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Effect of particle size on thermomechanical properties
of particulate polymer composite
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Abstract Particulate composite materials (PCM) consist-

ing of a matrix reinforced by micro to nano-sized dispersed

phase are receiving the attention of designers as a promising

futuristic materials. This study unearths the thermal and

mechanical behavior of maleic anhydride grafted polypro-

pylene/silica (MA-g-PP/silica) composites for reinforcement

ranging from micro- to nano-size. The monodisperse silica

spherical particles were used in all the formulations of

composites. Further the volume fraction was kept the same in

all the compounded thermoplastic composites ranging from

100 nm to 130 lm in a co-rotating conical twin-screw

micro-compounder. The micrographs were obtained from

transmission electron microscopy (TEM) and the scanning

electron microscopy (SEM). The SEM and TEM results

revealed a good dispersion of the silica spheres within the

MA-g-PP matrix. The compounded composite materials

were injection molded to fabricate tensile test specimens

(ASTM D638 type V) and tested for tensile properties. In

order to investigate the effect of particle size on crystallite

structure of the matrix, the composites were tested on dif-

ferential scanning calorimeter and X-ray diffraction

(WAXD). The thermal stability and degradation kinetics

were studied via thermogravimetric analysis. The results

show increase in crystallization rate, crystallinity percentage,

Young’s modulus, strength and thermal stability of MA-g-PP

by addition of the silica particles. Further it was observed that

the small-sized dispersed phase had better overall thermal

and mechanical behavior than its larger sized counterpart.
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Introduction

Particulate composites are materials which consist of, or

include particles that combine more than one physical phase

in a controlled fashion. These materials have the potential to

enable some of its properties and property combinations to

unprecedented extremes. Within the parameters affecting the

final properties of particulate composites, particle size is

known to be among the main factors [1–3]. It is reported in

the literature that the addition of filler particles to a matrix

could improve mechanical and thermal properties [4–6].

The thermo-physical properties of a composite are highly

affected by the change in reinforcement size of a composite

[7, 8]. Nanofillers can markedly improve the thermal, elec-

trical, and mechanical properties of a polymer composite,

such as the strength, modulus, and dimensional stability, as

compared with microfillers [9–11]. However, unlike mi-

crofillers that usually cause the glass transition temperature

(Tg) of a polymer to increase [12–14], the effect of nanofillers

on the Tg of the polymer matrix is found to be inconsistent.
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