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Weldability of Ni-Cr-W Superalloy Manufactured on Industrial Scale
* *
Hirokazu TSUJI, Teiichiro SAITO , Tamao TAKATSU and Hajime NAKAJIMA

Department of Materials Science and Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 3, 1993)

Research and development have been carried out on the new Ni-Cr-W
superalloy as a structural material for process heating high-temperature
gas-cooled reactors with coolant outlet temperatures of around 1000°C,
and the optimum chemical composition has already been proposed. With a
view to putting the newly developed Ni-Cr-W superalloy to a practical
use, the proposed alloy was manufactured on an industrial scale, i.e.,
two tons. As a part of evaluation tests of the Industrial scale material,
weldability was examined in two kinds of heat treatment conditions, i.e.,
solution treatment and re-solution treatment conditions. The results of
the present study can be summarized as follows:

(1) Weldability of the solution treated material is fair, and no great
trouble is expected in practical welding.

(2) Weldability of the re-solutiom treated material is slightly inferior
to that of the solution treated one, and the guide bend tests for
the butt welded joint show unsatisfactory results.

Judging from the fact that the alloy whose chemical composition was
almost equivalent to that of the material in the present study showed
unsatisfactory weldability in the previous study, the weldability of Ni-
'Cr-W superalloys is not so good. The results of this study suggest that
it is important to clarify the acceptable conditions concerning the

levels of minor alloying elements and the heat treatment for the alloys

*# NIPPON WELDING ROD Co., Ltd.
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in order to make the weldability of the alloys stable and that there is
much prospect of a success of securing the reliability of the structures
with weldments applying the technique of minor alloying element adjust-
ment and optimizing the heat treatment condition. As the future plans,
basic data on the weldability of Ni-Cr-W superalloys will be accumulated
furthermore, and research and development will be carried out with a view

to securing the reliability of the structures with weldments.

Keywords: Superalloy, Ni-Cr-W Alloy, Alloy Development, HTGR, Welding,
Weldability, Filler Metal, Crack in Weldment
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HZHEOEE S A4 (High-Temperature Gas-Cooled Reactor, HTGR) HREZEL
Tk, BEFFHEOBHNMEEISICOFBEETEZRBHEY (High-Temperature
Engineering Test Reactor, HT TR) ®# B BB/ T L Z & AFFEE 1, B B R
FHFRFRERRFCBOTZOREAMMA IR TLE P, TOHTTROER
BERZHE LT, "ATOA XOREFFARRESTHHINATOAXR® T %
BRTAZERTESRTRY -0 -02 PEFTEIOFEORETHEARY
HEEFHHET, ARGRATERREYPLE L TERERTEL D (D (002,

BB IILE-OAYHALVIBRALLE, EFFHOBRAMEES LI VEERETSD
LY N AT — P LREGEENANLZECE3H, 50CR LERSZEREHTNAT
DA XR¥EHTIZLE, COBS0REILFEL RVEVIERAE, LEOR
LHEERBROEBNIHOBRBTELhREOD,
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Eﬁ%tﬁ%k‘ti\}’fﬂ'fXRtLé:BIJUJ%JT%ﬁGJEﬁ%Ki)HRO%ﬂk'éé’f:‘”“‘““”“3’
(18 s HELOERIC Y- T, BMSEELHBANSFEEE TER SN EERE
#ETREFEOXE Vs b [HBEERSAFAC L D EEREZFOFRME]
CEALhEERO 2, EEAHIENI-Cr-WROEE*EATHILEL, Bl
TOHALBMBOEEEOHBN 2GR HIEL T, —HORBFARLTV TS
oz oBELEHRBEEERHLEOY O,

