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Effect of bcc Chromium Phase on High Temperature Creep Resistance in
an Fe-30Cr-50Ni-2Mo Alloy

Naotsugu YAMANOUCHI, Tohru SHIMADA, Manabu TAMURA,
Takashi MATSUO and Makoto KIKUCHI

Synopsis :

A new corrosion resistant Fe-50%Ni-30%Cr-2%Mo austenitic alloy developed for super heaters has a
high creep rupture strength at temperatures as high as 1073 K. The creep rupture strength of this alloy is
equivalent to that of 17-14CuMo, one of the strongest commercial alloys. Unlike ordinary commercial au-
stenitic heat resisting steels strengthened by carbide dispersion, which tend to decrease in the creep rup-
ture strength at higher testing temperatures and under lower creep stresses, this alloy retains its strength
in a temperature range between 823 and 1073 K for more than 10000 h. This excellent long term creep
rupture strength was found to be due to a high density and a uniform dispersion of intragranular precipi-
tates of bec chromium phase. The dispersion strengthening due to the bece chromium was unambiguously
demonstrated by a creep test of a preaged specimen with a controlled dispersion of the precipitates.
Coarsening of the intragranular bcc chromium precipitates was slower than that of the carbides, which lead
to the smaller decrease in the creep rupture strength at higher testing temperatures and under lower creep
stresses.

Key words : Fe-30Cr-50Ni-2Mo alloy; creep rupture strength; @ phase; dispersion strengthening due
to o’ phase; intragranular precipitation; precipitation of My3Cs on dislocations; creep resistance;
grain boundary precipitation strengthening due to My3Cg .
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Table 1. Chemical composition (wt%) of alloys studied.
Alloy C Si Mn P S Ni Cr Mo Ti Zr Al N Fe
YY2 0.058 0.27 0.20 0.001 0.0007 50.99 30.52 2.11 0.181 0.027 0.14 0.0016 Bal.
ZD3 0.004 0.32 0.22 0.001 0.0007 56.19 24.12 2.89 0.200 0.029 0.21 0.0022 Bal.
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Fig. 1. Stress-time to ruprure curves for Fe-
30Cr-50Ni-2Mo at 823~1 273 K.
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Fig. 2. Temperature dependence of the stress
exponent of time to rupture, —m value, in Fe-

30Cr-50Ni-2Mo.
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Fig. 3. Larson-Miller plot as a function of stress Time (h)
showing Fe-30Cr-50Ni-2Mo data crept at 823 ~ Photo. 1. Optical micrographs of Fe-30Cr-50Ni-
1273 K. 2Mo aged at 773~1173 K for 300~10 000 h.
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a : Showing the intragranular precipitation of @’ phase b : Schematic diffraction pattern of a” phase

Photo. 2. Transmission electron micrograph of Fe-30Cr-50Ni-2Mo aged at 973 K for 1000 h.
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a : Showing the grain-boundary precipitation of Ma3Cg b : Schematic diffraction pattern of Ma3Cq

Photo. 3. Transmission electron micrograph of Fe-30Cr-50Ni-2Mo aged at 973 K for 1 000 h.
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Fig. 4. Temperature dependence of amount of a’
and M,3Cg in Fe-30Cr-50Ni-2Mo after aging for
3000 h.
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Photo. 4. Scanning electron micrographs of Fe-30Cr-50Ni-2Mo aged for 1000 h at

923(a), 973(b), 1023(c) and 1073 K(d).
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Photo. 5. Scanning electron misrograph of Fe-
30Cr-50Ni-2Mo aged for 3000 h at 1023 K.
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Photo. 6. Optical micrograph of Fe-30Cr-50Ni-
2Mo creep ruptured at 873K for 435.5h(a) and
at 923K for 168 h(b).
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Photo. 7. Transmission electron micrograph of
Fe-30Cr-50Ni-2Mo creep ruptured at 873 K-284.2
MPa for 435.5h. Showing the precipitation on
dislocations.
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Fig. 6. Creep curves at 923 K-294 MPa for ZD3

solution treated and Fe-30Cr-50Ni-2ZMo solution
treated and aged at 973 K for 1000 h.
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Photo. 8. Transmission electron micrograph of
Fe-30Cr-50Ni-2Mo creep interrupted for 308 h
at 1023 K-98MPa. Showing the
precipitation of @’ phase.

intragranular
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