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£, PihriRpEE oy 122.8 MPa, Fi4i&
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Table 1 Parameters of HIP diffusion-joining and average
ultimate tensile strength of the Be/CuCrZr joints

Sample No. Temperature/'C  Time/h Pressure/MPa o,/MPa

1# 780 2 32.0

2# 800 2 122.8

3# 830 0.5 49.6
130

4# 830 1 64.3

S# 830 2 46.3

6# 850 2 36.2

10° m/s. FuRE )5, MEKIE 10 mm 4 (Be i)
AT DFE G . AR ST 10 mmx10 mm>10 mm,
FE S 6 5 12 ol 2R B Sk WA AL, SRl Cu PR
b Tio H42407]: 2 g Fe(NOs); + 20 mL H,O, I a] 20
s, BKf24: 10 mL HF + 30 mL HNO; + 50 mL H,O,
] 10 s SRR S EELAR AL ZUE S B e = T Al
T, LA EURE 5 2L 2R TSR 1 53 52 14 90 BT 38 4
CAMEBAX-MICRO ! Wt 7~ 88 &1 1 [X 73 #1 4 (electron
probe microanalysis, EPMA) [ #E17.

2 HR5WR

2.1 EEELmAGEE

HIP #4452 Be/CuCrZr Ff S PIPLHEEE WK 1.
21T, EEEEAHE (2 h) I, RESBURIR A
FERELE 780 ‘CH My 32.0 MPa, 800 ‘C % 122.8 MPa,
830 ‘C_4 46.3 MPa, 850 CJj 36.2 MPa, i 1% £ %
(R T, ERECR PRI R S RIS T e . i
PR EAHIA] (830 'C) I, FEMHIPTH SRIEAE 1 h IR
i, 64.3 MPa, 0.5 1 2 h #f 5 I HTH 58 BE 73501 4 49.6
H146.3 MPa, KT 1 h 1, BEAGZEREN RGN, 2
PR pUhr i B R I S T J5 R B
2.2 Be/CuCrZr EEREFIMERHHNERLEL

UK

1 & )30 5 RN A 8] HIP 3 B #% Be/CuCrZr
FE Sk A WA 2. SR Be, Ti, Cu fl Cr4
Tl TG 25 158 50 A7 25 R SR HOT ) R JEE R LK 2.

SR B HOE RN, [ AT B R b e AR R L
W) B LT B 56 J5 IR A B2 SR = 1 T 3 42 4
152 18, B oy AR LA 2 T s K IR, (R A 0
RO A AR AR B2 SR T IR FE g, B2 B 4,
W T FLm s Ji 24 440, IO 2 e R4y
HOE I, A2 BSORH 2 o A LA e i 9 108 B LL AR S B
R 25 IR S D) e KA, BOE R -RE VA R
T - B A 4 ) P M 2 b < S TR Ak 4 mT LA TR] IR TR
AR, e ALY SR A &8 &)z .
22.1 Be/Ti fr&E R MK

H Be-Ti et &M Y, R% Be 5 Ti
Z 0 N Be,,Ti, BeyoTi, Be;;Tiy, BeysTiy» BesTi,
Be,Ti Fll BesTiyo 1ot & 1) )2 0 W] A 4040 LU ¢ Be-Ti R4
I S, (H Kubaschewski®HA Ky, 7] FH4% o5k
FIWT AL G PTG R, 15 molkmr, TR R . Be-Ti
AT BeyyTi, B st i, 1% % &, BeyyTi,
St oy A, SR G UK BeyoTi, BeysTiys BeyoTie
AL J5 730 B HL A P, Be/Ti Htif Be 5 Ti Ji 179~
WO & b JPUT =12, $Ag - ER N BeyoTi 8 ) 2%
}B&Rz%jﬁ Eﬁ\jj BeoTi, Be7Tizo

