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BERBESS VP HEASHGEINEEHEDOER A S HME, WiMEE 9Cr-2Mogl, 12Cr-1Mo-1W
V- B XU EE, JuvAAEORBMELEHFEHC ORI BFELAEFHZHS L
Ryseedvil, BREBERBSS VM THHASN, BESREUVLMERM B XUEHER
ARBNTIGRMUEORBERE > THEHAIN R SHMERZ AT T OHEEHLE
FoxY, FoFMBIUBEBHBFNEEREEOHERZ TR BRI >WTHRS,

B REAMBEOBREESEUEECHYT s HBEX
B1HE B =

B, BANCRERESETLUTEY, YEERBRRMCOHHFETCERVWRRITS 2, ¥
DEXEBEIWEFREPRDORAES LB L, XKENOKXREEOMUIL1IT6ELIE, FHITE
TUTETED, BETRBELALERURRICH S, U UALTL20005F F TIZIE4386W 0
BIBLELENY, CORBULEZO L KETRHF VVWREHAREEKDRESS VD
BRZENTTBY, WNEFTTRBIIOMERERSIEEITETH BV,

ARG _ZBELEZAHMI a v 7 2H, TORBEEULBRBEENTNWEZHDT, SHEHE
BICBWTHEROEDHFIARMVE s BH TN T3, ZHERBEOBRECHEHI P S IRES S
PERRBEBHERLAVLBEEEN, HEEMEDLDIZ Fig. l-1 X RT LIRSS FHEO M
BEXONE., COXITHRMEDHEHPSBIYARASA Y RTS VM, MPHERIRAX - VD
BIEDLEHTHIN, ARBEXICEVWTUEBESEAYFEFNTHIZEEZ SN TW

Secure the low-cost energy

 J

Demand for efficiency improvement
of power plant

!

A
Ultra super criticalljjHigh efficiency
pressure plant gas turbine

Combined plant

Fig. 1-1 Background of the development of ultra super
critical pressure plant



6%, Fig. l1-20BEERBELAOCHBRAF v T7ORRIN, ThroHELESIEIZSIY
FPEBRCBEBINEDOLUIREREBLVCEARBTARESREEN DS, BREEL LT
WBESLBEL, BEBKETEREINTWE 74 3F V74 7EHLF 4+ XA bV 1 BHOHK
&M LM UIS0ket/cn?, 650°CTH B, Fig. I-3RBRAFT v S L FRICHIGT 3T IEL D
HEDZRT, Step~ TIRRELKERTBWTRREINEDILLTWBSS Y P REHRAXAR
BEIAETHY, CATRBAORMNTHARIETES, THITH UStep- I TRAEKEEY
S5 CERVBEIIBNVWTRBEIRBRORWSGHLRZD, XA Z0FBEMERM T > T
BIRMBE, SERABIUVAKESBLELCHUVTCHAREESLELEINE, 51T Step- T
BENS X CREN—B & & 316~ 350kgt/cn?g, 620~ S50°COEKEM L RBH, hi
HUTRL<FLVWERESEMHOBRBB I FNICHT2RE, NI nXOEEHMKOR®
UBBBREIZE>TL S, TROLBHBETIIICr-SNIRMOMBITI5Cr-15NI RO EMEST —
AFF A NN, TREEYE, THLE, AVTECIBRBO 2UCr- 1Mo WTRBERE 2

1200°F Eddystone #1

650 KD Ag
S
e®
o Philo #6 S¢
620 1150°F A
o
%) ° Huls #1 1
600 _ 1110°F 1 o
w 5951100 F Avon #8 ! 2 S -
< Drakelow "C" #3,#4 gﬂ 9
- =
[oR O
x o~ | Eddystone #2 g Lo
& 566‘1050 L Philip sporn #5 phan
= Breed #1 5
538 1000°F — ) @ o
xisting steam o o
%.; conditions § § -
o
246 250 300 316 350 352

Pressure (kgf/cm?)

Fig. 1-2 Steam condition of existing ultra supercritical
pressure plants and steps for development



BRONHBEEDOICr MBI NG —RXFF A MAVERASNZ KO RSE, Rt —X5FF
L MADSBOBFARIA N LR ORNERDBHF — A7 F 1 MICRA THBTE 55
BMEZ7254 FMAOHBENEINE, X5 15Cr-15N RMARHEBEOE» 54 700°C ¥
TOBRTHEATETHID, COISRBRETIRERABIUVKESELALOBENE#IT S
Ny, TOHKLUTC_EEHBVWR IO A XEORABLELEINS, 22 TUTRIEE
SHREMEINTEHHAOEDT, TOBRMEZSNFMEL, REAMBMOT R BELR
BHoPIZTBLLHRABDOAMIIONTHENRS,
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5 316kg/cm

+ 595/595
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Py 595/566

2 /566°C

o 316kg/cm?

5 566/566

ﬁ 566°C

& 316kg/cm2

f: 538/552

c 1/566°C

2 246kg/cm?

z 538/552

2 /566°C

8

£ 246kg/cm?

3 538/566°C

40

w

246kg/cm?
538/538°C
Superheater CrMo, 9CF Austenitic High strength Austenitic
Header, L.
sieam pipe | &%4CrMo ‘\\\\\\\\\?Cr Austenitic
valve 23CrMo ‘\\\\\\\\\?Cr Austenitic

Fig. 1-3 Development aim and pressure parts material
for ultra supercritical pressure plant
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B2H REAWMRMORRK

BEBR SN M 2RO R S AMEHRZ B T Table 1-1 WRT. N1 S HMAEHH
BRESHKRM, CrMoEASM, I-120AB XU T —XFF 1 AT SGENE, CDHhT
$-120rfB XU F —X5FF A1 PHRBNTER, HRRELWEENZONS,

Table 1-1 Nominal chemical composition of boiler tubing alloys

(wt%)
Steels C Si Mn Ni Cr Mo W v Nb Ti 8 Others
A192 0.12 0.25 0.45 - - - - - - - - -
Carbon A210 0.20 0.3 0.55 - - - - - - . - -
steel
52 0.20 0.3 1.25 - - - - - - - - -
1 0.15 0.3 0.55 - - 05 - - - - - -
112 0.12 0.3° 0.5 - 1.0 0.5 - - - - - -
Low alloy _ R - - - - -
stee] T11 0.12 0.75 0.45 1.25 0.5
T22 0.12 0.3 0.45 - 2.25 1.0 - - - - - -
T5 0.12 0.3 045 - 50 0.5 - - - - - -
79 0.12 06 045 - 90 1.0 - - - - - -
HCMIM(8,9) 0.07 0.3 045 - 90 2.0 - - - - - -
ocr steel NSCR9(11) 0.08 0.2 090 - 9¢ 2.0 - 0.15 0.05 - - -
Tempaloy F-9(12) 0.06 0.5 0.60 - 9.0 1.0 - 0.25 0.40 - 0.005 -
EM12(13) 0.10 0.4 ©0.10 - 9.0 2.0 - 0.30 0.40 - - -
T91(14) 0.10 0.4 0.45 - 9.0 1.0 - 0.20 0.08 - - -
HCM12 (16, 17) 0.10 0.3 0.5 - 12.0 1.0 1.0 0.25 0.05 - - -
12Cr stee]  AMAX12Cr(18) 0.07 0.3 060 - 12.0 1.5 1.0 0.20 0.05 - - -
HT9(15) 0.20 0.3 0.5 - 12.0 1.0 - 0.25 - - - -
TP304H 0.08 0.6 1.6 8.0 18.0 - - - - - - -
Tempaloy A-1(22) 0.12 0.6 1.6 10.0 18.0 - - - 0.10 0.08 - -
igg:;sN‘ TP321H 0.08 0.6 1.6 10.0 18.0 - - - - 0.5 - -
TP316H 0.08 0.6 1.6 12.0 16.0 2.5 - - - - - -
TP347H 0.08 0.6 1.6 10.0 18.0 - - - 0.8 - - -
15Cr-15Ni 17-14CuMo (23) 0.12 0.5 0.7 14.0 16.0 2.0 - - 0.4 0.3 0.006 Cu3.0
steel Esshete 1250(24) 0.12 0.5 6.0 10.0 15.0 1.0 - 0.2 1.0 - 0.006 -
TP310S 0.08 0.6 1.6 20.0 25.0 - - - - - - -
NF709 (31) 0.15 0.5 1.0 25.0 20.0 1.5 - - 0.2 0.1 - -
20-25Cr HR3C (30) 0.06 0.4 1.2 20.0 25.0 - - - 0.85 - - ND.2
§z§:$"’t‘° NF707 (32) 0.08 0.5 1.0 35.0 22.0 1.5 -~ - 0.2 04 - -
BOOH 0.08 0.5 1.2 32.0 21.0 - - - - 05 - AL0.4
Mod. 800H (33) 0.08 0.4 0.8 34.0 22.0 1.25 - - 0.4 - - -
ﬂ;ghhcgi CR30A (28) 0.06 0.3 0.2 50.0 30.0 2.0 - - - 0.2 - 7r0.03
ste21 Grade 1(29) 0.08 0.4 1.2 430 230 - 6.0 - 0.18 0.08 0.003 -




9-12CrgMIC I L T IX18Cr-SNIR MR X CE IR MCHEATE, ABERE L UTIKRD
24 Cr-1ModliC A 2, HERBA Y, MEETM LS CHATEIENHHDNBHRES
NTW3, REBFKEENTI-120r8813 234 Cr-1MogH L 18Cr-8NIRMO P DMEZHL T3
D, HBVIEISCr-SNIRMEEEDOMELXBFLT WS, Fig.1-4 1 CrMosl®H D, 9-120r8FD
HEGN LB UTRYT .,

DS B HCMIM (3Cr-2Mofl) > X F CIT K DREEH M EMEIZ KSTBA2TE UTHB{LE N
ERFE 9Cr-2MofACcH D, BIRLENRFICELZEHTCOEMABRE XA SHEB X URE L
UTHI L8000 OFEHEZEEL TS, ZTOHRBMEL 24Cr-1Mosl & TP304H & D T
5D, BITHARBEL UCI8Cr-8NiRMAT A THERATINTWS, IRZOHHBALTERE
LTVBEUNMDEREY, -T2 eRELILF VYA PO HEK»SRERD
W, EASMEASEOBENBERENIEEALTWS, £ 90r-2Mo 8lid Bk U 2@ %
HEUVTAZEEAMEL UCHRATE, ARFRED 2m V ./ v F v VU —HREZ 0°CT
10kgfen/cn*Z A, ¥BGHONEMELFAKRTHEESNTNS O,

15

Allowable tensile stress (kgf/mm2)

L
600

Temperature (°C)

Fig. 1-4 Comparison of allowable stresses for
9-12Cr steels



NSCR8!®>, TempaloyF-9'2, EMI2'® B XU TINV R VRND & D REEMERTEREMT
B2l E-T, BREELPMNEEERIBHOICrEHTES, CNSOHRF Cr sl T
BREXECHAESNEE VN IEEEEERES S PAMERMHOBFEMBEL AN TNS
B, TORBIBEBDTEVWERIEIZELUTCWBEIETHSE, LrLZoHHIECrATHB
DI, RAITKFHOBRBEL UVTCHEATBARIFABREEDORTIAMIc—5H 3L E
xohns,

