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Synthesis of styrene grafted natural rubber by electron beam irradiation
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ABSTRACT
Graft copolymer of natural rubber (NR) and polystyrene was successfully prepared by

electron beam irradiation for the first time. The experiments were designed based upon the
Taguchi method, using Minitab software, in order to reduce a number of experiments from full
factorial design. The radiation dose was varied from 25 to 100 kGy. The content of sensitizer (n-
BA) was varied from 0 to 5 phr. The NR/St ratio was varied from 90:10, 80:20 to 60:40.
Characterization of graft copolymer was confirmed by Fourier transform infrared spectroscopy
(FTIR), transmission electron microscopy (TEM) techniques. The core-shell structure of graft
copolymer was obtained. The monomer conversion, grafting efficiency, grafting yield, and
crosslink density were studied. The optimum conditions were determined by the experimental
design, which were the radiation dose of 75 kGy, content of n-BA of 5 phr, and NR/St ratio of

80:20. Finally, the tensile strength of latex films was found significantly related to these factors.

Key words: Natural rubber; polystyrene; electron beam irradiation; Taguchi’s method; graft-

copolymerization.
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Natural rubber (NR) is polyisoprene rubber naturally produced around the world. It is
one of theeconomical products of Thailand. Export value of NR was up to 4.2 million tons
which had value around 315,159 million baths in 2014 [1]. Consequently, utilization of NR in as
many applications is to increase the value of NR. Polybutadiene as in styrene butadiene rubber
can be replaced by NR in many applications because of the similar structure. Some properties
of NR are better than polybutadiene such as high flexibility, high tensile strength, and low heat
built up.

Two methods widely used for improving the properties of NR are vulcanization and
copolymerization[2]. Various techniques such as emulsion polymerization, photochemical
polymerization and high energy irradiation polymerization can be used to synthesis
copolymers.Two radiations which are widely used in polymerization are gamma radiation and
electron beam radiation. Irradiation of NR and styrene monomer can induce copolymerization.
This was proved to produce a more stable than sulfur cross-linking method [3]. Songtip
[d4]studied the graft copolymerization of NR and polystyrene by gsamma radiation. It was found
that the high grafting efficiency was achieved from this radiation method. However, the gamma
radiation was originated from radioactive isotope element which is harmful for operation. The
radioactive waste is also complicated for waste management and it might cause human effect

from its radioactive emission [5].

Electron beam issafer and more environmentally friendly than gamma source. This is
due to the fact that the beam is originated from electron accelerating machine by using
electricity to accelerate the electron source. Generally the electron beam has been used to
improve the interfacial properties between polymer matrix and reinforcement phase in polymer
composite material such as in polyamides, polyether ether ketone (PEEK), polyphenylene
sulfide (PPS), polysulfone, polyetherimide (PEl), and polyamide-imide (PAI) which are used
predominantly as melts[5].For inducing polymer crosslinking such as improve surface of
polycarpolatone film by electron beam irradiation [6], improving surface of high density
polyethylene (HDPE) film for improving their thermal stability, dielectric properties and optical
properties by electron beam irradiation [7]. For the graft copolymerization, the electron beam
was used for synthesize the ion exchange membranes [8]. In addition, the irradiation technique
is a non-complicated, environmentally friendly, and fast technique. Moreover, the electron

beam has also been used to induce NR vulcanization. The rate of vulcanization depended on
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the beam current of electron beam accelerator and tensile strength was also improved by the

irradiated vulcanization [9].

The role of electron radiation on polymer was studied by many researches [10-12].
Mouraet al.[10] studied graft copolymerization of styrene onto varied polymer by electron
beam irradiation. The mechanism of this reaction was followed the equation (1) to (6).There are
three steps of reaction which are solvent and monomer radiolysis, propagation and termination.

