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ABSTRACT 

Filled ,\ composites 	have 	been 	developed, by 

incorporation of metallic and mineral fillers into 

polypropylene, with a view to estimate the performance 

characteristics 	of the 	same to suit various end use 

applications. 	A number of composites, both metal particle 

filled and mineral filled, have been prepared taking PP as 

the polymer matrix. The fillers chosen for the composites 

were metallic aluminium (Al), nickel (Ni) and calcium 

carbonate (CaCO
3). 	As the interaction between the filler 

and the polymer matrix is often poor. resulting Lower 

and unfav,,u,,b1, Ni V4C.7.71ng conditions, a titanate 

coupling agent (LICA 12) was used in the case of CaCo3  

filled composites to "enhance interfacial bonding between the 

filler and the matrix. 

Various studies have been performed on these 

composites thus developed and their results and probable 

applications are reported in this work. These include the 

mechanical properties 'by tensile, impact and flexural 

studies; the tensile results were compared with different 

theoretical models of two phase systems; crystallization 

characteristics by DSC and x-ray measurements and these are 

correlated with the tensile properties; melt rheological 

properties; thermal conductivity, thermogravimetric analysis 



and vicat softening measurements; and morphological studies' 

by scanning electron mycroscopy. 	In the case of. CaCo
3 

filled composites the untreated samples were compared to the 

treated samples for most of these properties. 

The tensile strength and elastic modulus of the 

metallic Al, and 	Ni filled composites decreased with the 

filler, the decrease is very rapid at lower filler content 

and then the decrease is marginal. However, the 

incorporation of CaCO
3 increaseathe modulus. Elongation-at-

yield decreased with the increase of the filler content. 

There is an increase in the notched impact strength into a 

critical filler content i.e. about 10 wt. % in all the 

cases. 	Rigidity of the composites is enhanced through an 

increase in flexural properties. Treatment of CaC. 
3 either 

retain most of the properties of PP or slightly enhance the 

same. Analysis of the tensile properties and their 

comparison with the theoretical prediction indicates that 

fillers act as stress concentration and the structure 

changes from with no stress concentration effect to a 

significant stress concentration effect with the increase in 

the filler concentration. 

The overall crystallinity of the composites 

determined by x-ray and DSC measurements have shown good 

agreement and the degree of crystallinity was found to 
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decrease with the filler concentration. The treatment of 

CaCO
3 further decreases the crystallinity values. A good 

correlation was obtained between the crystallization 

parameters and tensile strength, tensile modulus and strain 

at yield of all the composites. 

The results of melt rheological properties of all 

the composites show that all the composites are 

pseudoplastic in nature and follow the power law relation. 

The melt viscosity of PP/Al and PP/Ni composite increases 

.upto a certain level of the filler, while that of PP/CaC143  

increases throughout the filler content. The decrease in 

viscosity at higher metallic Al or Ni is due to better 

thermal conductivity of the composites, which facilitates 

the flow. The viscosity of the treated CaCO3  filled 

composites are slightly less than that of untreated samples. 

The melt elasticity parameters were found to decrease in all 

the cases excepting PP/CaCO
3 (treated) samples. The 

linearity in the recoverable shear strain throughout the 

filler range studied and the decrease in melt elasticity 

parameters revealed that these fillers makef.,, the processing 

safer without any melt fracture in the extrudates. However, 

in PP/CaCO
3 (treated) samples this safety margin is lowered. 

The thermal conductivity, in the case of PP/Al and 

PP/Ni composites, was shown to be increasing with increase 
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in the filler content and the experimental data were in good 

agreement 	with 	the 	theoretical 	results predicted by 

Cheng-Vachon. The deviation percentage' between the 

theoretical results and the experimental values for other 

predicted models are significant. 	The thermal stability 

increases upto a critical volume percent of the filler 

through an increase in the activation energy for thermal 

degradation. 	The vicat softening temperature increases very 

rapidly at low percerit of filler and then the increase is 

marginal. 

The  	of dynamic mechanical analysis 

revealed that incorpuration of metallic fillers increased 

damping while with CaCO3  it decreased. 	a-relaxation peak 

temperature increased in all the cases. At lower fillet 

content there exists a e-relaxation peak at a temperature 

lower than the a-relaxation peak. With further increase in 

the filler content the a-relaxation peak broadens and the 

B-relaxatiOn peak shifts to higher temperature region. 

After the treatment of CaC0
3 the damping further decreases 

and this decrease is attributed to the plasticizing action 

of coupling agent and good dispersion of the filler. 

Similar trend of peaks shifting and broadening also occur 

in'the treated CaC.3  filled composites. 
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Scanning electron microscopy was used to visualize 

the dispersion of the filler in the composites. It shows 

that fillers are "0-1nAgomly dispersed through out the matrix, 

however, there are some agglomeration at low filler content. 

The conductivity property indicates that Al and Ni are 

randomly distributed in the polymer matrix. The ductility 

of PP decreases at higher filler content and upon the 

treatment of the filler 	the agglomeration is further 

reduced giving better dispersion. 
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