12Crs D o T i3 HTY (DIN X20CrMoVIZL) 'S’ BReMICBEWT R A T HE, BEEFITALSEH
ENTBD, ZLOFHEEZEFELCVS, ULLPLZOMHBRIRREN 0.2 LB NRDITE
BEBEFY, TRERBELENITEVOOTRRVEODREERFPES IV RETRELALRE
AEnvy, UL URERREDIBOREZBMBRNWERBHORNA Z A120r BB EIN T
W5, TR BHMI2(120r-1Mo-1H-V-Nb3H) 18> 17> & AMAX12Cr '® B B 120 & WX
B, INSRBERLEERENE L REINRI IS4 EHERELILTFUIA DS
2% ZHBHEDL20EETH B . FFIT120r-1Mo-1%-V-NbSH D F ARG I 50,000h 2R X B 7 Y —
THEHF -2 ZHLRREINRZDHDT, COBOHMOF TR I —TEERTROENS
BIEAZHELUTNS,

DEDESWHF USBREINZICr L I20r8HIZ S BB BREFEHI N3N FHEINS
B, TOEHRMERATXIRELLEHTOVTRFDTHWEESNTVRN,

—HA-XFFA FHRBELUTCHI8Cr-NiR AP BB TCHEHT 2D REORE{EH
D, MAMEZH LI ELEIRDIIBAOUBIRINTNWS, FROERHUZLELTCHEBRES
MESEREHFUNHHOMBOLITONTED, SSR_EFERIUTA XEDHRLERLD
MEBEDSNTNG L9 200

TP304H, TP321H, TP316 B KL TPI4THR X D 18Cr-NiRMI R KD KK LB O K HRES S
PRIZEKLUTHEAINRTWB Y, —FHTIPITHAIRISE2Y R Tenpaloy A-122°0D & 5 i
BiZ18Cr-sNiRMOEFEMBEL LCEWSNSB, 18Cr-SNiRMOHFRIE % B LU TFig.1-5
KRT A, ZOhiZid150r-10N RB AR L T 17-14C0uMo 2™ (AFMEEIF 17Cr-14N1 TH 3
A, BRTECCrRISBLUTIRUTCHERAINSZIOTIS0r-15N R E UTDEETNB)B LY
Esshete 12502V D HBRIEHO DO TRLURE, TOHD» S 18Cr-8NiRMD h Tk Tempaloy
A-IPBROBNHFARCHEET R BN B,

150r-15Ni% gl 18Cr-8NiRMIZ LR T, CrEZRU, NiBE2FEDTF—XFF 1 NEBKR
REIEESEBLLHIT, No, b, TIiBXUEZDMOTKEHE MU TABIZHRBE LB 2K



A

ThH3. CNSERMAERT B 17-14CuMoB X ¥ Esshete 1250 DAL M4 1 Table 1-1IZ5R U 7248,
N5 DMIZANILI(15Cr-15Ni-1.5Mo-V-Nb-N) 25>, 15-15N (15Cr-15Ni-1.5M0o-1.5%-Nb-N) 28>
X U* Sandvik 12R72 (15Cr-15Ni-1.2M0-Ti-B)27? X< &SN 15Cr-15NiRMTH D, BW
BERBEZAELTCNS, INS50150r-15Ni REMD hE X 17-14Culo S{LF R4 D B#EL B &
CRETOLADHEBR L >TREVALRRBEZBEVIVIRDIIERESERES SV
AR SMEBLUVTIROBEEHREN TV S,

15

Allowable tensile stress (kgf/mm2)

!
600
Temperature (°C)

Fig. 1-5 Comparison of allowable stresses for
18Cr-8Ni steels and 15Cr-15Ni steels

20-25CrF —RFF 1 MR CR30A28, Gradell 2?2 D &I a@\Cr-ENigHikboosBaE Iz L
RTEUVSLENLMEER AL BIUMAEIBREERZELUTCWEY, H#ELHITEBELCS
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Fig. 1-6 Comparison of allowable stresses for 20-25Cr
austenitic steels and high Cr-high Ni steels
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Fig. 1-7 Effect of temperature and SOz Content
on hot corrosion loss in 17-14CuMo and HR3C
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Fig. 1-8 Pitting corrosion zone in terms of SOz and 0z content for
17-14CuMo chromized and TP347H chromized
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Fig. 1-9 Relation between grain size of 18Cr-8Ni
steels and the steam oxidation scale
thickness after 27,971h exposure
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Fig. 1-10 Relation between allowable metal temperature
at 5 kgf/mm2 of allowable stress and relative
material cost
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Fig. 1-11 Allowable metal temperature at 5 kgf/mm2
of allowable stress as a function of Cr
content in alloys.
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Fig. 1-12 Operating cost of power plant

- 16 -



—HFig. 1-133® T K ARES SV bW H-TWEREDOREERT Y, EFHXEEAN
FAEUTAESRNEBRZHDZ RO, KORBESSVMIABRBT SV MHRADEBEREPA
HELDBWEANRI -V R>TETED, JV—TOARTRIBEFVEE LV ZBEOHE M
TEHEMICH B, £hFig. -4 KERBNTHFELU ELEGENEZ 7 FOFKRZRBLR
HBODTHB39N, WFELETZ7I2VFORFIVIBFHEIIEY—2IEL, 200FHOXKESR
BREBNFELERBURSSVRTCELRDONE, COXIREREIRVERBENTS,
ITNBLEINBEHDTHD, COXIREFMAITIVMNCLEOBBRREGERZBENWE LIRS
EBEbn3,

Pumped hydraulic power

Pondage
hydraulic

f

EE Medium and small
S % capacity thermal power
(<3}

o .

. Hydraulic

g pumping

2 power

©

[ge]

(@}

-

Large capacity thermal power

Nuclear power

Rup-of-river hydraulic power
0 6 12 18 24
Time (h) ~

Fig. 1-13 Power demand variation in a day and the roll of power systems
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Fig. 1-14 Steam generator aging profile

Table 1-2 Damage factors of boiler components

Damage factor
Components i ] }
P E:(eeig/rupture (’;?ﬂgéglﬂ?étigue Corrosion Erosion

Drum — O A —
Header @) O — v —
Main steam pipe O ) —_ —
High temp. reheat pipe @) O — —
Circulation pump — O A —
Economizer — O O ©
Evaporater © O O O
Superheater © '®) © 0
Reheater © o) © O
Stub tube @) © o) 9)
Support metal FAN © o) _

Degree of damage : © Severe

O Fairly severe
A Slight
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Fig. 1-16 Creep swelling and microstructural changes occurring
during life of headers and piping systems
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sHe P RED BT,

$Cr-2MosHB I TIRASAZHMBFL UTHEOFEHERZZALTWE Y, RHRHERROH
BELZHSPRIZLDODRIFHRE> TERTHEASNZERSR, BRBAFTZHAVTAR
BT o T® P, E2120r-1Mo-1W-V-NbSIZ R S FSHE & UTHRIEBR S Zd D TH
D, ERAXEIPRWY, I~12%CriiOFTROBEN S MAESEN TN B DK
NOB#RE, BRETL VTSRS BNFEASNhZILEZIGNBDT, EAKFMOZDITE
BMTBRBEBIVUBRBELUC I EHMEHIhRHRAEOREZLLEZERE VRS,

FH2f HRAMBIUERFAH

9Cr-2Mog X FAFNA9E S AR K NEBRAR I SOBRRB IV BERBITEE VAR ®
U, 1¥H, 24H, FHBIXCFHRHEE L2, TRBEMGETHFRCEFL 2484
AIFHERURER, HELVTHERZIT R >R, —F120r-1Mo-1W-V-NbgH IXFRFI58%E 6 A &
MURSSOBHBELICERBTEEVCARPHEL, | FHERAURBEELE, £
T D IC0r -2Mo 82 TPI2IHB X ' TPI4THE L W HFT It £, ¥ L, MU FEHLHETTOR
FECEFHLZHEBELE, CNSORRMOARRMLERS % Table 2-1RT,

RBEAASOMKLBERAMOBAEEE Table 2-212, FRHAMOBEAMEBRFig. 2-1
KRd . HBAMBRIIRBRBOLB(RHER) BIXUCFROEI L RBABORLERE
BBFEEUVRTVWERFOI »FiE URY, SKEHRBOLBIRENSEL, €X»r o6+ —257
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FA4 MEBFEREINTVWBRDT, ChEeRAISOERBEZAFET Z120r-1Mo-1W-V-NbEl D & % ##
KU,

Fig.2-2 Itk BMOWIR, FTERRITH, Thr 603 X5 HEHMIIOECHIT M TR,
M EEBFELOIPRIEGZVWETPUIHE DRMBEHRFEEAATVWE, RBRAFR I SD
EHPSRBMU LN, BEELEBEHSART BRORBESHE, JERR, o v VU —
BRERBIU IV —THERBRZEREIZ L LB U FERBESHGBEBIXUETARAATORARK
DEEBEZITR >R, TNODERFEOHMIERERLIDETHAT S,

Table 2-1 Chemical composition of test tubes

(wt%)
Steel ¢ Si Mn P S Cu Ni Cr Mo W Nb Ti v
9Cr-2Mo 0.07 0.28 0.5 0.014 0.010 0.02 0.07 9.11 2.05 - - - -
12Cr-1Mo-1W-V-Nb 0.11 0.29 0.55 0.003 0.004 0.01 0.20 12.10 1.04 1.07 0.09 - 0.27
TP321H 0.08 0.54 1.47 0.025 0.004 0.13 11.00 17.40 0.16 - - 0.45 -
TP347H 0.08 0.51 1.60 0.026 0.004 0.09 12.55 18.60 0.09 - 0.81 - -
TP304H 0.07 0.41 1.66 0.023 0.009 0.02 8.83 18.37 0.031 - - - -
Table 2-2 Specification for test boiler and service
exposed time for test tubes
Boiler specification Service exposed time (h)
- Type : Forced circulation type + 9Cr-2Mo
+ Maximum : 195 kgf/cm? (Superheater) 1-year service : 8,535
pressure 43 kgf/cm? (Reheater) 2-year service : 16,560
- Steam : 571°C (Superheater) 4-year service : 31,246
temperature 543°C (Reheater) 6-year service : 48,289
10-year service : 79,535
i:ede:gzﬁ:e : 267°C (Economizer)
mp - 12Cr-1Mo-1W-V-Nb
« Amount of . 1-year service : 8,050
steam flow 510,000 kgf/h
- Fuel : Blast furnace gas and oil
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2-year Typical new tube

