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SUMMARY:  A model composite system was synthesized through in-situ polycondensation
of Polyamide 6 around nanoscopic inorganic particles, whose size and concentration were
varied. The filler influence on the crystallinity of the composite and its state of dispersion were
characterized. The mechanical characterization was carried out below and above the glass
transition of the chosen matrix, from the elastic region up to the ultimate properties. This was
completed by scattering experiments under synchrotron radiation, while the sample were
deformed in-situ.
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INTRODUCTION

Nanoscopic particles have proved to be of interest as polymer fillers [1,2]. In the particular
case of thermoplastic matrices, they actually give rise to better engineering properties, such as
higher rigidities or higher heat distorsion temperature than the pure polymers do [3-5].
Questions remain on the mechanisms involved in the reinforcing process. In order to gain
insight into these nanostructured composites, the following study was carried out on silica
reinforced PA6, produced by in-situ polycondensation around the inorganic powder.[6,7].
Most of the work concerns the influence of filler concentration, the particle size and their
consequences on the macroscopic behavior of the nanocomposites, from the glassy to the
rubbery states, both in the elastic and plastic regions.



MICROSCTURAL ANALYSIS

The crystallinity appears to remain constant whatever the filler concentration or size. From
Differential scanning calorimetry experiments, it was found that the filler presence did not lead
to any change in the degree of crystallinity nor in the crystalline morphology of the composite
systems. [8,9]. In the same way, the crystallization kinetics was not sensitive to the inorganic
phase. Wide Angle X-rays Scattering experiments completed the study to attest the non-
evolution of the crystalline phases ratio within the composites [10,11].

Use was made of Transmission Electron Microscopy to gain insight into the filler dispersion.
The smallest particles (12nm) tend to form aggregates of random shape and size. On the
contrary, the largest particles (50 nm) appear mostly as single entities embedded into the
polymeric matrix.

MECHANICAL BEHAVIOUR

Concerning the macroscopic properties, the viscoelastic behavior of the composites was first
investigated through Dynamical Mechanical Thermal Analyses. As a matter if fact, no
significant difference was noticed in the loss factors evolution of the various composites. In
particular, the nature of the dissipation phenomena appears not to depend upon the filler
presence : the damping capacity remains the same, with or without filler.

The study of the viscoelastic behavior was completed by determining the modulus evolution
both below and above the glass transition temperature. Actually, the modulus was found to
increase with respect to the filler concentration in the glassy state: the experimental data are
rather well fitted by mechanical approaches based on homogenization techniques, such as the
self-coherent scheme [12,13]. Moreover in the investigated size range, the particle diameter
does not seem to affect the composites modulus. Our observations were slightly different on
the rubbery plateau: the mechanical approaches fail to account there for the given
reinforcement.

Experiments on the molten state lead to a limited but significant difference in the filler size
effect [14]. In fact, the viscosity ratio appears to depend upon the filler developed surface area
rather than their volume fraction.

A further insight into the mechanical behavior was obtained through compression tests, which
enable to reach the beginning of the plastic region. The yield stress was found to increase with
respect to the filler concentration [15], whereas the yield strain could be considered as constant
whatever the tested samples, within the experimental errors. Though starting from different
stress levels the plastic curves appear actually as parallel to one another. The fillers act as
reinforcing agents in that they level up the composites modulus by mechanical coupling. They
nevertheless do not seem to impede the polymer deformation around the yield point.

DAMAGE AND FRACTURE



To obtain a closer insight into the mechanisms involved close to the yield point, we were given
the opportunity to perform scattering experiments under synchrotron radiation. The composite
spectra were recorded respectively under strain (corresponding approximately to the yield
point) and once the strain has been released. The analysis was conducted along the traction
axis, and perpendicular to it. The intensity increase with respect to strain suggested the
possible occurence of debonding between filler and matrix. The observed slight intensity
decrease with the strain release confirms this possibility of newly created surface within the
sample.
Eventually the fracture behavior was studied through three points bending tests. It was
observed that the highest filler concentrations and the smallest particle sizes lead to the lowest
fracture toughness. As a matter of fact, aggregates weaken the matrix, since they can be
regarded as stress concentration points and their simple presence can give rise to flaws which
reduce the fracture strength.

CONCLUSION

Studying a model composite, with selected parameters, it was eventually noted that the
classical mechanical approaches could account for the increase in modulus of the composite
systems in the glassy state. This was no longer true above the glass transition temperature.
Nevertheless, the molecular deformation within the composite systems appears as non sensitive
to the filler presence up to the beginning of the plastic region. Debonding within the
composites was thought to accompany the transition between the elastic and the plastic
regimes. Further work needs to be carried out to follow their evolution with elongation. While
the modulus in the glassy state was found to increase with the filler concentration, the fracture
performance was noticed to decrease with respect to both the filler concentration and the
particle size.
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