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ABSTRACT

Polycrystalline ceramics are used in various appbos because of their intrinsic
advantages such as wear resistance and chemictaleis® Examples are the use of
alumina and zirconia for biomedical implants.

However, oxide ceramics are prone to Slow Crackw@ro(SCG) when exposed to
water, humid or body fluid conditions. This is ooé their major drawbacks for
demanding, long term applications. Oxide ceramims sensitive to SCG because
adsorption of water can take place at the cragKegding to a decrease of the surface
energy (i.e. crack resistance) under humid conastidhus "assisting” failure. This
process, often referred as Stress Corrosion Crgckis been first reported and
modelled for glass by Michalske and Freiman [1] vanovided an estimate of the slow
crack velocity with the load and environmental atinds. There is now a general
agreement in the ceramic community to consider ttatforegoing process also takes
place in other oxide ceramics (see e.g. Olagnah ¢2]). Current SCG models derived
from Michalske and Freiman pioneering work do ceptthe dependence of crack
velocities versus water content (RH), temperatacesiresses at the crack tip, but fail in
reflecting the effect of the microstructure, intparlar the influence of the grain size on
the crack advance.

In the present numerical study, we propose a dqasmmiof SCG within a cohesive zone
methodology. The formulation accounts for bothttiermally activated stress corrosion
at the crack tip, and the influence of the micnasiure on the crack path and the crack
velocity.

A failure reaction-rupture mechanism has been megdy Michalske and Freiman [1]
in a seminal paper that as received agreement fh@mceramic community. More
recently, Zhu et al. [3] have revisited and dethithis failure process in ab-initio
analyses. Albeit a full multi-scale description which ab-initio to molecular and
ultimately continuum would be connected, we hemppsed a cohesive surface inspired



by those contributions.

More precisely, a rate and temperature dependesariggon is adopted to mimic the
chemical reaction-rupture process underlying failproposed by Michalske and
Freiman [1]. The effect of humidity is incorporatéisrough an environment (RH)
dependent activation energy thus facilitating ttmlufe process with increasing
humidity. As the cohesive surface accounts for atrinsic length scale which
determines the condition for crack nucleation, @fedue to the initial crack tip radius
and/or the grain size on the crack growth predistican be addressed.

The parameters involved in the cohesive zone dugami for failure are derived from
available observations and adjusted to capture stoaek growth observations in
configurations corresponding to failure of alumirgngle crystals, for which
microstructure effect are not involved.

We then present simulations for a 2D polycristalwhich intergranular failure is
considered. The influence of the processing camuiti(temperature cooling due to
sintering) on the initial damage and the resporfsth® polycrystal under a constant
loading are addressed. We report results on thgeimée of the grain size and the crack
bridging on the resistance to crack propagation nwheconstant external load is
prescribed to a cracked specimen, under mode I.
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