55

kLS

SA508-cl.37}2] ICCG HAZ2] QA4 vz +=
M-A Constituents®] ¢ 3}

A7 - AT R o g

Effects of M-A Constituents on Toughness in the ICCG HAZ of SA508-cl.3
Pressure Vessel Steel

K. S. Kweon*, J. H. Kim**, J. H. Hong* and C. H. Lee***

Key Words : CG HAZ(ZA A B4 A o ek ), ICCG HAZ(F- EH el ® A3 A 4<E 4 a4, Charpy V-
notch impact test(Abs] =2 Al ?‘j CCT diagram( &8 ZVH e} A &), M-A Constituents(2H 7 2.
2o Erl 9B ¥ 39 pEkA np2 el Xo] E) SA508-cl.3 steel

Abstract

Metallurgical factors influencing toughness of the Intercritically Reheated Coarse-Grained Heat
Affected Zone (ICCG HAZ) of multiple welded SA508- ¢l 3 Reactor Pressure Vessel Steel were
evaluated

The recrystallized austenite formed along the prior austenite grain boundaries and lath interfaces
on heating to the intercritical range was transformed to bainite and/or martensite during cooling.
The newly formed martensite always included some retained austenite(M-A constituents) The
characteristics{amount, hardness. density, and size) of M~A constituents were found to be strongly
associated with both peak temperature and cooling time(At8/5(2)) of last pass

Toughness in the ICCG HAZ was deteriorated with increasing amount of M-A constituents which
was increased with increasing the last peak temperature within the intercritical temperature
range Meanwhile, for the same intercritical peak temperature, toughness was decreased with
increasing cooling time When cooling time was short, the dominant factor influencing toughness of
the ICCG HAZ was amount of M-A constituents. However, when cooling time was lengthened, the
hardness difference between M-A constituents and softened matrix(tempered martensite) was
found to be the dominant factor
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4& Table 13 2}t A|HE F 712 g2 A2
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Charpy blank A1#3} CCT diagram< 2H41&l7] 9
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Table 1. Chemical compositions of material
(wt%)

Material | C| St| P| S| Mn| Ct|y Nt Mo V| Cu| Al
SAB08-c1 3| 0201 0261000710002 13 0151086 049100051 00410022
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Lt
L v A
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10

a) Unnotched charpy blank specimen

70 -

0 )

b) Round-specimen

Fig. 1 The shape & dimensions of specimen
for thermal simulation

22, Simulation & £ZIAH

HAZ AES Y E HAZE EAME FRE
oF 3tm Ay, A;, 283 EFEEE YW
28 # A €99 AT A REE
(Differential Thermal Analysis) ZH]E o] &3]

3% 4 st

DTA 2% A3, A, £5& 805 6T, Al &5&
696 2ceolATt =& Ad g vlmatr] gl A
Watta]”el] sl Alake A9 A& 242 789 5,
698 4ol DTA A7 Watt 2ol 9 AAd
fovla A3 et 2ARRE dojdlon DTA &%
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e A7te] $EEEE AMEE F1, F2, F3 % S1
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7] % A= thermal/mechanical simulator?!
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Gleebled ol a4 W4 =S Wl (Table 2 #%)
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At Gleeble A3 =Ao] oty BataeAn A,
SEM ¥ TEM #&& dAlsit #atdn 4 s o
%6} BEZ2 BHNM = AFHE 7IAH R Ar}
¥ 3% nital2 FAAA 22 @Fsg}.

SEM wEE Y3t 5 HCL, 1g picric acid, 95m!
alcohol® 8% Villela' s 4& o] &3l 3~4% %
b FHAA FAGR oW HEEo EA AR F
g 2AMEH7] Y8l EDS #42 AAlstg o

HE HAZ He] 3/ 228 yelEY 245 &g
71 A&l X-ray 94 AEE P89, TEM BES
o] R LaHUolEE 94 #aslgr AH F
HlE 50m7t7] Z|AHez dArg g 5%
perchloric acid®} 95% acetic acid®] EFEAL
*}%‘3]'04 -30Cce 229 20~25V, 0 05~0.1A9
A, ARX jet dntste] o AHS wEp
JEOL-~ 2004 TEM< °] &3ttt 27 e xol
E9] &3l SADPo 2 A &gt}
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3.1 2§ 2ka
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271 o

