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Development of Bonding Techniques between W and Cu-alloys for Plasma Facing Components by
HIP Method (3)
-Bonding Tests with Au-foil Insert-

Shigeru SAITO, Kiyoshi FUKAYA* and Shintaro ISHIYAMA"'

Center for Proton Accelerator Facilities
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 29, 2002)

In recent years, it has been considered that W (tungsten) is one of candidate materials for
armor tiles of plasma facing components (PFC), like first wall or divertor, of fusion reactor. On the
other hand, Cu-alloys, like OFHC-Cu or DS-Cu, are proposed as heat sink materials behind the
plasma facing materials because of its high thermal conductivity. It is necessary to develop a
reliable bonding techniques in order to fabricate PFC. JAERI has developed the hot isostatic press
(HIP) bonding process to bond W with Cu-alloys. In this experiments, bonding tests with Au-foil
insert were performed. We could get the best HIP bonding conditions for W and Cu-alloys with
Au-foil as 1123K X2hours X 147MPa. It was shown that the HIP temperature was 150K lower than
that of without Au-foil. Furthermore, the tensile strength was similar to that of with without Au-
foil.

Keywords : Plasma Facing Component, Tungsten, OFHC-Cu, DS-Cu, HIP Method, Bonding,
Au-foil Insert

*'Department of Advanced Nuclear Heat Technology, Oarai Research Establishment
*Nippon Advanced Technology Co. Ltd.
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1. W

BfE. ITER EOBMEFORE TIX. 7IXTHAMEBE L TRMRY > T AT 8D
BREBTHONTWB[1]. Y T7AT AT, BRRTHSHZE BRETHINIFULIZ
X254 R M) —DRERDIZL 2], DOFRBEOBROEBRDRZLEOFRAERE. ¥
AN—FEOT7 M I LEMEBOBERAMBRMINTNS, —F., 7T—IHOHERICHESS
NBe—R o 2HELTIE, FORGHEORIPEBBRAORERIN S, EBEEEMH (Oxygen
Free High conductivity Copper ; OFHC-Cu) ® 7 J X ;43 #(3{t# (Dispersion Strengthened
Copper ; DS-Cu) R E DS ELMBRINTNS, L L. 7T XTxmEEIL. BRAHP
fHEFRICLZBSE HPRMNMEBOREEICXD. BHASTNICEEBECRTH D NITHE
BEOBENTFREIND, Lo T, 77 XAIHABBOREICIE. MEOFETEDH#
BEHROHERENAARTH 5. EHTIIHMS S ME (Hot Isostatic Pressing ; HIP) KK S
BV AT Y ERELEOBEEEMOBREED TE ., HIP HBIZFANICENEZNA S
ITRARERTEEECENSM. REMEOESOKRE (K mBEE) HEORESIIAR
DEACHEATEL A THHOBEHEICHRTENTNS, AAIEMEREETIE. 7
Sy MEEMTH B SUS316L Eb—h > 7D DS-Cu @ HIP HEEWMOBRNED 5
NTNB[4-6].

AT ERBEEDBERITEL TR F VAT L ERRFAOES1-81P, ¥ 7
AT ET NI FHHEERLROBEARROBR 21T > TE[9-10]. FHETIE. KDERT
DEALEBESOREMEDALZERTEZEDIZ. @ELZAVES AT EHEED HIP
BERBET > /. YOV AT UV ERARELRBEERRTH DD L. €13 Fig. 1.1(@&T
1. 1(0)DRER[NTRTE I, I T AT ERADNTNIIHN L THLRERT D, %o
T, @RI IAT U EBBSDEBTANVNIHBEMELTRETHZIEEALNS,
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2. KB

2.1 MEERUER DMK

EHRTIIE)EEY T AT UHMOY > T AT VB 2RV, AR BN R &
TRLESN, PIFE 999X L TH D, TMEEFRFII(HK) B BRI THIE 99.99% LA ETH 3,
72 FHEERIESRIE SCM A ¥ VD AL-25 2RV, REEHITIVI 2K 0.25wm%
SHEL. BRORE. FICERICBIT2BENERERICHERNTRBICREINTNLS[3].
SBII_SIRTEIILFHF20um TH 5,

