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MOT IV >4 tsR (0S-Cu) &ERIED X7 L 28 (SS316L) OEE#HKFEE (HI P)
CEBEENRBINTV S, AFFIE. 3TEHOEAEE (1253K. 1303K. 1323K) TIE&IX
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. BUMBEIREREITD I &I &L D SSHHCSd BDS-Cubf DHES#: % HLBSHE L - B4 #4542
bOTH 3,

ZHRAFROEEREE S EMBR LR, HAEE1253, 1303KDEAMIZH WV TDS-Cu
HNOEEREMEICAZS 1 ~4 tmDRA FHABEIh. ThSDEEICBIT ZEANRF2T
o1 ENGh ot —H 1328KOEAMTRAAS NRERINTRIFUESHAR LY., %
fon TRTOHEAREICEVT, HAREN S 2~ 5  mOME TERATICETICKHAENEE I O
oo MABABRDDS-Culifit S EMBIER LR, 1323KDOH I PHcBW T, 2Dk ER 1352
FANM O 2 IR LEARICHEERRERRICELI: 2 &80 o7, L. FOEX
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50 L mITEL TWA Z &b - fo, BUMEXDFHRIEDOFEE, 1323KOH I PHicB T, BES
FED S50 £ micH7zBDS-CUNTELWEXDETEZ R L. ZOREMEIZEREHOBEIO L
NINSELT W, ey EPMAMIEREEET 2L, COBXDETIIAHT L I F036HE
LicZ &kl IhfcLittiliang, —4, 1253K, 1303KDOH | PHicBWTEXDIE
TRidhotce YULOHRID, 3BHEOEABE THERLLH I PHODTI23K DRIEAH
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Characterization of HIP Bunded DS-Cu/SS316L Joints for Fusion Experimental Reactors

Moriyasu KANARI, Toshihisa HATANO, Satoshi SATO, Kazuyuki FURUYA,
Toshimasa KURODA, Mikio ENOEDA, Tetsuya ABE and Hideyuki TAKATSU

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received January 21, 1998)

A shielding blanket design in a fusion reactor such as ITER (International Thermonuclear
Experimental Reactor) has been proposed to be a modular structure integrated with the first wall. In
view of the fabrication, HIP (Hot Isostatic Pressing) method has been proposed for the joining of
dispersion strengtened copper (DS-Cu) and type 316L stainless steel (SS316L) at the first wall.
Characterization of DS-Cu in HIP joints bonded at three different temperatures (1253K, 1303K and
1323K) has been performed placing emphasis on metallurgical quality at the interfacial region of
some hundred xm by means of conventinal observation and testing techniques. The results from
SEM (Scanning Electron Microscope) observation of these joints before and after intergranular
corrosion to DS-Cu have shown that in two joints HIPed at lower tempeatures (1253K and 1303K)
some voids of 1~4 ;2 m exist in the vicinity to the interface, while in the other one HIPed at the
highest temperature (1323K) there is no void and the joint reveals good bondability. And in all the
joints grain boundary has been developed parallel to the interface. The results of SEM observation of
DS-Cu grains have shown that in a joint at 1323K the grains have slightly coarsened to the size
larger than as-received DS-Cu by a factor of 2, despite the hardness of that remians as as-received
DS-Cu. While in the other two joints grain remains as large as as-received DS-Cu. The results from
EPMA (Electoron Prove Microscopic Analysis) of alminium in DS-Cu has shown that in all the joints
accumulation of alumina has occured in the vicinity to the interface and the length of the accumulated
region increases as the increase of the HIP temperature and reaches up to 50 x m from the interface
at 1323K. The results from Vickers hardness test have shown that in a joint bonded at 1323K the

hardness decreases to the level of an oxygen free copper in the vicinity to the interface, implying that
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the distribution of alumina has changed. From these experiments, it can be concluded that the joint

at 1323K has exhibited the highest performance in terms of bondability.

