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Contents for previous class

• Solutions to the diffusion equations

• Interstitial Diffusion / Substitution Diffusion

1. Self diffusion in pure material

2. Vacancy diffusion

3. Diffusion in substitutional alloys
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The section is completed with 4 example solutions to Fick's 2nd law:
carburisation, decarburisation, diffusion across a couple and homogenisation.
The solutions given are as follows:

Process Solution

Carburisation
CS = Surface concentration
C0 = Initial bulk concentration

Decarburisation
C0 = Initial bulk concentration

Diffusion Couple
C1 = Concentration of steel 1
C2 = Concentration of steel 2

Homogenisation

Cmean = Mean concentration 
b0 = Initial concentration amplitude 
l = half-wavelength of cells 
t = relaxation time

l
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Contents for today’s class

• Interstitial Diffusion / Substitution Diffusion

1. Self diffusion in pure material

2. Vacancy diffusion

3. Diffusion in substitutional alloys

• Atomic Mobility

• Tracer Diffusion in Binary Alloys

• High-Diffusivity Paths
1. Diffusion along Grain Boundaries and Free Surface

2. Diffusion Along Dislocation

• Diffusion in Multiphase Binary Systems
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3. Diffusion in substitutional alloys
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Assume that

,A v A AJ J J→ = −

C0: total number of atoms (A, B) per unit volume

Co=CA+CB
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Due to the difference in diffusivities, 
a flux difference is created. A BJ J>

 (a net flux of vacancies)
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1) INTERDIFFUSION

Fluxes of A and B atoms 
across a given lattice plane
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일정/ 조성에 무관
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What would become of 
excess vacancy?

In order to maintain the vacancy concentration everywhere near equilibrium, 
vacancies must be created on the B-rich side and destroyed on the A-rich side.
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9If dislocation climbs continue to occur, what would happen?

jog

전위선 일부분의 상승

Source or Sink 

Creation/destruction of vacancies 
is accomplished by dislocation climb.

Kirkendall effect
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2) velocity of the movement of the lattice plane is related to the net 
flux of vacancies across the middle of the diffusion couple, such that

x
XDD

x
CDD

C
v

vCJ

A
BA

A
BA

v

∂
∂

−=
∂
∂

−=

=

)()(1

0

0

XA: mole fraction of A atoms, v: marker velocity (velocity of the lattice plane)

tAJCtAv v δδ ⋅=⋅⋅ 0
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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.

Derivation of the Fick’s 2nd law for substitutional alloys

J’A : total flux of A atoms across a stationary plane with respect to the specimen
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3) Derivation of the Fick’s 2nd law for substitutional alloys
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J’A : total flux of A atoms across a stationary plane 
with respect to the specimen
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(Darken’s equation, interdiffusion coefficient)
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Fick’s 2nd law for substitutional alloy
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