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Abstract The surface of waste rubber powder (WRP) was graft-modified with
styrene (St) by bulk polymerization method. The effects of styrene content, initiator
mass, time of reaction, and temperature on the graft efficiency were investigated.
The results showed that the graft efficiency (%) was highest when 89 wt% styrene
and 0.11 g of initiator were added for reaction time of 25 h at 85 °C. The surface of
graft-modified rubber powder was characterized by Fourier transform infrared
spectroscopy (FTIR), scanning electron microscope (SEM), energy dispersive X-ray
(EDXS) analysis, and thermogravimetric (TG/DTG) analysis. The results showed
that polystyrene (PS) was grafted onto waste rubber powder, which formed a WRP/
PS core—shell structure.
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Introduction

The generation rate of waste tire rubber has increased dramatically with the rapid
development of vehicles in the past two decades [1, 2]. The accumulation of large
quantities of waste tire has brought about serious environment problems. The waste
tire rubber is ground into a powder, which is a main method to utilization and
recycling of waste tire rubber in large scale.

With a view of expanding the applications of WRP, the utilization of WRP by
means of blending with polymeric materials has become an important topic [3-5].
The main advantages of polystyrene (PS) are its good transparency, high stiffness,
excellent processibility, and good dielectric properties, etc. However, its
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disadvantage is low impact strength at low temperature. WRP-filled polymer
partially retains the cost reduction and processability of polymers, with improve-
ment in the impact resistance. The interfacial adhesion between the dispersed rubber
particles and the polymer matrix plays an important role in the toughening of
polymer [6]. In general, the addition of WRP to polymer will cause considerable
deterioration of the mechanical properties because of low compatibility and poor
interfacial adhesion between the WRP and polymer [7]. The surface of WRP must
be modified in order to enhance the miscibility between WRP and polymer matrix.
The surface of WRP can be modified by chemical oxidation, radiation, gas
modification, and graft polymerization, etc. Surface functionalization of WRP by
oxidation treatment such as potassium permanganate [7], nitric acid [8], sulfuric
acid [9], and hydrogen peroxide [10], resulted in an increase of the polar group on
the surface and a good adhesion of WRP and the polymer matrix. Feng et al. [11]
and Kim et al. [12] reported the surface modification of WRP with ultrasound, Hunt
[13], Scuracchio et al. [14], Tyler and Cerny [15], and Novotny et al. [16] applied
microwave to modify the surface of WRP, Sonnier et al. [7] and Hassan [5], et al.
used y-ray to modify WRP, and Li et al. [17] developed plasma treatment of WRP.
The studies showed the number of polar groups on the surface of WRP increased,
physical or chemical properties of WRP were varied after radiation. Tan et al. [18],
Naskar et al. [3], Wu et al. [19] reported that WRP was modified by chlorination,
and Lee et al. [2] attempted to modify the WRP surface by ozone. The results
showed that these treatments improved the compatibility between WRP and
polymer matrix, and enhanced the properties of composites. The above-mentioned
treatment methods could improve the surface activity of WRP, but the modifications
were lack of selection aiming at the structure of polymer substrate. On the contrary,
the selective modification can be obtained with graft polymerization.

To improve the miscibility and interfacial adhesion between PS matrix and WRP,
WRP will be graft modified with styrene, grafting of PS onto WRP will form a
package structure, and hence can toughen polystyrene. Tuchman and Rosen [20]
reported that the impact strength of polystyrene was improved by grafting a small
amount of styrene onto waste rubber powder, but the polymerization reaction was
not investigated in details. A method was patented by Freeguard [21] to prepare
styrene/rubber powder graft copolymer, but only a few details about graft
polymerization was discussed and it was not sufficient in characterization of graft
copolymer. Pittolo and Burford [22] reported the polymerization reaction of rubber
powder and styrene by different initiators and mechanical properties of composite,
but there was not surface characterization about graft product. Coiai et al. [23, 24]
investigated the grafting PS onto the surface of rubber powder, but the reaction time
and temperature were not discussed.

