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1.1 SEIGMR

SO0 BT FH 16 285 S B T MR A AE T A R A
RIBRAL, ORI R A 4 U7 VR AT R A
F(=99.95%, FBi&Es4, TE). FrAHK 0Cr17 A
AR RN A BR A Rl 44, 223 e #
oo R, BEAWTEESE T M &, A
SR 1 . IEJEFEN Ti A Ni 6@ 67,
SiEITE 99.95% LA I, AT EEIA 0.1 mm.

F1 0Cr17 #NIAL S sy
Table 1 Chemical composition of 0Crl7 steel (mass

fraction, %)

Fe Cr Mn Ni Si

Bal. 16-18 <1.25 <0.6 <0.75
C Mo P S

<0.12 <0.06 <0.04 <0.03

1.2 XWEIESHE

K FH K AE 2R VI BN LA £ 2 B A4 45 R0 1) 1
B d 25 mm X 15 mm B ARAE FH T #oEHese
. KH 150", 400", 800, 1200"F1 1500”1 4:AH
D AR5 5 4K LA B 4% v 18] )2 44 R} 10 457 8 26 1T 3R AT
BEATEHIE . 5, R IS v s (R B i
PRl 35 KA RMKIRIETE K B TR

TooK CEENTEBES 15 min, AR AR s RE R T
TG AR o AR 425/ B b ) 2 AW =
YR "EE M B D)ZERCTE ol SR T RS
JE HL (PVPHP—R—10FRET—40) T #f 47 ¥ Bt i 2 52
56, L EZH0%E N(850~1050) “C/1 h(lalk& 50 C)Fl
950 °‘C/(0.5~2) h(IAFE 0.5h), E4E)E S1N 10 MPa,
HAE =107 Pa, AR ZHFE N SCHR12].

Tensile test
specimens

B 1 A/ Ti/Ni/ANZE RS

Fig.1 Schematic representation of sample assembly
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Fig. 2 SEM-BSE image and EPMA elemental concentration profile across the bonding interfaces, for the joint bonded at

950 C for 0.5h
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Table 2 Joint strength and fracture position of W/Ti/Ni/steel joint bonded at different processing conditions

Bonding ] Bonding time/  Joint strength/ Fracture position
temperature/‘C h MPa
800 69 W/Ti interface
850 152 W/Ti interface
900 183 W/Ti interface
950 : 267 Mixed area of W substrate and W/Ti interface
1000 221 Ti-Ni intermetallics layer
1050 179 TiNi intermetallic layer
0.5 216 W/Ti interface
950 1.5 248 Mixed area of W substrate and W/T1i interface
2 232 Ti-Ni intermetallics layer

3(a)in N 800 C/1 h L2464 T 4%/ Ti/NY/
N HOERERE L B T T SEM 18, H1El 3(a)rl &1,
W FTJC B AR L, T HAA e A A B T AR R B

CAFEAE, UWHIEMRAERRE T, YRRz
oy iSRRG, SBCERA MY
IS AT R 5 S 00 HR ' A 2 1) i 6 3% TR AL - EDS
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Scratche

3800 ‘C/1 h #1950 “C/0.5 h .2 T #43/Ti/Ni/HWi% ez
Sk fibr SR

Fig. 3 Fractured surfaces of W/Ti/Ni/steel joint bonded at
800 C for 1 h(a) and 950 C for 0.5 h(b), respectively
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Fig. 4 Fractured surfaces of W/Ti/Ni/steel joint bonded at
950 C for 1 h
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Fig. 5 Representative fractured surfaces of joint bonded at
950 °C for 2 h: (a) AL (), (d) () X%k 4
DRI 1) ONES
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At B T R AR AR B Ti-Ni &8 AL &2 1)
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Fig. 6 Representative fractured surfaces of joint bonded at
1050 °C for 1 h
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(1) Interface fracture
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(1I') Reaction layer fracture
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(III) Mixed fracture

Fig. 7 Schematic diagram of fracture paths of W/steel joints during tensile tests
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Fig. 8 TEM images of phase composition of Ti/Ni diffusion zone: (a) TEM image; (b) f-Ti; (c) Ti,Ni; (d) TiNi; (e) TiNis;
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Fig. 9 Hardness profile across W/Ti/Ni/steel interface for

joint bonded at 950 ‘C for 2 h
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Fig. 10 Distribution of residual stress in W/Ti/Ni/steel

joints and the residual stress profile in W substrate as a

function of distance from bonding interface
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Fig. 11 SEM micrographs of the W/Ti interface of joint
bonded at 950 ‘C/1.5 h
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Fig. 12 Schematic diagram of the tensile fracture process of W/interlayer diffusion zone: (a) Initial state; (b) Pores gather

and microcracks propagate; (c) Crack propagation; (d) Joint fracture
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Fracture characterization of W—steel joints diffusion bonded with
Ti/Ni composite interlayer

CAI Qing-shan, DUAN Xin-yun, ZHU Wen-tan, WANG Jian-ning, LIU Wen-sheng, MA Yun-zhu

(National Key Laboratory of Science and Technology for National Defence on High-strength Structural Materials,
Central South University, Changsha 410083, China)

Abstract: Composite isolation diffusion bonding technology is an effective method to fabricate high performance
tungsten/steel dissimilar metal structural parts. In this paper, the joint fracture characterization of Ti/Ni composite
interlayer diffused W—steel is studied, and the influences of intermetallic compounds and residual stresses on the
properties and fracture modes of W—steel joints are analyzed. The results show that the W/Ti/Ni/steel diffusion
joint presents three fracture modes under tensile load: Interfacial fracture, reaction layer fracture and mixed
fracture. Under low bonding temperature and short holding time, the main failure mode of W/steel joint is interface
fracture, as the connection temperature increases, the fracture of the tungsten/steel joint occurs in the mixed area
between the tungsten matrix and the W/Ti interface. The joint strength reaches its maximum at 950 ‘C/1 h and is
controlled by the residual stress and the interface strength. However, with the further increase of the connection
temperature, the Ti/Ni interface hard and brittle intermetallic compounds Ti,Ni, TiNi and TiNi; continue to grow,
and the excessive thickness causes the tungsten/steel joint to break in the Ti/Ni intermetallic compound layer.
Finally, the micro mechanism of cleavage fracture of W/steel joint is revealed.

Key words: fracture; diffusion bonding; tungsten; composite interlayer; residual stress
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