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ABSTRACT: Grafting of maleic anhydride (MA) onto nat-
ural rubber (NR) has been investigated by using a radical
initiated grafting process. NR was masticated to lower mo-
lecular weight than the original NR before treatment with
0.5–1.5% by mole of benzoyl peroxide (BPO) and 5–25% by
mole of MA in toluene solution. Fourier transform infrared
spectroscopy (FTIR) and titration method were used to an-
alyze the fixation of MA on the NR. The reaction tempera-
ture was varied from 60 to 80°C. The % grafting of MA was

higher at higher temperatures. Compared to the reaction
without styrene, the addition of 0.1% by mole of styrene in
the grafting process increased % MA grafting up to two
times. It is postulated that the styrene may act as a charge
transfer complex for the reaction of NR with MA. © 2004
Wiley Periodicals, Inc. J Appl Polym Sci 95: 28–38, 2005

Key words: charge transfer; FTIR; maleic anhydride; modi-
fication; rubber

INTRODUCTION

Maleic anhydride (MA) is one of the most widely used
vinyl monomers for the graft modification of polyole-
fin, including PE, PP, PS, EPR, and EPDM.1–11 Intro-
duction of MA on the nonpolar backbone of polyolefin
has overcome the disadvantage of low surface energy
of the polyolefin. This not only improves the hydro-
philicity of the surface of the polyolefins for the benefit
of printing and coating applications but also the ad-
hesion of the polyolefins with polar polymers such as
polyamide, metal, and glass fibers. MA-modified
polyolefins are also used as impact modifiers and
compatibilizer in polymer blends.12,13 Natural rubber
(NR) is widely used in various applications particu-
larly for tires because of its excellent elastic properties
over other synthetic counterparts. However, its non-
polar character limits its application due to poor oil
resistance and high air permeability. Graft copolymer-
ization with MA or other polar monomers can intro-
duce polar groups on the nonpolar NR backbone. This
improves the compatibility between NR and other
polar elastomers and some engineering plastics such
as polyamide.14,15

Most of the studies of MA grafting onto polyolefins
have involved the free radical grafting mechanism in
the presence of initiators, either in solution1,4,8,9 or in

melt.2,3,5–7,10,11 MA has low reactivity toward free rad-
icals due to its structural symmetry and deficiency of
electron density around the double bond. However, it
is an attractive reagent for modification of hydrophi-
licity of nonpolar polymers as it is difficult to homopo-
lymerize, therefore normally only one monomer unit
is grafted on each generated radical active site. In the
case of polydienes such as NR, styrene–isoprene (SI),
and styrene–butadiene–styrene (SBS) block copoly-
mers, the grafting process can be done through two
different mechanisms, i.e., radical- inducing grafting
and thermal grafting via an ene mechanism.14–19 For
the ene mechanism, high temperature (160–240°C) is
required for the fixation of MA to polydiene backbone.
In the case of the radical mechanism, the reaction
usually occurs quickly and at a lower temperature
than the ene reaction. Crosslinking has often taken
place during free radical grafting reaction, which lim-
its the high degree of grafting. It has also been re-
ported that the grafting reaction of MA onto PE is
frequently accompanied by a crosslinking reaction
while the reaction with PP often induces a degrada-
tion reaction. As a result, the grafting efficiency of MA
onto the PE, PP, or polymers containing PE or PP is
poor. It has been reported that there are some mono-
mers capable of acting as a donating electron to MA,
leading to an enhancement of MA grafting efficiency
onto polyolefins.2,7,20 One of these monomers is sty-
rene (S), which has been found to effectively increase
the grafting percentage of MA on PP and to decrease
the PP degradation. It has been proposed that styrene
reacts with MA to form a S-MA copolymer (SMA)
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during the melt grafting process and that grafting of
SMA leads to improvement in the grafting degree of
MA on the polymer.2,7,20

Currently, grafting of MA on NR has mostly been
carried out in a solid phase by mixing the NR with MA
in a kneader, a roll mill, or an internal mixer and a
small percentage of MA grafting has been achieved
and the crosslinking reaction was high.14,15,21 The MA-
modified NR were used as compatibilizers in poly-
amide/NR blends14,15 and maleated NR/cassava
starch blends.21 It is estimated in these two cases that
the improvement of compatibility and mechanical
properties of the blends are due to the intermolecular
interaction between the MA polar groups grafted on
NR and the amine end-group of polyamide or hy-
droxyl group of cassava starch molecules, respec-
tively.