FOHASEEAEMEE UTERTAZERAELT, TERE (2 V) TOF
RBT, FORMEIMERBYEDTHD, £k, ZOHGSEREME £ L THAIL
TEIREBEBRIhEABEO Lo, BEEEEEDE L ToREERV L BEFREOR
BREFLHS OO, B, 120kgBETRELLBEERAVT, Ni-Cr-WROHE
ﬁ@@%ﬁK@T%ﬁﬂ%ﬁh.Cw%mﬁﬁwﬁﬁﬁhﬂﬁﬁ@@wfﬁu:t,b
Tkt 2HEROBEEPHRABLECHESRE OROELOBBRALBIRHCANERE
EERETILERHEL RO, KRR, LROTERAMCHEYLEN i-Cr-WR
ESEMRHEELT, ZOROALOBEECHTIERNMRL XL CERT B
EREMELTHERELE-BORBOBREZELDLELDTE S,
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2.1 BEEiHHE

BRAMBRITERAR (2bY) CHABLAENI-Cr-WREETH D, ZToOLEMER
#Table 1T, ZORERT LI, Z0E58E, Ni-18~19nass¥%C r-20~22
nassAWOEFMEMR L T, CEHFE®0.03masskATF& L, Zr%0.02nass%, Y%
0.008~90.009mass%, B %0.006mass¥&ML, &5, FIK' VT, ZO0ROELOEFE
BhBZHEBRCENTHIZ Wy okT 1 £0.06~0.0TnasshiFEML b DTH 3,
COEEYHHRBREEAMEZCHEE SmOF E L, Table 2WRT 2EEOHMNES
L7, "1215C, 1EE - KRS "OROEREL 258 & BE g E s, "1215C,
1R — K¥y +1225°C, 1B —» KB"OBMER L e E BESLHRAEN
EMSEZEET D, Photo. 1, F4OHMBOSBEMEESZTT, BBELCBLEM O
HEREZXASTM No. 83~4, BFERBILBLEHOZLIEASTM No. 28E
THd, Photo. 12564h,BdLk5K, Ei’é‘{t.ﬁﬁﬂfiﬁ'ﬁ‘&i, LEROKEER (LT
a-WH) REEE LA, BERLHALBM TR, 20L& RXERHERICHMER
EEE2T0D, XTI ABEERHCHT I —EoRRTR, C0F L 15moiE 2
MELTHERATDEEDE, ZOH|A53mmXIonX250mmd AEREERL, dmHE LT
Huoi,

2.2 ZRTH

PRz ®HL 2 2EEOMHT, AR-—MERLTE2BM EBMHOMELED

RELT, CRUZHARXGDRAENNRE (UTF74 2aRE LHT. ) LUK
FHTIGELZ4BARIGEE, U—F -4V - 71— M4 (BNHEDOBER

*FIE OV TR, 74 AR RBERLTOEM, JISZ 3GV RERBEE2AHALH
WHESh, CORBCHEYET D EFERLT M, "FISCO Cracking Test”H & "FISCO Test”
K ohhl e 2 EFRL, FHTREERLTH» S " Cracking" 2 IR T AL &b, B
FEERTH,S MENH] RHIRL &,
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UEL OBE) RUREEDLEBRERITo R, 4 OBEHELHF®Table 3 ~Table 512,
T4ARBRENESDLEBECB T IMERREZFiIg. 1 RUFig. 2 ZhThiRT,
BREEYIMTI 2HDCRNL 2EBR, 2@ SEERBTHRHESA 2EhoRE,
TA4ADRBRER, BEPRCFPOLFEOI I/ nSBEHRR B RUBEERFORMETF
ABRERTHD,

BB ERERRE, ARVEE, V-V -4y - 7L bEE (BENHBDOBE
BEOELOEE) RUEEAHERBEOR A DBEBETELIVWTITo k., 7 1 ATRER,
JIS Z IS5 KHBEATWAHEKEL Tffo k., I/ 0SBEHRE, EELHBRL
BHOBACRARYBESHE SERL AR Y, BER(LHRLABHOBEICER
¥ EbERABESWE A SBRLAERBERACT, 10vol%v 2 VEB*ERKFLET Iy F
VIRFTohi%, REBEMETHAAL, E3NFCHLARBE, I70&EEMEYER
BZBLERBEFA—-0bOTHY, HE®4LIN, BIELYyF20.m& Lk, BEEFOD
PR, JIS Z 312209 R HBERTWEIHEBEKEL T, Fig. 3~Fig. BEFT
REBEEPHRVWTT- 2,

