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MATERIALS PROPERTIES DATA SHEET (No.F 02)
Creep properties data on Mod. 9Cr-1Mo steels (Base Metal)

Masanori AOKI*', Shoichi KATO*', Katsumi SAT0*?
Takaichi SUZUKI*®, Hirokatsu KOBAYASHI*®, Katsumi YAGUCHI*®
fazunori SEIMIYA*2, Eiichi YOSHIDA*', Yusaku WADA*!

ABSTRACT

In order to advancement in materials strength standard on elevated temperature
design guide of the FBRs and evaluation method of materials strength behavior, this
report are presented about the creep properties of Mod. 9Cr-1Mo steels for steam gene-
rator, based on the R & D results obtained through the activities of material tests.

Contents of the data sheet are as follows:

— Material : Mod. 9Cr-1Mo steels(Base Metal)
Plate 7 Heats (F2, F6, F7, F9, F10, NSC1, NSC2)
Forging 8 Heats (F4, F5, F8, Fil, VIM, ESR, F520, F550)
_ Tube 1 Heats (F3)
— Test temperature : 450~650°C
— Test method : According to JIS and FBR Metallic Materials Test Method
— Test environment : In Air and in Sodium

~—— Number of deta : 314 points

*1 Materials Development Section, Systems and Components Division, OEC/PNC
*2 Joyo Industry Co. Ltd.
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Fig.9  Creep Rupture Properties of Mod.9Cr-1Mo Tube.
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Fig.10  Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo Tube.
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Relation Between Reduction of Area and Time to Rupture of Mod. 3Cr-1Mo Tube.
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Steady Creep Rate of Mod. 9Cr-1Mo Tube.
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FERSGFAEEIEEERSRETST— Y o— = (B 1)

|B1:m# (1./2) |

OHRAEN | OBREXA £ M T+ & (mm) B B &F 4H MEEHAH 3 —bHo. — hHo.

7 5 12t X 1000 (b, ¢ or0.D) 1000 ¢ SUMITOMO METAL 865 34 H 18 H| auood7z A5B1303
HEERARE | MEAEES | B8 BER B B B E . T34 rE (%) & BE A/ EY B (x103%)
ASTH A387 A 7.0 | F A 0 | B 8 c Total 8
o B = B OB A B WK OB A B I A B - &t B &
EF LRF E3R MDS
@ #|, o @DHH @ #|, . @HH @ B o @i
Yo. P B B (C) | FEEEMhr) ik o P # E(C) | FEm(hr) ik No. B # E(C) | FEREENGe) ik
(1) N 1050 8.3 AC (2) T 780 1.0 AC (3) SR 740 8.4 FC
(4) (5) (8)
F2

oy

7

B

i1l

i

=5

ORHEE @B Z X4 @fnE ECE N

1: SUS304 I: Hot Rolled Q : Quench AC: Air Cool

2: 808316 2: Cold Rolled N : Rormalize FC: Furnace Cool

3: SUsaz1 3: Forged T : Temper WQ: Water Quench

4: 2.25Cr-1Mo 4: Tube ST : Solution Treatment 0Q: 0il Quench

5: INCONEL 718 6: Equivalent Tube | STT: Stabjlizing Treatment BC: Blast Cool

B: 9Cr-1Ho 6: Pipe IA : Isothermal Anneal MC: Mist Ceal

T: Med.9Cr-1Mo 7: Bar FA : Full Anneal

8: 9Cr-1Mo~kb.V 8: Casting A : Anneal

9; 9Cr-2Mo 8: Ring SR : Stress Relief

10: 9Cr-2Mo-iib.¥

11: Others ; 10: Ot?ers ) o Ut?ers ;
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F B R = F— i — F (B 2)
|B2:®# (2/2) |
%@%ﬁgbﬁﬁﬁl
Bl i [ 4 W B R
DEBRAFAR | S8 | BOBRIRAEOEE| RREE (C) | 0.2%FH(ke/m?) | 33ERm (kg/mn?) | BEBFORTF (%) h (%) @EEREE ma
d Y 0 48.7 69.3 29.7 74.3
i B B B ® ® o @ # B B =R
OEBRARE | S HEREE (°C) | BIME -(kef-n) | GIRBHR] 1% iE(m) T(U T[R T|M T|V T|Bend|Dimer |Flar|Flat|Hydre |H.Btc |0.M
' NO YES | NO NO N0 NO | YES NO No NO KO YES
1t ¥ HE, i L a d 1 e (wt%)
4 W B R c Si Mn P 5 ' Ni Cr
SUMITOMO METAL T0.10 0.39 0.41 0.013 0.001 0.08 8.77
Mo Cu v Co Ti Nbh+Ta W B7 B10
0.86 - 0.20 - - 0.087 - - -
As Al sol Al total N sol N total 0
- 0.011 - - 0.0502 -
1k ¥ B i C h e ¢ k {(wt%)
iy it B i c 51 Mn P ) Ni Cr
SOMITOMO METAL 0.10 0.40 0.43 0.014 0.001 0.07 8.73
Mo Cu v Co T3 Nb+Ta w B7 B
0.98 - 0.22 - - 0.090 - - -
As Al sol Al total N sol N total o
- 0.013 - - 0.0510 -
QFERF RIS OE = HEA% ®%®M®Hﬁﬁﬁ
PR (Bin (D bW 4 vataas
0: Others i Eggﬁﬁeu B | %gg&:ﬁgz@ ﬁgii E%ﬁgﬁﬁ
( HRC: Rockwell C | VI: HE#&#E dro.: KERR
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D1 @&~ (1/1)

R T & S b (D 1D

Q| BRARRE @ |@ f#maE HEBEARTHE (am) 7w K @y, B R m I
" TRED | $RER - ~u—7%
M| @REE |5 B|ME| 7w | GELF | HE (&) FECEEE | RTHAE | BURE | @R | BRER | 0FE 35 i B ft
BM| J 3 |1 PG 50.0 10.0 50.0 3 1
- " =
%g?ﬁiﬂﬂﬁ%
FUFBAD FUFBAL FUFGA2 FUF643 FUF6A4 FUFGAS FUFGAG FUFBAT FUFBAB FUF6A9 FUFBBG F2
FUFeB1 FUFBB2 FUF6B3 FUFBB4 FUFERS FUFGB6 FUFGBT F2
FUFEFQ FUF6F1 FUFBF2 FUFBF3 FUF6F4 FUF6FS FUFEFG FUF6FT F2
OEM @HEL OfFm AR @EmMEH GFENE 4L | GURER @Y, Aa—ZOaE
BY: Base Hetal J: JIs 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: Wy
WJ: Weld Joint A: ASTH 2: 1/4t T; Transverse P : Polising 2: U-Notched 2 Rg—X
DH: Deposited Metal 3: 1/2t V: Vertieal B : Electropolising | 3: Smoothed 3: W, M=%
WH: Held Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
o B: 4/4t _
0: Others 6: Qthers 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) ( 3 (
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FE REEAEEEER T — v sr— (D 1)
D1 :#HEBF (1./1)
D BHEAR @ |@ E i BBRAETE (nm) B ox @Y, R m T
i $REL | ERER =1 o
HIOREE |8 BIME | HR | Ol (82 (u) FPAEERE | ETSAR | RETSRE | GRRE | BREeH | oss Fr H fif
BM| J 3 | L PG 30.0 8.0 30.0 | 3 1
,: - .
Al B% B = = —
Eanzs
FUNTAQ FONTAL FUNTA2 FUNTAS FUNTA4 PONTAS F2
OmE OHREL ORENIE @OBEAR GFENE LT | GYREBR @V, Ra—XofE
BM: Base Hetal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: w8
WJd: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Rg—-X
DH: Deposited Hetal 3 /2t ¥: Vertical E : Electropolising | 3: Smoothed 3 WIN, Rpo—%
WH: Weld Metal 4; 3/4t - PG: Paper Grinding 4: Arc-Hotched
) B: 474t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) ( ( )
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D1l :#gKF (1.71)

B — A Sr— = (D 1D

@ BHAAE @ @ FEMLE BREBER T (mm) 7 x @I, ®H om I
#® B | 1 ~Rp—%
H OREE |5 B | ME | AN |@FRF | #HE (u) | FAER | EOS0E | E9SES | OBR | BREN | ogE PR B 1t
BY J 3 |1 PG 30.0 6.0 30.0 3 4
=P =t
( *2 : @) %géﬁﬁﬂﬂﬁ%
FUZTAOD FUZ7A1 FUZT7AZ FUZTA3 FUZ7A4 FUZTAS FUZTAB FUZTAT FUZ748 FUZ7AQ FUZTBO F2
FUZ7B1 FUZTR2 FUZTR3*2 FUZTB4 FUZ7BS FUZ7B6 FUZTBT FUZ7BB FUZ7B8 FUZ7C0 F2
QM @DHBE (DiRERHIE @ERAH ®FREME LT | @YURER @WIS, Rg—-XOEE
BM: Base Metal J: JI§ 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: Wt
HJ: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: REg—X%
DH: Deposited Metal 3 1l/2t V: Vertical E : Electropolising | 3: Smoothed 3 YN, _p—X
WM: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Hotched
5: 4/4t
0: Others §: Others 0 : Others §: OQthers 4: Others
(FBR ) ({ ) { ) { { )
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YRy ARR (1,/1) T ERSEERERE -y = (¥
OE5 B HEREkE @H8 BRI FRIEHRE BRFGRERAH " RTEAH THTIRER HRER ERE
L SETL2 BM Mps £ A H £ H H £# H H
02 ) c I-MF Sy TEE . ) i
FiEE(pen) | E2E (ppn) | AR FHHE(ppn) | HE (ppm) Vigiive] FHE (°C) &EE (°C) R (hr) B {°C) o (w/8)
120.0 5000.0 550.0 1.0
FUF6FQ FUF8F1 FOP6F2 FUPGF3
[+
B
o3
E
=

D, @E2WTHE., TORSEL2MELTTEW,

® K3 @ HE
L:Loop 83 : Stainless Steel
P:Pot CR : Chromium Morybdenum Steel
D:0thers BY : Bimetallic

( ) 0 : Others

( )
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FBREFEAAEEERST — 42—+ (W)

Y:FrUDLER (L1) : '
OE5 E HERE @HH HRERRER P iEBEEE EEMEFAR - #THERH BT A e SFEHE

L SETLZ BY MDS £ H H £ B H £ B H

02 c , I-NFbSyTRE
i BERE BE ALy
FEE(ppn) | HE  (pon) Sk Ei#ffE(pen) | {HE (pp) VAR g EHE CC) Ez (C) (hr) °c) (m/8)
' 120.0 ' 5000.0 500.0 1.0
PUEGF4 FUFGFS FUF&F6 FOEGF7

i
B
I3
®
=

@, @iconTHE., TORSESBLTTE W,

@ =5t @ #HE

Li:Lloop 83 : Stainless Steel

P:Pot CR : Chromium Morybdenum Steel

0:0thers BY : Bimetallic

( ) 0 : Others y
{
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FE R

F 1 :

27 I — (/)

CHREER

1

H OB
HBRES | B B
(o)

T e b (B — 1)

BOEm | BIWTRRY O MR OWF | B OD | W iER AHTTH | BHRT | —H-7° Z¥=7° == CRER
;O i B|(2V—-7 |cokll| B Tz e
(ke/mn?) (hr) (%)_ (%) @ |FEE(%nr) . {min) (%) [ZFEs & FIRGEEE(he) | & (%) BHEAERRAChe) | A (%) E#L
FUFBB1 500 34.0 399.5 26.8 82.4 A 0.709E-2 - 0.300 0.668 65.0 1.825 228.0 23,807 -
FUF6B5 500 32.0 1926.7 33.4 84.4 A 0. 1098-2 - 0.226 0.550 170.0 1.374 1073.0 31.250 -
FUF6A0 500 31.0 1903.9 28.4 B4.3 A 0.972E-3 - 0.226 0.521 210.0 1.198 1024.0 26. 456 -
FUFGA3 500 29.0 6654.0 33.2 84.4 A 0.400E-3 - 0.185 0.316 570.0 1..368 £2920.0 31.331 -
FUFGAG 500 27.0 17283.7 22.1 85.5 A 0.136E-3 - 0.161 0.208 280.0 1.301 8120.0 20. 430 -
FOF6A9 500 28.0 25865.4 24.5 85.9 A 0.178E-3 - 0.178 0.211 560.0 2,377 16600.0 21.734 -
FUF6B3 550 25.0 286.4 34.0 87.3 A 0.1518-1 - 0.208 0.589 43.0 2.591 158.0 30.612 -
FUFGAL 550 23.0 684.4 25.8 87.6 0.5958-2 - 0.139 0.713 90.0 2.830 440.0 21,918 -
FUF6B6 550 22.0 1598.7 29.2 87.5 A 0.268E-2 - - 0.172 0.481 160.0 2.69] 837.0 25.846 -
FUFGA4 550 21.0 2141.0 22.7 87.8 B 0.188E-2 - 0.149 0.530 280.9 3.010 1495.0 - 19,011 -
FUFBAT 550 19.6 9861.3 256.4 86.7 A 0.314E-3 - 0.132 0.653 1420.0 2.315 8780.0 22.300 -
FUFGBO 550 18.0 22365.8 20.7 82.4 A 0.108B-3 - 0.059 0.B8T 1860.0 1.885 15600.0 18.068 -
FUFEB4 600 18.0 128.1 83.5 81.3 A 0.413E-1 - 0.163 0.747 21.0 2.978 67.6 49.612 -
@. @izonTR, FTORSHREBBLTHRATEW,
QHREER TR
1.In &ir 7.In Hq 1B, BE&HBRFOBE
2.In Stagnant ¥§a 8.In Ar A B C
3.In Flowing Na  9.In Pile | {i)BERBEOHE
4.1n Hot Lab. 10.0thers BY ¥M Bond HAZ
§.In Vacuum
6.In He
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FBRSEAELEREE T — 7 2 (F — 1)

1 0 —27(/2)

OHERFELR | 1
Bl RESH  DOE| W OB | B b (BRI ER BEETE | AFET | —&N-7 Z&RM-7 Z&M-7 RER
REABET (B B o i B|7V-—-7 |ECORME|F EH : Ll
ey | (ke/mm?) | Chr) (% (%) @ |#EBEG/MAe)| . (i) () [E» (&) | HGBEMGe) | 2& (%) | BiAEEGr) |23 %) BTk
FUF6P4 | 500 34.0 240.0 - - - 0. 18681 - 0.308 0.448 47.10 2.539 125.7 - -
FUFBF5 500 31.0 1303.5 - - - 0.296E-1 - 0.215 0.587 305.13 2.566 798.6 - -
FUFGES | 500 29.0 | 4325.4 - - - 0.6888-3 - 0.209 0.621 885.27 1.873 2430.0 - -
FUFGFT 500 27.0 | 15247.7 - - - 0.2308-3 - 0.176 0.488 1697.20 2.220 8792.6 - -
FUFGF0 | 550 22.0 875.4 - - - 0.473E-2 - 0.182 0.788 191.20 2.783 546.2 - -
FUFBEL 550 22.0 1017.4 - - - 0.451E-2 - 0.137 0.788 167.43 2.809 578.4 - -
FUFBF2 550 21.0 1946.4 - - - 0.2168-2 - 0.140 0.837 496.50 2.670 1141.8 - -
FUFGF3 | 550 19.5 | 5585.6 - - - 0.6128-3 - 0.227 0.711 966.96 2.430 3645.0 - -

D. QoW TR, TORSRESBLTHEATEW,

DR TER @R E

i.In &ir 7.In N2 1), Be&EBR0EE
2.In Stagnant §a 8.In Ar A B C

3.In Flowing Na 9.In Pile IDBFEHEFOBE

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.In Vacuum

6.In He
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F 1 =z 20— ="1/2)

OE®RIEE | 1

;‘R BR | BUEISH ; MRURRERT | B My 14 by 1 BEETE | A -7 =km-7°
BEREES (& B M fiz 7N =7 ITORH|(F A - i i
(¢ | (kg/m?) (hr) (%) (%) ZEE(%/hr) . {min) (%) [ EJA (8 | BEISEEERChe) EA (R HREEFEIChe) | FBa (%) ETE

FURGAZ B0Q 16.0 357.9 25.2 90.7 0.112E-1 - 0.159 0.743 §3.0 2.803 231.0 21,495 -
FUFGB7 600 14.0 3397.5 32.0 88.4 0.935E-3 - 0.143 1.020 580.0 2.204 2140.0 28.633 -
FUFG6AS 600 13.0 7864.8 30.9 86.1 - - 0.057 - - - - - -
FUF6A8 600 12.0 15716.1 20.3 79.8 B 0.1598-3 - 0.101 0.911 1520.0 1.821 10200.0 17. 467 -
FUFGB2 600 11.5 10189.7 25.1 83.0 0.297E;3 ' - 0.098 0.605 830.0 2.000 6060.0 22.397 -
FUNTAO 560 31.0 1309.2 30.6 85.3 0.208E-2 - 0.269 0.607 120.0 1.810 780.0 27.914 -
FORTA2 600 29.0 4953.6 28.8 92.0 0.213E-3 - 0.256 0.198 240.0 0.842 3020.0 27.303 -
FUNTAB 500 27.0 7167.9 25.9 86.5 0.3898-3 - 0.220 10.388 740.0 1.768 4030.0 23.524 -
FONTAL 550 21L.5 1445.4 27.8 89.9 A 0.3478-2 - 0.161 0.685 130.0 3.624 8987.0 23.430 -
FUNTA3 ] 20.5 3164.7 30.1 90.8 0.128E-2 - 0.143 0.794 4890.0 2.598 1870.0 26.567 -
FUN7A4 850 19.5 8116.7 24.2 87.9 0.488E-3 - 0.145 0.881 1080.0 3,314 6400.0 19.880 -

@D, @ionTi. TORIRELBLTHREATE Y,

OHBSHER @mELE

t.In &ir 7.In ¥3 DB, BERBREOBS

2.In Stagnent Na 8.In Ar A B C

3.In Flowing Na  9.1In Pile | i) ERRLDHES

4.In Hot Lab. 10.0thers BH WM Bond HAZ

5.1n Vacuum

6.In He
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Fl: 2 u—oam
OHRSES | 3
WO | s | wemeE | w b | & 0 | | Ew PRS- _gmr —dn = g7 s |
REEES B B # B B|79-7 |cowm|® B - s
o |G| G | 0 | @ | © |#EGE| @) | @ | Zs 0 | EesmEeo | 2s 0 | EmsEes | ss @ | @R
FUZTCO 450 43.0 6861.4 19.5 80.2 4 0.188E-3 - 1.277 1.128 585.87 1.247 5581.5 15.848 -
FUZ742 450 42.0 10430.2 18.1 80.7 A 0. 187E-4 - 0.320 1.17¢ 329.56 0.335 T7209.1 15.275 -
FUZ2743 450 40.0 19861.8 21.7 81.9 A 0.110E-4 - 1.265 1.712 786.22 0.338 12521.7 18.385 -
FUZ749 500 35.5 162.1 32.2 81.2 A 0.231E-1 - 0.862 0.734 32.40 2.125 83.3 28,479 -
FUZTBO 500 33.5 885.0 30.1 83.8 A 0.264E-2 - 1,525 0.801 101.36 1.608 b32.5 26.166 -
FUZ7B4 500 32.0 1286.9 30.3 82.2 A 0.2228-2 - 1.145 0.698 - 234.80 2.286 940.4 26,171 -
FUZ7B6 500 30.0 4506.0 20.7 84.4 A 0.729E-3 - 1.431 0.416 449 86 0.735 1919.1 18.118 -
FOZ748 500 29.0 4673.2 3l.0 86.0 A 0.265E-3 - 0.268 (.558 254.74 0.951 2875.5 29.213 -
FUZ'740 500 27.5 14989.9 31.5 85.6 A 0.1828-3 - 2.579 0.375 221.886 1.089 4882.3 27. 457 -
Fuz7B2 550 23.0 1230.0 36.6 86.9 A 0.340E-2 - 0.774 0.767 197.74 2.744 747.3 32.315 -
FUZ7A1 550 21.5 2551.83 26.7 88.7 A 0.1738-2 - 0.230 0.588 131.23 3.297 1792.7 22,585 -
FUZTAS 550 20.5 1910.8 29.1 88.2 A 0.2358-2 - 0.874 0.731 199,17 2.969 1179.8 24.526 -
FUZTAT 550 19.5 3931.8 31.2 88.5 A 0.114E-2 - 0.741 0.794 493.85 2.960 2419.3 26.705 -

@, @Iz o Tk, TORESHRESBLTHEATE N,

OFRHFTHEE @i @

1.In Air T.In N2 DI, BERBHROBE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii)J¢FHESOBEE

4.In Hot Lab. 10.0thers B WM Bond HAZ

5.In Vacuum

6.In He
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FBR s =k (F— 1)
F1:zu— W
OEBRBEE | 3
B OB REDD | RERM | % W B Y I SR REETR | AFTT | —kw-7° ZRP-T =;p-7° Bk
BRFER (&8 = 1 T i B|Z7U—7 |2COBHE | B Za ik
C) | (kg/mn?) | (hr) (%) (%) @ |#EEG/MAr)| . (nin) (8 | FEs (X)) | FEEESEe) | s (%) | BEESEG |25 @ E=1#k
FUZ783 | 550 18.5 > W - - - - - - - - - - -
FUZTBL | 600 17.0 891.3 | 40.1 91.1 A 0.5628-2 - 1.049 0.985 133.43 3.237 540.2 34.829 -
FUZ7A4 | 600 16,5 | 2011.3 | 83.1 93.3 A 0.156E-2 - 0.413 0.934 244,79 3.118 1865.8 28.634 -
FUZ7B5 | 800 145 | 1495.2 | 40.2 90.6 A | 0.271E2 - 0.698 1.026 103.15 2.606 887.4 35.870 -
FUZTAS | 600 14.0 | 5349.9 | 41.5 91.3 A 0.499E-3 - 0.893 0.813 969.05 2.067 3738.4 37.627 -
FUZTBT | 600 14.0 | 2761.1 | 25.8 88.9 B 0.885E~3 - 0.764 1.100 361.83 1.458 1421.5 22,278 -
FUZ7B8 | 600 13.5 | 3781.65| 25.8 87.9 B 0.898K-3 - 0.814 1.091 392.07 2.510 2573.4 21.385 -
FUZTBS | 600 13.0 | 4845.08| 31.0 | 95.7 A 0.5908-3 - 0.120 0.801 853.89 1.949 2961.4 28.130 -

0T0-T6 0SPENd INd

@O, QltonTiE, TORSRESHLTHEATE W,

In Vacuum

OEBREEHR @neirhiE

1.In Air 7.In N DB, BE&RRF0BE
2.In Stagnant Na &.In Ar A B C

3.In Flowing ¥a  8.In Pile | ii)kFHBREOBA

4.In Hot Lab. 10.0thers BM WM Bond HAZ

5.

6.