The study of determination and characterization of
MA-modified polymers has been investigated in var-
ious publications. Some reports used the FTIR tech-
nique2,4–8,11,18,19,22,23 and some reports employed the
titration method to determine the amount of MA
grafted on the polymer backbone.1,6,9,10,14,20,22 It
would be possible to widen the area of application of
NR by chemical modification of NR with MA, as it is
a way to introduce not only the polar moiety on the
backbone of NR but also to introduce another type of
reactive intermediate on the NR for further step mod-
ification if a required amount of the MA can be pre-
pared and quantitatively determined. Therefore, in
this study, the grafting of MA onto NR by a radical-
induced grafting process using benzoyl peroxide
(BPO) as a radical initiator was carried out. The NR
was masticated to lower its molecular weight to avoid
a premature crosslinking reaction prior to the grafting
reaction. Various parameters affecting MA grafting
efficiency, i.e., amount of BPO, MA, reaction temper-
ature, and the presence of styrene as a comonomer
were investigated. The use of the IR technique in
combination with the titration method was explored
to establish a calibration curve for determining the
MA content grafted on the NR in the various condi-
tions studied.

EXPERIMENTAL

Materials

Natural rubber (STR 5L) was supplied by Bangkok
Rubber Company, Thailand. Maleic anhydride (97%)
and tetramethylammonium hydroxide (TMAH, 25%
in methanol) were used as received from Fluka. Ben-
zoyl peroxide, a product from BDH Chemical Ltd.,
was used as received. Benzoic acid (98%), a product
from Fluka, was sublimed before use.

Mastication of natural rubber

Mastication of NR was carried out using a LAB TECH
two-roll mill model LRM 150 to prepare rubbers hav-
ing molecular weights lower than the original NR
block rubber (Mv � 1,200,000 g/mol). Each batch of
300 g of block rubber was loaded onto the water-
cooled mill. The nip gap was gradually reduced at the
same time as the rubber was quartered. The mastica-
tion was continued for 5, 10, or 20 min at a tempera-
ture not exceeding 40°C before dumping the rubber
from the mill.

The intrinsic viscosity, [�] of the masticated natural
rubber (MNR) was measured at 30°C, using an Ub-
belohde viscometer. Toluene was used as a solvent.
The viscosity average molecular weight (Mv) was cal-
culated by the Mark–Houwink equation as shown in
eq. (1).

��� � KMv
a (1)

where for NR, K � 3.31 � 10�3 ml/g and a � 0.71 were
used. The Mv values obtained are shown in Table I.

Grafting of maleic anhydride onto natural rubber

MNR was treated with 5–25% by mole of MA and
0.5–1.5% by mole of BPO without styrene or with 0.01
and 0.1% by mole of styrene in toluene solution
(2.5–8% w/v). The experiment was performed in a
round-bottom flask, equipped with a condenser and a
magnetic stirrer under nitrogen atmosphere. The re-
action was allowed to proceed at the specified tem-
perature (60, 70, or 80°C). The mixture then was sam-
pled at different reaction times and precipitated into
excess methanol. The maleinized natural rubber (NR-
g-MA) was obtained and purified by re- precipitation
from chloroform into methanol. The resulting NR-
g-MA was stored in chloroform solution.

Fourier transform infrared spectroscopy (FTIR)

The IR spectra of the rubber and the modified rubbers
were recorded using a Perkin–Elmer System 2000
FTIR spectrometer. The dried rubber samples were
dissolved in chloroform and cast as a thin film on a
NaCl cell. The spectra of the grafted products were

TABLE I
Results of Viscosity Average Molecular Weight (Mv) of

Natural Rubber at Different Mastication Times

Sample Mastication time (min) Mv

MNR0 0 1,200,000
MNR10 10 120,000
MNR15 15 93,000
MNR20 20 47,000
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recorded with 16 scans at a resolution of 4 cm�1 in the
range of 4,000–500 cm�1.