Keywords: ITER, Shielding Blanket, First Wall, HIP, DS-Cu, Characterization
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1. [FE&HIC

TSy MEEELT I FULAOHM, B XX —0ORY HLEUBEE A VTR
% 14MeV HfEFER OB EI 2BV, BREFNTRXALX— « VAT ALAEST o B 1D 0F
LR AMBETHD, ERBEEERE (ITER) OFH T, £OEENHICBWNTIIFY
LAHTERSEE R Lo, A XA LEERT 77y FARBEIND, FREEMTHD
ERT T oy NIEERBTIX/HEIND Ny 7 7 L— MNEeMINS bo A FAHmICEBE LT
mEmicERANS, EKRT Iy MNIE B LEREKO—HRE Y 2 —MEEPRRENT
W3 [1], Figlic 12—y s FL— b EERT Ty b, Figioli7 77y b &
—BERSOWERERT, 7707y b, MARER) ., BUVRETAR. REREKRZZ T
B2, T bOAKICH X HEEEOREEORENRT 77y FREOERRRETH S,

LT 5y ME, BB L ERES I, BE1M2mDE V- MBEEZA LT
B, T ACIET BT —<—HIZiZNY U U A (Be) . b— b 7235 80R{kd (Dispersion
strengthened copper, DS-Cu) . #i#& ki & UM AIKEIZIZA T L 2@ (ANSIEUE : SS) 23 A
WHI, FRHBESINT—EKEELZBRT 5720, BHESBITOMRSRE L £ O M ER R
BEDO—->Th5, T T 7y hEVa—LORBMEFREL LT, ®OEEME L HERELE
BB T OB\ REEHERS AN IS T & B iiEdER O—HTh % HIP (Hot isostatic pressing)
EAEAV, BETE24D 2L 57D, DS-Cubt & DS-Cubtis L I"DS-Cubt & SSHF, SS#te
SSH DA FFRICIT O BUMEFENERENTWVWA 2, La L, Kk, BRaE —BORRNTE
KAHFER AT A EEEREEROSEC HIPESEA SN EMITZ L, . BH#ESI
HIP 84 %8 H L7=BZ6 & 472\, DS-Cutt/DS-Cutt+ DS-Cu#tt/SS#++ SS#4/SS # D RIkF
HIP 81 STl R, &< BIEAMThR TRV, B b [3, 4], DS-Cukbt/DS-Cubts &
U'DS-Cu#t/SS# D HIP #A 2B D HARE, EHI L OCRGRHEOBRSEIIH TR BEH
AR FEAMICEBVWTHEARENE VISR ME, HRENT ALK, ENB IR
HRER OB REITNE N R L, BAD Bk, TORBELLSSH/SSHOHIP &2 %
iz DS-Cu DA (1356K) %M L. DS-Cu/SS316LIEAIZ DT SR DRE &M (1258K,
1303K 8 L 1*1323K) THIP#:& L7-RBRIED5IRY | Ty —ER EFRBREITV., BE&
HAIRE (1323K) THIP U744 OB BRI XX -0 2HIZ A~ TELIEL BF
HEHLRWI L ERLE, EHS (213, FESEE CRHIP L2777y b/E—BE#EERK
DEREY I T v TEFARRIELERT 77y NEV2— VOREEEZFEFEL, LML, B
5. BEDORBRREEN S DS-Cu/SS HIP # O ABRESERBE - RITTRRBII OV TILER
BHORENTWA—F, BEAMOBBRBENZOEASFECHIEFETICHLEDLLT., MO
B AR L AR DBMRIZF S T &R TV RV, EEVThORRICEN TS, —EHORE
RO, REOREITIZIE DS-Cu/SS#AREMENDS-CuNTREL TH Y, £OWEAD
= XAEHLMIT D L IZHIP#A BT B EE 0S¥ 8 2 THAICER L, AN Z®R
#HTHETCHETHD,

ARFFCid. DS-Cu/SS HIP #45 OB I RIETHSRE OREL &R FHRIEND

_1__
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AT, B, FRERBRICBO THBESEARBEFMEDODS-Cu N TRAEL TS Z Ehb, &
RZ2ZOEAREICK Y, STEROEAEE THIP LZREAHMIZOVWTROZRREIT- -,
DEARAICBV T, REFBELEFI%ICSEMBEZLZITWVESREBOBERS LKA ANE
TWARA,

