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Fig.1-1 Large-scaled turbine configuration
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Fig.1-4 General view of LP turbine rotor
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As Na/Cl value was controlled below 0.7, free caustic will not be generated.

Fig.1-6 Moler ratio control
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Table 2-1 Chemical compositions and mechanical properties of materials
Chemical composition mass% YS TS El RA |FATT
Materials
C Si |Mn | P S Ni | Cr | Mo| V |MPa|MPal| % % K
690MPa Class 749 | 891 | 19.3 | 60.6 | 241
Si-D. 0.2410.20(0.35(0.012/0.013|3.84|1.84|0.43|0.12

820MPa Class 839 | 939 | 19.0 | 58.8 | 303

620MPa Class 652 | 754 | 28.6 | 76.3 | 140

690MPa Class 748 | 848 [ 23.9 | 74.3 | 153

VCD 750MPa Class |0.25(0.04|0.27|0.004[0.006) 3.63[1.75[0.43]0.12( 821 | 922 | 24.4 | 72.5 | 163
820MPa Class 892 | 1005 21.9169.7 | 178

890MPa Class 958 (1055 21.4 | 68.4 | 183

High Purity | 690MPa Class [0.26 |0.02]0.03 |0.003]0.002| 3.75(1.73(0.42(0.09f 711 | 830 | 23.3 | 76.3 | 187
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Table 2-2 Environmental Conditions

. Temperature Pressure Full Load Condition of
Uit K kPa steam (presumption)
Unit A 402 2.63 0.9% moisture
Unit B 388 1.83 3.4% moisture
Unit C 399 2.45 4.9% moisture
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Fig.2-4 Method on evaluating service life
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Corrosion pit

Fig.2-9 Area in which SCC initiation occurred (Corrosion pit observed at origin)
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Table 2-3 Water-solubles in scale

Unit |Inspection| pH Na Cl SO4 B

#1 6.4 <0.01 <0.01 0.04

A #2 6.3 <0.01 <0.01 <0.02
#3 5.8 <0.01 <0.01 <0.02
#4 6.1 <0.01 | <0.01 | <0.02
#1 6.4 0.02 0.02 <0.05

B #2 6.1 <0.01 | <0.01 | <0.02 | <0.01
#3 6.0 <0.01 <0.01 <0.02 | <0.01
#1 6.3 <0.01 <0.01 <0.02 | <0.01
#2 6.0 <0.01 | <0.01 | <0.02 | <0.01

C #3 6.1 <0.01 | <0.01 0.03 <0.01
#4 6.1 <0.01 | <0.01 | <0.02 | <0.01

Na,Cl1,S04,B:mass%
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Table 3-1 Environmental conditions

Unit | Temperature K [Pressure kPa|Steam Full Load|Type 1 Capsule[Type 2 Capsule
Unit A 396 220 0.9% moisture O
Unit B 425 294 mostly dry steam O
Unit C 399 246 0.5% moisture O O
Unit D 399 246 0.5% moisture @)
Unit E 399 246 0.5% moisture O O
Unit F 397 223 0% moisture O O
Unit G 397 223 0% moisture O O
Unit H 407 302 0% moisture O O
Unit I 407 302 0% moisture O
Unit J 406 294 0.3% moisture O O
Unit K 406 294 0.3% moisture O
Unit L 418 329 mostly dry steam O

test
capsule

1

Type 1 capsule

Fig.3-2

Type 2 capsule
Sample arrangement of specimens

~
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ZORBROHPLE D DL Typel H 7LD 3.5NiCrMoVE D X 213 4 K N &
ERODHLDTH D, ZD35NICtMoVEHIZER — & H BV T AR & L THRE S
NIZbDOTHY, T DOLFERI R OHEREITEE % Table3-212 /79, Aftabf i3
1237 =0 arzln-HEEETH HSi
BB TH Y MGFITHREL R BRBEXAWZVCD#MTH S, AiEIZ197
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Table 3-2. Chemical compositions and mechanical properties of materials

