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Interdiffusion of Chromium in Molten Fe-Cr and Fe-Cr-Ni Alloys
Yoichi ONO and Atsushi SAKAI

Synopsis:

Interdiffusion coefficients of chromium in molten Fe-Cr and Fe-Cr-Ni alloys have been determined
at 1550°C by the diffusion couple method with the following results:

(1) Interdiffusion coefficient in molten Fe-Cr alloy, Dge-c,, is expressed by the following empiri-
cal equation for chromium content up to 15 at%:

Dgg-crx105=3.36—20.9N¢,.+171NE, cm?2/s

(2) In molten Fe-Cr-Ni alloy with the composition of 4 at?,Ni and O to 12 at%Cr, the main
(diagonal) diffusion coefficient of chromium, Dc,c;, is 1.3 to 1.9 times as large as the binary diffusi-
vity Dpe-cr, that is, an addition of nickel increases the diffusion rate of chromium. Cross diffusion
coefficients, D¢yn; and Dyjcr, are estimated to be negative and smaller than the main coefficients by an

order of magnitude.
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Fig. 1. Dimensionless concentration profile of
chromium in Fe/Fe-49,Cr diffusion couple
after diffusion run for 5, 20, 40, and 60
min at 1550°C. The curve in the figure
is the theoretical one expressed by Eq.(1).
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Fig. 2. Dimensionless concentration profile of chro-
mium in Fe-49,Cr/Fe-89,Cr diffusion
couple after diffusion run for 5 to 80 min at
1550°C. The curve in the the ﬁorure is
drawn according to Eq. (1).
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Fig. 3. Dimensionless concentration profile of chro-
mium in Fe-89,Cr/Fe-129,Cr diffusion
couple after diffusion run for 5 to 80 min
at 1550°C. The curve is drawn according

to Eq. (1).
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Fig. 4. Dimensionless concentration profile of chro-
mium in Fe-1294,Cr/Fe-169,Cr diffusion
couple after diffusion run for 5 to 80 min
at 1550°C. The curve is drawn according
to Eq. (1).
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Table 1. Experimental results on the interdiffusion

coefficient in molten Fe-Cr-alloys at 1 550

°C.

Terminal compositions Diffusion

Diffusion of couple(at 2,Cr) coeflicient
couple Upper Lower Dpe-crx 108

sample, C; | sample, C, (cm2/s)
(0/4) 3.64 0.00 3.01(40.13)
(4/8) 7.44 3.64 2-58(4-0.20)
(8/12) 11.96 7.44 3.08(+0.19)
(12/16) 14.99 11.96 3.60(4-0.35)
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Fig. 5. Interdiffusion coefficients of chromium in
Fe-Cr alloy Dge-cr and in Fe-Cr-49,Ni
alloy Dcycr at 1550°C versus chromium
content of the alloys.
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Fig. 6. Concentration profiles of chromium and
nickel in Fe-49,Ni/Fe-49,Cr-49,Ni di-
ffusion couple after diffusion run for 10
min at 1550°C. ‘
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ffusion couple after diffusion run for 20
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Fig. 8. Concentration profiles of chromium and
nickel in Fe-49;Ni/Fe-89,Cr-49,Ni di-
ffusion couple after diffusion run for 20
min at 1550°C.
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Fig. 9. Dimensionless concentration profile of ch-

romium in Fe-49;Ni/Fe-49,Cr-49,Ni di-
ffusion couple after diffusion run for 10,
50, 100, and 200min at 1550°C. The curve
in the figure is the theoretical one express-
ed by Eq. (1), which is originally derived
for binary Fe-Cr alloy.

1.0 |

Fe-Cr -Ni o (0/00110"
(0-478-4)
075 <

(C- Cp)/(C1~Co)
o)
n
o

0.25 =
[e]
o o008
-1.0 -0.5 0 0.5 1.0 1.5
xIl26
Fig. 11. Dimensioniess concentration profile of ch-

romium in Fe-49,Ni/Fe-89,Cr-49,Ni
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Fig. 10. Dimensionless concentration profile of ch-

romium in Fe-49,Cr-49,Ni/Fe-82,Cr-4
9%Ni1 diffusion couple after diffusion run
for 10 to 200min at 1550°C. The curve
is drawn according to Eq. (1).
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Fig. 12. Dimensionless concentration profile of ch-
romium in Fe-89,Cr-49,Ni/Fe-129,Cr-4 .
%Ni diffusion couple after diffusion run
for 10 to 200min at 1550°C. The curve
is drawn according to Eq. (1).
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Table 2. Experimental results on the main diffusion coefficient of chromium in molten

Fe-Cr-Ni alloys at 1550°C.

Diffusion couple Terminal compositions of couple (at %) giﬂusyllo:?;ﬂj:;;ﬂ
Upper sample, C; Lower sample, C, CrCr
(0-4/4-8) Ni 382 5.87 5.82(:£0.19)
- (4-4/8-9) & 748 558 3.56(£0.15)
(0-4/8-4) & i o8 4.44(£0.27)
(8-4/12-4) o 11.68 T 3.95(-£0.35)
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