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RADIATION GRAFT COPOLYMERIZATION OF A MIXTURE 
OF STYRENE AND nBUTYL ACRYLATE ON NATURAL 
RUBBER LATEX 

F. SUNDARDJ, ARLIZ ZUBIR, YANTI SABARINAH, and W. SOFIARTI 

Center for the Application of Isotopes and Radiation 
J1. Cinere Pasar Jumat 
Jakarta 12440, Indonesia 

ABSTRACT 

The radiation graft copolymerization of a mixture of styrene (St) and 
n-butyl acrylate (NBA) monomers on natural rubber (NR) latex has 
been studied. An irradiation dose of about 18 kGy was needed to at- 
tain a conversion of about 80%. The tensile strength of the grafted NR 
film increases with increasing irradiation dose. A film tensile strength 
of about 155 kg/cm2 was attained by irradiation of a mixture of St, 
NBA, and NR latex with a dose of about 14 kGy. At low concentra- 
tions of monomer in the latex, the Mooney viscosity of the film in- 
creases with increasing irradiation dose. At higher monomer concentra- 
tion, grafting and homopolymerization proceed more favorably than 
crosslinking, and thus the Mooney viscosity decreases with increasing 
dose. Thermal analysis of the film showed that the grafted NR was 
more heat resistant than ungrafted NR. 

INTRODUCTION 

Radiation grafting of monomers on natural rubber (NR) latex has been 
studied by a number of investigators, but this technique of grafting was only 
successfully applied to  grafting of certain monomers that are soluble in NR [ 1,2] . 
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1370 SUNDARDI ET AL. 

A number of monomers, such as acrylonitrile (AN) and wbutyl acrylate (NBA), 
are found to be difficult to dissolve in NR, and hence the grafting reaction is 
difficult to achieve. To make an insoluble monomer more soluble in NR, it 
must be mixed with another, more easily soluble monomer. For example, a mix- 
ture of styrene (St) and NBA monomer is expected to be easily soluble in NR. 
The possible irradiation products of a mixture of monomers and NR latex are 
crosslinked NR, grafted NR, and homopolymer. 

Experimental results showed that the tensile strength of ST-NR graft co- 
polymer vulcanizates was much higher than that of ungrafted NR vulcanizates, 
but the permanent sets were poorer [3]. On the other hand, the tensile strength 
of NBA-NR graft copolymer vulcanizates was poorer than that of ungrafted NR 
vulcanizates, but the permanent set was much better [4]. It is expected that 
St-NBA-NR graft copolymer will show better physical properties than ungrafted 
NR. 

This paper presents experimental results for radiation grafting of a mixture 
of St and NBA monomers on NR latex. 

EXPERIMENTAL 

Concentrated NR latex was obtained from Pasir Waringin Estate, West Java. 
The dry rubber content of the latex was about 60%, and the diameter of the 
NR particles was 0.5-1 .O pm, as measured by scanning electron microscopy. 
The NR particles form a number of small aggregates, each of which consists of 
hundreds of NR particles. 

St and NBA monomers were purified by distillation under reduced pressure. 
A mixture of St and NBA monomers (weight ratio, 1 : 1) was emulsified, with 
Tween 20 as the emulsifier, to give the composition: 30 wt parts monomers, 
70 water, and 3 Tween 20. The emulsion was mixed with NR latex to give 10, 
20,30, and 40 phr (per hundred rubber) of monomers in NR latex. The mix- 
ture was poured into glass tubes of about 150 mL volume, and irradiated at a 
dose rate of 4 kGy/h. The degree of conversion of monomer to polymer was 
determined gravimetrically by measuring the amount of monomer before irra- 
diation and the total solids before and after irradiation. The total solids con- 
tent was determined according to ASTM D-1076-77. 

Films of St-NBA-NR graft copolymer were prepared by pouring the grafted 
latex onto a glass plate and drying at room temperature. physical properties 
of the rubber film were determined as follows: Mooney viscosity by Shimadzu 
Mooney viscometer, according to ASTM 1646-1972; tensile strength, modulus, 
elongation at break, and tear strength with an Instron Tester Model 1122. 
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Grafted NR vulcanizates were prepared by mixing sulfur vulcanizing ingredi- 
ents and the grafted film on a rubber mill and curing at 100°C for 60 min. 

A Panoramic 6oCo irradiator of about 35 kCi was used to irradiate the 
sample. A Shimadzu infrared spectrophotometer, IR435, was used to deter- 
mine the IR spectra of the rubber films. A Shimadzu DT-30 thermal analyzer 
was used to determine the thermal behavior of grafted NR, and a JEOL scan- 
ning electron microscope JSM-T300 was used to study the form and size of 
the latex particles. 

