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Effects of Tensile Stress on Grain Boundary Selective Oxidation in an Fe-36%Ni Alloy
Kiyoshi Kusapiraki, Ken Saxurapaniand Shigeoki Saj

Synopsis : The oxidation of an Fe-36%Ni alloy (invar type alloy) is investigated at temperatures between 1000K and 1300K in air
under tensile stress conditions using metallographic, electron probe microanalysis, and X-ray diffraction techniques.
The oxide scales consist of an external scale and a subscale which has an intragranular oxidation zone and an
intergranular oxidation zone. The oxide phases in each scale are identified as FeO, Fe;O4, and Fe,0, and FeO and Fe;O,,
respectively. The oxide phases do not depend on the magnitude of tensile stress within 14.7MPa, but the growth rates
of scales depend on remarkably. The growth rates of the intragranular oxidation zone increase (below 1100K) or
decrease (above 1200K) with increasing tensile stress, but those of the intergranular oxidation zone increase (above
1200K) with increasing tensile stress. The formation of intergranular oxide is promoted not only in the direction of
depth from a surface, but also in the width (thickness) of oxide with increasing tensile stress. The stress accelerated
grain boundary oxidation (SAGBO) in this alloy is confirmed distinctly.
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Table 1. Chemical composition of the alloy.
(mass%)
Ni Cc Si Mn P S Fe
36.1 0.003 0.09 0.3 0.003 0.001 Bal.
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Fig. 1. Experimental apparatus.
1: Screw jack, 2 : Motor, 3 : Speed controller,
4 : Tension adjuster, 5: Electric furnace, 6 :
Test specimen, 7: Load cell, 8 : Digital indi-
cator
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Fig. 2. Cross section of an Fe-36%Ni alloy oxidized
at 1200K and 9.8MPa for 72ks.
A : Surface of a sample before oxidation
B : Intergranular oxidation zone
C: Intragranular oxidation zone
D : External scale
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Fig. 3. X-ray diffraction patterns of external scale

(A) and subscale (B) on an Fe-36%Ni alloy
oxidized at 1200K for 108ks in air.
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Fig. 4 34 & #1100K, 0 PaT ##11#+118ks(A), 72ks(B)




Fig. 4. Cross sections of Fe-369%Ni alloy oxidized
at 1100K and OPa for 18ks: A and 72ks: B in
air.

Fig. 5. Cross sections of Fe-36%Ni alloy oxidized
at 1100K and 14.7MPa for 18ks : A and 54ks:
B in air.
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Fig. 6. Cross sections of Fe-36%Ni alloy oxidized
at 1200K and 0Pa for 72ks: A and 216ks: B
in air.
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Fig. 7. Cross sections of Fe-36%Ni alloy oxidized
%t 1200K and 4.9MPa for 72ks : A and 216ks:
in air.
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Fig. 8. Cross sections of Fe-36%Ni alloy oxidized
%t 1200K and 9.8MPa for 36ks: A and 72ks:
in air.
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Fig. 9. Concentration profiles of Ni, Fe and O
across an Fe-369%Ni alloy oxidized at 1100K
and 9.8MPa for 72ks in air.

Stress axis of tension is parallel to upper and
lower directions in a photograph.

Fig. 10. Concentration profiles of Ni, Fe and O
across an Fe-36%Ni alloy oxidized at
1200K and 9.8MPa for 72ks in air.

Stress axis of tension is parallel to upper
and lower directions in a photograph.
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Fig. 11. Effects of oxidation time on the thickness
of intragranular oxidation zone.
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Fig. 12. Effects of oxidation time on the thickness
of intergranular oxidation zone.
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Fig. 13. Effects of oxidation time on the width of
intergranular oxide.
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Fig. 15. Arrhenius plots of parabolic rate constants
for intergranular oxide formation of an
Fe-369%Ni alloy oxidized in air.
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