) Chemical Composition mass% YS TS El RA | FATT | vErr
Materials
C Si | Mn P S Ni Cr | Mo V | MPa | MPa % % K dJ
MA 813 940 11.8) 30.9 303 59
0.2410.2010.35(0.012(0.013] 3.84 | 1.84|10.43|0.12
MB 798 923 19.0f 43.3 403 8|
MC 699 809 24.6f 70.5 143 169
MD 872 981 20.9] 65.5 178 114
0.26 | 0.09 | 0.30 (0.005{0.005| 3.46 | 1.68 | 0.38 | 0.09
ME 1003( 1092 19.4] 65.2 186 103
MF 12131 1651 14.3| 47.9 >600 45
MG 697 814 25.4/ 75.8 113 274
0.26 { 0.07 | 0.30 {0.005}0.002) 3.30 | 1.54 | 0.35 | 0.09
MH 777 892 25.1] 74.2 135 248
MA: used in all units

MB - MF : used in Type2 capsule
MG - MH : used in Typel capsule

Type2 1 7/ % FHIZ LR I >V Tl Table3 31272, BEDO(LFRK
TWCHBURR MR 2 RE LT,

Table 3-3 Materials in Type 2 capsule

Materials Sensitive Corrodants
SUS304 ( Solution Treated ) Chloride
Alloy 600 (Mill Annealed ) Caustic

Phosphor Bronze

Dissolved Oxygen

High Strength Disc Steel

Hydrogen and/or Hydrogen Sulfide
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Fig.3-3 Test specimens installed in test capsule
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Fig.3-4 Comparison of changes in stress intensity variation between PCCT
and TDCB specimens (constant displacement)
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Fig.3-7 Time at which cracks were observed in DUB specimens
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Fig.3-8 SCC susceptibility by DUB specimens
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Fig.3-9 Time at which cracks were observed in BNCT specimens

333 ZREBEEODOESR

EREREELZHETHA-DICPCCTHRBA L TDCBRBRA O 2EEORE

FEREL, RO > THitAICERHRSZHIEL, EREE L2 RO,

EROWERRH 2 Fig.3-1012, Fiz, SHOERKRRO I 7 o HEBEH %
Fig.3- 111277 ¥, Fig.3-10IC7 T X 5 IZE < ORBA T T HIIWHENICER L T
WHERFZTRTH, TNITRIERZLZELZON, EBICKHEL TERTS 00
SR TIXR VY, 72720, Fig3- 11U RT I 7 o i8R 6, HAZKRBL TV

HIOEHERFRMMBR 77 L TR, EREE—FHEICR S 220

Ly »

% ﬂﬁb’fﬁﬁ‘#ﬁ%éﬂéo

15

14F Unit D

13| Material MA

12

1L
g 1o

()-
o
.8 st —
1]
2 a7 a—
£ 77 ;
A i
v L O
§ 6
&} 5

s

3t

5

1F

30000 60000 90000 120000

Exposure time h

-~
~—

ENRETH

Unit H

MA

r Matenal

mm
—_
<

Crack extension

60000

Ixposure time h

30000

Fig.3-10 Examples of crack extension

90000

120000



(1) 7E fg DRk B & - ¥4 7 J i B D L
SRERFEZET 2-DORERERIT+HoH0 ., HORERBREIX+2EE
AbNDMB, Fl—a2=y MZHALEZRABRF CREHMICES2Z0H 56 %
Fig.3-12 127779, T b RIEMBAELS 725 &, EREERE < 72 5@ % R~
L. ATEEZRRY —ERRCTRET 2LERDHDLIZLEEKRLTVD, £Z T,
Fig.3-10 TR LEEHER R ZRERAEIC ey bLEbo L, HIERKEEZ L
—WEF LR % B LT Fig.3-13 12777, —KREFL7ZDIZSCCHRH
DISHILRBEOFEHEH T —EDEHERFE L RT L WVIMAICE ST
W5, TEGEROBEME L TIE, MEBOFAHEKICDASR, AKRA KT~ v
VT THY, ERIZKHIBDDDHDOTHHZ D, BEMIChb-2ERZHE
TOHOLRETORMRPIVEELRDS, LdoT, ULTFTIREEOHETER
LIcfEREZTRT,

