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In-situ TEM on interfacial phase transition during shear-mediated grain boundary
migration
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Grain boundary (GB), as the most common interfacial structure in polycrystalline materials, plays a vital
role in mediating the microstructural evolution of materials during plastic deformation [1]. Although the
GB network evolution during plasticity of polycrystalline materials has been wildly reported in the past
[2], direct experimental observations on its dynamic evolution process at the atomic scale are rare. One
typical mechanism that accommodates the GB network evolution is the GB phase transformation or GB
complexion transition [3], which includes GB structural transformation, facet transformation, and
dissociation. However, the previous studies on GB phase transformation have mainly focused on the
thermodynamics, e.g. the equilibrium GB structures under certain thermodynamic conditions, not much
has been done regarding the kinetics, e.g. the dynamic transformation process. Therefore, exploring the
dynamic process and underlying atomistic mechanisms of GB phase transformation would be urgently
needed to advance the methodology of GB engineering.

In this contribution, we fabricated gold nano bicrystals with two kinds of < 110 > tilt faceted asymmetrical
GBs, i.e., (002)/(111) + (-1-11)/(002) facets (Figure 1a) and (002)/(111) + (111)/(11-1) facets (Figure
1b), inside transmission electron microscopy via our in-situ nano-welding technique. Note that
(002)/(111) GB/facet is an incommensurate GB with a theoretical misorientation angle of 54.74° and is a
common facet of <110 > tilt 11 ATGB in FCC metals [4]. We then investigate the atomistic mechanisms
of GB phase transformation during the stress-driven GB migration at these two types of faceted GBs. We
find that the (002)/(111) facets in both faceted GBs would undergo phase transformation into the 11
(113) symmetrical tilt GB, although the underlying atomistic mechanisms are different. This work
provides the first insights into the atomistic mechanisms of GB dynamic phase transformation for the
migration of high angle asymmetrical tilt GBs and its contribution to the plasticity and microstructural
evolution of polycrystalline materials with complex GBs.
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Figure 1. HRTEM images and schematic illustrations showing the two types of faceted asymmetrical GB
in the fabricated bicrystals. (a) Type 1 GB consisting of (002)/(111) + (-1-11)/(002) facets, (b) type 2 GB
consisting of (002)/(111) + (111)/(11-1) facets. Scale bar, 2nm.
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