The reaction caused NR crosslinking, copolymerization and homopolymerization

R-OH — R-Oe+ eH (Solvent radiolysis) (1)
M-H —> M@+ eH  (Monomer radiolysis) (2)
R-O®+ P-H—> M-H + ®P (Propagation) (3)
Me+ P-H —> M-H + P (Propagation) (4)
He+ P-H —> M-H + P (Propagation) (5)
op o)) —> P-M (Termination) (6)

This work focused on using electron beam irradiation technique to synthesize a set of
graft copolymer between NR and polystyrene. The influent of radiation dose (kGy), content of
n-BA (phr) and NR/styrene ratio (NR/St) were studied based uponthe Taguchi’s method. It is an
efficient way to optimize quality characteristics through the investigation of parameters settings.
This method requires a smaller number of experiments, to cover only pairs of combination,
when compared to a full factorial experiment, thus being more suitable when times and/or
resources are limited (Yang and Tarng 1998; Ghani, Choudhury, and Hassan 2004). The
monomer conversion (%),grafting efficiency (%), grafting yield and crosslink density were
investigated. And the morphology and mechanical properties of graft copolymer were

characterized by FTIR, TEM and Instron tensile testing machine, respectively.
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1. Materials
2.1 Materials

The main material were 60% dry content of high ammonia NR latex supplied by Thai
Rubber Latex Corporation (Thailand) Public Company Limited. Styrene monomer (St) and 99%
normal butyl acrylate (n-BA) were supplied by Merck Chemical. Both were purify by washing
with 15% of sodium hydroxide solution in order to extract the inhibiter out. Ammonium laurate
was prepared by mixing ammonium hydroxide, supplied by AjexFinechem, with lauric acid,
supplied by AjexFinechem, at 70 “C. The KOH, supplied by AjexFinechem, was prepared to 10%
by weight concentration by mixing with distilled water. Petroleum ether and methyl ethyl
ketone having purity higher than 98% were supplied by Fisher Scientific and Carlo Erba,

respectively.

2.2 Radiation of graft copolymer

The 60 % NR latex was mixed with KOH in order to stabilize the colloidal system. At the
same time, the styrene monomer was mixed with ammonium laurate. After that, the NR latex
mixture and styrene monomer mixture were mixed and stirred for 30 min at room temperature
before irradiation process. The irradiation process of NR latex compound was carried out at
room temperature at the dose rate of 8 kGy/hr. The compound was irradiated under electron

beam until the desired dose was reached and it was held for 24 hours before casting into films.

2.3 Design of experiment

2.3.1 Quality characteristic and design parameter

The design of experiment was conducted by the Taguchi method in order to reduce the
number of experiments from a full factorial design. The experimental results were analyzed in
the form of a signal-to-noise ratio or so-called S/N ratio. Theoretically, S/N ratio represents the
robustness of the quality characteristics which relates to the parameter settings that affect
process variability. Therefore, Taguchi method is always used in robust design in order to
minimize sensitivity to causes of variation [13].For this study, the S/N ratio was selected to
optimize the monomer conversion, grafting vyield, mechanical properties and thermal
properties. Only two categories of the S/N ratio were here employed: larger is better and

smaller is better as in equation (7) and (8), respectively.
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where y is the value of quality characteristic measured from the trial.

n is the number of the tests in the trial.

2.3.2 Effecting parameters and their levels

The experimental design, based on standard orthogonal array,was conducted to
investigate the settings of various process parameters. There are three parameters and four
levels of each parameter that were the control variable parameters as shown in Table 1. These
parameters were filled in the program using Minitab software. The orthogonal array obtained
from the program was L16. Therefore, the L16 orthogonal array was performed in this
experiment as shown in Table 2. ANOVA was performed in this experiment to analyze the
significant effect of those parameters on graft copolymer properties. The p-value represented

the probability to accept the null hypothesis at 95% confidence [14].

Table 1Parameters and their levels.

Factor Level 1 Level 2 Level 3 Level 4 DOF
Radiation dose 25 50 75 100 3
(kGy)

Content of n- 0 1 3 5 3
BA (phr)

Natural rubber  60:40 70:30 80:20 90:10 3

to styrene ratio

Table 2 Orthogonal array for the experiment (L16).

Experimental Radiation dose Content of n-BA (phr) Natural rubber to styrene

(kGy) ratio
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1 25 0
2 25 1
3 25 3
4 25 5
5 50 0
6 50 1
7 50 3
8 50 5
9 75 0
10 75 1
11 75 3
12 75 5
13 100 0
14 100 1
15 100 3
16 100 5

60:40

70:30

80:20

90:10

70:30

60:40

90:10

80:20

80:20

90:10

60:40

70:30

90:10

80:20

70:30

60:40

2.4 Measurement of monomer conversion and grafting yield

The weight of gross copolymer was measured both before and after irradiation. The

monomer conversion was calculated using equation (9).

. . Wa-Wg .
Monomer conversion (%o) =‘1ﬁ—_3 = 100%
C

where W, = The weight of dried sample after irradiation.

Wz = The weight of solid (free styrene) in sample before irradiation.

