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ABSTRACT

An innovative melt-infiltrated metal-ceramic material is made of an eutectic aluminium-silicium alloy
(Al12Si) metal matrix embedded by squeeze-casting into a porous alumina (Al2O3) ceramic matrix.
The microstructure of the material obtained presents some lamellar-like domains with geometrical cha-
racteristics which are dependent on the manufacturing parameters.

Fig. 1: Polarized light microscopy micrograph of the typical microstructure of interpenetrated
metal-ceramic composites and two phase single domain.

Fig. 1 shows a typical microstructure of the specimen. The aluminium inclusions (in white) are local
oriented in the same direction and form domains with the same inclusions orientation. These inclusions
appear as elliptical cylinders extruded in the freeze casting direction, i.e. perpendicular to the (x1, x3)
plane. The aim of our study is to find a good micromechanical model in order to deduce the mechanical
properties of the single domains and of the whole material as a function of the microstructural geometry
and the material parameters of alumina and aluminium. Firstly, the statistical analysis of polarized light



microscopy micrographs of the cross section of the specimen were performed. Domains with the same
inclusions orientation, so-called single domains or semi-crystals were detected, selected and measured.
These statistical data were used for microstructure modeling. The material modeling was performed by
a two-step homogenization procedure using a combination of different micromechanical models (Fig.
2). Predicted material properties were compared with ultrasonic measurements [2] for a single domain
and for the whole microstructure.

Fig. 2: Micromechanical models used.

For one single domain the inverse Mori-Tanaka method (M-T)gives the best results in comparison to the
values resulting from ultrasonic measurements. A relatively large number of all possible combinations
of both homogenization steps gives good results. The best one, however, seems to be the association
of the exact solution for laminates associated to the Reuss approximation. In our approximation, the
inclusions are modeled as perfect cylinders and microstructural changes in the freeze casting direction
are not taken into account, but the real microstructure is not so ideal and calculated stiffness in the
freeze casting direction (C2222) is unfairly over-estimated.
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