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Theoretical design of superalloys by a quantitative modelling based on first
principles calculations
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In the present study, the thermodynamic properties of binary alloys for
high temperature are evaluated. In order to obtain quantitatively accurate results, the results of
first-principles calculations are mapped onto the fcc lattice using the renormalization technique,
which can overcome some shortcomings of lattice-gas models such as neglecting vibrational entropy as

well as local distortion. The fundamental idea of the scheme is making a new (renormalized)
potential function for discretized space without changing the value of the partition function for
continuous space. We show that the renormalized potential gives quantitative thermodynamic
properties by using the scheme in Ni-based alloys.

While, the phase stability of bcc and hcp binary titanium alloys Ti-X (X = Mo, Nb, Al, and Zr)
are also theoretically evaluated using first-principles calculations and a Debye model. The results
are compared with the conventional CALPHAD data.
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