Fig.3-11 Propagation of stress corrosion crack in PCCT specimen
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Table 3-5. Water-solubles in scale sampled from capsule

Year

1983

1984

1985

1986

1987

1988

1989 | 1990 | 1991

pH

5.9

6.0

6.9

<0.01

<0.01

<0.01

Unit A

Cl

<0.01

<0.01

<0.01

S04

<0.02|

<0.02| <0.02|

pH

6.3

6.4

1992 | 1993 | 1994 | 1995 | 1996

6.8

1997

1998

1999

<0.01

<0.01

<0.01

Unit B

Cl

<0.01

<0.01

<0.01

S04

<0.02|

0.04]

pH

6.0

6.

<0.01

<0.01

Unit C

Cl

<0.01

<0.01

SO4

<0.02|

pH

6.1

<0.01

Unit D

Cl

<0.01

S04

<0.0

pH

Unit E

Cl

SO4

pH

<0.0

0.11

6.1

5.8

6.3

<0.01

<0.01

<0.02|

6.2

<0.01

<0.01

0.05)

6.4|

<0.01

<0.01

<0.01

<0.01

<0.0

<0.0

6.0)

5.8]

<0.01

0.01

<0.01

Unit F

Cl

<0.01

<0.01

<0.01

SO4

<0.02f

<0.02f

0.03]

pH

6.3]

6.5)

6.1]

6.0

<0.01

<0.01

<0.01

<0.01

Unit G

Cl

<0.01

<0.01

<0.01

<0.01

S04

pH

Unit H

Cl

SO4

pH

Unit I

Cl

SO4

pH

<0.02

<0.02|

6.3]

<0.01

<0.01

<0.02

5.8

<0.01

<0.01

<0.02|

5.9

Unit J

<0.01}<0.01

<0.01

<0.01

Cl

<0.01§<0.01

<0.01

<0.01

SO4

<0.02] 0.38

<0.02f

<0.02

pH

6.7

6.7

7.0)

<0.01

0.01

<0.01

Unit K

Cl

<0.01

<0.01

<0.01

SO4

pH

Unit L

Cl

S04

FEE

AVT

<0.0

0.07

<0.02

Boron Soaking

Na, Cl, SO4: mass%
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Table 4-1 Chemical compositions and mechanical properties

Chemical compositions mass % | YS | TS | E1 | RA |EATTvERrn
Material Use as

C|Si|Mn| P |S |Ni|Cr|[Mo|V |MPalMPa| % | % | K | J

SSRT, Immersion

A (0.26/0.07/0.30{0.005(0.0023.30|1.54|0.35(0.09| 952 [1043(19.9|70.9| 159 | 205 and constant
potential test

Initiation and
propagation test

B 0.24{0.20(0.35 0.0110.013 3.84/1.84/0.43|0.12| 813 | 940 (11.8/30.9| 303 | 59

Material: A Material: B 100z m
Lo

Fig.4-1 Microstructure of materials
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Table 4-2 Test conditions

pHao03x Solute Immersion BESE
Ec Ec+100mv | Ec+200mv

4.3 | CH3COONa 0.046M +CH3COOH 0.21M O

5 CH3COONa 10°2M +CHsCOOH 102M @) @) O
5.3 | CH3COONa 0.046M +CH3sCOOH 0.021M O
5.9 De-ionized water O

6 CH3COONa 102M +CH3COOH 10-3M @) O O
6.3 | CH3COONa 0.046M +CHsCOOH 0.0021M O
6.6 | CH3COONa 102M +CHsCOOH 0.003M O

7 CH3COONa 102M +CH3COOH 10-*M O O O
7.7 | HsBO3 0.046M +NaOH 0.0026M O

8 H3BO3 102M +NaOH 103M O @) O
8.7 | H3BO3 0.046M +NaOH 0.0175M @)

9 H3BO3 102M +NaOH 102M O O O
9.4 | HsBO3 0.046M +NaOH 0.0410M @)
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Table 5-1 Chemical compositions and mechanical properties of materials
for laboratory experiments