3. EFERMRE OCFHFI

3.1 ReagBIGHAh

Photo. 21, ERLEBEAEMHORNEVABRHORECBERBRBRER L, s
OREREHETTRT, ThOOBEEMALPHDI LI, AT T, CORDEEDH
BYBETE LSRN AREL O RERD, FHETHEMERRE L THDIITER
HEEHATR, ZhoRERREDhadro i,

Photo. 31, BBt BABHECBEBLALBHOE - F - ¥ - 7V — MEED
BT AREREEERARREELRT., Tho0FEERLF,DL LI, FIHT T,
IOFRDEEDOE - F YV T U bEETELLVERIRAAREL O ERERD,
FETEMASEE L TS TESHBEBRRH TR, BARBRPIV-FILRETLDH
Thot, ¥, BIBREHUEM EBEEFLRLEROMC, BEITEZIHEOZRR
HHENhiRn,
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CELOBE) BURESbEBERITok, &4 OWBEL 2 Table 3 ~Table 51,
74 AARBRROEEEDOLBEFC BT IHERKEFig. 1 RUFig. 2K 2R FHFRT,
BEERPEET S RDCRN L AHER, ReRERSRBRTRES N 3T hORR,
T4 ATRBER, BEBRCZOEHOI /7 nsBHM c BXRUBESTORE Y
RBERTDH .
PeEEEERBIE, REVEE, U-F - 4Y - 7L — o8 (EMHED OBE
RUELOBE) RUREEHLENEOR A OBEBCHEVTT> Lk, 7 1 ATRB,
JIS Z IG5 I HI W TWAAHBECEL TiTo k., I 7 neBHRE, EEERL
BHOBACEAR)BESHE®SREL 2582, FESLARLEHOHATRE
A b UBEREENSERL ARBEACT, 0volfva vVE*ERR LTy ¥
VI RFTo kg, REFHETHERL, BIUECHLARBR, I702BAREH
ZLLERABEA—-0LOTHY, HERLIN, AIEY y F20.5mE Lk, BEZFO
R PRI, JIS 2 312299 KRB EhTWAEHEREL T, Fig. 3~Fig. BEFT
REBHA2HOTH- k.

3. SRR UOCEEE

3.1 RaRIFHERR

Photo. 21, EHE{LHBMABEHOREY BEFTORCEERERABRERE, WHTV
DHEREBHETCTRT . ChOEDEEIPLHPB LK, BRIV T, ZORDEARDOA
BOYAZETCZELVERIAARELZOLRELD, FHPTHFMEIREL TODHTHER
HESM TR, hoRERBEDShld-ok,

Photo. 3z, EA{L#MABRHKEUCERSLALEHOL - F - A >¥ - 7L — MEELS
BT AREESEERBREELY ST, ThOoO0FEEMLE R LI, FIH T T,
IORDEEDE—F AV TV - MEETELVWERIEWARELEDQOERERD,
EHCHFBEANFE L TOITHERBERTTY, BEBHAD IV -ZCRETIDH
THotk, ¥, ERLHLENEBEALHEAEM OB, FEINERZEOZXR
HHhRun,
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Photo. 4 &, HEFLBLAEMORE b HESOLERERERBRERL, K
UDQERLFRETRT.,. ChH0FEE LS B LI, IRV T, CORDEE
DEEELERETELVEEINAREL O ERLD, FWTHFHEHRELTL
ZTEBEEUM TR, ShoREITH LTI T,

