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ABSTRACT 

Blends of polypropylene (PP) with ethylene propylene diene monomer (EPDM) rubber 

were prepared to improve the impact properties. However PP/EPDM blends are 

immiscible and have inferior mechanical properties. Maleic anhydride (MAH) grafted 

EPDM was used as the dispersed phase in the blend to improve the interfacial adhesion in 

the blend. Incorporation of elastomer results in improved impact properties but decrease 

of modulus. Talc filler was added to the PP/EPDM and PP/EPDM-g-MAH blends to 

improve the modulus. PP/talc composites were also prepared to be used as reference 

system. PP-g-MAH was used as coupling agent in PP/talc composites to improve the 

filler adhesion to the PP matrix. 

Various studies have been performed on the composites and blends and the results are 

reported. The studies include mechanical properties by tensile, impact and flexural 

studies; tensile results were compared with simple theoretical models; crystallization 

properties by Differential Scanning Calorimetry (DSC) and X-ray diffraction 

measurements and these are correlated with tensile properties: melt rheological properties 

and morphological properties by scanning electron microscopy (SEM) also have been 

studied. 

In PP/talc composites the effect of talc concentration on the above properties was studied. 

Yield stress, breaking stress and modulus increased with talc concentration, while yield 

strain and breaking strain decreased. Impact strength increased up to 0.02 volume 

fraction of the filler and then decreased marginally than that of unmodified PP. Flexural 

modulus and strength enhanced with talc contents. The increase in yield stress and 



modulus of the composites indicated that talc reinforced the PP matrix. In presence of 

coupling agent PP/talc composites also showed similar trends of yield stress, breaking 

stress, modulus, yield strain and flexural properties with increase in talc content. Talc 

reinforced the PP matrix in the presence of coupling agent also, however the values of 

these properties decreased slightly in the presence of coupling agent. The tensile modulus 

however was higher in the presence of coupling agent. Impact strength values of the 

composites were higher in the presence of coupling agent. Analysis of tensile strength 

indicated better phase interaction in the absence of the coupling agent. 

DSC crystallization exotherms show decrease in nucleation rate and increase in overall 

crystallization rate resulting in increase in crystallinity with talc content in PP/talc 

composites. Similar results were obtained in the presence of coupling agent. Tensile 

parameters showed good correlation with crystallization parameters in PP/talc composites 

both in the presence and absence of the coupling agent. 

Rheological properties of the composites show that all the composites are pseudoplastic 

and show the power law relation. The viscosity of the composites increases with increase 

in talc content. The viscosity of the composites was slightly lower in the presence of 

coupling agent. 

SEM studies were carried out to visualize the dispersion of the filler and mode of fracture 

of the composites. The talc particles were dispersed distinctly in the system. PP/talc 

systems showed brittle fracture. However in presence of the coupling agent the system 

showed some extent of plastic deformation. 

PP/EPDM blends showed decrease in yield stress, breaking stress and modulus 

with incorporation of the EPDM. These parameters decreased with further 
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increase in EPDM concentration. Yield strain, breaking strain and impact strength 

increased with EPDM content. Flexural properties showed a decrease with incorporation 

of rubber indicating a decrease in the rigidity. Similar trends in tensile properties, 

impact and flexural properties were observed with incorporation of EPDM-g-MAH as 

dispersed phase in PP. However, the values were higher in comparison to the PP/EPDM 

systems at all volume fractions of the dispersed phase indicating better interfacial 

adhesion in presence of grafting on EPDM in the blend. Analysis of tensile data using 

theoretical models also predicted better interfacial adhesion in PP/EPDM-g-MAH blends 

in comparison to PP/EPDM blends. 