In He
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STRESS

I T TTTE T T

&:In Na at 450C
B:In Na at 500%C
®:1In Na at 550C
A:ln Na at 600
[1:1n Air at 500%C
O:In Air at 550
Acln Air at 600

| I T N T T o

T

I T T T TTT T iTTI I T TTTTT TTTTI
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2-9  Mod. 9Cr-1MofEliH (F6)



[B1:3mi (1/2) |

¥ B R

= S (B 1)

ORHMER | ONEES ® B T ® (mm) U B S HEEHB Zv—blo. k— kHo.
7 1 25t X 1000 (b, ¢ or0.D) 1000 4 SUMITOMO METAL 864 7T H 2 H AUD1233 ABB1303
HEERRE | RSSHLS | B8 FEE R N K R. FxS54ME (%) ¥ & B f+ £ H B (*103%)
ASTH | A3y A 7.0 | F | A 0 B 8 c 0 Total 8
F i) = B B OB i W B B ¥ % » H ¥ ® 2 #B ;A
EF LRF ESR MDS
@ #i, . @ @ #|, . @i @ #|. . @
Ho | S [B B (C) | EERMGr) |CTS b |Pun @ o) | RESEGn |Crr b |Punle o) | smesmoen |C5Y
(1) R 1060 1.08 AC (2) T 780 1.42 AC (3) Sk 740 8.4 FC
(4) (5) (6)
F&
iy
r1
i
Fl
&
=5
QREMEH @HERES @i @R
1: SUS304 1: Hot Rolled Q ; Guench AC: Air Cool
2: SUS3l6 2: Cold Rolled N : Normalize FC: Furnace Cool
3: Susazl 3: Forged T : Temper WQ: Water Guench
4: 2.25Cr-1iMo 4: Tube ST : Solution Treatment 0Q: 0il Quench
5: INCOKEL 718 8: Equivalent Tube | 8TT: Stabilizing Treatment BC: Blast Cool
6: 9Cr-1Mo 8: Pipe 1A : Isothermal Anneal MC: Mist Cocol
7: Mod.9Cr-1Mo 7: Bar FA : Full Anneal
8: 9Cr-1Ho-Nb.¥ 8: Casting A : Anneal
9: 9Cr-2Ho @: Ring - SR : Stress Relief
10: 9Cr-2Ho-ib.V
11: Others ; 10; Ut%ers ) 0 : Ot%ers ;

0TO-18 0S¥G6Nd ONd



FPERSHEMAEEBEEE T — v > — F (B 2)
[B2::# (2./2)
RS mem
5] i #® ® B T #®# =B
CHRARH | 5B | BIRZRUEOESE | SRER (C) | 0.265 1 (ke/on?) | 53838 (ke/un?) | BHHET (%) B0 (%) QEEHHE . Bx
J Y 20 ' 50.3 9.1 - 27.7 71.5
) B [ B ®@ = o M # OH B R
OHEBNEE | 5% HEGEE (°C) | BRINA -(kef-m) | $DRMAR | 0&<Hi&Cem) [P T|U T|R T|NM T|V T|Bend|Dimer | Flar| Flat Hydre |[MH.Etc |O.H
' Wo [ YES| NO | No |YES | WO | YES | Wo | mo X0 K0 YES
1t % ® 2 L adl e (wt%)
a K B B C si Mn P s ' Ni Cr
SUMITOMO METAL 0.10 0.39 0.41 0.013 0.001 0,08 8.77
Mo Cu v Co Ti Mb+Ta W B7 B1°
0.98 - 0.20 - - 0.087 - - -
As Al so0l Al total N sol N total 0
- 0.011 - - 0.0502 -
1t # B & C h e ¢ k (wt%)
2 B/ R C Si Mn P s Ni Cr
SUMITOMO METAL 0.10 0.39 0.42 0.014 0.001 0.06 8.75
Mo Cu v Co Ti Nb+Ta w B7 B¢
0.97 - - 0.21 - - - 0.089 - - -
As Al sol |Al total N sol N total o}
- 0.012 - - 0.0505 -
DHRE B OB EHB A B0 OHEHER
S WYk | BEGEnm b BMEE M gpieal
0: Others EEB gggﬁ:ell B E% %gﬁfﬁ%gﬁ gigi : E}Féﬁgﬁﬁ
( HRC: Rockwell € | VT: HElka#® " Hydro,: KEZRE

010-16 0S¥6Nd INd



PR RSg/mEgalEEs-— 4 =-— - (D 1 )
D1:#HEKF (171)
@ HHEME @ @ @M BE BERTE (mm) il x @I, B W I T
# $Ey | HE Ru—x
H OHEE |5 B|ME|FR|OELTF | HE (u) RN | ETHAE | BTHEZ |©FR | BREE |o5E B 2 B {4
BH J 3 L PG 50.0 10.0 50.0 3 i
=P ? =t
( 2 : BEPR) %gfﬁiﬂﬂﬁ%

FTFGAQ® 2 FTFBA1*2 FTFGA2 FTF6A3 FTFGA4 FTF6AS FTF6AB*? FTFGAT FTFGA8 FTFEAG*2 FTFGBO FB

FIFGB1 FTFEB2 FTFEB4 FTFBBS FTFEBE FTFGBT FTFEBS F6

FTFEBY FTFECO FTF6CI FTF6C2 FTFBC3 FTFBC4 FIFBCH FTFECE FTF6C8 FTE6CY FTF6DS F6

FTFBEQ FTFBEL FTFGE2 FTFSE3 FTFGE4 FTFBEG*2 FB
OmH @HBE A QERNE @B G G@&ELE {fLEiF EURER @V, RU—-ZA0EE
Bi: Base Metal J: JIs 1: 0/4t L: Longitudinal AM: As Machined 1: V-Hotched 1: W%
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Rg—X
D4: Deposited Hetal 3: 1/2t ¥: Vertical E : Electropolising | 3: Smoothed 3 W, Nu—-X
WH: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched :

8: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Qthers
(FBR ) ( } { ) ( ( )

010-T6 0GFENd JNd



F 1 : 27 — (/2
onssER | 1 |
BB RESD | sRE | m 5 |8 0 (RO e BHETE | REET | —%w-r ZHM-7 =H-7° o
HREES |8 B W v i BloV—7 |ECORM|BF =a T
¢C) | (ke/m?) | (hr) ) ®) | @ [BE@H)| () | &) |E& Q) |BmSEGo | D5 0 | BErsEen |zs @ | s
FTF6B4 500 36.0 21.0 26,1 82.1 A 0.226E+0 - 0.434 0.419 2.0 2.580 10.5 22.687 -
FIF6B2 500 34.0 116.9 34.3 83.7 A 0.404B-1 - 0.250 0.486 8.0 3.029 70.0 30.538 -
FTF6A4 500 2.0 505.4 28.1 84.0 A 0.5648-2 - 0.212 0.573 78.0 1.859 293.0 25. 4586 -
FIFGA2 h00 30.0 3514.3 21.8 84.5 B 0.547B-3 - 0.208 0.396 210.0 1.318 2050.0 12.678 -
FTFGBT 500 28.0 4979.,0 30.1 85.85 A 0.451E-3 - 0.172 0.408 530.0 -1.330 2500.0 28.190 -
FTFGBS 500 26.0 13553.4 24.2 85.5 A 0.202E-3 - 0.185 0.258 520.0 1.751 .7680.0 22.028 -
FTF6AT 500 25.0 27147.7 25.3 84.9 A 0.109E-3 - 0.203 0.631 760.0 1.271 9540.0 £3.295 -
FTF6A0 500 24.0 | >36400.0 | EEERME - - - - 0.153 - - - - - -
FIFBAS 500 23.0. §»35500.0 | EXERrh - - - - 0.178 - - - - - -
FTF6BS 550 26.0 44.3 30.9 87.0 A 0.112E+0 - 0.214 0.371 5.0 2.878 24.0 27.4349 -
FTFBB6 550 24.0 153.1 36.8 87.7 A 0.319E-1 - 0.160 0.411 15.0 3.119 81.0 31.910 -
FTFBAS 550 22.0 884.0 33.7 82.8 A 0.490E-2 - 0.158 0.587 g90.0 2.767 B22.0 30.188 -
FTF6A3 550 21.0 2282,1 29.3 89.5 A 0.214E-2 - 0.202 0.563 190.0 3.114 1360.0 2h.421 -

D. @QE2oWTiR, TOEERESBLTHRATE W,

OERFHEZ

@l i

.In Air

n Vacuum

1
2
3
4
5
6.In He

I

.In Stagnant Ra
In Flowing Ha

In Hot Lab.

I

1

T.In N2
8.In Ar
9.In Pile i
10.0thers

iY@, BERBRE0BE
A B ¢
LDBFHREOBE
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0T0-16 0SPBNd INd



B R =t g F— 2 R (F — 1 )
F 1l o &) —7(1/2)
DEBRFEL | 1
BB | RERD | B WOl ER BETTE | AFNET | —%wm-7° ot B wm-7° He
HBRES & B W i @|7V=7 |EToKH| & E» ety
(°C) | (kg/em?) | (hr) €3] (% @ | B/ r) {nin) (%) | E& (0 | SRR | E4 (3) | FSEEG) | Ea o) ES
FTFBEO 550 20.0 3148.1 25.0 89.1 B 0.123E-2 - 0.160 0.761 560.0 2.724 2050.0 21,358 -
FIFEBL 550 19.0 9348.6 3.1 89.4 A 0.401E-3 - 0.143 0.797 1560.0 2.678 6170.0 35. 482 -
FIF6AR 550 18.0 | 13688.4 30.5 87.7 A 0.211E-3 - 0.137 0.776 1400.0 1.999 8540.0 27.588 -
FTFBAL 550 17.0 | »36400.0 | HEheh - - - - 0.075 - - - - - -
FIFBAD 550 16.0 | >35400.0 | R - - - - 0.097 - - - - - -
FTFBCO 450 44.5 7.4 25.7 76.4 A - - 1.478 0.934 0.7 3.518 4.1 18.774 -
FTFBD9 450 40.0 364.7 26.4 80.6 A 0.1418-1 - 0.703 1.094 86.0 3.263 91.0 21.360 -
FTF6E4 450 39.5 | 12785.0 18.8 81.4 A 0.755E-4 - 0.596 1.680 940.0 0.960 8920.0 16.674 -
FTFBES 450 39.0 | >23900.0 [ FHERHD - - - - 1.591 - - - - - -
FIF6RY 450 38.0 | 22824.5 21.3 80.3 A 0.2178-4 - 0.442 1.081 1280.0 0.552 16150.0 19.245 -
FIF6C2 690 18.0 59.9 40.3 91.5 4 0.846E-1 - 0.208 0.698 7.5 3.291 32.7 36.107 -
FIFBCL 600 16.0 301.7 33.4 91.8 A 0.183E-1 - 0.113 0.590 45.0 3.078 176.0 29.621 -
FTFECI 600 14.0 2311.8 27.8 90.3 A 0.146E-2 - 0.152 0.919 450.0 2.475 1560.0 24,254 -

D. @iconWTH. TORSHRESELTHEHRHRATE W,

OHBBHEST @uEEThiE

1.In Air 7.1n #2 DB, BEERAF0EE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Ka 9.1n Pile i EFRRE 0SS

4.In Hot Lab. 10.0thers BM WM Bond HAZ

§.In Vacuum

§.In He
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FBEBRSFEEEERERES — ¥ —  (F— 1)
¥ 1 o: U — (Y
QHEBERAL | 1
OB | BRERDD |GURRD | B O | R O» EE® BHETR I AWRET | —&kW-7° Z¥Km-7° Z|M-7 HEh
HBAES (& B f ZU=7 | ECORE K EH - Il
(*C)y | (kg/m?){ (hr) (%) ¢3) HE@MAr) | . (nin) (%) |EH (8) | EERE(he) | 5 (0) | BAEMGD | 28 %) 274
FIPEE3 | 600 13.0 | 4477.7 | 29.3 89.3 0.732E-3 - 0.100 0.897 780.0 2.321 2900.0 26.982 -
FIFECS | 600 12.0 |11789.9 | 21.8 84.3 0.204E-3 - 0.127 0.624 1920.0 1.844 £100.0 19.205 -
FIEGEO | 600 11.5 |18108.7 | 19.3 78.1 0.183E-3 - 0.100 0.630 1840.0 2.182 10850.0 16,388 -
FIFGC4 | 650 12.0 75.6 | 37.1 92.7 0.214B-2 - 0.087 0.819 10.0 3.357 45.0 32.837 -
FIFEC3 | 650 10.0 523.8 | 33.2 95.1 0.1238-2 - 0.137 0.682 90.0 2,363 8180 30.018 -
FIFEE2 | €50 9.0 | 1102.3 | 29.6 90.6 0.401E-3 - 0.017 0.543 130.0 2.480 734.0 26. 560 -
FIFBC8 | 650 8.5 | 3328.4 | 25.6 86.1 0.211E-3 - 0.243 0.472 280.0 2.353 2253.0 22.532 -
FIF6CE | 850 8.0 | 4945.6 | 27.9 87.0 0.B595E-3 - 0.089 0.353 540.0 2.084 3140.0 25.384 -
FIF6El | 850 7.5 | 7614.2 | 23.5 83.7 0. 160E-3 - 0.016 0.289 1700.0 1.095 §600.0 22.100 -

D. @It onTHE., TORSREFLEB|LTHIEATE W,

In Vacuun

DHRBHR CubrhrE

1.In Air 7.1n ¥ DB, BEEREOEE
2.In Stagnant K& 8.In Ar A B C

3.In Flowing §a  9.In Pile | {i)EBHEREDIRS

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.

6.

In He
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Fig.17  Creep Rupture Properties of Mod. 9Cr-1Mo(F6) Plate,
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Fig.18  Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo (F6) Plate.
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2= Mod.3Cr-1Modltt (F7)



Bl :%®H (1./2)

FBRSEAMBERERES — s —F (B 1)

OEFEE | QEURES g M T ¥ {mm) BH OB & & MEERH 2y — Mo, ¥ — o,
7 1 25t X 1000 {b, ¢ or0.D) 1000 [ SUMITOMO METAL B6 £ 10 H 24 H Al01638 ABB1303
MENEARRE | SEAMRES | 5 FEkk # OB M OE . 75408 (%) *EF axB M EH R (x103%)
ASTH A387 A 8.5 F ' 1A 0 B 21 Cc ] Total 21
1 L] = B OB A B S - S B - & 2 F i = & @B B
EF LRF ' ESR
@ #|, . @ @ &, . @xA @ #|, . @
Ko. L i E (C) RigrE(hr) HiE to. o & B (°C) fRIFEFEIChr) Hik Ho. i i B (°C) | RSB (he) Hik
(1) N 1050 1.08 AC (2) T 780 1.42 AC (3) SR 740 8.4 FC
(4) (51} (6)
¥7
®
#
i3
bl
#
E=1
DRM @URES QELE @BH
1: 808304 1: Hot Rolled Q@ : Quench AC: Air Cool
2: 808316 2: Cold Rolled N : Normalize FC: Furnace Cool
3: 508321 3: Forged T : Temper WQ: Water Quench
4: 2.25Cr-1Mo 4: Tube ST : Solution Treatment 0Q: 0il Quench
5: INCONEL 718 5: Equivalent Tube | §TT: $tabilizing Treatment BC: Blast Cool
6: 9Cr-1Mo 6: Pipe IA : Isothermal Anneal MC: Mist Cool
7: Hod.9Cr-1Mo 7: Bar FA : Full Anneal
8: 3Cr-1Mo-Nb.V 8: Casting A : Anneal
9: 9Cr-2Mo 9: Ring 3R : Siress Relief
10: 9Cr-2Ho-Rb.V
11: Others 10: Others 0 : Others
( )] ( } ( ' )

0TO-T16 0SPGNd ONd




0TO-TG OS¥PBNd INd

FB R =L § F— tr— bk (B 2)
|B2:m# (2/2)
TEEE e
Bl ® B 34 2] =3 # L3
ORBAEE | 3B |EIBRERABE0SEE | BREE () 0. 28 7 (kg/mn?) | SISBEAE (ke/on?) | BWRFHROF (%) Bo (%) QRBRF® X
J Y : 20 ' . 55,8 73.1 - 27.8 73.1
i 8 R % ® £ )] it # B K B
OHBAHM | 5K | MREE (C) | BNy -(kef-n) | GIRBRK | $10F(m) [P T]U T R T|H T|V T|Bend|Dimer |Flar |Flat|Hydre |H.Etc |0.M
' NO | YES NO NO { YES EO | YES o NO No NO YES
1k ¥ B 2 L a d 1 e (wt%)
#f H B/ B c si Mn P s Ni : Cr
SUMITOMO METAL 0.10 0.39 0.41 0.013 0.001 1 0.06 ) 8.71
Mo Cu v Co Ti Nb+Ta W B? B1®
0.96 -~ 0.20 - i - 0.087 - - -
As Al sol Al total N sol N total o]
- 0.011 - - 0.0502 -
& ¥ 53 i  C h e c k (wt%)
a4 W B c 5i Mn P 8 Ni Cr
SUMITOMD HETAL 0.10 0.39 0.43 0.014 0.001 0.06 8.69
Mo Cu v Co Ti Nb+Ta w B7 B0
0.93 - 0.20 ) - - 0.090 - - -
As Al sol Al total N sol N total o
- 0.011 - - 0.0516 -
OEER Rk QEsHBAE @ D ftt O B
"N B T
0: Others EEB Eggﬁell B H %gﬁgﬁ%ﬁ H:It: g#%gﬁﬁﬁ ‘
( } { HRC: Rockwell C | VT: HEE - Hydro.: KERE




FBEBRsp/EAMEREERES — % - — F (D 1D

D1 :8EBA (1/1)
@ ERHA® @ @ * WM E BB ET&E (mm)} 7 x () BAN B oW m T
i# ERHR | R Rg=—%
F OHBE |5 B| OB |FH | GFLF [ 8 (u) FEAIEE | ETSAE | ERHES | OFEIR | BIREE | 0FE A =] i
BH J 3 L 30.0 6.0 30.0 3 1

= =t

=8
Elanzs
T98-1 T9B-2 T9B-3 T9B-4 B
@O @REE G E @A GFRMEUE (L biF ®FIRFIR @V I, RO—XDOHEE
BM: Base Hetal J: JIS 1: 0/4t L: Longitudinal AH: As Machined 1: ¥-Notched 1: W
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—X
DM: Deposited Metal 3: 1/2t V: Vertical E : Blectropolising | 3: Smoothed 3w, Rog—X%
#M: Weld Metal 4: 3/4t PG: Paper Grinding | 4: Arc-Notched
‘ 6: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Gthers
(FBR Y ( ) { ) { { )

010-16 OS¥YG6Nd ONd




D1:HEK (1./1)

S e S R (D 1)

O BRARE |@ |@ £EOLE BEBRATH (nm) W X @V K. B R W
B $EHD | $EER - Au—-%
M| ORBE |5 B & | HE | @R | HE (u) PR | RTHAE | BiTHES | @K | BifEE |oss b} B
BM J 3 1L 30.0 6.0 30.0 1

=B = .

( *1 : KMoz HE) %QS‘%U@%
GACL GAC2 GAC3 GAC4™? F7
OHEH @REE @RI @®EA M EFHNE TLEiF | @WRBE @v !ﬂ Np—XDEE
Bi: Base Metal J: JI8 1: 0/4t L: Longitudinal AM: As Machined 1t V-Nokched [1: WY
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2 Ru—X
IH: Deposited Hetal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3: WIT, Re—xX
WM: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
5: 4/4t )
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) { { )

0T0-16 0GP6Nd INd



FB R SLELBR T — Y 2o = (D 14D
D1 :&8K (1./1)
@ # B @ @ *HENE wEE T H® (mm) L)} R @, ¥ W mT
it Y | $EEL ~g—%
| O8ga |5 B|GE | AR | GHEET | 8BS (1) | F4EE | BTSAR | TSRS | OBRK | BikEk |ogs ) K B ¢
BY J 3 |1 30.0 5.0 30.0 3 1
: "N I:' .
i g ‘%ﬁ }—JI- % _’5‘ %H%ﬁﬁﬂﬂ%%
3
EhwnEs
TBC-1 TBC-2 TBC-3 TBC-5 T
|
(%)}
b7
I
ORIE @RBE CERE @FEWSR GORMLE LT | @WK @WIN, RO —XDHE
BH: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched nown
Wi: ¥Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—X%X-
DH: Deposited Metal 3 12t V: Vertical E : Electropolising | 3: Smoothed 3 W, Rp—X
WH: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Hotched
9: 4/4%
0: Others 6: Others 0 : Others 5: Others 4: Others
(FER ) { ) { ) ( ) ( }
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B R e ERT— % 2 = (D 1D

D1 :8&K (1./1)

D BHHAK @ |@® FHMNE REBRFTH% (nm) wm X @, B & m I

L $RHy | BREX . Ru—%

B\ OBEE |5 BB | FR |GOfHLF | B (1) | BAEE | TEBAE | E5E: | ORE | Rk |ogs 5 A A T

BY J 3 |1 30.0 6.0 30.0 3 4

: "y l:' -
( *1 : BRERTIE) %giﬁﬁﬂﬁﬁ
MITB-1 M3TB-2 MITB-3 MITB-4*1 Fi

!
o]
r—t
|

OEE @FiEs @REE @ER AR OxEmAE 4Ly | @UkFR @YX, Ru—-ZXOFE

BM: Base Metal J: JIS 1: 074t L: Longitudinal AM: As Hachined 1: V-lotched 1: 9

WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—X%

DH: Deposited Metal 3 1/t V: Vertical E : Electropolising | 3: Smoothed 3y W, Rp—%

WH: Weld Hetal 4; 3/4t PG: Paper Grinding 4: Arc-Notched

. B: 4/4t
0: Others §: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) ( { )
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FB RSB T — Y —F+ (EFE — 1)
¥ 1 : 27 JU— (/)
OERFHEA | 1
(¢) | (kg/m?) | (hr) (% (%) @ |#EEGMAr)| | (nin) (%) | Eas (3) |Rmeelthe) | Ex (B | BEEEGD | Ea @) 124

T9B-1 500 34.0 329.7 23.9 84 A 8.45E-3 - 0.224 - - - 185 - -
T9B-2 500 30.0 4184.3 23.3 a6 A 7.18E-4 - 0.131 - - - 2190 - -
T9B-3 550 24.0 264.3 28.9 89 A 1.65E-2 - 0.127 - - - 187 - -
T9B-4 550 21.0 2343.0 26.0 88 A 1.47E-3 - 0.103 - - - 1640 - -

D, DoV TR, TORSRESELTHRATE N,

QHEESHER O RO E

1.in Air 7.In Hq 18N, BaESF0Bs
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | i[)@:FHBA DS

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.1In Vacuum
6.1n He
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FE R

F 1 : 279 —=/2)

OHERTHEA | 1

BRIEMDD | BERTES A By

ER

Fe— e b (F — 1 )

. B OB o B i BFETR | AEET | —KM-7° FH-7° ZHM-7r TR
HBRES |8 B f fiz ZU—7 |ECoRE | B FEa - il
(°c) | (ke/mm?) | (br) (%) % EE@M) | (ain) (0. |Eas () | HEREGD | Ex () | BHESEGOD | 22 @) | @
GAC1 500 3 | e87.8 | 23.3 85.8 4.11E-3 - $0.24 0.65 70 2.43 485 19.98 -
GAC2 500 20 7074.1 | 23.3 85.5 3.7E-3 - 0.983 0.10 100 1.35 3700 20.887 -
GAC3 550 24 596.6 | 26.2 93.5 A 8.15E-3 - 0.08 0.45 50 2.26 250 23.76 -
GAC4 550 21 | (7261.0)| (6.2) | (8.9) | - 4.6B-4 - 0.103 0.80 1000 1.5 4670 - -

@, QonTit, TORERLSFLTHTLNATI W,

OEBRIZHEX it ik

1.In Air T.In Ng DB, BEEBF0BE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  8.In Pile | i)@EXBROIES
4.1n Hot Lab. 10.0thers | BM WM Bond HAZ
5.In Vacuum
6.In He

* GACH: RHKHF D Bk

10-16 0G¥6Nd INd



EE R = ST s (F — 1 3
¥F 1 - &z —27e
OHBEMEA | 1
N % g BB A | MR R g ﬁ W g % %iﬁ:_j ???éﬁ éﬁgg —iKPy-7° -7 . =Z®-7° z‘ﬁ%
C) | (kg/m?) | (hr) ) (%) @ | EEG%/Mr) (min} (%) | E» (%) | Fdsskitbe) | B4 (8) | BERBEGr) | 223 &) EE
TBC-1 500 34 560.6 | 21.5 83.7 3.44E-3 - 0.161 0.47 14 1.12 325 19.748 -
TBC-2 500 20 4040.7 | 14.4 86.0 4.258-4 - 0.158 0.39 10 1.48 3490 16,111 -
TBC-3 5650 24 588.8 | 21.7 84.2 5.22E-3 - 0.128 0.47 26 2.27 435 18.832 -
TBC-5 550 21 6700.1 | 22.7 86.8 5.89E-4 - 0.160 1.26 45 2.74 5490 18.54 -

@. Qr2nTR, TORSREEBLTHIEATE W,

OHEFER @kl hi B

1.In Air 7.In N2 MR, BERBRFOBE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na g.In Pile i FRBREOES

4.1In Hot Lab. 10.0thers B WM Bond HAZ

5.In Vacuum

6.In He

0T0-76 0SPBNd INd




FBRSGEAAESEST — v s —  (F — 1)
F 1 : 29—
ORRBER | 3 -
(°C) | (ke/mm?) [ (hr) €9 % @ |#E@/Me)| . (min) (V) |Eas (B) |HEEEG) | T3 (5 | BESEGD | Za & | B

HITB-2 550 24 851.2 33.0 90.2 A - - - - - - - - -
MITB-1 550 21 3476.3 28.2 89.1 B - - - - - - - - -
MOTB-3 500 34 742.2 30.2 86.0 B - - - - - - - - -
M8TB-4 550 30 »3016.0 | (STOP) - - - - - - - - - - -

@, @iionTik, TORSRESBLTHEATE W,

QHBEHER @nprhid

1.In Air 7.In 2 1M, B&ERF0Ee
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii¥BFHBREOIZS

4.In Hot Lab. 10.0thers B WM Bond HAZ

%.In Vacuum

6.In He

0T0-T6 0SPGNd ONd



10 B I T T T7TTD T T 7710 I T T VTTT T 1T TT1] [ P T T T TTT T T 111 | I T T I TTT FTT11
— . Material : Mod, §Cr—1Mo (PLATE)| —
— : Heat No : F7 —
5 |- -
Standard Value -1
g \at500°0
=] 2
AN
1]
'x.
w0 1
“r 10 -
= |
» -
= | —
N N .
L -
L = =
[(0:In Air at 500°C 7]
— | O:In Air at 550%C _
! L el it | I I N N N 7! | I S W I O B | S I N I Y T N |
101 2 5 102 2 ) 5 103 _ 2 5 104 2 5 105

TIME TO RUPTURE (hr)

Fig.21 . Creep Rupture Properties of Mod. 9Cr-1Mo(F7) Plate.
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FRACTURE ELONGATION
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Material : Mod, 9Cr—IMo (PLATE)

10

Fig. 22

Heat No : F1
@
_ o B ® i
Q O
[ ] O
] D & _
U
| B:1n Na at 500°C _
@:1n Na at 550°C
{:1In Air at 500°C
(O:1n Air at 550°C
] o et g | P v iyt ] | I T T I O I O A I ] | I R | IFI L1
1 2 5 102 2 . 5 (0 2 5 Lot 2 5

TIME TO RUPTURE (hr)

Relation Between Fracture Elongation and Time to Rupture of Hod.QCr~1Mo(F7) Plate.
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REDUCTION OF AREA

100
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T T EPTTT T 17T I {

I 17T T TTHiT T

T

FPT T TTT TTTET

!

