9384 dAelgel 942498717 RHAZ 9 WAz 94
o vlX= 4T
Effects of Multi-Pass Weld Thermal Cycles on the Microstructure and

Toughness in the Intercritically Reheated HAZ of Nuclear Reactor
Vessel Steel
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ARz gFL7E 2 FA7 220 mm o/ 2 E Narrow-Gap Submerged Arc Welding %
Holl o3 120 pass ol AT E&A @ olFA £HY EI9FREE A - F L£H Ao
ols) ol $ EZs vjAzAT QY EXE A . gy oez ARAe] §HEAGEE
H3 AFE F2 coarse grained HAZ(CGHAZ) =% intercritically reheated coarse
grained HAZ(ICCGHAZ) o AFHA sttt ol £33 & dAYHo] =gz o4
dA AMEZE FotdRy] Aoz, A2 GHELIFY HAELE o] A AAAF
(surveillance test)2 3= F o vt a8y 2 g dFAFd 9sid, 9x=z &
AR 2%, CGHAZ =& ICCGHAZ 9 ¥94(§84225H Imm oJuU)dlME EAR}
T & 94o] YeI I intercritically reheated HAZ(IRHAZ) oA QA9 ASAES B
olx Aoz veyYy. wetd B dFE IRHAZ 996 dd 2o JA4AAQ HrteE A=s
o, A2 L7 SA 508 Cl3 & wdezn RE ¥He 7M54do] e IRHAZ €
AEs 24y dojdd wE oAz A4 L 7|AH 549 HE n@3SA.
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B dyd) A48 AR SA 508 Cl3 Aoz 88 =4L F 1 o veld g
2 A& normalizing/tempering, quenching/tempering & W& RS2 €HHEZ HloJYolE %
o] & olEr} A £3 ZJ(YEF : 0 kJ/em)F AE EAH S nEldty AR
oF HR2x Y GAlo|E S =& oJ2RYH H 2 & #o] A¥xAL MHAINER,
o714 800C, 750C, 700C &AL 5 AEE€ 2 Andrews 9o o F4 o) & 82
8C~6855TC Alelel £ & ulExo 2 HAZ ot IRHAZ & HAZ ¢ EAZ 7171
£ YA Huexo o] Aj~Az HHA Aol USS e o]FA FEE I44Y
of tisld ZAAHANE L P&, 53 F WA FAFd disle] PWHT o IFE dolr
7] 918} PWHT & AAsigch Q@ QAPoE Gleeble 1500 FH S o] £3lgy. AR
2% nital + X3 picric acid €47 Le Pera(1% sodium metabisulfite &% + 4%
picral) & 93] AP, FFAPAH AXE AL o] F3At. T S HIt
8171 & AR EAANE S AAERT, AFLAANE A8 AE, F=E HrrEA.
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(FeMn)iC & Mo:C 2 %7] BAjol d45] gle H4&EF fAsIgY. 28 2 & B9
HADLEr} Z71E4E AE2 AN e2EHUolE WEH(HolUelE, vl2dAlolE)do] F71%
€ g F AR BF A A QrlolEn F HA dAlo]E WwE FS ZF4 dFEHA.
2y 3 & HAnexd ©E JAH 542 JeEd Rold, AuLert FUEYE AE, A=
7l 2718t AEe 29 ol HIu2Er FUMEIY A2 A7 e2HUolES WH o
Z7t5te] PZHA] Hlo|UolE(E & vlEdAlo|E)9 o] F7tE 9] wWEelgtn At
27 PWHT & 2owl dHay add 9 Ax7 #Zasdste RAE BYAY. 53] 700C
~700C 2] £ GAlo]E¢ we Ao A Huk: ¥ ALgS BEAY. AL 19
4 A BE g} Zol A F G Alo]EF 80T & W2 992 BANY & Q4GS
JER YRR, UeA 949 2A9 u&g 947%e Zeh 53] 700C-700C o 84 €
Aol 28 W ooy A BUE ¥e A4S UeRRY. o] d9dA &FA #F
& FAANZD "o e2HUolEZ A2 AAEAE FuAT, wEd 37 dAEH
PWHT o o 8isiz7] b2 uidsge] 71540 oy, 29 5 o veid A
o] ®A B} 700T-700TC oA 2§ HEFo] Ho] E2Adle AL A & + AUk
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o sjFgct IRHAZ WolA e oAzxz Waes HAxLxe F7H700C — 800TC) o ot
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Table 1 Chemical composition of SA508-Cl1.3 steel

Elements | C Si Mn P S Ni Mo Cr A% Al Sn Fe
wt.% 0191 01 14 0.007 | 0.003 | 089 051 015 | 0.003 | 001 0.03 Bal.
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Table 2. Thermal cycle simulation conditions for IRHAZ

1st thermal cycle Interpass 2nd thermal cycle
Heating |Holding temp.('C),[ Cooling temp.(C) Heating | Holding temp.(TC), Cooling
rate('C/sec) time(sec) rate('C/sec) rate(C/sec) time(sec) rate('C/sec)
76 800,10 10 200 76 800,10 10
76 800,10 10 200 66 750,10
76 800,10 10 200 56 700,10
66 750,10 9 200 76 800,10 10
66 750,10 9 200 66 750,10
66 750,10 9 200 56 700,10
56 700,10 8 200 76 800,10 10
56 700,10 8 200 66 750,10
56 700,10 8 200 56 700,10

Base Metal 1st thermal cycle 2nd thermal cycle PWHT

750T-750C

K

700T-700C 700C-700T

Fig. 1 Microstructural variations with peak temperatures of simulated thermal cycles
in the IRHAZ
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Fig. 2 Variation of prior-austenite volume fraction with peak temperatures
of simulated thermal cycles: (a) 1st pass and (b) 2nd pass
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Fig. 3 Hardness variations with the peak
temperatures of simulated thermal cycles:
(a) 1st thermal cycle,

cycle, and

(c) after PWHT

(b) 2nd thermal
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Fig. 4 Toughness variations with

peak temperatures of siumulated
thermal cycles.
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Fig. 5 Comparison of carbide size
distribution between - base metal
and reheated region