BB ORMM A PTEZE Table 2. 1 IZRT . Tz, SR OBBRIOREE R Y1 {E % Table
2.210RT, BEMEIEHEE 20mm. BT 25mm OABEFERICNT L TEASERBRHARE &
U, BRAROARE (Fr ) CEFE—LBEETHEEHALR,

2.2 BAHR

HIP #8813, KOBELCO ®{®D “Dr.HIP” ZAWTITo /. EHEHN AITIIESME Ar
Az, HIP #&i1RE Fig. 1. 1(b)IZ/RT Au-Cu RORERN S 900CLL T &L=,
PREFIEMEIE 2 B¥RE. HIP EAIZ 147MPa & L 7=, #ARBED—%K % Table 2. 3 IZ7R7

2.3 HEOME

2.3.1 HER

EOMOEBEHEIT. MNMESHR. HEBRE2To~. £9. HIP UEEKR XK
BRE% Fig. 2. 1 ITRTXDIZ2DIZYIl L 7=, —Hid@5iEY. SEmMEDEK, TvF
T ETFo TSHBRAREE Lz, Ty F U 7BORDIBRELKFEKRET > EZT
KTH2, ¥ AT VRURAELIIHTEILYF 2 VROBELE Table 2. 4 127,
Evh—AEIEBROFMEIL 0.IN, REREIZ 15 BELE, £, Y1700
THEMEBEEBERL =,

2.3.2 BESHRBEOWNME
BELERBOBEHWE L. SBOHABRTIML 2. 53R 0BT Fig. 2. 2 ITRT
BREBRFZAVW, HBRIBEIIEER. 200C. 400CKkUL600CE Lz, BRKIIEZ
(<2.0X10%Pa) & L7, Z7OZANY ROENMEEIZ 0.5mm /min. HEBRERKIIERME 1
~2F &L, T BRAF OB EZ EAEMBETHERL . B NBOHREZ2To .
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3. MREHR
3.1 BAORBRUVHEMEL

3.1 YUTRAFUEBRREOES

Table 3.1 128 VAT > L EBFERAOBABROBRERT. ¥ VAT > L EBR R

(BAF W /Au OF) &, 147MPa. 2 B¥MIOS&H TIE. HIP REA 750CH 5 850°C DHEH
TRWTNBHES LD 900CTIREDERIZEVBEE LMo Ik, BREMEEEED
BICBREENRSDBOEEZSND, BRI Table 3. 2 ITRTXDIC. BHERIE
Lk DRERBITEAEL, FRREHKIEL TS, #EROIYIIORI—-TEREM
INGE X F % Fig3. 1~3.3 ITRT . EEREITIIRBERCHRA RRRohaho7k. &
BOBRIIINH 20um THHH, ERICIT 60um BETHo7, £k, BEFEITHEN
RiBOEREDRoizh o7z,

312 UV AFETIIIFHMBIERADOES

Table 3. 1 128 Y AT > &7V I T8GR (LLT W/Au/DS) 13, 147MPa, 2 Ky
DE&MHETIZ, HIP BEM 850 C KT 880°C TIHES LA 800CLA L TRES Lah o7,
7 2 F 4 EERILERREMIT Table 3. 3 IZRTEIIC. BRERBERILTEST, EIdiL
AWEBLL TN, BERDOYA 70X 2—TEE L M/NES 37 % Fig3. 4~3.5 IR
T, BERMICIIRBEBPORA R, H2VRBEVNREEOBREREZASNho T,
¥, BEREOTIVI FHEEREFARICK 80 um BEOEABHNR SN, LB L
FEETRRRWHhEEZIENS,

