E—REII-ZA1—ILFE
First-principles phase field method
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Au—Ag dealloying Solidification of Al-Si—Mg alloy

Thin Solid Films, 515, 7122 (2007)
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Space i
10nm~1um .
\-z 1 sec~1 hour
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. 10 ps~100 ms
100 ps~1 ps

PRSY=YEP ) 1 fs~10 ps
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9 5 A3 —RREi% (Cluster expansion method)

J. W. D. Connolly and A. R. Williams, Phys. Rev. B 27, 5169 (1983).
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K. Terakura, T. Oguchi, T. Mohri, and K. Watanabe, Phys. Rev. B 35, 2169 (198])‘.

S. Masatsuji, Y. Misumi, S. Ishii, and K. Ohno, Mater. Trans. 49, 2424 (2008).

Fe,Pt,, O<sn+m=<4  e.g,Fey FePt,, Pt

-~ {+1 Atom Fe

§i(0), i=1,2,..N S = =0 Vacancy
-1 Atom Pt
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Cluster expansion with vacancies for FePt alloys

Feq Y —-395.68
Fe,Pt, L —-35.16
Fe.Pt, & -33.95
FePt, & -31.48
Pt, V4 —-27.94
Vac;Fe; o -4.46

Vac,Pt, « —-2.44

VacFe, .,-.{.;, -24.22

Vac,Fe,Pt; L : —-24.07
y

Vac,FePt, /15 | -23.00
~0

Vac,Pt, _1» | -21.35
O

Vac,Fe, 1y | -1357

Vac,Fe Pt & .j -13.24

Vac,Pt, ° -11.44

Using Potential Renormalization at T = 1650 K
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Order Parameter

FePt BEDIA—(FEYTHINAYIAL—Y3Y)
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Temperature, 77K

T2 v )ViEDA R

NTUIYIVIRIVE— »  PBEFEBRIXIE-—
ff exp _U(rn,....ry) dr,---dr, = E exp _F(S),...,5y)
kBT Spyeen Sy kBT
B A B BFADSOTNE
$EDIAH . IEFEH = S
SDEREOBEHRE — 20009

Z Trace C;HET D BEH

=
()
CuAu (FCC model) .
e ©
- Si (BCC model) s
—e— renormalized potential @
1000} —o— original potential @
v experimental values 2
800r- ? = 60-
m ‘
400} 5}
200+
T T y T T T 7
(()) 0 02 04 06 03 1.0 i & .
Cu : ’ ‘ ’ An lattice constant (A )

K. Ohno, K. Esfarjani, and Y. Kawazoe, “Computational Materials Science: From Ab Initio
to Monte Carlo Methods”, Second Edition (Springer-Verlag, Berlin, 2018) pp.1-427.
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EULT,

FILNEFDZERLOD Trace &ED

AE; = E(r,)- E(R), j=Feor Pt

= —logZC Eexp-— AE,

C . = concentration ratio

J
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Rm+1 Rm+2

Rm+4 Rm+3

Y. Misumi, S. Masatsuiji, R. Sahara, S. Ishii, and K. Ohno, J. Chem. Phys. 128, 234702 (2008).
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A first-principles phase field method for
quantitatively predicting multi-composition phase
separation without thermodynamic emplrlcal
parameter

T

Swastibrata Bhattacharyya® ', Ryoji Sahara? & Kaoru Ohno® '
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& DR FEIS \5 ELC \@ el
To design tailored materials, it is highly desirable to predict microstructures of alloys without v

empirical parameter. Phase field models (PFMs) rely on parameters adjusted to matcl
experimental information, while first-principles methods cannot directly treat the typica

|

s AA
length scale of 10 pm. Combining density functional theory, cluster expansion theory anc NI-A|E€|’$
potential renormalization theory, we derive the free energy as a function of compositions and

construct a parameter-free PFM, which can predict microstructures in high-temperature
regions of alloy phase diagrams. Applying this method to Ni-Al alloys at 1027 °C, we succeed
in reproducing evolution of microstructures as a function of only compositions without

20
thermodynamic empirical parameter. The resulting patterns including cuboidal shaped pre-
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Pipeline Pilot BEjfx A0 IV

Software: Pipeline Pilot (0S), Materials Studio, CASTEP

Functional: DFT GGA, cluster expansion theory, potential renormalization theory
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