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Effect of Metallurgical Factors on Long Time Creep Rupture Properties
of 1Cr-1Mo-1/4V Steel Castings

Junro KYoNo, Norio SHINYA and Hideaki KUSHIMA

Synopsis :

Creep rupture data extending 80 000 h duration have been obtained from nine castings of Cr-Mo-V steam
turbine steel. The data of the nine castings showed a wide range of rupture time at higher stresses and
lower temperatures, and also a wide range of rupture ductility at lower stresses and longer rupture times.

The rupture time variation was found to arise from the differences in fine distribution of V,C; and high
matrix dislocation density. The V,C; distributions and the dislocation densities of the nine castings be-
came similar one another as stress was reduced and rupture time consequently increased, which corre-
sponded to a narrow range of rupture time at lower stresses and higher temperatures.

All of the castings showed the rupture ductility falling at longer times, which was associated with a
change from transgranular to intergranular fracture due to cavitation. Therefore the rupture ductility be-
haviour at longer times depended mainly on a susceptibility to cavitation, and the susceptibility was closely
connected with segregation of impurities (P, S, Sn, Sb, Cu and As) to grain boundaries. Total amount of
the impurities segregated to grain boundaries had a clear correlation with the reduction of area at rupture.
Key words : Cr-Mo-V steel castings ; long time rupture properties ; microstructure ; cavitation ; impurities ;
segregation to grain boundaries.
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Table 1. Manufacturing details of 1Cr-1Mo-1/4V steel castings used.
L. . Weight of . Austenite Rockwell
Cast Deoxndatnﬂon M.e 1}";ltn(gt) pouring/test E]lzeko(f te;t) Thermal history® grain size hardness
process weig block (kgf) ock tmm number (HRB)
A 25 100-120 T o 5.9 96
F Ca-Si-killed 25 380/190 375 H %g’@%/cl/;}?';\gBC 6.2 98
H 15 580 W 6.1 101
B 25.5 100-130 T 650°C/10h—720°C/20h FC 6.3 98
G Si-killed 24.5 640/220 400 H 1050°C/15h BC 5.9 97
M 10 530 W 720°C/20h FC 5.9 97
D 20 100-200 T B 7.3 98
L 1025°C/8h AC
J Ti-killed 9 650/304 430 H o 7.1 99
N 20 se0w | 690°C/I5h FC 8.0 97
1) T: thickness (bottom-top), H: height, W: width
2) WBC : water blast cooling, BC : blast cooling
3) JIS G 0551-1977, “Method of Austenite Grain Size Test for Steel”
Table 2. Chemical composition (wt%) of 1Cr-1Mo-1/4V steel castings used.
C - Si Mn P S Ni Cr Mo Cu A% Al As Sn Sb N
ASTM |0.13  0.20  0.50 1.00  0.90 _0.20 . . . .
A336-9 | ~0.20 ~0.60 ~0.90 =0-035 =0.030 ~1.50  ~1.20 ~0.35
A 0.18 0.36 0.65 0.022 0.014 0.16 1.23 0.96 0.11 0.27 0.004 0.013 0.020 0.009 0.0078
F 0.18 0.37 0.70 0.018 0.015 0.09 1.02 1.00 0.14 0.29 0.020 0.014 0.009 0.009 0.0081
H 0.18 0.37 0.71 0.020 0.016 0.09 1.02 1.02 0.14 0.29 0.016 0.017 0.032 0.008 0.0064
B 0.19 0.52 0.71 0.015 0.007 0.20 1.02 0.94 0.20 0.24 0.003 0.020 0.013 0.004 0.0111
G 0.18 0.45 0.73 0.023 0.014 0.25 1.05 0.94 0.20 0.23 0.002 0.020 0.015 0.004 0.0104
M 0.15 0.51 0.72 0.017 0.008 0.30 0.99 0.89 0.23 0.24 0.002 0.024 0.026 0.004 0.0103
D 0.15 0.54 0.75 0.015 0.010 0.11 1.05 0.97 0.10 0.23 0.003 0.014 0.018 0.002 0.0102
J 0.23 0.50 0.67 0.013 0.005 0.11 1.13 0.96 0.08 0.24 0.003 0.014 0.010 0.002 0.0106
N 0.14 0.34 0.67 0.014 0.006 0.11 1.02 0.98 0.09 0.23 0.003 0.013 0.014 0.003 0.0106
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Fig. 1. Relationships between stress and time to

rupture for nine castings of 1Cr-1Mo-1/4 V steel
compared with scattered bands for forgings of the
same steel.
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Fig. 2. Relationship between time to rupture and
distribution of fine vanadium carbide particles.
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Fig. 3. Changes of distribution of fine vanadium
carbide particles and half value breadth of dif-
fracted X-ray with time to rupture at 550°C.
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ings of 1Cr-1Mo-1/4 V steel compared with scattered bands for forgings of the
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