Analysis of % MA grafting by the titration method

The amount of MA grafted onto the NR was deter-
mined by titration. NR-g-MA (1 g) dissolved in 100 ml
chloroform was heated at 80°C with 2 ml of water for
10 h. The hydrolyzed product was precipitated in
methanol. The resulting anhydride ring opened prod-
uct was recovered and dried under vacuum. It was
later dissolved in chloroform for hot titration with 2.2
� 10�4 M of TMAH in methanol. The TMAH was
previously standardized with benzoic acid used as a
primary standard. Two drops of 1% bromophenol
blue was used as an indicator. When the coloration
remained for 1 min, the end point was achieved. The
MA content was determined from eq. (2):

% MA grafting (wt %) �

[(98�Ct�Vt)/(2�Cp)]�100 (2)

Where Ct and Vt are the concentration (mol/l) and
volume (l) of the TMAH solution, respectively. Cp is
the concentration of the rubber solution (wt %). The
molecular weight of MA is 98 and the end point was
achieved with 2 equivalent moles of acid group pre-
sented. This methodology was verified by the titration
of MA and succinic anhydride with TMAH.

RESULTS AND DISCUSSION

Evidence of maleic anhydride grafting on natural
rubber

The mechanism of a radical-induced MA grafting onto
a polyolefin backbone has been well established.2,4,7

The reaction starts with hydrogen abstraction on the
polymer backbone by radical species, generated from
the decomposition of a radical-type initiator. The
formed macroradical subsequently reacts with MA. In
this study, BPO is used as a radical initiator for graft-
ing MA on NR. The NR has a highly cis-1,4- polyiso-
prenic structure. It possesses labile allylic protons in
every repeating unit. These protons are prone to hy-
drogen abstraction by radical active species generated
from radical initiators such as AIBN and BPO similar
to the grafting process of MA on SI and SBS block
copolymers.18,19 The reaction mechanism of MA graft-
ing on NR is therefore proposed in Figure 1. The BPO
is decomposed into phenyl active radicals under heat.
The radical generated then abstracts a proton on the
NR backbone, preferably at an allylic position. The
formed rubber radical will subsequently react with the
MA, forming a macroradical of a succinic anhydride
unit attached to the NR chain. Radical termination
may then be achieved by radical chain transfer reac-

tion onto another rubber chain, resulting in a so-called
maleic anhydride-grafted natural rubber (NR-g-MA).
If the grafting process occurs, the MA fixed on the
rubber chain will be in the form of a succinic anhy-
dride ring. IR spectroscopy has been widely used for
the identification of grafted anhydride residues. The
characteristic signals of CAO of a cyclic-five-mem-
bered ring of anhydride are normally observed in
cm�1 as two peaks, i.e., unconjugated CAO at 1,870–
1,845(weaker) and 1,800–1,775 (stronger) and conju-
gated CAO at 1,860–1,850 (weaker) and 1,780–1,760
(stronger).24 The elimination of unreacted MA from
the grafting process is therefore important. The graft-
ing of MA on MNR20 was performed by using 10% by
mole of MA and 1% by mole of BPO in toluene solu-
tion. At the end of the reaction, the grafted rubber was
precipitated in methanol and purified by reprecipita-
tion in methanol. The ungrafted MA was then elimi-
nated as the MA is soluble in methanol. The FTIR
spectra in 4,000–500 cm�1 regions for starting NR and
the NR-g-MA, using MNR20 are shown in Figures 2 (a
and b), respectively. Figure 2(a) shows significant sig-
nals of CAC of NR at 1,660 and 835 cm�1. Figure 2(b)
indicates two extra absorption signals at 1,855 and
1,778 cm�1, which can be assigned to asymmetric and
symmetric CAO stretching vibration modes of five-
membered cyclic anhydride, respectively. This obser-
vation is similar to the grafting of MA on PE, PP, SI,
and SBS based polymers.2–4,16,18,19 This evidence can
therefore be used to confirm that the MA had grafted
onto the NR backbone in a manner similar to several
reports of the form of a succinic anhydride unit. How-
ever, spectrum b in Figure 2 also reveals an absorption
signal around 1,720 cm�1, which can be attributed to a
carbonyl group of carboxylic acid. The succinic anhy-

