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Selective Oxidation Behavior of Fe-base and Ni-base Heat-resisting Alloys
at high Temperatures in a Wet Hydrogen Atmosphere

Kanji MAsul, Shigeo MARUNO
Materials Research Lab.
(Received September 6, 1982)

The selective oxidation of Incoloy 800, Hastelloy X, Inconel 600 and 30Ni-50Fe-20Cr alloy in wet
hydrogen at 800 to 1100 °C were investigated by optical microscope, EPMA, X-ray and electron
diffractions. Effects of Si, Mn, Al or Ti addition to 30Ni-50Fe-20Cr alloy on the oxidation behavior
were also examined. Some Kkinetic studies, furthermore, were made through the gravimetric
measurements. Results obtained are as follows; (1) A protective layer of stable corundum type Cr,
O; is formed on the oxidized alloys in wet hydrogen. (2) The bi-layer oxide structure consisting of
MnCr,;O, spinel (outer part) and Cr,0; (inner part) is formed for the oxidation of alloys containing
small amount of Mn. The large portion of Al and Si are present in the inner part of scale and form
internal oxides. The addtiton of Ti results in the formation of a porous scale. (3) The addition of
Si and Mn are effective for decreasing oxidation rate, and whereas that the addition of Al and Ti
considerably lead to increase the oxidation rate of the alloy. (4) The rate of selective oxidation obeys
parabolic law, but there is little tendency to decrease with the progress of oxidation. The corrected
oxidation rate-constant were calculated by considering the temperature dependence of O, partial=

pressure in wet hydrogen.
hydrogen are about 32-37 kcal/mol.
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Table 1. Chemical compositions of alloys (wt%).
AToys N [cr Trelsi[mm][m|Ti[M]cC
Incoloy 800 31.59]20.72[Bal.]0.48]0.93[0.45/0.35] - [o0.04
Hastelloy X 47.97/21.22(Bal.|0.50(0.60| - - |8.82(0.09
Inconel 600 73.25|15.95(Bal. | 0.41(0.34| - - - |0.05
30N1-50Fe-20Cr 28.70/20.04|8al.{Tr. | - [ - [ - |- lo.0
30N{-50Fe-20Cr-151|28.99(19.95[a1.|0.97) - | - [ - |- |-
30Ni-50Fe-20Cr-1Mn|28.98|20.59 |Bal.| - [1.03| - - - -
30Ni-50Fe-20Cr-1A1|27.87(20.34 |Bal.| - - [1.12] - -
30N1-50Fe-20Cr-1T1)28.71/20.33Bal.| - - - 10.97{ -
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Photo. 1 Optical microphotographs of the oxide film formed on various heat-resisting alloys after
oxidation at 1100°C for 16hr in wet hydrogen. (a)Incoloy 800, (b)Hastelloy X, (c)Inconel 600. (x

1,500)
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Fig. 1 EPMA traces of Incoloy 800 oxidized in wet Fig. 2 EPMA traces of Hastelloy X(a) and Inconel 600
hydrogen at 1100°C for 16hr. (b) oxidized at 1100°C for 16hr in wet hydrogen.
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Photo. 2 Optical microphotographs of the oxide film formed on various Ni-Fe-Cr alloys after oxidation
at 1100°C for 16hr in wet hydrogen. (a)30Ni-50Fe-20Cr, (b)30Ni-50Fe-20Cr-1Si, (c)30Ni-50Fe

-20Cr-1Mn, (d)30Ni-50Fe-20Cr-1Al, (e), (f)30Ni-50Fe-20Cr-1Ti. (x1,500) (f) is the higher
magnification of (e).
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Fig. 3 EPMA traces of various Ni-Fe-Cr alloys
oxidized in wet hydrogen at 1100°C for 16hr.
(a)30Ni-50Fe-20Cr, (b)30Ni-50Fe-20Cr-1Si, (c)
30Ni-50Fe-20Cr-1Mn, (d)30Ni-50Fe-20Cr-1Al,
(e)30Ni-50Fe-20Cr-1Ti.
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Fig. 4 X-ray diffraction patterns of oxide film on
various alloys oxidized in wet hydrogen at 1100
‘Cfor 16hr. C : Cr,0; S : spinel(MnCr,0,) M :
metal(y).
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Photo. 3 Electron diffraction patterns of the oxide film
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Fig. 5 Weight gain of various alloys due to oxidation at
1100°C in wet hydrogen.
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Fig. 6 Log-log plots of weight gain vs oxidation time in wet hydrogen.
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Fig. 7 Plot of corrected parabolic rate constants vs.
reciprocal absolute temperature.
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