9)
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W = The weight of initial monomer before irradiation.

A known weight of graft copolymer was extracted by petroleum ether and methyl ethyl
ketone for 24 h for each solvent extraction. After extraction, the solid part was dried and
measured the certain weight called We. The grafting efficiency, grafting yield, free natural rubber
(free NR) and free polystyrene (free PS) were calculated using equation (10) to (13),

respectively.
. . W
Grafting efficiency (9z6]=1ﬁ—_E % 100% (10)
F

Weo-Wg .

Grafting vield (%F? % 100% (11)
&)
’ We-Wo ’
Free NR (%)=——2 x100% (12)
Wg
Free PS (%)=—E—41 . 1 004 (13)
F

where W = The weight of dry sample after extraction with both solvents.

We= The weight of dry sample before extraction.

W; = The weight of polystyrene in sample before extract.

Wy = The weight of free polystyrene.

W;p = The weight of dry sample after extraction by petroleum ether.

Wy = The weight of dry sample after extraction by MEK.

2.5 Measurement of crosslink density
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The solvent resistance testing procedure was following the ASTM DA471. A recorded
weight sample of rubber film was immersed into toluene for 24 h. The swollen rubber film was
taken out from the solvent, weighed, and recorded as w,. The swelling ratio was calculated
from the difference of the weight of the films before and after swelling test. The swelling ratio
was calculated using equation (14). The crosslink density was calculated from Floury and

Rehner equation as shown in equation (15).

Q=—>= (14)
.I-Jfrc-
V=KkQ 353 (15)
where Q = Swelling ratio.

Ws = The weight of rubber film after immersing in toluene.

Wo = The weight of rubber film before immersing in toluene.

V = Crosslink density.

k = Constant 7.93 x1078.

2.6 Morphology Analysis by FTIR

The purified product or so-called styrene-graft-natural rubber copolymer (PS-g-NR) was
characterized by FTIR spectroscopy to find the functional group such as the aromatic ring of
styrene and the methyl group of NR. The morphology was examined by using Perkin Elmer
System 2000 model FTIR spectroscopy was used. The spectrum range of 4000 — 650 cm™ was

scanned each test.

2.7 Morphology analysis by TEM
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The product latex after irradiation was diluted with deionized water and stained by the
solution of 1 mL of 2% aqueous OsOq4 solution for 2 hour. The morphology was examined by
using a Hitachi HT7700 transmission electron microscope (TEM) at 100 kV. The magnification

was 6.0 k and 10.0k.

2.8 Tensile Testing

The mechanical property studied in this work was tensile strength by the Instron tensile
testing machine (INSTRON 3366). They were tested following ASTM D412. The copolymer film
was cut into dumbbell shape (type C dumbbell specimen). Five samplesfrom each

experimentwere tested and averaged.

NakazIsal

3.1 Effect of polymerization condition

The experimental results of polymerization were analyzed by analysis of variance
(ANOVA). The 95% confidence level was performed. ANOVA result is shown in Table3. The
parameters with P-values less than 0.05 indicated a statistically significant contribution to the
quality characteristic being considered. In the case of monomer conversion, the parameters
which have significant contribution were radiation dose and NR/St ratio.

Table 3 Analysis of variance (ANOVA) of monomer conversion and grafting efficiency.

Source Degree Sum of Mean F-ratio P- % Contribution
of squares squares (F) value (%P)
freedom (SS) (MS)
(DOF)

Monomer conversion

Radiation 3 204.95 68.32 23.63 0.00 64.12
dose

n-BA 3 18.00 6.00 2.08 0.20 5.63

NR/St ratio 3 79.32 26.44 9.14 9.14 24.82
Residual error 6 17.35 2.89 5.43

Total 15 319.62 100.00

Grafting Efficiency
Radiation 3 3.02 1.01 9.61 9.61 30.31

dose
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n-BA 3 2.73 0.91 8.70 8.70 27.45
NR/St ratio 3 3.58 3.58 1.19 1.93 35.94
Residual error 6 0.63 0.10 6.31
Total 15 9.96 100.00

Increasing the radiation dose meansincreasing the energy which could induce
polymerization reaction. The influence of radiation dose was studied by varying the energy of
electron beam in 25, 50, 75 and 100 kGy.From Figure 1 (top), it can be seen that the monomer
conversion significantly increased with the increasing of the radiation dose. This was because
the high energy of electron beam induced the polymerization reaction. The styrene radical and
NR radical were existed in the system and the propagation step was occurred consequently.
There were some active monomers in the system that could induce the monomers to
converse into polymers [4]. The styrene could be polymerized to polystyrenehomopolymer
and copolymerized with NR to graft copolymer at the same time.

