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First-principles Calculation
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This study aims to construct theoretical phase diagrams based on first-principles calculations and establish
methodologies for calculating the relative stability of the desired phase compared to other phases, as well
as overcoming metastability. Previous research has revealed that the thermodynamic properties evaluated
by first-principles calculations demonstrate an accuracy comparable to experimental values. However, in
phase diagram calculations, even a slight energy difference of about 1 kJ/mol between phases can significantly
impact phase equilibrium, necessitating careful consideration of calculation conditions for constructing
accurate theoretical phase diagrams. Despite many unresolved issues in theoretical phase diagram research
centered on first-principles calculations, it has been found that thermodynamic quantities and phase equilibria
of alloys can be predicted with an accuracy comparable to experimental values through the examination
of thermodynamic effects on such calculation conditions and property quantities. This research method
allows for obtaining information on the accurate energy space (composition, temperature, etc.) of not only
stable phases but also metastable phases and their equilibrium with competing phases in any alloy system.
Therefore, it is considered possible to propose new methods for constructing phase diagrams as alternatives
to experiments and thermodynamic calculations, as well as estimating unknown phase diagrams. Additionally,
since this method allows for freely handling information on metastable phases hidden within thermo-
dynamically stable phase equilibria, it can be applied to improve alloy properties using metastable phases
and synthesize metastable phases with excellent properties. Furthermore, it is expected to enable diverse
developments, such as the application to various simulation techniques like the Monte Carlo method and
phase-field method through the formulation of complex energy spaces.
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727 ZORMTIRAURT2ERET, CulT72T%2E
RLTWS, MPRETIICUETIZS v 7 A ICHE L
TWBH, 50027y F7TIECuETH1 L1 Y —12EE
L7GP() DHEENFHRTE L. ZIhoRRKMA
HEATZ600 AT v 7 CTlE, LMo CuliTEa 5 Fiic
SETFEEENAE IS Culi AR A LD, L72wiS
M2 GP(DMEPBR SN TwEZ L bh b, 2
DT e, AHAFCCHBEEDOAZELIZL D AT
% G.P.(I) 2522 2 BURE S G.P. (ID ~#Hc Y I 1 B R
THIED, ZOARRLRBUZLORETHDZ LMWL
Ml o7z. 2O XS ITHERIRERIC X - TEHli S e
BRI, BIROARGIY ) RADEENZHETS.

500 MCS

1000 MCS

HO A7 IAY—MAEEHEEALZEYTAVEY I 2 b —
a7 (2at %Cu, 250 K).

4. ¥ & &

BB D A eI R OFH T RIIMLICS
BLTE0, FEMEOBEAMEICHYT 5 HGEED4 <
TN T A -7z, 1kI/mol of atoms O\ THI
IR & B BN 5 P IRIEI 2 E T 5 2 LIl & -
T, B b5 EHI W L2 EhoFEE, Sk
CEHEIFREE LTS 2 HIPIC B W TRHAIZIE
LWRERZE L Z e 72,



12 85— BRI 20 < PR IRRE X o 3t & a2z e W B2 BY 5 % BF 72

#OOB

ARIFFEIE BRK ML~ 7 ) 7V OB AR EHE £
BEXFTHZ>TWBELOTY. FZZIWRLES
 OFHEARERITHAL KRR A B LA Fe R L3R 1A
B 2HARSER IX&REAEH) X ofrbhi
LOTYT. ZOMWRANDBIADEL KON E H 4%
WD LB LTS, ZOWRERO I,
JSPSEHIF & 21HO1602 D Bh K & 2\ F T o E L 7=
CCICHEERLET.
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