7t Be/Ti FLifil ) N [X, 1# (780 °C/2 h), 2# (800 °C/
2h) A1 3# (830 "C/0.5 h)FE i JE e =9 #0270 WL K
labri 2, B 1b kril 2 FE 1c bRl 2, B934 4 Be o Ti+
BeoTi, W3 2. LTI #UZ 4 Be,Ti+Be o Ti, IF
Be;Tiy )25, R B Be/Ti FtIHI N 24 HisE i, 3 2EHL
YT B ) 2 A . TR RE R -G VA, BeyoTit
Be Ti JZEl 5, B LSRRG N, Be ¥ #ia
Be,Ti+Be,oTi 2 ik (Be, Ti+Be, o Ti)/Ti % [fi 1) & & Wi
870>, (BeaTi+BeTi)/Ti Ft 1 Ji 4 WUl & L JBe/ M
AWiFEAG. 24 Be,Ti+Be Ti ZIA B S, S
I 8.5, MWIIAF] Bey Ty MTEAZ A SAT, itk
Be;Ti, I 4 7F (Be o Ti+BeoTi)/Ti 4t 1fi & #% 2 K o
4# (830 "C/1 h)M 5# (830 “C/2 h)Ff il (Be,,Ti+Be;(Ti)/
Ti AR F A EPE, W 1d 517 3 FIE Te bR
3, A2 1E & BeysTins W3R 2. itk af WL, Be/Ti
ST B PR 7 ) R0 56 I R A - R A . )
Ab, BeyoTi AT 8 J1 24 R PRALR, BITE &
P B2 5 BeyoTi, BARFA H &E-AE A (1P Fh
B2 i 4 Ja (A1 4k 0] A J) I R A% TR R st )

6# (850 “C/2 h)Ff i Be/Ti A1 & M X B & W5 J2 4
B2, W 1fFRIR 2 FIRRiR 3. A Be—Ti, 28 1 §7#%
JEA 25 Beyo TitBeyoTi, 4 2 20 K i 1 Ltk
W Ti;CuBes, (ENEE AN Be,;Ti, Y HZ A,
IMIRA Be;Tiy )21 2K, XK B Ti;CuBes IFJE 2 A
Cu 7 HUHEA 2 Bey, Tip T 2L, AR AE WY #1)=
2.2.2  Ti/CuCrZr Jd B_F [X

M Ti-Cu — oA & EP), IhR% Ti 5 Cu 211
H I N4 TipCu, TiCu, TisCuy, Ti,Cus, TiCu, 1 fTiCuy,
A TiCu, A& ) AT E A, 870 °C LA 43l 4 TinCuy
Al BTiCuy. BTiCuy £ 400~500 C 2 [A156748 N oTiCuy, {H
BAY I o 04 s BB, Ti/ CuCrZe S AR L%
B KIAHN TioCu, ARJEHKIKCH TiCu, TisCuys TiCuss
Ti;Cus 1 TiCuy. %Il fE-FEEVEN], Ti/CuCrZr FHifi,
Cu 55 Ti Ji 79 Bl &t JU" =4, TiCu, 3h 1122k
JUFEK, RIGHIUCH Ti,Cus, TisCuys TiCu Al TiCu.
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Bl 1 AR E HIP T BOER L 50 um Ti § 05 1] )2 (K Be/CuCrZr 4% S b T4 K5 (K 52 34 21

Fig.1 SEM micrographs of interdiffusion layers zone in the Be/CuCrZr joints with 50 um Ti interlayer bonded at different HIP para-
meters after vacuum annealing: (a) 1# (780 ‘C/2 h), 1-Be base, 2-Be,Ti+Be;oTi, 3-sub-pecipitated microstructure, 4-TiCu,
5-TizCuy, 6 and 7-TiCus, 8-CuCrZr base; (b) 2# (800 ‘C/2 h), 1-Be base, 2-Be,Ti+Be;(Ti, 3-sub-pecipitated microstructure, 4-fine
eutectoid-like microstructure, 5-Ti>Cu, 6-TiCu, 7-Ti;Cugs, 8-Ti2(Cu,Cr);, 9-TiCu4, 10-CuCrZr base; (c) 3# (830 ‘C/0.5 h), 1-Be base,
2-Be 2 Ti+Be(Ti, 3-sub-pecipitated microstructure, 4-fine eutectoid-like microstructure, 5-TiCu, 6-Tiz;Cus, 7-TiCuy, 8-CuCrZr base;
(d) 4# (830 °C/1 h), 1-Be base, 2-Be2Ti+Be(Ti, 3-Be 7 Tiz, 4-sub-pecipitated microstructure, 5-fine eutectoid-like microstructure,
6-Ti,Cu, 7-TiCu, 8-Ti3;Cus, 9-Tiz(Cu,Cr)s, 10-TiCu4, 11-CuCrZr base; (e) 5# (830 C/2 h), 1-Be base, 2-Be,TitBeoTi, 3-Be17Tia,
4-fine eutectoid-like microstructure, 5-TiCu,Be, 6-TiCus+28%Ti,Cus, 7-TiCust6%Ti,Cus, 8-TiCus+28%Tiz(Cu,Cr);, 9-TiCua,
10-CuCrZr base; (f) 6# (850 C/2 h), 1-Be base, 2-Be;,TitBeoTi, 3-TizCuBes, 4-coarsening eutectoid-like microstructure,
5-Ti»sCuBe, 6-TiCusBe, 7-TiCus+6%Ti,Cus, 8-TiCus+6%Tiz(Cu,Cr)s, 9-TiCus, 10-CuCrZr base
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Table 2 Results of EPMA analysis of interdiffusion layers zone in the Be/CuCrZr joints with 50 pm Ti interlayer bonded

at different HIP parameters (Be gained by the balance method)

