Diff. In Dilute Substitutional Alloys

* Normally Dg > D, in dilute sol.
* (solute atom > solvent atom in size )

« Solute — Vacancy pair

Atomic Mobility

« Dy =MgRT ( forideal dilute solution )

diny,
- Prove that Dy = MgRT [1 + 4, Xq ]
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Diffusion In Ternary Alloy

% Example) Fe-Si-C system (Fe-3.8%Si-0.48%C) vs. (Fe-0.44%C) at 1050
°C
(D Si raises the Y. (chemical potential of carbon) in solution.

2 Mg; (sub.) < Mc (int.), M : mobility
cd ¢

Ol-——=-prb——a

o * Interface: local equilibrium

« System: partial equilibrium
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High Diffusion path

Defect (grain boundary, dislocation, surface) : more open
structure

= fast diffusion path

v" Diff. along lattice D, =D, eXp(—F%

v' Diff. along grain boundary D, =D, eX|O(—F?—_br
Qs

RT

v" Diff. along free surface D, =D, exp(-

% D,>D,>D,

“* But area fraction — lattice > g.b > surface
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Lattice vs. Grain Boundary Diffusion

[ Y ! Metal A Metal A
: | I—»-jb
:[ . g I .
* 2
X
CT \
X
Weld interface
JIZ_DId_C Jb—_Dbd_C
dx dx
5 _(y-6+13,-d) __(Db5+ D,5)dC
d d dx
5 D.oy D, &
. — _ :1_|__b_
. Dapparent DI + Db d or DI DI d
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Where D,0 > Dd grain boundary diffusion is important

“ Width of grain boundary: ~ 0.5nm, grain size: 1~1000

JoAll
% D, >D, (always ), Also Q,~ 0.5Q, in FCC materials
— Contribution depends on temperature

—— decreasing temperature —

log O

D, Is Important
below 0.75 ~ 0.8T,

1/7
High T — lattice diff. Low T — g.b diff.
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Diffusion along Pipe

g: Cross-sectional area of pipe per unit area of matrix (d/dimension)

Oy 1, 4.0
IDI DI

ex) annealed metal ~ 10°disl/imm?
Pipe accommodates 10 atoms in the cross-section, matrix contains 102 atoms mmr2

~10°*10 10°

108 10° =10""
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Moving Boundary Problem

+» Diffusion in Multiple Binary System

C_Is Mass balance
—Ced (3,° = 3,7)dt = (C,° —C,)(dx-1)
~ 3C," ~ 0C,°
J.” =-D B J.“=-D B
B (B) x B (a) ox
Col Ak
dw dx 1 ~ 9C* =, 0C,"
Caal V="r=""% a {D(a) —-D(B)—
oB dt  (C,"-C.%) OX OX
%] :
0 X=W X—>

<

L)

» Diffusion flux determines velocity (in local equilibrium)

* Reaction that passes Interface is important
— interface (reaction) controlled

L)

(4

)

L)
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Multiphase Binary System (Phase Diagram and Chemical
Potential)

NGE
G(T4)
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Diffusion in Multiphase System
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Moving boundary problem

Cg 4 dx
\ : volume = dx X 1 (unit area)
CBb _______ > /
l
B l: o acb
|
C bh p—-—————- I\
B i 3% =By e
JB_’ I_>\]0t ‘ =— (0[) ox

Amount of accumulated B atoms
b a
(Cg—Cg)dXXlz{[ D(,B)ﬁc ]—[—D( )5C J}dtxl

Velocity of a-B interface

dx 1 oC, 6Cb
V_dt_(Cg—Cg){ (@)=2-B(p) }
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¢ Diffusion Controlled :

Diffusion flux 7} velocityS Z 7. (local equilibrium0i| A=
7=| )

“* Interface (reaction) Controlled:
InterfaceE FO{EH= A ™ Bt30| 2% 2
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Kinetic parameters and measurements

* Thermodynamic variables : p, V, T, S, and m

*» Kinetic parameters : atomic diffusivities, surface and
Interface energies, interfacial reaction constants, and
enthalpy (heat) of formation

** When the dependence of the layer thickness (x) on time
(t) measured, we can plot x versus t and x versus t'/2

X = Kt x2 = 4Dt

K =K, exp( _k'liaj D =D, exp( _k'lia)

We can get reaction constant (K), atomic diffusivity (D),
activation energy
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