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Oxidation behavior under stress of Ni-Cr alloys in gas phase under extremely-low oxygen potential
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Oxidation behavior and cracking susceptibility of the Ni-Cr alloys (Ni-14Cr, Ni-22Cr and Ni-30Cr) under
extremely-low oxygen partial pressure have been investigated by experiments used as plate specimen and
Reverse U-Bend (RUB) specimen for 750 hours at 400 °C in two kinds of gas system (inert gas and dry
steam) under various oxygen potential (Ni stable, Ni/NiO equilibrium and NiO stable).

The Ni-Cr alloys cracked along grain boundary both in inert gas system (with trace O,, without H,O) and
in hydrogenated steam. The cracking susceptibility was confirmed in near Ni/NiO equilibrium in
hydrogenated steam as contrasted with higher oxygen potential in inert gas system. This result shows that
potential range for the cracking susceptibility seemed to be different between the two kinds of gas system.
Cracking severity was highest for Ni-14Cr and lowest for Ni-30Cr both in inert gas and steam. But even
Ni-30Cr was not immune to IG cracking in steam near Ni/NiO equilibrium.
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Table 1 Chemical composition of Ni-Cr Alloy (wt%)

Ni Cr Fe Mn Mg Si P S )
Ni-14Cr Bal. 13.89 0.014 0.049 0.008 <0.001 0.002 <0.001 0.006
Ni-22Cr Bal. 21.87 0.019 0.046 0.003 0.007 0.001 <0.001 0.004
Ni-30Cr Bal. 29.67 0.029 0.044 0.002 0.012 <0.001 <0.001 0.003
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Fig. 1 Validation result of the actual oxygen potential
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Fig. 2 NiO stable-Inert Gas: Appearance and

cross-sectional view of RUB specimen
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Fig. 3 Ni stable-Inert Gas: Appearance of RUB specimen
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Fig. 4 Ni/NiO equilibrium-Dry Steam: Appearance and

cross-sectional view of RUB specimen

Fig. 5 NiO stable-Dry Steam: Appearance of RUB

specimen

Table 2 Summary of Cracking Susceptibility

Materials
Ni-22Cr

Environment

Ni-14Cr Ni-30Cr

Inert Gas
Nistable
(log Pg,=-35~ -28)

Inert Gas
HiOstable
(log Pg,=-19 ~ -15)

No Crack No Crack No Crack

Cracked Cracked Cracked

Inert Gas (Ar + 02)

Dry Steam
Ni/ri0 equilibrium
{log Po,=-29 "~ -28)

|
|
Cracked > Cracked

vV TV

Cracked

Steam

Dry Steam
NiOstable
{log Pp,=-25~ -19)

No Crack No Crack No Crack
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