In this work, WRP was graft modified by polystyrene chain covalently bound to
the surface of WRP. Graft copolymerization via a free radical polymerization was
investigated using dibenzoyl peroxide (BPO) initiator. The effects of styrene
content, initiator (BPO) mass, time of reaction, and temperature on the graft
efficiency were discussed, respectively. The surface structure of grafted WRP was
characterized by FTIR, SEM, EDXS, and TG/DTG.
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Experimental
Materials

Styrene (Tianjin Guang Cheng Chemical Co., Ltd, China) was washed with 5 wt%
NaOH solution and dried with Na,SO,4 before use. Dibenzoyl peroxide (Shanghai
Shan Pu Chemical Co., Ltd, China) was recrystallized from methanol. The average
particle size of WRP (Jilin Huadian, China) was determined to be 134.8 um by the
particle size analyzer. The recipes of WRP were listed in Table 1. WRP was
extracted with acetone, washed with 5 wt% sodium hydroxide solution and 10 wt%
hydrochloric acid in turn, and finally immersed in styrene for several days.
Methanol was obtained from Shanghai Zhenxing No.l chemical paint. Chloroform
was obtained from Tianjin Bodi Chemical Co. Ltd. Acetone was obtained from
Tianjin Tianda Chemical Co., Ltd. Butanone was provided by Shanghai Hengli Fine
Chemical Co., Ltd.

Measurement of double bonds by Wijs method

Wijs agents were prepared by dissolution of 2.25 g of I, and 2 g of ICI; in 250 mL
of glacial acetic acid, filtered and stored in a brown bottle in a dark place.

A sample of WRP (0.5 g) was added to 30 mL of CHCl; in a 250-mL
Erlenmeyer flask. Wijs agent (25 mL) was added and the mixture was placed in a
dark closet for 30 min. Then, 10 mL of 20 wt% KI solution and 100 mL of distilled
water were added to the Erlenmeyer flask. The standard solution was sodium
thiosulfate solution which had been titrated by titrating solution of potassium
dichromate before use. The mixture was titrated with 0.09 mol L™' of sodium
thiosulfate solution. At the same time, the blank was titrated under the same
conditions. The content of double bonds is easily obtained as follows:

The content of double bonds = (Vo — V) x 107 x C/m (1)

where V is the volume of standard solution for the sample, V|, is the volume of
standard solution for the blank, C is the concentration of standard solution, m is the
weight of the sample.

The titration results revealed that the content of C=C double bonds on the surface
of WRP was 5.0 x 107 mol g~'. The WRP rich in double bonds was suitable for
graft polymerization.

Table 1 The recipes for surface

grafting of WRP Ingredients Content/wt%
Natural rubber 36.4
Styrene-butadiene rubber 15.1
Polybutadiene 3.1
Oil 6.6
Carbon black 32.8
Ash 6.0
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Table 2 The variables and

ingredients of graft reaction Time/h  Temperature/°C  Initiator/g ~ WRP/g  Styrene/mL

25 85 0.11 2.95 21.60
25 85 0.11 2.63 21.60
25 85 0.11 2.10 21.60
25 85 0.11 1.69 21.60
25 70 0.11 2.10 21.60
25 75 0.11 2.10 21.60
25 80 0.11 2.10 21.60
25 83 0.11 2.10 21.60
25 85 0.11 2.10 21.60
25 90 0.11 2.10 21.60
15 85 0.11 2.10 21.60
18 85 0.11 2.10 21.60
25 85 0.11 2.10 21.60
30 85 0.11 2.10 21.60
35 85 0.11 2.10 21.60
25 85 0.064 2.10 21.60
25 85 0.087 2.10 21.60
25 85 0.110 2.10 21.60
25 85 0.150 2.10 21.60
25 85 0.170 2.10 21.60

Surface grafting of WRP

A solution of initiator dissolved in amount of styrene was added to the reactor under
nitrogen, and later WRP was added with stirring for 2-3 h to get an adequate
mixing. The reaction mixture was stirred at 70-90 °C for 15-36 h. The product was
suspended in chloroform, precipitated in methanol, and dried under vacuum until
constant weight. The gross graft copolymer was extracted using a Soxhlet apparatus
with butanone/acetone 1:1 mixture for 36 h. The insoluble residue was dried under
vacuum to constant weight. The variables and ingredients of graft reaction were
shown in Table 2.

Characterization of graft product
Graft efficiency (GE)

The definition of grafting efficiency is the ratio of the weight of grafted polystyrene
to the total weight of polystyrene formed during graft copolymerization. The graft
efficiency is calculated as follows:

GE = ml/mo (2)

where m; is weight of extracted graft copolymer, m, is the total weight of
polystyrene.
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Fourier transform infrared spectroscopy

FTIR spectra of the modified and unmodified rubber powders were collected
using a Nicolet-5700 spectrometer (Thermo Fisher Scientific) in the range of
4,000-400 cm ™.

