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Materials design of high-entropy alloys accelerated by synergistic combination
of computational thermodynamics and simulation of phase transformations
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It was logically elucidated from the CALPHAD method that the disordered
state of HEAs is macroscopically close to an ideal solution. From the cluster expansion method and
Monte Carlo simulations, we proposed that phase equilibria involving atomistic ordered structures
can exist microscopically within the solid solution. By applying machine learning to
first-principles calculations, we developed a method of searching for alloy compositions that
exhibit superior material properties. The ternary alloy systems within Cantor alloy were
investigated, and we determined the experimental phase diagram mainly for the o -phase region. A
module to calculate the grain boundary segregation in multicomponent alloys was developed. It was
clarified based on the multicomponent diffusion theory that the sluggish diffusion cannot be
explained by the high-entropy effect. We proposed a methodology for estimating material parameters
from microstructural information based on the inverse problem methods.
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