The influence of NR/St ratio was studied by varying the content of styrene monomer of
10, 20, 30 and 40 percent by weight as shown in Figure 1(bottom). It was found that the trend
of monomer conversion was slightly decreased when the content of styrene was increased.
This was because the energy of electron beam was not sufficient to induce polymerization of
styrene monomer at higher amount of styrene monomer. Moreover the excess of styrene
monomer could terminate NR radicals, styrene radicals, or other radicals. Therefore increasing

the styrene content resulted in the decreasing of the monomer conversion[15].
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Figure 1 SN ratio (lager-the-better) of monomer conversion for radiation dose (top), and NR/St

ratio (bottom).

In terms of grafting efficiency, as shown in Table 3, all factors reported P-values higher
than 0.05, and this indicated that the change of their values or levels significantly affected the
value of grafting efficiency. From Figure 2(middle), it shows thatthere was a decreasing of SN
ratio of the grafting efficiency when increasing the amount of n-BA. The molecule of n-BA could

accelerate the polymerization of styrene monomer and crosslinking of NR as seen in the
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increasing of monomer conversion and the decreasing of free NR (Figure 1 and Figure 3,

respectively)[16]. However, in the case of high radiation dose,n-BA would not clearly enhance

the copolymerization reaction between NR and styrene. There was only homopolymerization

of polystyrene and crosslinking of NR which were dominantly enhanced by n-BA[17]. Moreover,

at high radiation dose the degradation process would be probable on grafting chains and

resulted to incline of grafting efficiency [18]. This can be proved from the increasing of SN ratio
of free polystyrene and crosslink density(Figure 3and Figure 4, respectively).

The influence of NR/St ratio on the grafting efficiency is shown in Figure 2(bottom). The
amount of styrene monomer was not directly proportional to the grafting efficiency. After 20%
of styrene content, the highest SN ratio of grafting efficiency was obtained. Further increasing
the amount of styrene monomer higher than 20%, the sharp decreasing of SN ratio of grafting
efficiency was formed. This was due to the fact that the more styrene monomer in the system,
the more homopolymerization was occurred. At the same time, more opportunity for graft
copolymerization was also possible. In general, there is an optimum monomer concentration
for each system. Too low concentration of styrene leads to the decreasing in the length of
grafted chains and the too high concentration at styrene leads to higsh homopolymerization of

styrene [19].
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Figure 2 SN ratio(lager-the-better) of grafting efficiency for radiation dose (top), content of n-BA
(middle), and NR/St ratio (bottom).

After the Soxhlet extraction, the free PS, the free NR, and the grafting yield were

obtained. The results of grafting yield were not in 95% of confidential level in all of parameters
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as seen in Table 4. It meant that all parameters were not effect to grafting yield as significantly.
However, the influence of radiation dose on grafting yield would be positive relationship. It was
because the radiation energy could induce the active molecule or radical to followthe

chemical reaction in equation (1) to (6) [4].

Table 4 Analysis of variance (ANOVA) of grafting yield, free NR and free PS

Source Degree of Sum of Mean F-ratio P -value
freedom squares (SS) squares (F)
(DOF) (MS)

Grafting yield, Free PS, and Free NR

Radiation dose 3 56.14 56.14 18.71 0.49
n-BA 3 511.13 511.13 170.38 4.42
NR/St ratio 3 117.25 117.25 117.25 39.08
Residual error 6 231.05 231.05 38.51

Total 15 915.57

Noted: grafting yield, free NR, and free PS were calculated by the same source of data.

Therefore, it resulted in the same statistical characteristic.
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Figure 3 SN ratio (larger-the-better) of (left) free NR and (right) free PS for radiation dose (top),
content of n-BA (middle), and NR/St ratio (bottom).

