. 324

$% & 0 Tetsuto-Hagané Vol. 93 (2007) No. 4

Cr-Mo-Vi#i4—E>O—42DO{FERPBRE U R{bisE

EE

ZERIE-T AN A

Temper Embrittlement Characteristic of Cr—Mo—V Steel Steam Turbine Rotors in Long Term Service

Hiromi UEMURA and Masayoshi KOHNO

Synopsis : Temper embrittlement is one of the typical material degradations of Cr-Mo-V steel high and intermediate pressure steam turbine rotors used

at high temperature in thermal power plants, and so it is important to know the embrittlement characteristics of the turbine rotors serviced for

a long term. For this purpose, FATTs (50% fracture appearance transition temperatures) at around the center hole of retired turbine rotors ser-

viced for 150,000-240,000 h were investigated.

It was found that Cr—Mo-V turbine rotors were embrittled at the estimated service temperature of 350—460°C, and the maximum shift in
FATT (AFATT) occurred at around 400°C. This embrittlement has been well correlated with an embrittling factor K, (K,=(2Si+Mn+
Cu+Ni)- X, where X =(10P+5Sb+4Sn+As)). It is thus concluded that the reduction of impurities is effective to reduce the susceptibility to

the emberittlement during the service.

With this findings, the equation, which could estimate the amount of emberittlement AFATT of Cr—Mo—V steel steam turbine rotor, was

obtained as a function of the embrittling factor K,, the service time and the service temperature. According to the equation, it was estimated

that the embrittlement increased rapidly until about 100,000 h, but slowly after about 150,000 h because of approaching the saturation of tem-

per embrittlement.

Key words: Cr—Mo—V steam turbine rotor; temper embrittlement; FATT; AFATT; embrittling factor.
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Table 1. Investigated turbine rotors.

Rotor |Type*”|Generation capacity|Service time
(MW)| (% 1000hr)

A HIP 250 152
B IP 325 219
C HIP 250 207
D IP 600 152
E IP 325 224
F IP 250 244
G HP 600 177
H IP 600 177

Note: 1).
HP ; High pressure turbine rotor,
HIP ; High—intermediate pressure turbine rotor,
IP ; Intermediate pressure turbine rotor.
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Table 2. Chemical compositions and embitterment factors of samples.

Chemical compositions

(mass %) Embitterment factor

Sample| C Si Mn P S Cu Ni Cr Mo

\Y, Al Sn As | Sb | J* | X*? | K, | K™

0.29 | 0.17 | 0.70 | 0.0038 | 0.006 | 0.07 { 0.48 | 0.97 | 1.31

0.25 | <0.003 | 0.007 | 0.009 |0.002 | 94 | 85 | 13.5 7.4

0.29 | 0.26 | 0.59 | 0.014 [0.012/0.09| 046 | 1.07 | 1.06

0.31 [ <0.003 | 0.010 | 0.012|0.002 | 204 |20.2{ 335 | 17.2

0.30| 0.25 | 0.75 | 0.011 [0.009 |0.2t| 0.35 | 0.97 | 1.14

0.26 | <0.003 | 0.029 | 0.045 |0.004 | 400 | 29.1{ 52.7 | 29.1

029 | 0.24 | 0.76 | 0.008 [0.014]|0.16 | 0.29 | 1.15 | 1.28

0.26 | <0.003 | 0.025 | 0.014 |0.005 [ 330 | 21.9| 37.0 | 21.9

0.31] 0.28 | 0.73 | 0.015 |0.009|0.11 | 0.18 | 0.92 | 1.31

0.24 |<0.003 | 0.011 |0.009 | 0002} 263 |21.3| 33.7 | 215

0.33] 0.38 | 0.74 | 0.018 [0.018|0.09 | 0.49 | 1.10 | 1.45

0.31 | <0.003 | 0.016 |0.018|0.003 } 381 |27.7| 57.6 | 31.0

0.28] 0.22 | 0.71 | 0.007 |0.007|0.15| 0.24 | 1.17 | 1.27

0.25 [ <0.003 | 0.024 | 0.016 | 0.005] 288 |20.7| 31.9 | 19.3

I|QMmoOom>

0.29] 0.24 | 0.76 | 0.005 | 0.007 |0.17 | 0.45 | 1.07 | 1.28

0.26 | <0.003 | 0.021 | 0.018|0.004 | 260 |17.2| 32.0 | 17.2

Note: 1);J=(P+Sn)(Si+Mn) x 10*, 2);X=(10P+5Sb+4Sn+As) X 102,
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Fig. 1. The sampling location of the Charpy impact speci-
mens from the retired turbine rotors.
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Fig. 2. Relationship between FATT and the estimated ser-
vice temperature of each turbine rotor after long
term service.
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Fig. 3. Relationship between AFATT and the estimated
service temperature of each turbine rotor after long
term service.
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