
Experiment title:
3-D tomographic analysis of the
SiC reinforcement distribution in
an Al matrix composite
fabricated by rheocasting.

Experiment
number:
ME216

Beamline:
ID19

Date of experiment:
from: 13.04.2001  to: 14.04.2001

Date of report:

Shifts:
3

Local contact(s):
 E. Boller

received at ESRF:

Names and affiliations of applicants (* indicates experimentalists):
Francisco BRAZ FERNANDES*
Alexandre VELHINHO*
Rui MARTINS *

CENIMAT, Faculdade de Ciências e Tecnologia, Universidade Nova
de Lisboa

REPORT

The present report refers to an experiment that took place at the ID19 beamline, aiming at the elucidation
of some aspects regarding particle distribution in SiC particle-reinforced functionally graded aluminium
composites. Additionally, it is hoped to shed some light on the wetting characteristics of the composite
constituents, by examining the relationships between the ceramic particles and the porosity present in the
material.

The composites, prepared from an AS7G03 (Al 7 Si 0,3 Mg) alloy and SiC particles (with two different
sizes, namely 120 µm in one case and 35 µm in the other), were produced by rheocasting in CENIMAT
(Universidade Nova de Lisboa – Faculdade de Ciências e Tecnologia). The material thus produced was
then molten and centrifugally cast in the Mechanical Engineering Department (Universidade do Minho,
Escola de Engenharia), in order to obtain the functionally graded composites. Details of both processes
are available elsewhere [1-3].
From these FGM’s, cylindrical samples, around 1 mm in diameter, were machined by EDM. The axis of
each sample was parallel to the direction of the functional gradient. The original positions of the samples
defined a regular grid.
From each sample several Regions Of Interest (ROI) were scanned, as illustrated in Figure 1. In total, 9
samples, summing up to 36 ROI, were analysed during the course of the experiment.
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Figure 1 – Schematic representation of the functionally graded
composite samples studied in the experiment. Each sample was
obtained by EDM machining of a centrifugally-cast composite. From
each, several tomographs were registered, regarding regions of interest
at 2, 7, 13 and 25 mm of the top (SiC-rich) surface.

The beam energy used was 20 keV, using a multilayer as monochromator. The sample was placed at 100
mm from the detector, a FRELON 1024*1024 CCD camera. This distance gave access to edge detection
mode to be able to enhance contrast between SiC particles and aluminium matrix. Pixel size was 0.95 µm.
The results obtained suffered from little absorption contrast between the aluminium matrix and the SiC
reinforcing particles. This feature caused some delay in the interpretation of results, since the



achievement of proper image segmentation was not immediate The problem is currently achieving  its
resolution stage, through a collaboration developed with a research team from Laboratoire des
Composites Thermostructuraux (CNRS-SNECMA-CEA-Université de Bordeaux I) and GEMPPM
(CNRS-INSA de Lyon), to experiment with previously tested segmentation methods[4].
Figure 2 shows an example of the raw results obtained, while Figure 3 shows some preliminary results,
where image segmentation allows separation of the matrix, the reinforcing particles and the voids present
in the material. In the near future, the study will focus in the interactions between these three constituents,
in order to elucidate whether the wetting of SiC particles by the matrix is satisfactory.

Figure 2 – Slice images from regions
located 2 mm from the surface of a
composite reinforced with 120 µm SiC
particles. Porosity is easily observed, but
the SiC particles are almost
undistinguishable from the Al matrix.
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Figure 3 – Sequence of images illustrating the results of the segmentation procedure employed:
a) original image; b) voids and reinforcing particles; c) voids only; d) reinforcing particles only.
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