According to Table 3, percent contributions of all factors for monomer conversion and
grafting efficiency are presented in Figure dand Figure 5, respectively. The order of important
contributions of factors was as follows: radiation dose >NR/St ratio >content of n-BA for
monomer conversion and NR/St ratio>radiation dose>content of n-BA for grafting efficiency.
And the total error was 5.43% and 6.31% for monomer conversion and grafting efficiency,

respectively, which their values were lower than 50%. It meant that the results were

reliable[20].
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Figure 4 The percent contribution of each factor for monomer conversion.
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Figure 5 The percent contribution of each factor for grafting efficiency
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3.2 Measurement of crosslink density
The swelling ratio was obtained by solvent resistant testing with toluene. Then the
crosslink density was calculated from the swelling ratio based on Flory and Rehner equation as
shown in equation (15).The p-value in table 5 showed that all parameters affected to crosslink
density at 0.05 significant levels. Figure 6 reveals the increasing of crosslink density when
radiation dose was increased. It can be explained that during the irradiation, not only the
copolymerization reaction between NR and styrene was occurred but the crosslink of NR was
also occurred. [4].
When the content of n-BA increased, the free NR was decreased as seen in Figure 3
(left, middle). This was due to the higher crosslink density as shown in Figure 6 (middle)[21].
The n-BA plays as an initiator for the ionizing electron which can react with radiolysis products
and being as a starter for sensitization reaction in the rubber phase [16]. Because of this reason,
the crosslinking increased with the increasing of n-BA.
Moreover, a slightly decrease of SN ratio of the crosslink density when the content of
styrene monomer increased was a result from poor graft copolymerization at high amount of
styrene monomer. The high concentration of styrene leads to more homopolymerization of

polystyrene as seen in Figure 3 (right, bottom).

Table 5 Analysis of variance (ANOVA) of grafting yield, free NR and free PS

Source Degree of Sum of Mean F-ratio P -value
freedom squares (SS) squares (F)
(DOF) (MS)
Crosslink density

Radiation dose 3 365.55 121.849 63.00 0.00
n-BA 3 25.96 8.654 4.47 0.04
NR/St ratio 3 25.41 25.41 4.38 0.04
Residual error 6 11.16 1.934

Total 15 428.52
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Figure 6 SN ratio(larger-the-better) of crosslink density for radiation dos (top), content of

sensitizer (middle), and NR/St ratio (bottom).

3.3 Characterization of graft copolymer
Graft copolymer obtained from electron beam irradiation was characterized by FTIR,

TEM and Instron universal testing machineafter extraction of free NR and PS out. The FT-IR
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spectrums of pure NR, NR-g-PS and NR-g-PS with n-BA are shown in Figure 7. The percent
transmission at 1664 and 835 cm™ represented the C=C stretching of NR and =C-H out of plane
bending of NR, respectively. These spectrums were appeared in all samples. The peak around
1670-2000 and 695 cm™ contributed to the -C-H aromatic overtone of PS and the -C-H
aromatic out of plane bending of PS. That showed the occurrence of polystyrene in NR-g-
PS[22]. In addition, there was C=0O conjugation for NR-g-PS with n-BA as shown in the peak at
1736.1 cm™. This peak might come from the over sensitizing effect of n-BA which may lead to
polymerization of n-BA into the NR-g-PS system which was also found in other work [21]. It was
different to other work which do not use n-BA in NR-g-PS synthesized by emulsion

polymerization techniques [23, 24]. In that work there was no peak of n-BA at 1736.1 cm™

Pure NR

- |NRePs 1670-2000
=
=
£ |
z I
£ |NR-g-PS adding n-BA 1670-2000
e '—‘_""H-.._\_\__\__ -~ N - Ir./‘“
< —\ z’*_/—E'“w YA
| | |
|/ 1736.1 835
1664 595
4000 3000 2000 1000

Wave number (cm)

Figure 7 FTIR spectum of pure NR, NR-g-PS, and NR-g¢-PSNR adding n-BA at 60 kGy.

TEM images of pure NR and NR-g-PS are showed in Figure 8. It was found that the shape
of NR particles as in Figure 8 (a) and (b) had a sharp edges because of the carbon double bond
inside the particle [25]. Figure 8 (c) and (d) reveal that NR-g-PS were irregular shape indicating
that PS was extended continuously on the surface of NR particles. The NR-g-PS characteristic
was also observed in the same way as in other works which were done in different synthesis
method [22, 24, 26, 27]. However, no one has grafted NR with PS by electron beam irradiation.
This phenomenal was probably because most of the polymerized styrene were flocculated
withNR particles and then overcoated the periphery of the rubbery core surface. It became the
glassy shell copolymers. And another mechanism was that styrene was polymerized within the

NR seed particles [22].
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Figure 8 Transmission electron micrograph of NR particles (a and b) and NR-g-PS at 50 kGy of
radiaiton dose, 5 phr of n-BA and 80:20 of NR/St ratio (c and d).