Chemical composition mass% YS TS El RA | FATT | vErr
Materials
C|[Si|Mn| P S |Ni|[Cr|Mo| V | MPa | MPa % % K dJ
A 952 | 1043 | 19.9 | 709 159 205
B 0.26(0.07{0.30{0.005/0.002|3.30(1.54|0.35]|0.09| 853 957 219 | 71.8 138 212
C 777 892 25.1 74.2 135 248
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Table 5-2 Experimental environment

Environment .
- — Material
Temperature Solution Addition
A
None B
C
403 K Deaerated water A
500ppm boric acid as B B
C
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Table 5-3 Chemical compositions and mechanical properties of materials for

field experiment

_ Chemical composition mass% YS TS El RA (FATT| vErr
Unie C Si | Mn P S Ni Cr | Mo V |MPa|MPa| % % K J
A |0.26 | 0.07 | 0.30 |0.005|0.002| 3.30 | 1.54 [ 0.35 | 0.09 | 777 | 892 | 25.1 | 74.2 | 135 | 248
B [0.24|0.20 | 0.35{0.012(0.013| 3.84 | 1.84 | 0.43 [ 0.12 | 813 | 940 | 11.8 | 30.9 | 303 | 59
C [0.26 | 0.09 | 0.30 {0.005|0.005| 3.46 | 1.68 | 0.38 | 0.09 | 872 | 981 | 20.9 | 65.5 | 178 | 114
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Table 5-4 Environmental conditions

Unit | Temperature K |Pressure kPa

Unit A 116 —

Unit B 115 179

Unit C 125 142

Steam
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é
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Line thickness indicates quantity of boric acid

Fig.5-8 Flow of boric acid on secondary side
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Table 5-5 Sample boron soaking periods

Unit 1985(1986(1987|1988|1989(1990|1991|1992(1993|1994 {1995 (1996|1997 1998|1999

Unit A M end

Unit

B | O e————)

Unit

C | O ————)

Ref. Unit D start M
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Fig.5-10 SEM micrographs of cracks observed in inside of DUB specimen
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Table 5-6 Water soluble in scale removed from capsule

pH Na Cl SO« B
Unit Inspection
- % % % ppm
1st Inspection 6.8 <0.01 | <0.01 | <0.02 -
2nd Inspection 6.1 <0.01 | <0.01 | <0.02 | <100
Unit A
3rd Inspection 6.2 <0.01 | 0.02 <0.02 | <100
4th Inspection 6.2 <0.01 0.01 <0.02 | <100
2nd Inspection 6.0 0.02 <0.01 0.14 <100
3rd Inspection 5.5 <0.01 | <0.01 | 0.08 -
4th Inspection 6.0 <0.01 | 0.01 | <0.02 | <100
5th Inspection 5.8 <0.01 | <0.01 | <0.02 | <100
6th Inspection 5.9 <0.01 | <0.01 | <0.02 | <100
Unit B 7th Inspection 6.1 <0.05 | <0.05 | <0.14 -
8th Inspection 6.4 0.02 <0.02 | <0.05 —
9th Inspection 6.0 0.01 <0.01 | <0.02 —
10th Inspection 6.5 0.01 <0.01 | <0.02 | <100
11th Inspection 6.5 0.03 0.04 0.05 <100
12th Inspection 5.9 <0.01 | <€0.01 | <0.02 | <100
4th Inspection 6.7 <0.01 | <0.01 | <0.02 200
5th Inspection 6.3 <0.01 | €0.01 | <0.02 | <100
6th Inspection 6.1 <0.03 | <0.03 | <0.05 | <500
7th Inspection 6.2 <0.03 | <0.05 | <0.04 | <100
Unit C
8th Inspection 6.5 <0.03 0.03 0.13 <100
9th Inspection 6.6 0.04 <0.01 0.31 <100
10th Inspection 6.8 0.02 0.03 0.09 <100
11th Inspection 5.9 <0.01 | €0.01 | <0.02 | <100
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Table 6-1 Components studied

