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We have been attempting a synthesized study of phase stability, phase euilibria and
phase transition from the first-principles. The theoretical tools employed are FLAPW
electronic structure calculations, Cluster Variation Method (CVM), Path Probability Method
(PPM) and Phase Field Method (PFM), and particular focus is placed on Fe-Ni, -Pd and —Pt
alloy systems. Spin polarized calculations correctly predict the stability of phases appeared
or disappeared in each system, whereas non-polarized calculations destabilize all the
ordered phases appeared in the conventional phase diagram. This indicates the importance
of magnetism in the stability of Fe-based alloys. L10-disorder phase boundaries are
reproduced with high accuracy for Fe-Pd and Fe-Pt systems, while even for Fe-Ni system
the present first-principles calculation implies the appearance of the L10 ordered phase.
Furthermore, the calculation of the Coefficient of Thermal Expansion provides a clue to
understand the invar property which is a characteristic feature of Fe-Ni system.

The extension of the present first-principles study has been attempted to time domain.
For this, by combining CVM with PFM, temporal evolution process of antiphase domains
associated with L10 ordering process is calculated. Although spatial scale and
crystallographic orientation are uniquely fixed, assigning an absolute time scale is left for the
future work. The author believes Path Probability Method will play an important role in the
determination of the time scale.
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