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Equilibrium State from Chemical Potentials vs Composition

@ For a single phase solid solution, the schematic chemical potential
curve is given as belows:

pe(zg) = zapy + epg’
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Equilibrium State from Chemical Potentials vs Composition

@ Throughout the whole composition range at Tj, the homogeneous
solid solution (ss) phase is the stable equilibrium state, and the liquid
phase is not stable.

@ In addition, the chemical potential curve of the solid has a positive

curvature,
82 s
(’é >0
Org Tp

which implies that the homogeneous solid solution (ss) state is
intrinsically stable through the whole composition range, and any
two-phase mixture has a higher chemical potential than a
homogeneous solution.
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Equilibrium State from Chemical Potentials vs Composition

@ The chemical potential curve of solid solution o shows a double-well
shape with both positive and negative curvature regions as a function

of composition:
B o
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Equilibrium State from Chemical Potentials vs Composition

@ In previous slide,

82,LLS s s
92 >0 0<zp <zp g <z <1
T
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7p

@ When
a/ s/ s// a//
B <IL‘B<1’B B <$B<$B

the solid solution is metastable.
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Equilibrium State from Chemical Potentials vs Composition

@ When liquid-solid are under the equilibrium within certain region
Ty < g < Th
and solid and liquid are equilibrium phases

g < xg(solid) xg > zh(liquid)

33 ss+ls Is
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Equilibrium State from Chemical Potentials vs Composition

@ The composition is within region (between red arrows)
Ty < xp < rh

we have

which is left y-intersect,

which is right y-intersect.

@ It means that within two phase region, the concentration of solid and
liquid are fixed, respectively. For example, when

i (28) = pg (k)

the solid phase concentration is always o3 and that of liquid is &, on
the other hand the phase fraction of liquid increases as zg increases, MIE
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Equilibrium State from Chemical Potentials vs Composition

@ When « phase-f3 phase are under the equilibrium within certain region

g < xg < xg

and liquid is not an equilibrium phase at temperature T = Ty. We
expect that when temperature increases, the system will achieve
eutectic equilibrium, which will be discussed later.
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Equilibrium State from Chemical Potentials vs Composition

@ When « phase and liquid coexist
zg < 2 < of
a phase, liquid, 8 phase coexist
T = rf

[ phase and liquid phase coexist
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Equilibrium State from Chemical Potentials vs Composition

@ When the temperature is higher than eutectic temperature T,
-
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Equilibrium State from Chemical Potentials vs Composition

@ When « phase and liquid phase (xlé) coexist
13 < g < Th

then liquid region occurs, and the concentration of liquid increases as
TR increases.
ll l//
rg < TR < Tg

when xg increases more, liquid phase (a:l“) and 3 phase (:z:g) coexist.

"
ol < zg <
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Equilibrium State from Chemical Potentials vs Composition

@ When mutual solubility of A and B of solid phase is negligible, the
typical phase diagram is shown as belows:

A
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Equilibrium State from Chemical Potentials vs Composition

o At xg = z1, as temperature increases,
A+B—A+I1(z5) > A+i(ag) — I(at)
o At zg = 2L, as temperature increases,
A+B—A+B+I(ag) = I(25)
1

e At xg = xg', as temperature increases,

A+B—B+I(z5) - B+i(zg) = I(zf)
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Equilibrium State from Chemical Potentials vs Composition

@ Both the liquid and solid states exhibit homogeneous solutions in
which A and B are completely mutually soluble.

@ Upon heating of a A-B solid solution from low temperature, the
evolution sequence of equilibrium states at l‘IB is

ss(xé) — ss(a:IB) + ls(xlB) — ss(xg) + ls(xlB) — ls(xé)
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Equilibrium State from Chemical Potentials vs Composition

@ The eutectic diagram with limited solubility between two solids. When
A-B mutual solubility is not negligible, for example at T' = T, 3, the

solubility of B in A is xIB.
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Equilibrium State from Chemical Potentials vs Composition

@ The eutectic diagram with limited solubility between two solids. When
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Equilibrium State from Chemical Potentials vs Composition

o At zl, temperature is T,,5 and increases very slowly, the equilibrium
states are

a+ 8 — oz(:vIB) + B(xga) — oz(xIB) — oz(xIB) + l(xlBa)
— a(a:%l) + l(:UIB) — l(xIB)
e At ;vg, when temperature is below then T and increases very slowly,
the equilibrium states are

a+ 6 — oz(:c%E) —l—ﬂ(xgE) — l(x%E)

e At xIBI, temperature is T, 3 and increases very slowly, the equilibrium
states are

a+ = a(2g?) + B(ag") = U(«f) + B(2g")
— 1(zf)) + B(xg) = U(=)
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