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Binder-Stauffer
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lllustration of precipitation

n x

Initial state

“1 X

H(dilution limit)
=k, In(x)
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Final state

H = H(n - cluster)
S = kg In(x)
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Calculation details

& ab initio Code:vienna Ab-initio Simulation Package

€ Plane wave, Ultra soft pseudo-potential, GGA, and
spin polarized

& Fe-Cu system

€ Strain energy
@ bcc-Fe 2.867A

composition (x)

Energy [eV]

4 bcc-Cu 2.900A Q9000
€9 0.02eV/atom : : : : :
@ Neglect. / ::::: :::::
Cluster ener 0000

* 49 Replace sg:lne Fe with Cu. : : : : :

4 Include Cu-Cu bonds and n=3 54 or 128 atoms

Cu-Fe interface bonds.

a=2.867A

Kyato Universty
New Materials Science

Department of Materials Science and Engineering, Kyoto University



Cluster energy

Initial state Final state
QeI XX
Q0P O CEEE XXX
Q90099 P9 O XX
_‘QQC__.QQ._’ Q00000
QeI Q0PP0PP O
QP09 O Q0P P0PP O
Q0PI Q09990990
‘I'Xrrxrxxrxr, ‘' X'IXrxrxrrx.

m Enthalpy change should be measured from dilution
limit.
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Cluster free energy

2_

i Entropy ASV = kB(n — 1) lnx
1 Do Free energy
0‘..|..m.|....q>?...|....

) 5 |

_: SWEL..TO

Energy [eV]

g . n* =13
Fujita’s: dilenmsmesv

) 4_: o > Cluster energy

1 AH, +Hg = An +Bn*"”

m Entropy term is estimated at 1.4at%Cu, 773K.
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Basic idea

Classical treatment New treatment
Hy ocn?/3
“TAS,
% % AG
AGV xXn AH vt H S
AG(n) = AGv + Hs ASv ~ kg(n-1) In(x)

= AHv- T ASv + Hs T. Kamijo and H. Fukutomi,
=(AHv + Hs)- T ASv Phil. Mag. A, 48(1983), 685.
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Driving force

AH
0.17
‘S 0.054
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©
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New grouping of energies

Free energy

New Materials Science Department of Materials Science and Engineering, Kyoto University



" A
Basic idea

Classical treatment New treatment
Hy ocn?/3
“TAS,
% % AG
AGV xXn AH vt H S
AG(n) = AGv + Hs ASv ~ kg(n-1) In(x)

= AHv- T ASv + Hs T. Kamijo and H. Fukutomi,
=(AHv + Hs)- T ASv Phil. Mag. A, 48(1983), 685.

Kyato Universty
New Materials Science

Department of Materials Science and Engineering, Kyoto University



Cluster configurations
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Cluster energy (n =9)

=2.97 eV

E =2.35eV E

cluster cluster

411y=0.38 J/m?

E
E 001,=0-60 J/m?
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Compare (Phase diagram)
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