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Abstract 
Polymer nanocomposites represent a new alternative to conventionally filled polymers. Because of their 
nanometer sizes, filler dispersion nanocomposites exhibit markedly improved properties when compared to 
the pure polymers or their traditional composites. As the brittleness of polystyrene limits its applications, 
polybutadiene rubber is added to it to improve the toughness of this plastic which is commercially known as 
high impact polystyrene. The combined effect of nanoclay and elastomer on commercially available blend 
which manufactured by in situ  method is compared with the composite obtained by adding nanoclay to 
physical blend of polystyrene and polybutadiene rubber by melt mixing. 
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Introduction 
Polystyrene is one of the most widely used 
thermoplastics which are brittle synthetic polymer 
composed of repeated styrene units. Polystyrene is 
transparent and rigid because the benzene rings in each 
styrene unit prevent the polystyrene chains from 
arranging themselves into a tight crystalline. It is a 
colourless solid that is used in disposable cutlery, plastic 
models, CD and DVD cases and smoke detector 
housings. Pure polystyrene is brittle, but hard enough 
that a fairly high-performance product can be made by 
giving it some of the properties of a stretcher material, 
such as polybutadiene rubber. The two such materials 
can never normally be mixed because of the amplified 
effect of intermolecular forces on polymer insolubility, but 
chemically bonded to the polystyrene when 
polybutadiene is added during polymerization forming a 
graft copolymer, which helps to incorporate normal 
polybutadiene into the final mix, resulting in high-impact 
polystyrene (HIPS). Common applications of HIPS 
include toys, TV cabinets, computer accessories, 
refrigerator components, ball pens etc. Polymer 
nanocomposites are prepared by various methods like 
solution method, in situ method, melt method and 
emulsion method. Commercially HIPS is manufactured 
by in situ method. The graft copolymers of polystyrene 
grafted onto polybutadiene backbone chain act as a 
compatibilizer (Ray et al., 2009) allow stress to be 
transferred from the polystyrene phase to the 
polybutadiene phase which dissipates the energy to 
make HIPS tougher than regular polystyrene (Correa and 
Desousa, 1997).  Incorporation of rubbers in the blends 
increases Izod impact strength. On the other hand, 
tensile strength and flexural modulus were decreased 
with increasing the composition of rubber. Adding 
nanoclay into polymer blends remarkably differ their 
properties (Ellis and D’Angelo, 2003). 

 
Since polystyrene is only lightly polar, vinyl clay have the 
maximum interaction with the polymer results in better 
effect. This  work is focused  on effect of clay along with 
elastomer on the mechanical properties is compared for 
a commercially available polystyrene/polybutadiene 
blend sample (HIPS) which manufactured by in situ  
method and a directly blended sample by melt mixing. 
 
Materials and methods 
Materials: Polystyrene and commercial high-impact 
polystyrene (REPOL H110MA) supplied by M/s Reliance 
Industries Ltd., Hazira, Gujarat were used as polymer 
matrix. The nanoclay used was Nanocaliber 100 V from 
M/s English Clay Ltd. Vely, Thiruvananthapuram, Kerala. 
  
Preparation of samples and specimens: The  composite  
samples  were  prepared  by  Thermo Haake Rheocord 
600 which is a typical internal mixer (temperature  was  
180C  and  the  rotational  speed was 50 rpm for 8 min). 
The composition of samples was: 1, 2 and 3% of vinyl 
clay. All composites were compared with HIPS/clay 
composites. The specimens for evaluations were 
prepared by injection moulding at the temperature 200°C. 
 
Instrumentation: Mechanical properties like tensile 
modulus, flexural modulus and impact strength were 
measured on Universal tensile testing machine, three 
point Flexural testing machine and Resil impact testing 
machine, respectively. 
 
Results and discussion 
Tensile modulus: Tensile modulus of both blends 
increased with addition of clay and maximum value is 
obtained for 1% vinyl clay and then decreased  
(Table1; Fig. 1). 
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Fig. 1. Comparison of tensile modulus. 

 
 
Tensile modulus is greater for commercially available 
sample blend due to the presence of compatibilizer 
which is a graft copolymer of polystyrene grafted onto 
polybutadiene backbone chain in it. 

 
 
 

Fig. 2. Comparison of flexural modulus. 

 

 
 
Flexural modulus The variation of flexural modulus 
(Table 2; Fig. 2) is similar as in the case of tensile 
modulus. Flexural modulus of both blends increased with 
addition of clay and maximum value obtained for 1% 
vinyl clay and then decreased. Due to the presence of 
compatibilizer effect of graft copolymer, flexural modulus 
is greater for commercially available blend sample. It 
shows that the mechanical properties depend on the 
method of preparation. 
 
Impact strength: Impact strength increased with increase 
in weight percentage of clay reached maximum and then 
decreased (Table 3; Fig. 3). Impact strength is higher for 
HIPS blend as rubber particle size affects the impact 
strength. Rubber particle size is lower for HIPS blend 
than direct blend. Impact strength is maximum when the 
average particle size of rubbery compound is near 1µm 
(Chang and Takahashi, 1978). 
 

Fig. 3. Comparison of impact strength. 

 
 
Conclusion 
The study showed that polystyrene/polybutadiene blend 
can be advantageously modified using nanoclay. By 
modifying with nanoclay, the mechanical properties can 
be improved significantly. Maximum improvement is 
obtained at 1% vinyl clay content. The tensile modulus, 
flexural modulus and impact strength of directly blended 
composite are found to be lower than that of the 
composite based on the commercial HIPS. This has 
direct relevance to the method of manufacture. The 
commercial sample is prepared by an in situ route which 
results in better compatibility between polystyrene and 
polybutadiene rubber. Also the rubber particle size in this 
technique is likely to be smaller which affects the izod 
impact strength. 
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Table 1. Comparison of tensile modulus of commercial 
blend and direct blend. 

Weight %  
of vinyl clay 

Tensile modulus (MPa) 
Commercial 

blend sample Direct blend sample 

0 1449.1 1315.24 
1 1749.1 1589.74 
2 1636.23 1455.23 
3 1465.32 1436.22 

Table 2. Comparison of flexural modulus of commercial 
blend and direct blend. 

Weight %  
of vinyl clay 

Flexural modulus (MPa) 
Commercial 

blend sample Direct blend sample 

0 3664.47 3434.12 
1 3849.1 3594.12 
2 3731.75 3465.23 
3 3525.09 3311.05 

Table 3. Comparison of impact strength of commercial 
blend and direct blend. 

Weight %  
of vinyl clay 

Impact strength (KJ/m2) 
Commercial 

blend sample Direct blend sample 

0 55.38 24.6 
1 61.9 42.81 
2 60.41 39.35 
3 47.83 28.44 
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