313 HRRFEZAVWEY I IAFVETIVIFRHRBIEHMOES

LAEDRERMN S, &EE2AVEBEEORE HIP F#E&REIL 850CE L, /> T, EZ
Imm OEMEEFREZ AW ESHRIL 850°C. 147MPa. 2 KD 1 REBEDHAIT o7z, Table
3.4 12 BE 1mmDEMEFER NS D TAT 2 ET IV FHEBERILROBE SR ORR
2RT. EDEAMBNY VAT 2 EEREROREDOHDHEE (AT W/Au /OF /DS)
b, BRERET I FHEERICAOREIC B ANZBE (BAF W/Au OF /Au DS) D 2
BDORBERTVL. WTNORRBRE L HEA L. BEEFHBHII Table 3. 5 ITRITELD
12, BREECICX DREERITEAEL. RESEELAEN., I FH8RICRABHITIH
WREALTBST. BIBIFLAEETLTVEN, #EEHOYI7O0Ra—TEEE M
INE X 3 F % Fig3. 6~3.7 IZRT. SHESREIIIRBEEHPRA B, HE2VIEBELRIE
BOFREEIZIRLSNEN >/, W/Au /OF DS Tid Au /OF FEOHEERFHHIZAI 30 4 m
OEEEHR SN, W/Au /OF /Au/DS Tid Au /OF FE DO FFHANCH 30 £ m. Au /DS
REDT VI FHHERLSRANZH 1000 m OEBERR SN,
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3.2 HABREORM

W/Au/OF DS & W/Au/OF /Au/DS DHESREZFIRDHERICK > THML 7z, ATICK
REERERRS,

SR D HBROFER % Table 3. 6 17, 55 RV BMEOHRBRIBREKEM % Fig. 3. 8 ITThTh
AT, REBRIBEN 200CLA LDBEEIL. 1000°C T HIP ML L /- E8E REREM DR E[7, 8]
Z20PLEID, &L THESLUAEE (1000C. 147MPa. 2 K§fE) [9,101&IFIERIC T
BB Lo, —F. BRBENZER TR IOLEES 2B TR &,

% 72.W/Au JOF /DS DT O EAFEMBEE E % Fig. 3. 9(a)~3. 9(d)iZ. W /Au /OF /Au DS
DWW % Fig. 3. 10(a)~3. 10(d)IZZNTIURT . WT NOREETHHBR T OB EIZ.
HBRIEENZE KL 200CHOHBAIE W/AU OF BEREO WHITHENK Lz, BEREOW
BITHEET 20k, AR OUDHUROBBN IO B TREEENHE o2k
EEZEND, —F. BEBRIBEN 400C KU 600CDH AT W/Au /OF HEA R TN L =,
IERE/R RIS W/AU FREN. Au/OF FFEMD. H2VWIZAuNTHLINIIFRATH S,
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4. ¥&¥

SHERNT, YU TAF LGSO HIP BERBRETV. Bl HIP REORE LES
MOMBELDELSRELANT. TOKR, UTOBESHASMh LR,

(1) > ATF > CEBE R, HIP REE 750CH 5 850 COHBE TIXFER L7228, 900CT
REBOBMICKVBEALAN k. —F. ¥ VAT 2 ETINIF BRI, HIP &
B 850°C & 880°C TIXIEA L7=A%. 800 CTIES LMok, UENSSY VI RTF 2 LER
FREVT IV I FHHEERMERAO B EEASRHIT 850C, 2 K, 147TMPa THBHEF A D,

(2)REX Imm OEREFESHERWEZEE., YOV AT ET IV FHHELHEIT 850C.
147MPa. 2BRIO&HTHEE L=, ZHELBERLOBAITHRS L, 150CHENVWRET
H3,

(HZOHAEDBIRDEEL. RBRREN 200CH LOFBEIE, 1000CT HIP LH L /=%
BEEBMOBREZDPPLED, &8 L TEAUALEE (1000C, 147MPa, 2 KeR) &iE
ERUTHBZENbhol,

(4)ERBE ORI E L. RBRIBENEIR KR 200COH AL W/Au/OF HEFEDO WHITHE
WiL7-. BAREO WRITHENT2013. AERBODHLUBROBERNTIOZBRTREL
BEHRR BoknEEZISND, —F. BRIBED 400C KK 600C DB AT W/Au /OF #
B RETHEN L,