Scanning electron microscope

The surface morphology of the modified and unmodified rubber powders was
characterized with a Nova400Nano SEM (Philips Electron Optics). The samples
were sputtered with gold before observing.

Elemental analysis

Surface element elemental analysis of modified and unmodified rubber powder was
performed with an 1e350 Penta FET x-3 energy dispersive X-ray spectrometer
(Britain Oxford Corporation).

Thermogravimetric analysis

TG curves of the samples were recorded by a DTG-60 thermogravimetric analyzer
(Shimadzu). The modified and unmodified rubber powders were heated up to
750 °C at the heating rate of 15 °C min~' using a nitrogen atmosphere.

Results and discussion
Effect of reaction variables on grafting of polystyrene onto WRP
Monomer content

Figure 1 demonstrates the effect of monomer content on the graft efficiency. It can
be seen that the graft efficiency increases at first and decreases later with increasing
styrene content, and attains maximum value at 89 wt%.

The concentration of rubber powder—-monomer radical increases with the increase
of monomer content, the graft polymerization rate of WRP also increases. On the
other hand, the swelling degree of rubber powder in styrene increases with
increasing content of monomer, which will promote the diffusion of monomer into
reactive sites on the WRP and improve the probability of collision between
monomer radical or macromolecule radical and graft reactive center on WRP, as a
result, the graft efficiency increases obviously. However, the homopolymerization
accelerates with a further increase in monomer content, and reactive radicals will be
shielded as a result of graft copolymer swelling, and hence the graft efficiency
decreases.
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Fig. 1 Effect of styrene content
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Reaction temperature

The effect of reaction temperature on the graft efficiency is presented in Fig. 2. It is
observed that the graft efficiency changes little for temperature upto 80 °C, the graft
efficiency first increases, then decreases with a further increase in temperature, and
attains maximum value at 83 °C.

The initiation rate by BPO is relatively low and the diffusion of monomer into
WREP is difficult due to low temperature of the reaction mixture during the graft
polymerization, so the graft efficiency changes little at temperature below 80 °C.
The decomposition of initiator hastens with increase in temperature, which
improves initiation rate and produces much more free radicals, meanwhile, the
increase of temperature quickens the movement of molecules and promotes the
diffusion of free radicals into WRP, therefore, the graft efficiency increases. With a
further increase in temperature, radical termination also increases and, as a result,
the graft efficiency has a tendency to decrease.

Reaction time
The effect of reaction time on the graft copolymerization is shown in Fig. 3. The

graft efficiency first increases with reaction time up to 25 h, and then decreases. It
can be understood that the decomposition of initiator produces more free radicals,
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Fig. 3 Effect of reaction time
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which brings about more reactive sites on the WRP, and enhance the graft
polymerization at the high temperature. Moreover, there is enough time for the
diffusion of monomer, initiator, and primary radical into WRP with increase in
reaction time, which will promote the graft polymerization. Because of lots of space
on the grafted WRP, molecular backbone is occupied by grafted chains with their
rigid structure and tremendous volume in excess of 25 h, it is difficult to bring on
new graft reactive sites, and thus the reaction equilibrium is achieved (i.e. the rate of
free radical production and the rate of consumption rate are equal). In addition, the
concentration of monomer and initiator decreases, the viscosity of the reaction
system increases with increase in reaction time, thereby graft polymerization
becomes difficult. But styrene homopolymerization still takes place continuously,
resulting in increase of the total weight of polymer, so the graft efficiency decreases.

Initiator content

Figure 4 shows the effect of initiator mass on the graft copolymerization. It can be
seen that the graft efficiency increases with the increase of the mass of initiator, and
attains maximum value at 0.12 g, and then decreases. It can be understood that the
initiator at high temperature generates free radicals, which can initiate the graft
copolymerizeation of styrene on WRP. Initially, with the increase in initiator mass,
radicals on the surface of rubber powders increase, and graft efficiency also increases.
Although there are more grafting active sites on the WRP with excessive initiator

Fig. 4 Effect of initiator

content on GE (monomer 09
content 90%, temperature 85 °C,
reaction time 25 h)
0.6
% ¥ ;/ ’\

0.06 0.09 0.12 0.15 0.18
Initiator content/g
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mass, but grafted side chains shorten, the relative molecular weight of side chain
decreases according to the theory that kinetic chain length is inversely proportional to
the square root of initiator concentration. In addition, redundant radicals stimulate the
couple termination of graft polymerization. Meanwhile, due to generate more free
radicals resulting from initiator concentration the homopolymerization is more facile
than graft copolymerization. The above results to decrease of graft efficiency.

