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Diffusion phenomenon (2)
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Diffusion mechanisms
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Steady-state diffusion

[ Diffusion flux

O Steady-state diffusion:
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The steeper the concentration profile, the greater the flux!




Steady-state diffusion (continue)

O Concentration gradient=dC/dx
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Nonsteady-state diffusion

[J Fick’s second law

* C changes with time «dx—»
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Nonsteady-state diffusion

[J Fick’s second law 2
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[0 Boundary condition for a semi-infinite solid with constant
surface concentration

Fort=0,C=Ciat0=x=w

For:>0, C = C, (the constant surface concentration) atx = 0

C=C(Cpatx = o

Concentration, C
i

[ Solution
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Distance from interface, x




Nonsteady-state diffusion

Concentration of diffusing species

[0 Gaussian error function is defined by

Table 5.1 Tabulation of Error Funetion Values

= erf(z) = erf(z) = erf(=)
0 0 0.55 0.5633 3 0.9340
0.025 0.0282 0.60 0.6039 1.4 0,9523
f3>f2>4 0.05 0.0564 0.65 0.6420 15 0.9661
0.10 0.1125 0.70 0.6778 1.6 0,9763
0.15 0.1680 0.75 07112 7 0.9838
0.20 0.2227 0.80 0.7421 1.8 09891
025 02763 0.85 0.7707 1.9 0.9928
0.30 0.3286 0.90 0.7970 20 0.0053
0.35 0.3794 0.95 0.8209 22 0.9981
0.40 0.4284 1.0 0.8427 24 0.9993
0.45 0.4755 11 0.8802 26 0.9998
Distance 0.50 0.5205 12 0.9103 28 0.9999

Examples (non-steady state)

[J A steel is carburized in order to increase its carbon concentration.
If C,=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
950°C.
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Examples

We must now determine from Table 5.1 the value of z for which the error
function is 0.4210. An interpolation is necessary, as

z i erf(z)
0.35 0.3794
z 04210
0.40 0.4284

z—035 _ 04210 - 03794
040 — 035 0.4284 - 0.3794

or
z=10.392

Therefore,

62~5 ser

—F—=0392

Vi
and solving for 7,
— (0255Y | s sons =
E )s=71h

Factors that influence diffusion

O Diffusing species

Table 5.2 A Tabulation of Diffusion Data

Diffusing Host Activation Energy Qg Calculated Values
Species Metal Do{m?ls) kJ/mol eV/atom T¢C) D(m?*/s)
Fe a-Fe 28 x 107 251 2.60 500 30 x 102
(BCC) 900 18 x 107
Fe y-Fe 5.0 x 107 284 2.94 900 1.1 x 107
(FCC) 1100 78 X 107%
C a-Fe 6.2 % 1077 80 0.83 500 24 X 1072
900 1.7 x 10
C y-Fe 23 X107 148 153 900 5.9 x 10
1100 53 x 101t
Cu Cu 7.8 x 107 211 219 500 42 %X 10®
Zn Cu 2.4 % 107 189 1.96 500 40 x 107
Al Al 23 X 107 144 1.49 500 42 x 107
Cu Al 65 x 107 136 ’ 141 500 41 x 10*
Mg Al 1.2 x 10 131 135 500 1.9 x 108
Cu Ni 2.7 X 107 256 2.65 500 1.3 x 1073

Source: E. A. Brandes and G. B. Brook (Editors), Smithells Metals Reference Book, Tih edition, Batterworth-
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Factors that influence diffusion (continue)

O Temperature

[0 Activation

energy + Observed fit: pre-exponential [m?2s] {see Table 5.2)

activation energyl
[Mmol],[eVimol]

diffusivity D =D, exp (— R_dj {see Table 5.2)
‘T\gas constant [8.31/mol-K]

* Experimental data
g€ s sgo
10871 T T T
D (m?s) | Gallister, Fig. 5.7
1 Exponential dependence on T.
N, has same behavior!

10-147
T Compare substitutional and
interstitial cases.
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Examples

0 Determine activation energy and the preexponential




