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Effect of Molybdenum on Creep-rupture Strength and Toughness of Low
C-10Cr-Mo-V-Nb Heat Resisting Steels

Kentaro ASAKURA, Toshio FuiiTA and Yasuo OTOGURO

Synopsis:

The effect of molybdenum on creep-rupture properties and room-temperature toughness of
10Cr-Mo-0.1V-0.05Nb heat resisting steels was investigated. The amount of molybdenum content was
varied from 0 wt% to 3 wt%. The influence of molybdenum content on creep-rupture strength and Charpy
absorbed energy was investigated with respect to the ratio of delta ferrite to tempered martensite, the pre-
cipitates, the microstructure, and the lattice parameter.

The results indicated that the 10Cr-0.1V-0.05Nb steel with Mo-content less than 1.5 wt% had good
toughness, and higher long term creep-rupture strength as compared to steels containing more than 1.5

wt%Mo. Charpy absorbed energy was analyzed in relation to the amount of the extracted residue, Vickers
hardness, and delta ferrite content. It was concluded that the optimum amount of delta ferrite for creep-
rupture strength and Charpy absorbed energy was 10-20%, and the associated optimum molybdenum content

was about 1.5 wt%.

Key words: ferritic steels; heat resisting steels; dual phase steels; creep-rupture strength; toughness;
alloying element; molybdenum; delta ferrite; microstructure; precipitates.
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Table 1. Chemical composition (wt%) and amount of delta ferrite (vol%) of steels used.
i ' Amount of
C Si Mn P S Cr Mo v Nb N delta ferrite
M1 0.054 0.62 0.55 0.003 0.004 10.32 — 0.101 0.053 0.0188 0
M2 0.055 0.62 0.54 0.002 0.004 10.29 0.508 0.101 0.054 0.0153 10
M3 0.062 0.49 0.50 0.002 0.009 10.92 1.460 0.114 0.053 0.0317 45
M4 0.063  0.49 0.50  0.001  0.008  10.96  1.980  0.110 0.059 0.0305 50
M5 0.061 0.50 0.49 0.003 0.008 10.91 2.440 0.100 0.058 0.0321 58
M6 0.061 0.48 0.49 0.001 0.008 10.72 3.030 0.100 0.059 0.0237 65

Normalized : 1050°C, 30min  Tempered : 700°C, 1h
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Fig. 1. Effect of molybdenum content on creep-

rupture strength of M-series steels at 550°C and
650°C.
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Fig. 2. Effect of molybdenum content on creep-
rupture strength of M-series steels at 600°C and
700°C.
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Fig. 3. Effect of molybdenum content on creep-
rupture elongation of M-series steels at 600°C.
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Fig. 4. Effect of molybdenum content on Charpy
absorbed energy of low C-10Cr-Mo-V-Nb steels at
20°C.
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Fig. 5. Effect of molybdenum content on 10%-10* h
creep-rupture strength of low C-10Cr-Mo-V-Nb
steels.
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(a) M1 (£,=6 408 h, 14 kgf/mm?) (b) M2 (;,=6 432 h, 14 kgf/mm?) (c) M3 (t,=10 416 h, 14 kgf/mm?)
(d) M4 (,=13 128 h, 14 kegf/mm?) (e) M5 (1,=17 616 h, 14 kgf/mm?) (f) M6 (t,=14 544 h, 16 kgf/mm?)

Photo.”1. Transmission electron micrographs of creep-ruptured specimens at 600°C.
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Table 2. Precipitates in M-series steels heated at
650°C (700°C tempered).

Steels 1h 10h 100 h 1000 h
M1 M3Cs M7Cy(w) M;Ca(w) M7Cs
X M23Cq M23Ce M23C6
M2 Ma3Cs Mz3Cs Mz3Cs M7Cgy
M23Ce
MeC(w) MgC(w) MgC
M3 Mz3Cs M23Cs
M23Cq M23Cq FesMo
MsC MsC " FeyMo
M4 My3Cq M23Cs FesMo MgC
FesMo My3Cs M23Cq
M23Cq Mg3Cq FesMo FesMo
M6 MgC MsC MgC Mjy3Cq
FeaMo(v. w) FesMo M23Cs MgC

(v.w) : Very weak (w) : Weak

TOER:L LTEETAHIIERITELW, LaL
Fe,Mo i3 My3Cs #MC % X OB & xR Y, 0.5
~1.0um DR E SIFER LTV MMl % Fe,Mo & £
MHeEDBEHE IV, HRKICAS e 8BEHEELbR
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Fig. 6. Effect of Mo content on amount of re-
sidues extracted from low C-10Cr-Mo-V-Nb
steels heated for 1 000 h at 600°C.
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steels heated at 650°C.
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Fig. 8. Isometric diagram showing variation of
Charpy absorbed energy with amount of ferrite and
extracted residues for low C-10Cr-Mo-V-Nb
steels tempered at 700°C and heated for 1 000 h at
600°C.
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Fig. 9. Effect of molybdenum content on the lat-
tice parameter of creep-ruptured specimens at

550°C and 650°C.
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Fig. 10. Effect of molybdenum content on hard-

ness of specimens creep-ruptured at 600°C and
650°C.
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Fig. 11. Change of each alloying element content
in residues extracted from M-series steels heated

at 600°C for 1 000 h.
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Fig. 12. Relationships between molybdenum con-
tent as precipitates and dissolved in the matrix, and
alloyed molybdenum content for M-Series steels
heated for 1 000 h at 600°C.
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