Stress corrosion cracking Corrosion fatigue
(SCO) (CF)
Disc (high strength)® O —
Rotor (low strength)® — O
Blades - O

*) Rim attachment
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laboratory experiments

Table 6-2 Chemical compositions and mechanical properties of materials subjected to

Chemical Composition mass % YS| TS | El | RA

C Si Mn P S Ni Cr | Mo A\ Cu Nb+Tq MPa|MPa| % %

Disc | 0.26 | 0.07 |0.30 |0.005/0.002| 3.30 | 1.54 | 0.35 | 0.09| — | — |952|1043] 20 | 71

Rotor |0.25|0.04 |0.27 |0.004/0.006|3.63|1.75 |0.43|0.12| — | — |652|754| 29 | 76

B(lf;g; 0.15 | 0.50 |0.54 |0.021/0.001| 0.45 [11.62| 0.38| — |0.11| — |660|815| 24 | 70
r
Blade 2

(mipr [0:055] 0.31 |0.46 0.021/0.001) 4.43 |15.55| — | — [3.43 |0.30 | 746 [1027| 21 | 65
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Fig.4 Microstructure of test specimens
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Fig.6-5 Test specimens used for SCC laboratory experiments
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Fig.6-7 Test specimens used for CF laboratory experiments
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Fig.6-9 General view of outer DUB specimen after 8000 hours exposure
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Fig.6-10 Crack extension in specimens in deaerated water containing ETA
and inorganic acid (obtained through laboratory experiments)
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Fig.6-11 SCC propagation rate for specimens in deaerated water containing
ETA and inorganic acid (obtained through laboratory experiments)
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Fig.6-16 Sample arrangement of specimens
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Table6-3 Chemical compositions and mechanical properties subjected to field

experiments

chemical composition mass % YS TS El RA | FATT| vE&r

St Mn P S Ni Cr Mo Vv MPa | MPa % % K

J

0.24

0.20 |0.35 |0.012(0.013| 3.84 | 1.84 | 0.43| 0.12| 813 940 | 11.8 | 30.9 303
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Fig.6-18 Change in crack propagation rate due to water treatment
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Fig.6-19 Polarization curves of 3.5NiCrMoV steel measured at pHasok 5.9
(neutral) and pHsosk 6

Table 6-4 Water solubles in scale sampled from capsule (2 units)

é::;fgﬁ AVT Boron soaking
pH 6.2~6.4 5.8~6.1 5.6~7.1
Na <0.01 <0.01 <0.01
Cl <0.01 <0.01 <0.01
S04 ~0.05 <0.02 ~0.03
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Fig.7-3 Change in S content of 3.5NiCrMoV steel
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Fig.7-4 Change in P content of 3.5NiCrMoV steel
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Fig. 7-6 Continuous cooling transformation (CCT) of 3.5NiCrMoV steel
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Table 8-1 Chemical compositions
mass %

C Si |Mn | P S Ni | Cr [Mo | V

0.300.28 1 0.86 (0.014{0.015/0.38|1.06 {1.17 | 0.23
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Table8-2 Mechanical properties of tested material
Cooling Temper Tensile properties Impact properties
TP mark by temp. 002 B El R.A Exed | FATT K
K MPa | MPa | % % il

ABA Oil 721.5 | 843.8 | 15.2 | 31.7 86.2 230
ABB F. Air Hia 705.6 | 872.2 | 14.4 | 30.1 72.5 329
ABC Air 696.8 | 863.4 | 10.2 | 19.7 72.5 363
ABD Furnace 697.8 | 866.3 | 15.2 | 34.0 47.0 402
ABE Oil 585.1 | 727.2 | 20.7 | 41.3 86.2 232
ABF F. Air Bas 564.5 | 750.7 | 16.7 | 37.5 73.5 334
ABG Air 553.7 | 747.7| 20.3 | 49.5 90.2 345
ABH Furnace 544.9 | 735.0 | 19.3 | 44.5 62.7 378
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Fig.8-4 Test specimens

