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Abstract: Acrylic acid was successfully grafted on polystyrene using gamma-irradiation technique. 
This process was carried out at various gamma dose (0.5-1.5 Mrad). The new grafted polymer was 
characterized and its properties were investigated. The result indicate the high grafting percentage ratio 
could be revealed when the concentration of the catalyst ferrous ammonium sulfate (FAS) is about 
1.5% (w/w), the monomer concentration is 80% (w/w) and gamma dose at 0.15% Mrad. The new 
grafted polymer was proved by FTIR and TGA spectroscopy; the results were analyzed and studied. 
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INTRODUCTION 

 
 The surfaces of polystyrene (PS) beads were functionalized by radiation-induced graft. polymerization. PS 
beads were gamma-irradiated to generate active species such as peroxides. The graft polymerization of acrylic 
acid on the irradiated PS was conducted to prepare the poly(acrylic acid)-grafted PS beads. The experimental 
results revealed that the surfaces of the PS beads were covered with poly(acrylic acid) successfully. The grafting 
of poly (acrylic acid) onto the PS beads was finally confirmed by a fluorescence labeling method (Chan, H.I., 
2008). 
 Polystyrene was grafted with acrylic acid to blend polystyrene with nylon 6,6 (N66). The graft copolymer 
was synthesized by reacting polystyrene with acrylic acid in the presence of a free radical initiator using the 
solid phase graft copolymerization technique. The formation of a new copolymer during the blend preparation 
has been desired. The results of the theological measurement of these blends indicate an increase in the 
molecular weight distribution (MWD) of the blend when polystyrene was replaced by the graft copolymer. This 
increase in the MWD of the compatibilized blend can be attributed to above assumed copolymer formation 
between the graft copolymer and nylon 6,6 due to the reaction between the carbonyl group of the acrylic acid 
and the amide and the terminal amine groups of nylon 6.6 (Srinivas, S. and S. Lee, 1999). 
 Strong acid cation-exchange membranes were obtained by radiation-induced grafting of acrylic acid and 
sodium styrene sulfonate onto high-density polyethylene. Thermal and chemical properties of the cation-
exchange membranes were investigated. The crystallinity of the grafted membranes was decreased when 
increasing the grafting yield. It was assumed that the decreased crystallinity was due to collective effects of the 
inherent crystallinity dilution by the amorphous grafted chains and the crystal distortion of the grafted 
copolymer component (Jianhua, Z., 2006). 
 Grafted of poly(acrylic acid) on polyethylene or polystyrene can be used to support Pd(0) crystallites that 
function like a homogeneous Pd(0) catalyst in some reactions. These catalysts were active in allylic substitution 
reactions in the presence of added phosphine ligand. Analysis of the product solutions for Pd leachate and a 
correlation of the Pd leaching with product formation in the allylic substitution chemistry for both types of 
catalysts suggest that the active catalysts in these reactions are leached from the support (David, E.B., 2006; 
Che, J. and  Z. Wanxi, 1990). 

MATERIALS AND METHODS 
 
Chemicals and Materials: 
 Polystyrene from Sigma Aldrich, Germany, 2009. Acrylic acid a commercial form was purchased from 
Merck, Germany 2009 and used without any laboratory interferences. Chloroform from BDH Limited Poole 
England. Ferrous ammonium sulfate (FAS) a grade of Fluka-Garantic was used and methanol from Scharlau. 
 
Results: 
Gamma Irradiation Technique: 
 Irradiation procedure was carried out by introducing polystyrene in a pyrex tubes with acrylic acid as 
monomer using chloroform as solvent and FAS as a catalyst. The irradiation performed in the presence of 
atmospheric air. The resulting of grafted polymer was dissolved in chloroform solvent, precipitated by methanol 
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then filtered using funnel. Precipitated process was repeated three times and then the yield was kept under 
reduced pressure in order to ensure complete removal of solvent. The gamma-irradiation was obtained with 
dosing rate 1.1 Mrad h-1 using gamma cell 220 of Co60 Canadian type (Belchior, A., 2008).  
 
