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6.1.1 I %

Fig. 7.1 (a) A copper—nickel
diffusion couple before a
high-temperature heat

@ treatment.
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Fig. 7.2 (a) A copper—nickel

diffusion couple after a high-
temperature heat treatment,

showing the alloyed diffusion
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Fig. 7.3 Schematic representations

of (a) vacancy diffusion and (b)
interstitial diffusion.
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Fig. 7.4 (a) Steady-state diffusion across a thin
plate. (b) A linear concentration profile for the
diffusion situation in (a).
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EXAMPLE PROBLEM 7.1

A plate of iron is exposed to a carburizing (carbon-rich)
atmosphere on one side and a decarburizing (carbon-
deficient) atmosphere on the other side at 700°C (1300°F).
If a condition of steady state is achieved, calculate the
diffusion flux of carbon through the plate if the
concentrations of carbon at positions of 5 and 10 mm
(5X103and 102 m) beneath the carburizing surface are
1.2 and 0.8 kg/m3, respectively. Assume a diffusion
coefficient of 3 X101 m?/s at this temperature.

SOLUTION
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Fig. 7.5 Concentration profiles for
nonsteady-state diffusion taken at
three different times, t, , t, , and t, .
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Table 7.1 Tabulation of Error Function Values

V4 erf(2) Z erf(2) 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
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Suppose that it is desired to achieve
some specific concentration of solute,
C,, in an alloy; the left-hand side of
Equation 7.5 now becomes

0 — constant
0

C -C
C.-C

X
— =constant (7.6a)

2~/ Dt

2

¢~ _constant (7-6b)
% Dt

Concentration,

Distance from interface, x

Fig 7.6 Concentration profile
for nonsteady-state diffusion;
concentration parameters
relate to Equation 7.5.



EXAMPLE PROBLEM 7.2 -
SOLUTION @
Since this is a nonsteady-state diffusion problem in
which the surface composition is held constant,
Equation 7.5 Is used. Values for all the parameters

In this expression except time t are specified in the
problem as follows:

C,=0.25wt% C
C.,=1.20wt% C
C,=0.80wt% C
X=0.50mm=5 X 104 m
®2D=16 X101 ms




C,-C,_080-025 . .|  (5x10°'m)
C,-C, 1.20-0.25 | 2,/(1.6x107m?/s)(t)
62.55" )
0.4210 = erf[ ] 0.35 0.3794
\/E Z 0.4210

z-0.35  0.4210-0.3794 060" 05254
0.40-0.35 0.4284-0.3794

1/2
z =0.392 62'3; —0.392
1/2 \?
_ [6(2)':;2 ] _ 254005 = 7.1h




EXAMPLE PROBLEM 7.3

SOLUTION
y2

— = constant
Dt

Dt = constant (7.7)
at both temperatures. That is,
D500 ts00 = Psoo teoo

_ Dyt (6:3x107°m?/s)(10h)

t. = =110.4h
Dy, 4.8x10™m?/s
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Table 7.2 A Tabulation of Diffusion Data

%

Diffusing Host Activation Energy (Jy Calculated Values

Species Metal Dy (m?/ s) kJ/mol eV/atom T(°C) D(m?/s)
Fe a-Fe 28 x 10 251 2.60 500 3.0 x 1072
(BCC) 900 1.8 X 10°%
Fe y-Fe 5.0 X 103 284 2.94 900 1.1 X 1077
(FCC) 1100 7.8 X 1071
C a-Fe 6.2 X 1077 80 0.83 500 2.4 X 1071
900 1.7 X 10°®
C y-Fe 2.3 X 107 148 1.53 900 5.9 X 107%
1100 5.3 x 1071
Cu Cu 7.8 X 107 211 2.19 500 4.2 X 107"
/n Cu 2.4 % 107 189 1.96 500 4.0 X 1071
Al Al 23 x 10 144 1.49 500 4.2 X 1074
Cu Al 6.5 X 107 136 1.41 500 4.1 X 107H
Mg Al 1.2 X 10 131 1.35 500 1.9 X 1074
Cu INi 2.7 X 10° 256 2.65 500 1.3 X 10°%

Source: E. A. Brandes and G. B. Brook (Editors). Smithells Metals Reference Book, Tth edition, Butterworth-
Heinemann, Oxford, 1992.

*
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Syt ) Syl i
Q/(kJ-mol-) Q/(kJ-mol-Y)
Al 184
. N 146
Ni 282.5
H | Mn 276 5] - »
% Cr 323 ;ﬁ
Mo 247
H 42
W 261.5
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Fig. 7.7 Plot of the logarithm of the
diffusion coefficient versus the reciprocal
of absolute temperature for several metals.




EXAMPLE PROBLEM 7.4

Using the data in Table 7.2, compute the diffusio
coefficient for magnesium in aluminum at 550° C.

SOLUTION




EXAMPLE PROBLEM 7.5
In Figure 7.8 is shown a plot of the logarithm (to the base 10)

the diffusion coefficient versus reciprocal of absolute temperature;
for the diffusion of copper in gold. Determine values for the
activation energy and the preexponential.

SOLUTION o2 i

logD =1log D, — Q, (ij

10—13 -

23R\ T

10—14 -

10—15_

Diffusion coefficient (m2/s)

10—16_

0.7 0.8 0.9 1.0 1.1 1.2

Reciprocal temperature (1000/K)

Fig. 7.8 Plot of the logarithm
of the diffusion coefficient
versus the reciprocal of
absolute temperature for the
diffusion of copper in gold.
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logD, =log D + Z%R (_ﬂ

(194,000J / mol)(1.1x10°[K]™)
(2.3)(8.31J /mol — K)

= -15.45 +




DESIGN EXAMPLE 7.1

SOLUTION
C, = 0.20 wt% C

C.=1.00 wt% C
C,=0.60 W% C




X=0.75mm=7.5 X 104 m. Therefore

Dt = D, exp( Qy j(t) 6.24 %10’

(2.3x10‘5m2/8)exp{— Lot 000" }(t) — 6.24x10"" m?
(8.313 /mol — K)(T)
t(in s) = 0.0271 |
expl — 17,810\ Temperature Time

(°C) s h
900 106,400 29.6
950 27,200 15.9
1000 32,300 0.0
1050 14,000 5.3
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