced by E R S O , an increase in 7’g valju^ was noted.

T e m p e ra fu ro  ( *C)

7 Mass retained versus temperature plots for com* 
pounds 1 and 2

10 Photograph showing change with time of mixing of 
compounds A>E
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11 Plots of tan  ̂ versus temperature 
f .

Figure 12 shows the elastic modulus versus tempera­
ture plots o f samples. In this case, samples containing 
50:10 D O P /E R SO  also showed comparable storage 
modulus values (-C') to those containing 60 parts D O P, 
■whereas samples 3 and E  had higher modulus values. 
These observations further confirmed that 10 parts 
E R S O  is the safe limit for replacing D O P  in P y C  
compounds. The tensile properties o f compounds l, 2 
and 3 given in Table 6 indicate that compounds 2 and 3, 
which contained combinations o f D O P  and E R S O . had 
almost the same tensile strength and the value is higher 
than that for compound K which contained D O P  alone. 
The elastic modulus showed a regular increase from 
compound 1 to 3. This coupled with lower elongation at 
break values o f compounds 2 and 3 indicated that the 
addition o f E R S O  as secondary plasticiser could be done 
only at a lower level o f 10 to 15 parts per 100 PV C . The 
tensile properties o f the samples after aging at 100‘’C  for 
48 h showed no appreciable change from the original 
tensile strength or modulus values o f  the sample before 
aging. These results indicate that E R S O  could be used 
as a secondary plasticiser for P V C  at lower levels 
without any adverse effect on processing characteristics 
find degradtUion of ihe sample. Compounds 6 and 7 
which contained a lower dosage o f stabiliser T B L S  and 
compounds 8 and 9 which contained no T B L S  also 
showed mixing characteristics almost similar to that o f 
compound 1 (Table 5). This indicates that E R S O  could 
also act as a stabiliser in P V C  compounds.

M ixing curves for compounds shown in Fig. 4 indi­
cate that cornpound B  has a lower stabilising tprque 
compared to control compound A . But it has very low 
degradation stability time (35 min only) compared with 
other compounds. On partial replacement o f D O P  in 
compound B  with E R S O  (compounds C , D  and E ), the 
nature o f the mixing curve becomes similar to that o f the 
control, even though these compounds show a marginal 
increase in stabilising torque. There was no sign o f 
degradation o f these compounds even after 50 min o f 
mixing m 170°C. Thus parlial replacement of D O P  with 
E R S O  in compound B  is helpful to enhance the overall 
performance o f compound B. In the case o f B , after 
35 min, the torque increases to a maximum and then 
decreases. This is because the material breaks down to 
a powder under shear, after crosslinking.'" The increase 
in toque at 35 min is because o f the crosslinking o f the 
resin followed by thermal degradation to black powdery 
material. Compound C  contained stabilising system zinc

100
T«aper«cure { *C)

12 Plots of elastic modulus versus temperature

oxide/magnesium oxide and stearic acid. But in com­
pound D . the dosages o f stabilisers magnesium oxide 
and stearic acid were lower and in E, magnesium oxide, 
zinc oxide and stearic acid dosages were only half o f 
those in compounds B  and C. Even then, these two 
compounds showed tensile properties similar to those o f 
A , fi iind C , before iind after aging at 100”C  for 48 h 
(Table 6). In the case o f compound D, a slightly higher 
tensile strength was obtained, which may be because o f 
the presence o f a higher dosage o f zinc oxide, which 
is capable o f reacting with the H C l eliminated during 
degradation o f PVC . This indicates that use o f E R S O  
in P V C  compounds stabilised with the zinc oxide/ 
magnesium oxide/stearic acid system, is helpful to 
enhance its thermal stability without adversely affecting 
its tensile properties. Compounds 1 and A  are o f the 
same composition, but showed a dilTerence in tensile 
strength values. This is because a different grade 
(103 E P )  o f P V C  was used for compounds A  to E .

Effect of ERSO as heat stabiliser
From  Table 5, it can be seen that for compounds 8 and 
9, there is no change in stabilised torque for 50 min. 
Thus, it became evident that E R S O  had heat stability. 
Fo r compounds A . C . D  and E  also, there is no degra­
dation for 50 min. But, for compound B degradation 
started at the 35th minute. These results indicate that 
E R S O  could be used as a heat stabiliser for P V C , both in 
conventional type and modified compounds containing 
the MgO/ZnO/stearic acid combination. Since MgO/ 
ZnO  are rubber compounding ingredients, E R S O  may 
be a useful additive in blends o f P V C  with elastomers.

Figure 7 shows the thermogram for compounds I and
2. Fo r compound 2. the initial weight loss at a lower 
temperature is less than in compound 1. This is because 
of the higher molecular weight o f E R S O , which is in 
the ntnge o f  960, compared with that o f  D O P, which 
is 390 ''̂  Degradation started first for the compound 
containing D O P  alone.

From  Fig. 9, it c;m be seen that compound 10, which 
does not contain T B L S . shows a regular change of 
colour from yellow to brown at early limes compared 
with compound 8 that contained 50 parts D O P  and 10 
parts E R S O . The colour o f the sample from compound 
8 at the 60th minute is almost the same as that o f  the 
25th minute sample o f the compound containing D O P  
alone (compound 10). From  this it is evident that the



50; 10 D O P /E R SO  combinalion gives ci more stabilising 
cffecl than 60 parts D O P  alone. The light yellow colour 
o f con^poiind 8 at llic 3rd minulc is due to ihe yellow 
colour o f the E R S O . It is evident from Fig, 10 that the 
colour o f compound B  changcd from white to brown 
within 35 min o f mixing whereas compounds A , C , D  
and E  did not change to brown even after 60 min mixing 
at 170''C. The light yellow shade o f sample E  is because 
o f a higher dosage o f E R S O , which is light yellow. These 
observations further supported the fact that E R S O  can 
be used as a heat stabiliser for PVC .

Conclusion
The study showed that E R S O  could be used as a 
secondary plasticiser for P V C . It gives heat stability 
for P V C  and is less volatile. Compounds containing 
mixtures o f E R S O  and D O P  had tensile properties 
comparable to that containing D O P  alone. Reduction 
in amount o f zinc oxide, magnesium oxide and stearic 
acid in the stabiliser system did not afTect the thermal 
stability o f P V C  when a combination o f D O P  and 
E R S O  is used as the plasticiser. The D O P /E R SO  system 
works very well with ZnO/M gO  in imparting thermal 
Stability lo PV C .
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