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Chapter 5: Diffusion

 Outline
� Introduction
� Diffusion mechanisms
� Steady-state diffusion
� Nonsteady-state diffusion
� Factors that influence diffusion

Introduction

•  Interdiffusion:
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� Diffusion:



2

Diffusion phenomenon (2)

•  Self-diffusion:
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Diffusion mechanisms

� Vacancy diffusion

� Interstitial diffusion
• small atoms
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Steady-state diffusion

� Diffusion flux

� Steady-state diffusion:
 

� Concentration profile

Flux vs concentration profile



4

Steady-state diffusion (continue)

� Concentration gradient=dC/dx

� Linear concentration
 gradient

� Driving force 

Examples (Steady state)
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Nonsteady-state diffusion

� Fick’s second law

Nonsteady-state diffusion

� Fick’s second law

� Boundary condition for a semi-infinite solid with constant 
surface concentration

� Solution
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Nonsteady-state diffusion

� Gaussian error function is defined by

Examples (non-steady state) 

� A steel is carburized in order to increase its carbon concentration. 
 If C0=0.25 wt%C, Cs=1.20wt%C, find out how long it will take to 

achieve a carbon content of 0.8%wt C at a position 0.5mm at 
9500C. 
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Examples 

�

Factors that influence diffusion 

� Diffusing species
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Factors that influence diffusion (continue)

� Temperature
� Activation 

energy

Examples 

� Determine activation energy and the preexponential