L f

FHREFIICYED . B OI\BEBITF 2 EE X LA AREME RENREERMRE
BE B N EBHHE) BMAT¥E TSy NIERRBZZERVIBEARK.
BMA T2 NBl MBAHEZOLEBMBRZSTCREFHI P27 XV ORLRKE
E_RICESBHWAELET,
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Table 2. 1 Chemical composition of tested materials (ppm).
Element w Cu Al Li Na Mg Fe Si Co
99.987
tungsten (Wt%6) <2 <50 <1 <1 10 <5 <0.48
Element Cu Al B Pb Fe
OFHC-Cu | 9999 - - - -
(Wt%)
DS-Cu
(AL25) 99.39 2500 170 7 13
(SCM metal)| (Wt%)
Element Au Ag Cu Fe Pd Pt Zn Cd Pb
Aufoil | 9998 2 6 5 20 2 01 01
- (wt%)

Table 2. 2 Mechanical and thermal properties of materials.

\ 0.2% Yield Tensile strength Thermal expansion
strength (MPa) (MPa) coefficient (1/K X 106)
20°C - 740 5.25
200C - 736 5.35
tungsten | 400TC ) - -
600°C 680 710 5.70
800C 608 640 5.80
1000°C 408 540 —
20°C 26 207 15.4
200°C 20 155 16.6
OFHC-Cu | 400 16 91 18.3
600°C 13 38 20.0
800°C 7.5 18 21.6
1000°C - - -
20°C 355 435 15.94
200C — - 16.95
300°C 214 250 17.66
DS-Cu (AL25)| 400°C - - 17.91
(SCMmetal) | s00C 123 140 18.52
600°C - - 18.71
800°C - - 19.34
1000°C — — -
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Table 2. 3 Tested HIP bonding conditions of W and Cu-alloys with Au-foil.

W/Au/OF W/Au/DS-Cu W/Au/OF /DS W/Au/OF/
Aw DS
Temp. (*C)

147MPa

750 2hours — B —_—
147MPa 147MPa

800 2hours 2hours - E—
147MPa 147MPa 147MPa 147MPa

850 2hours 2hours 2hours 2hours
147MPa 147MPa

880 2h0urs 2h°urs —
147MPa

900 2hours — — S

Table 2. 4 Composition of etchant for bonded W and Cu-alloys.

Chemicals Volume
10%H202 iOomo
NH4OH 25mo
Refined water 25m Q
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Table 3. 1 Results of HIP bonding tests on W and Cu-alloys

with Au-foil.
W/ Au /OF W/ Au/DS-Cu
Temp. (*C)
750 O —_
800 O X
850 O O
880 % O
900 X —_—

(pressure and hold time were fixed 147MPa and 2hours, respectively)

Table 3. 2 Results of metallographic obserbations of bonded W and
OFHC-Cu.

750°C (OA-4) 800°C (OA-1) 850°C (OA-2)
W/AWOF  W/AUOF  W/AU/OF

Hardness of OFHC-Cu (micro HV)

7.1%E1. .0x2.0 63.11£0.7
as-recieved : 100.9+2.4 5 9 61.0

Recrystiization of OFHC-Cu O @) @)

Table 3. 3 Results of metallographic obserbations of bonded W and
DS-Cu with Au-foil.

850°C (DA-2) 880°C (DA-3)
W/Au/DS W/Au/DS

Hardness of DS-Cu(micro HV)

137.1x2.6
as-recieved :133.0+2.0 136.112.0

Recrystlization of DS-Cu X X
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Table 3. 4 Results of HIP bonding tests on W and DS-Cu with
OFHC-Cu disk and Au-foil.

W/ Au/OF / DS W /Au/OF/ Au/DS
Temp. (C)

850 O O

(pressure and hold time were fixed 147MPa and 2hours, respectively)

Table 3. 5 Results of metallographic obserbations of bonded W and
DS-Cu with OFHC-Cu disk and Au-foil.

