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analogous compositions, which was attributed to the 
viscous energy absorption in PDMS resulting from the 
dynamic rubber to glass transition at high strain rates.
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Introduction

Polymeric composite materials are finding increasing 
usage in engineering applications, primarily because 
of their low specific weight and production costs. In this 
context, epoxy resins constitute the most common matrix 
material for preparation of polymeric composites. Unfor-
tunately, conventional polyepoxides are extremely vulner-
able to impact-induced damage because of their inherently 
cross-linked structure, thereby limiting their use in highly 
demanding applications. Physical toughening techniques 
like blending with elastomers [1–3], thermoplastics [4] and 
rigid particulates [5, 6] have been attempted to improve the 
dynamic properties of the base resin. However, the increase 
in toughness is usually associated with a concomitant 
decrease in modulus, strength and very often the resultant 
blends exhibit low glass transition temperatures [7].

It is to be noted that irrespective of the material 
employed for epoxy toughening, it is the thermodynami-
cally and kinetically controlled process of phase separation 
which governs the morphology of the resultant blend and in 
turn defines its final properties and applications [8]. Curing 
of epoxy in the presence of another polymer results in the 
formation of phase-separated blends, a process difficult to 
control in fast curing compositions. Researchers worldwide 
are exploring techniques towards developing ways and 
means of controlling the blend morphology [9–11]. In this 

Abstract The high strain rate behaviour of tough-
ened epoxy is explored under compressive loadings. 
A cycloaliphatic epoxy was toughened using differ-
ent types of preformed fillers: epoxy-coated elastomeric 
poly(dimethylsiloxane) (CSR) and thermoplastic polysty-
rene microspheres. The toughening ability of the fillers was 
quantified in terms of improvement in izod impact strength. 
Our studies revealed that the disadvantages associated with 
liquid rubber toughening, especially lowering of the glass 
transition temperature (Tg) and storage modulus, could be 
overcome by using poly(dimethylsiloxane) (PDMS) micro-
spheres. The izod impact strength increased by 33 % upon 
addition of 3 % w/w amino-polystyrene microspheres, and 
~125 % upon introduction of CSR (5 % w/w). High strain 
rate studies performed using split Hopkinson pressure bar 
revealed that the compressive strength of epoxy and the 
toughened compositions were significantly enhanced at 
high strain rates (~103 s−1) compared with that at quasi-
static loading conditions (~10−1 s−1). The effect of filler 
type on the strain rate sensitivity of the base polymer was 
established by comparing the property enhancement factor 
(PEF). Although introduction of elastomeric microspheres 
led to a lower compressive strength of epoxy, the PEF asso-
ciated with the rubber-toughened composites was substan-
tially higher than that with the thermoplastic-toughened 
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