3.2 74 222RB

Table Bz 7 4 A2RBK#EE®, Photo. 57 4 AaABEROE - FABREZELTH
T, BE{EHRABEMC BT LI hRIPE. 8%, BEALEHLEHC ST S22 hEE
10.7T~13.0%TH Y, WTFhoBELREL IR, 7V -—FEhice¥Eh, €
RElh S L hd o, BESLHAEHC ST 228A%RE, S16LATY LR
BTOREROED LHPPENLOTHY, ZJUV-2ABEHFT2E, EALMAECT Y
BEobLOrw2 5, ERLBRLABHOGRBIAESHE, BEBLECRAERH LD LS
HBEEwEWz S,

RE, BEOTVTR, TOROEL07 4 A2RBEBTSL2EhRI0OREFHBLT
BY, 2hirh&E+2e, 2HTASE L T0 3 IEMAEEUMOBRIhRZENE
LS EVWLDERS>TVRELZR D,

8.3 BEMAFORMIFER

Table 7~Table QW FRihtF, WETFRUCMEFABER %, Photo. 8 ~Photo. 81
&4 QOBHMIPRBEORBAEABE LTI ThRT, Table 7~Table 925023 &3
2, BEtBAEMfcBTR, FHFRBRO—HT, BEFSETISHI3XHEKES
KREATOVIHEREDOI LOEHIAR S OEN, bTF A HEELBITVID
DD, FOMOLORLETHERELHERELTED, BEHUBRRFTHI VL D,
TheHL T, FEBLBELABRK ZBOTR, O ThoBEb5 03I 7 nilhiifE
L, BEFSEMUSHEBLANEF ST Eh T IHERELHERY T, BRLHEHC
i, REFRBRTISOEMMRDZ E i, BESBHETHEMLALDL S - e,
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JeRe GEMEE R AT, B CAMENOAR) BESYERCEERLRLENOR
FALERESNEOMBBEEYT> 2, T OREH % Photo. 3 R UPhoto. I0WIRT,
Photo. 10(a) R (M EFRT L5, BABCBRLEH TREARSBRFEMEFTIHO
BHOESERCSEIARAREL TVE, ZhER LT, BELBLRMOBEITR,
FOL>hEhd, HRBEHEERTHEABLBER ok, COZEMBOBRR
HER, 74 ATRBOAESFORMFRBC VT, BEALALER LD DER
(LB EH O HAMEEHLERER TR E2RAT T D,

3.5 WIHB

Table 10ROFig. 61, EACMLEMORNR Y RSV ERUVERE{CRLEM O
EEAhUERESHECETIEXRBRERETT. FEABLALEC LY, EIRkDb
FHREEFTLTWS, ERLBRAENORED FEEHETEC B TIRHV240~1V280, &
Ea L SATEH D ¥ &b e RS HEE I 5V TIRIV220~HV260CH D, ThbH OER,
HEEEE S HHE SN TS EBHAEN ONV21T (FE 2.94N) , BRE{LRL
EHOHV2 (FE 2. UN) kD bhhbEVEER> T3, Thid, HHEEREOR
BrlrBloFRORRCERLTWEbDEEDbh D,

3.6 {LEHRECARIT

PR RAAD EEEEOREBEEERBER, - K4y - 7L — b EEE
B AREEREEERRER, R ADEBRESORMEEEERRERRV 7 4 2
CRBEETIE, WERLAE D QMR L BT, KETHENRELTVS
THEBEANHOBEEhREEEEL (EVLOE AT 0R, £k, 74 ATHE
R EEETOREYRRERRCEEENEOGREEERR, WFh L FERL
ST D b B BN O F ATE RS A B TS EERLTOR, &
SLEHEPE L -EREY BT I ED0MROERAYRXSENT, BFTETRT I EE
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OEReAEM (BH) 2l Mg 024,

QBEEE{LMAEH (B#) #x&ELLEY, B, NECODZIF,
CrHiELEREHAHELLEN, OF0Hif

OHESEENSr LEBFH A7+ 549 (Electron Probe Microanalyzer,

EPMA) ©&3Cu, SnEOHLIF.

