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Source or Sink for Vacancy

If  dislocation climbs continue to occur, what would happen?
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How is the velocity of the movement of the lattice plane related to 
the flux of vacancies crossing it? v: marker velocity
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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. 

Fick’s 2nd Law for Substitutional Alloys
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Finally, it is obtained that
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The interdiffusion coefficient         can be  experimentally( )D�

For Dilute Substitutional Alloys   
A Bif X 1, D D≈ =�

B A A BD X D X D= +�

measured by determining the variation of XA and XB after 
annealing a diffusion couple. 
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When the velocity of  a lattice (v) and interdiffusion
ffi i t          k  D d D f  th

How can we determine DA and DB?

( )Dcoefficient         are known DA and DB for the
composition at the markers can be calculated.

How can we determine the velocity of  a lattice (v)?
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The displacement of wires during diffusion was first
observed by Smigelskas and Kirkendall in1947 and
is usually know as the Kirkendall effect.

Zn CuD > D

After annealing at a high temperature it was found that the 
separation of  the markers (w) had decreased.

In concentrated alloys the experimentally determined 
values of      , DA and DB are also found to show the same
form of temperature dependence.

Variation of       with composition:

D�

D�Variation of       with composition:

For a given crystal structure,      at Tm is roughly constant. 
Therefore if a solute decreases Tm of the solvent, then

decreases also, and vice versa.

For both interstitial and substitutional alloys , diffusion is
more rapid in bcc than in a close-packed lattice
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Diffusion in dilute substitutional alloy

0(solute)      1(solvent)≈ ≈B AX X
In this case, DB is called ‘impurity diffusion coefficient’.

Oft  D  D i   dil t  l ti Wh ?
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 D = D� D =?�

The reason for this is that the solute atoms can attract 
vacancies so that there is more than a random
probability of finding a vacancy next to a solute atom with
the result that they can diffuse faster than solvent.

Often, DB > DA in a dilute solution. Why?

This is caused by the larger size or higher valency of the
B atoms compared to those of A atoms. If the binding
energy is very large, the vacancy will be unable to 
escape’ from the solute atom.
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Atomic mobility

Fick’s law alone is insufficient to describe how the 
concentration will vary with distance and time.concentration will vary with distance and time.

The problem of atom migration can be solved by 
considering the thermodynamic condition for
equilibrium; namely that the chemical potential of 
an atom must be the same everywhere. In general 
the flux of atoms at any point in the lattice is
proportional to the chemical potential gradient.

Since atoms always migrate so as to remove differences 
in chemical potential, the drift velocity is proportional to 
th  l l h i l t ti l di t

B B BJ Cν=
: a diffusive flux
: a net drift velocity

J
ν

the local chemical potential gradient.

B
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∂ B(M : Mobility of B atoms)

How the mobility of  an atom is related to its diffusion
coefficient?
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Comparison with Fick’s 1st law
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For non ideal concentrated solutions the term in 
brackets (thermodynamic factor), must be included.

Effect of strain energy on JB?
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The diffusive flux is also affected by the gradient of 
strain energy, ∂E/∂x.
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Tracer diffusion in binary alloys

(F : the thermodynamic factor)

Tracer diffusion in binary alloys

It is possible to use radioactive 
tracers to determine the 
intrinsic diffusion coefficients 
of the components in an alloyp y
(Fig.2.22)


