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Abstract

Shear localization in metallic glasses (MGs) critically limits their mechanical
performance. Bulk metallic glasses (BMGs) typically deform via highly localized shear
bands, often exhibiting serrated flow, while nanoglasses (NGs), composed of glassy
grains connected by softer interfaces, offer a promising strategy to mitigate catastrophic
failure. In this work, we integrate in situ thermal imaging experiments and mesoscale
kinetic Monte Carlo (kMC) simulations to elucidate the spatiotemporal evolution of
shear bands in BMGs and NGs. For BMGs, synchronized correlations between stress
drops and transient heat bursts reveal that serrations originate from coupled structural
and thermal softening during shear band nucleation and reactivation. A modified KMC
model incorporating heat diffusion successfully reproduces this behavior. For NGs, we
develop a novel mesoscale KMC framework with a variable characteristic strain (VCS)
to capture grain size effects. Simulations reveal a transition from inhomogeneous to
homogeneous deformation as grain size decreases to ~10 nm, where interfaces guide
early shear transformation zone (STZ) activities and hinder the formation of dominant
shear bands. Progressive reduction of elastic constants further reproduces experimentally
observed brittle-to-ductile transitions. The combined findings provide a unified, multi-
scale understanding of shear localization mechanisms in amorphous alloys and offer
design guidelines for tailoring NG microstructures to enhance shear resistance.