= k-

tf’JHQJ ARE 2715 &4 20~50m FEQom, A
© Hv 3403 =2 ZAHAY Fig 29 =A<
TEM 72 238 Yo, & wgd gPas o
238 LB 4 da A AA aﬁ}gi—’} =
HRERS Wl 2% € AN waEe Fony

o CCT diagram< 2H &4} A #EE UG EDS 7441111 ]% partlcles‘ﬂ Mn
o] FEE TFHE M3C ©3HEQ AL Ho Fu},
23 XA WE TEM 239} o|d@ A3}5S 2F80z Boe 1
H RARAE HHE AR HolUolER By 2
Ao e dd Pl e nAzzL B2er) 2 ojt}
Table 2. Thermal simulation conditions
1st pass(CGHAZ) 2nd pass(ICCGHAZ)
Itm Heating . Heating .
rate. Tpi. Ho.ldlng FAN PR rate. Tp..C Holding| Ates,
T/sec time sec /sec time sec
F1 300 1350 5 20 65 780 15 vary
Charpy | F2 300 1350 5 20 58 715 15 vary
test F3 300 1350 5 20 50 650 15 vary
S1 300 1350 5 200 65 780 15 vary
ceT ICCG{ 300 1350 5 20 065 780 15 vary
diagram
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Hv 550 o]4e] #& ALE 71xz e 200~
400pmel 27] Q2HUelE HAAY AV E Ho F
At == ol9} Hlwatr] A AtE 200%(case
S1HE =g 43 3& CG HAZE F2 HlolUolE %
A& 7HA 2 Hy 450 3= A= 7M1 27] &2
HuolE A4 A7]E 400~10006m F=E e}
Z Ut & =d W rdAle 23 gol st
Fig. 2 Microstructure of base metal(TEM) A A o2 Axy) shekE = AL Fodatent

Fig. 4% case F1| tl3iA] CCT diagram= 24
32 LBz £4 A= & Aolth oA B ohel Pol Az R ¥

Al E 600 F2ollA AZtE D, BE Wihss
7h Gote QA& el LBZY ICCG HAZS
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L}E]—LHQiE} Case ]:‘13-/] —r‘ At& w>7} gﬂ' DXH 1200 ,—‘ ;
o FAKE A4S JHAIYU Atese 7t %ﬂokﬂdﬂ o14 R )
o :
ghe Astatdth Tp.7k 650, 715, 780CE S 7138t o 800 = ——— __
WA QA e AdtEQon Tp, 7807Tel 75 E 600 S X — \\
Aty 0] #HE AS(FD 9 = A$(S1) 2571 91 400 \ T\
‘9‘ E]'E‘ T 740” B]b‘HH "17‘” 1’]’5}%\'—' O] *‘?‘ =z 200 \ | s
Aol olgzfol= 9~3J2K =A ekgrout Slo] o 4 & &0\ D\
e 0 i N i mafBPNI
wc}&q Etzﬂ_ —r{ 1 };L]z‘g =z 7 oﬂ}\i /H o Ath 3/] %— COOhn;Otlme Al()()(qec) 1000 10000
el = J o o3 O L. . . GrAY
Zhell mek Adtake g2 Atk THGF2ATE pig 4 0CT diagram for I0CG HAZ(case F1)
Otgnnoll e n dGeE & = U 418/5(sec)  4,20,50,60.75,100,300,500. 1000 sec
Z Tp27t &8 AL Fhon Ateny, A
ta .7} AFE QAL oA g2 oz FAHUY NIEAR, ', g e
8/5(2 o = = N 2 ¥ .‘
140 b o [ BN L e |
120 [ ey Iflf;}’,f
100 [ ® -
™80T
E 60 ! $
40 i b)4dt..=60sec
20

1 10 100 1000
Cooling time, 4t. ., (Log. sec)

Fig. 3 The Charphy test results with various
heat inputs, main-test(at-40C)

33 LBz O|AM|Z=ZA

¢) 4t s=100sec d) 4t.-=500sec
331 ICCG HAZ(case F1)9| mlAH =7 Fig. 5 Optical microstructures of the ICCG
LBZ9l ICCG HAZE #A431] falx= WA CG HAZ(case F1)
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o e HEINA 9 FBAPo]o] BE]H o] v} o 1o
EFAYS G F A 27 HHe L R 2
7} #7] %7) o] vl2eAlolE W E A% FE
go] 23 wpEhA] oA HEf7} folgh wlo|LtolE
HE| 5 Al Zste] o] & FA S vlREAlo|E HEE §F
ot F1 279 1st passt CG HAZ 213 Y32
2 oln] ol Mg g2 AA o] wif 2 vi2dl
AtelEgl e Fig 5+ 2nd passell &l A& He| v
% 2 vtzdale|Ee A YA S lath-interface®]
2nd phase’} 84€ AL BHF1 ot Fig. 6004
H%o] 2nd passdllde FHx =9 %7} 780CE
intercritical G Yo G2 2 AHUCIET] 27]
Qe el E A YA vtEIAL|E 22 A oA
PAH T Hu =9 252 Ay YzhEwEA 2nd
phase® W3, WAEE7L wE 72§ ol = F 9
wojtjo]l Eg} M2 ml2glAlolER =¥l Zfolle
Hloj ol Evl 8 Jog Easta vlEZEAllE Y
Al 2b{ LaEHUClER FAHT 71A 23
st passAl FAH & vt2ElAle] EVF 2nd passell
oe "uad Aoz Aoy n AYYEAL 2nd
phase® 15~20me] Fo2 Ao} glom g
7#A¢] 2nd phases 10~20me] 271 & 7Hith
ARE Fig 49 shde 718929 ZFEA
2nd phased A% @& WZ&mrst wE 29 Hv
6005 et WAEE7 =y A5 wlo]ol Eg