Ti/at% Cu/at% Cr/at% Be/at% Width/um Comments
Sample 1# (780 ‘C/2 h)
Layer 1 0.210  0.005 0.001 99.784 Be
Layer 2 8.463 0.005 0.001 91.531 4 Be 1, Ti+BeioTi
Laye'r 3 Base 04561 0.115 0020 5.303 Ti supersaturate.d solid solution (Be is
(Sub-precipitated 53 main solute)
microstructure)  Precipitates  75.664 0.183 0.011 24.142 Be-Ti binary intermetallic compounds
Layer 4 51.007 48.987 0.006 0.000 3~4 8~10 TiCu
Layer 5 43.360 56.631 0.009 0.000 1~3 TizCus
Layer 6 21.767 78.224 0.009 0.000 95 TiCuy
Layer 7 21.440 78.552 0.008 0.000 TiCuy
Layer 8 0.997 98.999 0.004 0.000 CrZrCu alloy
Sample 2# (800 ‘C/2 h)
Layer 1 0.018 0.008 0.007 99.967 Be
Layer 2 8.610 0.008 0.009 91.372 10.5 Be 2 Ti+BeoTi
Laye'r 3 Base 87552 0302 0012 12.164 Ti supersaturate.d solid solution (Be is
(Sub-precipitated 23~25 main solute)
microstructure)  Precipitates 81.029 0.195 0.014 18.762 Be-Ti binary intermetallic compounds
47 Ti supersaturated solid solution (Be and
Layer 4 .(Fine eutectoid-like 83220 2721 0043 14.015 2224 4 Cu both are rrTain solute) vs./ith Ti-Cu .
microstructure) binary and Be-Ti-Cu ternary intermetallic
compounds
Layer 5 67.109 32.891 0.098 0.000 ~1 12~15 Ti,Cu
Layer 6 50.191 49.783 0.027 0.000 4~7 TiCu
Layer 7 43.334 56.553 0.090 0.023 1~3 TizCuy
Layer 8 40.187 55.176 4.637  0.000 ~1 Tiy(Cu,Cr)5"
Layer 9 22.245 77.435 0.321 0.000 2~5 TiCuy
Layer 10 2.196 97.231 0.574 0.000 CrZrCu alloy
Sample 3# (830 ‘C/0.5 h)
Layer 1 0.020  0.008 0.000 99.972 Be
Layer 2 8.150 0.014 0.009 91.827 7 Be,Ti+BeoTi
Layef 3 Base 91.690 0201 0022 8.087 Ti supersaturate{d solid solution (Be is
(Sub-precipitated 36~38 main solute).
microstructure)  Precipitates 82.592 0.034 0.003 17.371 53 Be-Ti binary intermetallic compounds
Layer 4 (Fine eutectoid-like Ti supersaturated solid solution (Be and Cu
. 89.136 6.060 0.042 4.762 12~15 both are main solute) with Ti-Cu binary and
microstructure) . . .
Be-Ti-Cu ternary intermetallic compounds
Layer 5 51.189 47.727 0.029 1.056 4-7 10~13 TiCu
Layer 6 43712 56.105 0.182 0.000 1~3 TisCus
Layer 7 21.124 78.793 0.083  0.000 2~5 TiCuy
Layer 8 2.066 97.406 0.528 0.000 CrZrCu alloy
Sample 4# (830 ‘C/1 h)
Layer 1 0.023  0.009 0.000 99.968 Be
Layer 2 8.666 0.008 0.004 91.322 12,5 13 Be 2 Ti+BeoTi