2)DS-Cu N TR R % Ok %2 SEM B L e, fRllKboFEER,

3) T =9 AOEPMA BT 21TV DS-CuF O 7 NV I F D FAREOELE R,

4) B A FE OFE S A6 & JIE LSRR OB 2Rz,

LTI, 2B CERBFEICONTRAR, SETEABRERETTLELICENOEEREL, 45
TELHEITI,

2. EEBAE

DS-Cu/SS HIP #28%f ® DS-Cu iZid, ITER#E#K T T 7y e — b U IMBERTHH TR
F % 0.25%F0 L 1= 5y 858 t$ GLIDCOPRAL25Y | SSHIZIZA—ATF F A FRRAT v L R EHK
F M (SS316L) AV BT, Fio, HIPRILE L L TTFOEMEIOESEIZH D E Rz=1~ 2um
BN TH#%, 7& g dnt, EA&GEREAB L CREERIZI—E L LEREDOLE /(S
A—H L3 5LH, Table W RT&RETES SN, #HERMIZ, ZhbDOBEAMLOFIEDTE
ZEIVH L, ERBER~ORBERROONRVBLUH O DR ELZBR/IBRIZMI B0, #
% Table 210783 &4 CHIE®%, Sl LT Lz, 512, BRNTICX > TRERAEICETS
MIZEEE ORI RBR~OEELB/MRCMZ S & & ISR 2 RAICEETS -0, mRR
HNZ TR KM % Table 2I0 R T4 B TR RABR LT,

Fig 3ic8£m EOSRBRIE %27~ 7, SEMELZIL, Fig.3? DS-CuNOHEESREMLIZHNT
PLRERATHIC, BAEREL S Imm BN /AL BICIV TR A% (- & F S JISM-54102 % A
WTITo 7z, EPMA EHDHTIE, EPMA 3474 JXA-8600MX? % AV, #4 REfHE T DS-Cu
MOTAI=% 5 (Al), 8 (Cu) & SSHOE (Fe) . 7 1A (Cr) 25047 L. H#EREHD 1mm
BN/ DS-CuN T Al 25047 L 7o, BERBRIT., V4y I —AMUNE S RBEMHAT2Y # VW TA
FRTE 10gf T1To72, BIEIL., BEARE S lmm OFFEA T, #EERE 5 50pum ¥ TiX 12.5um
TEICRIE L, LLFRERIZ 100pm £ T50pum Z &, 500um ¥ T100um Z & IZRIE Lz, 7233, Hi
EIXBEY A O ERFALORBEERENSELZYADLRVE ) CERBOERMAERSARESD
2522 % X O ITHEAEICH Lr/6 rad W 28R (R, —A$HR) TITV., Rim b E—inlk
WEBWTSEITOBE L, £, SSHIZOWTHRBROFETHEIZAE L, KO-,
DS-CuRIFANMIZOWTHERE DBBRBEE, EIRRB LU AIOEPMA EEaH 21T 1-,

DSCM Metal Products, Inc.
ApAETF (K)
AP RIER (¥)




JAERI-Research 98-004

3. HEREPLUEE

3.1 SEM#®E

Fig. 42 % HIP # &M 22V TR B E% (-8Bl L 7= DS-Cu/SS Rl D SEM & %7~ 7 (1253K
(a), 1303K (b) 3L T*1323K (c) ). K& Y. HEAIEE 1253K (a) . 1323K (b) D HIP#HiZRW
T. DS-Cu NS REMDECHEAEICR > Tl ~ 4um ORA RBRBREh, IrbHESINS
BARE ST BRA FRIZEFNEFN 3%, 2%EL TWD, ZThbOARA Nk, REL2E&IC
EoTHEIh, ThHDRECBIIESVPATITHDI EERLTND, —%, 1323K (c)
IZBWTHRAS FIBEINTRFREGHEZRL TS, THOEEX, BHL BICL> TR
SRy ey WV E—ERRAR, BEFRBERLRL BT 5., $42bbRA Mok, £0
TyVIBWTESTENEREZEC TBHEREZEZ LT BBEOER L2V, TOKR, #
BOBEEM B L UEMEZELIETEE3 (7, - T, 1253K, 1303K ® HIP #2351} H
i, EROERTRINOHRA FOFEICERTSEE26N5,

