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Figure S1. Schematic of the four-ball model composed of core-shell W-CeO: structure (a) and (b) the unstructured
triangular mesh with interfacial refinement (the small balls and the big balls represent respectively CeO2 and W, and

the others represent 10 Pa vacuum).
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where i, j and k were respectively phase A, B, and C; gij, oi, and ojx were respectively the surface tensions

between phase A and phase B, phase A and phase C, phase B and phase C.
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where f(®Qa, Os, Oc) was bulk free energy density function; gs YilV®;|? (i=A, B, and C, interface gradient
free energy) was capillary term, which was a function or parameter specifying the additional free bulk
energy (il V®il?, capillary coefficient); ¢ was the parameter controlling interface thickness, which could
be chosen larger than its theoretical value without modifying the capillary properties of the interfaces

from a numerical point of view ['l.
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where t was the time; Mo was the chemical mobility related to phase field variables, which was the
parameter determine the time scale of the Cahn-Hilliard diffusion and it thereby also governed the

diffusion-related time scale for the interface; 7 could be expressed by Eq. 5(6) '],
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where i, j€(A, B, C); Yrwas defined in Eq. 5(7) [l
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Figure S2. The interpolation function int (t) used for FEM simulation.
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