Layer 3 11.030 0.043 0.007 88.920 ~1 Be7Ti,
Zone 4 00.841 0711 0013 8435 Ti supersat.urate.d solid solution
(Be is main solute)
Zone 5 (Fine eutectoid-like 51 Ti supersatgrated solid .solut.ion (B.e and Cu
. 89.755 5.604 0.024 4.617 both are main solute) with Ti-Cu binary and
microstructure) . . .
Be-Ti-Cu ternary intermetallic compounds
Layer 6 66.372 33.628 0.057 0.000 ~1.5 14~16 Ti,Cu
Layer 7 51.959 48.026 0.015 0.000 4~7 TiCu
Layer 8 43.445 56.418 0.137 0.000 1~3 TizCus
Layer 9 39.390 55.857 4.753 0.000 ~1.5 Tiy(Cu,Cr);"
Layer 10 21.140 78.160 0.096 0.604 2~5 TiCuy
Layer 11 3.621 91.208 5.171 0.000 CrZrCu alloy
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Sample 5# (830 ‘C/2 h)
Layer 1 0.041 0.127 0.001 99.831 Be
Layer 2 8.493  0.091 0.006 91.410 12.5 14 Be 2 Ti+BeoTi
Layer 3 11.683 0.062 0.004 88.252 1~3 Bei7Ti,
. o Ti supersaturated solid solution (Be and Cu
Layer 4 (Fine eutectoid-like o0 530 2004 0039 6228 49 both are main solute) with Ti-Cu binary and
microstructure) . . .
Be-Ti-Cu ternary intermetallic compounds
Layer 5 24.962 48.892 0.021 26.125 1~2  15~18 TiCu,Be*
Layer 6 26.172 73.796 0.032  0.000 6~9 TiCus+28%Ti,Cus
Layer 7 23.748 76.171 0.081 0.000 2~3 TiCus+6% TirCus
Layer 8 27.400 69.108 3.493 0.000 1~2 TiCus+28% Tiy(Cu,Cr)s*
Layer 9 20.724 79.138 0.139  0.000 2~5 TiCuy
Layer 10 2.531 97.216 0.253  0.000 CrZrCu alloy
Sample 6# (850 ‘C/2 h)
Layer 1 0.042 0.362 0.003 99.593 Be
Layer 2 8.690 0.186 0.004 91.120 17 2 Be,Ti+BeoTi
Layer 3 33.748 10.521 0.009 55.722 2~4 Ti;CuBes"
Base 86.672 5.145 0.047 8.137 Ti supersaturated solid.solution (Be and Cu
both are main solute)
Layer 4 19.987 78.182 0.046 1.785 TiCuy
(Coarsening 19.703 77.255 0.021 3.021 0 TiCuy Ti-Cu binary and Be-Ti-Cu
eutectoid-like . , 47390 48953 0.032 3.625 TiCu ) .
) Precipitates . ternary intermetallic
microstructure) 50.359 47.501 0.028 2.112 TiCu compounds
38.727 11.937 0.023 49913 TisCuBes"
62.493 20.869 0.011 16.627 Ti;,CuyBes®
Layer 5 56.605 22.284 0.023 21.088 2~3 16~21 Tiy sCuBe®
Layer 6 14.697 69.812 0.044 15.447 8~12 TiCusBe”
Layer 7 23.271 76.652 0.077 0.000 2~3 TiCus+6% Ti>Cus
Layer 8 22.570 74.280 3.151 0.000 2~3 TiCus+6% Tiy(Cu,Cr)s*
Layer 9 21.204 78.637 0.159 0.000 2~5 TiCuy
Layer 10 2.723 97.093 0.184 0.000 CrZrCu alloy