The DSC exotherms showed decrease in nucleation rate and overall crystallization rate 

resulting in decrease in overall crystallinity in PP/EDPM blends with increase in EPDM 

content. X-ray crystallinity also showed a similar decrease. Similar trend was observed in 

the case of PP/EPDM-g-MAH blends in nucleation, overall crystallization rate, and 

crystallinity with increase in EPDM-g-MAH content. However the crystallinity was 

lower than that of PP/EPDM blends due to hindrance to chain mobility due to increased 

interfacial adhesion in the presence of grafting on EPDM. Tensile properties showed 

good correlation with the crystallization parameters in both cases. 

Results of the rheological properties of PP/EPDM blends show that the blends are 

pseudoplastic in nature and follow power law. The melt viscosity of the blends increased 

with the EPDM content. PP/EPDM-g-MAH blends also showed pseudoplastic behaviour 

and followed power law. The viscosity of PP/EPDM-g-MAH blends was higher than the 

PP/EPDM blends. 
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Morphology of the PP/EPDM blends showed EPDM as the dispersed phase in the PP 

matrix. The weight average diameter increased and the interparticle distance decreased 

with increase in EPDM content. The critical ligament thickness for brittle to ductile 

transition in the blends was found to be 0.6pm. Similar trend for weight average diameter 

and interparticle distance was observed with increase in EPDM-g-MAH content in 

PP/EDPM-g-MAH blends. However the values of these parameters were lower than in 

PP/EPDM blends indicating better interfacial adhesion. The critical ligament thickness 

was 0.3 Am. 

Fracture surface morphology of the blends indicates stress whitening of the matrix. The 

stress whitening increased with the increase of rubber content in PP/EPDM blends. 

PP/EPDM-g-MAH blends also showed stress whitening. 

PP/EPDM / talc composites showed increase in yield stress, breaking stress and modulus 

with increase in talc content. Yield strain and breaking strain decreased. Flexural 

properties increased with talc content. Talc reinforced the PP/EPDM matrix. Impact 

strength of the composites increased with increase in filler concentration with a 

maximum at 0.06 volume fraction of talc. PP/EPDM-g-MAH/talc composites showed a 

decrease in tensile strength up to 0.06 and the value then showed increase. The values 

were lower than PP. The values were however lower than PP/EPDM-g-MAH blend. 

Tensile modulus also showed similar trend. The breaking strength however showed 

increasing trend. Yield strain showed an increase. Breaking strain showed slight increase 

and then decreased. Flexural properties increased with increase in talc content indicating 

increase in rigidity of the PP/EPDM-g-MAH matrix. However the values of yield stress, 

modulus, breaking strain and flexural properties were higher than the PP/EPDM/talc 
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composites at similar composition of talc Impact strength value remained similar to the 

value of PP/EPDM-g-MAH blend up to 0.06 volume fraction of talc and then decreased. 

Impact strength was however lower than in PP/EPDM/talc composites. 

Crystallization exotherms of the PP/EPDM/talc composites showed decrease in 

nucleation rate and increase in overall rate of crystallinity with increase in talc content. 

DSC crystallinity increased with talc content. X-ray crystallinity increased with increase 

in talc content. The rate of nucleation and rate of crystallization increases with increase in 

talc content in PP/EPDM-g-MAH/talc composites. The overall crystallinity of the 

composites both by DSC and X-ray crystallinity methods increased with talc content in 

PP/EPDM-g-MAH/talc composites. Mechanical properties correlated well with 

crystallization parameters in both PP/EPDM/talc and PP/EPDM-g-MAH/talc composites. 

Melt rheological properties of PP/EPDM/talc composites showed pseudoplastic 

behaviour and followed power law. The melt viscosity of the composites increased with 

increase in talc content. Similar trend of pseudoplastic behaviour is seen in PP/EPDM-g-

MAH/talc composites. The melt viscosity increased with increase in talc content. The 

melt viscosity of the PP/EPDM-g-MAH/talc composites was higher than PP/EPDM/talc 

composites. 

The fracture surface morphology of the PP/EPDM/talc and PP/EPDM-g-MAH/talc 

composites showed stress whitening. 
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