10

10

10
TIME TO RUPTURE

(hr)

10

O
i o 9 o ® .
Il
U

B:In Na at 500°C
L @:In Na at 550°C |~
Material : Mod, 8Cr—1Me (PLATE) O:in Air at 500°C |

Heat No : F1 O:IH Air at 55000
AR EEEE NI NN R RN Rl EEEE

2 5 2 2 5 3 2 5 4 2 5

Fig.23  Relation Between Reduction of Area and Time to Rupture of Mod. 9Cr-1Mo(F7) Plate.
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(%/hr)

STEADY CREEP RATE

10

5
10

— T 1 I T TTTTTT T 1 T FTITT I I T TTTTTI L I Illl_
- M-aterial : Mod, 8Cr—1Mo (PLATE)| _
: Heat No : F7 :
107k =
B O ]
107°L =
- 0o o - =
- o= . :
B O i
10_3 E E
= U o ]
107k =
~| :In Air at 500°C ]
~1 Oiln Air at 550%C ]
10_5 i f I T 11t 1 1 N EEN l. 1 It i1l 1 1 L 1ol
10 10 1o’ 10°
TIME TO RUPTURE (hr)
Fig.24  Steady Creep Rate of Mod. 9Cr-IMo(F7) Plate,
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9-4 Mod. 9Cr-1Molfifl (F9)



|B1:mi (1/2)

FRBRSEMEBEEEGET — 4 Ir— - (B 1)

QHHET OHERES 3 b ~f & (mm) B B & # HMEFEHH & — kio. v — ko,
T 1 %t X 1000 (b, ¢ or0.D) 1000 ¢ NIPPON STEEL 87T B8 H 15H 66490 843071
HEERRE | AROEES | BE - BEEL % BN E . TzSAME (%) . 3k & B f+r E W B (£1 03%)
ASTH 4387 A 10.5 ! F ) T A 0 B 0 C 8 Total 8
F i E B OB OA R B A & # % A B = & ®m M
EF LRF ESR
@ #|, o @¥%H @ |, . @¥H @ B, o @i
No. W " B (°C) {R3FRFR Chr ) HiE lo. L prag E (C) BRI Chr) ik Ho. L e B (c) fRFRefI Chre) i
(1} N 1060 1.0 AC (2) T 760 1.0 AC {3) SR T40 8.4 FC
(4) (8) {6}
F9
iy
%
@
Bl
=
&=
OHRHEH @B FE S @#mE @wHGE
1: 505304 1: Hot Rolled Q : Quench AC: Air Cool
- 2: 508316 2: Cold Rolled N : Normalize FC: Furnace Cool
3: 508321 3: Forged T : Temper ¥Q: Water Quench
4: 2.26Cr-1Mo 4: Tube ST : Selution Treatment 00: 0il Guench
5: INCONEL 718 5: Bquivalent Tube | STT: Stabilizing Treatment BC: Blast Cool
6: 9Cr~1Mo 6: Pipe 14 : Isothermal Anneal KC: Mist Cocol
T: Hod.9Cr-1Mo T: Bar FA : Full Anneal
8: 9Cr-1Mo-Nb.V B: Casting A : Anneal
9: 9Cr-2Mo 9: Ring SR : Stress Relief
10: 9Cr-2Ho-ib.V .
11: Others ) 10: Otl(lers ) 0 : Utlzers )

0T0-T6 0SPONd INd



BT — T o — F (B 2 )

B2:®M (2/2)
TELE L
]l i [ 4 w2 B OB
OHRAFARG | B8 | BAIREAQECSE | RRESE (') | 0.2 b(ke/m?) | 53R (ke/mn?) | WEFHT (%) o (%) @RBAHE. W&
J Y 20 §3.2 70.5 - 28.0 75.0
i 7 [ ® ®@ = o f OB B R
QEZRFHB | S RREE (°C) | BB ~(kgf-n) [ GIRF4R | @ ~F¥E(m) [P T|(U T|R T|M T|V T|Bend|Dimer |Flar | Plat|Hydre |M.Etc | O.M
J 4 0 26.4 . v 2.0 YES | YES O NQ YES [ NO | YES NO NO NO N NG
1t # 74 o L ad 1l e (wt%)
# W B C Si Mn P S ' Ni Cr
NIPPON STEEL 0.08 0.26 0.45 0.006 0.001 0.10 8.52
Mo Cu v Co Ti Nb+Ta W B7 B1o
0.95 - 0.22 - - 0.08 - - -
As Al sol Al total N sol N total 0
- - 0.006 - 0.0663 -
1t % 74 4 C h e ¢ k (wt%)
4 W B/ & c 8i Mn P s Ni Cr
NIPPON STEEL 0.10 0.26 0.42 0.008 0.001 0.10 8.84
Mo Cu v Co Ti Nb+Ta w B? Bt
0.986 - - 0.22 - - 0.08 - - -
As Al sol Al total N sol N total o
— - . 0.005 - 0.0877 -
DHEBHRE DEE R AE @F Ofl OF R
i 0 Vikes | BEAGEGE Do JOBR  On AeRRBRE
S : Shore iT: mg 1 LT T L PO
0: Others HRB: Rockwell B | MT: WiRiE=E: Flat. : EEHE
( HRC: Rockwell ¢ | VI: H@HEZE Hydro.: KEFER

0T0-16 0S¥PBNd INd



FERSEAEBEERES —F 2 r— 1+ (D 1)

D1:®EEs (171)

O BHEAB @ @ FHEMOLHA BEBAFTE (nm) M R @y, R mI

H Ry | SRR =y

H QRBE |8 BB |A8 | @k [#HE (&) FRARER | |OAE | BITHEE | OFRERK | BiES 088 bz} A 1T

BM J 3 |t P 50.0 10.0 3 1

3 i
( *2 : HEEH) %%?ﬁﬁﬂﬁ%
HB1¥2 HB2 MB4 HBS MB6 F9

|
-3
)
|

DT @REE OFEmAE @FW AR @xRmME FEiF | @WIER @vﬁ\&n—xoﬁ%

BM: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: W

WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Rpu—X

DM: Deposited Metal 3 1/2t V: Vertical E : Electropolising | 3: Smoothed 3 W, RuE—X%

WM: Weld Metal 4: 3/4t PG: Paper Grinding | 4: Arc-Notched

5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
{FBR ) { ) ( ) ( (

0TO-T6 0G¥B6Nd ONd




D1 @S (1./1)

R — & Sr— 1+ (D 31 )

ol apsE |0 |@ EENLE HBAETHE  (mm) W X @V, ®E oW T
£ - I | A=K
H)QHEBE |5 U8 |50 |GELRF | EX (4) | FAEE | BEOONE | BESEZ | ©RIE | BiRE DEE < P B f¥
BM J 3 |t M 30.0 5.0 30.0 3 1
=2p =t .
i ‘%ﬁ }#‘ % -rj- RS
%giﬂﬁljﬁ%
MB7 MBB MB9 F9
O @REE QEIHIE @AW OFRMUE 4k | BUREIR @Y, "o —-XDEE
| BU: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Noiched | R A
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: N—%
DH: Deposited Hetal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3 W, Rg—-%
WY: Weld Hetal 4: 3/4t PG: Paper Grinding | 4: Arc-Notched
) 5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4; Others
(FBR ) ( ) ( ) ( } ( )
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FEBREFEMPEGEEET — 2 — 1~ (D 1 )

D1:#HER (1./71)
@ HHAHEE ® @ FmLE BB AETHE (nm) )] x @i, #®" e mT
B R | $Hy ~g—%
B ORES (5 8|8 | 5w | OEEF (s (p) | FFEHER | BTENME | BT8R | @FR | Bkl | 0FE i B ff
BM J 3 | L 30.0 6.0 30.0 3 1

=f =

s
{ #2 : HE&) %gﬁﬁﬂﬂﬁ%
MCac-1 MCc8c-2 HCSC-3 MC9C~-4 HCOC-5%2 MCIC-6 HC9C-T*2 MC8C-8 MCIC-9*2 MCaC-10%2 F9
it ] @HEHE @FmbiE @FERAHA ®xmAE LT | @UERER @YIL, RO—-EAOEE
BH: Base Metal J: Jis 1: 074t L: Longitudinal AM: As Machined 1:; V-Hotched 1: WY
Wd: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Mp—X%X
DH: Deposited Hetal 3 /2t V: Vertical R : Electropolising | 3: Smoothed 3: W, Ru—X
WH: Weld Metal 4: 3/4t PG: Paper Grinding | 4: Arc-Notched
S 5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4 Others
(FBR ) ( ) ( ( ( )

0T0-T6 0SYBNd INd




FPREFEAEEERS — s —+ (F— 1)

F 1 : 27y — (/2

(*C) | (kg/m?)| (hr) (%) % @ |#EEG/Me)| | (ain) (%), |Ea X) | FSESEG) | Es 5 | EEEEGD | Es 0 G124
MB2 680 22 2933.8 27.7 88.5 1.498-3 - 0.18 - - - 1897 - -
MB6 550 21 6831.0 23.0 87.4 B 5.86E-4 - 0.14 - - - 5380 - -
MB1 550 20 >6000.0 | EERH - - - 0.14 - - - - - -
MBE 600 15 2097.3 26.7 89.9 B 1.93E-3 - 0.16 - - - 1414 - -
MB4 600 14 4736.1 24.8 88.5 5.45E-4 - 0.14 - - - 30?5 - -
MB3 600 13 98941.0 28.7 84.9 2.50E~4 - 0.10 - - - 4950 - -

Q. BiowTH, TORSRESHELTHRATEW,

OHRFER @RI iz

1.In Air 7.In X2 PN, BSERFOBE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Ra 8.In Pile G FERAEOBRS

4.In Hot Lab. 10.0thers BM WM Bond HAZ

5.In Vacuum ’

6.In He

0T0-T6 0S¥ENd INd



FB REEAEEEERERET — s — - (F — 1)

F 1 : U — (U
OeBEFET | 1
OB BREISD | WA | B O | RO | W B BHRTH | AWET | —%kN-7° et/ 4 B Zk-7° Bk
BEAFES B K U it @ sV-—7 |2TORH|KF £ ' ' R
:Cy | (ke/m?) | (hr) (%) (%) @ | #HBE(%/hr) (min) (%) [ ZE& () | BsmsEGe) | Ea ) | FEBEGD [ Ea ) | @i
YB3 650 24 830.1 29.0 87.9 - - - - - - - - -
MBT 600 18 167.0 30.6 90.8 - - - - - - - - -
HB8 600 16 812.3 34.2 90.7 - - - - - - - - -

D. B2k, TORSELZSHLTHEATEW,

In Vacuum

OHEESHS ORI

1.In Air 7.1n ¥2 LB, BEERFOES
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile ! i)EFHBEOES

4.In Hot Lab. 10.0thers BY W Bond HAZ

5.

6.

In He

0T0-T6 0SPGNd INd




rFER c EEF— & =r— F (EF — 1
F 1 : 27U — 7 (/2
OHBEHER | 1 - 1
BB RERDH (DU W o LW o0 [ W TR AHETHR | BHET | —XkN-7 ZR-70 Z&-7 AER
HBRFES | E B o i B|rvy-—7 |gcvoRM|® =Za ‘ FhER
¢y | (kg/mm?) | (hr) (%) (%) ® | FEE/br) {min) (%) | FEas (%) | GAREKh) | B (8) | BIEREEIG) | 35 (%) E#k
Mecac-1 500 32 219.2 21.5 85.8 B 1.866-2 - 0.27 0.25 - 2.98 149.8 18.0 -
Heac-3 500 29 3485.8 3.8 29.3 B 8.80E-4 - 0.22 0.85 - 2.05 2630 26.88 -
HC3C-5 500 25 >20400.0 | HERh - - - - 0.20 - - - - - -
Meac-7 500 23 >23500.0 | FEH - - - - 0.18 - - - - - -
HCcgc-9 500 21 >17800.0 | HEw - - - - 0.14 - - - - - -
¥eac-2 550 21 1541.5 26.9 41.33 B 1.00E-3 - 0.15 0.78 - 53.08 912 25.265 -
HC9C-4 550 20 4744.1 25.5 86.0 B 6. 20E~4 - 0.14 0.4 - 1.80 2240.5 23.16 -
Heac-6 550 18.7 5819.9 24.0 43.0 B 5.80E—4 - 0.14 0.3 - 2.30 4045 21.26 -
Heac-8 550 17.8 | 21042.1 26.4 86.9 B 2.03E-4 - 0.12 0.3 - 3.41 16640.4 22.57 -
MCoc-10 | 550 17.2 | >18000.0 | &gk - - - - 0.12 - - - - - -

@D. QizowTl, TORSHELSHELTHREATI W,

In Vacuum

ORBRBHE @i hrE

1.In Air 7.In ¥, DR, BEERFOEBE
2.In Stagnant Na 8.In Ar A B C

3.1n Flowing Na  9.In Pile | 1i)BFHERFODIES

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.

6.

In He
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(kg/mmz)

STRESS

19°

10

I - rrrrr tibThi

Cl:in Air at 500°C
O:1In Air at 550°C
—| Arln Air at 600°C

| N N N O A O A |

1

- T T T T1TTT TTTT1 I T T T TTTT TTTTE I T T TITTTD T TTT

Material

Heat No

: Mod, §Cr—IMoe (PLATE) | —
: F8§ ]

Standard Value

101 .2 5 102

Fig. 25

[ N O I T A Y I B O 1 I T T Y A l I O S S O I O

2 . 5 1 03 . 2 5

TIME TO RUPTURE (hr)

10°  E 5 10

Creep Rupture Properties of Mod. 9Cf”-1Mo (F9) Plabé.
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FRACTURE ELONGATION
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Material : Mod. 9Cr—1Mo {(PLATE)

Heat No : F9
i A U R i
oa© o O
! O ]
| O:In Air at 500 i
O:1In Air at 550°C
Alln Air at 600
I I NN I N A T O e I T ~I I 0 G I L | N I O T I
1ot N AL R M A E
TIME TO RUPTURE  (hr)
Fig.26  Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo(F9) Plate.
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REDUCTION OF AREA
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g0
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] I+ 1T T1TT1T01TT 1 101711 ] T T T TAT1TT TTTTTE 17T T T TT1TT7TT T T 71711 I T T TV T1TTT T TTT1
B A A i
O A O A O
[] ZS"
O
B O .
- O O:1n Air at 5007 |
Material : Mod. 8Cr~1Mo (PLATE) O:In Air at 550°C
Heat No : F9 A:In Air at GOOOC
YT I O O R T W O OB O O N ST OO O 8 20 B I Y IO B A W W W W
100 2 > 10° 2 ’ 10°  ? 5 10t P ’
TIME TOC RUPTURE (hr)

Fig.27  Relation Between Reduction of Area and Time to Rupture of Mod. 9Cr-1Mo(RF9) Plate.
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(%/hr)

STEADY CREEP RATE

10

Fig. 28

TIME TO RUPTURE (hr)

Steady Creep Rate of Mod. 9Cr-1Mo(F9) Plate.

= T P T T7TTTT0 P T T TTTTT P T TTTTII T ] Illll&

[ Material : Mod. 9Cr—1Mo (PLATE}| _

: Heat No : F9 :

10k =
1077k -
i A |

A 0 -
107k O g =
B A _

u 0 4
107k =

- [ (3:1n Air at 500°C .

~ 1 O:In Air at 550C 7

~ | Alln Air at 600 ]
10—5 [ | IV Lt || L 1 1 11l l' 1 L4 1 i L1 I 1 1trrat

| 10 10° 10° 10t 10°
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2-5  Mod.9Cr-1MoBbt (F10)



F B R = F e 2o = (B 1)
B1:J:i (1/2) |
OfEMEE | ORRARS # M + & {mm) Mo# FH £ WEEHAH |IHv—Io. E — kHo.
7 1 40 t x 1000 (b, ¢ or0.D) 1060 [ KIPPON STEEL B8 & 5 H 208 40840 SJE003
HEBERRE | RE0HRS |88 FRLE ¥ & B B . 734 MR (%) EFE & B N EH B (¥103%)
ASTH 4397 A wo |F a4 B 4 K Total 17

F i} = B B O F B B B 5 & # 2 K R’ ¥ B A&

EF LRF ESR

@ #=#|, a @%H @ #i, ° @5 @ |, ° @
Ho. [Py |B B CO | mwwman |PLH w. |05 la o | gemmen |08 o |O B le  mco | mewmen | OFH
(1) R 1060 i (2) T 760 1 (3) SR T40 8.4 FC
(4} (5) (8)

F10

A
7}
i
Bl
&
=1
OFEHEH @REES @EsILE @AIAE
1: SUS304 1: Hot Rolled Q : Quench AC: Air Cool
2: 808316 2: Cold Rolled N : Normalize FC: Furnace Cool
3: 508321 3: Forged T : Temper WQ: Water Quench
4: 2.25Cr-1Mo 4: Tube ST : Solution Treatment 0Q: 0il Guench
5: INCONEL 718 5: Equivalent Tube { STT: Stabilizing Treatment BC: Blast Cool
B: 9Ce-1lo 6: Pipe 14 : Isothermal Anneal MC: Mist Cool
7: Mod.9Cr-1Mo 7: Bar FA : Full Anneal
8: 9Cr-1Mo-Nb.V 8: Casting A : Anpeal
9: 9Cr-2Ho 9: Ring SR : Stress Relief
10: 9Cr-2Ho-ib.V
11: Others ) 10: Oti(lers ) 0 : Otl(lers 7 )

0T0-16 OG¥YGNd ONd




EBRBEMAMEEERFT — s —F (B2 )
B2 %M (2/2)
RENEE L)
| 2] i B b 2 W O
ORRARE | SH | BAREZRLUEOCHES | REREE (°C) | 0.2%%H (ke/un?) | 313838 (kg/mm2) | WEFHT (%) BH (%) O@HEAHE m
J Y 20 ' 52.8 70.3 - 27.0 73.0
i) 87 3 4 , ®@ * o f H ® ®H W
ORBEER | B BEREE (°C) | BRI -(kef-n) | IR | ¥IRF#E(Gm) [P TIU T|R T|M T|V T|Bend|Dimer |Flar|Fiat|Hydre |H.Etc {0.M
J 4 0 28.7 oy 2.0 BO |YES | O | WO [YBS | No | YBS | No | §O | WO ¥ | YBS
1 ¥ ® iz L a d 1 e (wt%)
F W 8B m C Si Mn P 5 Ni Cr
NIPPON STEEL 0.09 0.24 0.44 0.003 0.001 0.04 8.78
Mo Cu v Co Ti Nb+Ta V) B? B0
0.94 - 0.21 - - 0.08 - - -
As Al sol Al total N sol N total 0
- - 0.013 - 0.0542 : -
it % B i C h e ¢ k (wt?%)
4 fH B Fr c Si Mn P s Ni Cr
NIPPON STEEL 0.09 0.24 0.44 0.004 0.001 0.04 8.76
Mo Cu v " Co Ti Nb+Ta w B7 B
0.94 - 0.21 - - 0.08 - - -
As Al sol Al total N sol N total (o}
- - 0.011 - 0.0536 -
QEB RS OEZ B A% @Dt DOHEEER
e CERT ) PR L R A
oomers | B ko B BAGOHER N Bupe
( HRC: Rockwell C [ VT: #LEHERZE - Hydro.: KEHRE

010-16 OS¥GNd INd



lBl:#ﬂ'(l/Z)

FEBRSEABRER ST — s — + (B 1)

OEHES | OERES F- > B - {mm) BB H £ BME® AR 2y — ko, ¥ — kKo.
7 1 40 t x 1000 (b, ¢ or0.D} 1050 [ NIPPON STEEL 88 £ 5 H 20 H 40840 8J6303
HEEERRE | FEAEES | RS- FER # B N E b FxI4 MR (%) k¥ & B A E Y B (x103%)
ASTH 4387 A 10.0 F A 4 B 4 o] 8 Total 17

F ) x E B 5K B K ® #B & g 2 /K B #" % ¥ R

EF LRF . E8R

@ #|, 0 @ @ #|. . @nH @ #|, . @
No. wE # E(C) | EmMtr) Hik No. nE & E(C) | RIFEEC) e No. i #OE (°C) | {RRREREChr) ik
(1) N 1060 1 (2) T 760 1 (3)
(4> (53 (8)

F10-NOSR
=
#
=
b1l
F
5
DRMEE QHRES OanE @ %
1: 508304 1: Hot Rolled Q : Quench AC: Air Cool
2: 808316 2: Cold Rolled N : Normalize FC: Furnace Cool
3: 808321 3: Forged T : Temper WQ: Water Quench
4: 2.25Cr-1Mo 4: Tube ST : Solution Treatment 0Q: 0i! Quench
§: INCONEL 718 5: Bquivalent Tube | STT: Stabilizing Treatment BC: Blast Cool
6: 8Cr-1¥o 6: Pipe 1A : Isothermal Anneal MC: Mist Cool
7: Mod.9Cr-1Mo 7: Bar FA & Full Anneal
8; 9Cr~1Ho-lb.¥ 8: Casting A : Anneal
9: 9Cr-2Ho 9: Ring SR : Stress Relief
10: 9Cr~2Ho-lb.V ’
1i: ers 10: Others 0 : Others
) ( ) { )

0T0-18 OS¥ONd INd




FBE R =L & FT— S (B2
|B2:g# (2/2)
%@Eﬂ%ﬁ F ERERAED
8l i 2 it moox W B
OFBERE | 5% |[HIRIZRAEOSE| RBEE (O 0. 24T A (kg/mn?) | BIFRERE (ke/mm?) | DEMRMET (%) ¥ (%) CHEHE . Ex
J b 20 52.6 70.3 - 27.0 73.0
i & ! & ® = o M #H O8N B OB
OHBAEE | B BEER (°C) | Bubzind ~(kef-n) | BDXHAR | #0RF#E(mm) [P T|U T|R T|M T|V T|Bend|Dimer |Flar|Flat|Hydre |M.Btc |O.M
J 4 0 26.7 ¥ 2.0 KO | YES o NO | YES HO | YES NO NO Ho o YES
1 g B iz L ad 1l e (wt%)
4 W B/ A C Si Mn P s Ni cr
NIPPON STEEL 0.08 0.24 0.44 0.003 0.001 0.04 8.78
Mo Cu v Co Ti Nb+Ta w B7 B1e
0.94 - 0.21 - - 0.08 - - -
As Al sol Al total N sol N total 6]
- - 0.013 - 0.0542 -
1t -3 73 o C h e ¢c k (wt%)
4 W B c Si Mn p s Ni Cr
NIPPON STEEL 0.09 0.24 0.44 0.004 0.001 0.04 8.78
Mo Cu Vv Co Ti Nb+Ta w B7 B1o
0.94 - 0.2] - - 0.08 - - -
As Al sol |Al total N zo0l N total ol
- - 0.011 - 0.0536 -
OHEBRRRE @EERE G @t oftoHEHE
J: JIS BB : Brinell PT: Bend. : EhiFalER M.Bte: ¥28F w7y
A: ASTM HY : Vikers Ut: g*ﬁ%{%—ﬂ?ﬁ Dimen.: #fﬁ?ﬂ% C.M : EESAMREE
0: Others EEB Eggﬁgell B ﬁ% &% .% g%:i Eﬂg%gﬁﬁﬁ
( HRC: Rockwell C | VT: #A @& “Hydro.: KERER

0T0-T6 0S¥ENd ONd



FBRSEEMELFgREEST— Y < r— 1+ (D 1 )
D1 :&# B®RH (1/1)
D| BHARB @ @ EFHULE HERTHE (mm) & = @i, R m T
H FRER | #RHL N —&
HIORRBE |5 B|NE|Am |GFET | HE (&) R | BISAE | FTHEE | OER | EREHR i oaE k7 At B
BM J 3 L PG 50.0 10.0 50.0 1
= =t :
= 3 A = = HHBHES
(x2: 34084 %gﬁﬁtﬂ§%‘
PHNCB23*%2 PHCB31*2 PNC833 PHCB3472 PHC838%2 PNCB40*2 Fi0
PHC80Z* 2 PHCBOR*?2 PHC807 PHicg12*2 PHC814%2 F10-KOSR
OEM @HtEL @FmMALE @FEHAM EFEmME £ EF | @TRER @IS, K —XOEHE
BM: Base Metal J: JIS 1: /4t 1: Longitudinal AM: As Machined 1: V—Nofched 1: 9N
WJ: Weld Joint A ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Rp—X%
DM: Deposited Hetal 3: 1/2t V: Vertical | E : Electropolising | 3: Smoothed 3 WX, Rpg—%
WM: Weld Hetal 4; 3/4t PG: Paper Grinding | 4: Arc-Notched
5: 4/4t : .
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ¢ ) { S )