*Due to absence of Be-Ti-Cu ternary phase diagram, it is merely atom ratio or annotation according to binary phase diagram;

"The compositions are chemical composition of single analysis point, and the others is average value of 3 or 6 analysis points
which are approximated to each other

£ Ti/CuCrZr FH1f s NEIX, 1#(780 ‘C/2 h)Al 3#(830
‘C/0.5 WFEMAER3 B =, 23l W 1a AR 4~7
ProsfE 1e Fr7 5~7. A Ti—>CuCrZr § HUR 22 B
SR IR TiCu, TizCuys M TiCuy, W3 2. {EHHIIE
I PIBEAT TiaCu, B Ti/CuCrZr Ji 1 N4 L
AR T B2 T A B ) A SiAh, BB R
Py 52 E A TiCus, & HT Ti,Cuz 55 Ti;Cuy (L2
THE LAY, Rl & AR, {0 Ti,Cusy JE K T
TisCuy, OB T #7722 8 4 ) TisCuye

2# (800 ‘C/2 h)Fl 4# (830 ‘C/ 1 h)Ff & Ti/CuCrZr
X AR T 5 29802, 400 WE 1b AxiR 5~9 Al
Kl 1d #5iH 6~9. BT TiCu, TizCus Ml TiCuy LASN, 7E
Ti/TiCu, Ti;Cuy/TiCuy Z 8] XA T B Y #)z Ti,Cu
M Ti)(Cu,Cr);, W3 2. TUTiCu A1 JE M TiCu, A
WE-fEEIEN, (H TisCuy/TiCuy FLTHE L Tiy(Cu,Cr);
& TR A W Cr g0 3 & 4R 18 WL

5# (830 ‘C/2 h)FE & Ti/CuCrZr FLif [ N X 4 )2
5k 5 2, WK 1e brif 5~9, M Ti—CuCrZr, ¥ HZ
KK M TiCu,Be, TiCus+28%Ti,Cuz, TiCus+6%Ti,Cus,
TiCus+28%Tis(Cu,Cr); M TiCus, W 2. 5 9 24
HUZAI A TiCu, BLAh, gk 4 |25 2# (800 “C/2 h)l
4# (830 ‘C/1 h)FE S 58 AN ) o 5# (830 “C/2 h)Fffh 5
4# (830°C/1 h)Ff il AH L B BE A [R], AU [A] 2B,
DA G 3200 30 S5# (830 C/2 hFES T BUZ N 55 4# (830
C/2 hWFESSEA AR R o ASHE AR, BE 5 % 42 I8 1) 1) 28
£, Be JLEY HHEA TiCu JZ2FH Ti,Cu AN
TiCu,Be, HAHFER T 2R SIS 2 228 4 ¥ #U=
Cu &S m i fH.

SR O R S A 2 T ASAEAE AR X P,
I, MR AL 2% B VE R B S# (830 C/2 h)FEMEE 2 =26
4 B2 IR M TiCus+28%Ti,Cus, TiCuy+6%Ti,Cus,
TiCuy+28%Tiy(Cu,Cr); A& HIP W @il A . A4 Ti-



* 3336

Wt SRS TR

48 %

Cu e HEMEP), JLE KN LoTiCuy+pTiCu,, 3k
ol S AL 2 2 A 73 at%Cu, £ SN L+(Cu)«>BTiCuy,
A0 fb AL 2F I A 77 at%Cu. 5# (830 C/2 h)FE S 2 2
JZ Cu #1824 73.796 at%, i 3 |2 Cu & i 0 76.171 at%,
%4 )2 CutCr F 8N 72.601 at%, W#E 2, HNILH
SCECH L i RS OAY , IX RS 5# (830 °C/2 hyFE b
BRI 2 B 4 9 HUZ BB, Cu SR T eI
FE S 5. 5# (830 “C/2 h)KE S IEHE B 830
"C, Be-Ti V-1 + &1 H B AH 5 A 38 % O 875+10 C,
F U] HIP I 130 MPa Hs J7 380 1 A& 5 W R 3 B0 A2 i
R FE ARG 5 5# (830 C/2 hyFEMLES 3 2 Cu & i
76.171 at%, B2 2 )21 73.796 at%, T4 4
JZ ) Cu+Cr &5 72.601 at%, Cu WK JE R E A F W
T 1) 328 7 346 ik

6# (850 “C/2 h) Haly 5 29 5=, WHE 1fix
W 5~9, M Ti—>CuCrZr, ¥ HZW KM TiysCuBe,
TiCusBe, TiCus+6%Ti,Cuz, TiCuy+6%Ti,(Cu,Cr); Al
TiCuy, W3 2. 5 5# (830°C/2 h)FE FiAH L, 6# (850 C/2
h)FE S IERR LT S, Be JR PP HUEA 2 2, 1
 Be frttiiin. JFH, 42 Cu SGEY4gLST A,
Cut+Cr A 77.351 at%, tHiA 240 5 L(77 at%Cu)
AL gy, WK 2.
223 YHEETI

HEE Ti KB RCT IRRALZE, — RO Ti B4k BAS
RS A a5 a2, e 1a dxid 3,
1b bR 3 R 1o iR 3 s, AT E /N T 1 um,
KR JUHOK 281 UK AN G AR S0 e SO AT H 41
2. TR Ti B B A A KEAIEHT P4
2, mE b brid 4, Bl 1chrid 4, B 1dbriR 5, & e
iR 4, B ARIR 4 R, ARSI e SO R
21, 2# (800 “C/2 h)E 5# (830 ‘C/2 h)Ff KL T 41414
AN, AR R 0.2~0.8 pm, 47 IEIAIEE 4 0.2~0.5 pm,
6# (850 C/2 h)FE b ILHT A ZUAAL, BT R FE N 1~2
um, {FUEEEEZAE 2 um Pl b, FEUHMZE EPMA
SPRFBHAE 1 pm AT, AT AL A R
AT pm, SRS BT S T BRI ) . R,
EPMA J%.73 73 BT AN BEIX 43 2# (800 “C/2 h) % 5# (830 C/
2 h)FE AN R AT AL 2P R SRR R )

