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Diffusion in ternary alloys

Example) Fe-Si-C system  (Fe-3.8%Si-

0.48%C) vs. (Fe-0.44%C) at 1050℃
① Si raises the μC (chemical potential of 

carbon) in solution.

② MSi (sub.) ≪ MC (int.),      M : mobility



High-diffusivity paths

Defect (grain boundary, dislocation, surface) :

more open structure
⇒ fast diffusion path

Diff. along lattice   

Diff. along grain boundary 

Diff. along free surface 

But area fraction → lattice > g.b > surface
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A atoms diffusing along the boundary will be able to penetrate much 
deeper than atoms which only diffuse through the lattice. (Fig 2.25) 
In addition, as the concentration of solute builds up in the 
boundaries atoms will also diffuse from the boundary into the lattice.



Thus grain boundary 
diffusion makes a significant
contribution only when
Dbδ > Dld. Due to the low
activation energy for
diffusion along grain
boundaries, the curves for
Dl and Dbδ/d cross in the
coordinate system of lnD
versus 1/T. Therefore the 
grain boundary diffusion
becomes predominant at
temperatures lower than the
crossing temperature.

Diffusion along dislocations
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ex) annealed metal ~ 105disl/mm2┴ accommodates
10 atoms in the cross-section, matrix contains 1013

atoms mm-2

At high temperatures diffusion through the lattice is 
rapid and gDp/Dl is very small so that the dislocation
contribution to the total flux of atoms is very small.
At low temperatures gDp/Dl can become so large that
the apparent diffusivity is entirely due to diffusion
along dislocation.
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Diffusion in multiple binary system 
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In a time dt, there will be an accumulation of B atoms given by
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What is the driving force for precipitation of β from α?
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Dissipation of Gibbs Free Energy

α β
BXα βe

BX

Composition of α at the β interface
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Mixed control

Local equil. at 
interface 

diffusion control

Interface control
T2

T3

T2 < T3



Interface control

Diff.  control
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→ mass conservation in serial kinetic path

Local equilibrium
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