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In this paper a combined experimental and computational study of the deformation and fracture of
microcantilever specimens made of chromium(rhenium)-alumina Metal-Matrix Composite (MMC)
is presented, with a particular focus on the failure properties of the metal-ceramic interfaces [1].

In two-phase ductile-brittle materials reinforced with ceramic particles, the interface between the
matrix and the reinforcement plays a dominant role in the overall material response to mechanical
loading. Hence, the interfacial strength and fracture toughness are among the factors of primary
importance in producing stronger and tougher MMCs. Micromechanical testing techniques are
being more and more used to investigate the mechanical properties at the microscale, which are of
primary importance for modeling. However, determination of both the interfacial strength and
fracture toughness is still a challenging task. In this research we attempt to solve the problem in
question by proposing an inverse numerical analysis of the results from micromechanical tests to
infer the properties at the microscale. More specifically the micro force-displacement curves and
deformation patterns from the bending tests are used as input data in the finite element model
predicting the micro specimen behavior with a sufficient accuracy. The most essential outcome of
this model is an estimation of the cohesive strength and fracture energy of the interface.

In general terms this work contributes to a better understanding of the local deformation and
fracture behavior of Cr(Re)/AI1203 MMC manufactured by powder metallurgy. The specific targets
achieved encompass: (i) in-situ experimental identification of the deformation and failure modes of
the FIB-milled micro cantilevers loaded by a nanoindenter, and (ii) numerical simulation of the
bending experiments to predict the cohesive strength and fracture energy of the interface between
AI203 particles and Cr(Re) matrix on the microscale.

It is shown that the dominant fracture mode of the chromium(rhenium)-alumina composite under
investigation is brittle interfacial mixed-mode cracking that is quite sensitive to the amount of
ceramic reinforcement in cross-sections near the specimen's fixed end. Interestingly, higher
maximum forces are exhibited by specimens with more Cr(Re)/AI203 interfaces in that region. An
extensive parametric study demonstrates that the cohesive strength and fracture energy of the
interface are estimated to be 0.63 MPa and 50 J/m2, respectively.
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