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Multimillion-atom molecular dynamics simulations are used to investigate the deformation and failure
mechanisms of single crystal and polycrystalline yttria-stabilized tetragonal zirconia (YSTZ) under uniaxial
compression. Results show that the nanoscale plastic deformation of single crystal YSTZ has a strong
dependence on the crystallographic orientation. A direct evidence of tetragonal to monoclinic
transformation is observed when nanopillars are compressed along [101], [10-1], [011] or [01-1] directions.
Whereas dislocation nucleation and emission is found to dominate the failure process of [001]-, [110]- and
[-110]-oriented nanopillars. Interestingly, when applying loading on the [100]-, [010]-, [111]- and [112]-
oriented nanopillars, a combination of dislocation motion and tetragonal to monoclinic transformation is
detected. The dislocation-dominated deformation leads to the lowest strength for nanopillars, while phase
transformation-dominated deformation results in the highest strength.

In polycrystalline zirconia, phase transformation rather than dislocation motion is observed to be triggered
at a lower stress and consequently dominates the plastic deformation. A partial dislocation is observed to
nucleate from a grain boundary and propagate throughout the whole grain, which is finally absorbed by the
opposing grain boundary. Our simulation results suggest that the formation of this partial dislocation acts as
a splitter of large grain and plays a significant role on the rotation of grains, and it consequently promotes
the amorphous-to-crystal transition in-between neighboring grains. A decrease in Young’s modulus and
strength is revealed with the decrease of grain size, and grain boundary density is identified to be
responsible for the observed grain size-induced softening in polycrystalline YSTZ nanopillars. Furthermore,
an inverse Hall-Petch equation is constructed to describe the relationship between grain size and yield
stress for polycrystalline YSTZ nanopillar with grain size below 15 nm.
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