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High-Temperature Oxidation of Fe-38Ni-13Co-4.7Nb-1.5Ti-0.4Si
Superalloy in Ar-H,O Atmosphere

Kiyoshi Kusarraky, Jivou Ixeeami, Tetsurou Nisumvoro and Takayuki Ooxa

Synopsis : The oxidation of an Fe-38Ni-13Co-4.7Nb-1.5Ti-0.4Si alloy, (Incoloy 909 type alloy (alloy 909), has been investigated
in the temperature range of 1000K to 1400K in Ar—(1, 109%)H,O atmosphere using metallographic, electron probe

microanalysis and X-ray diffraction techniques.

The oxide scales consisted of an external scale and an internal scale which had an intergranular scale (>1200K) and
an intragranular scale. The oxide phases in each scale were identified as @-Fe,03(<1200K) or FeO (> 1300K) and CoO-

Fe,0; and FeO+*Nb,Os, respectively.

The morphologies, the oxide phases and the oxidation rates did not depend on the partial pressure of H,O in the range
between 1 and 10 percent in Ar gas. The rate constants for the intergranular scale formation in alloy 909 were about
one-tenth as large as those in Fe-36%Ni alloy reported previously.

At all the temperatures the scales grew according to a parabolic rate law and the apparent activation energies for the

processes were estimated.
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Table 1. Chemical composition of specimen(mass%).

Fe Ni Co Cr Nb Ti Mn

40.72 38.70 13.53 0.04 4.70 1.54 0.04

Si C B P S N O

0.36 0.013 | 0.0027 | 0.004 | 0.0008 | 0.0011 | 0.0018
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Fig. 1. Cross section of alloy 909 oxidized in Ar-
10% H,0 at 1300K for 36ks.

Ar-H,OBBIS1C 3 1 5 Fe-38Ni-13Co-4.7Nb-1.5Ti-0. 4Sili B A& O BinmE (b,

83

20 / degree
20 40 6 80
F2 :Q-Felola (A) External scale
CF :CoOFe:0;
>
=
]
c
[
-
£
Y IFN:FeO Nb.Os ~ = (B) Internal scale
E F2:Q-Fe;0, - ?_’ '
] = ~
T & g
22 = =
('S 'S

1.0 1.5
Diffraction angle, 26/rad (Cu-Ka)

Fig. 2. X-ray diffraction patterns of external: A
and internal scale : B on alloy 909 oxidized at
1000K for 72ks in Ar-109%H.,O.
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Fig. 3. X-ray diffraction patterns of external: A
and internal scale : B on alloy 909 oxidized at
1400K for 18ks in Ar-109¢H,0.
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Fig. 4. Cross sections of alloy 909 oxidized in Ar-
1096 H,0 at 1000K.
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Fig. 5. Cross sections of alloy 909 oxidized in Ar-
109%H,0 at 1200K.
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Fig. 6. Cross sections of alloy 909 oxidized in Ar-
109%H,0O at 1400K.
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Fig. 7. Concentration profiles of Fe, Ni, Co and Nb
across alloy 909 oxidized at 1000K for 54ks
in Ar-1094H,0.
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Fig. 8. Concentration profiles of Fe, Ni, Co and Nb
across alloy 909 oxidized at 1200K for 10.8ks
in Ar-109%H,0.

Fig. 9. Concentration profiles of Fe, Ni, Co and Nb
across alloy 909 oxidized at 1400K for 3.6ks
in Ar-10%H,0.
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Fig. 13. Arrhenius plots of parabolic rate constants
for external ([J), intergranular (O, @) and

intragranular (A) scale formation with
Fig. 10. Effects of temperature on the thickness of alloy 909 oxidized in Ar-10%H.O.

external scale on alloy 909 oxidized in Ar-

Fig. 11. Effects of temperature on the thickness of
intergranular scale in alloy 909 oxidized in

1096 H,0.
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Table 2. Apparent activation energies for the
scale growth obtained in alloy 909 oxi-
dized in Ar-1, 1025H,0.

Environment

Apparent activation energy (kJ/mol)

External scale|lntergranular scale

Intragranular scale

Ar-1%H,0

140

148

118

Ar-10%H.0 l 152

165

112
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