Fig.5-11245 HIP $#11ZD W TR B & 1% (28188 L 7 DS-Cu/SS R in » SEM # % 7~ 9 (1253K (a)
, 1303K (b) 3L 1323 (c) ). RE Y, T XRTOHIPHIZEBWT ((a), (b) BLT (c) ). #E
REM 5 2 ~ 5um OHLE THEAT I HTICHSRANBR I D, BEEEN»L Ih b OSBRI
T COEMITESRED ER L L Bt KkELARY, FHITFig51 (a), (b) IokiF BRIROAEIX
Fig.4 (a), (b) CBWTBRINRAS FOMBLIZE—HT D, £/, ZhbOBEMBLRICIE,
FrimsBgEsh, £ 0MRITEPMA EHESITFHER (Figs.5-2, 5-3, 5-4 8 X T'5-5) 5 SS A
5 DS-Cu NIz fk# L7= Cr. Fe & DS-CuPIZF OB ENZT A IF (AlO3) DHRD Z & 335y
otz, TORROMEIX, BAD 5 OFEBRRICBWTEE I HIP M OREERANE &
—KLTEY, CORAEZERCLTHEBIBELZEEZ20ND, TROLBMERRD TR
ORILR TORITIZ, BREOEEEZEZELIIETEE, TOME. KAOHBELZETEES(7, [
HIP # A% DOHA. KIASEASEIZS L THTICEREN TR Y, T ORLFSHE O bRV
FLTRSE, BB 1B bh5,

Figh-1i2, FHEAMIZHOVWTEARE, O Imm BN 7278 THRE LR AER% D DS-Cuf
%77 (1253K (a) , 1303K (b) 8L 1323K (c) ), E7-. HED7=®, RAkRORELEZE
T o1 DS-CuZiF ANM OBEHER % Fig7 () 12577, HE Y, AR ORERRIKE XX
0.5~5um B OWAMER TH D = L atbn s, HEARE1253K (a) 33X T1303K (b) D HIP#F
BT ARBERIANE &3, AR LIZIERIC T, 26O HIPREIZRIT 2&&EEREIZR
HHNT, DS-CuDBERRBELUT THoRIEERL TS, —F. 1323K (c) TR 5K
BIRE XX, 2~10pm iZE LT AN & 2 K252k LTE Y, DS-CuDfEsiRit
BEIELEZZILERLTS, HEOBRRIEHZIHERRNBKEL RBTONTETT S Z L,
RyFOR[[IZL > TFREN TS, RHIPHIZIW TRESBLK & SI3ZT AR O 2582
BEZT &, DS-Cubf ORI RIETREID RN EELX NS, LA, DS-CuM DO
RIEHIE, £ OMILHEHED OB X TERALOBBIEF TH D 7 /L I T O BIRIBOELIH  KTF
THEEZOND, THODEKRIZ, BIRBRER (A 3.3) BV TS,

___3_
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3.2 EPMA o

Figs.5-2, 5-3, 5-4 # & U85-51245 HIP #1122\ T4 R E TAIE L 7= Al, Cu, Fe, Cr ® EPMA
SRR E TRETRRT (ZRICHNT, 1253K (a) , 1303K (b) 5 L% 1323K (c) ). FEIC.
Fig.6-212 88 Rifi 55 Imm B 72 DS-Cu N TO Al O R 274 ( FRIZBV T, 1253K
(a), 1303K (b) BX T 1323K () ). T O DMEERITENZh, Figs.5-18 L U Figb-1iZm L
7= SEMIZtSY 3, E7=. Fig.7 (b) i DS-CuZiF ANMIZH1F 5 Al EPMA ¥ 2 4%
F, HAERE 1323K 33 X ORE S 150MPa o BV TBAEMIC FRIS D T A I FoAIHRER 4y
SRECRS O Gibbs 0 B B = X A ¥ —ZAG 14 [9].

AG
= AG°+ RTInpo;
= 169770 + 15.69T log T — 385.8T
= 1.25 x 10%/(J/mol) > 0. (1)

T AGUREOEREE BT XX —E{b, RREEEK (R = 8.314J/(mol - k) ) . T:#xHE
B, porBHBRPOBEFETH D, R(1) LY. AG>0THEDT, TAIFRIEBIHFET
B, #-T, EPMAICK > THRHEIND AlIZ, X TTAIFELTHEL TR EE X bR,
AT, BEENEALZTRTTAIFE LTH D, Fig5-2 (a), (b), (c) BXUFig.7 (b)
LV, 2TOHIPEARmEFIZEWT, DS-CuND 7 /L2 FORHBEIZZ T ANMIZH~ART
B, TAITHBEELEZ LR RLTWS, TOBEORSBIVHEIL. B#AEBED LR L
EBICKREL Y, BHEOKXKE SIIEARENS 1253K TH 10pum, 1303K THJ130pm, 1323K T
#50pmZE#E LTz, —4. Fig6-2 (a), (b), (c) 8L U Fig.7 (b) £V, +_T?HIP# ® DS-Cu
WNIZEBIT BTV I T ORMBEEILZ T AN L IZIER U T, #4REUN TIEIT A I FoMmIRE
BHIPERIZL > TEIE Lol & ZR LTINS,