Fig.8-5 Test specimens removed from test material
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Fig.8-6 Crack initiation test resuits
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Fig.8-7 Crack propagation after 6000h immersion in deaerated water
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Table8-3 SCC crack propagation rate obtained after 6000h testing

8.3.1

Tempering Cooling after hardening by
Temperature
K 01l Forced air Air Furnace
—(48.7) | —(49.9) | —(47.8) | 3.5X10(35.0)
il —(48.4) | —(49.6) | —(49.0) | 1.2X104(34.7)
—(48.1) | —(47.8) | —(47.1) | 2.7X104(48.1)
i —(47.8) | —(49.3) | —(48.7) 9.3X104(47.8)
mm/h(MPa + m!2)
ERREDERLIE

ERVBEAE LD UBRBRNF O AAHEOBIERE R 4 Fig.8-81c71, SCCHX
HIFHTNR L LI BB LEBYBACEAY Yy MARDONE, ZHbDXE
Wy OWriE 2 BE T 5 &, Fig.8 9 RT X5 ICETHEENEEL THBHA, 20K
HRPBRZERT D LBRBOON, 202 LiE, BEMAT TOCMoVEID S
CCORETERY Yy FORAE - ik, BRATEICEE, SCCxBORAE - #R
NDTmERZRDEEZOLND, BIL, 3.5NICrMoVHl D EMBEEH THOS C C %
ETRONIZDERLOTnERY L%, *BFKAIFig8-8D@ICRT L 5 IcH
MOBRE Yy FE2EALTILOLH I8, MISFRTE I ICEKD X8R L

EDLDLEZIBOLNS,

(a) Isolated crack

(b) Link-up cracks

0.2mm
el

Fig.8-8 Crack initiation site of tested specimen ABD observed at the surface
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v 100 g m

Fig.8-9 Microstructural feature of crack of tested specimen ABD
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72, AEIRE—DOFRMEZER L TS - bfRAMEICESREDERIIRL . ME
SREEIZ bBEREVITRY, HEAMMTEROL S DIZ, HEMEE L L TET
FATT (GEtE —MettERBIRE) L RPN R LX—ThH Y, Fig8 12171 L 51
FATTZ @ <. FiRBENZALF—DEVWLDIZSCCRAERBD NS, SCC
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Fig.8-10 Result of EPMA at an initiation site of crack in test specimen ABD
A little concentrations of Si and Al are observed
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Fig.8-11 Change of deoxidization process of CrMoV steel compared
with 3.5NiCrMoV steel
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Fig.8-12 Correlation of SCC crack initiation and impact properties
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K =llo |— (8-1)

1.65
O=1+ 1.464(3) (8-2)
C

CITUMTHABRA THD Z LN boldib ), aldty MES. ety FEE. Q
IERBEETH D, 0l202%MH S, ¥y MEES0.04mm, v b 4420.05mm% %
AT DL KisceP = 6.1MPa » mV2 L7225, AR L F%#ED690MPak »
3.5NiCrMoV#i TI3#I10 MPa - mV2 L7 ->TEY, ZOMEE NS LEL, [
IO T TIRNSRBERY Y FTSCCEENRFELLT VY, #-T., SCCH
ECRIZTBREANGORHFEEZE TR L LTIE, SIETF2ELTIDS
CCRAMRBISHILRFBEEZML FIF T B aTREMS &,

