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Data science-assisted mesoscale microstructural prediction method for developing
high-performance materials via grain boundary engineering
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To achieve a quantitative prediction of grain boundary network evolution
during annealing processes, this study presented a trans-scale analysis method that quantitatively
integrates atomic-scale simulations with continuum-scale phase-field simulations through data
assimilation. The present method enabled anisotropic (inclination-dependent) grain boundary
properties, which are difficult to measure experimentally, to be efficiently estimated for various
types of grain boundary structures, establishing a promising basis for highly accurate precision of
annealing phenomena. Furthermore, we developed a novel phase-field model capable of representing the

properties of grain boundary multi-junctions and realized the evaluation of the multi-junction
properties through data assimilation.
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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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Fig. 2 MD annealing simulation for a Cu polycrystalline system: (a) initial state (time = 0), (b) = 1250
ps, (c) t=2500 ps.
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Fig. 3 MPF simulation of triple-junction motion in a tricrystal system: (a) initial state, (b, c) steady
states for the conditions of (b) infinite triple-junction mobility zrs = 1 and (c) finite triple-junction
mobility zerg = 0.01.
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Fig. 4 Snapshots of the MPF grain growth simulation used as the synthetic observation data for twin
experiment: (a) initial state (time ¢ = 0), (b) # = 12000A¢, (c) ¢ = 24000A¢.
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Fig. 5 Temporal variations in the estimated values of triple-junction mobility sy and grain-boundary

mobility ugs. Solid lines with different colors indicate the results for different triple junctions or grain

boundaries.
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