Tensile strength is a basic property of plastics. It shows the limit of stress in most
application. ANOVA provided the significant correlation between tensile strength and radiation
dose as seen in Table 6 and Figure 9. The SN ratio of tensile testing was direct proportional
with tensile strength. It increased with the radiation dose up to the optimum level and
thereafter showed a downward trend. It was because the tensile properties of the latex films
was determined mainly by the extent of crosslink formation which is inter-particle integration in
dry film and graft copolymer segments [28]. However, since 80 kGy to 100 kGy of radiation
dose, the decreasing of the crosslink density was found as seen in Figure 6. This was due to
some degradation of the molecular chains occurred resulting from high radiation dose. Too high
radiation dose can causes the reduction of graft copolymerization reactionand poor
coalescence of highly crosslinking and hard particles during latex film formation.Percent
contributions of all factors for tensile strength are presented in Figure 10. The order of the
majority factors was as follows: Radiation dose>content of n-BA >NR/St ratio. And the total
error is 11.18%. It was found that the radiation dose had highly influent on the tensile strength.
This was because the radiation dose had direct effect to crosslink density which was the key

factor for tensile strength.
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Figure 9 The SN ratio (lager-the-better) of tensile strength for radiation dose.
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Figure 10 Percent contributions of each factor for tensile strength.

For the 300% modulus, ANOVA results showed that all parameters are significantly
affected the value of the 300% modulus at 0.05 significant levels as seen in Table 6. Figure
11shows the increasing of SN ratio of 300% modulus when the radiation dose increased. The
state of cure increased as indicated by crosslink density data which was show in Figure 6. The
tensile strength and 300% modulus increased with the amount of n-BA as a result of increasing
of crosslink density and grafting yield of gross copolymer [4]. Moreover, It was observed that
there was a dramatically increase in 300% modulus when the content of styrene monomer
increased. This was because the copolymer is harder to stretch when PS was produced in the
system [29].

And also in elongation at break, there was parameter of radiation dose and NR/St ratio
which affected the value of elongation at break at 0.05 significant levels. The trend of

elongation at break is an inverse proportional with all factors. This was due to the increased
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restrictions impose on the flexibility of molecular chain by additional crosslinking formation

which was observed in Figure 12 [30].

Table 6 Analysis of variance (ANOVA) of tensile strength, 300% modulus, elongation at break

Source Degree Sum of
of squares
freedom (SS)
(DOF)

Tensile strength

Radiation 3 279.25
dose

n-BA 3 37.74

NR/St ratio 3 2553

Residual 6 43.07

error

Total 15 385.29

300% modulus

Radiation 3 309.347
dose

n-BA 3 129.396
NR/St ratio 3 235.194
Residual 6 7.313

error

Total 15 681.25

Elongation at break

Radiation 3 5.084
dose

n-BA 3 3.964
NR/St ratio 3 21.264
Residual 6 1.907

error

Total 15 32.219

Mean

squares

(MS)

93.082

12.58
8.511
7.178

103.116

43.132
78.398
1.219

1.6946

1.3215
7.088
0.3178

F-ratio

(F)

12.97

1.75
1.19

84.60

35.39
64.32

5.33

4.16
22.30

p -

value

0.005

0.256
0.391

0.001

0.001
0.001

0.040

0.065
0.001

% Contribution

(%P)

72.48

9.80
6.63
11.18

45.41

18.99
34.52
1.07

15.78

12.30
66.00
592
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Figure 12 The SN ratio (lager-the-better) of elongation at breakfor radiation dose (top) and
NR/St ratio (bottom).
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The NR-g-PS was successfully prepared by the electron beam irradiation technique.The
advantage of this technique is the occurring of crosslinking of NR at the same time as grafting of
PS onto NR leading to better mechanical properties. The FTIR spectrum and TEM micrographs
could confirm the existing ofPS on the graft copolymers. The monomer conversion and grafting
efficiency were directly influenced by the radiation dose, the content of n-BA, and the NR/St
ratio. The optimum NR/St ratio was 80:20. It was observed from the satisfied grafting efficiency
and highest tensile strength which were optimized by the Taguchi’s experimental design.
Moreover, the important parameter which mostly contributed to monomer conversion was the
radiation dose (64.12 %). And all parameters influenced to grafting efficiency equally at a similar

degree (around 30% each).
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