SEAVZRBRA TIIR SN0 57228, EBRETHEM L 7-CrMoVHt % A\ 7-[F
TRETOSCCRERFERTIE., ARICERY Yy 2 EAL LEZROXENH-
2o ZORRZEPMAIZE Y SHT L7252 %2Fig.8- 13107928, VEMEEIC%
ol B BEEDONT, VIAETETHD LRKICHBENES AT 5T
FTHH Y (VOITSiO2 - MnOD F M DB MIEHEA R = RN X —Th 25). = 0ORE
R LSIRALL FHRICVORHTIIE R Y v hORRA L oL E 2505, CrMoV
MO EVEITF0.25%TH ¥ . 3.5NiICrMoVIID 2 0.1% & 5 L S HBNRE
WIENL, VIRITOEENBHZICHNZbDOLEZ NS, EREREMICHEET
LEABREBRIFIIERHE T ot 2280 TEY ., SHICHED D OREMEER A E
Wip & EBRBERMICE R OSSR T AEAIN S D 2 L BNER FTRERR
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CrMoV#iH D354 . Fig.8-1412/~k 3 Thermo CaleT D E#EE 2 5 HE AFLEFIZVC
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CVEZSEAL TV AEESMOSCCREMELEX D LT, BAY v FH£L
BRINDIGEIE. AREORTOFTELEICEET I LBLETH S,

B, BREY Y POAERBIEICIE BB L2 X5 IcHBHRT & LT R 2 5
BMEEDZLLHDIN. OULARKTORMY, BICEMNY LT 2BERLEDORA
EHIETHZLIIEAY Y NORREMH T2 LCEETH S,
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SEM im;g; | ] V image C image
50um
Fig8-13 Result of EPMA at an SCC initiation site of crack in a test material
that was melted in a laboratory
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Fig8-14 Precipitated characterisies of VC calculated by Thermo Calc
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Fig8-15 Change of Cr and Mo contents near grain boundary analyzed by TEM-EDS
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Table 8-4 XRD results of precipitates extracted by 5% HCI solution

After hardening After tempering
Material
Major peak | Minor peak | Major peak Minor peak
ABA V4Cs MnS MsC Mo:C
ABB Vi4Cs MnS MsC Mo:C
ABC V4Cs MnS MsC Mo:C
ABD MsC V4Cs, MnS MsC Mo:C

Oil quench Forced air cooling Air cooling Furnace cooling

lum
| VA

Fig8-16 Extraction replica micrographs of test materials. Grain boundary carbides
were grown up as cooling rate reduced.
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$I9E HBIRBPTOCrMoVEE3.5NICrMoVEIDSCCEH)
9.1 # &
INETREOEES — 03 EREROAREFRATI Z E NS, gt
HFELOBRBAUTIIAROF —EPLBRBIISNEREN (SCC) BHEAET L EHHH
FEEINTERLY, SCCREATIINODOHKMEE LTIT, FRTLTOMHRE -
PP LELSNDIED, BEREINIZEALELBEGEFALAVOATVS, —F,
THHNTORERLEAREABETIEOESERLTWIAREERDO HEREDHEK
F—bru— 2 3ERMNORENERINSE D, KEMTORE - IO EITS
KRV, ZTOABFRFEMAr —Z I 3EEMTEIIBIZZIEON/LARNICTEL, E52H
EROVMITBTAMLIOEVWE b H D720, BEZXEFELY FTHRAITIEISCCOR
AT2BEPH5, T THREEHICERA IR TVWSCrMoVIlO Eu — % KR EHM %
A E LT, BEMORERKRBEOREr —F IZHEH I TV 5 3.5NiCrMoVEH 2
DWEOWNWT, BYOVIMERDEI - HRENO S LIS T ARNICRABR A 21 A
L. SCCERREAERVEHEERIZOVWTORMNEIT- -,