Figure 1 Proposed mechanism between maleic anhydride
with natural rubber in the presence of benzoyl peroxide.
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dride unit attached to the NR was sensitive to mois-
ture and a hydrogen donor molecule such as hydroxyl
or amino functions. In the presence of a small amount
of water, the anhydride ring can be opened, leading to
the formation of carboxylic acid as shown in Figure 3.
The reaction of MA- modified NR was carried out
under nitrogen atmospheric pressure, however, the
NR contains non rubber constituents such as fatty acid
and proteins.25 It is postulated that the succinic anhy-
dride unit can be opened either during the grafting
reaction by these non rubber constituents or during
the purification process using methanol. Conse-
quently, the signal of carboxylic acid is detected at
1,720 cm�1 in Figure 2(b).

When the NR-g-MA was heated at 80°C in the pres-
ence of water, the cyclic anhydride unit was hydro-
lyzed, resulting in the appearance of strong absorption
peak around 1,720 cm�1, which can be assigned to the
signal of CAO stretching of carboxylic acid function,
as shown in Figure 2(c).

In some conditions of MA grafting onto NR, the gel
formation was detected. This was not surprising as the
grafting reaction that occurred through the radical
mechanism (shown in Fig. 1); the formed rubber mac-
roradical can interact with the macroradical of a suc-
cinic anhydride attached to the NR as shown in Figure
4(a) and the formed rubber macroradicals can interact
with each other as shown in Figure 4(b), depending
probably on the concentration of the radical species
and the concentration of the reaction medium. The
reaction between the acid groups, generated from an
anhydride ring opening, can also react with the re-
maining anhydride moiety, causing the crosslinking
reaction as shown in Figure 4(c).

It was found in our studies that, after the NR-g-MA
obtained was dried and kept in solid form for a few
days, incompleted redissolution was observed. It can
be assumed that the partially hydrolyzed anhydride
moiety mentioned earlier may progressively induce
the reaction with another anhydride group present on
the polymer backbone, as shown in Figure 4(c). Thus,
it is not surprising that about 50% gel content was
found in most of the cases.

The chemical structure of the NR-g-MA was also
analyzed by 1H NMR. It was found that the charac-
teristic signal of the proton attached to CAC of the
polyisoprenic structure at 5.2 ppm was unchanged. A
very weak signal of the proton of the succinic anhy-
dride was detected at 2.3 ppm. This may be because

Figure 2 FTIR spectra of (a) natural rubber, (b) maleic anhydride grafted NR (NR-g- MA), and (c) hydrolyzed NR-g-MA.

Figure 3 Hydrolysis reaction of maleic anhydride grafted
natural rubber (NR-g-MA).
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little MA grafting was achieved. The signal of poly-
(maleic anhydride) at 4.5 ppm was not observed.18

Determination of maleic anhydride grafting
percentage

Sclavons et al.22 studied the determination of anhy-
dride content of PP-g-MA by FTIR and titration. They
eliminated the free ungrafted MA by heating and
washing the modified PP. The titration was performed
with the hydrolysis of the succinic anhydride into the

acid group. Mehrabzadeh et al.11 studied the MA-
modified EPDM and they used the absorption signals
in the IR spectrum to detect the amount of MA graft-
ing in relation to the results obtained from potentio-
metric titration of the hydrolyzed form of EPDM-g-
MA. Cha and White6 studied the grafting of MA on
PP. They established a calibration curve from the in-
tensity of the carbonyl absorption peak area at 1,785
cm�1 divided by the intensity of the signal at 1,165
cm�1 characteristic of the methyl group of PP (A1785/
A1165), and the results of MA content were obtained
from a nonaqueous titration.