FTIR Technique: 
 The FTIR spectra were obtained from the perkin elmer FTIR 1650 spectrophotometer at room temperature 
using KBr disc method for characterizing the polymer. To prepare the disc method, the sample was dried and 
grounded with the KBr powder until they were in a well mixed as powder form. .The powder was then pressed 
at 8 tons for 1 min to produce the disc. The sample was scanned at wave number range of 4000-400 cm-1. 
 
TGA Technique: 
 The TGA analysis using Perkin-Elmer model TGA 7 Thermalgravimetry analyzer was used to measure the 
weight loss of the samples. The samples were heated from 30-600oC with the heating rate of 10oC min-1 under 
nitrogen atmosphere with a nitrogen flow rate of 20 ml min-1. 
 
Discussion: 
FTIR Analysis: 
 The FTIR spectra of polystyrene and grafted polymer beads are shown In Figure 1. In the polystyrene 
spectra, the typical peaks assigned to the aromatic. C-H Bands of the benzene ring present in the polystyrene 
were observed at 3010, 1600, and 1475 cm-1. For the grafted polymer beads a carbonyl peak was newly 
generated at 1705 cm-1 in Figure 3.1b, meaning that the surface of the polystyrene beads was successfully 
activated by γ-irradiation for graft polymerization. On the other hand, a new absorption band was clearly 
identified at 1712 cm-1 in Figure 3.1b which is a characteristic C=O peak of acrylic acid. Conclusively, these 
results confirmed that the acrylic acid was successfully grafted polymerization onto the surfaces of the 
polystyrene beads (Colthop, N.B., 1975). 

 
 
Fig. 1: FTIR spectra of (a) Polystyrene and (b) Grafted polystyrene with acrylic acid. 
 
TGA Analysis: 
 TGA curve of pure acrylic acid showed that acrylic acid decomposed at temperature range 33.87 – 
139.61oC with total weight loss of 99.66 %. TGA curve of pure polystyrene showed that polystyrene 
decomposed at temperature range 266.83 – 447.11oC with total weight loss of 99.07 %. TGA curve of grafted 
polymer showed the initial weight loss of 17.54 % at about 35.47 – 192.68oC due to decomposition of acrylic 
acid. The TGA curve at 263.10 – 354.95oC showed the weight loss of 8.26 %. 
 The final weight loss occurred at temperature range between 368.72 – 501.91 oC with 58.17 % due to 
decomposition of grafted polystyrene with acrylic acid. the temperature decomposition of polystyrene in grafted 
polymer is higher than temperature decomposition of pure polystyrene as shown in Figure 2.  
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Fig. 2: TGA thermograms curve for polystyrene (blue line) and grafted polymer (red line). 
 
Polymerization Methods: 
 The detail mechanism of grafted polystyrene with acrylic acid is proposed as shown in Scheme 1[8].  
(a)A free radical catalyst or gamma-irradiated polymer generates the free radicals (R• + R •. ). Polystyrene• + 
Polystyrene•  
(b)Initiation step: R• + M (monomer) →R-M• 
Polystyrene• + Acrylic acid → Polystyrene+Acrylic acid• 
(c)Propagation step: R-(M)n-M• + M →R-(M)n–1-M• 
Polystyrene-(Acrylic acid)n- Acrylic acid• + Acrylic acid → Polystyrene-(Acrylic acid)n-1 – Acrylic acid• 
(d)Termination step (coupling mechanism): R-(M)n-M• + R-(M)n-M• →R-(M)n-M-M-(M)n-R 
Polystyrene-(Acrylic acid)n – Acrylic acid• + Polystyrene-(Acrylic acid)n – Acryic acid•  → 
Polystyrene-(Acrylic acid)n – Acrylic acid- (Acrylic acid)n – Polystyrene. 
 

 
(a) 

 

 
(b) 
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(C) 

 

 
(d) 

 

 
Scheme 1: The proposal mechanism of polystyrene with acrylic acid. 
 
Conclusion: 
 In the present study, grafted polymer beads were successfully synthesized by a gamma-irradiation graft 
polymerization. The FTIR and TGA results confirmed that the polystyrene was grafted with acrylic acid using 
gamma-irradiation at mining of 1.5 M rad and 0.15% (w/w) of FAS as a catalyst.   
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