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Vacancy

G(T,p)=U—-TS—-pV

AU = €on

AV =wyn
Entropy
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Stirling-formula
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So )

59 — kg [((N 4 n)In(N +n) — NInN — ninn]

From this
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Vacancy
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Experimental determination

ansion
AV 42
v T
AV = Von
So
AHy
AV = VogNexp™ AT
Resistivity
ARxn
Heat capacity at constant p.
o (8H )
P =\ 57
oT /o

Let us take
H = HO + Cv A Hv
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where ¢y is the vacancy




Experimental determination
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After neglecting the first term
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Vacancy clusters

divacancy concentrations

L pKycs — 2K R — Kacy
dt
dc, o
— = Kjcf — Koo — Kyc
dt 1C7 2C2 4Co
AHy
Ky = ypexp AT
and
K4 ~0
then
K1C12 - K202 ~0
fo!
ﬂ = 2K 012 — 2K C12 — K301
dt
% = —Kscr, c(t)=coexp !
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Phase rule

The thermal equilibrium in phases « and beta
Ta=Tp
The mechanical equilibrium
Pa = P
Chemical equilibrium between the ith component in phases « and beta
Hia = Hip

Number of variables: ]
In each phase there are C — 1 composition variable, and T and Ep leading to

P(C+1)
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Phase rule

To =Tg =T, =.. P—1equations

Po = Pg = Py P — 1equations

P — 1equations

Hla = K13 = H1y

M2 = pl2g = p2 = ... P — lequations

HCa = Hcg = Mcy = --- P — lequations
Number of equations
CP-1)+2(P-1)=(C+2)(P-1)
Gibbs phase rule
P(C+1)
C+2

(C+2)(P-1)

2
> P
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Phase rule
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Binary systems

— TS + pV Gibbs free energy
F(T,V)==U-— TSis used

dG — dF = pdV + Vdp = (v+p6V
.

1 op
T Vap+ — 22 pvat
8p)”+ P

vV oT,

=V (1 — K) dp + BpVdT,
K

where k is the isothermal compressibility and 3 the coefficient of thermal expansion, and
dp =0.
With more than one component

dU = TdS — pdV + padNy + pgdNg,

and
dG = —S8dT + Vdp + padNg + ugdNpg.
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Binary systems

U=TS—pV + paNa+ pgNs.

G = paNa + pgNe.
Let us introduce g = G/(Na + Ng)
g =paC+ /’LB(1 - 0)7
N,
where ¢ = NATANB
One can find

is the concentration.

]
dg = —sdT + —dp + (ua — pg)de

where s = S/(Na + Ng) is the specific entropy and n = (Na + Ng)/V

From this
(739) _
o) = HA — BB
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Binary systems
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Figure: Determination of the chemical potential in a binary system using the concentration dependence of
the specific free enthalpy.
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Precipitation

gs = fg(cr) + (1 — fg(cz).
c=fcr+ (1 —f)co.

After eliminating”f

c cig(cr) — c9(c2)

o — o (g(e1) — 9(e2)) + T

gs =

gs as a function of the ¢ concentration is a line that goes through the (c1, g(¢1)) and (cz, g(c2))

g g

Gibbs free energy curves with one (a) and two (b) minimums.
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Solid-liquid

a liquid

Figure: Gibbs free energy of the liquid and the solid phase as a function of the concentration.
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Phase diagram

liquid

liquid + solid

solid

Figure: Simple phase diagram.

Volume fraction

c=feir+(1—1Fe
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Eutectic Phase diagram

Figure: Phase diagram of an eutectic material.
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