6-year

Ferrite region

Tempered martensite region

Fig. 2-9 Transmission electron micrographs of
9Cr-2Mo steel tubes

Table 2-3 X-ray analysis of the residue extracted
from 9Cr-2Mo steel tubes

Tube

Substance indentified
M23Cs Me C Fe2Mo

Unused tube

l-year service tube

2-year service tube

6-year service tube

o ss =S e
SH m w ww
RH ms mw ww
SH ms mw ww
SH S W ms
RH S w SS

Intensity of X-ray

S

strong, m: medium strong, w: weak
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UFig.2-15@FN TN 0r -2MoSH L TPICAHD @B —~ Xy — VR BEZ X |y 707 F 54 ¥ —
REsTHMURERETHZ, TPIMITRABCHES KNIV BBEL . VORAHEICE > THM
LTnkds, ICr-2Mo e, RERCVBIVHREBOEBIEASNT, Cr, Fe, 0 WHHEAY
H—RZHEELTNT,

EFREDOKESBAAr -~V 2EBBEICSWTHEERECHE LV, Fig.2-161310% H
HEHC BT 27 L—ANOERERERL R KEGBLR T — LV ERTH, Ir-2Mofl B X ¥
TPRZIHE SRIA 2 BL SR ENTWB I N Do, £ ICr-2Mo NN 2B F 8 —
BRAF— VB EDEIBRFELTCWEDOIHUIPRINTR X — VDA B HEE L, HELT
WBEDHBREDONTz, Fig.2-1TRIIFHOKEKBILAY —VOREHBEZRLEHDTH
5, PRIBVWTEBAY - VORHBEBELTWBE RO RERNAIVXERLES, Wih
DMBELLROMEERX 1/2CEUTE, BEFHIBRAO TR >TXTY —IUHBERELTNWBEOD
Boolk, ERAUBRBEFCLEVWTATY—IVESRHET 3 L ICr -2Mo A TPI0AHB X U
TPR2INTHEARTHRONENDHDTH - 7z,

Table 2-4 Results of analysis of ash and
scale after 6-year service

Analysis Results

X-ray diffraction Na2S0., Fes04, a-Fe,03, Nag.335V20s5, Na,VeOis
Na20 : 14.8 -~ 31.3%
VoOs : 4.3-~7.6%
SO0s : 20.5~42.4%
Fe203: 5.6 ~45.0%

Differential . Melting point : 430 ~505°C
thermal analysis 670 ~ 705°C
825 ~ 880°C
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Scale Metal

Fig. 2-14 Results of X.M.A. analysis of metal-scale interface
of 9Cr-2Mo steel tubes after 6-year service

Scale Metal

Fig. 2-15 Results of X.M.A. analysis of metal-scale interface
of TP304H tube after 6-year service
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9Cr-2Mo TP321H

Fig. 2-16 Comparison of steam oxidation behavior between 9Cr-2Mo steel
and TP321H reheater tubes after 10-year service

s
B - N
1=
%3 [: 1/2 (O
—~ 100 A A
t:f—t’ 50: 0 O
T i Super-
o
5 g | Kbt Reheater
D K A ® 9Cr-2Mo
% o = [ TP304H
=g " . | = . ? TP321H
R (it 5 10* 5  1p°® 5

Exposed time (h)

Fig. 2-17 Relationship between exposed time
and thickness of steam oxidation scale
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B 23 120r-1Mo-1W-V-NbdH D B E 2 (b
(1) #mmER

Wr-2Mo MO PALFHRX I V—LHOEEHRI»SEMIMITRBRIFZHBRL, BHE, 600
CBXU 0 CTIHRARET R -7z, REBBEER Table 2-5 TR T A%, 120r-1Mo-1W-V-Nbs
BI1FEBOEHICK > TERBENEMITERL, MAOAREFETLUR, IREHIIEIKER
TP o, HORIERHAEREMBZSNTE,

Table 2-6 W 1 FEHROEHRMELREAM L EBKUVUTRT. RBRAII V- B XVY

Table 2-5 Tensile properties of 12Cr-1Mo-1W-V-Nb steel
tubes after 1-year service

Yield Tensile . Reduction
strength strength Elongation of area
(kgf/mm?) (kgf/mm?) (%) (%)

Test temp. (°C) RT 600 650 RT 600 650 RT 600 650 RT 600 650
1-year service 40.1 22.7 17.8 67.6 31.6 25.1 32.9 43.6 61.4 58.1 82.1 90.1

Unused tube 44.2 23.4 17.6 65.2 31.7 24.0 25 34 42 66 83 g7

)
S M14

T
25 30

100
Test specimen

Table 2-6 Charpy impact properties of 12Cr-1Mo~1W-V-Nb
steel tubes after l-year service exposed
at various temperature

Charpy impact value at 0°C (kgf.m/cm?2)

Superheater tube Reheater tube
Exposed
temperature(°C) 600 - 565 565 620
- 4.3 3.8 5.0 3.4

l-year 2 sUe 3l a1 4 3.4
service

Rear side 2'2 2’? g-g g.g
Unused tube g-g 18-2 18.?

2 mmV

£

_ ol

55 4

Test specimen
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DORMBOBERT 1 FHEABOERFAMOETN L BERZKTELIEONRP T2, TREE
EBHROFEXIE Hv250 ~ 300 DEBDMETH > 2, CHEBEBROBRME L UTHIFR-2715
CTDRIREBUMICHIETIFES T - 72,

POOCONE mev
N/
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gg 300 Welding conditions
g Welding .
£ 200 ‘/w\“ method © O
Q 12Cr-1Mo- 12Cr-1Mo- Weld;
2 1W-V-Nb —| “1H-V-Nb € aing . WEL MIG82 (91.2)
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w1 mm Preheat : -
a) Similar welded joint PWHT : 715°C
3001 300

200t M 200} »...JW’" &\»\

-
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" IW-V-Nb—~ 9Cr-2Mo 1W-V-Nb ~{ TP321H
§ 100 100
o]
<
= 200r 200
12Cr-1Mo- 2% Cr- 12Cr-1Mo-
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1 mm — 1 mm

b) Dissimilar welded joint

Fig. 2-18 Cross-weld hardness distribution in weldments
after l-year service exposure
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CNR K-> THESNBICHEBERRFEAMOF—INY FRIZSD, 1FHMOERARX-T
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Fig. 2-19 Creep rupture properties of 12Cr-1Mo-1W-V-Nb steel
tubes before and after l-year service (flame side)
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Fig. 2-20 Creep rupture properties of 12Cr-1Mo-1W-V-Nb steel
tubes after l-year service

(3) 4 i

Fig 2213 1 FHEHARCBI 2 EOMB AT RBOXFERBELABZRT, COMHKESR
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e TOHERE, RABIXETILVF VYA FIXERTCSROBMRNENHBESN, MEDHE
RINOWQ MealeTHBLPHREESNTL, ERZDMIT(Fe,Cr)2(Mo, W) 5725 Laves D
MACHFETZLPERINTE, LaveslBA 8 7 =254 PRHRCOIRROMEHM & U THER
LTWB3DOWBHEDONTN, 872531 MBXEPNLVTFUH A I ANADE ST H TR
HMICDBURINBIUNCTH >, COLSREBBIOCHBEMORBIRERMOENT
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Fig. 2-21 Microstructures of T-year service 12Cr-1Mo-1W-V-Nb
steel tube (3ry superheater)

Fig. 2-22 Transmission electron micrographs of precipitates of
1-year service 12Cr-1Mo-1W-V-Nb steel tube
(3ry superheater)
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MELBRBIV 2ABREP SHEURTPUIHE DBERFIE SOV IHERB IRy — L%
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TP347H —+—12Cr-1Mo- 1W-V-Nb

Flame Rear Flame Rear

side side side side
3ry Superheater 2ry Reheater

Fig. 2-23 External appearances of 12Cr-1Mo-1W-V-Nb steel
and TP347H tubes after descaling

B
A : 12Cr-1Mo-1W-V-Nb
B : TP347H
C = TP3Z1H

Fig. 2-24 Cross-sectional macrostructures
of reheater tubes
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Fig. 2-25 Steam oxidation scales on superheater tubes
service exposed at 600°C for 1-year
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Fig. 2-26 Relationship between thickness of steam oxidation
scale and serviced metal temperature
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Fig. 2-27 Distribution of element on outer surface scale layer
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BLIE & El
%1EmbTﬁNkiﬁK:i%%&ﬁﬁuv%%%@ﬁ%%#ﬁﬁbW$f5@%%%
ARNKEBIUOKESHRLENEL UTHSIRODTHY, BROGRFEBAEREEERESS Y
POGBRMBEME UTEEREBMATHZ LEZO0NE, LALINSOEHM ORI HE
HFHLUWEDRZINETCHAEESARL, TOFRBESES IVESENIHERE T >WTH
HURGEEEAERW, IRIFEBRHOBRICLERERF 2B onTEES T, BRK
FTOBBRAEFLHE LM INTWRW, TITCARETR IT-14CuMo B BHE L, AE%
TP3LOSL UCEfE L7 = E% (LI T 17-14CuMo/ TP3I0SEH LRI ) v uv A XEDHERK
EREBXUCERMITESH T W TRHTEY 2 2ok, TOEBRIBII2ERBAZES
BRERBRERA TN B BRBKOENDMHELEGH LD DL TERTBZ LR URY, 253
T, 17-14CuMoZ B4 & UTHD LU ORI OMHBEFHHNOFTROGRBESEL, B
RKOBREEERBES SV MOBRBRBEMLE U CENIRBEHMHETOIY Y OMAES+DT
Bl —EELSZ3 NI A XAESDBEIRZEEIONERDTH B,

B2H HRMBIUOERFE

CCTAWRE_EFI#BRMN T U 2HAERORA L Ly b (N 17-14Culo , 4 : TP 310S )
ZHABRYE, 2V—V VA EAREERBII o THERTABRAEL U THESA LD T
b5, REBLXUHAEWTHERH LR 1T-14CuMo B X U TP310SD L% KA % Table 3-1 WRT., —
HoaeA XERRERODNIBEOHETHEINELRABLETBROHITBRER LT
JOT A ANBLULTHESNLSDTDS, T ROEHERETEEECr, TIVIFB Uil
TYEETOREABRPIIERZEDRL, BROKFZFHIK T TEEMMAL Cr2E 0NN
REXHBERESE, CNEL>TEORAREICHI00 o DREDCrHEBETHRE €
7o

Table 3-1 Chemical composition of steels used for coextruded tube

Steel C Si Mn P S Cu Ni Cr Mo Ti Nb

17-14CuMo  0.12 0.54 0.74 0.005 0.001 2.88 14.15 15.70 1.85 0.33 0.43
TP310S 0.06 0.56 1.42 0.025 0.003 - 20.10 24.75 - - -
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Fig. 3-4 Tensile properties for 17-14CuMo/TP310S coextruded
tube (Yield strength and tensile strength)
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Fig. 3-5 Tensile properties for 17-14CuMo/TP310S coextruded
tube (Elongation and reduction of area)
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Fig. 3-6 Tensile properties for 17-14CuMo chromized
tube (Yield strength and tensile stress)
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Fig. 3-7 Tensile properties for 17-14CuMo chromized
tube (Elongation and reduction of area)
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Fig. 3-8 Creep rupture properties for
17-14CuMo/TP310S coextruded tube
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Fig. 3-9 Creep rupture properties for
17-14CuMo chromized tube
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Fig. 3-10 Sectional appearances of bent 17-14CuMo/TP310S
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Fig. 3-11 Microstructure of cladding interface of bent
17-14CuMo/TP310S coextruded tubes