ze guder ne wWeyol FdawA FUD

c)dt. s = 100sec

d) 4ty = 500sec

Fig. 6 Scanning electron micrographs of the
grain boundary 2nd phase 1n the ICCG
HAZ(case F'1)
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332 #AF
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AFete] A LAHUOIE island (A7 ( lum)E
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b) SAD pattern of A point

d) dark-field image of A point

¢) SADP of B point

Fig. 7 Transmissin electron micrographs of
the grain boundary 2nd phase in the
ICCG HAZ
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% Ao]E Holn glen 73+ hardd 2nd phase
o} A o7 softdt 712 Z2& interfaced] A A
ety 2% 5 o "k M-A Constituents
o & AL, BX A7 & B AFdA A9E #
7Vshed of g 83k Qlzfo|th

M-A Bamite

a} Suppress volume
expansion

Fig. 8 Formation of M-A Constituents

3.4 1Mol ¥&k2 0|X|= M-A Constituents2)
HE

341 M-A Constituents®] &

M-A Constituentst g4 vlZElAlo]EV} F4F
o1 ZHF LaHUolEFF Ao mM MR QIYstn
AE FAAR Ao & 4 9t} phasest olHER
ggn| 7ol SEMS A& o] oig 1 M-A
Constituents®] &4& B & EAgted v ofefgol
0. ol Q—O‘ a8l ofaljA wojtto| E7} 23 E
A & FEst ov]e] M-A Constituents #F& ¥4
7l 2Hstdn FEdn| A3 SEMAAE o]
7b&dt 2nd phase (Wlo]uUo]E + nl2EIALO|E +
FH L2HUolE)E o9 M-A Constituentseh
31 g osor & et 9l

Case F2, F3, 181 S1o] 3t CCT diagram=
AR = FAA T CG HAZ CCT9 case F19|
ICCG HAZE zels] 2% F2, F3, S19] njq =3
T A o = dY AA E4E vz (Fig
5,6)% 283t Fig 99 B89t Fig. 99lM B
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~400pm®] 22 vpE-AL] E(L M)} T3 27] &
2ol E A Y Z717F 400~1000#me! Mo tfo]
EB)Y F 77 AdEAG, olH @ 7 FHO
CGHAZE F1, F2. F3, 28lz S1eg s
t} Table 2¢|A K& vpg} o] F1, F2, 18]2. F3

= 2nd 9 AlelE9 Hu xd ex¢ teEn, F1y
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HE g x vh2RIA)E(T L M)R 2, S1& wo|i}o]
Evt (o "d gHE wolUelE AT B) FI,
F29 S1olA = intercritically reheated zone7tA]
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2 Tp, 715
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_.__‘_;_ { F3 Tp, 650C
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400~ 1000um

Fig. 9 Schematic configuration of micrographs
for each thermal conditions, F1, F2,
F3 and S1
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F13 s19] Af-ofl & <ol gAslolof & Aoltt
o] A& intercritical zonel E 7}J¥EE W H1 ©
g 2wt 2uvhd Z2AY Arld #AGle] Z7]e A
AE= LAE V| E9 oF2 Zolof gt} ey <
2ol 7] vlM 3 o] tp27] wio case S12] 2nd
phase’t %S F] gt 2xdyolErt 44 2
g 2 MU E 7= AFHAC WA YA
2R A e Y A7t Fxgl 5 olofA ga

KEEGHAERE 174 3%, 1999% 6H

BANA 2HUelEZ st At we
AN AR 2717 i 2 S19] A %ol Flol vle) &
zeyolES] g st A7) oo AR YA
HE e2HUelEY A7 2o siFlt &, S19
74 %+ 2nd phased] A7|7} 222 WHEA ﬁ*Eﬂb}
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