Characterization of rubber-g-polystyrene
FTIR

The attenuated total reflectance FTIR spectra of the unmodified and modified rubber
powder (i.e. extracted graft copolymer) are shown in Fig. 5. The peaks at 2915,
2856 cm ™' correspond to the C—H unsymmetric and symmetric stretching vibration
of CH,, respectively. The peaks at 1735, 1726 cm™' are attributed to C=0
stretching due to partial oxidation during the grinding of waste rubber. The peaks at
1,610 and 1,582 cm™' may be due to the benzene ring skeleton vibration. The peaks
at 1551, 1544 cm™" represent COO and the peak at 1,448 cm™' corresponds to
deformation vibration of saturated C—H bond. The peak at 990 cm ™' corresponds to
C-H out-plane deformation vibration of trans-double bond.

As compared to the unmodified WRP, the characteristic peaks of polystyrene can
be found in the spectrum of modified-WRP, such as the low peak at 3,028 cm ™"
assigned to C-H stretching vibration of benzene ring, the peaks in the range of
1,950-1,700 cm ™" assigned to frequency multiplication and sum frequency of C—H
out-plane deformation vibration in benzene ring, the peaks at 758, 684 cm™'

Reflectance

T T T T T T T T T T T
2800 2400 2000 1600 1200 800
-1
Wavenumber/cm
Fig. 5 FTIR spectra of: a unmodified rubber powder and b modified rubber powder (i.e. extracted graft

copolymer)
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Fig. 6 SEM photographs of: a unmodified rubber powder and b modified rubber powder (temperature
85 °C, reaction time 25 h, monomer content 90%, and BPO mass of 0.11 g)

attributed to C—H vibration of monosubstituted benzene. The above analyses
demonstrate that the polystyrene has grafted onto the surface of the rubber powder.

SEM

Figure 6 shows the scanning electron microscope photographs of the WRP and
modified-WRP. Morphology and particle size of modified-WRP changes obviously
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Table 3 Surface element

content of unmodified and Element Unmodified Modified
modified rubber powder rubber (at.%) rubber (at.%)

C 76.08 90.53

(0] 17.83 9.47

Al 1.25 -

Si 2.06 —

Ca 2.01 —

Zn 0.76 -

as compared to WRP. In Fig. 6a, unmodified rubber powder shows an irregular
aggregate structure, an unsmooth surface and has some pores. In Fig. 6b, the
particle size of modified rubber powder becomes larger than that of unmodified
rubber powder, as well as the space between particles becomes smaller. The surface
of modified rubber powder becomes smooth, and has no distinct cracks. The results
indicate that the encapsulation of the waste rubber powder by polystyrene chains is
achieved.

It is inferred from the above FTIR and SEM data that there is a chemical reaction
between polystyrene and surface of rubber powder, namely polystyrene has grafted
onto waste rubber powder.

Elemental analysis

Besides hydrogen atom, the other element content of unmodified and modified
rubber powder is listed in Table 3. The variation of the element content can reflect
surface properties of unmodified and modified rubber powders. The unmodified
rubber powder contains several elements (C, O, Si, Ca, and Zn, etc.). The modified
rubber powder contains two elements (C and O) and Si, Ca, and Zn elements
disappear. WRP contains some inorganic elements because the WRP used for this
study is composed of rubber, carbon black, antioxidant, reinforcing filler, and so on.
The content of inorganic elements in modified rubber powder will reduce and
disappear when the part of WRP surface is covered with polystyrene. The results of
elemental analysis show the composites have formed the core—shell structure after
graft polymerization, as seem as the results of SEM.