D~ DR »Table 11 RT ., Table 11k, Table 1 CRLABEBRUTAEH ' O
gHRAME (BHRCEMMRIEE) OBLHETRLE, £k, @OER #Photo. 11K
U'Photo. 12T,

ho=w r VEEET, Ti, Al, MgZoBEFME, KB, HROHRZLIKL
o TEREIRABRPIELIEVIHERDH D 22 b, HAMEE» 0 OHE
(Table 1) CREBIhTVWAOMg oA EiT-o 2, BIfH TV OHEMBZBVTY,
XBMTHEELTOIIEABRBEEMHCELTL, MgRERLTHEMT SIS T ¢
T Tk, Table 115 4h 3L, FHETHRE L T2 TRARERHY
wEFAMg BERRK0. 004nassht a2 THD , WERIhMHEOREZLELZ—HETH
BEn SRS D B, |

HEHLSBAEM T VTR, BABCI>TEFEOEHOMREERS I EFZXDL
h3aY, B, NREUVCOOHHEFT> %, Table lihoahd ki, BEBLHLEL
Yo7, YRUBOSHBCELREVY, NEHEWL0.0020nassk, OBFER
0.00l4nass¥E D LMML T 5, EELBAEH & 0 b BEGLBAEH 0% Al
NESHEAECEBE LT, BEAHBLEHOFKBHTLILDCHANTEED
£, BEMAFIZRITRAOEEARBEE VDT VI EORMKE, ZILREFTAK
FOMMOEEL TWIHEEND S,

TIGHERIWC L-T, #HEME (BHRTENMMRI{R) tEREREOHETEE
BOERELITAHEMEADIEEDNEGESETPON, OF0ir 1Tk, 7T A
RE, ARtHAEOBACRARIBES»ORRL, FEGLALEHOSEKC
R SbEBRESISEILE, Table 1154822 L5C, BESETR, NRU
OnEHEERDEI»EHML, ¥LAIRUCMegOBERAEIL TS, T1IEBD
EEER, #HAMH L BEERORTENEL,

B OD OERAMB DS bDHeat 11, FHTHFHEAF L L T2 TEMHBHRM L
BEL LE{EEERAB—Tho Rl brdbo§F, BFIHhARFHCIRERERS - |
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k., ThoOMBOLRERPEETSE, EXEREIIC, FWTHMNRELT
WA TEMEANMTEIMe2EEA0.004nasshE o TW0dEVWI T EDRERMIE,
Si, Mn, FeBUNDOESHEMNTH "V Dleat 1 LDV EHVELI T ELIERHT
Do

RECHPE LTV ATHAMAHMOBBEIhBRZIHEIME, - 22 & CHEELA
MEM LD LEBRCHLEROFFAMEZEIhENER TR EOREN, Table 11
CHMORBELTOWAIHEIUAORRECHD EVIFAREDLS I b s, BN
HCTEPMARLABBEOAZORITRIT o 2, HITARBE, MBBEERVES
AECHELELOEE—T, ER{tALBEOBACRAEDBED»ORML 2L 0,
HEBRLLALBHOBECREBESbEBEE»OERNL b0 THD. 2HHKREL
ERER, BRI RSHEEE Y RIST RS S EELZLH5NSHCu, Sn, S,
W, Y, N, O, PbRUFAsTH3, TOER%LIML kPhoto. 11 R U Photo. 125 52
PEEIKE, POTREEZOVTLEELLPE L TOLIHTRIBEILL Y, Tbb,
TIT, o hEPMARLARBEEORFORIWOKE» SR, MEEIAEC L
STHEYMLRREPEELTROMBRTERL o I,

4 . ZFE =D

BRORETHFHOSHHEELINCROBES AFORMBCHLAT, TOREREHR
HHELTINI-Cr-WHOHESOMBCEMIELR, BERBLE X 5N SLEMK
DEERITo k., COHBLLMEMPELTEALTIIERZARKL T, THHMK
(2bY) CORBEFTY, TOREFERBRO-—REL T, GEAELCOVTHN,
Mk oEEosun (ARtaLERCEERLERAE) 2L, 8H L EMHRE
BrR—HHEToHsEhECAVE, BohERRUTOERDTH S,

