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Fig.1 Dimensions and appearance of dovetail groove of

tungsten plate
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Table1l Main chemical composition of CuCrZr (/%)

Al Mg Cr Fe Si Zr Cu

0.1-0.25 0.1-0.25 0.1-0.8 0.5 0.5 0.1-0.6 Bal.

®2 SSERMREVBERDFEEE

Table 2 Physical and mechanical properties of the test materials

. 3 o Hardness, 1 1 gl
Materials  p/kgm™ T/C HV/MPa C/ms™ AMWm™ K
CuCrZr 8900 1083 1100 4674 401
w 19350 3422 3410 5334 173
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Fig.2 Metallographic image of W/CuCrZr joining interface
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Fig.3 Microstructures of W/CuCrZr composite bonding zone at different positions: (a) bevel edge of W dovetail groove and upside, (b) bevel

edge of W dovetail, (c) underside of W dovetail groove, and (d) bevel edge of W dovetail groove and underside

CuCrzr
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Fig.4 Micromorphology of W/CuCrZr composite interface (a) and its magnification image (b)
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Fig.5 SEM image (a) and EDS elemental mappings (b-d) of the W/CuCrZr joining interface
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Table 3 Composition of W and Cu elements at the interface of

W/CuCrZr composite
Element wl% at%
Cu 39.47 65.35
W 60.53 34.65
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Fig.6 EDS spectrum of the W/CuCrZr joining interface
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Fig.7 SEM image (a) and EDS elemental line scanning of W (b) and Cu (c) along marked line of the W/CuCrZr joining interface

2.3 REEESH

Uit P o [ VA =Y 2 A1 I [ b AN S v D WS QY =9
WA E, fikl 8a fil 8b ffix. R GB/T4340.1-2009 <
JE AR FCAE B8 7 Ve AT I, A S PR S Al Rt

MR 4 iR, T 4 1~8 5 8 W N 4 PR
B, 9~20 55N CuCrZr N f) 4k FAE FE $d . M
] 8 F15E 4 FTLAE Y, W B R IR R /I AR 4 TRl 5 35
AR IR, 4E RIS {EZ) 0 4410 MPa, % W J5

8 WICUCrZr Atk F I 24k PG TRE FEE Pyl o

Fig.8 Test positions of Vickers hardness at the W/CuCrZr composite interface

F4 BESHAREMMEREE (HV) &
Table 4 Vickers hardness (HV) values of different positions

in Fig.8

Position Material HV/>9.8 MPa Position Material HV/>9.8 MPa

1 W 468 11 CuCrzr 76
2 w 444 12 CuCrzZr 91
3 w 438 13 CuCrzZr 83
4 W 436 14 CuCrzr 88
5 w 434 15 CuCrzr 78
6 w 457 16  CuCrZr 75
7 w 460 17 CuCrzZr 78
8 w 461 18  CuCrZr 80
9 CuCrzr 77 19  CuCrZr 83
10 CuCrzr 79 20 CuCrzr 82

MR 25 FAE R (3361 MPa) A B B2 T+ CuCrzZr i)
o B P 4B 219 794 MPa, %5 CuCrZr JR k4R 1 4k FC g
¥ (1018~1421 MPa) 1 T[4 1% .
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W MRS T LU IX — & B PRI T
B, FatEsgin, M= R AL, AN WICUCrZr
AR G A FUIH A B A 4 & R A & . W/CuCrZr &
A B 4 (0 BEE B SL BEAA A P AR TR SR IR, T e 2 e
T CuCrzr fEEZ AL UL A Bt A58 ) . Cu.
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Table 5 Melting point of some metals and evaporation
temperatures (boiling point) at vacuum vapor
pressure of 10 MPa

Element Evaporation temperature/’C  Melting point/‘C
Cu 1035 1083
Fe 1195 1535
Cr 992 1900
Zr 1660 2127
Al 808 660
Mg 231 651
Si 1116 1410
3 & it

1) R ARG VE I ) & 7 B R A 1 45
() WICUCrzZr Z-& 8k .

2) WICUCrZr G MR4E5 6 5 F 2L B A5 M RHIE
NE, FHLEERE, LM A, B AR
HRIT,

3) 4hif ST B IR A Rl B A Ak, K
JZ 5N 6~8 pm, CuCrZr &4 1 W 45 & R b4
TRREROYHILG, WL THESEE.

4) W/ICUCrZr & FH i Akl B2 X 45 SR 3 0,
WICUCIZr 454 Fim A ARk o BB 55 5 A B AR B, 45
MG prss o, A& 00000 A B T B .
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Study on Vacuum Melting and Casting of Tungsten and Copper with
Dovetail Groove Structure

Sun Yuling*?, Ma Honghao*, Shen Zhaowu?, Luo Ning"*
(1. CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of Science and Technology of China, Hefei 230026, China)
(2. PLA Army Academy of Artillery and Air Defense, Hefei 230031, China)
(3. State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230026, China)
(4. School of Mechanics and Civil Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In order to obtain high quality W/CuCrZr composites, the W/CuCrZr composite plates with dovetail groove structure were fabricated by
vacuum melting and casting. The microstructure characteristics and mechanical properties of W/CuCrZr joining interface were systematically
analyzed by optical microscope, scanning electron microscope coupled with EDS analysis, hardness tester and other equipment. The results show
that the joining interface of W/CuCrZr composite prepared by melting and casting under vacuum conditions of 10 Pa and heating temperature of
1100-1200 °C presents flat and straight structure. The W and CuCrZr are tightly bonded at the interface without obvious defects. At the joining
interface, the phenomenon of elemental interdiffusion occurs, there by forming a banded melting diffusion layer with the width of 6-8 pm. The
Vickers hardness on the tungsten side of the W/CuCrZr composite plate is improved compared with that of the base material, where as that on
CuCrZr side is lower than that of the base metal.

Key words: vacuum casting; W/CuCrZr; SEM; interface characteristics
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