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Beneficial Effect of Re on the Long-term Creep Strength of High Cr Ferritic Heat Resistant Steels

Ryokichi HAsSHIZUME, Osamu TAMURA, Kazuhiro Mixi, Tsukasa AzuMa, Tohru ISHIGURO,
Yoshinori MURATA and Masahiko MORINAGA

Synopsis : There has been a great demand for superior heat resistant steels in order to raise the thermal efficiency of fossil-fuel power plants and to re-
duce CO, emission to the global environment. To this end, by using the d-electrons concept, 9-12% Cr ferritic steels were designed for use of
a steam turbine rotor operated in the USC power plants at the steam temperature of 620 to 650°C. The crucial issue for the design is to sup-
press the deterioration of the long-term creep strength by alloying. First, the Re addition was found to give a beneficial effect on the creep
strength of a 10%Cr—4%W steel. Then, the creep tests were performed with the six Re-free and 3.5% W ferritic steels to get an optimum Cr

content in the range of 8.5 to 11.5%. As the result, it was found that an excess amount of Cr yielded a detrimental effect on the creep proper-
ties, and the 9% Cr steel was the best in view of the very long-term creep strength tested in the condition of 650°C, 98 MPa. Subsequently, a
series of creep tests was conducted with the steels by fixing at 9% Cr but by varying the W content from 2 to 4% and the Re content from 0
to0 0.5%. From the prolonged creep tests for more than 40,000h, it was shown that the 9Cr—4 W—0.5Re steel had the longest creep rupture life
among all the high Cr ferritic steels so far developed in the world.

Key words : ferritic steel; heat resistant steel; creep strength; Re; turbine rotor; martensite; microstructure.
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Table 1. Chemical compositions of tested steels, mass%.

steel C Si Mn Ni Cr Mo \ Nb w Co B Re N Cr-eq.| Md Bo
A 0.09 0.03 0.07 0.20 10.14 0.01 0.19 0.06 3.99 2.98 0.007 0.01 0.026 741 0.852 | 1.804
B 0.09 0.03 0.07 0.21 10.20 0.01 0.19 0.06 3.97 3.00 0.007 0.23 0.025 737 0.855 | 1.811
C 0.12 0.02 0.01 <01 10.09 0.40 0.20 0.08 1.89 3.01 0.008 <01 0.016 583 | 0.853 | 1.803
D 0.12 0.03 0.01 0.02 10.00 : 0.41 0.21 0.08 1.89 3.02 0.009 0.18 0.017 5.92 0.852 | 1.805
E 0.12 0.02 0.01 0.02 10.04 0.39 0.20 0.08 191 3.00 0.009 0.90 0.018 5.75 0.856 | 1.808
F 0.10 0.02 0.01 0.02 8.97 0.01 0.21 0.07 3.97 3.04 0.009 <0.01 0.019 6.99 0.854 | 1.805
G 0.11 0.03 0.01 0.01 9.04 0.01 0.21 0.06 3.97 3.01 0.009 | 0.19 0.021 6.71 0.855 | 1.805
H 0.1t 0.02 0.01 0.01 9.04 0.01 0.21 0.07 3.97 3.01 0.009 0.48 0.022 6.69 0.855 | 1.805
1 0.10 0.02 0.01 0.02 897 0.01 0.21 0.06 2.94 3.03 0.009 <0.01 0.019 5.43 0.851 1.802
J 0.11 0.03 0.01 0.02 9.01 0.01 0.21 0.07 298 3.02 0.008 0.18 0.019 5.26 0.852 | 1.802
K 0.10 0.02 0.01 0.02 9.01 0.01 0.20 0.06 298 2.99 0.008 0.45 0.018 5.51 0.852 | 1.803
L 0.12 0.03 0.01 0.02 9.02 041 '} 021 0.06 1.87 3.04 0.009 <0.01 0.016 4.81 0.849 1.800
M 0.12 0.03 0.01 0.02 8.98 0.41 0.21 0.08 1.87 3.01 0.007 0.18 0.016 490 0.849 | 1.800

Cr—eq.=[Cr%]+6[Si%]+4[Mo%]+l 5[W%]+11[V%]+5[Nb%]-40[C%]-2[Mn%]-4[Ni%]-30[N%]-2[ Co%]
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Fig. 1. Effect of Re content on transformation tempera-
tures.
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Fig. 2. Effect of Re content on strength and toughness.
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Fig. 3. Creep ruptue time of the tested steels at 650°C.
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Fig. 6. Results of creep rupture tests of steels, F,G and H.
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Fig. 10. Creep curves of steels, A and B, measured in the
condition of 650°C and 157 MPa.
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Fig. 11. Strain rate~time curves of steel A and B at 650°C
and 157 MPa.
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Fig. 12. Creep curves of steels, F and H, measured in the
condition of 650°C and 137 MPa.
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Fig. 13. Strain rate-time curves of steel F and H at 650°C
and 137 MPa.

Fig. 14. Transmission electron micrographs of a grip part
in creep ruptured specimens. a) Steel F, as quality
heat treatment; b) Steel H, as quality heat treat-
ment; ¢) Steel E 14157.4h (118 MPa); d) Steel H,
21919.5h (118 MPa).
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Table 2. Results of X-ray diffraction for extracted residue

of steels F and H.
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Fig. 15. Amount of Cr, W, V, Nb and Re in extracted
residue prepared from a grip part of steel F and H
specimens creep-ruptured at 650°C.
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Fig. 16. Amount of Cr, W, V, Nb and Re in extracted
residue prepared from a grip part of steel A and B
specimens creep-ruptured at 650°C.
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Fig. 17. Transmission electron micrographs of steel F and
H after the heat treatment and aged specimens. a)
Steel F, as quality heat treatment; b) Steel H, as

quality heat treatment; c) Steel F, aged for
10000 h; d) Steel H, aged for 10000 h; e) Steel F,
aged for 30000 h; f) Steel H, aged for 30000 h.
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Fig. 18. Transmission electron micrograph of material
aged for 30000 h in steel F.

Fig. 19.

Transmission electron micrographs of Laves
phase within lath in Steel H before and after aging
at 650°C. a) As quality heat treatment; b) aged for
30000 h.
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Fig. 20. Tansmission electron micrograph of a grip part of
creep ruptured steel A specimen aged at 650°C for
11033.1h (118 MPa).

Fig. 21. Transmission electron micrographs of Laves
phase within lath in Steel B before and after aging
at 650°C. a) As quality heat treatment; b) aged for
12465.1 h.
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