3.3 WIRER

Fig 8IZ &AM OREMEICBWTHE LB ENFHE R, KB T, O. ABLUV@IX
FhEi, 1253K, 1303K & U 1323K O HIPMIC BT A REMDOFEH 2R L, BEBIIRXB
FORERT, LD, T XTOEAMTENT, SSHOBES /AT, Hy =190 ~ 220 & —5E
TXBE [11] & 12— BT 5, HEARE 1253K 8 L U1303K (236 T, DS-CuNOFE X 4y i,
Hy =140 ~ 160 L T ANM O X Hy = 140123 L, %1, #AREH 549 100pm Tl X
BERFANMELVEV, ZORELE LT, SSHLE# L Cr, Fe % £M ¢ T 5t (Fig.5-1
(@), (b) BEV () ) KEFIEMLBS X LREEEEX DN, —F, 1323K DHESH D
B Sk, BAREMED# 50um OFFHRICEB W TELLBEEABMKETLTEY, 208/ME
i3, BERERWOBEX Hy =50 ~ 90[12)IZFEL T35, £BMEIO L 5 RIEMMICIWT, X
Hyid, BBEICKRK TRIRIE o, \ZBE-31F 55 Z & 2 Tabor[10] 2 & » TRER TV B,

Hy =~ 30,. (2)

_4_
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P~ C. [EHIP# ® DS-Cu A REMEICH VT, £ ORREAM HIP LBEIC K> TET L
T rEELNTHS, T, ZOBSOET LTV AHIMIZ, Fig52 (c) KW THES LT
AIFRERESE LR L X< —BLTWA, - T, BAREMEOTES OETIR, H—IZ
AL TWET A I FHEE L, RMOSEREHREMET LicedicdlE @I shictEx5H
N5, COBEEFRRETHEHIC, BEREBEORHIP# O DS-CuNICEWTERRAY TALD
EPMA BT 24TV, TA S FONMREL F~T, Figd-1Z, M P TRLUAAKERNES
YR LEERL (Hy = 145, (a) ) BEIEVES OER?2 (Hy = 67, (b) ) B Y OSEMBRE
HARL, Figd 2 N B OERE Y © Al EPMA EEAHRR ((a) BET (b)) &R TS
Fig.9-2 (a) , (b) £ V. EE2AY OT LI F OFMRIE, [EE 1 ORISR THL MIZ,
FAIFREVBRIBELTVD, ZOEENL, TAITOEENRDS-Cubf OBRRIEAZET
X¥BTLIXELATHSB, LHL, Fig8k v, £TOEAMDDS-CulNicH W THEEFEH
5 400um SA RN AT BIC R T A S 1L, BHANMOBESICELTHY, FLEPMAIZ LS
FAI = ADOEESTER (Fig6-1) 25 b7 A ITOBERIEShhole, TOT LA
5. BEARELUSODS-CuMicB\W T, HAREIELE L, TOKBIZT AN ORI 251
HAAb L7 1323K DS H (AH 3.1) KBV TE X, BRIEADETRRVWEZEZXLND,

3.4 FA R&ERE. PLESTOREICHT IER

HEAEHE 1253K, 1303K (2B W THRA K (Figd) BWAERLEERE LTROERBIET LN D,
(a) DS-CucsSSHAMLBICH T 2 ILBBEDOFHME, bbb, Cu 23 SSIZBRNZIEB L 7o,
(b) HE&IEEE A Cufh/A (1358K) [T L, #WHIRFO DS-CulEEZE I & Y R & & - L7,
(c) HIP B AEN - 72 72 1 DS-Cu M A #k{L# 3" DS-Cu RV T+ 72 BERTAE &
Rinot-%HThb,
UL, (a) DIRER, BA FASEIIERD 125K, 1303KIZBVTERL TS Z &, &E
R DS-Cu P23 5 Cu, Fe 38 XUt Cr ® EPMA EHEQH# R (Figs.5-3, 5-4 38 LTt 5-5) »»
5. SSPI~JLE L7- Cud it SS{IA 5 DS-Cu N~HL# L 7= Fe, Cr DRICH AR, 28D
BHALEZ LNV, Tz, (b) DIREIX. RDO2ODEHENLE X LIRV, BHEVESR
B 1323K o BV THEA FRAR L TR ST, 7= CuPRAITHIPES 150MPaD F T T U ¥
MR- 754 yORONOLROLITTFRIESND,

