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2.3.1 Self  Diffusion 

For a given structure and bond type,
Q/RTm is roughly constant; Q is roughly proportional to Tm.

ex) for fcc and hcp, Q/RTm ~ 18 and 
D(T )  1 2 1 (10 12 2 1)D(Tm) ~ 1 μm-2s-1 (10-12 m2s-1)

Within each class, 
D(Tm) and D0 are approximately constants.

For a given structure and bond type,  D(T/Tm) ~ constant

T/Tm : homologous temperature

2.3.1 Self  Diffusion 
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2.3.1 Self  Diffusion 

2.3.1 Self  Diffusion 

ex) At 800oC, DCu= 5 × 10-9 mm2s-1, α = 0.25 nm 

2

6
1 αBBD Γ= 15105 −×=Γ sjumpsCu

: ?CuΓ

6
After an hour, diffusion distance (x)? m~Dt μ4

Hint) From the data in Table 2.2, 
h  d   ti t  D t 20 C? 

How do we determine DCu at low
temperature such as 20oC? 

At 20oC, DCu~ 10-34 mm2s-1 − −Γ 20 1~ 10Cu jumps s
→ Each atom would make one jump every 1012 years!

how do we estimate DCu at 20oC? 
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2.3.1 Self Diffusion
Experimental Determination of  D ∂ ∂

=
∂ ∂

2

2
B B

B
C CD
t x- Deposit a known quantity (M)

of  a radioactive isotope A*

= −
π

2M xC exp( )
4Dt2 ( Dt

Solution for
the boundary 
condition

M : quantity m-2

C : quantity m-3

2.3.2 Vacancy diffusion 

The jumping of atoms into vacant sites can equally 
well be considered as the jumping of vacancies onto
atoms sites. A vacancy is always surrounded by sites
to which it can jump like interstitials.

eD D X

α α ν Δ −Δ
= Γ =2 21 1 exp exp

6 6
m m

V V
S HD z
R RT

Which is larger, DV or DA? How much larger?

This shows in fact that the diffusivity of  vacancy (Dv) is 
many orders of  magnitude greater than the diffusivity
of  substitutional atoms (DA).

e
V A VD D X=
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2.3.3 Diffusion in substitutional alloys

The rate at which solvent (A) and solute (B) atoms 
can move into a vacancy is not equal, and each
atomic species must be given its own ‘intrinsic’atomic species must be given its own intrinsic
diffusion coefficient DA and DB. 

Fick’s 1st law relative to the lattice:

A
A A

CJ D
x

∂
= −

∂

J A, JB : Fluxes of atoms across a given lattice plane

B
B B

x
CJ D
x

∂
∂

= −
∂

INTERDIFFUSION

2.3.3 Diffusion in substitutional alloys

DZn > DCu

‘W’ decreases with time.

→ Lattice moves with diffusion.

A B
A A B B

a given lattice planeFluxes of A and B atoms across
C CJ D , J D
x x

∂ ∂
= − = −

∂ ∂
A BC C

x x
∂ ∂

≈ −
∂ ∂

A BJ J>
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INTERDIFFUSION

,B v B BJ J J→ = −

,A v A AJ J J→ = −
,( , )v A B A BJ J J= − −

,( , ) ?v A BJ =

J J J= − −,
,( , )A v A B BJ J J= − −

JA vs. x, JB vs. x, and JV vs. x?

?v vC J s∂ ∂

What would
become of
excess
vacancy? 

. ?v v vs x
t x

= −
∂ ∂
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Interdiffusion of A and B in the sample made by welding 
two pieces together. (Fig. 2. 15)
Assume that the total number of atoms per unit volume 
is a constant (C0), independent of composition.

Due to the difference in diffusivities, a flux 
difference is created. 

A BJ J>

 + = −V B AJ J J

 (a net flux of vacancies)

    ( )

V A B

A
A B

J J J
CD D
x

= − −
∂

= −
∂ x

CD
x

CDJ A
B

B
BB ∂

∂
=

∂
∂

−=∵

The rate at which the vacancy concentration would
increase or decrease if  vacancies were not created

/ /   (Fig. 2. 15c)V VC t J x∂ ∂ = −∂ ∂

increase or decrease if  vacancies were not created
or destroyed by dislocation climb.

) B BC Jcf
t x

∂ ∂
= −

∂ ∂
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Source or Sink for Vacancy

If  dislocation climbs continue to occur, what would happen?
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Problems that will be
asked in the next class

O t  7  2008

asked in the next class

Oct. 7, 2008

In practice, internal movement of lattice planes are 
usually not directly of interest. More practical questions
concern how long homogenization of an alloy takes, or
how rapidly the composition will change at a fixed 
position relative to the ends of a specimen. 