850°C 850°C
(DA-5) (DA-6)
W/AU/OF/DS  W/AU/OF/Au/DS

Hardness of DS-Cu(micro HV)

01,
as-recieved :133.0+2.0 135.0+1.3 134713
Recrystlization of DS-Cu X X
Recrystlization of OFHC-Cu disk @) O
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Table 3. 6 The results of tensile tests on W / Cu-alloy bonded specimens.

(1) DA-5 (W/Au /OF / DS)

Tem;:oecre;ture Tensil(e Ms't:r:;a)ngth Disp(l;crﬁ;nent Fracture position
RT 128.0 ~0 W/OF Wside
200 138.7 ~0 W/OF Wside
400 98.1 ~0 : W/OF
400 81.8 ~0 W/OF
600 32.1 ~0 W/OF
600 53.7 ~0 W/OF

(2) DA-6 (W/Au /OF / Au/DS)

Tem%ecriture Tensil(e h:g;e)ngth Disp(lﬁ::;;nent Fracture position
RT 126.7 ~0 W/OF Wside
200 146.8 - ~0 W/OF Wside
400 87.0 ~0 W/OF
400 89.7 ~0 W/OF
600 38.3 ~0 W/OF
600 47.9 ~0 W/OF
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Temperature (C)

0 10 20 30 40 S0 60 70 80 20 100

Tlll[lllllllllllllllllllllllllllllllllllll'r'llll]l'l"llllllllllllllIlllIllllllllllllll"lll'fl]l'

Au Atomic Percent W w

Fig. 1. 1 (@) Phase diagram for the Au-W system.



Temperature (C)

JAERI-Tech 2002-058

AuCu |l

Liquid
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10
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Fig. 1. 1 (b) Phase diagram for the Au-Cu system.
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/____\’\4‘,’ Cutting

1
'
1
|
1

Cutting

/N

Test pieces
* Mounting

* Grining and polishing
* Etching

* Hardness test
- Metallographic observation

* Tensile test

Fig. 2. 1 Evaluation process of bonded specimens.

¢4

Fig. 2. 2 Test piece for tensile test.



Hardness (micro Hv)

JAERI-Tech 2002-058

0.4

600 LB B B LI B B | LA M S J LI BN I L] LI B AR | L L LN BN I )
[OA4 w OF ;
5m I :
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400 [ A :
L :
300 ¢ )
200 } :
100 | \ -

0 [ 9 4 3 2 3 3 4 2 3 3 3 3 2 2 ¥ Y g i 2. 2 3 2 i 1.2 32 2 il 9+ 4 23

-0.4 -0.3 -02 -0.1 0 0.1 02 0.3
Distance from W/Au interface (mm)
Fig. 3. 1 Hardness distribution around the interface between

W and OFHC-Cu (750°C X 147MPa X 120min).
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600 [ y
500 F :
Z 400 & :
e o : -
9o X ]
E 300 Fodon
n X i
4 i ]
_E 200 e o A
© X i
I L g i
100 Foodorn - | N
0 : [N | 1229 2. 0 9 2 2 2 ) 2 i 2 2. 4 4 i 2 11 3 i 2.1 5 2

04 -03 -02 -0.1 0 01 02 03 04

Distance from W/Au interface (mm)

Fig. 3.2 Hardness distribution around the interface between
W and OFHC-Cu (800°C X 147MPa X 120min).
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600 prTTTyTTTTTTT

:OA2 W OF :
500 | !
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0 \‘\0// ‘
300 } :
200 | :
0o | O S S
0 :.... s aa gty g ol gy ....:

-04 -03 -02 -0.1 0 01 02 03 04

Distance from W/Au interface (mm)

Fig. 3. 3 Hardness distribution around the interface between
W and OFHC-Cu (850°C X 147MPa X 120min).
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Fig. 3.4 Hardness distribution around the interface between
W and DS-Cu (850°C X 147MPa X 120min).
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Tensile strength (MPa)
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Fig. 3. 8 Temperature dependence of tensile strength on W/ Cu-alloy
bonded specimens.
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