In this work, the percentage by weight of MA graft-
ing onto NR at various reaction conditions was deter-
mined by titration of hydrolyzed NR-g-MA with
TMAH after elimination of free and ungrafted MA by
precipitation in methanol, and then refluxing with
water. The intensity of the carbonyl absorption peak
area of carbonyl function at 1,855, 1,778, or 1,720 cm�1

before hydrolysis divided by that of the methyl (CH3)
of the rubber chain at 1,373 cm�1 for different reaction
conditions was compared with the % MA obtained
from the titration. The plots of % MA obtained from
the titration against the A1778 � A1720/A1373 gave a
straight line with a slope of 0.7211 and an R2 equal to
0.9917 as shown in Figure 5. A calibration curve in
Figure 5 was therefore established and used for fur-
ther analysis of NR-g-MA products. The MA grafting
percentages in other reaction conditions were then
calculated from the ratio of A1778 � A1720/A1373 in the
IR spectrum as in the following eq. (3):

% MA grafting � 0.7211�(A1778 � A1720/A1373) (3)

Figure 4 Proposed crosslinking reaction during the radi-
cal-induced maleic anhydride (MA) grafting onto natural
rubber (NR).

Figure 5 FTIR calibration curve for quantitative measurement of % maleic anhydride grafting onto NR.
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Parameters affecting the maleic anhydride grafting
efficiency

Effect of reaction time and temperature

To study the effect of reaction time and temperature,
MNR20 (Mv � 47000) was also used. The reaction of
MA with MNR20 was carried out in the presence of
10% MA, 1.0% BPO in 5% toluene solution at 60, 70,
and 80°C. The % MA grafted on the rubber was de-
termined from eq. (3). Figure 6 shows the plots of
% MA found against various reaction times at three
different reaction temperatures. It can be seen that the
amount of incorporated MA increased at longer reac-
tion times. This trend was observed for all reaction
temperatures. However, at a reaction temperature of
70°C, the conversion went through a maximum, when
approximately 1.8% MA is introduced at 24 h, and
then decreased. The fixation of MA on the rubber
backbone at 80°C is faster than at 60 and 70°C. By
using the reaction at 80°C, the degree of MA grafting
progressively increased at the early state of the reac-
tion (5 h), and then a slight increase of grafting yield
was performed at longer reaction time. Figure 6 also
indicates that the increase of the reaction temperature
results in an increase of the degree of MA grafting.
The best result was obtained at the reaction tempera-
ture of 80°C. This suggests that, at higher reaction
temperatures, the dissociation of BPO is faster, leading
to an acceleration of the radical formation on the rub-
ber backbone and subsequently the collision between
the radical species formed and the MA. Thus the rate
of grafting was increased. The maximum percentage
of MA grafting was about 2.2%, which indicated that

only 15% yield was obtained. This may be because the
radical generated on the rubber chain is located at the
allylic position, which can be delocalized for stabiliza-
tion, resulting in the difficulty of reaction between the
delocalized macroradical and the unreactive MA mol-
ecule.

Effect of initiator concentration

The influence of BPO content (0.5–1.5% by mole) on
the grafting degree of MA on the rubber was investi-
gated by using 5% rubber (MNR20) treated with MA
(10% by mole) at 80°C. Figure 7 shows results of % MA
found at various reaction times for the grafting reac-
tion using various amounts of BPO. This figure reveals
that, by increasing the amount of initiator from 0.5 to
1.0 % by mole, the grafting content increased about
two times. This may be explained by the fact that, by
increasing the amount of BPO, the concentration of the
radical sites on the rubber chain may be increased,
leading to an increase of the possibility of the reaction
between MA and the rubber chain, which is similar to
the results obtained for grafting of MA onto polyole-
fins.4,10 However, when the amount of BPO was in-
creased to 1.25 and 1.5% by mole, the % MA grafting
increased at the early stage of reaction (2 h of reaction
time), thereafter % MA could not be determined, as
the crosslinking reaction occurred in both cases. This
is because an increase of the BPO leads to an increase
in the amount of active radical sites, thus the chance of
intermolecular reaction or crosslinking reaction as
shown in Figure 4 increases. Gel content determina-

Figure 6 Effect of reaction time and temperature on % maleic anhydride grafting onto NR using 5% rubber, 1.0% BPO, and
10% MA at (F) 60°C, (Œ) 70°C, and (■) 80°C.