Fig. 3-12 Surface cracking observed on hot bent
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Fig. 3-14 Microstructures of the surfaces of the chromized specimen
tensile-strained at various temperature (e:strain)
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Fig. 3-15 Microstructures of the sections of the surface cracks
on the chromized specimen

(e:strain, Etchant:hydrochloric acid and picric acid)
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Fig. 3-16 External appearances of bent
17-14CuMo chromized tubes
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Fig. 3-17 Cross-sectional microstructures of bent chromized tubes,

showing the sound chromized layer (Etchant:hydrochloric
acid and picric acid)
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Fig. 3-18 External corrosion appearances of the boiler A
(Etchant:hydrochloric and picric acid)
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Fig. 3-19 External corrosion appearances of the boiler B
(Etchant:hydrochloric and picric acid)
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Fig. 3-20 XMA analysis of Fig. 3-21 XMA analysis of
17-14CuMo/TP310S TP321H tube
coextruded tube

Table 3-2 Analysis data for coals used

(wt%)

Coal msouirsftaucree ég?:;ﬁ:; cFaivf(beodn v:;?’.’t:;le Ash Tog‘ﬂ c g e L (ng/LkQ) (mg;kg) Fezs FT"SEE

I 9.0 2.6 41.9 35.6 19.9 1.63 66.0 4.8 6.3 1.01 497 114 0.98 3.6

§ il 10.2 4.2 53.2 29.4 13.2 0.86 72.2 4.5 7.6 1.10 273 119 0.70 4.9

m Tl 3.0 44.8 32.0 20.2 0.96 66.2 4.8 6.1 1.21 527 132 0.58 5.9
Coal Si02 A2203 Fe203 Ca0 Ti0: Mg0 SO0s  P20s Na:0 K20
1 54.4 22:9 5.0 5.3 1.0 1.4 4.1 03 2.7 1.5
2 I 65.2 17.9 6.1 2.8 0.6 1.1 2.2 0.5 0.5 1.4
m 64.7 20.9 3.6 242 0.9 1.3 1.8 0.4 1.3 1.6

1 : used for boiler A

O and I : wused for boiler B
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a) Appearance of exfoliation b) Surface of deposit

Fig. 3-25 Exfoliation behavior of deposit
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Fig. 3-26 Schematic illustration of the exfoliation
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Fig. 3-27 Sectional views of the deposit exfoliated
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Fig. 3-28 Microstructures of the deposits along the circumference of tubes
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Fig. 3-29 XMA analysis of the deposit
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Table 4-1 Chemical composition of TP316 austenitic samples

(wt%)
Samples C Si Mn P S Ni Cr Mo Ni-Bal. Cr-eq.
Leaked pipe 0.035 0.44 1.78 0.021 0.022 12.90 18.04 2.30 -1.077 20.508

Jamp ed F(’;‘ggt gy 0082 0.39 1.67 0.020 0.024 12.94 17.98 2.35 -0.651 20.432
2amp e ‘g[‘{ggt gy 0-040 0.40 1.64 0.021 0.021 12.57 17.20 2.28 0.074 19.648
Junction header 0.040 0.47 1.58 0.021 0.023 13.16 18.24 2.52 -1.249 21.045
Connecting pipe 0.070 0.58 1.79 0.022 0.011 13.60 15.92 2.16 3.625 18.218

Transition pipe 0.053 0.28 1.77 0.020 0.026 13.20 15.92 2.44 1.610 19.362

Ni-Bal. = 30(C+N)+0.5Mn+Ni+11.6-1.36(1.55i +Cr+Mo+0.5Nb)
Cr-eq. = Cr+0.31Mn+1.76Mo + 0.97W +2.02V + 1.5851 + 2.44Ti + 1.7Nb +1.22Ta - 0.115N7 - 0.117Co

Table 4-2 Chemical composition of 2% Cr-1Mo steel
used for test

(wt%)
C Si Mn p S Cr Mo

0.12 0.24 0.34 0.017 0.007 2.07 0.96
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Fig. 4-1 Specimen and test conditions of Creep damage test
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Fig. 4-2 Appearances of creep damage test specimens
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Welding conditions

Welding

Weldment method Welding material  Preheat PWHT
76309 { 2.4 o As weld or 715°Cx1/2h
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GTA - -
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6TA WEL MIGB2( 1.2)  MNone (RS weld ep TISCx1/2h or
100 100 100, 100
100 + 100 + 100 & 100 4 | + + + 4
TP304H orf |2% Cr-1Mof |2% Cr-1Mo|[TP304H or | €} Pres_s)ure TP321H 2% Cr-1Mo| {2% Cr-1Mo|} TP321H =N
TP321H TP32IH | ooy )
/ / / . / /
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o Air_
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o . , 5 13
< Air cooling 2o kgf/mm2
+ ~
[10] [OIN%)
- O w
@ Room temperature Y [éoom temperature
ElL2 2| =oj2] 18 2]
= 0.5 Time (h) Time (h)
Thermal cycle condition Thermal cycle condition
a) Test A b) Test B

Fig. 4-3 Specimen assembly and test condition
of thermal cycle tests
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Fig. 4-4 Sectional macrostructure showing cracks
in leaked main steam pipe
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Fig. 4-5 Microstructures of cracks in
leaked main steam pipe

Stress
Stress

Fig. 4-6 SEM structures showing creep cavities in lTeaked main steam
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Fig. 4-7 Distribution of creep cavities around cracks
in a leaked pipe
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Fig. 4-8 Microstructures of main steam line pressure parts
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Fig. 4-9 EDS analysis of precipitates of Teaked main steam pipe
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Fig. 4-10 Precipitate analysis of connecting pipe
of turbine valve
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Fig. 4-11 Creep rupture master curve for long-term used pressure parts
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Table 4-3 Creep life consumption and recoverable metallurgical
damage obtained from creep rupture data

Recoverable

Creep life metallurgical
Pressure parts consumption damage

(%) (%)
Leaked pipe 98.6 -
Sampled pipe in 1980 (Heat A) 90.7 34.7
Sampled pipe in 1980 (Heat B) 95.3 26.6
Junction header (ID) 51.1 36.8
Junction header (OD) 38.9 28.0
Transition pipe 83.9 26.8
Connecting pipe 57.1 21.4

(2) RAZMERMBERFE BT 3815

Fig 4-123 R 1 F@MBTEAINRE — X5 F 1 M (TP321H) & 234 Cr-1Mo 2D B M i
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§9,000h fEf N, TOMOREERIILIIIE TS >, SHUREDORRITREERICIEL
hﬁ%%ﬁ%mﬁ%ﬁﬁﬁmﬁmgd<%mﬁﬁﬁﬂbﬁﬁbf%ibtaU—i%%m&é
LEZONBD, Fig d-3REELE (D30 L 24 Cr- 1Mo MEROBEAHE R R L 26D T &
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BERERRZBHI=F+ A by | BEMOBEB AR EANCHABELPTMHhE Loy
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Fig. 4-12 Creep cracks observed in 2%Cr-1Mo steel of dissimilar metal welded
joint used as a superheater outlet tube for 99,000 h at 590°C
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Fig. 4-13 Distribution of micro Vicker's hardness
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Fig. 4-14 Stress distribution at 600°C in creep damage test specimen
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Fig. 4-15 Type B specimen after creep damage test
showing damage accumulated zone
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Fig. 4-16 Cavitations and cracks observed in Type A specimen
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Fig. 4-17 Progression of the cavitation and crack formations
on the surface of Type B specimen as a function of
the number of heating cycles
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Table 4-4 Results of metallurgical examination of the specimens for

the thermal cycle test (Test

A) of dissimilar metal welded joint

S . Dissimilar Wall Welding Heat Test No. of Results of metallurgical examination
pecimen joint thickness method treatment |temp.| cycles
Inconel
(mm) (°C) | (cycle)| weld D303 weld
@ 50 Cavities were observed on the outside,
which joined together as cycles
@ 100 increased.
o
@ %“;55%:0 12 gés Cx%h 166 Cracks were observed on the outside.
As cycles increased, the number of
@ 350 cracks increased and joined together,
Shielded and cavities were observed on the
@ metal arc 981 inside, too.
@ welding
" (SMAW) 166 Cracks were observed on the outside
5?%50%20 5 No |and the inside.
@ 600 350 crack
As weld 166 Cracks were observed on the outside
and cavities were observed
@ 350 sporadically on the outside.
Automatic gas
2%Cr-1Mo
12 tungsten arc = 166 —
@ /TP321H welding (GTA) gés Cx %h
@ Shielded 673°C 166 Cavities were observed sporadically
on the outside.
@ E:%Z}nangAw) I:eii?nh 350 Cracks were observed sporadically on
9 9 the outside.
Number of]
cycles 50 100 166 350
Weld metal
D309
Specimen ) |Specimen @ | Specimen (@ |Specimen @
Inconel 82 No cavities and cracks were detected
Sp

0.02 mm
| )

Fig. 4-18 Relationship between the number of cycles
and the cavity and crack formation
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Fig. 4-19 Correlation between number of heating
cycles and voids or microcracks

Fig. 4-20 Appearance of a cracked joint after 730 cycles
and 20,261 h in the thermal cycle test (Test B)
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Fig. 4-22 Illustration of types of creep damage
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Fig. 4-24 Schematic illustration of replication and extraction method
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Fig. 4-25 Observation of creep cavities on outside surface
of main steam pipe sampled in 1980 by use of
replication method
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7 18Cr-8NI-TIgCRNIBC BN RS RERAMBOESNEZ SN T2, Table 5-2 GHRAMD
SHBEEFERFHETHEN, COSIBFEAICHINEREBIGENEEHEORBHENTRD 2,
INSORRMIZONWT I TR I —THBB L7 Y—TRBEEE LN, 22U -7
WETHBR A ZEER» SBMAMICRRL, EAMEREGLMS2SmOREFERE Uiz, 238
BRETIVFIVERBREZANTARY, FAROEREZEXATRREHIEES R, 12
JV—TRBREOZV —THERRALEABCEERD> SBHFMICHERL, FTARBRER 6mB
KU RS BERE (GL)S0mn& LT 9Cr-1Mo#l B X U 18Cr-8Ni-TiISIIC D W T RBRZ TR - 12,
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Table 5-1

