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• Diffusion mechanisms in crystals: vacancy, interstitial, intersticialcy

• Expressions for D:

Diffusivity of interstitial solute in bcc crystal

Self diffusion by vacancy mechanism

Solute diffusion by vacancy mechanism: three-frequency model

• Background on defects in ionic crystals and Kröger-Vink notation
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Impurity incorporation

Schottky equilibrium

Neutrality condition

So we have

Intrinsic regime: impurity concentration is small or T is high and thus

Extrinsic regime: impurity concentration is high or T is low and thus  
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Temperature dependencies

ln VK
′[ ]

1 T

Intrinsic

Extrinsic
ln CaK

•[ ]

−
∆hS

f

2k

 Cation vacancy concentration  Cation  diffusivity

1 T

Intrinsic

Extrinsic

−
∆hcv

m

k
 
  

 
  

−
∆hcv

m + ∆hS
f 2

k
 
  

 
  

ln DK



MIT 3.21 Spring 2001 © S.M. Allen Lecture 17 Wednesday, March 21 4

— e.g., cation diffusion in FeO (note various valence states of Fe are possible)

FeO can be oxidized to make a cation deficient oxide Fe1–xO

  

— e.g., cation diffusion in FeO (note various valence states of Fe are possible)

FeO can be oxidized to make a cation deficient oxide Fe1–xO
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Oxygen-deficient crystal. Note cation
vacancy and two ferric cations.
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Oxidation reaction:

Equilibrium constant for this reaction:

Charge neutrality:

Cation vacancy concentration:

Diffusion in impure FeO will have three regimes:

1. High T, low oxygen pressure, dominated by Schottky defect equilibria

2. High oxygen pressure, dominated by oxidation reaction

3. Low T, low oxygen pressure, dominated by extrinsic impurities
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Cation diffusivity Arrhenius plot 
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Microstructural processes

Densification of powder compacts by sintering

Creep deformation at high temperatures

Grain growth

Solid–solid transformation kinetics, including oxidation of metals

Electrical conduction

Ionic conductors for chemical and gas sensors, solid electrolytes, fuel cells
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