010-18 QS¥YENd INd




RS> s R (F — 1)

¥ 1 : 2y —(1/
OHBSES | 1 | -

(°C) | (kg/mn?) | (hr) % (€3] @ (EE®M) | . (nin) (B | E#H (R) | WERSAGe) | Ba (B | BEREEGD |23 3 | B
PKC823 | 500 27.0 [ >10050.0 | #HEgh - - - - 0.178 - - - - - -
PHC831 500 23.0 | >10050.0 | EHEkrh - - - - 0.120 - - - - - -
PNC833 | 550 22.0 | 2150.0 | 26.7 87.7 A 0.206E-2 - 1.816 - - - 1350.0 - -
PNCB34 | 55O 21.0 | »10170.0 | R - - - - 0.168 - - - - - -
PNCB3 | 550 16.0 {>10250.0 | ERERH - - - - 0.174 - - - - - -
PNC840 800 11.0 | >10800.0 | &kt - - - - 0.114 - - - - - -

@. @on T, TORSRZSBRLTHRATEY,

QRBEZHR OnrhiE

1.In Air 7.1n N4 18, BEERF0BE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | iI)RFEHBRFOBS

4.In Hot Lab. 10.0thers BM W Bond HAZ

5.In Vacuum

6.In He

0T0-168 0G¥BNd ONd



F 1 :

27 1)) — (1/2)

g — A7 Sr— = (F — 1 )

OEBRFHET

1

WS | @ W | R D

) OB | RERH W | EE BEWETE | SWET | —F-7° &7 =% B
RRABES B B U i B|7U—7 |zcoRE|K 3Zas : i

c) | (kg/m?)| (hr) % (%) EEGMA) [ (nin) (%) |ZEa (% | HEEMGe) | E3 &) |BEREGD |25 G | BHK
BNCBO2 | 500 27.0 | >20450.0 | EREth - - - 0.183 - - - - - -
PNC205 500 23.0 >20450.0 | #EEH - - - 0.136 - - - - - -
PNC8O7 | B5O 22.0 |18828.7 | 23.7 84.8 0.792E-4 - 0.136 - - - 14300.0 - -
PNCB12 550 16.0 >20300.0 | EEERD = - - 0.127 - - - - - -
PNC814 600 11.0 >19950.0 | FAEEHH - - - 0.08% - - - - - -

@. BiconwTiR., TORSEZSEELTHEATE N,

DEBTHER ORI iz

1.In Air 7.1n U2 1EH, BasBRoBe
2.In Stagnant ¥a 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii)ESEHEBRSOBE

4.In Hot Lab. 10.0thers B WM Bond HAZ

5.In Vacuum

6.In He
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(kg/mmz)

— 26—
STRESS

} T I TTTT T VTT0d I I T TTTTT TTETI I T T TTTT TTFEET I E T T TTTT T TTT

= Material : Mod, 9Cr—1Mo (PLATE)| -
- Heat No : F10 —

Standard Value

-1 O:In Air at 550% ]
L U L R b b L bt Ll 1

190 P : L N S ] 10t 7 ’ 10

TIME TO RUPTURE (hr)

Fig.29  Creep Rupture Properties of Mod. 9Cr-1Mo (F10) Plate,
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FRACTURE ELONGATION

(%)

T0

G0

50

40

30

20

10

[ T T T T TTT 77T FTTT T [T T TTTTTTTT I T T TTEYTTT T TTVFET I T T T T HPTT T 01T
| . Material : Mod. 9Cr—1Mo (PLATE)
Heat No : F10
O
O
O:In Air at 550
| I N N N Y 200 I A I | | | O U VO I T O Y O | | S O A I B A | N S O I O I I |
10 2 ] 102 F ’ 19° P ] 1ot ? ’

Fig. 30

TIME TO RUPTURE {hr)

Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo(F10) Plate.

5
10

0T0-16 OS¥ENd JNd




(%)

REDUCTION OF AREA
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O
O

Material : Mclhd. 9Cr—1Mo (PLATE)

Heat No : F10 O:ln Air at 550

| | N Y O N I | ] Eb el ve 1t ] | I A O I I B | I | I T I T I I I
10 2 5 102 2 5 103 2 ] 104 2 5

TIME TO RUPTURE {hr)
Fig.31  Relation Between Reduction of Area and Time to Rupture of Mod. Cr-1Mo(F10) Piate.
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(% hr)

STEADY CREEP RATE

190°

S N R L 1 s N B B I B B B I o e =
~ Métérial : Mod, 9Cr—1iMo (PLATE)|
: Heat No : F10 :
_l_ I
10 L 3
_2_ 7]
10 E =
_ O -
_3- B
10 k& =
-4
10 — =
- O -
~[OtlIn Air at 550%C 7
10‘5 T T R B R R Rt AR I I R R R 1T I I T 111l
b
10 10° 10° 1o 190

TIME TO RUPTURE (hr)

Fig.32  Steady Creep Rate of Mod. SCr1M0(F10) Plate,
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2-6 Mod. 9C 1Mo (NSCI)



|B1:##r (1./2)

FB R

BR S — A sr— - (B 1 )

O#FHEH | OBRES ® OB T & {(mm) OB &H £ MeEE B z v — blo. E — kHo.
7 1 2Bt X (b, $or0.D) g NIPPON STEEL £ H ©
HEBRAHARE | REAERES | BE - EEL B R E N FxIAbE (%) & B it £® B B (%1 03%)
ASTH A387 A F ' A 0 B 0 c 12 Total 12
i i) b B B ys) ik iz} [i:3 il ® & b1 ys) # % w % Fr
RF BOP NSk DS
@ #1. a @wH @ #|, @wH @ 3|5 o @¥H
No. WA B E (°C) {RF583 R Chr) ik flo. nE & B (°C) {RIFBEE (hr) HiE Ho. M ' B (C) {7 #&bgf (hr) Fik
(1) N 1080 7.0 e} (2) T 750 7.0 AC (3) SR 740 8.4 ¥C
(4) (5) (6)
NSC1
#
=7
o
A
i3
5
D= EH @HRBEL @ mE @NHFE
1: §U8304 1: Hot Rolled Q@ : Quench AC: Air Cool
2: SUs3le 2: Cold Rolled N : Normalize FC: Furnace Cool
3: SUs321 3: Forged T : Temper . WQ: Water Quench
4: 2.28Cr-1Ho 4: Tube ST : Solution Treatment 0Q: 0il Quench
5: INCONEL 718 b: Equivalent Tube | 8TT: Stabilizing Treatment BC: Blast Cool
6: 9Cr-1Mo 6: Pipe 14 : Isothermal Anneal MC: Mist Cool
7: Med.9Cr-1Mo 7: Bar FA : Full Anneal
8: 9Cr-1Mo-lib.V 8: Casting A : Anneal
9: 3Cr-2Mo 9: Ring SR : Stress Relief
10: 9Ce-2Mo-Hb.V
11: Others 10: Others 0 : Others
( ) ( ) ( ) )

GT0-T8 0S¥6Nd INd




— 00T —

[B2:%# (2./2)

R — s (B 2 5

RETEE e
5] -] ) ), % B o H R
QHBAHE | B8 | BhiREsBoEE | BBRER () 0. 2806 0 (ke/mm?) | BIERE (ke/mm?) | WEHRHC (%) Bo (%) @ BRaHE. )
i 3 [ B® o fo H # #® R
OHERREK | 5% HEREE (C) | Rt -(kef-n) | RFER | 0RTE(m) [P T|U TR T T | Bend i Dimer | Flar | Flat | Hydre |M.Etc [0.H
& 2 B 4 L a d 1 (wt%)

o W OB C 83 Mn P ] Ni Cr

Mo Cu v Co Ti Nb+Ta w B? B

As Al so01 S1 total N sol N total (o]

1t Z i & C h e ¢ (wt%)

S F B o] Si Mn P s . ONi Cr
NIPPON STEEL 0.10 0.26 0.43 0.007 0.001 - 8.85

Mo Cu v Co Ti Nb+Ta w B? B10

0.95 - 0.22 - - 0.082 - - -

As Al sol |[Al total N sol N total o

- - 0.005 - 0.067 -
QEEEHE GEEREFE @Foft R
J: JI8 B : Brinell PT: REEERAR Bend. ; HiIFiAER M.Btc: ¥7QFxu ¥
A STy WY : Vikers | Uf BEREER®  Dimen.. i X “ kempans

HS : Shore RT: % R E  Flar, gl,}_ﬂb HE
0: Others HRB: Rockwell B [ MT: 1B B Fiat. : {RYEGER
{ } | HRC: Rockwell C | VI: Az * Hydro.: KFE#EE -
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— 01—

FBR SAT L REE F & = b (D 1 D
D1 :#BRF (1/71)
@] HHHAB @ @ o TR BEBAFTE (mm) m R @I, B HE I
i $FHY | $RHe Kog=-%
| @fBE @ | Fm | ©OFEd [ #HE (u) FESEERE | BITHAE | FTHREX | OBK | BRAEFER | 0FE R 1
BH J 3 L PG 50.0 10.0 50.0 3 1

=2 =

%gﬁﬁu#%
TRCO1 TBCO2 TBCO3 TBCO4 TBCOS TBCOG TBCOT TBCO8 TBCO9 Nsel
QR @HEE ORI B @RISR GEERE ftEF | GYRTBH @V, Ru—~-ADHE
BH: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Hotched 1: W
#J: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—X%X
DH: Deposited Metal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3 YN, Ru—%
Wil: Weld Hetal 4: 5/4t PG: Paper Grinding 4: Arc-Notched
S 5 4/4t
0: Others 6: Others 0 : Otkers 5: Others 4: COthers
(FER ) 4 ) ( ) ( (

010-16 0SPBNd INd




—¢01 —

FB R €= F— A S — = (21D
D1:HEBK (1/1)
D] HHMAB @ @ xTENE REHAETHE (mm) w R @R, B R W
i HHe | #RER NE—X
| OfnRE (5 B 0E |5 | Ofkd | B (k) FE et Slzﬁﬁﬁﬂ@_ EITHEZ | OFRK | BRE | oFE by B {‘:_i‘
BH J 3 L 50.0 10.0 50.0 3
= =t
%gﬁﬁﬁﬂﬁ%
NSC1L-1 RSC1IL-2 NSC1L-3 NSC1L-4 NSC1L-5 NSCIL-8 NSC1L-7 NSCII_i-B NSC1L-9 NSC1L-10 NSC1L-11 NsC1
NsC1L-12 NSC1L-13 RSC1L-14 BSC1L-15 NSC1L-18 NSC1L-17 REC1L-18 NSCﬂ.-lQ NSC1
orEE @HiEE @RI E @A GFELE HEF | @WRIR @YN, u—XoEE
BH: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: e
Wd: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: D-flotched 2: ~pg—X
DM: Deposited Hetal 3 1/2t V: Vertical E : Blectropolising | 3: Smoothed 3 WIN, Rp-—-X
WH: Weld Metal 4: 3/4t PG: Paper Grinding | 4: Arc-Rotched
. B 4/4t
0: Others §: Others 0 : Others 5: Others 4: Others
(FBR ) ( 3 ( ) { ( )

0T0-T6 0S¥6Nd ONd



— 80T —

FE R 2 8 e Er— R (D 1D

Dl :#HEBRE (171
@ b @ ZmuHE R g i (mm} el R @, B H mnm T
| HREY | $REX RE—%
W OHIEE |5 BB | Fm | GhLyT | 8B (u) TREFEEE | EITEAE | BITHES | O | BRIER | oFE Fi B 1
BM| 4 3 | T §0.0 10.0 50.0 3

=r —t

: B =3 i 1 R

T
%l{ﬁ%ﬂﬁ%
N8E1L-1 RSC1C-2 R3C1C-3 NSCiC-4 NSC1C-5 N8CIC-6 RSC1C-7 NSC1C-8 NSC1C-8 NSC1C-10 N8C1C-11 NSC1
RSCiC-12 KSC1C-13 NSC1C-14 NSCLC-15 NSC1C-186 NSC1C-1Y NSC1C-18 NSC1C-19 NSC1C-20 NS8C1
O OBES O DS OXREAE LT | ODXHR @I, R0 —XOEE
BH: Base Metal J: JI8 1: 0f4t L: Longitudinal AM: As HMachined 1: V-Notched |V A
HJ: Weld Joint A: ABTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: “u—-X%
DH: Deposited Metal 3: 1/2t V: Vertical E : Electropolising { 3: Smoothed L YN, Nog-X
WH: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( 3 ( ( )

010-16 0GP6Nd ONd




—¥07 —

F B R

T B S B (F — 1)

¥ 1 : 27290 —=(/
OREZHER | 1
B OB REDH | WS | oW | 8 o0 | EE HHETR | AFST | —&N-7° o) B i =Hwm-r HER
HRRES|E B i F fii 20~7 |EToRKM | B ZEs Hrd
(°C) | (kefm?)| (hr) (% (%) @ |(#HEGMA)|  (nin) (B | Es (%) | FHREEMGe) | 24 (5 | EHREBMG | Za &) [ E

TBCOT 500 32.5 §92.1 29.8 92.3 A G.529E-2 - 0.248 0.646 100.0 2.488 430.0 26.420 -
TBCO4 500 30.5 2702.0 27.5 85.6 A 0.117E-2 - 0.187 0.673 365.0 2.087 1610.0 24,553 -
TBCO1 500 29.5 4050.8 21.9 85.8 B 0.739E-3 - 0.185 0.669 620.0 2.137 2625.0 18.809 -
TBCO8 550 23.0 880.5 27.5 88.8 A 0.562E~2 - 0.227 0.885 150.0 3.333 657.5 23.085 -
TBCOS 580 21.5 2802.3 28.1 89.9 A 0.185E-2 - 0.188 0.839 360.0 -4.083 2100.0 22.992 -
TBCO2 550 20.5 6731.9 28.7 88.7 A 0.B613E-3 - 0.043 1.055 1280.0 3.068 4590.0 24,544 -
TBCO3 800 16.0 696.1 24.1 83.9 A 0, 737E-2 - 0.175 0.967 110.0 3.343 428.0 19.61% -
TBCOB 600 14.5 2518.6 28.3 g1.5 A 0.1562E-2 - 0.181 1.254 630.0 2,772 1695.0 24.113 -
TBCO3 600 13.5 5246.1 30.6 89.7 A 0.578E-3 - 0.066 1.083 1630.0 2.212 3450.0 27.239 -

D. QE>WTH., TOREEZSRLTHRBATI W,

OHBRZHESR @ AFhrE

1.In dir 7.1n R )&, BB o8s

2.In Stagnant ¥a 8.In Ar A B C

3.In Flowing 8a ~ 8.In Pile | i )@ERBEOES

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.In Vacuum

6.In He
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— 80T —

FBREEMAEBEREESS — S = — - (F — 1 )

F 1 : 27U — 712
OHEREEA | 1

WOER | BCEID |TRRRE | W OB | B 0w (B iF | EW BHET | —®W-7° — &7 = Hwp-7° g
MERRES | B # U L BisY-7 | £CONE| B Ea ‘ iR

°C) | (kg/mm?) | (br) (%) (%) @ | EE/Mr) {min) G | Eas (%) | BESERMG) | Ea ) | FEEERGD | Ea %) E#
KSC1L-1 500 35.2 189.6 | 22.8 84.8 B - - - - - - - - -
NSC1L-2 500 32.0 2700.5 26.8 84.9 B - - - - - - - - -
NSC1L-3 | 500 31.1 1970.2 | 21.5 79.7 B - - - - - - - - _
NSC1l-4 | s00 30.3 | 3085.7 | 21.8 86.9 B - - - - - - - - -
§sCil-5 | 650 28.2 21.1 22.2 90.9 B - - - - - - - - -
NSC1L-6 | 550 23.5 1110.8 26.6 90.2 A - - - - - - - - .
NSCL1-7 | 550 22.0 2711.2 23.5 93.2 B - - - - - - - - -
HSCE1-8 | 550 21.0 6367.3 | 22.5 89.1 B - - - - - - - - -
KSC1L-9 550 20.0 | 8337.5 | 22.7 89.0 B - - - - - - - - -
NSCL1-10 | 600 20.1 31.6 | 2.5 93.7 B - - - - - - - - -
NscLi-11 | 600 16.9 382.3 | 2.5 93.0 B - - - - - - - - -
NSCL1-12 | 600 15.0 | 2266.8 5.3 91.8 B - - - - - - - - -
NSCL1-13 | 600 14.0 | 2982.2 | 25.2 89.5 B - - - - - - - - -

Q. @2 Tk, TORSRESBHELTHREATEWN,

DHABHET L A

1.In Air 7.1n N2 DB, BaERFEOBRE
2.In Stagnant ¥a 8.In Ar A B C

3.In Flowing Na  9.In Pile | II)EFHBFOIZE

4.In Hot Lab. 10.0thers BY M Bond HAZ

5.In Vacuum

6.In He

0T0-T6 0S¥PGNd INd
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F 1 : 270 — 27 (/)

OEBSEA | 1

B BB RERS | ) B oW o (B o EE BRRTE | ARHET | —%m-7° b, ¢ B Z -7 R

BREREE (8 B 8 U fif B|70—7 |sxCvoRH|E = et
(°C) { (ke/mn2) (hr) (%) (%) R (%/hr) - {min) & | 8a» & FRRREE(he) | A () FlRRERE ) | E& (5 B

NSCL1-14 600 13.0 | 8754.4 21.8 87.8 - - - - - - - - -

NSCL1-15 650 16.1 12.3 32.3 93.5 B - - - - - - - - -

NSCL1-16 | 650 12.0 132.1 30.5 95.5 - - - - - - - - -

N3CL1-17 630 10.0 880.7 26.7 92.1 - - - - - - - - -

HSCL1-18 650 9.1 2193.2 24.8 90.2 - - - - - - - - -

RSCL1-19 650 8.0 5324.3 21.0 B8.7 - - - - - - - - -

. QizonTH. FTORSESSBEULTHEATI W,

DHREESR QRN IR

1.In Air 7.In Hq iYel. EE&iREOSE

2.In Stagnant Ha B.In Ar A B C

3.In Flowing 8a  9.In Pile | ii)#=HBREOIE

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.In Vacuum

6.In He
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— 01—

FEB RSHMABERES—F s — 1+ (F — 1 )

F 1 :

2 ) — 7 (1/2)

QRRIHEER | 1

BOR | RELD | UMM BB | BV (@ W | ER AFRTR | AEET | —%Y-7° Zkn-7° Z&N-7 HER
AEAES|E B U i B|7y—7 |sCcoNM B Ea i

(°Cy | (kg/mm?)y  (hr) (%) (% @ |EEGMA)| . (nin) (R) | Ea (B | FEER(he) | Ea (%) | BEREGo) | ES G | @K
Nscic-t | 500 35.0 | 180.0 | 22.5 82.8 B - - - - - - - - -
Nscic-2 | 500 32.0 | 1765.8 | 19.8 85.4 B - - - - - - - - -
fscic-3 | 500 31.0 | 2437.7 | 20.0 88.2 B - - - - - - - - -
BsC1c-4 | 500 30.2 [ 13981.4 | 17.4 82.6 B - - - - - - - - -
§SC1C-5 | 500 26.5 | 7600.8 | 20.7 88.7 B - - - - - - - - -
NSCiC-8 | 550 28.2 96.8 | 21.6 90.0 B - - - - - - - - -
BSClC-7 | BEO 23.5 995.3 | 22.5 89.3 B - - - - - - - - -
NSCIC-8 | 550 22.0 | 5001.2 | 24.8 87.4 A - - - - - - - - -
§scic-9 | 550 21.0 | 5053.3 | 18.8 88.9 B - - - - - - - - -
NSC1C-10 | 550 20.1 | 8282.5 | 24.8 88.5 B - - - - - - - - -
Nscic-11 | 600 20.1 33.5 | 32.5 91.9 B - - - - - - - - -
iscic-12 | 600 17.1 337.3 | 28.4 93.1 B - - - - - - - - -
RSCIC-13 | 600 15.0 | 2723.1 | 25.7 87.6 B - - - - - - - - -

Q. QiEonTH, TORSHRESBELTHRATSE W,

OHBRTER @mPrhiE

9.0In Air 7.1n Hq DEM. BERBROEE
§.0In Stagnant Na 8.In Ar A B C

3.In Flowing Ha 8.In Pile | iiME3EBFEORS

4.In Hot Lab. 10.0thers BM W4 Bond HAZ

5.In Vacuun

6.In He

0T0-T6 0S¥GNd INd



— 801 —

EBRoEIABERT — & sr—F (F =19

F 1 : 270 — 277 /2)

(°C) | (ka/mm?) (hr) (%) (%) ® B (% ) . (min} (%) | E& D BatReRGChe) | A (%) BAsARE A Chr) | EA (B) ik
k8C10-14 60D 14.0 3684.9 21.5 86,7 - - - - - - - _ _
B8C1C-15 600 13.0 3324.5 21.9 83.8 - - - - - - - - -
KS8C1C-18 B50 15.0 11.9 36.9 93.1 - - - - - - - - -
HSC_lC-l'l’ 650 12.1 140.56 32.3 93.8 - - - - - - - - _
RSC1C-18 650 10.0 1102.3 22.9 89.3 - - - - - - - _ _
N8C1C-19 650 9.0 1915.0 23.5 87.3 - - - - - - - - -
RSC1C-20 650 8.0 B107.2 35.0 a7.8 - - - - - - - - -

@. @onwTR, TORSRESBLTHRATE W,

OHRBIFER ORI iz

13. 1.In Air T.In N2 | 1)BH. BEEBROBE
2.In Stagnant Ha 8.In Ar A B C

3.In Flowing 8a  9.In Pile | i1)BRFHBRAEOBE

4.In Hot Lab. 10.0thers B4 WM Bond HAZ

5.1n Yacuum

8.In He

0T0-16 0SYENd INd
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— 60T —
STRESS

T T T TTTT TTFETI T T TV TTT FUTT0T T T TTTTT T 11711 T T°TTTTT TTTTE

— Material : Mod. 9Cr—1Mo (PLATE) | —
- Heat No : NSC] —

1l , Standard Value |

L O 0] \ i

at 500

at 5507

at 600 ]

_ | O:1n Air at 500C I -

O:In Air at 550C '
Aln Air at 6007
—| V:In Air at 650 -

1 F oL T ot e bdil | I Lt 10 1 L 'I NN EEEN | P e E vl
1 2 5 2 5 3 2 5 4 pA 5
2 10

.10 ' 10 - 10 10

TIME TO RUPTURE (hr)

Fig.33  Creep Rupture Properties of Mod. 9Cr-1Mo (NSCD) Plate.
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FRACTURE ELONGATION
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T T iTTT TTTT1 I P T TTTT T TTTT I b T T TTT T TTTI I I T T TTTT T TT1

Material : Mod. 9Cr—1Mo (PLATE)

10

Heat No : NSC]
vV
AV
\V/ JAN \V4 A ‘ _
- A \V4 0 ZSC) .
A S0 R
A V;% O O
0 6 O o o
] o q i
(]
|| O:1n Air at 500°C .
O:ln Air at 550
Aln Air at 600%
V:In Air at 650
TN N N N N I N RS T N RS N A R TR
2 5 2 2 5 3 2 5 4 2 5

10 ‘ 10 10
TIME TC RUPTURE (hr)

Fig.3  Relation Between Practure Elongation and Time to Rupture of Mod. 9Cr-1Mo (NSC1) Plate.
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(96)

REDUCTION OF AREA

100

6

80

70

60

50

40

30

20

) I T T TTTE TTTTI T I T T TTTT T T7TFE1 ! I T T TTTEF T T TTT1 i P T T TTFTT T 1TT1
Vi
— 7 EY%%@@@ _
o) = | A0
. I:] -
[J:In Air at 500
- O:1In Air at 550%C |
Material : Mod. 9Cr—1Mo (PLATE) AlIn Air at 600°C
Heat No : NSCI V:In Air at 6507
L1 L tbr gy ISR I R R R bl bt
10 2 5 { 02 2 5 1 03 2 5 1 04 2 5
TIME TO RUPTURE {hr)

Fig.35  Relation Between Reduction of Area and Time to Rupture of Mod. 9Cr-1Mo(NSC1) Plate.
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5
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(%/hr)

STEADY CREEP RATE

10°

10

10

10

10

T T T TTIUTTH T T TTTTI [ RN

F T T T T TTTTI0 H
— Material : Mod. 9Cr—1Mo (PLATE)| |
: Heat No 1 NSC1 :
E A §
- e, .
- Hp0 =
- | CJ:In Air at 500C .
| O:In Air at 550 7
| Atln Air at 600 ]