Chemical composition of test samples

(wt%)
Steel Mark C Si Mn P S Ni Cr Mo Ti
AO 0.11 0.67 0.52 0.033 0.010 - 8.02 1.02 -
9Cr-1Mo Al2 0.17 0.56 0.51 0.032 0.015 - 8.22 1.00 -
All-1 0.11 0.46 0.42 0.013 0.010 - 8.74 0.97 -
Al1-2 0.10 0.43 0.47 0.014 0.008 - 8.92 0.95 -
23 Cr-1Mo B11-1 0.12 0.33 0.42 0.011 0.009 - 2.12 0.87 -
“ B11-2 0.10 0.37 0.43 0.008 0.011 - 2.04 0.82 -
S2 0.08 0.56 1.71 0.021 0.016 11.20 18.53 - 0.48
18Cr-8Ni-Ti SH 0.06 0.62 1.78 0.030 0.017 12.43 18.38 - 0.54
S11 0.08 0.51 1.66 0.028 0.017 12.80 18.34 - 0.46
18Cr-8Ni T11-1 0.08 0.50 1.48 0.025 0.011 10.09 17.98 - -
T11-2 0.08 0.59 1.48 0.021 0.015 10.32 17.82 - -
Table 5-2 Dimensions and exposed conditions of test samples
Dimension Temp. Exposed term  Stress
M o
Steel  Mark (mm) (°c) (h)  (kgf/mn?)
AO ] ¢ - 0 -
PP 63.5xt7.0 ---mmmmmmmmmsmemmmmmemmee oo
orme M2 R 120,000 o ...
All-1 8540 £6.0 600 110,000 1.3
Al1-2 R 580 110,000 1.3
Bl11-1 954.0x t11.8 550 110,000 4.7
2%Cr-1Mo  --=--
B11-2  954.0x t10.5 520 110,000 5.4
2. - 20,000 - }
18Cr-8Ni-Ti S5 ¢54.0x t7.0 - 50,000 -~
S11 - 110,000 - )
. T11-1 620 110,000 3.7
18Cr-8Ni  ==--- $54.0x t6.2  =---mmmmmmmmmsommo—mmememo—ooo-
T11-2 590 110,000 3.7
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TRHNERNTEBEMHHBEHAERFENINDO IV —FF— RS — P DF—FN Y RERFER
MOF—2 e UTHELUR, Cr-1MofAOBHE, REMERMO I Y — S RERE T RERM
WHARTETVL, TROETEREICEKETCTER-—BCThoR, 24Cr-1MofHDOERHER
BOJY—THRBBER O CTBIZITENORBRTRREAMOF AN RRAELT
EEHDTH-o0d, BEBIVELEITORBRTIBEE TS L, 650°C, 4kgf/m>T
BEOCETIL<ADOI R s 2,

Fig.5-3 B XU Fig.5-4 T EFNEN 18Cr-8Ni-TigAB XU 18Cr-8NiSRD ERMER KD I Y
— VBB RBREREENRINIY —FF— R Y- DF— N R D EHITRT .,  180r-
Ni-TiDHE, ERBENTRIRERMTCHURTHREIPLPRDKESETUREY, BREGH
TRREAMCHENBEOCETIAON R >, ZhITH U TI8Cr-8NiIgADERMERZD
2V —THRHBEIRFEAMOF —INYERRES > 2, GR, EHHEACEIBRECE TN
RKEWHEmBSA LGN,

BEORERD»S, REMERAICEZ 7Y —IHBEEOERERI IV -TRERBROBES X
CIEHEERB BB B o72DT, FHAMO IV -THEMABRERES -V Y+ 35—
NIA—FEORX>TERBL, IGHE2YV—THNBaPEBERLOPKRERZRDBLITL
e TCTCWA(ILI—V Y e IF=NSA—F(Pu) LOMFBEB(IRD 2K)ERAL
UTERDU, 95—V Y+ I5-NIA—FBHE(Cun) E(DROELBRBEOBEBEZ FRLOK
PNZFERZ K> TRD 2,

2
Pou=2Za; (logao)t (1)

i=o

22T, Pum=(T+273.15) (Cum+ log tr)
T :HBREE (°C)
o BRBRIEDH (kgf/nn?)
ai: 2 RERADIKDOERE
Table 5-3 ICABRMD F—V Y + IS—NIA—FEHK (CLw) & 2RERDHEEK(a0,a,,

Z
R)ORBEMEERT., RKEKINSOEEZAVTHELVRRERMLERMDO I Y — S BIEHE
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Fig. 5-1 Stress-time to rupture properties for long-term
exposed 9Cr-1Mo steels
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=
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2 6f .,
5 %,
2t A ~600°C
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2 PO | 1 1 L 1 L
10 102 103 104 105

Time to rupture (h)

Fig. 5-2 Stress-time to rupture properties for long-term
exposed 2%Cr-1Mo steels
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Fig. 5-3 Stress-time to rupture properties for long-term
exposed 18Cr-8Ni-Ti steels
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Fig. 5-4 Stress-time to rupture properties for long-term
exposed 18Cr-8Ni steels
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Table 5-3 Larson-Miller parameter constant (Cwv) and coefficients
of second order by least square method

Mark Steel Cim ag a, a,

AQ 27.2 3.09 x 10" 2.82.x10°  -2.78 x 10°
AL2 SCro Mo 20.9 2.47 x 10" 22,53 % 10°  -2.74 x 10°
AL1-1 21.1 2.44 x 10" S1.70 x 10°  -3.16 x 10°
AL1-2 23.1 3.13 x 10" -1.43 x 10 1.96 x 10°
S R 19.5 2.09 x 10 3.40 x 10°  -5.44 x 10°
Bl1-2 % 20.0 2.28 x 10" 2.94 x 100 -3.47 x 10°
52 24 .3 4.19 x 10° 4.95 x 10" 2.60 x 10
s5 18Cr-8Ni-Ti 15.8 1.82 x 10 4.16 x 10°  -4.53 x 10°
511 14.3 1.56 x 10 8.05 x 10°  -6.71 x 10°
T11-1 . 29.6 3.21 % 10 6.52 x 10°  -6.90 x 10°
Ti1-2 18Cr-8Ni 27.4 3.00 x 10" 6.00 x 108  -6.58 x 10°

P = T(Cw + Togty) x 103
Pim = ao + a1logo+ a»(logo)?

Pwm : Larson-Miller parameter, Ciu : Larson-Miller parameter constant
T : Temperature (K), tr : Time to rupture (h), o : Stress (kgf/mm2)

DEPSERBERICXZ 7Y —THHFRHEBEZRDO., RBERXEAMT -0 24
Cr-1Mo#f, 18Cr-8Ni-TiglH& X U 18Cr-8NiIgH I DWW TR R LMD E B 3 2D NRINF — &% &
—rOEREZRERAMT -2 LUk,

Fig.5-5~ Fig.5-8 12 9Cr-1Mofl, 2% Cr-1Mo8l, 18Cr-8Ni-TigH B X U 18Cr-SNigH D BB
MERICXB3 7Y -JHEBEMBEBRLEDLEOMBEZRT ., WCr-1Moglio 7V — W7
BHBRIEHIPENELREL, FAREBIXCGEINENEN 600°C, 2ket/m2TdhH -T2l
TRLIDRHBETOFHMPEBRIBZATHIONE2E, FHEHAODENWIZOWTASB L 580
°C, 110,000hMEAMOFRBERL LN EOMHBRPBOERAEHO DL ER S RERZRL
i, TOREO— X Z0RRMOCOrENMBITHEXRTEWRY, {LFESDENEEILGN
3,
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Creep Tife consumption rate (%)
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Fig. 5-5 Relation between creep life consumption rate

Creep life consumption rate (%)

~and stress of Tong-term exposed 9Cr-1Mo
100 T T T Y
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60}
401
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—|—1] 550 110,000
—-———- 520 110,000
O0 2 4 6 8 10
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steels

Fig. 5-6 Relation between creep life consumption rate
and stress of long-term exposed 2%Cr-1Mo steels
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Fig. 5-7 Relation between creep life consumption rate

and stress of long-term exposed 18Cr-8Ni steels
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Fig. 5-8 Relation between creep 1ife consumption rate
and stress of long-term exposed 18Cr-8Ni-Ti steels
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Table S-1WRURKICHAMONIEB XU CrBOXRR kB2 EX6N35,

18Cr-8N D RISMEM %D Y Y — S W H @ 215 2 OBFEHRHI X 5T BEA U T
BD . BHHES BB BRI WEEREREROCET Uk, % 08T ORE 5 E (620°0)
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Fig. 5-0 B XU Fig.5-10 TN EH ICr-1Mogl B X 0 18Cr-8Ni-TigllO 2 YV — 7 HB B R T
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Fig. 5-9 Creep curves of 9Cr-1Mo steels
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Fig. 5-10 Creep curves of 18Cr-8Ni-Ti steels
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Fig. 5-11 Relations between creep rate and time
for 9Cr-1Mo steels
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Fig. 5-12 Relations between stress and minimum creep rate
for long term exposed steels

10° - or Er 11.b
[ Test temperature : 650°C T <O
. [ " Er g8l
= r
> !
~— _1_
| 10 i Er o 0'12'9
LL)|-I—’ 3 r
™ (]
HJ
]
o L
o
S 107
D_ o
©
° I
S
o | ]
) Exposed y
g 10..3-_ Mark| Steel term(h)
| |—O— 0
3] -
E | [me=] 2010 155, 000
—0r— 18Cr-8Ni 20,000
| {2 350,000
=ode = 110,000
10—'4' a1 1 i TR W 1 L Lo
1 10 100

Stress : o (kgf/mm2)

Fig. 5-13 Relations between stress and average creep rate
for long term exposed steels

- 116 -



FHIY—THE (eo/te)) LRIV —THE (e )2 OB —BIZKOBENED o
eBmenctnag®, ¥rbs,

e c/te= Cot (4)

U UERMERMCBISREOMBRREAMOFT—2 XY RRIKHD, EBBERR
B3 E AR EADONRL o, TRTHHEOUFRINEE, FRLAAOEREV T X THENLITALES
N, FHIY - SHEHELRAI Y- TRELOMEBERBUTKRTEDEINS 2 L34 -
.

