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Introduction Volume diffusion in High Purity Iron
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Introduction Self-diffusion along dislocation in Iron
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Objective

Accurate determination of the grain boundary diffusion

and the influence of magnetic spin ordering 

on grain boundary diffusion in high purity iron
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Preparation of Specimens

Table1, Chemical composition [ mass ppm ]

High purity electrolytic iron ( 1)

Induction-melting
(in a cold-cupper crucible)

Hot-forging and machining ( )

Electro-polishing 

Annealing 
to stabilize grain boundary 

Mechanical and electro-polishing 

C N O P S

8 5 40 1 2

Ni Cr Si B Cd Cu

8 1 2 1 1 1

Co H Mn As Sn

36 2 5 1 1

2

3

C N O P S Ni Si

9 <5 14 <1 <1 7 0.2

C N O P S

<0.7 1.0 2.0 <0.5 1.0

Grain size 500µm

Annealing ( 3)

Grain size 2~3mm
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Experimental Procedure

Electroplating

Diffusion annealing  

Serial sectioning  

Measurement of 
emitted radioactivities 

The radioactive tracers
59Fe (γ-ray 1.095 and 1.292MeV, half-life 3.84Ms)
57Co (γ-ray 0.122MeV, half-life 23.4Ms)
51Cr (γ-ray 0.3205MeV, half-life 2.39Ms)

523~1173K

Rate: 0.2~5µm/section

Penetration profiles



7

Analysis of Grain Boundary Diffusion    

<Type B>  100δ < (Dv)1/2 < d/20  
Suzuoka’s equation   

( )

2/12/3

4

42

2

)10(5/6
Cln308.1

)1010(5/6
Cln206.1

3
5

2
1

975.2
5

19.1
1

605.0

585.0

tD
Ds

dX
d

t
D

dX
d

t
D

V

gb

V

V

gb

gb

Ds

Ds

δ
β

β

β

δ

δ

=

<⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞⎜

⎝
⎛

<<⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

=

=

High Temperature 
Long annealing time 

penetration profile

( )6/5d
Cln d

X�|

distance X6/5 

Slope_
ln

C
 

DVt
1/2

grain boundary:δ

<Type C>   20 (Dv)1/2 < δ
The solution of Fick’s second law  

)
4

  exp(-
4
M=)  (X,C  ) ,I(

gbgb

2

tD
X

tD
ttX ∝

distance X2  

_
ln

C
 t4

1slope
gbD

=

penetration profile

Low Temperature 
short annealing time 

(Dgbt)1/2

grain boundary:δ



8

a) Type B: 900~1173K b)Type C: 500~850K 

Examples of penetration profiles for grain boundary diffusion of 59Fe in high purity iron

a) Type B (900~1173 K)  and    b) Type C (500~850K)

Results Penetration profiles of  59Fe in High Purity Iron
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c) Type B: 873~1173K d) Type C: 523~703K 

Examples of penetration profiles for grain boundary diffusion of 57Co in high purity iron

c) Type B( 873~1173 K)  and   d) Type C(523~703K)

Results Penetration profiles of   57Co in High Purity Iron  
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e) Type B: 1053~1163K f) Type C: 524~603K 

Examples of penetration profiles for grain boundary diffusion of 51Cr in high purity iron

e) Type B (1053~1163K) and   f) Type C (524~603K)

Results    Penetration profiles of  51Cr in High Purity Iron  
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Arrhenius plots of δDgb of Fe
in Type B kinetics regime

Results Grain Boundary Diffusion of Fe in High Purity iron

Grain Boundry Diffusion in iron 

is affected by

Magnetic Spin Ordering 
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Results Grain Boundary Diffusion of Fe in High Purity iron
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Results Grain Boundary Diffusion of Fe in High Purity iron
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Results Comparison with some previous works  
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Present work  

Magnetic influence on Dgb

δDgb:larger than the others           

High purity iron 
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Results Arrhenius plots of sδDgb of  57Co and  51Cr in High Purity iron.
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Linear relationship 
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Results   The Arrhenius plots of Fe, Co and Cr in High Purity Iron
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Discussion The influence of magnetic spin  ordering on Grain Boundary Diffusion in iron 

∆M1-α : Linear relationship  

∆M1: the change of
local magnetic moment

α : the extent of the influence of    
magnetic spin ordering
on diffusion 
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Conclusion

1. The influence of magnetic spin ordering on grain boundary diffusion
in iron was observed. 

2. The degree of influence of magnetic spin ordering 
on grain boundary diffusion was larger than that on the volume diffusion.

3. The influence of magnetic spin ordering changes in the following order: 

4. The temperature dependence of the Grain Boundary diffusivities
of Fe, Co and Cr in high purity α-iron was expressed as follows,
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