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Grand Potential Model

@ For KKS model, for liquid-solid two-phase system, the concentration is
¢ = h(@)es + [1 - h(d)]e
the local(bulk) free energy is
fioc(d,¢,T) = h(¢) fs(cs, T) + [1 = h(9)] filer, T) + Wyg()

where ¢, and ¢; are concentrations of solid and liquid phases.
@ Under the equilibrium,

of, _ofi
808 801
@ The gradient energy is given by
fgrad V¢ *|V¢‘
@ The free energy density is

f(d)v Vo,c, T) = floc(¢a Cs, C, T) =+ fgrad (V(ﬁ) NE
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Grand Potential Model

@ The free energy density is

F:/Vf(¢>,v¢,c,T)dV

@ The evolution of the material is modeled in terms of derivatives of the
grand potential € rather than the Gibbs free energy F,

W(M7 1% va T) = wloc(ﬂs; i, Tﬁ, T) + wgrad(vw)

0= / (s 1, 1, Vb, T)AV

where wgrad(V)) is identical to fgrad(V¢) for the KKS model.
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Grand Potential Model

@ The grand potential density is

Wioc (ftss i, ¥ T) = h(W)ws(ps, T) + [1 = ()] wi(pu, T) + Wg(e)

with
_ 5f|oc _ 6f|oc
i de; Hs 5cs
B dwioc _ 5f|oc

Cl =

Co =
dpuy 3 Ofbs
and for solution, we have
oF 6
= — c

=5 op
The grand potential densities ws and w; are obtained from Legendre
transforms of the free energy densities fs and f;.
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Grand Potential Model

@ The relation between the two potentials is given by
w=f—puc
and
Q=F-— /,uch
or
F=Q+ /,uch (1)
e With assumption ¢ = 1,
0 _0wo po _0 ond
dp 0O  0pou 0P O0pOu

o Consistently,
0 0 o 0

Ve OV | oveou NE
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Grand Potential Model

@ Proceed to

0w o dw
56 9 oV

o okds] o [ O , o o
Loy 99 op OVYy | OV o
IR PO VR
a0V ave "aean {aw au]

0 Opdw v.[ﬁ,u 8&1]

"5 Taeon " |oveon
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Grand Potential Model

e With Eq.1,
oF _
5o
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Grand Potential Model

@ We have assumed no gradient of u in w, so that

i _ o
S Ou

@ The Ginzburg-Landau Equation is

foler oF
ot~ M5
is identical to o0 50
o= M5y
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Grand Potential Model

@ The solute can be obtained by

dc _ 0c 0y dcop
ot Oy ot Ou ot
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Grand Potential Model

@ The free energy is
fs=(cs —0.25)%  fy=(c—0.75)> +0.1¢

then

_afs_2cs—0.5 m:%

= = =2c—14
s 865 Cy “

so
ws(cs) = fs — pscs = 0.625 — 2 wi(e) = fi — e = 0.5625 — ¢

and
cs = 0.5us + 0.25 c; =0.5u;+0.7

@ Under the equilibrium, u = pus = p;, we have
cs = 0.5 +0.25 ¢ =05u+0.7 (%ﬂ
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Grand Potential Model

@ Therefore, the grand potentials are given by
ws(cs) = 0.625 — ¢2 = —0.25u — 0.254°

wi(cr) = 0.5625 — ¢ = 0.0725 — 0.7u — 0.25°

@ Under the equilibrium,
ws(es) = wiler)

then
—0.251 — 0.251% = 0.0725 — 0.7 — 0.254>

then we have
fe = 0.16111
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Grand Potential Model

o Introduce
h(¢) = 3¢* — 2¢°
and with Eq. 2
¢ =csh(¢) + a[1 — h(9)]
= 0.5u + 0.7 — 0.45 x (3¢ — 2¢°)
= 0.7+ 0.9¢ — 1.35¢> 4+ 0.5

and the chemical potential

p=—1.8p3+2.7¢% — 1.4+ 2¢c
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