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Chemical Potentials of Ideal Solution

o For ideal solution,
pi = p; + RT Inx;

the chemical energy potential change for one more of species 7 from
the pure state to solution is

Ap; = RT Inx;

and .
Ap = RTZ (wl lnx@-)

i=1

@ Since it is the ideal solution,
Ah =0
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Chemical Potentials of Ideal Solution

@ The entropy change for one mole of component i from the pure state

to solution is 5
__(9Ap _ .
As; = < 5 )p}xi Rlnx;

and the entropy of mixing is

0Au .

the volume of mixing for an ideal solution is zero

Av = <8Au> =0
ap T,x;
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Chemical Potentials of Ideal Solution

@ We have the relations for a binary solution:
W= (l‘A/,LOA + :L‘Bucé) + RT(xA Inza + zgln xB)

Ap=p— (zapp + zspg) = RT (zalnza + zgInag)
A,uA = UA — ,uz = RTIHLI?A
Apg = pg — pg = RT Inzg

As = — (%ﬁf)p’% = —R(xA Inza + zgln xB)
3AMA)
AsA——< = —Rlnza
oT e
Asg = — <8A“B> “Rlnag
oT
D,TA NE
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Chemical Potentials of Ideal Solution

@ For volume and enthalpy change

AUA:—(aAMA) =0
8]) T,xg

)
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Chemical Potentials of Regular Solutions

@ For regular solution,
n
a; # x; Ah #0 As:—Rinlnmi
i=1

@ For a binary regular solution,
RTInva = o/zd RTInvg = /x4
which leads to
pa — pa = RTInzp + RTInya = RT Inxp + o/
pg — g = RTInzg + RT Inyg = RT Inxp + o/ 2%
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Chemical Potentials of Regular Solutions

@ The chemical potential change of forming a binary solution from pure
components is

Ap = RT(xA Inap + zgIn aB)
= RT(acA Inya + 2 In fyB) + RT(xA Inza 4+ zgln xB)
= o/(mAx% + $,2Aa:|3) + RT(:UA Inza + zgln xB)
=o'zaxg + RT(J:A Inza + zgln xB)
=Ah—TAs
therefore, we have
Ah = d/zaxp

and
As = —R(:L‘A Inza + zgln l’B)
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Chemomechanical Potentials of Components in a Solution

@ When the lattice parameter follows Vegard's law,

da
a(c) =alcy) + —(c—c¢
(€) = aleo) + (e — o)
where a(cp) is the lattice parameter of the solution with the reference
solute concentration ¢y, and da/dc is the rate of change in lattice
parameter with respect to concentration.

@ The lattice expansion parameter is

1 da a(c)—a(cn)  vm da

a(co) de — alco)(c—co)  alco) da

where z is the mole fraction of solute atoms, and v, = x/c is molar
volume of the solution.

NE

Kunok (KHU) Thermodynamics November 5, 2024 12/20



Chemomechanical Potentials of Components in a Solution

(o]

7; can be expressed

@ The concentration-dependent eigenstrain tensor
as
6% = 60(0 — CQ)(SU
where 6;; is the Kronecker delta function.

@ The elastic strain Efjl is given by

el

1
€ij = &ij — Efj = &ijj — ;O(C —¢0)dij = €ij —eo(c — ¢p)dij

where ¢;; is the total strain containing both the elastic strain and
compositional strain.

@ The total elastic strain, efj' of an inhomogeneous solid solution is
obtained by solving the mechanical equilibrium equation.

@ We will assume that the local elastic displacements, elastic strains,
and thus the elastic stresses are all available. NIE
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Chemomechanical Potentials of Components in a Solution

® The corresponding elastic stresses of; is given by

el el
UZ] — kaléw

where Cj;1; is the elastic modulus tensor.

@ The chemomechanical potential ™ of solute atoms is given by

de eI
cm el
054 d

v = —0’?}8052‘]‘ + p

where O'Z] is the local elastic stress, and p is chemical potential of

solute atoms.

e The term, —af}eodl-j, is therefore the mechanical contribution to the
total chemomechanical potential, p™
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Chemomechanical Potentials of Components in a Solution

@ Consider a relatively simple example on the segregation of solute B
atoms around an edge dislocation for which the elastic solution is
available. Assume the edge dislocation is located at (z = 0,y = 0).
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Chemomechanical Potentials of Components in a Solution

@ The stress distribution around such an edge dislocation with a Burgers
vector magnitude of B is given by

el

o ___ Gb y(3z% + y?)
wo2r(l—v) (a2 +y?)?

Gb  y(z*—y?)
W () @ g
O'EI _ Gb Yy

=T (-0 ()

where G is the shear modulus, and v is the Poisson ratio.
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Chemomechanical Potentials of Components in a Solution

@ Therefore, the mechanical contribution to the chemomechanical
potential of solute atoms around an edge dislocation is
_ e0Gb Y _ €0Gbsind

el el el el
—£005:0;; = —eolos, + 05, +05,) = =
17°] ( xxT yy zz) T (xg 4 yg) T r

where r is the distance from the origin, and € is the angle from the
positive x-axis.
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Chemomechanical Potentials of Components in a Solution

@ Assume that the mole fraction of solute B atoms in the solution in the
absence of dislocations or very far away from the dislocation is 2 and
that the behavior of B atoms can be approximated using ideal solution
model.

1l = pg + RT Inxg

where 2 is the bulk chemical potential without the mechanical
contribution, and pg is the chemical potential of B at standard state,
i.e., the chemical potential of pure solid B.

@ In the presence of an edge dislocation,

egGbsin b
r

,ug’d =pg+ RTInzg +
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Chemomechanical Potentials of Components in a Solution

@ At equilibrium,

d
pg = 1R
o Ghsind
,LL%+RTlna:B+EO S = pg + RT Inzg
proceed to
RTIn <a:?> _ _ £0Gbsind
ry T
therefore,
TB egGbsin 6
B oxp | —
Ty P RT «r

where xpg is the composition distribution of solute atoms around an
edge dislocation.
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Chemomechanical Potentials of Components in a Solution

@ If g > 0, it implies that the size of B atoms is larger than that of A
atoms. For a given r, minimum zp takes place at § = 7/2; i.e., solute
B atoms are depleted above the dislocation, and maximum zg takes
place at § = —m/2; i.e., solute B atoms are accumulated below the
dislocation.
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