92 ERAE

HRAMIIRHER LY -t ra—2Ha2xd R 322012, WFhb 19704
AIEICHE SN o a — 2 CrMoVEI & 3. 5NiCrMoVEiO R E 2 itk & L=, # o
{557 2 Table 9- 11 "7, BIEREEIN TV AR —FMORES LD L HEN
Tt THLZLEPEP, SRLEOHFPAMMALS 730.01%% B2 T35 (BIEDK
H#ETIX0.001%D A — &) ZEnFEFbhnd, £, 3.5NICrMoVHiIC >\ Tix, BIE
DRERZEH—RWBEE (LLTVCDEET) ORIICERAEN TV ESIBEETH LD,
SiEA0.20% L HAKRDO0.10% L F L0720 @V, S.SinEWZ LT ARNEY (B
t® - EEfEHE) VW LA TRTLEHIT, MITLBEAFICR> TWBAREHOE N
LEZRLTWS,

Table 9-1 Chemical compositions of test materials
mass%

Materials C Si Mn P S Ni Cr Mo A%

CrMoV 0.30 [ 0.25 | 0.86 | 0.014 [ 0.015| 0.38 | 1.06 | 1.17 | 0.23

3.5NiCrMoV | 0.24 | 0.20 | 0.35 | 0.012 | 0.013 | 3.84 | 1.84 | 0.43 | 0.12
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Bt 3 B4 D B B M % Table 9-212 7R 3", CrMoV#i & 3.5NiCrMoV ®0.2%if /712 % h
LH0#700, 8IOMPaTH Y, ZOOR— 48 E L TIR@EFFERAINZMEL LD
bOTH D, EHIZ, FATT (Mathfm 2350%I2 722 5 B 8 A B IR BE) 13ATH 23403
K, #F5M303KTHV, MiEALLHREO T —FHMLEENEVHETHS (BKMOH
ZE LTHTEIZ390KRELL T, %EIZ2T0KEELUT),

Table 9-2 Mechanical properties of test materials

Tensile properties Impact properties
. 0, :
Materials 0.2% offset | Tensile EL RA. Err FATT
strength [strength o % J K
MPa MPa ’ °
CrMoV 694 866 15.5 31.9 49.0 403
3.5NiCrMoV 813 940 11.8 30.9 58.8 303

SCCREAE LTI, Fig 9 LWCRT LX) 2BEEZHEM L, 1 o3 xERE
B} %€ ] D TDCB(Tapered Double Cantilever Beam)& B T v . fth 5ix = &R 4
AoO3RTFRBRA ThH o, MIHFITEEMARS & LTHWE L X Fig.9-2Ic 7T &
IIWCEHVER L THISNIERFEEK MFLALEELAVRBRAFE LT, 7.
BRETZZOEDZ - TRHAMSANFRIZFERELSAZAVWEOHEB LY BRI,
TDCBAB H I DWW TIEHE K 120MPa - m120OK ((ZR L LS ICABEOELZD L &
ZHHIAATIENZM S Lz, 38T RBRA SOV TIZMWMMES /) #E T400MPah
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Fig. 9-1 Test specimens.
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Fig. 9-2 Stress intensity variation of TDCB specimen.
(the case of constant displacement).
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Fig. 9-3 Setting of test specimens in test capsule.
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Fig. 9-4 Location of test capsule in an actual turbine.

Table 9-3 Steam conditions at which the capsule was set up.

Temperature 3556~368 K
Pressure — 17300~ —-50700Pa
Wet(plan) 3%

K

Average: 363K

Temperature
W
[N
)

300 1 [ | Il
0 50 100 150 200 250

Time Day

Fig. 9-5 Temperature change at location where the capsule was installed in an actual turbine.
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Fig. 9-6 Crack extension of CrMoV steel.
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Fig. 9-7 Crack extension of 3.5NiCrMoV steel.
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Fig. 9-8 Apparent crack propagation rate of CrMoV steel calculated using
each measured value.
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Fig. 9-9 Apparent crack propagation rate of 3.5NiCrMoV steel calculated
using each measured value.
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Fig. 9-10 Average crack propagation rate of CrMoV steel calculated using the
measured value after crack started.
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Fig. 9-11 Average crack propagation rate of 3.5NiCrMoV steel calculated using the
measured value after crack started
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Fig. 9-15 E-pH diagram of Fe-H,0 system at 363 and 383K
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