0. 68,

¢r/te=1.4 en (5)

Tabs, OATBYBERBICEREIRFEAHCEONZODD LIFERIUVETD -
2,

RICIRET B R (L) & IR 2 U — T BHEAWR R (1) 2 O B Fig.5- 1412 R T . — AT REAM
DOMEZ Y —F Y (tn = te-t) FHBHEMO50~60%TH 21008, RroN3LdER
HERMONE I Y —FHME NIV EL WU TH -7z, o TEBRBMBERMOI Y —F
BEREFARELRBBETHEY, ME2 YV —FHHEMICERE RS MEY YV — 7 Bl
SMUTHRBBMSEL 232E2603,

10*
- Test temperature : 650°C
r 9Cr-1Mo 18Cr-8Ni-Ti ’(4(
™ Exposed Exposed ’/QrLQOO X<
Mark | perm(n) | ®2 ) term(n) Q2 u@’\%\ xX
= L o [ o [ & [ 2000 ’“:J\‘\”//Q)QQ Q.,\o’d
~ A | 50,000 W L)
Y- ® (120,000 A 110,000 K’Q\
o+ 103
o 3
C -
c a A
c o
o—
[ @) 35
o o -
oD //////‘
O &
35 107F /ﬁ>f
= i
w +
=3 [~
-
— + B
| term of tertiary creep
tm = tp - t2
101 1 i L L1 1 1 L
102 10° 10"

Time to rupture : tr(h)

Fig. 5-14 Relations between time to beginning of tertiary creep
and time to rupture for long term exposed steels

- 117 -



gag & B

B1E J7V-T7BHRRCIZFGHBEOHET

— I, REAMERFHMERMOI Y —IRBKBH - E IR ZHEELUEHESKDOIAED
BhHd, Thabb,

A, EBMERAMOI ) —THEBH - EIBRROBEBRERME XD &1,

B. REMERMOI Y —IHKKEH - CHEROBEESRFERM AL,

(. EHMERAMO Y -7 RN -G IRFOBEE B RERM XD K,

T, COIBONKHTEIHFMBBERLIGCHEOMEZERNMICEIRYT 5 &Fig.5-15D &
IWRB, I ROBADBATIELCHAURBITZ2FSRBBEN NS, HIXC DOHHTIFEIS
AR BT 2HRBBRIAELRE,

100
Slope of time to rupture — stress diagram
. A : Smaller than unused steel
= B : Same as unused steel
% C : Larger than unused steel
S
.g C;
.E)_ ————
£ B
>
(%2}
<
Q
(8]
&
Q.
@ A
~
(&)
0

Stress (kgf/mm2) ——s

Fig. 5-15 Relation between creep life consumption rate
and stress of long term exposed steels

- 118 -



BT, BIEHTTODIZY —T3IRHADBENOIRDIZETS HNERP IR TD
BTV DI UEE I TRNRRESEhERD, 2V —FEILDOHKE, H#RE'D 19
Ko TV - HESETT S, ERENFATEBTI3HEHBOE L FANRBEOMERZE
REICFig. 5-16IRTH, HATRFMWHBEDOLEHWCAHEMOER, BE, HAL¥4E
U, ZRBEOBBIIBVWTRIFEMEBHLEORTEANOHRERY VEORMMORBITSED
5&%26&50%ofﬁﬁ@ﬁU—f%ﬁ@ﬁ&@%ﬁﬁ@ﬁ&@%ém%@ﬁk%<,%
ﬁ%%@@ﬂf%oféﬁmﬁﬁﬁfﬁ%ﬁﬁﬁzﬁk%<*®6nét%k6ﬂ%°ikﬁ
BHRBROBECIEGRBORPC BN THEARBRSAECRDONELEX 6N B,

TITHBBBER-LIRROARIEZROFERLAHCB T2 HFHNERHE¥ O3 & &
A, TOLE% Fig. 7-T~Fig.7-10» 6 —~RkEARIC X >TkRD, TNEHEAZETTCOHFSN
BELOMBRERDRL I AFig.5-1THB oML, Chi A3 LEEB IV ERL&EORNE
BMER<EETHMBENEZ N5, #oT, HBOFARBE-EHENOARL &
wik?n@%ﬁ%ﬁmﬁU—fﬁ%%ﬁ@ﬁﬁﬁﬁ%%?&<mb,iﬁ%ﬁ®?~&ﬁ$
HATH-oTHHALATTCOERIWRBRERDBZI LN TEZLEXIONS,

100 ———
// ]
"Life consumption
rate by low-stress
rupture tests :
oy "Life consumption rate
~ by high-stress
g rupture tests , ;
[1o] P
E . . .-
s Metallurgical damage -~
in matrix .
‘ 22
y -
~=” . Metallurgical damage
- L
0 f:::—””’ in grain boundary

Time (h) —

Fig. 5-16 Relation between metallurgical damages
and creep life consumption rate

- 119 -



20

- 0 9Cr-1Mo
2 ®2%Cr-1Mo
4—, .
g 158 A18Cr-8Ni-Ti
g ': 4 18Cr-8Ni
Q o~
= _
= 10F o
— Yy

o

A4
o X
vy ~~ 5_
£s ¢ o
wn -
Y- g A
o =
W © OF ® 9 a
D._S ® o
S o >
vy =

-5 ] 1 ] ]
0 20 40 60 80 100

Life consumption rate at exposed condition (%)

Fig. 5-17 Relations between Tife consumption rate at exposed condition
and slope of stress — life consumption rate diagram

BSH El

REARA S TREBRMBEHINZHEM 2RV T2V —THRBERBRBL IV —TRB2E
WL, 2V T BEOELZHETZ LB FBEBEOHET L I Y —TEHITOWTHREEL
RRER, UTOZ BBk, $RDB,
(1) REMERAMOZ Y —FHRFREIREAMCLEXTET LT O8RS, 7V —
THRERRERZOLEFAHEBR - CHEROBEEZRDB LI LT, REAHORE
BARHATH > THHNRERLVEZCOBELEAXMGRTBI B 7V — T BEFRBELL OMR
POo—HBPRXHFRBERZRDBZILBTEZLDODRBLZHER,
(2) REMBERAR X > TRMNIZV—THERETREL oW, REAMICETHESZ Y
— 7B IR RS, RFMEAMOBREHBMEMEZ Y — 7SN ERT 5 DR
H<rsEXONT,

- 120 -



&% XM
1) ZFEmMKX, FEHHAA - KOERFHRE, 29(1977),175

2) fTEREK, HNME Gk £EE, 18(1975),213

3) MEBBTSBEM BT ER - NRIM Creep data sheet, No.3A, (1976)
4) ibid, No.54, (1978)

5) ibid, No.4A, (1978)

6) F. R. Larson and J. Miller: Trans. ASME, 4(1952),765

7) F. Garofaro : @BV —7OHKHE, HE, HE, (1968),103

8) F. Dobes and K. Milicka : Metal Sci., 10(1976),382

9) HAT %, HEFERX: KDERFHRE, 31(1980),901

10) #HF 5, Fimse : sk 8B, 65(1979),831

11) L. Bendersky, A, Rasen and A. K. Mukhevjee : Int. Metallurgical Revue,
30(1985),1

12) iRk, KHTH : g2 8, 53(1967),S8567
13) Frafci, HdhFHigE, NEHIEWR, REER, #HF E: 828, 71(1985),5114

14) SHEMER, 43K, LBEHW, FOLOME: 48, 71(1985),8507

- 121 -



H5E ERNEENSEOESEDEL -

B El

BETHRAZAT U A4 T CEHRMEASW 2XEAMBEMCINETCRRRZES> CER
MENMETIBREDEALNZSONEN, BESHLOETREO R THBELASEL B L
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HEPS 7Y —THOHEBEATODVTRIEBBZLOWMESREINTEY V-2, R
OHEEHVGEMREDOTHEGL 7V —TEHLoMPBR >V T B2 DHMESEShTW
59, UPUEBTRBHMERINRI Y —FHBESREL HH OBGRTOIT LMD 2
<, ERI2V—THEBEORE, EFRORTF L UCHGEELLRP LS X, FHaBEBLOMERELZRL
RHDRELAERW, TITCICTRERTCEBMEASNEIY —THEEBEECORR S
TPII6RI RS L XML 14Cr- BMoSIZAWT, HIx2Y - EE0RTFL UCEEREG
EZBREL, TSR 240 - 1Moz AVWTERETHHB IV 7V —ThBiLERARL O@
BELZRAL, HFRBBLOMBRITOWTHRH L,

Bl HRMBIUVERFE

CCTRAKIRBSI VP THASNEMERM L EREFTATIHRERL-EEM, Ti
DERHRRAE, 7V - BRERARFBIC Y - hRBE2HBME U, EcHE
ENTEEBMEETBRRZTPISHEIF VLM @ BEUERMBEHFED 1%4C0r - 1Mol
THD, INODEHSI® Table 6-112RT, FRBEHRBRBLU IV —7HERIT X Table
b-1DTERIZHRIMERDD 24 Cr-1HoslZ W 1=,

Table 6-1 Chemical composition of test samples
(wt%)

Sample C Si Mn P S Ni Cr Mo

A(Leaked pipe) 0.035 0.44 1.78 0.021 0.022 12.90 18.04 2.30

B(20B) 0.046 0.36 1.69 0.019 0.011 12.67 17.49 2.47
1% Cr-% Mo 0.09 0.67 0.49 0.006 0.017 - 1.28  0.53
2% Cr-1 Mo* 0.12 0.21 0.43 0.006 0.006 - 2.50 1.07

* Test sample for aging and creep test

- 123 -



Fig. 6-1B KU Fig. 62 ENETNHYHRBAFBIT 2V —TBEHRABFOBR EHEEZE

WEZRT ., 7z Table 6-2 B XV Table 6-3 WHHRBRBIVC 7Y —THBRABOLKETH
5, RHABRBIC 7Y —THEBHABROKRBIEEL 600°CB XU E50°C& Uk, Rk
BHABROHA, RES, 0000, 7Y —FREARTIEIKELIIT.OTCH > Tz, RBRBEOBAM
KOWTREBESFPEBRBT XM EDB IO ENBEOBRERITR 2,

25
| s
\
Sample
0, 150 a) Interrupted specimen
20 :
o —— 0
i <
Sample Sample
b) Ruptured specimen
Fig. 6-1 Shape of aging test Fig. 6-2 Shape of creep test
specimen and location specimens and location
of sample of sample
Table 6-2 Aging test conditions
Aging temperature (°C) 600, 650
Aging time (h) 1, 3, 10, 30, 100, 300, 1000, 3000, 5000
Table 6-3 Creep test conditions
Temperature Stress Interrupted time Time to rupture
(°c) (kgf/mm2) (h) (h)
10.0 200, 250, 300 412.5
600 8.0 500, 1000, 1500 1638.7
6.0 4000 4077.6
650 6.0 200, 240, 360 , 410.7
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Grain boundary

Sub-boundary

A : Matrix

: Grain boundary
: Sub-boundary

b) Sample B (20B)

Fig. 6-3 Transmission electron micrographs of as-exposed
TP316 stainless pipe B

- 126 -



A : Matrix
B : Grain boundary
C : Sub-boundary

Fig. 6-4 Transmission electron micrographs of resolution treated
TP316 stainless pipe, sample A (20B)

Cr concentration (wt%)

AN IV IV
— =N
[ex ) =N

a) Microstructure b) Cr concentration map

Fig. 6-5 Cross-sectional microstructure and Cr concentration map
on the outside of TP316 stainless pipe, sample A (20B)
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Fig.z6—6 Distribution of chemical composition, Ni-balance
and Cr equivalent
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UN—F A MEBTHED, BAEBRCRIBERHNFRTEABEL TV ZONBEINT:,
Fig. 6-8 BX U Fig. -0 ZNZNHL SV ¥ BEUOEELX»ANCEEETEMEBIIIY &
MEXBT2HEMEGENEELHRELbDTHS. HERBEIHBEH/BER BT
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HAZ Weld metal

Observed
L——J Tlocation

Fig. 6-7 Optical microstructures of dissimilar metal welded joint
(1%Cr-%3 Mo steel)
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FE

Sl CRA EE M0

Lﬁj X A 4
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(Heat affected zone) (Matrix of ferrite (Grain boundary
zone) of ferrite zone)