RESULTS AND DISCUSSION 

As Table 1 shows, the conversion increases with increasing irradiation dose 
and amount of monomer in the NR latex. A mixture of St and NBA is ex- 
pected to be easily soluble in NR, and therefore, graft copolymerization should 
take place easily. The experimental results are in agreement with this theory. 
The increase in conversion with increasing monomer concentration may be due 
to the effect of dilution of the latex by mixing with a larger amount of mono- 
mer emulsion. 

Scanning electron micrographs of grafted NR show that there are a number 
of particles with diameters of around 0.2 pm, which may be poly-St-NBA 
particles. It appears that polymerization takes place not only in the interior 
of the particles but also on the outside. 

The infrared spectrum of St-NBA-NR graft copolymer film which had been 
extracted with acetone (Fig. 1) shows an absorption at 1727 cm-' ,which may 
be due to the C=O stretching vibration of the acrylic groups. 

The latex viscosity increases with increasing irradiation dose or conversion 
(Table 2) as the solids content of the latex increases. 

The modulus and tensile strength of the graft copolymer film increase with 
increasing conversion or irradiation dose (Table 2). Elongation at break is 
found not to differ much, but the permanent set decreases with increasing 
conversion. Even so, the permanent set of the graft copolymer film is still 
much poorer than that of sulfur-vulcanized NR film, which usually is less 
than 5%. 

For monomer concentration of about 20 phr or less before irradiation, the 
Mooney viscosity of the grafted film increases monotonically with increasing 
irradiation dose; but for monomer concentration of 30 phr or more, it goes 
through a maximum (Table 1). The decrease in the Mooney viscosity after 
the maximum may be due to an increase in the true grafting and homopolym- 
erization (Table 1). 
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FIG. 1. Infrared spectrum of St-NBA-grafted NR that has been extracted 
with acetone. 

Grafting and homopolymerization will take place more readily at the higher 
monomer concentration. Conversely, crosslinking will be easier at the lower 
monomer concentration. Our experimental results are in agreement with this: 
Increasing degree of grafting and homopolymer will decrease the Mooney vis- 
cosity, and an increase in the crosslink density should increase the Mooney 
viscosity of the grafted film. 

The fraction of grafted NR film that is soluble in acetone increases with in- 
creasing irradiation dose or conversion (Table 3). The acetone-soluble fraction 
consists mainly of NBA homopolymer and other materials in the original NR 
that are soluble in acetone. The infrared spectrum of the acetone-soluble frac- 
tion shows that there is no poly-St in this fraction. Styrene homopolymer is 
known to be insoluble in acetone. I t  was found that on irradiation of a latex 
with 40 phr of St-NBA monomer, most of the reaction is homopolymerization. 
It can be concluded that the decrease of Mooney viscosity of the grafted film 
may be due to an increase in the homopolymer content in the grafted NR. 
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The tensile strength and elongation at break of the grafted NR film vul- 
canizates do not differ much from the ungrafted ones (Table 4). The tensile 
strengths of St-NBA-NR graft copolymer vulcanizates are much higher than 
those of NBA-NR graft copolymer vulcanizates [4]. Since NBA monomer is 
difficult to dissolve in NR particles, the grafting reaction and homopolymer- 
ization by irradiation may take place only in the outer layer of NR particles 
or in the water phase. This explains why the tensile strength was so poor at  
high conversion. 

The DTA curves of St-NBA-NR graft copolymer vulcanizates with about 
28% grafting (Fig. 2) show an endothermic peak around 407°C for a heating 
of 30°C/min. An endothermic peak is found at 391°C for S°C/min. The ac- 
tivation energy for thermal degradation of St-NBA-NR graft copolymer vul- 

0 100 200 300 400 500 600 

Temperature , ( "C ) 

FIG. 2. DTA curves of St-NBA-grafted NR film. Heating rate: (a) SoC/ 
min, (b) 10°C/min, (c) 2O0C/min, and (d) 3O0C/min. 
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100 200 300 400 500 600 

Temperature , *C 

FIG. 3.  TGA thermogram of St-NBA-grafted NR film. Heating rate: (a) 
S°C/min, (b) 10°C/min, ( c )  20°C/min, and (d) 30°C/min. 
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! 

200 300 400 500 600 

Temperature , O C  

FIG. 4. DTA curves for ungrafted NR at various heating rates: (a) 5"C/ 
min, (b) 1O0C/min, and (c) 3O0C/min. 

canizates calculated by the method of Osawa and Flyn [7] was about 98 
kcal/mol, which is much higher than that of the ungrafted one [8]. The TGA 
thermogram of St-NBA-grafted NR film is given in Fig. 3 .  The DTA curves of 
NR (Fig. 4) show an endothermic peak at about 400°C at a heating of 30°C/ 
min . 
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