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Oxidation Behavior of Fe-Ni-Cr Alloys at 700°C in Air and Steam
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High-temperature oxidation behavior of Fe-Ni-Cr alloys with different Ni contents in air and steam at 700°C was investigated.
Oxidation mass gain in steam was higher than that in air. In both atmospheres oxidation mass gain tended to decrease with increas-
ing Ni content. However, the Ni concentration dependence of oxidation mass gain in air was complex, i.e., oxidation mass gain
increased with increase in Ni content up to 35% then decreased with higher Ni content. But oxidation mass gain of binary Ni-20Cr
significantly increased. Such a complex oxidation behavior was not observed when alloys were oxidized in steam. The internal
oxidation zone was locally formed in air, and a Cr,05 scale was found to develop on the areas without internal oxidation. The size of
area, where an internal oxidation zone was developed, changed depending on Ni content. In steam, most of the surface area of alloys
was covered by an internal oxidation zone. Cr content, 20% , was considered to be insufficient but close to the critical Cr content
for exclusive Cr,0; scale formation in air. The critical Cr content for exclusive Cr,05 scale formation was found to depend on alloy
Ni content due to lower oxygen permeability in alloys with higher Ni content and the cross-term effect for Cr outward diffu-

sion. [doi:10.2320/jinstmet.JB201705]
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Fig. 1 Oxidation apparatus used in this study.
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Fig. 2 Oxidation kinetics of Fe-Ni-20at% Cr and Ni-20Cr alloys at 700C in (a) air and (b) H,0.
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Fig. 3 Oxidation mass gains as a function of alloy Ni content, in (a) air and (b)H,0.
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Fig. 4 Cross-sections of alloys after oxidation in air for 4 h, Fe-20Cr- (a) 25Ni, (b) 35Ni, (c) 45Ni, (d) 55Ni, (e) 65Ni, (f) 75Ni, and

(g) Ni-20Cr alloys.
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Fig. 5 Cross-sections of alloys after oxidation in air for 100 h, Fe-20Cr- (a) 25Ni, (b) 35Ni, (c) 45Ni, (d) 55Ni, (e) 65Ni, (f) 75Ni,
and (g) Ni-20Cr alloys.
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Fig. 7 Cross-sections of alloys after oxidation in H,O for 4 h, Fe-20Cr- (a) 25Ni, (b) 35Ni, (c) 45Ni, (d) 55Ni, (e) 65Ni, (f) 75Ni,
and (g) Ni-20Cr alloys.
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and (g) Ni-20Cr alloys.
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Table 1 Parabolic rate constants of internal oxidation in H,O.

Ni content, at% ky, m?/s
25 5.0E-16

35 1.0E-15

45 4.7E-16

55 2.6E-16

65 1.3E-16

75 1.7E-16

80 (Ni-20Cr) 4.2E-17

Table 2 Initial oxygen content and oxygen diffusion coefficients
at 700C in Fe-22Cr-14Ni and Ni.

Fe-22Cr-14Ni Ni
No® 5.0x107° 9.3x10°
Do (m?/s) 50x10 77%101

Table 3 Diffusion coefficients of Cr in Fe-Ni-Cr alloys with dif-
ferent Ni content.

Ni content Diffusion Coefficient
(at%) D¢, (m?/s)
18.1 3.2x1071
333 2.2x107Y
412 3.0x107¥
53.1 3.0x107%
61.4 5.0x10°%
76.4(Ni-23.6Cr) 2.0x107Y
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