TG/DTG analysis

The TG/DTG curves of unmodified and modified rubber powder are shown in
Fig. 7. It can be seen that the onset of degradation of unmodified rubber powder
starts at 377 °C from the first peak in DTG curve. The degradation temperature of
modified rubber powder is raised to 455 °C from the peak maximum in DTG curve.
The results show that the thermal stability of WRP is improved by grafting
modification. In addition, the residual weight (%) of unmodified and modified
rubber powders from the TG curves tend toward stability at 550 °C, and their weight
(%) are 40.1, 5.6%, respectively.
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Fig. 7 TG/DTG curves of: a unmodified rubber powder and b modified rubber powder (temperature
85 °C, reaction time 25 h, monomer content 90% and BPO mass of 0.11 g)

The rubber powder used for this work is made up of nature rubber, styrene
butadiene rubber, carbon black, and inorganic fillers. The decomposition of WRP
results from the degradation of nature rubber and styrene butadiene rubber under N,
atmosphere, and therefore, its decomposition temperature is low. However, the
degradation behavior of modified-WRP is different from that of WRP. Since the
grafted polystyrene molecule chain can form the wrapping layer on the surface of
WRP, the degradation of PS on the surface of WRP will occur at first during
heating. It can be seen that the decomposition temperature of PS is 410-430 °C
from the peak maximum in DTG curves [23, 25, 26]. The thermostability of PS is
higher than NR and SBR, and thereby the thermal stability of WRP is improved by
grafting modification.

Since the decomposition reaction of carbon black and inorganic fillers does not
take place at 550 °C, WRP has a high residual weight. In addition, the content of
inorganic fillers in modified-WRP is lower than that in WRP, and thereby residual
content of modified-WRP is lower than that of WRP.

From the above analysis, polystyrene has been grafted onto the waste rubber
powder.

Conclusions

Polystyrene can be grafted onto the surface of waste rubber powder via free radical
polymerization by using dibenzoyl peroxide (BPO) as initiator. There is good graft
efficiency when the mass fraction of monomer is 89% and mass of initiator is 0.11 g
at 85 °C for 25 h.
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The surface properties of the unmodified and modified rubber powder are
investigated by FTIR, SEM, EDXS, and TG/DTG analysis. The characteristic peaks
of polystyrene can be found from the spectrum of modified-WRP, such as 3028,
1950-1700, 758, and 684 cm™'. SEM results indicate that the surface of WRP
modified by polystyrene becomes smooth, and has no distinct cracks, whereas WRP
shows an irregular aggregate structure and unsmooth surface. EDXS results show
that the content of inorganic elements in modified rubber powder reduces or
disappears when the part surface of WRP is covered with polystyrene. TG/DTG
analyses indicate that the thermal stability of WRP is improved by grafting
modification with styrene compared with waste rubber powder. The above results
demonstrate that polystyrene has been grafted onto the waste rubber powder,
namely PS chains are covalently bound to the surface of WRP.

Acknowledgments The authors are thankful to Hubei Key Laboratory of Pollutant Analysis & Reuse
Technology for the financial support (KY2010G18).

References

1. Shanmugharaj AM, Kim JK, Ryu SH (2007) Modification of rubber powder with peroxide and
properties of polypropylene/rubber composites. J Appl Polym Sci 104(4):2237-2243

2. Lee SH, Hwang SH, Kontopoulou M, Sridhar V, Zhang ZX, Xu D, Kim JK (2009) The effect of
physical treatment of waste rubber powder on the mechanical properties of the revulcanizate. J Appl
Polym Sci 112(5):3048-3056

3. Naskar AK, Bhowmic AK, De SK (2002) Melt-processable rubber: chlorinated waste tire rubber
filled polyvinyl chloride. J Appl Polym Sci 84(3):622-631

4. Naskar AK, Bhowmick AK, De SK (2001) Thermoplastic elastomeric composition based on ground
rubber tire. Polym Eng Sci 41(6):1087-1098

5. Hassan MM, Aly RO, Hasanen JA, El-Sayed EF (2010) Influence of talc content on some properties
of gamma irradiated composites of polyethylene and recycled rubber wastes. J Appl Polym Sci
117(4):2428-2435

6. Scaffaro R, Dintcheva NT, Nocilla MA, La Mantia FP (2005) Formulation, characterization and
optimization of the processing condition of blends of recycled polyethylene and ground tyre rubber:
mechanical and rheological analysis. Polym Degrad Stab 90(2):281-287