ATy TmAnmV
dp  Amh 3)

oo T, dT AT, dpENE, Tr:293K 31T 2HORA. A VBRI L TOEN
BRI, A ROy ZAE—EETHD, K (3) 2RI LT,
T2 AV
Tmi’  Amh(p—p1)
X (4) {2 T, = 1358K. AV = 0.319%1075m*/mol, Ak = 13300J/mol, p—py =150-0.1 =
149.9MPa AT % &, To = 1363K TH Y, #/E (0.1MPa) X Y 5K LR T 5, #->T, IO
BA, (o) WHETRENR SRS THD, BROITIT, MENEIHEKEREOHE, AW

In(

) (4)

_5_
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FESEAE LRWO TEBEERITE & 2V, UL, FIfigcks » CTAREIXT2ICE—BE T,
SRR LT\ B 72, EAMREIC WV THAKERE TR BHEERE+2CREZ VB, £
B, Fig o 2AREOBERE, D, BBV TE2CE—H L TV iho72idy
»DS-Cu. SSTHEA, HIP #%IZII72IC—F L TH 0 H#AMICSWTHaREBERESE LT
ZEERLTWS, Figlois, E#HH2AE X5 DS-Cu/SSTEMEOMMBMET VERT, T2
T, EOEDIC, ERIIDS-CuNTORET S LIRET D, BEMOMBREICIE, bbb
HMEITEAE S KumA—F —DEE, SRVICL ¥ tumA—F—DMMAH 57D (18], #
SEITIE. TR LOEEB I UMEBICB WO TSI HES L EXLND (KF (a) ). £,
PIEA DR Z I TR IS I, BMMERAEL (HH (b) ), BMSEDICSh LIEWnicE
BER~EBTTS (K (€) ), D& XREE, ML T, 3L A CBERFITEE 2V,
YAMEE DS & . BRI DS-Cu lX B RENC L - T, SSKREL —8T 5 & 5 ZBEIT 525,
TR ERMTORETHED, FTRUATERS FRICERBIERD, ZoL &, BROMY
TIXGR, BMOMMEERRETS (BT (d) ). &biz, HEEMAD L, DS-Cu & SSREILSE
ST 5 LA, BAERESZFRL., DE, BEERIEZ LRV (KT (e) ). #-
T. BESHI1T, EAEE 1253K, 1303K @ HIPHICHWTRA RAAER L RERIZER SR +5
Tholel-DIZEF () ETELT, P (d) DRETHEILELELLDTHD LHERLTND, —
F. 1323K 1BV THRA RBER LD - 7-Dix, BUEERB 20 4E CEREBIZET () DR
BEECELEEDTHALHERTES, £7-, 1303K & 1323K 23 L. TOREETD TR
0K THHIZH b LT, ZOEARENE-7-BH L LT, 1323K 3 DS-Cu BfEdiEEL £
ThdHID, +oEk L (Fig6-1) Z & MBFET L5,

FEEZ. DS-CuNOESREICT A IFTHEELEREE LT, () 7TAITOHBICLDH
B, (b)EAREMLTORVEBIEER, REBFETOND, T0IDH, (a) DREE, T/VI
Fix, X (V) EVTAI=TAMIHBEENDZ L3RV, TAIFTOREIT3 ~ 120 m[4] THY |
THIREOR TR ERE LI KREN, REOEEANLEZLNRY, #-T, EEHDLIX,
(b) DIREN BT A I FOREENE LT LHRIL TV 5, #ERE TR, WHBHIERT2RWE
e EoT, RANRFLC—HTBET, TROLHAKECRDIETBHEESELTVD (X
B (d) )o T, REOBHIROIMUTIT, ROBIBMIEASEEEL, URE ZTRAETHH
WM ERIZ L > TTAITHBE LEBESh - L HITE 5, UEOBEEND, B#EREICAE
FHRA R, TAIFOBEZIE, BAMEEOR IR Y 2 & ORMERN 2 MM
BLTWB EEZIBNS, #ID, BEINERS FOKEE (1~ 4um) BETT AT OBRER
DK E X (BAK50um) 5, ENFREAR2ETRLERERER, =1~ 2umBLTIRY O
KESLIBEFASETHILVIFEREFICEETHY, INOER/IRICIMA D Z L BEEH
DREMZHERTAILETEETHLLEZLLS,

