
Byeong-Joo Lee
www.postech.ac.kr/~calphad



Diffusion  Coefficient  Diffusion  Coefficient  –– Inter DiffusionInter Diffusion

Byeong-Joo Lee
www.postech.ac.kr/~calphad



Diffusion  Coefficient  Diffusion  Coefficient  –– Inter DiffusionInter Diffusion

Byeong-Joo Lee
www.postech.ac.kr/~calphad



Diffusion  Coefficient  Diffusion  Coefficient  –– Self/Tracer DiffusionSelf/Tracer Diffusion

Byeong-Joo Lee
www.postech.ac.kr/~calphad



Diffusion  Coefficient  Diffusion  Coefficient  –– Intrinsic Diffusion CoefficientIntrinsic Diffusion Coefficient

Byeong-Joo Lee
www.postech.ac.kr/~calphad



Diffusion  Coefficient  Diffusion  Coefficient  –– Inter Diffusion CoefficientInter Diffusion Coefficient

Byeong-Joo Lee
www.postech.ac.kr/~calphad











++=

B

B
BAAB

Nd

d
DNDND

ln

ln
1)(

~ ** γ

• Inter-diffusion Coefficient in a binary alloy 
– linked to intrinsic diffusion by the Darken’s relation

• Intrinsic diffusion Coefficient
– composed of mobility term (Tracer Diffusion) and thermodynamic factor
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• Tracer diffusion Coefficient – as a function of composition & temp.
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� assuming composition independent D o
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• Linear composition dependence of QB in a composition range N1 ~ N2
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Tracer diffusion Coefficient at an intermediate composition 
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� Tracer diffusion Coefficient at an intermediate composition 
is a geometrical mean of those at both ends – from experiments

� the same for the D o term
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� Both Q o & Q are modeled as a linear function of composition
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Modeling of MultiModeling of Multi--Component Diffusion  Component Diffusion  -- Reference FrameReference Frame
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Smithells Metals Reference Book, 1992

Mathematical Formalism  Mathematical Formalism  -- Application to Binary and Ternary SolutionsApplication to Binary and Ternary Solutions

Byeong-Joo Lee
www.postech.ac.kr/~calphad



John Ågren, Scripta  Metallurgica 20, 
1507-10 (1986).
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MultiMulti--Component Diffusion Simulation Component Diffusion Simulation –– for C in Fefor C in Fe--CC--M ternary systemM ternary system
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MultiMulti--Component Diffusion Simulation Component Diffusion Simulation –– Darken’s uphill diffusionDarken’s uphill diffusion

Fe-3.8Si-C

and
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Fe-6.45Mn-C
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MultiMulti--Component Diffusion Simulation  Component Diffusion Simulation  –– FDM approach for FeFDM approach for Fe--SiSi--CC
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Moving Boundary Problem  Moving Boundary Problem  –– Basic EquationBasic Equation
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MultiMulti--Component Diffusion Simulation Component Diffusion Simulation –– between Multibetween Multi--Phase LayersPhase Layers
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