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High Temperature Oxidation of Fe-Ni Alloys in Ar-H,O Atmospheres

Kiyoshi KUSABIRAKI, Hiroyuki TOKI, Takayoshi ISHIGURO and Takayuki OOKA

Synopsis:

The oxidation of Fe-(9, 36%)Ni alloys at 1 000-1 400 K has been studied in Ar-(1,5,10%)H,0 atmosphere
using metallographic and electron probe microanalysis techniques.

The scales consisted of the outer scale and the subscale which had a typical substructure of intergranular
oxide zone and a metal/oxide mixed zone. The oxide phase in each scale was identified as FeQ. With the in-
crease in Ni content in the alloys the total oxidation rates decreased, but the growth rates of subscale in-
creased.

The oxidation rates and morphologies of the scales did not depend on the partial pressure of H;O in the
range between 1 and 10 percent in Ar gas.

At all the temperatures the subscales grew according to a parabolic rate law, and the apparent activation
energies for the processes were estimated to be 129 kJ/mol for Fe-9%Ni alloy at temperature above
1 100K and 111 kJ/mol for Fe-36%Ni alloy at temperature above 1 000 K, respectively. The rate determin-
ing diffusion element in these alloys was considered to be Fe in FeO.
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Table 1. Chemical composition of specimens
(mass % ).
C Si Mn P S Ni
Fe-9%Ni 0.048 0.005 0.002 0.004 0.003 9.0
Fe-36%Ni 0.048 0.005 0.002 0.004 0.003 36.0

B 62 4E 5 3 19 H31J (Received May 19, 1987)

* TWAZET2H Ti8 (Faculty of Engineering, Toyama University, 3190 Gofuku Toyama 930)
*2 kA (B SHEM(EE)) (Graduate School, Toyama University, Now Aichi Steel Works, Ltd.)
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Photo. 1.
dized in Ar-10%H,0O at 1 400 K for 10.8 ks.

Cross section of Fe-36%Ni alloy oxi-
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Photo. 2. Cross sections of Fe-9%Ni alloy oxi-
dized in Ar-10%H,0 at 1 400 K.

B:36 ks
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Photo. 3. Cross sections of Fe-9%Ni alloy oxi-
dized in Ar-10%H,0 for 36 ks.
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Photo. 4. Cross sections of Fe-36%Ni alloy oxi-
dized in Ar-10%H,0 at 1 400 K.

A : Reflective electron image B:Ni-K, X-ray
image C:Fe-K, X-ray image D:0-K, X-ray
image
Photo. 5. Distributions of Fe, Ni and
O observed by EPMA on the cross sec-
tion of Fe-36%Ni alloy oxidized in
Ar-10%H,0 at 1 400 K for 18 ks.
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A:1100K B:1300K
Photo. 6. Cross sections of Fe-36%Ni alloy oxi-
dized in Ar-10%H,O for 36 ks.
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Fig. 1. Effects of temperature on the thickness of
subscale on Fe-9%Ni alloy.

4 Ar-10%H0 | — - l/_
Fe-36°%Ni

1400K
1300K
1200K
1100K
1000K

w
[

NETNE
\:\\\\
N

N
|
|

<

Thickness of subscale / 102pm
(@]
i

AV
o -
g8 —®
N T
2 o~ o
o -~ /
/ ,D/D o
2807
0 100 200
Timé'Zy g2

Fig. 2. Effects of temperature on the thickness of
subscale on Fe-36%Ni alloy.
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Fig. 3. Effects of temperature and HyO concen-
tration on the thickness of subscale.
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Fig. 4. Arrhenius plots of parabolic rate con-
stants for subscale formation.

Table 2. Apparent activation energies of the scale
growth obtained in Fe-9, 36 % Ni alloys.

Apparent activation energy (kJ/mol)
Al]by Subscale
Metal/Oxide mixed zone
<1100K >1100 K
Fe - 9%Ni — 129 261
Fe-36%Ni 111 254

—E/RT+%% (E: R oFMH b= v ¥—, R: K
HER, T:HFRE) TREABELT, ¥ 725 —
NVOREREICHT S RBIOFERt A V- E %
Kbz, BATKER T —3EL T Table 2 IZ7RY. % B,
CB/BILMREBOBRED Y 727 — Vv & FRICHLEL
BETHD-Z eho, FABRLZBITICLI>TELRE
BEHEHET Table 2 IZ/R7.

BECR <7 & ) WAL CE SN Fe-Ni 5404
TAr—n, €R/BILWREREORE GILHEETH
HIEHRBEENRTVD, 22T, FREFNOEERE
YETHULBELHEEL THAB I LIIT A,

Table 2 12X % &, Fe-9%Ni(1100K Ll t) B X
Fe-36 % NiDH 7 2 o — )V DR E#E O RN o iEHAL
IANVF— EFEFhZh 129, 111 kJ/moel TH D 7=,
INnH A Hvver & OFE L 72 FeO 0 Fe D8 D
WAL AV F—, 124 kJ/mol'® (2> 2 & 5 & HIMF
TAHE, TR —NVOEEREREIZVThS FeO BN
Fe DM HEELTWALIbD LTSNS, TR
FNVOREEEETAIEEES, 2oL IZnTho
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Fig. 5. Oxidation of Fe-9%Ni alloy in
Ar-10%H,0 at 1 400 K.
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Fig. 6. Weight ratios of a subscale to a total
scale of Fe-Ni alloys oxidized in Ar-10%H,0 at
1400 K.
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