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High Temperature Oxidation of Fe-Cr Alloys in Ar-10%H3;0 Atmosphere
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Synopsis :

In order to elucidate the phenomena and mechanisms of oxidation of Fe-(9,17%)Cr alloys in Ar-10%H,;0
atmosphere at 1 000-1 400 K, the thickness and the morphology of scales formed were investigated.

The scales usually consisted of the outer scale and the subscale. The oxide phases of these scales were
identified as FeO and the mixtures of FeO and FeCr;0,, respectively. With the increase in Cr content in
the alloys the rate of the total oxidation decreased, but the rate of the subscale formation increased.

At all the temperatures parabolic kinetics was observed in the subscale formation, and its apparent
activation energies were estimated to be 141 kJ/mol for Fe-9%Cr alloy at temperature above 1100 K and
214 kJ/mol for Fe-17%Cr alloy at temperature above 1 000 K, respectively. The rate determining diffusion
elements were considered to be Fe in FeO for the former alloy and Fe and Cr in a phase for the latter
alloy.

As for the subscale configurations, in Fe-17%Cr alloy only a continuous subscale formation was
observed, whereas in Fe-9%Cr alloy the characteristic subscale was observed to form periodically. The
periodic growth of FeO and FeCr,0, can be explained by a Liesegang phenomenon, because the kinetics of
the subscale formation is parabolic and the subscale formed periodically obeys JaBLczynski's relationship.
Key words: oxidation; Fe-Cr alloy; subscale; outer scale; kinetics; activation energy; high temperature;

liesegang.
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Fig. 1. Apparatus for the high temperature oxida-
tion of Fe-Cr alloys in Ar-H,0 mixed gas.
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A : Surface of sample before oxidation

B : Subscale C: Outer scale
Photo. 1. Cross section of the Fe-17%Cr alloy
oxidized in Ar-10%H,0 at 1 400K for 10.8 ks.

Table 1. Chemical composition of specimens (mass %).
C Si Mn S Al N Cr
Fe- 9%Cr 0.048 <0.05 0.10 0.0024 0.0031 0.002 0.0072 - 8.70
Fe-17%Cr 0.067 <0.05 0.10 0.0031 0.0041 0.006 0.0040 17.20
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A:18ks

B:54ks
Photo. 2. Cross sections of the Fe-9%Cr alloy
oxidized in Ar-10%H,0 at 1 400 K.
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Photo. 3. Cross sections of the Fe-9%Cr alloy
oxidized in Ar-10%H,0 for 72 ks.
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Fig. 2. Concentration profiles across the scale of
Fe-9%Cr alloy oxidized in Ar-10%H,0 at 1400K
for 36 ks.
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A : Reflective electron image B:Cr-K, X-ray image

C:Fe-K, X-ray image D:0-K, X-ray image
Photo. 4. Distributions of Fe, Cr and O
observed by EPMA on the cross section of
Fe-9%Cr alloy oxidized in Ar-10%
H,0 at 1 400 K for 36 ks.

A:18ks

B:54ks
Photo. 5. Cross sections of the Fe-17%Cr alioy
oxidized in Ar-10%H,0 at 1 400 K.
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Photo. 6. Cross sections of the Fe-17%Cr alloy
oxidized in Ar-10%H,0 for 72 ks.
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Fig. 3. Concentration profiles across the scale of
Fe-17%Cr alloy oxidized in Ar-10%H,0 at 1 400K
‘for 36 ks.
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Fig. 4. Effect of temperatures on the thickness of
subscale on the Fe-9%Cr alloy.
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Fig. 5. Effect of temperatures on the thickness of
subscale on the Fe-17%Cr alloy.
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Fig. 6. Arrhenius plots of parabolic rate con-
stants for subscale formation.

Table 2. Apparent activation energies of she sub-
scale growth obtained in Fe-9, 17%Cr alloys.

Apparent activation energy (kJ/mol)
Alloy
<1100K >1100K
Fe-9%Cr — 141
Fe-17%Cr 214
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Photo. 7. Cross section of the Fe-9%Cr alloy oxi-

dized in Ar-10%H,0 at 1 400K for 36 ks.
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Fig. 7. Relation between band spacing and dis-
tance from subscale/metal interface in Fe-9%Cr
alloy oxidized for 54 ks in Ar-10%H,0 at 1 400 K.
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Fig. 8. Relation between square of penetration
depth of subscale and oxidation time of Fe-9%Cr
alloy oxidized in Ar-10%H,0 at 1 400 K.
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