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Cu�Ni

net drift net transport

self-diffusion
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vacancy diffusion
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interstitial diffusion
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diffusion flux J
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A t

5 1b

J kg/m2 s atoms/m2 s

steady-state diffusion diffusing species
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C x

concentration profile

concentration gradient
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kg/m3 g/cm3 1

x

5 3

D m2/sec diffusion coefficient

5 3

driving force

5 3

700�C 973K carburizing

decarburizing

5 10 mm 5 � 10�3 10�2 m 1 2 0 8 kg/m3

700�C 3 � 10�11

m2/s

Fick 1 5 3
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1 kg/m3 4 9

EXAMPLE PROBLEM

Fick 1
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nonsteady-state diffusion

net

accumulation net depletion 5 5 3

5 3

5 4a

5 4a

5 4b

boundary condition

Crank Carslaw Jaeger

semi-

infinite solid 2 gas phase

partial pressure
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t3 > t2 > t1

t2

t1

t3

t1 t2 t3
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Fick 2 1



1 C0

2 x 0

3 0

t � 0 C � C0 0 � x � •

t � 0 C � Cs x � 0

C � C0 x �•

5 4b

5 5

Cx t x erf x/2¤Dt Gaussian
3 x/2¤Dt 5 1

5 5 5 6
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3 Gaussian

x/2¤Dt z

Fick 2

z erf z z erf z z erf z

0 0 0 55 0 5633 1 3 0 9340

0 025 0 0282 0 60 0 6039 1 4 0 9523

0 05 0 0564 0 65 0 6420 1 5 0 9661

0 10 0 1125 0 70 0 6778 1 6 0 9763

0 15 0 1680 0 75 0 7112 1 7 0 9838

0 20 0 2227 0 80 0 7421 1 8 0 9891

0 25 0 2763 0 85 0 7707 1 9 0 9928

0 30 0 3286 0 90 0 7970 2 0 0 9953

0 35 0 3794 0 95 0 8209 2 2 0 9981

0 40 0 4284 1 0 0 8427 2 4 0 9993

0 45 0 4755 1 1 0 8802 2 6 0 9998

0 50 0 5205 1 2 0 9103 2 8 0 9999



5 5

C0 Cs D Cx

dimensionless x/¤Dt

C1 5 5

5 6a

5 6b

5 3

I

-

carburizing

CH4

0 25 wt% 950�C 1223K
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, x

,C

Cx – C0

C0

Cx

Cs

Cs – C0

5 5

EXAMPLE PROBLEM



1 20 wt% 

0 5 mm 0 80 wt% 

1 6 � 10�11 m2/s

semi-infinite

5 5 t

5 1 0 4210 z

z � 0 392

t

z erf z

0 35 0 3794

z 0 4210

0 40 0 4284
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II

500�C 600�C 4 8 � 10�14 5 3 �

10�13 m2/s 600�C 10 Al Cu

500�C

5 6b x

Dt � 5 7

D

5 2

500�C �-Fe

D 3 0

� 10�21 2 4 � 10�12 m2/s

�-Fe Fe

500�C 900�C

6 3 0 � 10�21 1 8 � 10�15 m2/s 5 2
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EXAMPLE PROBLEM