Fig. 6-8 Precipitate analysis of a 1%Cr-%3Mo steel
service-exposed in dissimilar metal welded joint
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Fig. 6-9 Transmission electron microscope structures of dislocation
in dissimilar metal welded joint (1%Cr-3Mo steel)
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Fig. 6-10 Stress-time to rupture property

a) 600°C, 300h b) 600°C, 5000h
c) 650°C, 300h d) 650°C, 5000h

Fig. 6-11 Transmission electron microscope structures of aged specimens
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a) 500h (t/tr=0.31) b) 1000h (t/tr=0.61)
c) 1500h (t/tr=0.92) d) 1630.7h (t/tr=1.00)

Fig. 6-12 Transmission electron microscope structures of specimens
interrupted creep test at 600°C and 8 kgf/mm?
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a) no stress, 1000h b) 8.0 kgf/mm2, 1000h
c) no stress, 3000h d) 6.0 kgf/mm2, 3000h

Fig. 6-13 Transmission electron microscope structures of aged specimens
and interrupted creep test specimens at 600°C
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Fig. 6-14 Relation between spheroidizing rate of
grain boundary precipitates and aging
parameter (T:K, t:h)
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Fig. 6-15 Relation between relative amount of M¢C and intercrept
time rate (tj/ty)x100 or aging time rate (ta/tp)x100
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Fig. 6-16 Element distribution in the region of grain boundary
in interrupted creep rupture specimen (600°C, 6.0kgf/mm?x3000h)
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Fig. 6-17 Element distribution in the region of grain boundary MsCs;
in interrupted creep rupture specimen (600°C, 6.0kgf/mm*x3000h)

Concentration (wt.%)

5
OCr
® Mo S MeC |
4F AS
;Kb
3F \ |f1
/ ¥Q!
," >
% : ‘
¢ l
) 1
/ A \
1 / \
“" . . ‘
[ooet NN ot
0A y N S— WA )
600 400 200 0 200 400 600

Distance from grain boundary (nm)

Fig. 6-18 Element distribution in the region of grain boundary MeC
in interrupted creep rupture specimen (600°C, 6.0kgf/mm*x3000h)
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Table 6-4 Chemical composition in precipitates extracted

by replica
(wt%)
Precipitate Fe Cr Mo S
MeC 23.03 3.32 68.37 0
M;C3 27.13 65.13 7.72 0
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B2 HHHE X CERSE
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DERKE P THB, INOSOAFERD%Z Table T-1TRTH, 2V —FHERBICX -
TROLFEQWUBRIFLIECTCRRZ LI 18D2380.2%, 20BA588.8%, 25BA73.4%THh
ok, BRTEHIHBREOEBEBLLORDIEEIHTRRBFHET I - TALTRBESHGR
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Table 7-1 Chemical composition and creep 1ife consumption rate of
tested samples

(wt%)

Sample C Si Mn P S Ni Cr Mo

18D 0.044 0.40 1.86 0.020 0.012 13.02 16.68 2.36

208 0.046 0.36 1.69 0.019 0.011 12.67 17.69 2.47

25B 0.055 0.36 1.78 0.021 0.012 12.95 16.32 2.30
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Fig. 7-1 Functional diagram of CMA
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Fig. 7-2 Concentration profile
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Fig. 7-3 CMA analysis of the sample with precipitates
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7-4 Cr concentration spectra of long term
used TP316 steel (20B)
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7-5 Mo concentration spectra of long term
used TP316 steel (20B)
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X(C)=K; exp {- K.(C—Cav)? } (2)
T, X(C) : HHEE (%)
C I E (wt%)
Cav: FHRE (wt%)
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Fig. 7-6 Cr and Mo mapping in long term used
TP316 steel (20B)
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Fig. 7-8 Mo concentration spectra
used TP316 steels
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Table 7-2 Spectra analysis data for long term
used TP316 stainless steels

Spectra analysis data

Sample Element
K1 K2 Cav
18D Cr 8.525 2.463 19.916
Mo 11.401 5.292 1.925
20B Cr 8.040 2.184 20.033
Mo 9.070 2.544 1.613
058 Cr 8.962 2.551 19.085
Mo 11.740 5.450 1.856

X(C) = K1 exp {-K2(C - Cav)?}

where  X(C) : Area rate (%)
C : Concentration (wt?%)

BL2E cHOMH

cHEECFellre R 52 ¢RBHMILAH (FHFL, Fe:Cr=1:1)Td D, XFNEHB
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MIZX>ToHHZAARERZAMULCHBEERERORE X, I RODBNNTEELET
MOBHBERSXVCBEECX>TEAT 3. TITETHROBHERZ 0,204, T BHE
FEZ20kVE L, AHBEROASSAZELICCoHRABEROCHEERPRESET X 5 TR
DRl BTable 1-IRRTHEESBONE, COERP»S cHZAVHEHBRPORET S HHE
XBOBMATEHZEZRLUToHIT BT B Or REOTRMEZKRDZ L lun X lan OFA
24.15wt % (XEREX D A A BRM, 50msec), 4pm X S5um DFA 22.67wt % ([M100nsec), 8un
X10pum DA 20.88wt % ([F100msec), 40pm X 50 um DOHA 20.62wt % (JF100nsec) & &
D, 40pun X50pn OFARTETHRENFHEOCHRELTIERY, cHODHBER ERTHE
THBI BRIz,

Fig. -9 R HBHMOFHBMBECETHRZRAE L, 4on X SpenDEHBECBT S r REOT
BELEOREZRTEBRY cHTHZ L UTEDHNZHATR R (oY vy E YIRS
DCHB, COFFERXE>THEWEHRIZTBT S clHODHZBEHRHBIENTE S,
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Table 7-3 Cr concentration analysis data in the peak profiles

from the matrix with o phase and without o phase
as a function of analyzed range

(wt%)

Analyzed range with o phase without o phase
1 ym x 1 pm 25.24 20.43
4 ym x 5 um 23<21 20.63
8 um x 10 um 21.42 20.81
40 um x 50 um 21.16 20.92

Fig. 7-9 o phase mapping in wide range for
long term used TP316 steel (20B)
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Fig. 7-10 Creep cavities mapping in wide range for
long term used TP316 steel (20B)
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Fig. 7-11 Relation between CMA analysis data
and creep life consumption rate
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Fig. 7-12 Relation between area rate of o phase
and creep life consumption rate
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Table 8-1 Chemical composition of test samples

(wt%)
Samples C Si Mn P S Cr Mo
A 0.11 0.36 0.45 0.016 0.012 2.12 0.92

0.13 0.29 0.46 0.012 0.012 2.12 0.96
0.11 0.36 0.43 0.015 0.009 2.14 0.97
0.12 0.31 0.42 0.011 0.013 2.12 0.9

o O @®

- 157 -



ﬁﬁMM%mmw%¢%%§?5u%¢7U—fmﬁﬁ%%%mb,79—?&%%@%%
RhREH, Fig. -1 It HERAERBRAIBIU 2V —THMRABRFORMEHEZ RTINS, 7V
—7RBRBRAFICBNTE 2UCr- 1Mo B ERFPERVABRFOBRIIZBE XDV,

BEMBHEBFTIF—XFF A FAL MO RBROEITEE T Z2HICHBEE U
AU, TR > TCrMofll O B ERFERT 7V —THESERLTWL Y, COBBOEE
WRERFERONBRL X > TERENDZ, TITZ7YV—THHNRBROKRE, ROFEREED
REPSRHERHM DX OWTEDRERFOHRZOLRE A v Va2l R -T, BRE
RECLBENBHZITRY, TOBRIHLEIWTEA Yy Y2 NOFRBEBER Y -7 H
FRBHEBEND (BEENT) TXoTRDRz, Ko7, TITR IV —SHEHESLBERNT
REoT 2 BBEOHFRHBESRDONZ Y, JV—THEHABRCIZEIEOEFaHERL
ZAONB, TITCO/V—THRHRBRE X > TCRDHFRBBRLEBEERTC I > TkDREHE
MEBRZHBMENTBER WS ®, BBV C X3 ERHTORBRECODVWTIKRNE 21T R -
2,
HEETOFERHETERNL LA THD, CMAIZ X B0rB XU MoDIEE XX ML DA
’Eﬁfxtf\ﬁz{b%@ﬁﬁﬁkﬁ')—7‘%?L®ﬁﬁ4k%@§)§§%ﬁtcoT:O 2B, C(MAIZ X 2Tl
BATBELIREY -7 T A WOMIT TP A —RXFF A FATRASNRD o Tz Holl
BARI M VOBBREMNTOT7 > VOBEKTHITIR - 72,

HAZ samples Fusion Tine
Base metal samples
Creep rupture Weld metal (D309)
specimens ,//M14
r-=- S A— 1
! \ i
Lo e PREPENRN SR 77/ ufii.\ S— | R EP i
2%Cr-1Mo TP321H
HAZ
17.5 | 7 25 71 17.5

Fig. 8-1 Tested dissimilar metal weldment cross-section
showing sample location

- 158 -



B ERER
BI1E J2V—-THEEMBEX

Fig.8-2 WA MRAMD IV —TRBRBREBEREZI -V Y - IZ5-NRIA—XTCEREUTE
T COERBRFEAOBREMRED»S Fig. 8- 1 IR UREFALUEETERLVERREDZ Y —
THERABREROODE TRV, EFRHEAMOBRBLEBINThoBPERTHD, 20
BMEIREAMOEZNITHERGEHOXR NI XS TEEFERALVEATCET LR, %2 T600°C,
Skgf/m*DEB/BITBT ZEERAMOI Y —THREFRHBREREAMOBECH LT T TR
DRBERIRDEBDTH o, TRDBEMRMA:63.0%, $E3R41B:69.9%, SERMC:79.9%
BIUBRAMD:88.2%TdH - 1=,

30
20L -
E
=]
~
Y
(@)]
4
wy 10— -
o 9f -
B 8 --o~-- Unused o\ .
wn [ . \
7k —0©— Sample A AN\ N ]
—--e—- Sample B \
6' o -
--a-= Sample C \
5" —romdh mrcem Samp]e D -
4 1 _ 1 1 | 1
19 20 21 22 23 24
x 103

T(23+ log ty)

T : Temperature (K)
ty: Time to rupture (h)

Fig. 8-2 Creep rupture properties of test samples

- 159 -



F2H 2V-IEyEEX

Fig.8-3 WA —XFF A FlL 24 Cr-1Modl 2 ODRAWRBBOZCERAT ZRICHHBEED
BIZ2KCr-1IMoHOMPERCANL, BREAFTEIBAUEB T Y - T HESBRELVE
BIBLUTRDRIV—SHEBEERRLEZLDTHEY, BBEOEERBEHEAEIHFTBY
TAREL, BREN, FAENBIOCEERROETHI >, IRBEBOBERBEER» S
BhazBh Sz,

