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Effect of Carbon on Creep Rupture Strength and Toughness of
9Cr-2Mo Heat-resisting Steels with V and Nb

Kentaro ASAKURA, Toshio FupiTa, and Hidenori MIYAKE

Synopsis :

The effect of carbon on creep rupture properties and room-temperature toughness of (9~10)Cr-
(1.8~2)Mo heat resisting steels with V and Nb was studied. The amount of carbon content was varied from
0.02% to 0.23% in order to improve toughness without decrease in creep rupture strength. The difference in
creep rupture strength and Charpy absorbed energy between 10Cr-2Mo steels and 9Cr-1.8Mo steels was
studied with respect to the ratio of é-ferrite to martensite, the precipitates, and the microstructure.

The results indicated that the 9Cr-1.8Mo-0.1V-0.05Nb steels with 0.05~0.14%C tempered at 800°C
showed good toughness, and that 10* h rupture strength of the steel was as high as that of SUS 816 at 550°C..
and SUS 304 austenitic stainless steel at 600°C. It was concluded that the optimum amount of §-ferrite
with respect to both creep rupture strength and Charpy absorbed energy was 10~20%.
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Table 1. Chemical composition (wt%) and g-ferrite ratio (%) of steels used.

steels C Si Mn P S Cr Mo \' Nb d-ratio

C1 0. 054 0.45 0. 49 0.012 0. 008 9.90 1. 96 0. 108 0.047 45

10 Cr steels Cc2 0. 103 0. 67 0.54 0.010 0.012 9.75 1.9 0.100 0. 052 10
C3 0.231 0. 49 Q.52 0.012 0. 008 10. 86 1.94 0.105 0. 059 0

G1 0. 020 0.17 0.56 0.015 0.012 9.01 1.81 0. 112 0. 054 35

9 Cr steels G2 0. 050 0.16 0.55 0.015 0.012 9.27 1. 82 0.111 0. 055 20
G 3 0.094 0.18 0.48 0.013 0.011 9. 10 1.81 0. 100 0. 055 0

G 4 0. 140 0.18 0.52 0.015 0.012 9. 00 1. 80 0. 090 0. 050 0
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Fig. 1. Stress-rupture curves (600°C) of 10Cr-

92Mo steels (a) and 9Cr-1.8Mo steels (b) tempered
at 700°C.
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Fig. 2. Comparison of creep rupture strength of
10Cr-2Mo steels and 9Cr-1.8Mo steels at 550°C
and 650°C.
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Fig. 3. Stress-rupture curves (600°C) of 9Cr-
1.8Mo steels tempered at 800°C.
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Fig. 4. Effect of carbon content and tempering

temperature on rupture elongation of (9~10) Cr-
(1.8~2)Mo steels at 600°C.
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Fig. 5. Effect of carbon content and tempering

temperature on Charpy absorbed energy of (9~10)
Cr-(1.8~2)Mo steels at room temperature.
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Fig. 6. Effect of carbon content and tempering

temperature on tensile properties of (9~10)Cr-
(1.8~2) Mo steels at room temperature.
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Table 2. Precipitates of 10Cr-2Mo and 9Cr-1.8Mo steels heated at 650°C.

Heating condition 700°Ctempering 800°C tempering
C steel 1(h) 10 (h) 100 (h) 1000 (h) 1(h) 1000 (h)
1 M:Co Mg C Fe.Mo Fe;Mo
0.02C e MCo M;C M:,Co M,C M.Co MCo
Fe;Mo M ,:Cs
— My5Co M¢C MqC M3Ce
QC(rGLZS)MO M;3Ce M,C M22Cs M3;Ce M33Ce FeyMo
(Fe:Mo) Fe;Mo
0.05C
M,5C M¢C Fe:Mo FeyMo
10Cr-2 23L6 6 2 .
(rC T;/éo M,3Ce MsC M ,3Cs M,3Cs M 43Cs M ,:Ce
(Fe;Mo) FeMo Mg C (MgC) (MsC)
9Cr-1. 8Mo My3Ce M3Ce MeC MsC M3Cs M 3Cs
(G 3 M;C M,;Cs M 2Cs Fe,Mo
0.10C
10Cr-2Mo M3Cs MsC MqC My5Cs
cCc 2 M;3Ce M,C M3Cs M5Ce M ,3Ce Fe,;Mo
(FesMo) (MsC) (MgC)
9Cr-1. 8Mo M2Ce M.;Co MsC M;C M 3Co M3:Cs
0.14C G 9 MZ C M2;Ce M3Cs Fe;Mo
0.23C 10Cr-2Mo M3Ce M 4;Ce My C M,C M,3Ce M;3Cs
(C 3) M¢C M3Cs M33Cs Fe;Mo
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Fig. 7. Change of residues extracted from 9Cr~ L . t . )
1.8Mo steels heated at 650°C. 0 005 03] 015
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0.052C) X7 =54 ' %EETSH. 7 =51 b
REL b= T 4 PHEI D Cr kX0 Mo 2vEfk
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Fig. 8. Concentration change of Mo and Cr
analyzed by EPMA in §-ferrite phase and mar-
tensite phase normalized at 1050°C.
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Transmission electron micrographs of 9Cr-1.8Mo steels heated at 650°C for 1000 h,
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Creep Rupture Strengthening
Factor of G2 - steel

i

Decline of Creep Rupture Strength
of G3 and G4 - steels

I I

Precipitation Hardening and Solid Solution
Hardening in §-Ferrite Phase

Decrease of Precipi-

Decrease of Solid

tation Hardening Solution Hardening

Fine Precipitates Mo-enrichment in &- Cohesion and Coarsening [Decrease of Solutioning of
of MsC (by TEM) Ferrite (by EPMA) of Precipitates(by TEM)|[C and Mo (by EPMA)
Coarsening of| |Decrease of Vanadium
MsC (by TEM)| |in Precipitates(by EDXﬂ)
Increase of Main Precipitates:Mx;Ce
(by weight of residue)
Fig. 9. Creep rupture strength factors of 9Cr-1.8Mo steels.
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Fig. 10. Comparison of 10000 h-rupture strength
of (9~10) Cr-(1.8~2) Mo steels and austenitic
stainless steels.
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