A SR I T S S SR N T 0 08 20 1 AN N SN N 00 0 O 1 S S OO B 2 S W A 6

’ 10° 1¢° 10* 10°

Fig. 36

TIME TO RUPTURE {(hr)

Steady Creep Rate of Mod. 9Cr—1Mo(NSC1) Plate.
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— QI —

FBR&E*H}!&{:‘ EAEBE 75— &7 = - (B 1)
[B1:3:#6 (1/2) |
D=HEE | OURES ® M T (mm) wor & £ BHEEHA 2 ¥ — plo. E — ko,
7 1 270 t x (b, ¢ or0.D} g 2 A H
MREARE | HisoHERs |88 gl HOE OB OE . - Tx5A MR (%) k¢ & B A E W E (#*103%)
ASTH 4387 A F ' | a 0 B 0 o} 12 Total 12
i i = B B A B B B A & g# * K = B #B A
RF BOP NSR ups
@ #q. o @A @ #|, . @A @ #i, o @R
Ho. LR # B (CC) | FEERE(G) ey Ho, nE B OE(C) | HSHEEGD £k do. nm B B (C) | FEERNG) Kk
(1) N 1050 7.0 ] (2) T 750 7.0 AC (3) SR 740 8.4 FC
(4) (5) (8)
Rsc2
E
#
-
il
&5
=
DFEHEERE @HRE S @ELE @RHHF %
1: SUS304 1: Hot Rolled Qg : Quench AC: Air Cool
2: S08316 2: Cold Rolled N ¢ Normalize EC: Furnace Cool
3: 808321 3: Forged T : Temper HQ: Water Quench
4: 2.25Cr-1Mo 4: Tube 5% : Solution Treatment 0Q: 0il Quench
5: INCONEL 718 5: Equivalent Tube | STT: Stabilizing Treatment BC: Blast Cool
6: 9Cr-1Ho 6: Pipe 14 : Isothermal Anneal HC: Mist Cool
7: Hod.9Cr-1Mo 7: Bar FA : Full Anneal
8: 9Cr-1Mo-kb.¥ 8: Casting A & Anneal
9: 9Cr-2Mo 9: Ring SR : Siress Relief
10: 9Cr-2Ho-tb.V
11: Others 10: Others 0 : Others
) ( 3 { )

0T0~-16 0S¥6Nd INd



— 9l —

B2:%H (2/2) |

e e
Bl i N & 5 x i B
QOEBAFRE | BB |(BHREZROE0EE | SBREE (°0) 0.2%W B (ke/mn?) | FI5EEE X (ka/mm?) MRt (%) BN (%) @HEE . i
& ® ! =3 o A 7 B B O O=®
OHEBRAEE | =¥ REREE (°C) | BRINY -(kef-n) | YIRFMR | $IRFECm) [P T|0 TR T|M T|V T|Bend|Dimer |Flar | Flat | Hydre | M.Etc |O.M
1t - 4 & L & d 1 e (wt%)

2 W 8 B c Si Mn P s Ni Cr

Mo Cu v Co Ti Nb+Ta W B” B1o

As Al sol S1 total N sol N total 0

{t. 2 B iz C h e ¢ k (wt %)

i W& B C Si Mn P 8 Ni Cr
NTPEON STEEL 0.10 0.24 0.45 0.004 0.001 - 8.84

Mo Cu \Y Co i Nb+Ta w B7 B1o

6.95 - 0.21 - - 0.079 - - -

As Al sol Al total N sol N total o

- - 0.010 - 0.053 -
OHRRFERE OEIHRNE @O HER
J: JIS HB : Brinell PT BERMARN Bend. : HiiTiHER H.Bte: 7Z0Fx 9y
A: ASTH HY : vfxig:e-s T: #ﬁ%“ﬁ D?gen : %&:ﬁ% 0.4 c: FESHMIRE S

HS Shore g% é:@“ﬁl& ar. : %u&u EER
0: Others "HRB: Rockwell B Flat. E
( HRC Rockwell C Hydro.: KIEFEER

0TO-T6 0SPBNd INd



—LI1—

FB R BEERET — s — (D 1)

D1 :#HER (1/1)
Q| BAEMAE @ |@ KHEHLHE HEETE (nm) #w = @IS, B W T
2} $REY | FREY ~Nag—X
B OBEE |5 BB | A0 | OfLT | M () | FRUER FITHAE | PURRET | OFK | BREK | o8 w A i)
B[ 3 2 |1 | pa 50.0 10.0 50.0 3 1

= =

;
%ééﬁ%ffﬁ%
BBC1 PBC2 PBC4 PBRCS PBCT PBC8 PBCY PBC10 PBC11 PBC12 HSC2
O @HFBE O A @FH AR @ﬁﬁﬂﬁ Lk | @UXRFEIR @Y, Ru—-ZXDEE
BY: Base Hetal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: WY
WJ: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched 2 Ru—X
DM: Deposited Metal 3: /2t V: Vertical E : Electropolising | 3: Smoothed 3 YN, Rp—X%
HM: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) ( (

010-T6 0G¥BNd INd



—8IT—

FB R = F— A 2r— F (P 1)

D1:8&EK (1.71)
O EEHAE |0 (@ % 6o E BR®ET®E (nm) g X @YK, ® B M T
B HRHY | £ ~a—% '
B \ORBE |5 BB | AH | OELT | EE (k) | RAER | BESHE | BESES | onE | BRER | oss B o) B
Bt J 2 {7 50.0 16.0 50.0 3

= =t

%gi’%ﬁf%%
N8c2c-1 Ksc2c-2 Nscac-3 N8C20-4 NSC2C-5 NSC2Cc-6 NSC2C-T7 isc2e-8 Nscac-9 NSC2C-10 Nsc2
DR @KL (DEEEI U @A @ﬁm&&ﬂ ft B | @RER @Y N, Ru-—-LOHE
| BY: Base Metal J: JIS 1: 0/4t L: Longitudinal AW: As Machined 1: V-Notched 1: 9
W3: Weld Joint A: ASTH 2: 1/4% T: Transverse P ; Polising 2: U-Hotched 2: Ru—X%X
DM: Deposited Metal 31/t V: Vertical E : Electropolising | 3: Smoothed 3 WIN, Xpg-=X
WH: Weld Metal 4: 3/4t PG: Paper Grinding 41 Arc-Notched
. ) h: 4/4t
0: Others 6: Others 0 : Others §: Others 4: Others
(FBR ) ( ) ( ) { ( )

0T0~18 DS¥GNd ONd



—61T—

DI:EEF (1./1)

Q| BEEEE (@ |@ REHLE HREBKATHE (mm) 7 X (0PN ® W m T
B B | $£5 NpE—X
HIORBE |5 BB | 5l | @fFLT | E3 (&) FRRBEME | BOHAE | EOSEE | @BK | BREs | ofE B r B
BH| U 2 | v 50.0 10.0 50.0 3

=P . =

it "%% Jil— % '5- %H%EU%%

X
. %i‘&?ﬁﬁﬂﬂﬁ%
NSC2Z-1 Hsc2z2-2 NSC2Z-3 NSC2Z-4 {sC2Z-5 NSC2Z-6 NBC2Z-7 NSC2Z-8 NSC2Z2-9 NsC2Z-10 NsC2
OmEE ORBE QR @SR ®§EME,&LH ®RHAR @Y, Ru—-XDEE
BY: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1e Wy
HJI: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched i "g—~X
DY: Deposited Metal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3: YN, Ru—X%
WH: Weld Metal 4: 3/4¢ PG: Paper Grinding 4: Arc-Noiched
. ) 5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) { ) ( ) { ) { )

070-T6 OS¥YENd INd



— 021 —

F B R

F— zr—F (F — 1 )

F 1 : & —7(2)
OEBREHER | 1
BB\ REND MR OB W | R D |® R RERETR | AFEXT | %07 Z&kN-7° =T R
HRAES |8 B U fiz JU—7 |ETORME |8 Ea - Ha i
(*C) | (ke/mn?) | (hr) % (%) HEGMAr) | (nin) (). |Ex ) | BERFEG) | Es ) | FEEEGD | 24 &) | B
PBC12 500 30.5 669.9 | 28.2 84.8 0.588B-2 - 0.191 0.575 70.0 2.689 420.0 22.745 -
PBC4 500 8.5 | 3184.5 | 25.4 85.2 0.7568-3 - 0.208 0.656 480.0 1.681 1780.0 22.955 -
PBC1 500 27.0 | 6459.4 | 22.8 86.1 0.3358-3 - 0.178 0.511 490.0 1,408 3600.0 20.705 -
PBC10 550 210 | 1759.5 | 34.3 82.4 0.2358-2 - 0.130 0.498 260.0 2.586 1016.5 31.088 -
PBC8 550 18.5 | 4327.3 | 24.5 88.9 B 0. 103E-2 - 0.164 0.691 1140.0 -3.172 2885.0 20.473 -
PBC2 550 18.0 [ 14170.7 | 34.3 59.5 A 0.212E-2 - 0.113 0.712 3400.0 2.145 9150.0 31.330 -
PBCS 550 19.5 | 4762.5 | 29.9 89.4 A 0.8288-3 - 0.200 - - - 2835.0 - -
PBC11 600 13.5 | 2097.9 | 27.3 91.5 A 0.182E-2 - S 0.121 0.908 470.0 2.756 1330.0 23.515 -
PBCT 600 12.0 | 9835.5 | 37.4 90.8 0.301E-3 - 0.088 0.729 1620.0 2.150 6480.0 34.433 -
PBCS 600 11.0 [ 17930.8 | 27.8 85.0 0.1678-3 - 0.058 0.570 1620.0 2.288 12480.0 24,688 -

@. Do T, FTOREREBBLTHRATE W,

In Vacuum

QFREFTER @nErhig

1.In &ir 7.1n He 1B, BEEBROBRE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing §a  9.In Pile | iiI)EFEEREOEHS

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.

6.

In He

0T0-T6 0GPENd INd



—1eT —

P B R

5

= 2 — = ((F -~ 1)

Fl: U —00
QEREES| 1 | ‘ ‘

BB RGOSR | BB | B0 | Bt | ER BH5ETH | AHET | ~Ho-7 K- -7 R
HERAES (B & v f B|7y-7 |scoRd B =a i

o) |Ge/md| Gr) | @ | ) | @ |[BEGAD| @) | (9 B @) |EEEEG) | Es 60 | EEEEGD |25 ) | @S
Hsc2c-1 500 34.0 84.7 36.3 83.2 A - - - - - - - - -
Rsc2C-2 500 30.1 1200.0 26.2 85.4 B - - - - - - - - -
Nsczc-3 500 28.0 4393.1 26.3 77.0 A - - - - - - - - -
nsczc-4 500 26.9 11296.6 25.3 . 88.7 A - - - - - - - - -
NEC2C-5 550 25.0 162.3 24.3 86.9 A - - - - - - - - -
HSC2C-6 550 22.0 800.9 33.2 83.2 4 - - - - - - - - -
Nscac-7 550 20.0 4160.6 30.0 81.5 A -~ - - - - - - - -
RSC2C-8 600 17.1 105.1 42.4 89.8 A - - - - - - - - =
RsCac-9 600 14.9 610.5 36.86 80.0 A - - - - - - - - -
Nsca2c-10 | 600 12,0 6436.1 33.2 87.1 A - - - - - ~ - - -

D. @iconTik. TORSEEE2BLTHREATEW,

OREBRTES OmiR i

1.In Air 7.In N2 DEM. BE&EEEFOBRS
2.In Stagnant Hfa 8.In Ar A B C

3.In Flowing Na  $.In Pile | {i}¥&FHBEOES

4.In Hot Lab. 10.0thers B WM Bond HAZ

5.In Vacuur

6.In He
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—eel—

FERSHEMEIERESS — Y < —F (F — 1.3

F 1 : 27— /2) ‘
QESZER | 1

OB | REAL TERERM | B & | R D | zZ8 BETETR | AFRTT | —&M-7° —¥n-r =®m-7 wE
#HREFET |E B w U i B|yy-—7 FTORN | B Ea - ol

(°c) | (ke/m?) (hr) (%) (%) @ | HEBE%/Mr) . {min) %) . | Ex %) FisgmsfChe) | B (%) BHEaRsMIChe) | & (%) 154
isc2z-1 500 33.9 86.9 29.8 75.9 Iy - - - - - - - - -
Nsc2Z-2 5C0 29.9 2222.5 30.7 82.4 A - - - - - - - - -
NSC2Z-3 500 28.0 4341.9 24.8 80.3 A - - - - - - - - -
Nsc2zZ-4 500 27.0 T988.6 3.7 B3.1 A - - - - - - - - -
NSC2Z-5 550 22.8 150.8 31.5 83.2 A - - - - - - - - -
NSC2Z-6 550 22.0 885.8 27.8 856.6 B - - - - - - - - -
NSC2Z-17 hh0 19.9 3468.6 22.3 83.9 A - - - - - - - - -
NSc2Z-8 600 17.1 89.6 33.5 87.9 A - = - - - - = - -
Rsc22-9 600 14.9 1008.6 28.9 86.8 A - - - - - - - - -
NsC2Z-10 600 12.0 5092.0 3.7 86.1 A - - - - - - - - -
@D, @icHonTiE. TOEGEEZBLTHEEATEWY,
OEHRSHEE @uEhiE
1.In Air 7.In N2 DEH. BERRERORS
2.In Stagnant Na 8.In Ar A B C
3.1n Flowing Na  9.In Pile | iD)#FHRFOBE
4.In Hot Lab. 10.0thers BM WM Bond HAZ
5.1n Vacuum
B.In He
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(kg /mm )

STRESS3

10°

10

1 T T TITT TT1TITd

T 1T TT7TT T TTOT t T T TTTT T TTETH [

T TTTE T 1T

Heat No : NSC2

Material : Mod. 9Cr—1Mo (PLATE)

oo g g

Standard Value

5 |- _
|| O:n Air at 500 i
O:In Air at 550 :
= | A:In Air at §00C 7]
I I lf||||illf! | e b LTt Lty ‘I L1 v i e 1t | | I I O R

1 01 2 5 1 02 2 . 5 1 03 2 5 1 04 2 5

TIME TO RUPTURE (hr)
Fig.37  Creep Rupture Properties of Mod. 9Cr-1Mo(NSC2) Plate.
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FRACTURE ELONGATION

70
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P T TTTT T TTUTI I [
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Fig.39  Relation Between Reduction of Area and Time to Rupture of Mod. 9Cr-1Mo(NSC2) Plate.
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|B1:3# (1./2) |

B T e & S b (B 1)

ORHEE | OBRES 2 M <+ B {mm) B Oo% # & HEFHB I v kYo, B — klo.
7 3 260t X 1000 ¢b, ¢ or0.D) 1000 g KAWASAKI STEEL 86fF 6 H 3H Fi-215 10211
HELEHRE | EaNES | &8 FEL # & B B lo. Tx54 b8 (%) ¥ & B H# £ B B (x103%)
ASTH A387 0.769 A 8.5 F ’ 1A 0 B 0 c 8 Total 8
F iz = H B OF B B B F & $# 2 5 B " & #B A
EF LRF  ESR DS
@ B, . @ @ 1, o @i @ #| g 0 @i
No. B iz B (C) FiEHE () Hik No, m b B (C) HRiGHRE (h) Fik No. Py & E (°C) {F 505 (hr) ik
(1) |} 1040 6.0 Hq (2) T 760 6.0 AC (3) SB 725 B.4 FC
(4) {(5) (6)
F4
#
H
i3
il
&
=
OHEHER @8 FE @#n @A T N
1: 808304 1: Hot Rolled Q@ i Quench AC: Air Cool
- 2@ SUs3ls 2: Cold Rolled N : Normalize. FC: Furnace Cool
3: 808321 3: Forged T : Temper WQ: Water Quench
4: 2.25Cr-1do 4: Tube ST : Solution Treatmeni 0Q: 0il Quench
H: INCONEL 718 5: Equivalent Tube | 8TT: Stabilizing Treatment BC: Blast Cool
B: 9Cr-1Ho B: Pipe I4 : Isothermal Anneal MC: Mist Cool
T: Hed.2Cr-1Mo 7: Bar FA : Full Anneal
8: 9Cr-1Ho-Rb.V 8: Casting A : Anneal
g: 9Cr-2Mo g9: Ring - SR : Stress Relief
10: 9Cr-2Ho-8b.V
11: Others 10: Others ¢ : Others
( } { ) ( )
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FFrERSsFHAAEEESET—F - —F (B 25
|B2:3%# (2./2) |
REVEE L mm)
g i [ B m & # R
OHEBRAEHE | B8 | BHIRERAEOFE | XBEE (C) 0. 2% 71 (ke/um?) | GRS (ke/an?) | BEFMC (%) Bn (%) QHEBAE . e
J Y 20 ' 51.0 88.0 24.0 74.0 i 209.8
i) 2 B 2] @ * o # B ®# B
OHBF#HE | B HEEE (°C) | iy -(kef-n)} | GI&RFHE | @xt#Gm) |P T|0 T|R T|M T|V T|Bend|Dimer |Flar|Flat|Hydre |M.Etc |O.H
J 4 0 23.2 v 2.0 YBS| YES| NO | NO | YES| ®0 | ‘%0 | NO | ¥O | WO N0 NO
1t = i i L a d 1 e (wt%)

P S B C Si Mn P s Ni Cr

KANASAKT STEEL 0.10 0.25 0.37 0.008 0.003 0.08 9,10
Mo Cu A Co Ti Nb+Ta W B7 Bto
0.93 - 0.29 - - 0.09 - - -
As Al sol Al total N sol N total -0

- - 0.002 - 0.043 -
9 =3 114 iz C h e ¢ k (wt%)

£ B B C 8i Mn P 5 Ni Cr

KAWASAKI STEEL 0.096 0.25 0.37 10.008 0.0025 0.08 9.10
Mo Cu v Co Ti Nb+Te W B7 B1®
0.93 - 0.22 - - . 0.092 - - -
As Al sol |Al total N sol N total | 0’
- 0.002, - - 0.0427 0.0019

ORBFHRE QEZRBGE @ ol O RERER
L Wil 0 ERRORRe el UEER U RSBRaad
0: Others B foren g | EOnAER R i -
{ HRC: Rockwell C | VT: #&8mE Hydro.: KEEAE
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O BHAMBAE @ |@ £ EOHE BRAETHE (mm) ] R @V, B R W I
2| £Ey | 3 A —-%
B ORgE |5 B MNRIAE | OFLT | HE (u) | FamEs EITHANE | BITHEE | @FdR | BIRER | ogE B B
BM| 3 1 |t PG 50.0 10.0 3 1
2 ] A = I
%gﬁﬁﬁﬂﬁﬁ
FMFEA4 FHF6AS FMFBAB FMFEF1 FHF&F2 FMFBF3 F4
DO OHEL otalok:| @A OREME #EY |GURER @Y. RE—~XDHE
BM: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: 99
HI: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—%
DH: Deposited Hetal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 8: W, Ru-—-x%
HM: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
5: 4/4t
0: Others B: Others 0 : Others b: Others 4: Others .
{FBR b ( ) ( ) ( ( )
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D1 885 (1,/1)
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H O#HES |8 HIME|FR | @FLd 1 BHE () FAEE | BTSARE | BTHEX | OFR | BRER | oFE By = i
BY| J 2 |1 PG 50.0 10.0 50.0 3 1

= =

%gﬁﬂﬁﬂﬁ%
FYF6EQ FMFBES FHFEES P4
OE @HRBA DERHRAT @R AR @iéﬁ#&ﬂ L EEF @t REAR @W)N, ~o—-XDEE
Bl: Base Metal J: JIs 1: 0/4t L: Longitudinal AH: As Machined 1: V-flotched 1: WY
WJ: Weld Joint A ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Xp—%
DM: Deposited Metal 3: 172t V: Vertical E : Electropolising | 3: Smoothed LHI FASER S « ) o
WM: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
5: 4/4t
0: Others B: Others 0 : Others 5: Others 4: Others
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0T0-16 0S¥6Nd ONd



A
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DI1:#EER (171)
O FAAK |© |@ £HLE BEBAKTHE (mm) w X @V, BOWom T
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W Q#EE |5 B0 | AW | OFLG | & (u) | AR | BEENE | BEBES | ORK | BRE DHEE " B
B[ 4 2 |t PG | 50.0 10.0 50.0 3 1

= =t

x
%&Eﬁﬂﬂﬁ%
FHFGFT FHFEF8 F4
OBEHE @RIEL GEEmiE @FETH OFRERE #LY | ©URwIK @UIN, RO —ZXDHE
BH: Base Metal J: JI§ 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: W
WJ: Weld Joint Ar ASTH 2: 1/4t T: Transverse P : Polising 2t U-Notched 2 Xp—X%
DM: Deposited Metal 3 1/2t V: Vertical E : Blectropolising | 3: Smoothed 3: WIS, Ru—X%
HH: ¥Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
5: 4/4t
0: Others §: Others 0 : Others 5: Others 4: Others
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D1 :#ER (1./1)
@ bl s @ @ FmE M HEBARTE (mm) o & @w s, wR T
i | 8l Rpg=-x
VI IORBE |5 B UB| AR | OfET | BES (1) | BREEE | BESNE | TOSES | ORK | BRER | ogE L1 BT H
Bl J 2 | v PG £0.0 10.0 50.0 3 1

= |=}

EBanms
FMFBCE FMFECS FHF&CT FMFGC8 FMFGCY F4
OEM @HBE @M E @B AR GXRENE L ®EIRHER @V, Nug—-X0EE
. BM: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched I: 9
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: D-Notched 2 Xg—X%
DM: Deposited Metal 3 1/2t V: Vertical E : Electropolising | 3: Smoothed 3w, Rog—X
Wi: Weld Metal 4: 3/4t PG: Paper Brinding 4: Arc-Notched
o 5: 4/4t
0: Others 6: Others 0 : Others 9: Others 4: Others
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Di:gERR (1./1)
| BEHEE |0 |@ K ELE KB A TH (mm) o X @Y, ® oW om T
b ¥EH | Bl ~a—-%
F QREBRE | T |68 |78 {GtLT | #HE (o) EEEEAE | EEAE | ETHREZ | OFK | BREN (058 5B i) H fi
BM{ J 3 |1 PG 50.0 10.0 50.0 3 1
=P =
=Y
%&ﬂﬂﬂ%‘%
FHFEBO FMFSB1 FHF6G0 FMFBGL F4
OEH @ﬁ*&% €535 ivhiy @AM @%mﬂ&ﬂ f& EiF ©H R AR @YX, g —XDEE
. BM: Base Metal J: JI8 1: 0/4t L: Longitudinal AM: As Hachined 1: V-Notched 1: 9w
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—X%
DH: Deposited Hetal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3 W, KE—X%
WM: Weld Metal 4: 3/4t PG: Paper Grinding | 4: Arc-Notched
5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
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FBR =L B A 2 F (D 1)
D1:& 8K (1.71)
Q| BRAEAR @ @ REoH BEEATE (mm) W X @w v, B m I
| ERER | #REM xg=-%
B ORBE |5 B\ 8|58 |GHLyF | B (u) | moame FITHAR | BITHES | @R | BRER | obE 2 B
BH| 3 |y PG 50,0 10.0 3 1
=4 s
W Eﬁ J'l" B EHBIIES
%giﬁ’iﬁﬂﬁﬂ%
FUFERG FMFEBRT FHF6BS FHF6D4 FHF6DE FHF6EDT FHFBD8 EMPED3 F4
O @HEL QR R @FEAH OEELE £ @R AER @Vis, xu—xXDGE
BH: Base Hetal J: JI§ 1: 0/4t L: Longitudinal AM: As Machined 1:; V-tlotched 10 9N
WJ: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Rg—-%
DH: Deposited Hetal 3 1/2t V: Vertical E : Electropolising | 3: Smoothed 3 U, Rp—-x%
WH: Weld Metal 4: 3/4t PG: Peper Grinding 4: Arc-Notched
5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
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D1 :HEEAE (L71)

FBR=EEMEEREST — & s — + (D 1D

@ HERAAB @ @ FENE HERTE (mm} Ll ® @wis, B W
i $E | #2He ~ag—-%
B OHBE |5 B ME |70 | GELd I #HE (x) RREERE | BITHNE | BOHES | OBK | BREK lo8E P B
BH| J 4 |1 PG 50.0 10.0 50.0 3 1

2 i i =

=y
%iﬁ?ﬁfﬂﬂﬁ%
FYF6GE FHFBGT ¥4
yeiie = QHEE @I @RAE OREAE LT |@URHR @YY, Ru—XOHE
BM: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1rwN
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Rg—X%
DH: Deposited Metal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3: W, Ng—X
WH: Weld Hetal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
‘ ] 5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) { ) ( ( )
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FRER R 3 F— A zr— F (F — 1 )
F 1 : 27—/
OHBEHEE | 1
BB BREIDD | WMERAY | M MR | R D | m ER BFETE | ARST | —km-r =%k~ =&y HE
REBAEE |E B T fiz )7 | ETORE|B E» i
(°C) | (kg/m?) | (hr) (%) (%) @ [HEE@/MAr)] . (nin) (%), |Z» (0 | FASRMGhe) | E4 5 | FREEMGD | 25 ) if:> 4
FHF6F1 500 32.0 201.3 | 24.2 82.7 B 0.201E-] - 0.292 0.264 12.0 2.688 124.2 20.956 -
FFEF2 | 500 30.0 | 1280.9 34.1 85.0 A | 0.2018-2 - 0.234 0.837 120.0 2.317 727.0 30.912 -
FMFEF3 | 500 28.0 4020.2 28.1 85.5 B 0.828E-3 - 0.169 0.586 360.0 2.086 2280.0 25.259 -
FMFGA4 500 32.0 272.7 28.8 83.9 A 0.167E-1 - 0.291 0.518 19.0 2.751 152,17 25.242 -
FHP6AG 500 30.0 1167.0 30.7 84.7 4 0.321E-2 - 0.221 0,519 130.0 2.471 705.0 27.489 -
FUFBAB | 500 28.0 | 4288.8 | 23.6 87.4 B 0.5648-3 - 0.199 0.662 500.0 2.027 3240.0 20.712 -

@. @izonTit, TORSRESALCHEATE W,

In Vacuunm

OHEBRFER @mHTHIE

1.In Air 7.1n . DB, BE&EBEFOBE
2.In Stagnant Na 8.In Ar A B C

3.1n Flowing Ha  9.In Pile IBFRRFOBE

4.In Hot Lab. 10.0thers BM WM Bond HAZ

5.

