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Diffusion in substitutional alloys

In binary substitutional alloys, the rate at which solvent (A) and solute (B)
atoms can move into a vacant site is not equal, therefore, we have to know
intrinsic diffusion coefficient Dp or Dg. Da and Dg are defined such that
Fick's first law applies to diffusion relative to the lattice

Jdea

Jan = —Dp—— o (1)
863 8CA
=_D =D 2
JB B o B or (2)
When D > Dg, we have
| Jal > | g

Another main assumption is the volume of the system is constant. To
achieve it, the flux have to be balanced. Since the direction of A atom flux
and B atom flux are opposite.

_JA:JB+JV (m
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Figure: Interdiffusion and vacancy flow

With Egs. 1, 2 and 3 we have
Oen

ox (Aﬂ[ﬂ
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Jy = (Da — Dg)
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The velocity at which any given lattice plane moves, v, the plane where the
area is A, during a small time interval 6t. The plane sweep out a volume

Av - ot

containing
Av -0t - cg

atoms. This number of atoms is removed by the total number of vacancies
crossing the plane in the same time interval,

JA -5t
Therefore,
Jy = cou cp =cp+cB
Then Eq. 4 becomes
0Xa
= (Dp — Dg) =2 5
v=(Dp~ Dg): ©)
where the mole fraction of A,
A
Xy = A
A Cco \||J
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We introduce the concept of total flux of A which is combined effect of (i)
diffusive flux relative to the lattice and (ii) flux due to the velocity of lattice

oc
JA = _DA(BT? “+ vea

With Eq. 5,

0 0X
Jp = _DAﬂ + (Da — Dg) amA - cA

ox
0Xa 0Xa
92A Da — Dg) 224 .
Aoy KO +(Da B) 9z A
catc
0Xa
- (D Dgea) 222
(Dacg + Dgca) 5

= —(DaXg + DgXa) - co

0Xa

ox
80/_\

= — (DaXg + DgXp) =2
(DaXg + BA)ax

D NE
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The interdiffusion coefficient D is defined by
D = DaXg + DgXa (6)
which is known by Darken's equation. Then Fick's first law becomes

~ Jc
Ja=-Dp> (7)
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Atomic mobility

In a multi-component condensed phase, it is more convenient to describe
that atoms diffuse as the gradient of chemical potential becomes the
driving force, rather than describing that atoms diffuse as the gradient of
concentration becomes the driving force.

Jg = vBCB
Drift velocity is now given by
on — g 20E
B 5 0z
Then, the flux is given by
8/143 d,uB 8lnXB
Jg = —M, = —M,
B B 0 BB imXg Oz ®
—  Mee dug aXB__M dug  Ocg
B B OdlnXB or BdlnXB Ox NIE
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Thermodynamic factor of diffusion coefficient

The chemical potential of atom B is

ug = pg + RT[In~g + In Xg]

then
dpg = RT[dIn~g + dIn Xg]
proceed to
dpg dlnvg
=RT|1
dnxg  F [ +d1nXB] ©)
Plug Eq.9 to Eq.8, then
dln’yB dCB
Jg = —MgRT |1 —_—
B B [ * dlnX.J da
Compare to Fick’s first law,
dln~g
Dg = MgRT |1
B B [ * dlnXB} NE
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Consistently,

1
Dp = MART[I L4 MA}

dlnXA

For dilute solution, we can approximately state
£ = MgRT
Dx = MART
We introduce the thermodynamic factor F,

dlnvg

F=1
+dlnXB

From Gibbs-Duhem relation with trivial modifications,

dinya  dlnyg
dln X, dlnXg
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The thermodynamic factor F' is

dl dl
Fo14-208 _q 200A

dln Xg dln X
also
Dg = FDg Da = FDj
From dG is
dG = puadXa + updXp
then

a6 axe

= pa + RTInya + RTIn Xp — pug — RT Inyg — RT In X
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Take another differentiation,

d? dl T dl T 2
96 _ prinoa BT ppdlone BT 4G
dXx dXa Xa dXg Xg  dXg
Proceed to
XaXg ?°G

RT dX32 dIn Xa dIn Xg

XB<1+ dlnya >+XA<1+ dIln~vg )] = (Xp+Xg)F =F

Finally, we reach

o XaXe PG XaXg G
~ RT dXZ  RT dX}

Eq. 6 can be rewritten by
D = F(XgDp + XaDg)
In similar logic, we have
M = cacg (MACB + MBCA) (1%
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