(BB AAEN OBEEHEBRARITFTH ), ERALEL > THHE L VI RGO,
() BEAALEH OXEREESLBLEHO TR LD bPPEY, BERTORH

FRETR, HESEZHEL b,

BE, ZECEMAR L LA TEBEEREM EFH TV 0o HO 5 bDHeat 11/,
BELLALEEBERRA—-TCH - bdrbs T, BEILABREBCXELESS -

7i
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b, IhoOHMBO2ERYEETDE, EXBEREIIR, FHTHMENRELT
WA TEHEANHTEMeg 2HEM0.004nasshiE o T02EWVWI T EDRNK,
Si, Mn, FeRUNDOBHEARTH 'V OHeat 1IN LBELI T ELERHT
& D,

AHTHBE LTV TERRAUMOBBINBZMEREr > 22 & PHERER
EH DL ERCALEROHHRBEEThESAEL TR I LOKES, Table 11
CHHORBELTOWAIEIUAORBECSHI LI FAHEDLH I L dh, BN
BHCEPMARIAMBEOREZEORIIT 2T o 2, HITARBE, HEBERROER
AECHELELDERE—T, BEB{tHLABEOBACRARDBEESH»ORML AL O,
HFEALHRLEHOBACREE ShEBHEE»SERLEbOTEH S, HHIHREL
ERER, BREARIHEEEIRETUEESADDIEELLSNS5Cu, Sn, S,
W, Y, N, O, PbRUAsTH3, DOERENL kPhoto. 11 R U Photo. 125 52>
PBEESE, PORREOVTLRETEZE L TV IHHREEESI LV, Tikbb,
TIT, FohEPMARLABEHEOTRORIWOKE»L R, MEIAHC L
STCEHEREPEERRROMPERTERL - L,

4 . ZFE =D

REOETFHOSHHEEI00CROBEAAFOMRBEHLT, ZOHEBHRER
HHELTNI-Cr-WROF24OMBCHMOEL, BEBBELFE X5 h5{LEER
ORERfTok., COMELEMBEMBE U TEALT S EREELT, THAR
(2 b)) TORBMEPHFY, TORETFMARBO—REL T, HFEAECOVWTRN L,
MR R EEoRLE (BNt RAERUEEREMMAE) 2HL, BH L EmHE
BrR—HBETOHAGLETHVWE, BOohABEREUTOEEYITH S,
(DEECRLAEN OEBEREBREATFTH) , ERLER - TRHA L VI AREV,
QD EEECSBRLEHOBEEEERRLAEHOZALD L2PE D, BERT ORI
FREBTIE, WERERHEL KU,

e, RETHERRE LA TEIEENM LFH O 0RO 5 b Oleat 114,
BEL LRt HRRE—Thd >t bhrb b T, BEHNBSHCAERENDS
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Errht, eSO EHROEYFMCHRITL Tak, TORBR, XETHENR
YL ETEAERMMEEYAMe, Si, Mn, FeRUNDOEREDHHR'W O
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Table 7 Result of face bend tests.

Face bend test
Heat Test | Crack length %
Judgment
treatment No. | (mm) X Number
1 0.56X 1 Good
at 1215°C for 1.5 1
1h — ¥Q 1.0X B
2 No good
0.7X 2
0.5X 2
g,0x 1
at 1215°C for B.O0X 1
th = ¥WQ 1 2.0x 2 No goad
+ 1.8X 1
at 1225°C for 1.2%X 1
lh = WQ
2 Fractured No good

# Criteria . Maximum crack length = 3mm
Summation of crack length = Tmnm

Number of cracks = 10
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Table 8 Result of root bend tests.

