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Practical Application of an Advanced 12Cr Rotor to 593°C-700MW
Steam Turbine Plant

Yoshikuni KADoYA, Takato KiTAl, Asaharu MATSUO, Ichiro TsuJi
Masaru KisHIMOTO, Tomohiro TSUCHIYAMA and Masayoshi OKAMURA

Synopsis :

The largest class IP rotor forging with 1200 mm in maximum diameter, for steam turbine of 700 MW
class to be operated at 538/593°C steam temperature, has successfully been manufactured with an advanced
12Cr rotor material which we call this alloy TMK1, through the electroslag remelting (ESR) process from
55t ingot. The quality and material characteristics of this advanced 12Cr rotor forging were evaluated for
various locations of this rotor.

In spite of a large ingot, neither chemical composition changes nor mechanical properties differences with
positions in the rotor could be recognized. This is due to the ESR process and the advantages of the ESR
are fully exhibited. Significant improvements in toughness and creep rupture properties were recognized
in this rotor forging. Especially, the improvement of creep rupture strength in this advanced 12Cr steel is
mainly attributed to dispersion strengthening by V4C3; and NbC in addition to solid-solution strengthening
by Mo.

It was confirmed that this rotor had sufficient characteristics for a large 12Cr steel rotor for 593°C
steam temperature.

Key words : advanced 12Cr steel .rotor forging; ultra super critical steam turbine; creep rupture proper-
ties; toughness; ESR.
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Microstructures and grain size of IP rotor forging.
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Table 1. Variation in chemical composition of IP rotor forging.
X4 X1
Top p X3 X2 ; Bottom
e -
cs Y3 €4 €3 €2 C1 YO co
{wt.%)
Locations C Si Mn P S Ni Cr Mo V Nb N Al Cu
co 0.13 0.06 0.50 0.008 0.001 0.58 10.25 1.44 0.17 0.053 0.044 0.003 0.02
Yo 0.13 0.06 0.51 0.008 0.001 0.59 10.30 1.46 0.18 0.056 0.044 0.003 0.02
c1 0.14 0.06 0.51 0.008 0.001 0.59 10.32 1.47 0.18 0.056 0.045 0.003 0.02
c2 0.14 0.06 0.51 0.008 0.001 0.59 10.32 1.47 0.18 0.057 0.046 0.003 0.02
c3 0.14 0.06 0.51 0.008 0.001 0.59 10.32 1.47 0.18 0.057 0.046 0.003 0.02
ca 0.14 0.06 0.52 0.008 0.001 0.59 10.34 1.48 0.18 0.058 0.046 0.003 0.02
Y3 0.14 0.06 0.52 0.008 0.001 0.59 10.34 1.47 0.18 0.058 0.045 0.003 0.02
cs5 0.14 0.06 0.51 0.008 0.001 0.59 10.34 1.45 0.17 0.054 0.047 0.003 0.02
X0 0.13 0.07 0.50 0.008 0.001 0.58 10.31 1.46 0.17 0.054 0.045 0.003 0.02
X1 0.13 0.06 0.50 0.008 0.001 0.58 10.34 1.45 0.17 0.053 0.045 0.003 0.02
X2 0.13 0.07 0.51 0.008 0.001 0.59 10.31 1.47 0.17 0.034 0.045 0.003 0.02
X3 0.14 0.07 0.52 0.008 0.001 0.60 10.35 1.47 0.17 0.055 0.046 0.003 0.02
X4 0.14 0.06 0.51 0.008 0.001 0.59 10.33 1.48 0.18 0.058 0.047 0.003 0.02
X5 0.14 0.07 0.52 0.009 0.001 0.60 10.36 1.48 0.18 0.059 0.047 0.003 0.02
Ladle 0.14 0.07 0.51 0.008 0.001 0.60 10.28 1.46 0.17 0.056 0.046 0.003 0.02
Top X4 . x3 x2 X1 Bottom
Top Xa x3 x2 X1 Bottom
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Fig. 2. Tensile properties (24°C) at various loca-
tions of IP rotor forging.
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Fig. 4. Room and elevated temperature tensile
properties of IP rotor forging.
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Table 2. X-ray diffraction data of precipitates extracted from specimens ruptured.

