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Construction of Theoretical Phase Diagram Based
on First-principles Calculation

and Study on Metastable Substance Formation | ‘
KA WE 7 xm—

Hiroshi OHTANT*

The purpose of this study is to construct a theoretical phase diagram based on the first-principles calculation,
and to establish a technique to calculate the relative stability which the objective phase has for other phases
as well as to obtain a methodology to overcome the metastability. By the research until now, it was clarified
that the thermodynamic properties evaluated by the first-principles calculation showed the accuracy which is
comparable to the experimental values. In the phase diagram calculation, however, it has been found that the
phase equilibrium is significantly affected only by around 1 kJ/mol of energy-difference between each phase,
and the calculation needs to be sufficiently examined for the construction of an accurate theoretical phase
diagram. In this fiscal year, when all calculation conditions in the calculation technique until now were
reexamined from the beginning, it was proven that overlooking on the technique and reconsideration of the
calculation conditions were necessary in some points. In particular, the large effect on the phase equilibrium
is attributed to the lattice vibration in the cluster expansion and variational methods of solid solutions. Therefore,
a new method has been developed to calculate the free energy of the solid solution by incorporating the
contribution of the vibrational energy into the cluster expansion and variational method, and the effectiveness
of the vibrational entropy into the solid solution of the Fe-Si binary system was incorporated. As a result, the
solid-liquid equilibrium temperature, which has been expanding to high temperatures, was greatly reduced,
and the comparable theoretical phase diagram with experimental phase boundaries was obtained. Thus, it is
found that consideration of the vibrational entropy is necessary especially in the solid solution of alloy systems
with large interatomic interactions. In addition, it is necessary to establish a detection method of the solid
solution range of the compound at high temperature, and to examine the origin of the difference and detailed
comparison with the thermodynamic property values of each phase.
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