USE OF STYRENE IN GRAFTING OF MA ONTO NR 33



tion revealed also that the insoluble fraction of func-
tionalized rubber increased with increasing the perox-
ide concentration. These results are similar to the MA-
modified PP and EPDM reported in the literature.7,11

Effect of amount of maleic anhydride

The efficiency of grafting is likely to be dependent on
the role of MA diffusion into the NR phase. As has

already been found, only about 15% yield of MA was
fixed on the rubber backbone when 10% by mole of
MA was used. Various amounts of MA (5, 10, 20, and
25% by mole) were investigated for the reaction with
MNR20 in the presence of 1% by mole of BPO at 80°C.
The plots of % MA grafting against various reaction
times at different amounts of MA used are shown in
Figure 8. It can be seen that the incorporation of MA
on the rubber chain at a constant initiator (BPO) in-

Figure 7 Effect of initiator concentrations on % maleic anhydride grafting onto NR using 5% rubber, 10% MA at 80°C with
various amounts of benzoyl peroxide (BPO): (F) 0.5% BPO, (Œ) 1.0% BPO, (}) 1.25% BPO, and (■) 1.5% BPO.

Figure 8 Effect of maleic anhydride concentrations on % maleic anhydride grafting onto NR using 5% rubber, 1.0% BPO at
80°C: (F) 5% MA, (Œ) 10% MA, (}) 20% MA, and (■) 25% MA.
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creased significantly with an increase in the amount of
MA from 5 to 10% by mole. The MA diffusion into NR
is likely to be increased with an increase of MA con-
centration. Further increase of MA concentration (20
or 25% by mole) gave slightly higher percent grafting
but the maximum percent grafting was found at about
3% by mole, which means only 12% yield of MA is
fixed on the rubber chain. Thus, there was no im-
provement of MA content when a high concentration
of MA was added. This result is similar to the grafting
of MA onto EPDM.11 Generally, it is considered that
the radical species in the system induce the excitation
of MA. At a fixed concentration of peroxide, the in-
crease of MA concentration decreases the concentra-
tion of excited MA as the excited MA is quenched by
the MA ground state, therefore less excited MA is
grafted onto NR.

Effect of rubber concentration

Figure 9 shows the influence of rubber (MNR20) con-
centration on the grafting degree of using 10% by mole
of MA and 1% BPO at 80°C. It can be seen that the
grafting degree increases with an increase in the rub-
ber concentration from 2.5 to 5%. When increasing the
rubber concentration to 8%, only a slight increase of
the grafting degree was observed at up to 4 h reaction
times, thereafter the grafting degree could not be de-
termined as gel formation was observed in the reac-
tion medium. This suggests that increasing the rubber
concentration too much allows the rubber chains to
become closer; this may facilitate the intermolecular
reaction between the generated macroradical as

shown in Figure 4, thus leading to gel formation rather
than grafting of MA on the rubber chain.

Effect of molecular weight of masticated natural
rubber

Figure 10 shows the effect of different molecular
weights of the masticated NR used as the starting
materials for the grafting reaction of MA. The condi-
tion involved the use of 5% rubber concentration, 10%
by mole of MA, and 1% by mole of BPO at 80°C. It can
be seen that the grafting degree increased with the
decrease of the molecular weight of natural rubber.
The % MA grafting of MNR20 was higher than that of
MNR10, which was higher than the use of MNR5. This
may be due to the higher mobility of the rubber chain,
which is achieved when the molecular weight of the
NR is lower, and this leads to a better reaction be-
tween the macroradical and the MA. Therefore, a
higher degree of MA grafting can be achieved for a
lower molecular weight NR.

Effect of styrene on grafting percentage

It was mentioned in the case of MA modified polyole-
fins that the MA has low reactivity with itself and its
grafting onto the polymer backbone is due to the
deficiency of electron density around the double bond
as well as the high steric hindrance resulting from
disubstitution.1–4 It was also found in our case that the
grafting efficiency of MA on the NR was poor. Styrene
monomer has been reported in the literature to be
used as an electron donor to activate the MA mono-

Figure 9 Effect of rubber concentrations on % maleic anhydride grafting onto NR using 10% MA, 1.0% BPO, and 80°C: (F)
2.5% rubber, (Œ) 5% rubber, and (■) 8% rubber.
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mer for grafting polymerization on PE and PP.2,7,20