B.

In He
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FE R = = BET — & Sr— F (¥ — 1)
F 1 o 2y — ()
OERBER | 1 -
N ﬁ % RAER D | Wi % ﬁ B oo % &Jf %‘ﬁt_j | %f‘ggj’%ﬂgg §ﬁf§g —RP-7° =&k ZEN-T
(°C) | (ke/ae?) |  <¢hr) €3] (%) @ | EBE/hr) | (min) (B) [ZEH (%) | HReEEGe) | Ex &) | BEREEGD = &%) £

FMFBES | 500 30.0 | 1160.8 | 25.3 83.7 | 4 0.280E-2 - 0.209 0.526 100.¢ 2.024 652.0 22.541 -
FHFGE0 | 550 24.0 222.4 | 33.4 87.3 A | 0.203E-1 - 0.183 0.493 26.0 2.662 121.0 30.062 -
FMF6E6 | 550 22.0 721.6 | 26.1 g8.6 B 0.592E-2 - 0.172 0.553 80.0 2.889 454.0 22.386 -

@. QoW TR, TORSREEBLTHRBATE W,

OERSHER @i i@

1.In Air 7.In ¥, P)EH., B&RRAORE
2.In Stagnant Na 8.In Ar A B C

3.In Flewing §a  9.In Pile | i)EFHBEOES

4.In Hot Lab. 10.0thers BM WM Bond HAZ

5.In Vacuum

6.1n He
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FEBRESEAEGERS — & o (F — 1)
F L : 2 0 — (1) '
OEBREHES | 1 e -
B ORI RESh |G| % w8 v (B 5 BEETR | 8% T | —&km-7° F=g° =&n-7° M
HERES & B M ¥ ff BE|FU—7 |zroEE|g =a r HR i
: : (*C) | (kg/m?) ¢hr) (%) (% @ | #EEGMA)] - (min) (3} | ZEH (%) | BIGEERICh) | 4 (B BARERER Che) | B/ (%) EE
FMFEFT | 500 | 0.0 | 871.2 | 2.5 | 84.3 | A | 0.4538-2 - 0.261 | 0.865 75.0 2.416 490.0 26.1688 | -
PMPEFS | 550 | =22.0 | 720.1 | s1.0 | 87.8 | A | o.c88E2 - 0.181 | 0.638 62.0 3.017 492.5 27,154 | -

@D, @2 Tit. TORELLEBBPLTHRATS W,

OEREHER QUi E

1.In &ir 7.In N2 DEH. BERBREOBS
2.In Stagnant N¥a 8.In Ar A B C

3.In Flowing Na  9.In Pile | i1)EFHEBADIBL

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.1n Vacuum

6.In He
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F B R

F 1z 2= —27W

T fr— 1+ (F — 1)

DHREHEE | L

. SRR BRI | MRS | BEOWF | B D | B ER BHEETH | AEET | —RkWY-7 Zk- Z&N-7 HER
HEARES |8 % I i @ 7V—7 |&TONE | K E» ' i

(*Cy | (ke/m?} | (ar) (%) (%) @ | HB(%/Ar)| . (min) (B) | ES 0 | FMSEE) | Ea ) | BREEGD [ Z3 3 | @
FHFECE | 500 34.0 59.1 | 25.9 81.6 B 0.8208-1 - 0.305 0.334 5.0 2.850 32.0 22.411 -
FHFECE | 500 30.0 | 1010.8 | 26.8 83.4 B 0.355E-2 - 0.240 0.610 g0.0 2.283 586.0 23,667 -
FMFECT | 500 28.0 | 4088.6 | 25.7 83.3 B 0.756E-3 - 0.177 0.513 310.0 1.868 2215.0 23.141 -
FMFECB | 600 14.9 746.2 | 30.6 81.0 A 0.6528-2 - 0.165 0.580 75.0 3.268 470.0 26.587 -
FKFECO | 650 8.4 | 1080.2 | 29.8 96.17 A 0.301E~2 - 0.077 0.428 100.0 $2.2M 687.0 26.824 -

D, @i Tk, TOESREERULTCHBATE W,

OHERSEA @R E

1.In Air 7.In 8 DEH, BERBHoBEe
2.In Stagnant Ra 8.In Ar A B C

3.In Flowing N2  9.In Pile D FRBROBE

4.In Hot Lab. 10.0thers BM WM Bond HAZ

5.In Vacoum

6.In He
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FEBRSBEAHERERES — v 2r— ~ (F — 1D

F 1 : &9 —277(/2)

QHZRTHES | 1

RERN

w OB MR | B OMFO| B D B EE BHETHR | AWET | —~KN-7° &7 =K-7 HE
HERES (&8 B & U fiz 7V—~7 | ETCORME|F Ea ' il

(C) | (kg/ma?) | (hr) (%) (%) R (%/hr) (min) (8 | Ba () |FmEEG) | Ea ) | BRSEGD) [ Ea @) | B
FMF6G0 | 500 30.0 | 1047.7 | 25.3 86.3 0.3198-2 - 0.215 0.570 130.0 2.148 610.0 22.369 -
FMFEGl | 550 22.0 835.4 | 30.9 88.6 0.541E-2 - 0.171 0.876 130.0 3.020 520.0 27.034 -
FHFEBO | 600 30.0 906.7 | 29.3 85.0 0.4178-2 - 0.234 0.518 80.0 2.308 505.0 26.245 -
FHFERl | 550 22.0 839.7 | 35.8 88.7 0.5628-2 - 0.158 0.638 100.0 461.0 32.162 -

2.842

@. @2 TH, TORTRESELTHEATE W,

OEBEEER @uEHTALE

1.In Air 7.In Ng 1)B#. BEFRE0BS
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii)FRBREOHLE

4.In Hot Lab. 10.Cthers BM WM Bond HAZ

5.In Vacuum

6.In He
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1 :

<7 ) — 7 (1/2)

OHERFHA

&

REET

BB | BREISH | WERE | & E?T;!? h | ® —HY-7° —&ky-r wyy-7° s
HEBRES |E ¥ W U LA 7Y—7 ETCOKH| K Es H iR
_ (°Cy | (kg/mm?) | (hr) (% (%) @ | =B (%/hr) (min) &) | EH () | GIUGFE ) | Ea (R | FABEGD |2 (%) EES
FUFED4 | 500 32.0 226.8 | 30.8 82.8 A 0.2208-1 - 0.352 0.509 30.0 31m 135.0 26.768 -
FHFEDE | 500 30.0 860.7 26.8 82.6 A 0. 40282 - 0.222 0.819 100.9 2.19% 486.0 23.764 -
FHFED8 500 28.0 3803.4 | 2B.8 85.2 B 0.7728-3 - 0.182 0.544 300.0 1.856 2146.0 24.018 -
FMFEDT | 550 22.0 907.2 | 31.4 87.8 A 0. 470E-2 - 0.167 0.580 100.0 2.887 530.0 27.966 -
FHF6D9 580 20.5 2649.9 28.4 87.3 B 0.1686-2 - 0.115 0.856 460.0 2.874 1726.0 24.755 -
FMFEBE | 500 32.0 223.7 23.5 82.5 4 0.164E-1 - 0.276 0.482 28.0 2.204 122.0 20.538 -
FMFEBT 500 30.0 1129.2 28.2 84.2 4 0.2776-2 - 0.220 0.618 160.0 1.984 480.0 25.378 -
FuFERE | 500 28.0 | 7156.8 23.4 83.4 4 0.483E8-3 - 0.205 0.55¢4 £20.0 - 2.831 5450.0 19.810 -

@. @II2WTHR, TORESERZSEBLTHEATE W,

DHEBREEA @Rz

1.In Air 7.In N 1), EERRFOBS
2.In Stagnant Na &.In Ar A B C

3.In Flewing ¥a  9.In Pile | {I)HEFHEBFOES

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.In Vacuum

6.In He
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EESE T — A 2 = (F — 1)

1l 20—/
OHRIZHER | 1 =
OB BRERD | WETSE | B O | B v |® W AEETH | RERET | — X7 b o %7 BER
EBRRET B E # v fiz V=7 LETORM | B FEaz Hif
(°Cy | {ke/em?) | (hr) (%) (%) HEEGMAC) [ . (win) (%) | E&» (0 |FAsEFRhe) | 22 (%) | BEEEGOD) [ E 6 | BR
FHF6GE | 500 32.0 298.5 | 39.0 83.8 0.1588-1 - 0.345 0.614 31.5 2.785 163.5 35.256 -
FHPEGT | 550 24.0 228.1 | 28.7 86.4 0.230B-1 - 0.197 0.538 15.0 2.737 111.0 25.228 -

Q. @i onTi, TORSEESELTHEATE W,

OHBFHER CiT b

1.In Air 7.In No EH. B&EBROES
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Ha  9.In Pile | ii)(FHEBEOBS

4,In Hot Lab. 10.0thers B WM Bond HAZ

5.In Vacuum

6.In He
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| Heat No : F4 -
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at 550C

at 600
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Fig.41  Creep Rupture Properties of Mod. 9Cr-1Mo(F4) Steel Fofging.
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O
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Fig.42  Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-I1Mo(F4) Steel Forging.
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Fig.43  Relation Between Reduction of Area and Time to Rupture of Mod. Cr-1Mo(F4) Steel Forging.

10

1

0T0-T8 0GFENd DNd



(%/hr)

— 081 —

STEADY CREEP RATE

10

-~ I T TTTTI 1 1 FITTTTTE I I T T TTTTI i | lilllt

- Material : Mod, 9Cr—1Mo (FORG) |

: Heat No : F{ :
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Fig.44  Steady Creep Rate of Mod, 9Cr-1Mo(F4) Steel Forging.
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|B1:mb (1/2)

FBREEMAEEERESS— v s — 1~ (B 1)

OFHEH | I EH ® ® T B (mm) B O® #F £ WeEE A Iy — o, E — hHo.
T 3 B0t  x 1600 (b, & or0.D) 1000 ¢ KAWASAKT STEEL 86F THITH F40088-01 10210
HRBRAE | AESEES | B8 EEL BOR OB OB . Tx54FE (%) £ E BN EH R (x10°%)
ASTH A387 1/1.60, 1,95} A 8.5 F ‘ A Q B 0 C 13 Total 13

iF i) E: ® B A = " B F & 8% 3 K B ® & # K

EF LRF ESR

@ #i, . @¥H @ %, . @4 @ B8, . @%
Ho. nE B E(C) | R&REEG Fik | No- nam #OB ) | RSN g Ho. nm | B B (°C) | {R¥ERM(hr) ik
(1) N 1040 18.0 WQ (2) T 760 12.0 AC (3) SR 725 8.4 FC
(4) (5) (6)

F5
=
p 3
(]
Al
Eis
=
OEHER @B RES @EIE @HEG *
1: SUS304 1: Hot Rolled Q@ : Quench AC: Air Cool
2: SUS316 2: Cold Rolled N : Normalize FC: Furnace Cool
3: SU8321 3: Forged T : Temper WQ: Water Quench
4: 2.25Cr-1Mo 4: Tube © | ST : Solution Treatment 0Q: 0il Quench
5: INCONEL 718 5: Equivalent Tube | STT: Stabilizing Treatment BC: Blast Cool
§: 9Cr-1Mo 8: Pipe 1A : Isothermal Anneal MC: Mist Cool
7: Meod.2Cr-1Mo 7: Bar F4 : Full Anneal
8: 9Cr-1Mo-Kb.V 8: Casting A : Anneal
9: SCr-2Ho 9: Ring 3R : Stress Relief
10: 9Cr-2Mo-Nb.V
11: ers 10: Others 0 : Others
) ( ) ( )
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|B2: %1 (2/2) |

R 7 S — (B 2

R )
51 5 [ B i g B =B

OHERAFAB | S8 |ErRzsnBEosE | SREE (°C) | 0.2%Wh (ke/mm?) | BIABERE (ke/mn2) | RREFAHOE (%) Bn (%) @HEAE X

J Y 20 ' 47.0 65.0 26.0 75.0 v 209

i) & i‘iﬂ B @ * o f OB B OB

OERAEAR | 8% HBREE (°C) | Gullzind -(kgf-n) | YRR | W1xFm) [P 1|0 T|R T{¥ T{V T]Bend| Dimer Flar | Plat | Hydre | M.Ete | 0.4

J 4 0 20.2 v 2.0 YES |YES | ¥O | NO |YES | Wo | NO | WO | MO | mO N0 | YRS

(4 & )54 & L ad 1l e (wt%)

4 W B/ c 5i Mn P s Ni Cr

KAWASAKI STEEL 0.10 . 0.24 0.38 0.008 0.003 0.08 8.99

Mo Cu v Co Ti Nb+Ta w B7 B¢

0.95 - 0.22 - - 0.09 - - -

As Al sol Al total N sol N total o}

- - 0.001 - 0.042 -
it L2 74 7 C h e e k (wt%)

& W #B A c si Mn P s Ni Cr

KAWASAKI STEEL 0.096 0.24 0.38 0.008 0.0027 0.08 8.99

Mo Cu v Co Ti Nb+Ta w B7 B1°

0.95 - 0.22 - 0.092 - - -

As Al s0l |Al total N sol N total o

- 0.001. - -~ 0.0420 0.0019
DHERA B OEZRBEHE @%@ﬁﬁmﬁﬁ“ﬁﬁ
S wivien i EEGERE. bnalUUBR NI D4asd
o (BR[O T fpde
( } [ HRC: Rockwell € | VT: HgH#zs Hydro.: KEHE

0T0-16 0CPBNd INd



e
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BT — A 2 — -~ (D 1 5

Q| aRHARE |®@ |@ R EMHE BBE T %  (mm) B x @Y, B om T
i Y | R Rg—%
B OHRBE |5 I GE |58 | @fLF | 8 (&) FEREERE | ETHAE | FASES | OBk | BREX | oBR it 8 fF
BN| 4 2 |1 PG 50.0 10.0 3 1
=y
%gﬁﬁﬂﬂﬁ%
FHF944 F5
QMR @fﬁi@«‘& @ E @R A @i‘%ﬁﬁ‘&ﬁ {+EiF G P& AN @VIN, Ru—XO5EE
BM: Base Hetal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: W
Wd: Weld Joint A ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: mp—Xx
DH: Deposited Metal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3: WIS, Ru—X
WH: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
5: 4/4%
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) { { )
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D1 :HEE&R (1/1)

FBREmMAMAEIEEE > — & - ~ (D 1)

O EREE | @ | xmam HEAETH® (am) a9 x @V, BEm T
B R | $2EY : REg—-%
H|QOREL |8 #|6B | 7R |OFLTF |52 (1) O | ETHNE | FOSES | OBK | BiREE |osE A B ff
BM| 4 3 |1 B 50.0 10.0 §0.0 3 1

= =

R B A = = —

£y
%gﬁ‘éﬁﬂ#%
FHF9A8 F6
O @ﬁ%f& G & @FEBRHH @ﬁ@@ﬂ ft kT | BURRR @Y, Ru—XnEE
.BH: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 10 WX
WJ: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Rpg—X
DH: Deposited Metal 3: 1/et V: Vertical E : Electropolising | 3: Smoothed 3: YN, Ru—X%
WH: Weld Metal 4: 3/4t PG: Paper Grinding - | 4: Arc-Notched
. 5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR } ( ) ( ) ( ( )
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F 1 : 20—/

FBREEHEEEEES— s — -~ (F — 15

OHERZHEL |
OB BRERS | BMTRE B o | & v |m EHE BWETE | AFST | —&N-7° ot B o =®RM-7 e
BERAES | E B 1 v fir V-7 IETORE | B Ea4 T 2l
C) | (kg/m?) | (hr) (% (%) @ |[#BG/Me)| . (min) (%) | ZE& &) | FAEEGo) | 24 %) | BBERGe | 24 @) [E%
FHF9A4 BEO 20.0 1564.4 32.7 89.1 A 0.2748-2 - 0.508 120.0 2.896 910.0 29,370 -

0.128

D. BioWTH., TORSRESELTHEATEW,

OEHBEET, et

L.In Air 7.0In ¥, D8, BEEBRDRE
2.In Stagnant N¥a 8.In Ar A B C

3.In Flowing Ba  9.In Pile | iI)BFTHBELOBE

4.In Hot Lab. 10.0thers BM WM Bond BHAZ

5.1n Yacuum

6.In He
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FERESEAEEREGES — P —+ (F — 1)

i1 : Zu—7(/2)

OEHBRSESR | 1

BOR | RERD | WERERE | % K| B 0 (B B BERETR | B&ZT | —%KN-7° Rr7-7 %P7 i
BEMRES (& B v fir 7U—7 |ETORHH | B Ea ' i
(°C) | (kg/m?)| (he) (% (%) BEE®/Ar) | (nin) ) | E» & |FEREG) | ES (0 | HEEEGD || Ea @ | B
FuFeAs | 650 | 20.0 | 1s63.4| a2.7 89.1 0.2748-2 - 0.126 | 0.508 $10.0 2.696 910.0 29.370 -

D. DiOWTH. FORSEEBRL THEATEV,

In Vacuum

OERFER @mEdrE

1.In Air 7.In N2 DEH. BEBBF0RE
2.In Stagnant Ha 8&.In Ar A B C

3.In Flowing ¥a  9.In Pile | iL)BEFHBHOIBE

4.In Hot Lab. 10.0thers B WM Bond HAZ

5.

B.

In He
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- ' Material : Mod 9Cr—1Mo (FORG) | —
| Heat No : F§ -

Standard Value

at 550 -

— 1 O:1n Air at 550 -

| | N N Y ot I B O I llIIIIIlIfI['i_IIIIIH-IIIII I I N T O 0 I T S

1ot - F 5 100 % . 100 ? 5 1ot f 5 10"

TIME TO RUPTURE {hr)

Fig.45  Creep Rupture Properties of Mod. QCP—IMO(FS) Stee_l Forging.
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Material : Mod, 9Cr—1Mo (FORG)

10

Heat No : Fb
= -
O
O:ln Air at 5500
| It £ v 11 it | IR T O I I O I T 8 | 1 WU Y O Y B I I I | I.I N T O T I
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TIME TO RUPTURE  (hr)
Fig.46  Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo(F5) Steel Forging,
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Material : Mod. 9Cr—IMo (FORG)
Heat Ne : F§ O:ln Air at 5500C
] I 1 bPrir b1 gd | I I I I A | ! L e | !IIIII_IIIII
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Fig.47  Relation Between Reduction of Area and Time to Rupture of Mod. QCr—IPb(F5) Steel Forging.
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Fig.48  Steady Creep Rate of Mod. r-1Mo(F5) Stee! Forging.
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- Material : Mod. 9Cr—IMo (FORG) |
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107k 4
- O —]
107k -
—4_ 7]
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Bl:s#8 (1.72)

DREHEE | QERES E- > B N - {(mm) B®o#E #H 2Z BEEHFH N ¥— Mo, ¥ — kKo
7 3 280t x 1000 {b, ¢ or0.D) 000 ¢ KOBE SEIXO 87 28 24 H 86-36008-0
HENBRSAE | HESBES | B - FER 2 & N OE . 7234 MR (%) ¥ & B i+ E W B (1 03%)
CASTH 4387 A 7.0 | F A 11 B 0 c 4 | Total 1.8
F it} = B B K B MmOB A B # #* 7 " B # B
EF LRF ESR MD3
@ B, . @%nH @ &, . D @ #|, . @¥En
Ho. PR B B (°C) {FFemE I (hre) Fik No. mE & E (°C) FEEE ) Ei to. s s E (0 a5 hr) i
(1) H 1040 10.0 0Q (2) T 778 8.0 AC (3) SR 740 8.4 FC
(4) ) (5) (6)
F8
£
H
i
B
B
=1
OFEHEE @B RE S @#hzd @XH T H:
1: 8US304 1: Hot Rolled Q : Quench AC: Air Cool
2: SUS3Ls 2: Cold Rolled N : Rormalize FC: Furnace Cool
3: SUS3zl 3: Forged T : Temper WQ: Water Quench
4: 2.25Cr=-1Mo 4: Tube 8T : Solution Treatment 0Q: 0il Quench
5: INCONEL 718 5: Equivalent Tube | STT: Stabilizing Treatment EC: Blast Cool
6: 9Cr-1¥o B: Pipe IA : Isothermal Anneal HC: Mist Cool
T: Hod.9Cr-1Mo 7: Bar FA @ Full Annesl
8: 9Cr-1Mo-Nb.V 8: Casting A : Anneal
9: 9Cr-2Mo - g: Ring SR : Stress Relief
10: 9Cr-2Ho-Nb.V
11: Others 10: Others 0 : Others
( ) ( ) ( )
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FB R g Fr e T R (B 2D
B2 :8|H (2/2)
TETE L)
B L [ By B T ® R
OHREHE| 58 |BhRiZEofE | HREE (C) | 0.24FH(ke/mm?) | FEER (ke/m?) | BT (%) O (%) OHEBHE W
Jd Y 20 . 44.4 64.2 30.0 T4.0 HY 181
i ® [ ® @ * o f@f OB B OB
QOHRARE ] B8 REREE (fC) | ppiRIing -(kgf-n) | SIREAR ] WIRFECw) |P T|U T|R T{M T|V T|Bend|Dimer |FPlar|Flat|Hydre {M4.BEtc |O.M
J 4 0 19.6 v YES | YES RO HO NO NO YES NO RO ko NO YES
{& = 33 5 L a d 1 e (wt%)
W OB &/ c Si Mn P s Ni Cr
KOBE SBIKC 0.098 0.26 0.38 0.018 0.002 0.18 B.88
Mo Cu v Co Ti Nb+Ta W B7 B1o
0.98 ~ 0.20 - - 0.070 - - -
As Al sol Al total N sol N total 0O
- - 0.005 - 0.0476 -
1k 2 2 iy C h e ¢ k (wt%)
/& W B MW c 51 Mn P 8 Ni Cr
KOBE SEIKO . 0.094 0.23 0.37 0.015 0.001 0.18 8.82
Mo Cu v Co T i Nb+Ta w B7 B1o
0.97 - 0.20 - - 0.086 - - -
As Al sol Al total N sol N total | 0
- - 0.004 - 0.0481 -
QEBRFHE QEEHEHE @ Ot DI FRERER
! Wil | BRARRZe T DHER O XEEdbes
oers | ol Bty (I LUIRRER La: LBpwe
( ) | HRC: Rockwell C | VI: ﬂgiﬁﬁ Hydro.: JKERE
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FPBE R SLERER 7 — A So— F (D 1

D1 :&5HBA (1.71)
@ ARAE @ @ x®mME HEKETE®E (mm) ] 4 @y, w R T
B R | $REr _Ru—%
HIOR8E |5 B |l | Fa |@4Ly | Hz (4) | FSEE | FEHEAE | $TOTRE |@FER | BRER | oS g H
BH| J 1 |t PG 50.0 10.0 50.0 3 1

= ] L =)