KT AL ZATE AR Ti R0 R0 [ A4, B2 o
# N Be, HEWIRAM Cu M1 Cr, FriiAIH I Be &
B T AR, N Be-Ti ot & @IS, W 2.
DRI, 7 LT 412U T B T 22 Be TG 39 MO B
W Be TG #E Y HOIEFE . 4# (830 C/1 hyFE WA
SIAEE AR Ti A AR, LK 1d AR 4, e FE
% Be JUHM Ti BMIANE A, W& 2. KILHT 40

BT & KRR Be URESH KRN Cuc®E, WE
2, DAk, RILHTATA T R E B Cu o E Y #
AW AEHT ARG 38 i, RRFE Cu o R MY Bl .
1# (780 “C/2 hyFEfhrf a2 Ti i — AT HH A2, K
Be & Ti TH HUE 2 KT Cu 7E Ti TP Y HOE A
B 5 3 L P () T v AT [ R S, AR Cu T HEE 2
FIZIEHT AR B HTAR T AT 4128, M 6# (850 C/2
h)FE AL I 2RI HT 41 20 Ti SEARFOHT H A 2 K& S
RIHTH LU FAA Ti HRR S Ak, SR
f% Be LA4k, IBF Cu, PAE/DEW) CronEk, M2
Ti-Cu —JG8{ Be-Ti-Cu —Jc&@L&Y, Wk 2.
2.2.4 Be/Ti #= Ti/CuCrZr J~& %9 Kirkendall 2% i

1# (780 °C/2 h)F 3# (830 ‘C/0.5 h)FE S 1A] 2 Ti
JEJEH 53 um, WK 2, KFJRUG Ti )5 50 um, %
BH B T A] )2 Ti ) Be/CuCrZr &4 HIP ¥ U 12
W R S R TIERS, Rk AR T Kirkendall 2w 24,
BE S5, Ti 2SR L, 2# (800 “C/2 hyFEdh Ti )2
JEREK 47 um, 4# (830 “C/1 h)FES R 51 pm, 5# (830
C/2 W)FES A 49 pm, 6# (850 “C/2 h) FEfh A 42 pm,
W 2, KT Be/Ti M Ti/CuCrZr 1 [ NV X B
P HUZ R TR B .
2.3 ARIIZ HIP T Be/CuCrZr ZFEiEE K HTZIMNIE

1# (780 ‘C/2 h)FE s BLhr s LN 32.0 MPa, WL3&
1, Wi glgUnigssk, WK 2a, &M b4 Rigs
AR L DR B X 3 245 47 Ti, Be U,
ARG D8 Ti VAU A XIS 2 . R 1# (780
“C/2 h)FF it ¢ 3= 22 R 42 75 Be/(BeyoTi+Be, Ti) Ft il
IF H, Z%FESAE Be/(Bei Ti+Be,Ti) #L 1fi J2 BeyoTit+
Be, Ti "HUZNEHE ML, WHE 3a, /B
Be/(Be o Ti+Be,Ti) At [ 42 42 Sk 20 2 1 i 95 4717 o (Rt
1# (780 ‘C/2 h)Ff: i W &2 th 1 Be/Ti FHHE A 42 1E
BT, YO 7 A AR .

2# (800 °C/2 h)Ff it I HiHi k4 122.8 MPa, &
6 NFESL R AR B L Z R I A i B T AR AR, D
2b, AL TS Ti, Be JUE, LWIZEEM WA
2 tH BeoTi+Be o Ti 7 i )= il it ity . IF H, WA K
I 2# (800 “C/2 h)Ff i e Sk A ZUIX IA7- AE TR ST