4. F&H

HIPic & 0 SEEOEARE TN ST A I F5#HERLE (DS-Cu) /27 v L AR

_6_
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(SS316L) HEAMIZ DWW THSRAEEH O E 1 m ORI T 5 SSHIZXT 5 DS-Cubf D
B2 LB L 725 R, ROFEwmERT.

(1) REWRATH OBES Rilmsd SEMBIE LR, BHARE 1253, 1303K 0#EAMICHB VT DS-
CuNOESREMITICKE X 1~4 u mDOFRA FBRBE I, ThODBRECBITIEASNF+
DTHOT EBghole, —h. 132K DEAM TIIARA FIIBBRINTRFREAEEZTRL
7o Elo, TRTOERGBREICBOTESREID 2 ~ 5um OALE CHEAEIC EATICRI A1 B2
ahi=,

(2) RISVER% DO DS-Cufikz SEMBIE LR, BEERE 1323K O HIPHIZBWT, 0O
RRLIIR T AN ORI 25 RE LESRICBRGBREICZELEZ LB 0hofz, LML, 0
BSERTANM OB S IZF L FRRIRERIC L 2BRIEE ORI RN EMBghotz, —
#7. 1253K. 1303K O HIPHIZE W T, fERBIORRIZR 1172,

(8) T =v LD EPMAEMZHTOMER. T TOHIPHIZEB VT DS-CuNOEARE T
TNV FTOBENBEIN, TOBEORIBLUORATEABEN LETBICohTAREL
729, 1323K ODHIP MIZEB W TR HERVEERZR L, ZORIZIESRE L S 50um 2 L7,
(4) PR X FRIERBROMS R, HAIEE 1323K O HIPHIZB W T, #ESREH L 50pm i
DHDS-CuNTELWVEIDETE2RLE, £i2, £OREMIZERBESEOB SIEL TV,
—J5. 1253K, 1303K D HIP 2BV TR S DIETF X o1z,

UEORRED ., SEHOBEABREDOF T1323K THA LI HIPH S, R4 FEAER LRV,
BRELN TOE LVERAEE OB R2WE, BEAHORSMRECB AN Lo L L RIF
AR L,

EHiZ, DS-Cu/ SSHIDOEMET ANBEZ LI, A FOER, THIFOBEIZOVWTEE
SNTRER, ThOOBERITIE, HBANE T OEMOMICAET S DS-CuRE DOBBMAET K
BLTWDEHEEENE, £, REOARA FOAERIZIZ, EHD L ERXIRY i L OBAEE
RAE—MOHFEEBRKESEELTVWDLEZLN, ThbDNRFA—F 2B/ BRIZMZIA T L
NEETHHLEZLNS,

AR EITTDICh-Y, RBREBOERELFAILTHE, THEOBBLELEEXE
Ul X 2Rk, A B K, B E— K2R UD LT3 HEHER BB T EHEED
Fx, REHERIZB W TRBA AR IERBIVCIWAZEEE LERF AL P=7 ) 78k
At B K. EPMASITICBWTRBE AR ZBER LRI 2 TEX £ L7~ NBIIn#
MRE K¥E EE RICESBEHBELET, £/, FRBRICHE L DS-CuZif Anst, HIPESY
oy 7 BRENE WK B KU ETH)IIEELERRESHEDO T 2 ICHE S BHBEL
¥7, BRBRIIAHRICHTZD, BLOTXB2VWEEVWEERETER KB £ BR. xXB EK
KREBIOTI 7y NIEMRZEOH 2 ICES BHELET,
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Table 1 HIP conditions of the joints.

DS-Cu/SS HIP joints
Temperature/K | 1253 | 1303 | 1323
Pressure/MPa 150

Hold. time/h 2

Table 2 Polishing and itragranularly corroded conditions for SEM observation, hardness
test and EPMA.