%gﬁﬂﬂﬁ%
FYFEF1 FYFEF2 FYFBF3 F8
D OHEE OEFRLE @FESm OREME {+EF | @R @YIT, RO —XDEHE
BM: Base Metal J: JIs 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: WIS .
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—X%
DM: Deposited Metal 3: 1/2t V: Vertical § : Electropelising | 3: Smoothed 3 W, Mo-—X
WM: Weld Hetal 4: 3/4t PG: Paper Grinding | 4: Are-Notched
. ) B 4/4t
0: Others 6; Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ( ( )
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FB R T A 2o = (D1 0)
D1 HEE (1.71)
Q| BRAKEKB @ |® :OE M HE BEBEARTE (nnm) w X @V, B m T
b $FH | £RER - A -
T OHBR |5 8| &8 | FE |G LTF | Ex (u) FRABEEE | PITSHAE | EOSET | O | HEER | ogE Bt = ¥
BH| J 2 | v P@ £0.0 10.0 3 1
Ee
Shanzs
FYFGCE FYFGCB FYF6CT F8
O&EE ORIEH @GR @FEAHR OXEAE #LY | GWRmE @YX, RE—XOEE
'BM: Base Hetal J: 318 1: 0/4t L: Longitudinal AW: As Hachined 1: V-Notched 1: ux
WJ: Weld Joint A: ASTH 2: /4 T: Transverse P : Polising 2: U=-Notched 2: ~O—%
DH: Deposited Metal 3: 1/2t ¥: Vertical R : Electropolising | 3: Smoothed 3w, Rp—X
Wi: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
_ be 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) { ( )
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FBR = LB T —& 2 — = (D 1)
D1 :ERRF (1.71)
o mEH®E |@ |@ % H i H EBRETHE  (nm) 9 X @V, B W m T
B HEHY | ~g—-X%
M| OHRBE |5 B\ NE | AR | OFLT | H8E (1) | FPEEE | BITSAE | BEBEE | OFK | BRER | oB5E 3 i B &
B[ 3 | L Pe 0.0 | 100 50.0 3 1 '
=5 ==}
I Eﬁ }:!F % 73‘ FeEaRi R e
3
%i&?%ﬁﬁﬂﬁ%
FYFBGO FYFGG1 FYF6G2 T8
OEE @ﬁﬁ% @i E @FEAA OEREAE L |@UxRER @Y, RU—-XDESE
. BM: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: WY
¥WJ: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Rotched 2: Np—X
BH: Deposited Metal 3: /2t V: Vertical £ : Electropolising | 3: Smoothed 31 N, Ru—X%
WH: Weld Hetal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
. 5: 4/4t
0: Others 6: Others 0 : Others 5: Others 4: Others
(FBR ) ( ) ( ) ( { )
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D1 @A (1.71)

B A = = (D 1D

@ ERHRB @ @ RmEaE El - (mm) ] x @, B H mIT
B $EHY | $2ER - ~p—%
BIORBE (5 B 68| FR|OfLF [ HE (u) ol | BTHAE | BTBES | Ok | BREE |ous A B &
BH| 4 3 |y pe 50.0 10.0 50.0 3 1
= =t
4 5’% J#‘ - % "Fj" BB
%%?E&BHE’%
FYF&D4 FYF6D5 FYFGDE FYFSD7 FYF6DE FYFBD9 F8
OEH @ﬁﬁ% @HEE i @BRIG A @i‘%ﬁiﬂﬂ ‘ B ® R @V, Ru—ZXnEE
lBH: Base Metal J: JIs 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: Wy
WJ: Held Joint A: ASTHM 2: 1/4t T: Transverse P ; Polising 2: U-Rotched 2: Ru—X
DM: Deposited Metal 3 1/2t ¥: Vertical E : Electropolising | 3: Smoothed 3 YN, Ku—-X%
WH: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
) 5: 4/4t
0: Others 6: Others 0 : Others 5: Others 47 Others
(FBR ) ( ) « . ) ( ( )
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BE — &7 Sr—  (E — 1)

F 1oy —7W
OEBBEN | 1
# B BEIRS | MUAREGE | I OMF | ®OD | W ER BEETR | A#ET | —KW-7° ot/ U =%RM-7 R
BERES | E E 7w fir V-7 | ETORY | K EH ai
(°C) | (ke/m?) | (hr) (%) (%) HE /) (min) (%) |Ea (B) | FGREGe) | Es ) | MEREGD) ([ E2 G | B
FYF6F2 | 500 32.0 | 8411 26.8 82.6 0.239E-2 - 0.370 0.952 143.08 1.398 501.7 24.080 -
FYF6F1 | 500 30.0 2705.8 | 28.3 84.1 0.5848-3 - 0.288 0.477 142.39 1.016 1397.8 26.519 -
FYF6F3 | 500 28.0 6322.6 | 26.4 84.8 0.170E-3 - 0.217 0.313 489.64 0.763 3320.4 25.107 -

@, oI, TOTERESELTHEATE W,

DHEHEEHER (O iz (B

1.In Air 7.In Ng iYEH ., BeEBRRo#E
2.1n Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | {i¥BFEHREL DML

4.In Hot Lab. 10.0thers B4 WM Bond HAZ

5.In Vacuum

6.In He
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FBRSEFEAEGREESETS — 4 Sr— R (F — 1)
F 1 oz 22— (/)

OHERBER | 1
REEES E g BUEIS N | RElieeRa E g ® b g %ﬁ-‘)’ ?f‘f;"&'ég §ﬁ§£ —m-7° =&n-7r %57 ﬁég
C) | (hg/mm?) | (hr) (%) {0 @ |#EGMAr)| | (min) (%) | E» (B) | FERMEGe) | 24 0 | G |24 &) G-
FYFECE | 500 32.0 | 841.1| 28.1 9.3 A 0.983E-2 - 0.513 | 1.226 46.50 2.185 201.9 24.176 -
FYFECS | 500 30.0 2706.8 | 24.6 81.4 A 0.720E-3 - 0.357 | 0.708 290.82 1,015 1130.8 22.520 -
FYF6CT | 500 28.0 6322.6| 18.8 83.4 A 0.1228-3 - 0.183 | 0.284 303.79 0.530 2692.1 17.803 -

@D. @iz oWk, TORESELESELTHEATEW,

ORSSER

In Vacuum

@EEhiE
1.1In Air T.In 2 18N, EeERF0EE
2.In Stagnant Na 8.In Ar A B C
3.In Flowing Na  9.In Pile | iD)EFHBFOBRE
4.1n Hot Lab. 10.0thers Bd WM Bond HAZ
5.
6.

in He
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FBREEAMAEEREES — v s — - (F — 1)

F i o 0 —

OFEBRIBEL | 1 -

N f.é % BEIGT | TR g %ﬁ ®q Y g %ﬁmj iiﬁf%‘ég gfﬁg; —RM-7° Ry w7y-7° Eii%

(°c) | (kg/m?) | (hr) (%) %) @ | E(%/hr) {min) (%), | E#H (B) | M) | Ea (5 | HENSEGD) | Z4 3) G4

FYFEG1 500 ' 32.0 449.8 25.2 82.9 0.642E-2 - 0.448 1.07% 71.52 1.963 265.3 21.772% - -
FYF6G0 500 30.0 2300.6 23.7 83.8 0.586E-3 - 0.326 0.620 188,44 0.873 1148.1 21.881 -
FYFBG2 560 28.0 5609.9 30.0 84.9 0.2248-3 - 0.210 0.328 292.38 0.831 2822.8 28.831 -

@. BonTH., TORSRESBLTHBATE W,

In Vacuum

OHREHESR @RI E

1.In Air 7.In N2 1M, BB 0SS
2.1n Stagnant Na &.In Ar A B C

3.In Flowing Na 9.In Pile iDNEFEBREOES

4.1n Hot Lab. 10.0thers BM WM Bond HAZ

5.

6.

In He
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B R

T Er—F (F — 1 3

F 1oz 2y —Z01
OHBEHES | 1
OB ERERT MmN | WO | B v B e HEETH | AT | —&-7° -1 ZHp-r HER
HEREs |8 B i fiz FY-—-7 | ETCORH|B Es ehifi
¢y | (kg/m?) | (hr) (%) (%) ® |#EEGMA) |  (min) (B, | Za (0 [FREESREGe) | B4 (5) | BERERGD (s 3 EIES
FYF6DS 500 32.0 289.3| 32.4 0.4 A 0.1688-2 - 0.867 | 1.396 46.60 2.967 164.7 27,870 -
FYF6D4 500 30.0 1790.5 [ 22.4 80.5 4 | 0.7H4E-3 - 0.377 | 0.776 263.94 0.904 986.9 20.344 -
FYPEDE | 500 28.0 5243.0 | 21.7 82.1 4 0.1938-3 - 0.223 | 0.368 462.39 0.761 2899.4 20.348 -
FYFEDT | EBO 23.0 262.9 | 28.9 86.1 B 0. 160B-1 - 0.123 | 0.344 30.56 2.1855 122.3 26.278 -
PYREDE | 550 20.0 | 1059.2| 25.4 87.3 B 0.3158-2 - 0.118 | 9.348 122.42 2.008 573.9 22.928 -
FYFGDY 550 18.0 4567.3 | 28.8 88.1 A 0.769E-3 - 0.108 | 0.361 539.80 2.124 2501.7 27.209 -

D. PE2WTH, TORETREZSBLTHRBATEIW,

OEERTER

Om it E

1.In Air
2.In Stagnant Na
3.In Flowing Na
4.In Hot Lab,
5.In Vacuum
8.In He

T.In N2
8.In Ar
9.1n Bile
10.90thers

DA BEEBAOBRE
A B C

DEERRAOBE

BY Wi Bond HAZ
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= Material : Mod. 9Cr—1Mo (FORG) | —
.. Heat No : F8 —

Standard Value

[(3:In Air at 500°C
- O:1n Air at 550°C

[ N I O B | i Pt il 1 Iy I I S O A A O O N | AN N I I Y A |

5
1ot ° | 102 & 5 10° 2 5 100 ¢ 10

TIME TO RUPTURE {(hr)

-F ig.49  Creep Rupture Properties of Mod. 9Cr-1Mo(F8) Steel Forging.
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Material : Mod, 9Cr—1Mo (FORG)
Heat Neo : F8
L]
| O - | - OD ]
U O
09
B ]
o - |
O:In Air at 500C
O:ln Air at 550%C
| I O O O A I ] | I S I I I I B O R .l I T I Y I B A W | 1 Pl b llLI L)1
10t 2 ’ I 10> ¢ ’ 1ot ° ; 1o’
TIME TO RUPTURE  (hr)
Fig.50  Relation Between Fracture Elongation and Time to Rupture of Mod. 8Cr-1Mo(F8) Steel Forging.
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Material
Heat No

: Mod, 9Cr—1Me (FQRG)
: F8 O:1In Air at 550°C

O:In Air at 500°C |

| | O T B S I . N I I I Y I I

10

g

Fig. 51

5
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TIME TO RUPTURE (hr)

Relation Between Reduction of Area and Time to Rupture of Mod. 9Cr-1Mo(F8) Steel Forging,
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STEADY CREEP RATE

(%/hr)

10°

TIME TO RUPTURE

{hr)

Fig.52  Steady Creep Rate of Mod. %Cr-IMo(F8) Steel Forging.

S I B B I I s B S 1 O S S By e R =
Z Material : Mod. $Cr—1Mo (FORG) | -
: Heat No : F8 :
lfi: =
B oY |
-2
10 g £l =
= L .
B O i
8 O i
._3_ 7]
10 =
- M © -
ok - =
| (3 In Air at 500°C ]
~{O:1n Air at 550 7
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FB R =B T 2 = (B 1 5
|[B1:met (12) |
DORVRH | OMRES ® M O+ B (mm) wm B & £ WEgEAd = b ¥ — o, t — klo.
7 3 550 t X 50¢ (b, or0.D) 1000 i KOBELCO S0 3H 20H 83-72142-0
HEEEAR | SELERE | B8 - EEH ® & W E fo. Z7x54RE (%) EF & B f+ E W B (1 03%)}

ASTH 4387 A 6.0 F ‘ A 4 B 0 C Total 21
F#FOBH = B OB 75 K K B 5 # X A &, "R & 2B A
@ &y, o @wH @ #1, o D% @ |, . @

No. M =g B (°C) R3FRFE (hr) i Ho. L & B (°C) FigERHChe) Fik No. E & B (°C) R 3585 (hr) 5 ik
(1)| * 1040 12.0 We |(2)! T 760 5.0 AC [ (3)| s 740 8.4 FC
(4) , (5) (8)

Fli

=

H

B

B

&

5

ORMHEHE OHRXE 5 @minE @&

1: 808304 1: Hot Rolled Q : Quench AC: Air Cool

2: 808316 2: Cold Rolled: ¥ : Normalize FC: Furnace Cool

3: 8Usaz1 3: Forged T : Temper WQ: Water Quench

4: 2.,28Cr-1Ho 4; Tube ST : Solution Treatment 0Q: 0il Guench

§: INCOREL 718 9: Bquivalent Tube | STT: Stabilizing Treatment BC: Blast Cool

6: 9Cr-1Mo 6: Pipe IA : Isothermal Anneal MC: Hist Ceool

T: Hod.9Cr~1Ho T: Bar FA : Full Anneal

8: 8Cr-1Ho-Nb.V 8: Casting A ; Anneal

9: 9Cr-2Mo 9: Ring - SR.: Stress Relief

10: 9Cr-2Mo-Hb.V
11: Others ) 10: Otléers ) 0 : Ot}(lers )
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0TO-T6 0SP6Nd INd

FBRSEMEREES — s — (B 2)
B2 :®m#t (2,/2)
o L )
3 " ' # B® ® X B R
QERFFE ] SR (RHIRIZRABE0ESE | BREE (°C) 0. 2800 (kg/mo?) | SRR (ke/on?) | WEFHCT (%) ®gh (%) @HTAE . ma
J Y 20 ' 48.0 : 86.0 - 25.0 74.0
fr ®m [ B @ 2 o M ¥ OB B =B
OHBRRE | B HERE (°C) | RURIME —(kgf-n) | 1R | @ tiE(an) P T{0 T|R T(M T|V T/|Bend|Dimer |Flar|Flat|Hydre |H.Etc
YES [YES | NOo | NO | O | NO | MO NO | NO | Ko N0
it g 13 a4 L ad 1l e (wt%)
# W B B C 5i Mn P ] Ni Cr
KOBBLCO 0.10 0.25 0.38 0.008 0.001 0.13 8.68
Mo Cu v Co Ti Nb+Ta w B7 Bt
0.96 - 0.20 - . - 0.08 - - -
As Al sol Al total N sol N total e
- - 0.007 - 0.06 -
. 1t Z B i C h e ¢ k (wt%)
£ W B B c si Mn P s Ni Cr
KOBELCO ' 0.10 0.25 0.42 0.008 0.001 0.14 8.67
Mo Cu \'s Co Ti Nb+Ta W B? B10
0.98 - 0.19 - - . 0.08 - - -
As Al sol Al total N sol N total | 0o
- - 0.008 - 0.06 -
DRRAHE @EIRRTE G DMt DR
RE Wides' (U BRAGER. b UIER DI D4BZask
oomers | B B M BOGOEER N UDgws
( ) | HRC: Rockwell C | VE: ﬂg&ﬁ ‘Hydro.: KERE




— &8l —

FBRGEAEIREEST — s — k(D 1)
D1 :&BF (1./1)
O HREHERE @ @ £ WM E HEBRTE (nm) woox @V, #w M m T
H BEH | B ~g—%
| QBEE |5 |l |58 | @fLy [ #HE («) HalEE | TERNAE | TRNEX | @R | miEk |ogs iy BH
BMY J 3 L PG 50.0 10.0 50.0 3 1
=fr =t
50 ‘%ﬁ )fl_‘ % _'3‘ %Hgﬁgu‘ﬁ%
3
( =2 : FEH) %;ﬁﬂﬂﬂﬁ%
FYFOAQ FYFDAL®? FYFOAZ*2 F1l
DR oBBL @R @ETH OFTLE i |©URHR @YY, R —XOEE
BM: Base Metal Jd: JI§ 1: 0/4t L: Longitudinal AM: As Machined i: V-Hotched 1: Wy
#J: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Xg—X
DH: Deposited Hetal 3: 1/2t V: Vertical E : Electropolising | 3: Smoothed 3y, Xa—-X%
fH: Weld Hetal 4: 3/4t PG: Paper Grinding 4: Arc-Hotched
‘ B 4/4t
0: Others 6: Others 0 : Others 5: Others 4; Others
(FBR ) { ) ( ) { ( : )
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B B R

= Er—Fr (F — 1)

F 1 :z 270 —22(1/2)
OHSABHEA | 1
BB RERD | GERE| K R | B Y |® e ENETR | AHET | —HKN-7 — - =®m-7 HER
BEREES B B H ¢ o B|r7Yy—7 |ZCcoRM B FE» - Hhiir
(°C) | (ka/mm2) | (hr) (¢3] (%) @ [EEGM) | . {(nin) (%). | E» (0 | FEEEMChr) | B2 (4) ) BESEBEGe) | E& ) i
FYFOAL 550 17.0 [ >3030.0 | BE - - - - 0.034 - - - - - -
FYFOAO 600 18.0 4011.8| 25.3 90.3 B | 0.882E-3 - 0.080 0.695 730.0 2.693 2820.0 21.822 -
FYFOAZ 600 10.5 | »3030.0 | E{ERsH - - - - 0.082 - - - - - -

@, OizonTiE, TORERESBULTHRATEW,

OHBSER @RI IE

1.In Air T.in N» 1) BH ., BEERF0BE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii}M¥EFHABREOIBS

4.In Hot Lab. 10.0thers B4 WM Bond HAZ

5.1In Vacuum

6.In He
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10 t T T 1TTTt7T T T 71T i T T TEHFTE T T U070 i P TP TTT TTTT i I T T TTTT T TTT
— Material : Mod, 9Cr—]1Mo (FORG) —
= Heat No : Fl1 =
5 -
“g
g 2 —
AN
[s%)
] -
A ~ Standard Value
| g: { 01
[ |
& = | on
| ~ at 600°C
H -
%) B -
5 | -
- _
— | AIn Air at 600°C -
] I N T Y A O I O [ I I N T I O I I | i [ bl 1o 3 i1il f L1 T riir il
1 2 b 2 2 5 3 2 5 4 2 5
10 10 : 10 10

TIME TO RUPTURE (hr)

Pig.53  Creep Rupture Properties of Mod, 9Cr-1Mo(F11) Steel Forging.
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Material : Mod, 9Cr—1Mo ({(FORG)
Heat Neo : F11
A

Alln Air at 600
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Fig. 54

TIME TO RUPTURE (hr)

Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-IMo(F11) Steel Forging.
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REDUCTION OF AREA
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L FAN _
Material : Mod. 9Cr—1Mo (FORG)
Heat No : FI1 Adln Air at 600C
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Fig. 55

TIME TO RUPTURE (hr)

Relation Between Reduction of Area and Time to Rupture of Mod. 8Cr-1Mo(F11) Steel Forging.
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STEADY CREEP RATE

(%./hr1)
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- T T 1T T TTTTI T T I T TTTTTE T T LB T 1 I T TTITTH
— Material : Mod, 9Cr—1Mo (FORG) | O
- Heat No : F11 ]
107 & .
1(2: =
-3
107 L A -
10_4: E
~| Atln Air at 600°C ]
10_5 L1 I 1 111t 11 [ EEEN i1 Lot Eradt L | I 111k}
B
10’ 10° 10° 10° 10
TIME TO RUPTURE {(hr)

Fig.56  Steady Creep Rate of Mod. %r-1Mo(F11) Steel Forging.
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FBREMEBIGEES — v s — F (B 1)
| B1:## (12) |
DEHEE | OHEED Ei br.) st # {mm) B ® &5 £ MBEERH I — blo. k — kHo.
7 3 350 t X 900 (b, ¢ or0.D) 00 ] KAWASAKI STEEL fF B H
WEERRE | SEATLS B8 FER g & B K No. T34 E (%) k & B N £ B B (%1 03%)
ASTH A387 A F ’ - ] B Q C 29 Total 29
i 4} Y B i3 pil i+ i} i yl & & B1 ys) bi % B 5 i
YIH
@ B, . @ & &, . ]
Mo |Ppm |8 B C0) | mEmmGn) |PREIw. |98 e meo | mwmmon O (@ B la g o) | mmmon Dn
1¢1) Q 1050 7.0 HC (2) T 750 7.0 AC (3)
(4) (5) (6)
VIH
S
7
8
Al
=
£=1
QEHES AHERES @atna @DHTHE
1: SU8304 1: Hot Rolled Q9 : Quench AC: Air Cool
2: SUS3l6 2: Cold Rolled N ! Normalize FC: Furnace Cool
3: 8U8321 3: Forged T 1 Temper WQ: Water Quench
4: 2.25Ce-1lo 4: Tube ST : Solution Treatment 0Q: 0il Quench
B: INCONEL 718 5: Equivalent Tube | STT: Stabilizing Treatment BC: Blast Cool
6: 9Cr-1Ho B: Pipe IA : Isothermal Anneal MC: Hist Cool
7: Mod.8Cr-1Mo 7: Bar FA : Full Anneal
8: 9Cr-1Ho-Nb.V 8: Casting A4 : Anneal
g9: 9Cr-2Ho 9: Ring SR : Stress Relief
10: 9Cr-2Ho-8b.V
11: Others ) 10: Ut}(ler's ) 0 : 0t!(1ers )

0T0-T6 0G¥GNd OINd



—e61 —

EFEREBREIEIEEERET —F = —F (B 2 )
(B2 3w (2./2) |
B
%@»ﬁiﬁ EERH)
gl ] B 5 w & B OB
DEBRFRE | SH | BUBRERLAMOEE | BBEE (C) 0. 258 0 (kg/nm?) | S13R3AX (kg/mm?) | BEBFIHC (%) o (%) @R EE . WX
& 2 w 5] @ o # OB B OB
OEBRAFE | 58 | BREE (C) | REMY -(kgf-n) | WXFK | 9IXTH@) {P T(0 T|R T|M T|V T|Bend|Dimer {Flar|Flat|Hydre |M.Etc |O.M
1 L3 79 a4 L &= 4 1 e (wt%)
£ W B W c 8i Mn P s Ni Cr
KAWASAKI STEBL 0.089 0.30 0.40 0.010 0.0030 0.09 8.54
Mo Cu v Co Ti Nb+Ta W B7 B1o
0.95 - 0.21 - - 0.077 - - -
As Al sol Al total N sol N total Q0
- - 0.003 - 0.0370 -
it % 573 a2 C h e ¢ k (wt%)
4 W O #% ™ C 81 Mn P S Ni Cr
KAWASAKI STBEL 0.082 0.32 0.40 0.007 0.0032 0.07 8.43
Mo Cu v Co Ti Nb+Ta w B7 B1o
0.96 - 0.22 - - 0.078 - - -
As Al sol Al total N sol N total Q
- - 0.001 - 0.0377 0.0078
OHEBHRE @EEHE G @€ oM ORISR
J: JIS HB : Brinell PT: %3 PR Bend. : HjiFIER M.EBte: vo¥usfzwy
A ASTH Y & Vikers 0 Begiihe o T RAREVEA KT
HS : Shore RT: %ggﬁﬁﬁﬁ Flar. %LE{G HEs
0: Others HRB: Rockwell B | MT: R R Flat. iR
( ) | HRC: Rockwell C | VI: A gigE Hydro.: KE#EE
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D1 :8EF (1/1)

e RfgEfAEEEEST — % s, —+ (D 1)

ol ErHRE |0 @ | zmam REBRETH  (mm) woox @Y. oo T
B | B2 -y
W OHBE |5 B UE |5 @fET |82 (u) FEEEER | FTEAE | BTHEX | @RIR | BRER | ok i s E T
BM J 2 |1 30.0 6.0

=t ' >

. R 2 = EHBAES

3
Ehanzs
VIN-1 VIN-2 VIM-3 VIM-4 VIH-5 VIH-6 VIM
O @RIEE ST E @RmAR GREUAE {$LT | GYXTIR @YX, Ru—-X0HE
Bl: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: Wy
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-NKotched 2: Rg—X
Dif: Deposited Hetal 3 1/2t V: Vertical E : Blectropolising | 3: Smoothed 3w, Re—X%
WH: ¥Weld Metal 4: 3/4L P@: Paper Grinding 4+ Arc-Notched
§: 4/4t
0: Others B: Others 0 : Others 5: Others 4: Others
(FBR ) { ) ( ) ( { )
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FB R = Fe— T Er— F (F — 15

F 1 = 27— (/2

OFBEEEL | 1 | - .

