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Creep Rupture Properties of 12%Cr Steel Rotor for an Ultra Super

Critical Steam Turbine

Yorimasa TAKEDA, Yosaku TAKANO, Hiroshi YOKOTA, Akio HIZUME,
Tomohiro TSUCHIYAMA, Masayoshi KoHNO, Shushi KINOSHITA and Akira SUZUKI

Synopsis :

To improve the heat rate in the thermal power station, the development of an ultra super critical
steam turbine has projected. A 12%Cr steel rotor forging which has higher creep rupture strength than
conventional rotor forging has been required as the turbine rotor for a steam temperature of 593°C.
Creep rupture strength at 593°C for 10°h has been required to be over 10 kgf/mm>.

To achieve this requirement, the effect of carbon and nitrogen contents on creep rupture properties
were studied using small laboratory heats based on low Si-10Cr-1.5Mo-0.05Nb-0.17V series steels.
The excellent creep rupture properties were observed at the range of C : 0.13~0.15%, N : 0.04~0.05%.

Based on the results of laboratory heats, the rotor forging for the demonstration tests was manufactured
from 39t ESR ingot. Creep rupture strength at the center core of the rotor forging was 12.4 kgf/mm? at
593°C for 10°h. No drop of creep rupture ductility and no notch embrittlement were observed even for
long term tests.

Key words : 12%Cr steel ; ultra super critical steam turbine; 593°C; rotor; creep ruptur properties; C

content ; N content ; ESR.
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Table 1. Chemical composition of steels used Table 2. Results of tensile and Charpy impact
(wt%). tests.
C Si Ma Ni C Mo V Nb N 0.2% YS TS El RA o Eo
(kegf/mm?)  (kgf/mm?) (%) (%) (kgf'm)
S1 | 0.13 0.05 0.30 0.48 8.8 1.54 0.18 0.064 0.023
Sz | 014 0.04 0.50 0.48 8.99 1.58 0.19 0.055 0.027 S1 75.4 88.1 24 71 4.8
S3 0,18 0.05 0.50 0.48 9.13 1.59 0.19 0.061 0.026 S2 76.2 88.1 2 68 3.5
S4 | 0,19 0.05 0.45 0.52 10.20 1.47 0.19 0.032 0.027 S3 76.1 89.4 23 66 6.9
S5 [0.12 0.06 0.31 0.50 9.01 1.61 0.18 0.069 0.052 S4 72.0 91.0 20 60 3.7
S6 | 0,13 0.03 0.51 0.59 10.15 1.48 0.16 0.050 0.040 S5 75.2 88.6 25 69 5.7
S7 | 015 0.05 0.45 0.50 8.87 1.49 0.13 0.050 0.032 S6 77.3 90.7 23 65 7.2
S8 | 0.14 0.04 0.52 0.58 10.10 1.46 0.16 0.060 0.059 S7 75.1 91.8 20 60 5.0
S8 76.0 91.2 20 63 6.3
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Fig. 2. Creep rupture properties of S4, S6 and
S8 steels.
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Photo. 1.

A) S4, 650°C-2 159 h, Intercrystalline precipitates
B) S4, 650°C-2 159 h, Grainboundary precipitates
C) S6, 650°C-1 966 h, Intercrystalline precipitates
D) S6, 650°C-1 966 h, Grainboundary precipitates

Scanning electron micrographs of S4 and S6 steels.
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Fig. 3. Changes in hardness of creep ruptured
specimens.
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Results of composition analysis of precipitates in S4 and S6 steels.
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Fig. 4. X-ray diffraction profiles of extracted re-
sidues of S4 and S6.
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A) Fracture surface B) Creep cracks
S8, 650°C-10 kgf/mm?
Rupture time = 7084 h Reduction of area = 39%
Photo. 3. Fracture surface and creep cracks of

S8 steels.

S8, 650°C-12 kgf/mm*
Rupture time = 7084 h

Photo. 4. Scanning electron micrographs of S8
steel.
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Fig. 5. Changes in residues extracted from S4,
S6 and S8 steels.
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Fig. 6. Mechanical properties of rotor forging for
demonstration tests.

Table 3. Chemical composition of the actual rotor forging (wt% ).

C Si Mn P S Ni

Cr Mo \' Nb N Al

0.14 0.08 0.51 0.013 0.001 0.60

10.23 1.48 0.17 0.056 0.045 0.002
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Fig. 7. Stress-rupture time curves at surface and center core of rotor forging for

demonstration tests.
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Fig. 8. Creep rupture ductility at surface and
center core of rotor forging for demonstration
tests.
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Fig. 9. Creep rupture strength of smooth and
notched specimens at center core of rotor forging
for demonstration tests.
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