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The metal-ceramic composites are advanced structural materials which have wide range of
industrial applications in, for instance, aerospace, automotive, and energy sectors. The metal-
ceramic composites are being often used in harsh environments characterized by severe
thermomechanical loading and chemical aggression. Under such conditions, fracture is one of the

main failure modes which needs to be well understood.

Both experimental and numerical works are available in the literature regarding the fracture
behavior of different metal-ceramic composites. For instance, the fracture mechanisms in the Cu-
ALO3, Al-AO3, and Al-SiC composites are studied in [1] using three-point bending tests. Finite
element modeling is used, for instance in [1-3], to study the fracture mechanisms taking place at
the vicinity of the crack tip in metal-ceramic composites with consideration of the real
microstructure. However, these finite element models belong to the discrete approaches which

have the drawback of huge computational costs.

In order to overcome the computational limitation of the discrete approaches, a homogenized
phase-field model is used in this work to simulate the fracture in the chromium-alumina metal-
ceramic particulate composites fabricated by powder metallurgy, and to predict their fracture
toughness. Composites with different reinforcement volume fractions and the matrix material grain
sizes are considered. To reduce the computational tasks, the composites are modeled as
homogeneous isotropic materials whose elastic properties are calculated by the rule of mixture. A
novel approach is proposed to determine the phase-field length scale parameter by measuring the

process zone length at the vicinity of the crack tip through the microscale observations of the
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fracture surfaces. It is found that the reinforcement volume fraction does not considerably change
the fracture length scale. However, the composites with bigger chromium grains have a wider

process zonc.

A staggered finite element solution scheme based on the model presented in [4] is used to solve
the phase-field equations. In order to validate the numerical results, fracture experiments are
conducted on the single-edge V-notched beams under four-point bending. The predicted values of
fracture toughness by the homogenized phase-field model are in excellent agreement with those
obtained from the experiments. It can thus be concluded that a physically meaningful phase-field

length scale parameter can be obtained from direct measurements at the vicinity of the crack tip.
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