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DETERMINATION OF 3D FIBER ORIENTATIONS IN REINFORCED THERMOPLASTICS,
USING SCANNING ELECTRON MICROSCOPY

Luc Avérous, jean C. Quantin, Dominique Lafon, Alain Crespy

Ecole des Mines d‘Ales, Laboratoire matrices-matériaux minéraux et
organiques, 6 avenue de clavieres, 30319 Ales, France

ABSTRACT

This paper describes techniques allowing the determination of three-dimensional
orientations of fillers, in fiberglass reinforced thermoplastics, using scanning
electron microscopy. To measure orientation angles (in-plane and inclination
angles), it's necessary to individualize each particle. Segmentation operations are
done by watershed on a filtered distance function. Two sectioned surfaces with
different section angles must be studied, to construct the total 3D orientation
distributions. A good representation of results is given by density stereographic
projection, that offers very synthetic informations.
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INTRODUCTION

Fiberglass reinforced thermoplastics are increasingly used in a great number of
applications. Fibers bring to the thermoplastic matrix, better mechanical
properties like stiffness, impact resistance, etc...
Properties of such materials depend strongly on microtextural characteristics
(Guild and Summerscales, 1993; Avérous et al., 1994) such as fiber orientations. So,
using image analysis, we investigate fibers orientation distributions, in order
later to establish correlations with macroscopic properties.

When material is sectioned and the surface polished, the elliptical mark of the
fiber is used to determine the orientation Euler angles (¢in-plane angle and 6
inclination angle) (see Fig. 2).

In the last decade, some authors have followed similar approaches. Using
reflection microscopy: Fischer and Eyerer (1988), Toll and Andersson (1991),
O'Connell and Duckett (1991), Hine et al. (1993) developed processes of orientation
determinations. But, for the same ellipse we get two possible orientation angles.
And, these approaches do not manage totally the problem of ambiguity of 180° on
¢ determination.
To the authors’ knowledge, only Archenhold, Clarke and Davidson (1992; 1993),
using a confocal scanning laser microscope, propose a process allowing to
determine real three-dimensional orientations. Unfortunately, this type of
instrument is until now, expensive and not very usual.

We propose, using a scanning electron microscopy (S.E.M.), to get the same kind of
characterizations.