Root bend test
Heat Test | Crack length *
treatment No. | (mm) X Number Judgnent
2t 1215T for 1 No defect Good
lh — ¥Q
2 No defect Good
2.5X 1
1.3X 1
1.0x1
1 0.7X 1 No good
at 1215C for 0.56X 3
lh = WQ 0.3xX 8
+ 0.2X 4
at 1225C for
lh — ¥Q 3.7X 1
2.0X1
2 1.0X 1 No good
0.7X 1
0.4X 1

* Cr‘itéria : Maximum crack length = 3mm
Summation of crack length = 7mm
Number of cracks = 10
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Table 9 Result of side bend tests.

Side bend test

Heat Test | Crack length

Judgment*
treatment No. | (mm) X Number

1 0.8%X 1 Good
at 1215°C for

lh = WQ
2 No defect Good

LO0X 1
.8X 1
.BX 1
.3X1
O0X1 No good
.BX 1
L2X 2
O0X1
BX 1

at 1215C for
lh = ¥Q
+

[ R B T = R ol B ' B S )

at 1225°C for
lh = WQ Ox 1
.0X 3
LIX 2
.6X 1 No good
.5X 8
.3X 1

L2X 2

0o
(=T = = A =

¥ Criteria . Maximum crack length = 3mm
Summation of crack length = 7mn
Number of cracks = 10
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Table 10 Comparison of Vickers hardness between solution treated
and re-solution treated materials.

Distance from bond

Vickers hardness {(Load : 4.9N)

at 1215°C for 1h — HWQ

(om) at 1215C for 1h = WQ | " " 90ec for 1h — WO
-4.5 253 251
-4.0 278 233
-3.5 273 236
-3.0 277 259
-2.5 260 248
Weld metal -2.0 235 230
-1.5 249 252
-1.0 261 260
-0.5 260 258
Bond 0 245 262
0.5 278 262
1.0 239 251
1.5 273 224
Base metal 2.0 280 235
2.5 258 2517
3.0 270 226
3.5 259 222
4.0 235 222
4.5 207
5.0 205
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Fig. 1 Groove geometry for FISCO test (mm) .
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Fig. 2 Groove geometry for butt welding (mm).



JAERI—M 93—163

40

R,

b e e —

o
™
10

15

Fig. 3 Geometry of the specimen for face bend test (mm).
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Fig. 4 Geometry of the specimen for root bend test (mm).
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Fig. 5 Geometry of the specimen for side bend test {mm) .

2 300 1 | | LI i [ 1 I 1 | 1 1 I I I T 1T 1 1
O\. . -
< n

= B
8 250f
= U
% |
£ B
= 2001 .

W - O at 1215C for 1h = WQ -
% RN 1215°C for 1h = WQ ]
2 B +at 1225°C for 1h = WQ i
.,L—q) 150 I | l | I L. I L1 L ] L 4 1 1 | I 3
> 6 -5 4 3 2 -1 0 1 2 3 4 5

! L
Weld metal Bond Base metal
Distance from bond (mm)

Fig. 6 Comparison of Vickers hardness between solution and
re-solution treated materials.
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'E dmm

Solution treated material
{present study)

Heat 1 |
(previous study) |

Heat 2
(previous study}

........

Photo. 2 Result of liquid penetrant tests for the specimens
after overlaying.
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Test
No.l
Test
No.2

stk Y S R TR B oo SR R A e

Re-solution treated material 10mm

{present study)
Heat 1

Heat 2

Photo. 4 Result of liquid penetrant tests for the specimens
after butt welding.



JAERI—M 93—163

28mm
) T

Solution treated material
{present study)

Photo. 5 Appearance of the specimens
after FISCO tests.
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Concentration profiles of Y and N for weld metal

of solution treated material.

11(ec)

Photo.
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Concentration profiles of S and W for weld metal

of re-solution treated material.

12(b)

Photo.
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C

Concentration profiles of Y and N for weld metal

of re-solution treated material.

12(c)

Photo.
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