N % % BRI | B % ﬁ B g g gﬁ_j ?ﬁ%@% gﬁgg — -7 =%-7° =HRM-7° ag%

(°C) | (kg/m?) | (hr) (%) % @ |EEG/MC) | . (nin) (%) |Z3 &) | H®ESEGe) | 25 %) | BHESEGo) [ 25 O) | @K

VIK-1 550 25 81.5 27 85 - - - - - - - - - -
VIM-2 600 20 18.0 40 89 - - - - - - - - - -
VIiM-3 660 17 224.17 33 20 - - - - - - - - - -
VIiH-4 600 16 487.5 42 90 - - - - - - - - - -
VIM-5 600 15 586.6 30 90 - - - - - - - - - -
ViM-6 850 12 190.5 43 91 - - - - - - - - - -

D, QoW TH, TORSHREEB|LTHIBEATEY,

OHEBET @i

1.In Air 7.In Nq 1B, BE&ERFOBE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii)FEREDES

4.In Hot Lab. 10.0thers BM WM Bond HAZ

5.1n Vacuum

§.In He
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1T TiTE  TTTTT

| | O:In Air at 550°C
AlIn Air at 600°C
V:In Air at 650°C

| N 00 I I P B B

T T ITTTT T TTT £ T P T I3 TTTTd T

P T TI1TTT T TTT

Heat No : VIM

Material : Mod. 9Cr—1Moe (FORG)

I N N G O Y I O A | A T I O I A A A |

Standard Value

\ at 550%C |

at 600°C

I S A

10

1
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Fig. 57
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TIME TO RUPTURE (hr)

Creep Rupture Properties of Mod, 9Cr-1Mo(VIM) Steel Forging.
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Material : Mod. 9Cr—1Mo (FORG)
Heat No : VIM
v A
N A _
A
_ A _
O
O:1In Air at 550°C
AlIn Air at 600°C
V:In Air at 650°C
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Fig. 58

TIME TO RUPTURE (hr)

Relation Between Fracture Elongation and Time to Rupture of Mod. oCr-1Mo (VIM) Steel Forging.
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- O:ln Air at 550°C |7
Material : Mod. 8Cr—1Mo (FORG) Alln Air at 800°C |
Heat No : VIM V:In Air at 650°C
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Relation Between Reduction of Area and Time to Rupture' of Mod, Cr-IMo(VIM) Steel Forging.
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Bl :%M(172)

FBREMHEEERT—F - —F (B 15

OEMEH | OBRES £ 0 T 0 {(mm) B OE & & HEEEH Z Vv — Fo. & — hlo.
7 3 3650t x 300 (b, ¢ or0.D) 200 4 KAWASAKI SYEEL % A =)
HEERRE | HENERES | BE - EEL = & Al K No. 7xz54 8 (%) kF & B M E W B (1 03%)
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Fig.61  Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo(ESR) Steel Forging.
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Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo(F520) Steel Forging.
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Relation Between Reduction of Area and Time to Rupture of Mod. QCr-IMd(FSZO) Steel Forging.
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4; 2.25Cr-14o 4: Tube 8T : Solution Treatment 0Q: 0il Quench
5: INCONEL 718 5: Equivalent Tube | STT: Stabilizing Treatment BC: Blast Cool
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KOBE SEIKO . 0.10 0.24 0.40 0.010 0.001 0.23 9.03

Mo Cu v Co Ti Nb+Tasa B7 B

0.99 - 0.23 - - 0.078 - -

As Al sol Al total N sol N total o

- - 0.004 - 0.0408 -
DEEFHE QOF I HER % @F Ot O E R
J: JIS HB : Brinell PT: = Bend, : W iTELER H.Etc: ¥4 0 F vy
A: ASTM BV : Vrilé{el?s - | UT: gﬁﬁ%}ﬁ Dfi:gen : % ?%E%K% 0.4 C: j’é?@ﬁiﬁxﬁﬁﬁ

HS : Shore RT: % lar. @ ELI_E(' FhEE
0: Others HRB: Rockwell B | MT: {55 bR Flat. : {REES
{ ) | HRC: Rockwell C | VI: 9#&5@&2{ Hydro.: KEER
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FiEB R 3 B -— A 2o = (1D 3>

D1:#8BK (1.71)
)] AR @ @ rHELE HWERT®H (mm) i x @i, # B m T
b Y | RER ~ag—%
H | @HE |5 BB |7 |©LLT | HE (&) | BEER | BITSAE | BTSEX | ORI | BREN |o5E b B B ff
BM dJ 3 L e 50.0 10.0 50.0 3 1

=Fp =1

%giﬁﬁﬂﬁﬁ
FYFOA4 F560
OFEE @REH @R E @ERE TR @FELE HEF O RHAR U, RE—XOEHE
BY: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1; V-Notched 1p
HJ: Weld Joint A: ARTH 2: 1/4¢ T: Transverse P : Polising 2: U-Notched 2: Ru—X%
DM: Deposited Metal 3 1/2t V: Vertical B : Electropolising | 3: Smcothed 3 WIS, mu—X
WM: Weld Hetal 4: 3/41 PG: Paper Grinding. | 4: Arc-Notched
5y 4/4
0: Others - | B: Others 0 : Others §: Others 4: Others
(FBR ) { ) ( ) ( ( )
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FEXREEAEIgERST - s — ~ (F — 1 )

F 1 : 279 — =0/
DEEsmER | 1
® OB | RERDD | HmEEy 113 R -7 -7
BERFES | E B f# i 2U—7 | ETCORN | K Ea s
(°C) | (kg/mn?) [ (hr) (%) (%) @ |[#E®EO@/Mc)| . (nin) (B | Es (B) | EBEEGe) | s 5 | BEEMGo |2 @) EiE4
FYFIA4 580 18.0 2594.2 34.9. a0.7 0.188E-2 - 0.148 0.478 200.0 2.958 1465.0 31.316 -
®. Q>N TR, TORSEERBLTHRATEY,
DHBRFES OB
1.In &ir 7.In Hi, )8, BEERFDEE
2.In Stagnant Na 8.In Ar A B C
3.In Flowing Na  9.In Pile | iI)EEERBEOPS
4.In Hot Lab. 10.0thers B WM Bond HAZ
5.1n Vacuum
6.1n He
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STRESS

10°

1
10

T T T P FT T T TTTd b T T T T T1TT T 1101 I T T TTTET T TTT1 I

O:1n Air at 550°C

It 11111 3131 F¢d AN I I O I N I S | N O N N Y A I !

Material : Meod. 8Cr—1Meoe (FORG)
Heat No : F535¢0
Standard Value
at 550

S I Y

[ 1

10

2 5 102 2 9 103 2z 5

TIME TO RUPTURE (hr)

4

10

Fig.67  Creep Rupture Properties of Mod. 9Cr-1Mo(F550) Steel Forging.
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FRACTURE ELONGATION
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. Material : Mod. 9Cr—1Moe (FORG)
Heat No : F550
O
QO:1n Air at 550
| | T 0 0 I O A I | 1|lllliill.|l| ) |Il||l-l||l|l | I S T I O N |
1 01 2 5 1 02 2 5 1 03 2 5 1 04 2 5
TIME TO RUPTURE {hr)

Fig. 68 Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo (FB50) Steel Forging.
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REDUCTION OF AREA
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Material : Mod, 9Cr—1Mo (FORG) :
Heat No : F550 O:ln Air at 5500C
J IR N O O T A | | I S I A A O N | I 1111 1T 1k f ] N I T T T Y Y I
; 2 5 2 2 5 3 2 5 4 2 5
10 10> 10 | 10

Fig. 69

TIME TO RUPTURE (hr)

Relatibn Between Reduction of Area and Time to Rupture of Mod.9Cr—1Mo(F550) Steel Forging.
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STEADY CREEP RATE

10 T i T T TTTII UL I T TT1TTTI T 1 T P TTHI P T TTTI

- H
- Ma.terial i1 Mod, 9Cr—1Mo (FORG) E
: Heat No : F550 :
10"k i
107k N
N O ]
107k .
-4 2 N
10 = =
~{O:In Air at 550%C i
10°° N S N R AL T O A A A n 1] I A N N
10 10° 10° 10" 10°

TIME TO RUPTURE (hr)

- Fig.T0  Steady Creep Rate of Mcd. 9Cr-1Mo(F550) Steel Forging.
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b-1 Mod. 9Cr-INoflit (F9)



— 6E¢—

FEFBREEMEESREES— s — k= (B 1)
|B1:&# (1/2)
OEHEH | QHRES ® M T B (mm) ® & & & HMEHAH 3 v — ko, E — ko,
7 4 3.5 t = 31.8 (b, #or0.D} 1200 ¢ SUMITOMO METAL 86 3 B 12 TTC3014 4560404
HEGERFRE | RIEATHES | 868 - EELL e & B E N Tx54 R (%) k & B N E H B (*1 0%%)
ASTH A387 A 93 |F ' Ja o |B 13 c % Total 38
iF it ki w R "7 & K OB & & # A K 8- # B #B B
EF LRF
@ #|. . @i @ |, . @A @ ®|, . @A
No. miE #H o OE(C) | R () ik No. nm B OB (C) | f#FEEM(hr) ik Ho. nE BB (C) | FEEEMG) Hik
(1) N 1040 1.0 AC (2) T 780 1.0 AC (3) SR 740 8.4 FC
(4) (5) (8)
3
-
7
Bk
i1
i
=5
OH#HEE OHRES @#FE @%HHE
1: 808304 1: Hot Rolled Q@ : Quench AC: Air Cool
2: SUS316 2: Cold Rolled N : Normalize FC: Furnace Cool
3: §Us321 3: Forged T : Temper WQ: Water Quench
4: 2.25Cr-1Mo 4: Tube ST : Solution Treatment 0Q: 0il Quench
5: INCONEL 718 5: Equivalent Tube [ 3TT: Stabilizing Treaiment BG: Blast Cool
6: 8Cr-1Ho 6: Pipe IA : Isothermal Anneal MC: Mist Cool
7: Hod.9Cr-1Ho 7: Bar FA : Full Anmneal
8: 9Cr-1Ho-Nb.V §: Casting A @ Anneal
9: 8Cr-2Mo 9: Ring SR : Stress Relief
10: 9Cr-2Ho-Hb.V
11: Others ) 10: Ut%ers ) a : Ut?ers )
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0T0-T6 QCSFGNd ONd

FBRESEMERES — v — k (B 2)
|B2:## (2/2)
&E?%ﬁﬁf  EEER{E)
5] R # 4 [ - S |
ORBASE | 58 |AIRERABOES | HBRER (C) 0. 24t 1 (keg/mm?) | BIRIRE (ke/ma?) | BERFMT (%) o (%) ORBRFE - w|a&
J Y 20 ' 53.5 73.4 - 30.0
i R B B @ = o ft H B B B
QHEBEHEE | X ERER (°C) | Bulzdy -(kef-m) | SDRMWHR | $IXF#H(m) (P T|{U T|R T|M T|V T|Bend|Dimer |FPlar|Flat|Hydre |H.Etc |O.M
NO | YES NO NO | YES NO YES YES | YES| YES NO YES
1t % B a2 : L a d 1 e (wt%)
s W B FF C 8i Mn P 3 Ni Cr
SUMITOMO METAL 0.10 ) 0.39 0.40 0.013 0.002 : 0.09 8.71
Mo Cu v Co Ti Nb+Ta W B7 B1o
0.98 - 0.21 - - 0.07 - - -
As Al sol Al total N sol N total o
- - 0.02 0.04 - -
1t g B & - C h e ¢ k (wt%)
a b ] BT c S5i Mn P 3 Ni Cr
SUMITOMO METAL " 0.10 0.41 0.42 0.013 0.001 0.03 8.83
Mo Cu v Co Ti Nbh+Ta W . B7 B9
0.98 - 0.21 - - 0.07 - — -
As Al so01 Al total N sol N total 0
- - 0.02 0.04 - -
DERBRFARE @E=HERG & Gz oft DHERE
R wives |0 BEadRgs el DHER  GE R2RAGed
0: Others HRB: Rockwell B | MT: mggf B Flat. %ﬂ{fg@ﬁﬁﬁ
{ } | HRC: Rockwell C | VT: ##fm#E Hydro.: sKIEER
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B R = K T — A&7 2 r— = (D 1D

Dl :EEK (1/1)
@ HRHAB @ @ Ema" HEBRAET®E (mm) ] x @V, oW o X
o FEER | BN Ra—X :
M| @REBE |5 &8 | Fm | 6Ly | Hs (&) FREENE | TITHHAE | BITSES | QWK | BRER | o5 Fiy B fF
BY ‘

=F : i

. B a &= EHRAET

%giﬁiﬁﬂ-ﬁ%’
FXZ740’' FXZ741' FXZTAR' FXZ7A3' FXZ744' FXZ2745’' FRZ7AG' FXZTAT FXZ748° FRZ749' FXZ7B0° F3
O @HESE @FHhI B @EI S| OFEME LT @) RFAR U, Ra—-X0aE
Bi{: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 10w
Wd: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U~Rotched 2: g =%
DM: Deposited Hetal 3: /2t V: Vertical B : Electropolising | 3: Smoothed 3 Y, Ru—X
WH: Weld Metal 4 3/4t PG: Paper Grinding 4: Arc-flotched
5: 4/4t
0: Others - 6: Others 0 : Others 5: Others 4: QOthers
{FBR b ( ) ( ) ( ( }

0TO-16 OS¥ENd INd
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FB R = T 2r— F (D3>
D1:#BRF (1.71)
@ BEBRBHB @ |@ REMLHE EEAFTHE (mm) M x @I, # R Mm T
= R | ERHR _RUa—X
H|I@HBE |5 B|ME | AR |®FLT | #HE (u) | RRES | TSRS | BOERS | @FR | BRES | o8s i) B ¢
B '
(52 BB Bauzs
FXZTAQ FRZTAL FRZTAZ FXZTA3 FAZTA4 FXZ746 FXZTAT FXZTAB FAZTA9 F3
FYZTAR*2 F3
(DR @FEE OFEA R @EWA" ®FEAE {LLF | @WER @Y, Ru—-Z0EE
BH: Base Metal J: JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: W
WJ: Weld Joint A: ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: AXn—X%
DY: Deposited Metal 3: 1/2t V: Vertical B : Blectropolising | 3: Smoothed 3w, Rp—-X
WH: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
6: 4/4t
0: Others 8: Others 0 : Others 5: Others 4: Others
(FBR } ( )] ( ) ( ( )

0T0-16 O0SPENd INd



—E¥¢ —

D1:@8AF (1./1)

FB R —F s — F (D 1 )

D BAAEK @ | @ FEWANE BEBEAETHE (mm) W K @w s, B & m T
b1 HEEY | #RER ~u—X
| OHEE |5 BB | AR |OELYF | HE (&) | FHER | TSNS | 2O%E: |OBEK | BEEE |ogs Fi B ff
B

( #2 : BEG) %giﬁﬁu#%‘

KITC-2 MITC-4 M9TC-6%2 HITC-8 MITC~9 MITC-10 HITT-18 HITT-19%2 F3
O @HBsL G A E @FRWA A GFxmiE 4Ly |ONEERK @Y, Ru—-ZDHEE
Bif: Base Metal J: JI§ 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: Wy
HJ: Weld Joint A: ASTM 2: 1/4t T: Transverse P : Polising 2: U-Notched 2: Ru—%
DH: Deposited Metal 3 1/2t V: Vertical E : Electropolising | 3: Smoothed 3: WU, Ru—X
WH: Weld Metal 4: 3/4t PG: Paper Grinding 4: Arc-Notched
) 5: 4/4t
0: Others B: Others D : Others 5: Others 4: Others
(FBR ) ( ) ( } ( ( }

0TO-T6 0G¥ENd INd



EB REEAEBEEERS — < sr— (F — 1)

F i1 : =9 —2U

OERSHESK | 1
BB BRESD | WETEM | % W[ B b | W W ER AEETR | AFET | —KkN-7° —%Rn-r Z%RW-7 DR
HRAES H B # v 8 B\ 2U-7 |ZCORME|E Zs iR
(°C) | (ka/mm?) | (hr) (%) (%) @ |EBEGH/hr) | . (min) (). |E» () | FGREGC) (s (5 | BESEG) [Za G | I
FXZ7A0' | 500 35.0 97.3 | 23.6 73.3 A - ~ - - - - - - -
PRZ7TAZ | 500 32.0 | 1006.8 | 19.9 71.8 B - - - - - - - - -

FXZ746' 500 23.0 1890.9 1.4 70.3 A - - - - - - - - -

FXZ7BO’ 500 26.5 10109.1 3l.1 - 14.8 A - - - - - - - - -
FXZ7AY' 550 25.0 79.8 30.0 78.8 A - - - - - .- - - -
PEZ7A4’ 550 22.0 762.1 26.8 75.4 A - - - - - - - - =

FXZTAT' 580 18.5 10306.1 23.8 58.4 A - - - - - = = - -

— e —

PXZ7A2' 600 16.5 170.7 31.2 1.7 B - - - - - - = - -

FAZ7A5' 600 14.5 952.3 24.9 73.3 B - - - - - - - = -

FXZ748' 600 12.5 6434.7 18.6 35.4 B - - - - - - - = -

FRZ749' 600 11.5 14774.2 8.6 9.8 B - - - - - - - - -

O, @EOVTH, FORBRYERLTHEATE Y,

OESZEE SR E

L.In Air 7.1n K, LM, E2EBRFOBE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing ¥a  9.In Pile | {i)ESEHBEOHS

4.In Hot Lab. 10.0thers B WM Bond HAZ

§.In Vacuum

6.In He
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— Gy —

SRy S b (P 1)

1 : 2y — =0/
OHERZIER| 1
= ‘““"T"u'u_ R -

OB RERDD MRl R BT | B b ok | Ew BETTR | BHTT | —#%y-7° b, UL o M- HER
HRRBS (B E & v f B|20—-7 |gToElIg Ta ch i

(*C) | (ke/mm?) | (hr) (%) (%) @ |#EE(3/Mr) (min) (%) | ZEa (%) | HHEEHMGe) | Za &) | EERREEGe) | Zs @) E#
FX2740 500 33.0 290.1 26.0 74.0 B - - - - - - - - -
FEZ7AL 500 31.5 760.1 27.0 81.0 B - - - - - - - - -
FXZ7A2 500 30.0 1423.0 22.0 78.0 B - - - - - - - - -
FY27a9 500 24.0 2881.9 21.0 80.0 B - - - - - - - - -
FRZT7A3 550 23.5 240.5 24.0 85.0 B - - - - - - - - -
TEZ7A4 550 21.5 997.5 33.0 83.0 B - - - - - - - - -
FYZ7A3 559 19.5 >7600 Bk - - - - - - - - - - -
PXZ7A8 600 15.5 538.5 32.0 87.0 A - - - - - - - - -
FRZTAT 600 14.0 2237.3 24.0 79.0 A - - - - - - - - -
FRZTA8 600 13.5 2457.4 25.0 79.0 B - - - - - - - - -

@. @R2O2WTR. TORSHELBLTHREATEW,

QHBETHR 6 A

1.1n Air 7.In Ha 1. BEEHRBEOBE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii)EHBE oL

4.In Hot Lab. 10.0thers BH WM Bond HAZ

5.In Vacuum

6.In He
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FBREFHMAESEERT — s —r (F — 1)

F 1 = 270 — (/2
DEBRBEX | 1

BB RESD SR B O | ® o0 | ® T HARTH | AHET | —xmw-7° =¥ =xN-7 M
HBRFES |8 B v fi ZYy—7 |ETORE B & ' Sl

(’Cy | (kg/mn?) | (hrd (%) ¢3) EE(/ArY | . (min) (%) | E» (%) | HAREI(he) | Ba () | MERREGD | 23 @) ()
H9TT-18 | 500 32.0 1114.8 17.0 77.8 1.78E-3 - 0.229 0.185 290.0 1.128 685.0 16.48 -
H9TC-2 | 500 31.0 2063.5 16.4 77.8 1.186-3 - 0.087 0.430 230.0 1.820 1383.0 13.08 -
HaTC-8 500 29.0 | 3088.1 17.8 76.8 8.56E-4 - 0.057 0.600 190.0 1.067 1326.0 16.08 -
M3TT-19 500 | 28.5 | 04420.0 | BERR - - - 0.093 - - - - - -
M9TC-4 | 650 23.0 887.4 19.2 80.4 4.96E-3 - 0.230 1.120 110.0 4.350 807.0 13.50 -
MITC-8 | 550 21.0 5398.2 20.7 74.8 7.44E-4 - 0.110 1.700 1100.0 1.790 2650.0 17.07 -
HITC-6 | 550 20.0 | >7184.0 | HEath - 1. 8084 - 0.113 1.633 1756.0 0.740 4410.0 - -
¥9TC-10 | 550 19.5 6327.8 15.5 70.9 3.538-4 - 0.007 1.210 2040.0 1.850 4235.0 12.68 -

DL @O, TORESRESELTHRATE N,

OREZHES @A hIE

1.In Air 7.1n Ka 18, BEERR0BE
2.In Stagnant Na 8.In Ar A B C

3.In Flowing Na  9.In Pile | ii)BEHEBEQIES

4.In Hot Lab. 10.0thers BY WM Bond HAZ

5.In Vacuun

8.1n He
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STRESS
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T T P TTTT TTTTT

(J:In Air at 500C
O:1In Air at 550
Adln Air at 800

I I 0 N T Y B

I T T TTITT T TT1T1T I T T TTT T TTTO

T T TITT TT1T11

Heat No : F3

Material : Mod, 9Cr—IMo {TUBE)

| N A I I T I N

1

Standard Value

| R I I A A |

10

2 5

2

10

Fig. 71

2 5 10> ¢ > 10"

TIME TO RUPTURE (hr)

Creep Rupture Properties of Mod. 9Cr-1Mo(F3) Tube.
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FRACTURE ELONGATION
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T T TTIT P orTrTd I P T TTT T TTTId I T T TITT U TTTI 1 T TTiTT 170177

Material : Mod. 9Cr—1Me ({(TUBE)

10

Heat No : F3
. . 0
B O A ] |
O O
0 ® 4 e O
i g o o o |
A
] L]
] O
[ | O 1n Air at 500°C A )
O:ln Air at 550
AlIn Air at 600
1 IR NNEE! 1 It et | Ly it il ] | N IO T O A O I I I ¢
2 5 i 02_ 2 5 { 03 2 5 i 04 2 ‘5

TIME TO RUPTURE (hn

Fig. T2 Relation Between Fracture Elongation and Time to Rupture of Mod. 9Cr-1Mo (F3) Tube.
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REDUCTION OF AREA
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Material : Mod. 9Cr—1Mo (TUBE) O:In Air at 550°C
Heat No : F3 Aln Air at 600°C
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Fig.73  Relation Between Reduction of Area and Time to Rupture of Mod. 9Cr-1Mo(F3) Tube.

F
10

0TO-16 09¥6Nd INd



— 08¢ —

STEADY CREEP RATE

(%/hr)

10

IR IND SR S U I B B D I I Y NN Y N S R O A e I-llllt
n Material : Mod. 9Cr—1Mo (TUBE) | -
: Heat No : F3 :
_l 7
10 = 5
_2_ n
10 = =
- O .
- O |
10 = U O =
B O 3
_4 B
10 = =
~ | O:In Air at 500°C ]
B O:In Air at 550°C i
10°° N I N RN N R R A
1 2 3 4 B
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TIME TO RUPTURE (hr)
Fig.74  Steady Creep Rate of Mod. Cr-1Mo(F3) Tube.
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PNC PN9450 91-010
MRS — 4 EORITEEIE DN T

K?—f%ﬂ.ﬁﬂﬁ-mmﬁﬁﬁ$%ﬁuﬁwfﬁﬁéntﬂ%ﬁ%%@u%ﬁéﬁ
b, HHBEXAREREAHMNEB S CEBL, 3¢Dhb0TH3, 2%, ol d
@?—&%%ﬁﬁ%ﬁbfﬁ<%i?&b.Hﬁ%ﬁgﬁﬁ&ﬁﬁﬁﬁﬁ%EﬁM®EE
EFLBRLITONELEEMBTIHLOTH B,

BRI, P-4 ERITERETRT,

L HEBET s BORABEEFSBRE
DA  RBRNSEROREREF LRI, HEERF—s8£: LTOBESES0D
BEERZTEIDET B,
) BEESOBERS
BRRHIHNERN S BRERREENCL - THF . HHENR, F— s ROBSD
EECTRAUMATRTEHD, HHOBBBKOBES 7, BLOHBE - 51
HHBEY -y EOFTRIL, BEED LIRS 20,

® HMHES
PFHE S oM W E HEE S oM W OB
A SUs304 0 PNC SUS316
B SHS316 P WRA—-2FF4 b _
C sUs321 Q Tx3A b/ F b
D 2% Cr~-1Yo R 0Ds
E INCONEL718 -8 €53y
F Mod, 9Cr-1Mo T Hard-facing
G 9Cr-1Mo-Kb-y U~Y
H 8Cr-2Mo ZEDH | -5 v AME
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MR - s RBRT—B

N | &S N |Z775| ReEN MBS - s RRETHE W % 8 R 7 — 5 S
e JEHE ;450 °C~650 °C
1 | PN9450 91-004 | NoF 01 | 1991, 7 | Mods, 38r— 1 Mofll (SR) OXRKIEBLUF MY A | yroq g0r- 1Mot B KRGt 3k Y At
: HER (Y1 2 VISR
B RT~650°C
2 NoB 01 | 1991710 | FR 316 @5 |3R4&tE: FR 316 B AGH
AR ; 5leRERER
I 450 °C~650 °C
3 NoF 0.2 | 1991710 | Mod. 9Cr- 1Mo @2 U — 7 istt (F41) Mod. 9Cr- 1 Moffll | B35 ; A&, # LUy arh
Her . Y —-7FE
4
5
6
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