830 ‘CEFEM 3# (830 ‘C/0.5 h), 4# (830 ‘C/1 h)All
5# (/830°C/2 h)Ff i Wr I JESRAE T AL, 25 b i B A 21
FURPRA LI B, 3 L 2¢, Bl 2e, K 2g, @M
Wrah R A 234547 Ti, Cu i, RERASUEH
Ti, CuflI/b& Crotk, XRWMEALUEH Ti-Cu 4
JE& T 4K ) W 284 Je i), T JRDIR AL 2802 B Tia(Cu,Cr)s
5 Ti-Cu ZJod HUZ Z 18] 1) At 1 40 253 et . o5
Ab, JRIRATZ R IUBAHBEE FFIE, R W Tiy(Cu,Cr); ¥
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Honeycomb-like moerphology.

i

Cleavage morphology

10 pm

2 AR TE HIP EELL 50 um Ti 96 4 1 8 2 1) Be/CuCrZr 3% 882 3k W 412111 SEM B (Be 3ip)
Fig.2 SEM micrographs of fracture microstructures in the Be/CuCrZr joints with 50 um Ti interlayer bonded at different HIP parameters
(Be ends): (a) 1# (780 ‘C/2 h), honeycomb-like morphology; (b) 2# (800 “C/2 h), cleavage morphology; (¢) 3# (830 ‘C/0.5 h),

magnification of wart-like morphology and cleavage morphology; (d) 3# (830 ‘C/0.5 h), a lot of wart-like morphology and a little

cleavage morphology; (e) 4# (830 “C/1 h), magnification of wart-like morphology and cleavage morphology; (f) 4# (830 ‘C/1 h), a

little wart-like morphology and a lot of cleavage morphology, (g) 5# (830 ‘C/2 h), magnification of wart-like morphology and

cleavage morphology; (h) 5# (830 ‘C/2 h), a little wart-like morphology and a lot of cleavage morphology; (i) 6# (850 ‘C/2 h),

honeycomb-like morphology and cleavage morphology

FICJZ S 1 ) 0 D el sl S S I T, X5 2.2.2
F5 5# (830 C/2 h)FE T M Ti—»CuCrZr 55 2 JZ 22 4 |2
¥z Cu & 8T m S5 WARA KI5 e AHEDE . 75 HIP
Ja B R b, OISR 23 Tin(Cu,Cr); 25 HAHAD
P HUZZ SIS & A, BRI R B, 44 (830
‘C/1 h)FERERRRTE BN B2 & &5 1UZ 17
55 2# (800 “C/1 h)Ff i Bl HAHRL, (H F =& Hidr s B AR
643 MPa, HAJEHEN Y.

3# (830 °C/0.5 h)Fffh KA LUB SR B AT K I
Tiy(Cu,Cr); )=, W lc, HHAAHIEY] Ti;Cus/
TiCuy A T E4E Crot R, WE 4. XEKE 3# (830
‘C/0.5 h)#f i &2 JF 4 7£ TisCuy/TiCuy Ft 1H JE 1K
Tiy(Cu,Cr); J2. WH M E, FHRARALEHE KR,
PZAE T 12 20 R X R S A3 5 R R AL 2R
B, WK 2d, HAE Ti;Cuy/TiCuy S HAFAEMAL, W
3b, # 3# (830 °C/0.5 h)FfiPrhrsmfE (49.6 MPa)
B 4# (830 C/1 h)Ff S IR, 4# (830 °C/1 h)Fl 5#
(830 “C/2 h)Ff it B2 RN 2 2, RARA LU

A, S W 20 L 20, PRASEE A Sk 2R IX 338
BRI L. 5 5# (830 ‘C/2 hyRESFidrsmfE (46.3
MPa) ¥ 4# (830 ‘C/1 h)Ff i th FEAIC, IXE KA 5# (830
C/2 h)FE S IE AL b N N 38 4# (830 °C/1 h)FE il
IR, B 4# (830 "C/1 h)FE S HUZ JE NG .
6# (850 C/2 h)FE &b 4 Sk 2 ZUJm) & Jmy AN AT
TiCuy+6%Tiy(Cu,Cr); /2 HHILTHELLL, 1T TisCuBes 7 #l)2
WL TG WL 3c. ARSI 4120 H g stk 4L
AURARFL AL SR i, PRI 2 ZULE T 1 rb BT o B K AR A
4, WA 21, EPE A RIEEIRAZIS A Ti, Be Ml
Cu 3 Flyis, MRS Ti, Be suEk, KW
Z4 & 1 (Bey Ti+Be, Ti)/Tiz;CuBes #t1fiE TisCuBes/Ti 5t
173 25 J BeTi+Be o Ti [z fiff Bt K] - 64 (850 ‘C/2 h)
FE SRR A 36.2 MPa, H 5# (/830 °C/2 h)FE
FEAL, R T Ti(Cu,Cr); M HZ 5 HE Ti-Cu
TP HUR ALY B, TisCuBes fEE A, X EIEE
Ti;CuBes Mtk . (HAFEE ML Ti/CuCrZr S K MY
Xt LT =41 56HH TiCuyBe, TipsCuBe #i1 TiCusBe
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48 2%

