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Coupled phase-field and molecular dynamics analysis for polycrystalline microstructure formations
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The ability to control polycrystalline microstructure formation through phase transformation,
recrystallization, and grain growth is a key to develop superior materials. In this study, we aim to
realize a large-scale quantitative prediction of polycrystalline microstructures considering
atomic-level physics by integrating the phase field (PF) and molecular dynamics (MD) methods
through a data science-based technique. Specifically, we developed a method for incorporating grain
growth observation data obtained from MD simulation into the PF model, which allowed for the
inverse analysis of grain boundary energy anisotropy (boundary inclination dependence) for pure
metal and alloy systems.
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Fig. 1 (a—c) Temporal evolutions of a circular grain shape in a aluminum bicrystal system: (a)

MD-simulated data, (b) PF variable distribution converted from (a), (c) PF variable distribution

predicted by data assimilation. (d) Grain boundary energies for each inclination estimated by

data assimilation.
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