7. Sonnier R, Leroy E, Clerc L, Bergereta A, Lopez-Cuesta JM (2007) Polyethylene/ground tyre rubber
blends: influence of particle morphology and oxidation on mechanical properties. Polym Testing
26(2):274-281

8. Yehia AA, Mull MA, Ismail MN, Hefny YA, Abdel-Bary EM (2004) Effect of chemically modified
waste rubber powder as a filled in nature rubber vulcanizates. J Appl Polym Sci 93(1):30-36

9. Colom X, Canavate J, Carrillo F, Velasco JI, Pages P, Mujal R, Nogués F (2006) Structural and
mechanical studies on modified reused tyres composites. Eur Polym J 42(10):2369-2378

10. Shanmugharaj AM, Kim JK, Ryu SH (2005) UV surface modification of waste tire powder: char-
acterization and its influence on the properties of polypropylene/waste powder composites. Polym
Testing 24(6):739-745

11. Feng W, Isayev Al, Meerwall EV (2004) Molecular mobility in ultrasonically treated butyl gum and
devulcanized butyl rubber. Polymer 45(25):8459-8467

12. Kim JK, Lee HS, Hwang HS (2003) Study on the thermoplastic vulcanizate using ultrasonically
treated rubber powder. J Appl Polym Sci 90(9):2503-2507

13. Hunt JR (1994) Process for reclaiming elastomeric waste. US 5362759

14. Scuracchio CH, Waki DA, Da-Silva MLCP (2007) Thermal analysis of ground tire rubber devul-
canized by microwaves. J Therm Anal Calorim 87(3):893-897

15. Tyler KA, Cerny GL (1984) Method of reducing pollution in microwave devulcanization process. US
4459450

@ Springer



Polym. Bull. (2012) 68:789-801 801

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

Novotny DS, Marsh RL, Masters FC, Tally DN (1978) Microwaves devulcanization of rubber. US
4104205

Li Y, Zhang Y, Zhang YX (2005) Study of the PVC composites filled with plasma treated scrap
rubber powder. Polym Mater Sci Eng 21(3):239-242

Tan K, Li C, Meng H, Wang Z (2009) Preparation and characterization of thermoplastic elastomer of
poly(vinyl chloride and chlorinated waste rubber. Polym Testing 28(1):2-7

Wu YD, Bateman S, Partlett M (2007) Ground rubber/acrylonitrile-butadiene-styrene composites.
Compos Sci Technol 67(9):1909-1919

Tuchman D, Rosen SL (1978) The addition of cryogenically ground tyre rubber to various ther-
moplastic polymers including polypropylene and polystyrene. J Elastom Plast 10:115-128
Freeguard GF (1979) Plastics material incorporating reclaimed tire rubber. GB 2022105

Pittolo M, Burford RP (1986) Rubber-crumb modified polystyrene: part 1 tensile properties. J Mater
Sci 21(5):1769-1774

Coiai S, Passaglia E, Ciardelli F, Resmini E (2006) Modification of cross-linked rubber particles by
free radical polymerization. Macromol Symp 234(1):193-202

Coiai S, Passaglia E, Ciardelli F (2006) Gradient density grafted polymers on ground tire rubber
particles by atom transfer radical polymerization. Macromol Chem Phys 207(24):2289-2298

Lisa G, Avram E, Paduraru G, Irimia M, Hurduc N, Aelenei N (2003) Thermal behaviour of
polystyrene, polysulfone and their substituted derivatives. Polym Degrad Stab 82(1):73-79
Peterson JD, Vyazovkin S, Wight CA (2001) Kinetics of the thermal and thermo-oxidative degra-
dation of polystyrene, polyethylene and poly(propylene). Macromol Chem Phys 202(6):775-784

@ Springer



	Graft polymerization of styrene onto waste rubber powder and surface characterization of graft copolymer
	Abstract
	Introduction
	Experimental
	Materials
	Measurement of double bonds by Wijs method
	Surface grafting of WRP
	Characterization of graft product
	Graft efficiency (GE)
	Fourier transform infrared spectroscopy
	Scanning electron microscope
	Elemental analysis
	Thermogravimetric analysis


	Results and discussion
	Effect of reaction variables on grafting of polystyrene onto WRP
	Monomer content
	Reaction temperature
	Reaction time
	Initiator content

	Characterization of rubber-g-polystyrene
	FTIR
	SEM
	Elemental analysis
	TG/DTG analysis


	Acknowledgments
	References


