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Metallic glass is a quasi-brittle material with little plasticity in monolithic state on
continuum scale but tremendous local deformation/plasticity in nano- and micron-scales.
One of the remedies to enhance the macroscopic plastic and toughness is to introduce
various heterogeneities that are expected to alter the local shear banding. However, these
attempts have led to limited and mixed effects. In this talk, I will present a systematic
investigation of heterogeneities and how they affect mechanical properties. We first define
two “heterogeneities”: one is the statistical heterogeneity such as the free volume statistical
distribution and the other the spatial distribution, or patterning of the heterogeneity. I will
then show that the mechanical properties, namely, strength and plasticity, are affected
simultaneously by these two statistical distributions by the length scale changes. For
example, for the spatially homogeneous distributed heterogeneity, metallic glasses can be
toughened and even “hardened” when the statistical distribution is heterogeneous; but not
the other way around. This leads to the concept of “spatial patterning of heterogeneity”
and exploration of the optimal patterns that can enhance strength and toughness. | will
discuss our efforts in designing different “patterns” and testing how effective they are in
alter mechanical properties. | shall use nanoglass (NG) as an example. NG is an emerging
idea utilizing nanoscale constraints to alter mechanical properties. Our work shows that the
working mechanism of NG is closely related to the “spatial patterning of heterogeneity”
that could have remarkable mechanical properties if proper length scales of the
heterogeneities are organized and function synchronously.
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