Austenitic weld metal

(Type 309)
2%Cr-1Mo steel : 18Cr-8Ni-Ti stee]__O D
& I.D.
A
Fusion line Lomm
Fusion line
23124 4479|1023 0-D-
14 103 Numbers designate creep-fatigue
32188 damage rates (%)
25199
35(43|35126{20(10]10
15|15
20127
Y
13|34/
/
33{38140|37 42 ZO
33142)49158152143}130|50}92 99
36|47(55|62|65[61]52]78[102
34146158|73186195({94{991103
391611906 |101{103{103(103{104 . 0
1 mm

Fig. 8-3 Distribution of creep-fatigue damage rate
calculated in dissimilar metal weld joint

- 160 -



BI3H BN
(L) AeXTHREESA
Fig.8-4 BCrBXUMoDEEXRT MV ZHAM AL ODWTRDIZHDTH B, (r8 KUMo
DREARIZ MIVOEE—T7RBWTINSFIXFHETELENZY, ChoBEBATBTZE
EXHEZRTIOBDLEXONS, TR 2UCr-1MoSHDATFHEHR LD B BRENDOARY RV
HHDODHRREBIVEORESTHETZ2REAAERTLEZLONS,
EIATIDEIBRBEARY PVOELCIERMOFRBUBERORPTHEHBLTNSB LE
Zo6NBDTC, Fig.8-5 BXUFig. 8- bR RTXINHFDWEROERZZLERAMOBERN
TR NVEBHETBEILIIUR, ETARIT I LVL24605FHEL» 6B 6NRANRT FVEIHE

102

X(C)=14.883 exp {-38.452(C - 0.254)2} 14

LR A

X(C) =15.472 exp {-12.951(C- 2.900)2}

B T 3
t o Cr
10 42
e Mo
:\; Ao é
:: \}.Q ‘& 7 1 —
L - f?é\ E o
= Y \ =
" 100 - o || | O fz
bt - ;
e - Ao X(C) =Ks exp (-0.875C)
o - ¢ ¥ 4-1
ooy
Eq A
e )
. ' k, . 4-
10° R DA
: { o 0\\
- I . 1-3
= [} A oo "\
{ \ ~
i | \
¢ \
B | |‘ 1.4
o
1072f | oo
1 1 1 i T 1 1

Concentration (wt%)

Fig. 8-4 Cr and Mo concentration spectra of long term
used 2%Cr-1Mo steel (Sample A)

- 161 -



U, (DRIZRUBRFIADGAHBORICBIBIRBEZHENAZRFZETX>TRDR, T THE
KiiZ AR MIVODOE—2EEHREDL, KGIY—2707 s/ VOER2RHLTEDT, FiHE
be () ROMENSS.

X(C) =K, exp{-K.(C-Cav)?} | (D
= ’ -
T,

X(C) : BfEX (%)
C :BE (wt%)

bor 2 fffi fig
102
- o Unused 4
[ O Sample A
- $§f e Sample B |3
(=3
1k - a Sample C
10°E cﬁ%. PER
C ? % a Sample D
= On
— - a0_®
3R | ® 0 1
~ fo) AO [ J 7
) i f S e
= L ’ey
10° A 5% 410 £
o - [ ] N ><
g - Ou DD o =
2 ; s 0 =
~ ® DD~ +-1
o i 4 o0
[ N A P o
=< Cq o o )
& O
107k 4 . o o®
C a] Py Ooq'-‘.
- A O =] 3
L [ o] 1=
- ) o«
B v a o
o MO ' =) oo 4-4
1072} TN A ap eeo
1 i 1 i A A 1 _5

Cr concentration (wt%)

Fig. 8-5 Cr concentration spectra of long term
used 2%Cr-1Mo steels

- 162 -



102
Unused 4

a

=]
o]

Sample A

Sample B |

>

10t Sample C

>

Sample D

10°

2n X(C)

|' CILE
>
——
(qp]
S—
il
~
w
o .
=
©
Cam
U
no
(@]
e
O
(]
~—
1
(en]

Area rate, X(C) (%)

L S R LA L T T T Tt

107

a]

-4
X(C) = Ks exp(-2.134C) X(C) = Ks exp(-1.130C)
7'y Pa¥ay ®

1072t
i 1 e 1 s A 1 -5
0 1 2 3 4 5 6 7 8

Mo concentration (wt%)

Fig. 8-6 Mo concentration spectra of long term
used 2% Cr-1Mo steels

—FREARIFVOBREANOT a7 » A VI EMOREILAHBRBTERLTNS
EEZONBZHN, CIRIEHBERZEY—-JEA6NT, EEARI MVOBREMNO®EE R
HEBBREHTRILTWBZ LW o, CORBERMNEWZ LREFTHIBSHARRECTD
BLLBZRUTCWBLEZON, AHPBORILEES DB LALNTEDT, ZOTTT Yy

- 163 -



ANWERITRIERTELUL, BAZREC X > THEREEAZRDZ IR U,
X(C)=Ks exp (— AC) (3)
co7T,
X(C) : R (%)
C :IRE (wit%)
AR BREER (1/wt%)
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Table 8-2 Spectra analysis data for test samples

Spectra analysis data

Samples Element

K1 Kz Cav A
A Cr 15.472 12.951 2.900 -
Mo 14.883 38.452 0.254 0.875
B Cr 14.689 10.243  3.309 -
Mo 9.865 24.268 0.230 1.130
C Cr 20.742 15.362 3.073 -
Mo 9.650 5.212 0.715 2.134
D Cr 22.902 16.644  3.022 -
Mo 9.034 6.520 0.676 2.899
X(C) = Kiexp{-Ko(C~- Cav)?} for peak profile of Cr
and Mo spectra
X(C) = Ksexp (-AC) for slope profile of Mo spectra
where
X(C) : Area rate (%)
C : Concentration (wt%)
Cav : Average concentration (wt?%)
A : Logarithmic decrement (1/wt%)
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CEPEEEN, FAMBR-ICHEROBEER2MB IR K-> TCREAMOBELSTHTH
S TORBHFEARIZIFANUEBRL - BHCRDBI LB TEBILORBLEER, 127
V- RROERDPORBHERAMEIRERAMCERTR NIV —TREGETREL 22
B, EZ Y —FBAEEICREAL RS, RS Y — S HHNER T B O T B sE
<hrsEZO6NT,

BOETE, EEMEACIZ2HBOE LT >WTHRHEEMZ B 2ICL, ERTREME
AENTHHEERECHAEVZEDRRAL 7Y~ hHRRAOTHABEZREFH
BMEBEXX > THMEBELR., TORE, ERCERMERAIN, 2V —SHEBESRELE
TP316MA —XFF A B X 1U4Cr— BMoSHITIIRD & D RPEMBEABEL TR W
Dok, TiRbL5, TPIEHAA —XF >4 FUITRHACcHOWHB X CEREHORRE A
oh, NAOHHEMORBETIBEMLMBAVRENTWR, FRNRREEMNSHEERICES
DREMABEUVTHRY, COIBHERAIBAACABZ > THEBRLENW L E2RER
Uleo = 14Cr— BHoSATIRIBHBEOBENKEVWERMANTEMOBRRIESES, B
HBPHERENTNBIZLRHASP TR >R, FREREZBVWIENB LTIV — 7 iz
TR 22U Cr-IMo ST BW TR AREHOBRRENIEH T X - ThEEH, ESRHNARLS
FBMCOBIEIV—FHEDETLLHIHAL, FRHPBMETERL TR Maale B &
UM CsRZDERRTBILZHESPII LR, SSGRHNRATERLEZ N LBELOREOR
HUZREDRITNECTWBZ R AHL, 2hd Y —FEHoERCESFLTCNWE 2 E
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Z, VT EHOERBBZHBETITHEILBNTER,

BIETE, SBROTEP IV —SRBEORBEBL L CEDTEERREZRLTWVWS D
ERLROWRTHSGI IR >2DT, 7V —-FRXEZHEEBH L2 LEEBRFHFEIX-T
BRHL, ThEPEBLTE2FEORBERGTR o7, TORE, BRELBRXR A 07 S5
AF— (MR X->TAELTREEONAERDBZIENTE, BEAGR(DROLFTIAD
MHBETEMRTEB Y- 2FL, COMRBIEBHILOBET RO BHBREI L - TEL
THZLERHELE, ERE—VJOFES, @ERDIRPOREK B XUKIT X o THMERE
PEBLTBZLERTARECLR,

X(C) =K, exp {- K2(C—Cav)? } (1
ZZT, X(CO): HEEK (%)

C : B (wt%)

Cav: FHRE (wt%)
FRIOFEOEYHI IV —THEHESELUR P —XFF+ A MMIZHAWTHED SN
o

BIBETER, KEXLPSAPTRESIVIMNIBWIERBERESTHBTHEAESNL, ZFHED
CROBEERMBTHZ 2UCr-1Mo Sl MAENKICED £, TOFMFAMIB T B THERRE
FHEPERATR LB IV —THEEORHELLBHMB¥NFET X EHLFM, Faiv
DERABIZONWTRHEZTR o7, TORER, 24 Cr-1MoiD &, 7Y —THEECrB X TN
DR/RENHLHEEBDD, ERINODOBENADOEAT Ma30e BIUMNCat> 5 MeC ADEAL
EZhSORMEMOBEE NPAHRTOEIC L > THE LB ZHOMIZIL, ETETREL
RPDNARRIE -7 7 s VORFOATIERL, NCOBRITRTH B NoDHREN
D7 A VERDT(2D)ARC > TCHHBREZERLT B EHNTETHIEILZRAEL
Tz,

X(C)=Ks exp (— AC) (2)
TCT, X0 : HEE (%)
C B (wi%)
A RBOREER (1/wt%)
THR, HAREMOERIELERZFOERBLVCEROE, I RDODETARI ML UCER
LFB3W Lo TCIDEPS VY —FTHMBFREBEBRZHET S EBTMERIEZHO P
WULR, BBECERDII RLBHBYHFER X2 EMFTHEOERI IV —TRBRBRER
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EEXLSHIBEL, COFRRIEAUDIZBREEOHFGNIMELUTCEDDTEYTHILOR
BLZHET,
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AR ABRAZIFBEBURBCHELOSARBMEFE L HPREZH - TCELDRBDOT
B, CCNEATFEFERZBRHOERZRLET,

ERARIXDOERICUD, BRREPE, HEEZBD I VEARREZTERARRERK
Ht, MIT¥RRBFEAHLEEL, MEENFHAFTRBEBERH—FELTER LIS,

AMREOEFTICLU->TE, ZXEETEXRIASHMH RN AR AR EEHBE _EL, AL
EHRFTAE BERLTRAEHNEILHBRELBI L COXAEBHANBENREFE, MK
EYieAE L, AESHBREXARTS SHHTEANRERE, AEBARETKRE, AIPHERX
FEUKRBPYSLHBHZBOE LR, CCRELTLIDHEZRIZKRETHD T,

BOCAMEOEMICYY , SARHABHZEVRZEETERRLEEBTHEFT MK - %
EMAZVHELIEERE, ABEWNEEHEF AR ZERZR VOBENEE, ER—F, BIIRRKE
BEOM, BLDARITHALBLULETET.,
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