K3 ANFTTZ HIP 3EHLL 50 um Ti §524 1 )2 8 Be/CuCrZr X445 3Kk 1 2 N X IR T 4
Fig.3 Cracks in interface diffusion zone of the Be/CuCrZr joints with 50 pm Ti interlayer bonded at different HIP parameters: (a) 1# (780

‘C/2 h), (b) 3# (830 ‘C/0.5 h), and (c) 5# (850 ‘C/2 h)

Bl 4 3#FEdL (830 'C/0.5 h) HIP ME45:4% 34141 SEM {881 Cr
JLE M Af

Fig.4 SEM micrograph of 3# (830 ‘C/0.5 h) HIP bonded joint (a)
and element Cr mapping (b)

J2, A A TOA AR R S 0 JEUA
3 & it

1) LATi §8 4 1A )2 ) Be/CuCrZr [ =5 (780 T~
850 ‘COHIP ¥%E4%, Be/Ti FH1fl & )42 1l Be o Ti A1 BeyoTi
BEEBRNEWZ, RIGAEBeTi+Be Ti)/Ti A4
B Be7Tiye Ti/CuCrZr FLIHI N X, I #14E B TiCu,
TisCuy 1 TiCuy, ARJG7E Ti/TiCu FtiAE B Ti,Cu, 7E
TisCuy/TiCuy FL1f0 42 B Tio(Cu,Cr)so F I & N3 B 7=

YRR 5 i U 45 4 18 - B8 A s U

2) Be /& Ti T4 HU# £ KT Cu 7E Ti I HUH
o {H Be/Ti JHIHI M X AE ¥ & Be 54t Ti-Cu-Be
O O A R, 3 R Sk e R O B R AR, T
Ti/CuCrZr FL1 [ W X A Be 5 [ Ti-Cu-Be — 41 oA
PR A X 3 5 (R S /N

3) HIP #H4: T ESHNLL Ti AT 2R Be/
CuCrZr #f ik eAF/E W] 52 m . 800 C/2 h/130
MPa JE Sk Prhr ke m, A 122.8 MPa, St[ingh
G R HIEARG, WRE M Be/Ti FiflJx W IX
Be, Tit+Be o Ti WA 14 & 4 )25 i 2T 1T 2408 B 11 o

S 30k
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Microstructure Evolution and Fracture Modes of Be/CuCrZr Joints
by Hot Isostatics Pressing Bonding at High Temperature

Li Feng', Li Zhinian', Zhong Jingming', Wang Zhanhong', He Lijun®, Xu Demei'
(1. State Key Laboratory for Special Rare Metal Materials, Northwest Rare Metal Materials
Research Institute Ningxia Co., Ltd, Shizuishan 753000, China)

(2. Key Laboratory of Ningxia for Photovoltaic Material, Ningxia University, Yinchuan 750021, China)

Abstract: Microstructure evolution and fracture modes of Be/CuCrZr joints with 50 um Ti interlayer by hot isostatics pressing bonding at
high temperature (780~850 °C) for different time (0.5~2 h) were studied by EPMA. The results show that forming process of intermetallic
compounds at Be/Ti and Ti/CuCrZr interfaces conforms to Flux-Energy law. The diffusion rate of Be in Ti is greater than that of Cu in Ti.
But the Ti-Cu-Be ternary intermetallic compound with high Be content formed in the Be/Ti interface reaction zone is very brittle, which
causes the property deterioration of the Be/CuCrZr joint. By contrast, the Ti-Cu-Be ternary intermetallic compounds with low Be content
formed in the Ti/CuCrZr interface reaction zone have relatively little influence on Be/CuCrZr joint properties. HIP conditions affect
significantly Be/CuCrZr joint properties. The Be/CuCrZr joint bonded by HIP under the condition of 800 °C, 2 h and 130 MPa possesses
optimum properties, and its tensile strength is up to 122.8 MPa. The joint exhibits the good bonding interface without hot cracks, and the
fracture of the joint is caused by cleavage fracture of Be;»Ti+Be;(Ti mixed intermetallic compound layer.

Key words: beryllium; CuCrZr; hot isostatics pressing bonding; microstructure evolution; fracture modes
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