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Polymer-clay nanocomposites offer cost-effective material solutions for physical and
mechanical property improvements of thermoplastic polymers. Quasi-solid state
manufacturing techniques such as injection-stretch blow moulding [1], originally developed
for product forming from unfilled thermoplastic polymers, can directly be used for
manufacturing nanomposite products. Additionally, those manufacturing techniques, which
typically operate at temperatures near the glass transition, can also assist in further
improvement of nanocomposite morphology during product forming [2]. However, their
application requires careful selection of process parameters such as deformation, deformation
rate and temperature. Optimum choice of those parameters can prove tedious and costly.
Therefore, the development of advanced computational material models can assist
experiments in finding the optimum processing window for thermoplastic polymer-clay
nanocomposites to exploit fully their potential.

Modelling of large, temperature- and rate-dependent nonlinear deformations of thermoplastic
nanocomposites in the temperature, strain and strain rate window typical of quasi-solid state
manufacturing is complex and computationally demanding. Thus, it still remains in its
infancy. Few papers have addressed this industrially important problem [3-5]. However, all
the aforementioned contributions did not consider the effect of the interphase polymer region,
which is now widely accepted to be present in nanocomposites.

Therefore, a finite-strain, physically-based multiscale computational model was developed in
this work for predicting the morphology evolution and macroscopic response of polymer
nanocomposites during semi-solid state processing [6]. The nanocomposite model consisted

of three basic components: linear elastic nanoparticles, nonlinear bulk polymer and nonlinear



L. Figiel

interphase polymer. The behaviour of nanoparticles was adopted from molecular mechanics
simulations, while the response of polymer matrix and polymer interphase was developed
based on experiments. The nonlinear mechanical response of the interphase was described by
a physically-based nonlinear stress-strain relationship with relaxation behaviour different
from the bulk polymer. Relaxation characteristics and viscosity of the interphase were defined
by the reference temperature correlated to the viscoelastic experimental data to capture the
observed shift in the loss tangent. The model was then implemented into the finite strain,
nonlinear finite element (FE) framework, and combined with the RVE concept and numerical
homogenisation. The computational model was then used to assess the effects of the
interphase region on the macroscopic response and morphological changes in polymer-clay

nanocomposites during their semi-solid processing near the glass transition.
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