Styrene has a higher ability to polymerize than MA,
therefore it not only can graft directly onto a PP chain
or onto a MA graft but can also graft onto another S
molecule. The styrene comonomer may serve as a
medium to bridge the gap between the NR macroradi-
cal and the MA. In the case of styrene-assisted MA
grafting onto PP, increasing the amount of S resulted
in increasing the amount of MA as well as S grafted on
the polymer backbone.7 It is our objective to have
mainly MA grafted onto NR to enhance the polarity of
NR as well as to introduce a reactive function on NR
backbone. Therefore, to minimize the long sequence of
S grafted on NR as well as SMA copolymer, a small
amount of S was planned to be used as an activator for
MA grafting. Figure 10 shows the results of % MA
grafting on MNR20 using 1% by mole of BPO, without
S, with 0.01 and 0.1% by mole of S. It was found that
a very small amount of S (0.01% by mole) affected an
increase of % MA grafting at an early stage of reaction
time (up to 2 h) but at longer reaction times there is not
much difference in % MA with or without the S. The
explanation is that at early stage of reaction time,
when S is added, S and MA can interact with each
other one-to-one to form a charge transfer complex
(CTC), which increases electrical asymmetry of the
double bond of MA, resulting in enhancing the MA’s
reactivity, hence increasing the % MA grafting. The S
can easily react with the macroradical as well as co-
polymerize with the MA; the S might react first with
the rubber chain, and then subsequently react with the
MA, leading to an increase in the amount of MA

incorporated into the rubber molecule. When the S
was consumed, the free MA could still be grafted on
the NR macroradical. In the case of 0.1% S, it was not
surprising to find that the % MA of the resulting
rubber was significantly higher than in the presence of
0.01% MA or without the presence of S at a longer
reaction time. At a higher amount of S, the formation
of CTC is higher, hence higher % MA grafting was
obtained.

FTIR spectra of NR-g-MA and NR-g-(MA-S) are
shown in Figure 11. In the case of NR-g- (MA-S), the
intensity of the carbonyl absorption band at 1,778
cm�1 of NR-g-(MA-S) compared to the signal of CH3

at 1,373 cm�1 is much stronger than that of NR-g-MA.
A new absorption band at 704 cm�1 was observed and
it could be assigned to the characteristic absorption of
the grafted styrene. As the small amount of S (0.1 and
0.01% by mole) was used, all of the S might form the
CTC complex with MA, the homopolymerization of S
might not occur, and the signal characteristic of the
polystyrene at 758 cm�1 was not observed, nor the
fingerprint at 2,000–1,600 cm�1.

The influence of S on grafting degree of MA for
three different molecular weights, i.e., MNR5, MNR10,
and MNR20 was investigated by using 1% BPO and
10% MA at 10 h. The results shown in Figure 12
indicate that the % MA grafting increased up to two
times when 0.1% by mole of S was used for all three
types of MNR. The styrene is an effective comonomer
for enhancing the grafting percentage of MA on NR
even at relatively high molecular weight. This may be

Figure 10 Effect of styrene concentrations on % maleic anhydride grafting onto NR using 5% rubber, 10% MA, 1% BPO, and
80°C: (F) 0% styrene, (Œ) 0.01% styrene, and (■) 0.1% styrene.
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due to the fact that the S can act as a good electron
donating monomer to the MA through CTC.

CONCLUSION

Maleic anhydride can be grafted onto natural rubber
by using a free radical process. The reaction time,
temperature, initiator, rubber, and MA concentration

as well as the molecular weight of NR influence the
grafting percentage of MA on the rubber backbone.
The addition of styrene as a comonomer to the graft-
ing system of MA onto NR significantly improved the
grafting percentage of MA. It is proposed that the
styrene plays a role as a charge transfer complex with
MA. The styrene can react first with the rubber mac-
roradical generated from the reaction of BPO initiator,

Figure 11 FTIR spectra of maleic anhydride grafted natural rubber (a) without the addition of styrene (NR-g-MA) and (b)
with the presence of styrene [NR-g-(MA-S)].

Figure 12 Effect of styrene and molecular weight of natural rubber on % maleic anhydride grafting onto NR using 5%
rubber, 10% MA, 1% BPO, and 0.1% styrene at 80°C during 10 h.
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followed by the reaction with MA molecules, leading
to improvement of the grafting efficiency of MA.
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