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



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

• “Numerical Treatment of Moving Interface in Diffusional Reactions,”
Byeong-Joo Lee and Kyu Hwan Oh, Z. Metallkunde 87, 195-204 (1996). 

• “Numerical Procedure for Simulation of Multicomponent and Multi-Layered Phase       
Diffusion,” Byeong-Joo Lee, Metals and Materials 5, 1-15 (1999).

• “Numerical Simulation of Diffusional Reactions between Multiphase Alloys with      
Different Matrix Phases,”
Byeong-Joo Lee, Scripta Materialia 40, 573-579 (1999).

• “Prediction of the Amount of Retained delta-ferrite and Microsegregation in an          
Austenitic Stainless Steel,” 
Byeong-Joo Lee, Z. Metallkunde 90, 522-530 (1999). 

• “Evaluation of Off-Diagonal Diffusion Coefficient from Phase Diagram Information,”
Byeong-Joo Lee, J. Phase Equilibria 22, 241-246 (2001).

• “Thermo-Calc & DICTRA, computational tools for materials science,”
J.-O. Andersson, Thomas Helander, Lars Höglund, Pingfang Shi and Bo Sundman, 
CALPHAD 26, 273-312 (2002)

References



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

Diffusion  Coefficient  – Inter Diffusion



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

Diffusion  Coefficient  – Inter Diffusion



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

Diffusion  Coefficient  – Self/Tracer Diffusion
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Diffusion  Coefficient  – Intrinsic Diffusion Coefficient
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• 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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Diffusion  Coefficient  – Modeling 
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Diffusion  Coefficient  – Modeling 

Ø assuming composition independent D o
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• Linear composition dependence of QB in a composition range N1 ~ N2
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v Tracer diffusion Coefficient at an intermediate composition 
is a geometrical mean of those at both ends – from experiments

Ø the same for the D o term
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v Both Q o & Q are modeled as a linear function of composition
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Modeling of Multi-Component Diffusion  - Basic Assumption
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Modeling of Multi-Component Diffusion  - Reference Frame
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Mathematical Formalism of Multi-Component Diffusion Coefficient
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Mathematical Formalism of Multi-Component Diffusion Coefficient
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Mathematical Formalism  - Application to Binary and Ternary Solutions
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Mathematical Formalism  - Application to Binary and Ternary Solutions
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Multi-Component Diffusion Simulation – for C in Fe-C-M ternary system
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Multi-Component Diffusion Simulation – Darken’s uphill diffusion

Fe-3.8Si-C

and

Fe-C
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Multi-Component Diffusion Simulation – Darken’s uphill diffusion
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Multi-Component Diffusion Simulation – Darken’s uphill diffusion

Fe-3.8Si-C

and

Fe-6.45Mn-C
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Multi-Component Diffusion Simulation – Darken’s uphill diffusion
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Multi-Component Diffusion Simulation  – FDM approach for Fe-Si-C
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Moving Boundary Problem  – Basic Equation
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Binary Diffusion
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Application to Interfacial Reactions  – Ti/Al2O3 Reaction
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Application to Interfacial Reactions  – Ti/Al2O3 Reaction
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Multi-Component Diffusion Simulation – Case Study : Fe-Cr-Ni
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Multi-Component Diffusion Simulation – Case Study : Fe-Cr-Ni
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Multi-Component Diffusion Simulation – between Multi-Phase Layers
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Multi-Component Diffusion Simulation – between Multi-Phase Layers
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Multi-Component Diffusion Simulation – between Multi-Phase Layers