TMK 1 rotor Carbide identification

600°C-260 MPa 650°C-140 MPa V,Ca* NbC*? Cry(C, N)*3 Cry3Cg**
dobs‘ Iobs. dubs. Iabs. d I/ IO d I/ IO d I/ IO d I/ IO
3.225 179 3.229 202
2.677 167 2.671 214
2.564 479 2.564 516 2.58 100
2.389 2408 2.390 3160 2.40 100 2.37 50
2.248 332 2.250 490 2.23 80
2.220 495 2.219 439 2.220 50
2.181 2626 2.182 3231 2.17 50
2.138 764 2.138 773 2.138 80
2.055 7024 2.057 8643 2.07 100 2.05 100
1.889 1524 1.889 1952 1.88 50
1.805 1459 1.806 1836 1.80 50
1.780 551 1.781 636 1.78 40
1.650 151 1.648 234 1.642 60
1.629 258 1.630 303 1.640 80 1.63 5
1.570 188 1.570 220 1.58 50

1.496 112 1.496 142 1.47 50 1.49 5
1.403 117 1.403 143 1.407 80

1.335 338 1.335 370 1.348 65 1.401 50 1.33 40
1.295 549 1.296 633 1.290 14 1.293 60
1.278 210 1.276 204 1.265 50

1.258 1158 1.259 1294 1.25 25 1.256 100
1.233 565 1.233 617

1.193 212 1.194 206 1.20 10

1.172 332 1.172 352 1.172 80

1.120 164 1.119 147 1.117 10

1.027 137 1.027 134 1.025 25

* : Representative ASTM Card, 1-1159 *2 . Representative ASTM Card, 10-181

4 : Representative ASTM Card, 14-407

Photo. 2. Transmission electron micrograph of
specimen ruptured at 650°C-140MPa, ¢, = 935h.
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Photo. 3. Transmission electron micrograph of
specimen ruptured at 600°C-220MPa, ¢, = 2 865h.
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Photo. 4. Transmission electron micro-
graphs of specimens ruptured, a:650°C-
140MPa, ¢,=935h, b:600°C- 220MPa,
¢, = 2 865h.

X 73

1) s EE=—, BR vh: Sk & 5, 76 (1990), p. 1043

2) T. Fuiita, Y. NaKABAYASHI, A. HIZUME, Y. TAKEDA,
T. Fusikawa, Y. TakaNo, A. Suzukl, S. KINOSHITA,
M. Kouno and T. TsuchiyaMa: COST-EPRI Workshop
9-12 Cr Steel for Power Generation, Schafhausen,
Schweiz (1986 4 10 H)

3) A. HizuME, S. TAKEDA, H. YOKOTA, Y. TAKANO, A. SUZUKI,
S. KinosHITA, M. Kouno and T. TSUCHIYAMA: J. Engineer-
ing Material and Technology, 109 (1987), p. 319

4) PrHEE, BEBA HEH E BRES, LINKE,
ZERE S, KT, A & gk M, 79 (1990), p. 1100

5) MFHEE KDEFHNFRE, 42 (1991), p. 479

6 ) D. L. NEwHousk, C. J. BoYLE and R. M. CURREN: ASTM
Anual Meeting (1965), p. 3

7) A. CHOUDHURY, R. JaucH, H. LOWENKAMP and F. TINCE:
Stahl Eisen, 97 (1977), p. 857

8) WAHE, NOES, &M %, &R B =5 B
2k & 48, 61 (1975), p. 229

9) &, BEFIK: iR 123 ZRAHEHRE, 1 (1960),
p- 17

10) T. TsucHIYAMA, K. SUzuki, M. OKAMURA, H. Ouizum, Y.
Kapoya, A. Matsuo, L TsuJi, M. KisHIMOTO and Y.
TaKEDA: Third International Conferance on Improved
Coal-Fire Power Plants, San Francisco (1991 4 4 A )

11) D. L. NEwnousE: EPRI Report CS-5277, Electric Power
Research Institute, Palo Alto, CA (1987 % 7 A ), p. 64

12) WAEE, #H & RTEH: % 36 (6] 9 o L G
£ (1985), p. 401