Ground by #500, #800, #1200, #2400 water-proof paper.

Mirror surface finished by 0.04m SiOs.
Corrosion | HoO2 blended liquid.

Polishing
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Fig. 1 ITER shielding blanket and back plate for a sector.
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Back Plate Blanket module
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Fig. 2 Cut-away view of the ITER shielding blanket module.
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@ : Hardness test

X : SEM .
O : EPMA Unit: y m
(. 1000 .
p 500 R
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/’/ 7 /6 rad
ss 4 DS-Cu
Interface

Fig. 3 Points of SEM observation, EPMA and hardness test on DS-Cu.
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DS-Cu

(b)

Fig. 4 SEM micrographs of as-polished DS-Cu/SS HIP joints at the interface. 1253K(a),
1303K(b) and 1323K(c). In two joints HIPed at lower temperature((a) and (b)),
some voids are observed in the interfacial region between DS-Cu and SS. While
in the one HIPed at the highest temperature((c)), the existence of void is not

confirmed.
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DS-Cu

Grain
Boundary

Precipitations

Fig. 5-1 SEM micrographs of intergranulary corroded DS-Cu/SS HIP joints at the inter-
face. (a) for 1253K, (b) for 1303K and (c) for 1323K. In all the HIP joints((a),
(b) and (c)), grain boundaries are observed in parallel to and 1 ~ 3um away from

the HIP interface.
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Fig. 52 EPMA images of Al for DS-Cu/SS HIP joints at the interface. (a), (b) and (c)
correspond to those SEM micrographs in Fig.5-1, respectively.
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(a) ®

©

Fig. 5-3 EPMA images of Cu for DS-Cu/SS HIP joints at the interface. (a), (b) and (c)
correspond to those SEM micrographs in Fig.5-1, respectively.
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Fig. 5-4 EPMA images of Fe for DS-Cu/SS HIP joints at the interface. (a), (b) and (c)
correspond to those SEM micrographs in Fig.5-1, respectively.




Fig. 5-5
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RN
R
3

EPMA images of Cr for DS-Cu/SS HIP joints at the interface. (a), (b) and
correspond to those SEM micrographs in ¥ig.5-1, respectively.
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®)

Fig. 6-1 SEM micrographs of intergranulary corroded DS-Cu 1mm apart from the HIP
joint interface. (a) for 1253K, (b) for 1303K and (c) for 1323K. In a joint HiPed
at the highest temp.(c), slightly coarsening is observed, by which the grain size

grows to a size larger than that of as-received DS-Cu by a factor of 2.
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(a) (b)

Fig. 6-2 EPMA images of Al for DS-Cu 1mm apart from the HIP joint interface. (a), (b)
and (c) correspond to those SEM micrographs in Fig.6-1, respectively.
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(b)

Fig. 7 SEM micrograph(a) and aluminium EPMA image(b) of as-received DS-Cu inter-

granulary corroded. The grain size is from 0.5um to Sum.
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(b)

Fig. 9-1: SEM micrographs of the indents in DS-Cu HIPed at 1323K. Indent 1(a) exhibits
higher Hy than indent 2(b).
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b

Fig. 9-2 EPMA images of Al for the indents in DS-Cu HiIPed at 1323K . (a) and (b)
correspond to those SEM micrographs in Fig.9-1.
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¥ Elhn v F 7 cd 100 ~ 7 b h
Y E Al v 7 o Trad 1 eV=160218x10 ) 10| ¥ #| da
Voo F|RTIVT Y sr 1 u=166054%10 “kg 07 T d
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T®, MH®I7 v Fl W /s 5 L Gal 1. #1 -5 "EEEHMR, BO5MK, ERE
B ,E M2 — v | C A-s ¥ a2 Yy - Ci R 1985FIfric k5, 727, leV
Wiz, HE, &Z8H (KX 0 k \ W/A L v b HF v R B LU 1 udfliizaCODATADIORGHEHESR
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W OWR & BR|7 Vv 4| Gy J/kg 1 rad=1cGy=10 *Gy AT E
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4 5 70 u P af it
p 1 2.70270x10 P 1 100 9 1 3876 w 1 100
&’ it
3.7x10" 1 0.01 1 2.58%107* 1 " 0.01 1
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