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Electrochemical Potentials of Components in a Solution

@ The electrochemcial potential of B, u‘é(r), in the presence of an
electric potential ¢(r) is given by

p(r) = 1B(r) + RT I wg(r) + 2876(r)

where zg(7) is the composition of B in the presence of the electric
potential, zg is the valence of charged species B, and F is Faraday's

constant.
o At equilibrium,
¢ _ b

HB(T) = kKB

Therefore,
RTIn (”CBY)> — —2pFo(r)

g

or
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Particle Size Dependence of Solubility

@ For a pure solid B in the form with flat boundary (r = o0) in the a
phase matrix, when it is under the equilibrium,

Q,00 _ 0o
Hg = HB

,ug’oo =pg+ RTIn yg’oo + RTIn $g’°° = g

therefore,
1
0,00 0,00 a,00
g™ +Inag™ =0 - 5™ = -
Solid B
a0 ) Gy xg ") NI
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Particle Size Dependence of Solubility

@ For a pure solid B in the form with radius r under equilibrium,

2
ph = pg + 89U e RTInAQ" + RT Inay”
then 5
RTIn~yg" + RTInay" = %
e With assumption
fyoz,r _ ,yoz,oo _ 1
B B IL’g’OO
then o
zg’ = exp 27YBaVm
mg’oo rRT

which expresses the composition of B in the solution « outside a pure
solid B particle with radius r relative to the composition of B in the
solution next to a flat particle solution interface. S
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Interfacial Segregation

@ At A-B system, when the B atoms in the bulk region and grain
boundary are under the equilibrium,

gb b
Hg = HB
the equilibrium concentration at bulk is g and that at grain boundary
is x%b, then

E&° 1 kgTna% = Eg° + kgTIn g

where EP° is the formation energy per atom B at bulk of A and Egb’o

is the formation energy per atom at a grain boundary of A.
@ Then we have

Egb,o _ Eb,o AEgb
b o o
w% :xBexp<— B B T B ) :mBexp<— k’B; >

where AEéb is the segregation energy of atom B. U
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Interfacial Segregation

@ If we include the vibrational contributions and contributions from the
formation volume difference of B atoms at the grain boundary and in
the bulk, then AEgb can be replaced by A,u%b’o, the standard
chemical potential differnece between B atoms at the grain boundary
and in the bulk,

gb,o b,o gb,o
gh _ o _MB THB )} _ o ~ Aug
Ty = Tgexp ( kel > Tg €xXp < kel
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Interfacial Segregation

o Consider the case involving vacancy segregation to a grain boundary in
a single-component solid A. When a vacancy V/E moves from inside

the bulk of a grain to become a vacancy VAgb at a grain boundary.

@ An atom A originally at the grain boundary AgAb moves to inside the
bulk of the grain to become AR. This process can be expressed as a
reaction:

A L VP e AR+ VP

o At equilibrium,

NAgAb + Hyb = Hab + NVAgb
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Interfacial Segregation

@ Introducing formation energy, we have
EAib + kgT'In xib + EVA’ + kgT'In SC?/
= By + kTl a8 + E\ g + kgT'In 28
where xib is the fraction of grain boundary sites occupied by A atoms.

@ Then we have

gb_b

l’v Tp
baTn = - [(Bag + Byg) = (Epge + Byp) | = ~AEg,
VA
or
:c%,ba:f& — oxp < B AEgb)
b 28 kT
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Interfacial Segregation

@ Therefore,

For the case

we have

AE
b b b
zy =y exp <— kB; )

o If we include the vibrational contribution and consider the effect of
formation volumes, we can replace AFEg, with AG;b, the standard
segregation free energy.
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Interfacial Segregation

@ For a A-B binary solution,
Ag® + BP 5 AP 4 BeP
@ At equilibrium, we have
&+l = R + i

which can be rewritten as

@ The bulk solid solution phase as
pP = TRpA + v
@ The differential form is
dp® = pRdaR + pgdag = (U — pR)dey L
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Interfacial Segregation

@ Therefore, the slope of the tangent line to the chemical potential of
the bulk solid solution at composition at xg is given by

o b
(5 )., = rblet) —s(oh)
B

at grain boundary,

e At equilibrium,

P 9180
(55)., — et —siieh) = (255) =i (aE) —(aE)
TB B
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Interfacial Segregation

@ The chemical potentials of A and B at the bulk and grain boundary are

,uib = ,uib’o + kgT'In aib

Pl =y + kgTInaf
,uéb = ,u%b’o + kgT'In aéb
= u'{;’“’ + kgTInaf

@ By consistent treatment as before,

gb b
BeTIn “Bo8 — — (R + 1) — (18" + u3°)| = ~AGg,
agap
or
oo (- 4%
aib B CLE P ksT NE
November 5, 2024 16 /18
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Interfacial Segregation

@ Proceed to

b_gb
5 _ BB ( _ AGEb)
9% TR keT

then -
BE A, (2%
b b b b
(1-28)8  (1-23)R ksT

@ When A-B follows regular solution model,

kgT'In ’yR =ab (xg)2 kg7 In ’yg =ab (;I:R)2

kgT In fy%\b = o8P (xgb) 2 kgT In 'ygb = afP (xib) 2
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Interfacial Segregation

@ Then we have

x%b agb(l — ngBb)

(1) exp[ FoT

B S [ s VR
(i- %) T el
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