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Multi-scale modeling of nucleation induced by thermal fluctuation

Ueshima, Nobufumi
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Size dependence of solid-liquid interfacial energy of Fe was investigated
by using molecular dynamics calculation. As a result, it is found that the trend of the decrease in
interfacial energy can be explained by Tolman equation. In addition, the fluctuation was examined by

molecular dynamics calculation. When the undercooling is sufficiently large to make nucleation
interval short enough to finish calculation in a practical time, the liquid phase cannot be frozen
but becomes icosahedral. In introduction fluctuation into phase-field modeling, phenomenological
modeling was adopted. The result shows that pairs of variants which is stable in terms of elastic
strain energy was nucleated. Although the fluctuation need to be large to make nucleation happen in
practical calculation time, the nucleation interval follows classical nucleation theory.
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2(1994)279.]
BCC

(Radial
Distribution Function: RDF)

1ps 50 ps

BCC

RDF 50 ps RDF

273 A
BCC

BCC

Gibbs-Thomson

0.162 eV/atom
1772 K [Philos.
Mag.,83(2003)3977.]
Phase-Field

Phase-Field

Wang [J. Am. Ceram. Soc., 78 (1995)
657.] r t p
Phase-Field #o E(x, 1)
&(r, ¥
2kgTM
kg
T M

0p _

SF
W—— F%+§p(r,t) (D

E
Phase-Field

FCC L1,
F =Fpem + Finterface + Fstrain (2)
Finterface = Fgrad + Fbarrier (3)

Fchem + Fbarrizr

- AGc{§Z¢Z—§Z¢?+Z<Z¢%> }dr @

i
i

Fgraa = %str {Z(V(bi)z}dr ®)

1 . .
Fstrain =75 fr e e e (6)
[J.
Appl. Phys., 115 (2014) 073501.]
Ks 1.0><10" Jm*/mol
Cij FePd 12
256><256
1><1 nm’
FCC
LI, 2 Phase-Field
J
4
10abcc
50>=<50><10
2 (a)
Atomeye[Modelling Simul. Mater. Sci. Eng.,
11(2003)173.] 0 ps BCC
2500K 6 ps
Fe 1716
K(Gibbs-Thomson
) 2 ps 2 ps 1716 K
1716 K 2
ps 1716 K
( 2(a)12ps) 20

ps NPT



1716 K 0 bar

( 2(a)32ps) NPH
2 (b) 2
(a)
2 (@ (b)
0.5 ns
(a)
0 ps 12 ps 32 ps

3ns 5ns
] ut ™
3ns 5ns

1ns 6 ns

1ns

(b)

1ns

3 (a)

90,

1760
(@
85¢

= 1740}

80r

1/0 [eVIA?]

1720 L L 75 . .
0.005 0.015 0.025 0.035 0005 0015 0025 0035

1/R [1/A] 1/R [1/A]
3 (a) (b)
T 1/R
Gibbs-Thomson
Gibbs-Thomson
AT*=6/(ASyR) (7
AT ASy
R
AT®=T-T 3 (a)
o/R
3 (a)
0.011 eV/A 1769 K
1772 K

0.0109 eV/A?

3 (a)
(7
Tolman [J.
Chem. Phys., 17(1949)333.]
o/cy =1/(1+28/R) ®)
Go
& Tolman length r
1/0=1/6y +28/(54R) )
/6 1/R 3 (b)
Tolman
3(b)
Oy 1)
0.0134 eV/A? 5.84 A Tolman &
1 100 A
o) 20%
100 A

0.0128 eV/A?
100 A

30 A 0.0114 eV/ A?

10 Apce

KWN

BCC

Phase-Field




1000 steps 4000 steps 6000 steps

7000 steps 8000 steps 9000 steps
4 Phase-Field
FCC
4000 step 4000step
4000 step
4 10
J J
5
-10
-11} L4
_12 b
_§ -13
—-14}
-15}
00015 0.000175
1TK
5

log J

0

2
N. Ueshima, "Size dependence of solid-liquid
interfacial energy quantified by molecular
dynamics calculations", 2018 EMN Meeting on
Alloys and Compounds, Movenpick Hotel Berlin
at Potsdamer Platz, Berlin, 2018/6/16-20, Invited.

SIP

2016
2016/11/1-2

0

O
O

http://www.material.tohoku.ac.jp/~koso/ueshima/
index.html

M
UESHIMA, Nobufumi)
10733131

@

(€)

“4)



