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tungsten and stainless steel 316LL
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Abstract: Transient liquid phase bonding between tungsten (W) and stainless steel 316L using a Cu-5Ni (mass fraction,
%) alloy interlayer was carried out in vacuum at 1 120 ‘C for 10—-360 min with a pressure of 15 MPa. The microstructures,
composition distribution and fracture characteristics of the joints were studied by OM, SEM, EDS and their mechanical
properties were tested by shear experiments. The results show that the microstructures of the joints holding for 10 and
30 min consist of Fe-rich layer and Cu-rich layers with clear boundaries. When the holding time increases to 180 min,
Cu-rich layer becomes thin and disperse, while Fe-rich layer becomes thick and part of it bonds to the stainless steel
austenite grain. When the holding time reaches 360 min, the microstructure and composition of bonding zone become
homogenous, and 2—3 pm-thick Cr, Fe elements diffuse band also forms in the tungsten matrix. The average shear
strength of joints holding for 360 min reaches 213 MPa, and the fracture failure occurs mainly in the tungsten matrix.
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Table 1 Chemical compositions of experimental materials

E i tal
xpenmgn a Composition, w/%
material
Tungsten(W) Mo 0.02, Si 0.01, Fe 0.01, Ti 0.01, W Bal.

Cr 16.0—-18.0, Ni 12.0-18.0, Mo 2.0-3.0,

Stainless steel 316L Mn<2.0, C<0.03, Fe Bal.

Cu-5Ni interlayer Cu95,Ni 5

HOEEAEYE 15 mine M B R HS/Cu-5Ni/316L A5
BN LT P RAARE B SR I (ZRYS1500, 74
FH B RE 23 7 AL ) g AT B 9 B0 #

TRFFERERSE 1 120 CAVE, LRI )43 51K H
10, 30. 180 11360 min. LA 10 “C/min (¥ 15 T}
1120 ClEfil, PRRGHGRY AR JRHE D)
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Fig. 1 Schematic diagrams of specimen assembly and shear

strength test: (a) Specimen assembly; (b) Shear specimen; (c)

Shear mould
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Fig. 2 Microstructures of joints at bonding
temperature of 1 120 “C for different bonding
times: (a) 10 min; (b), (c) 30 min; (d) 180

min; (e) 360 min
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Table 2 EDS composition analysis results of points A—F in Fig.2
Mole fraction/%
Position Analysis zone
W Cr Fe Ni Cu
A Fe-rich layer in joint holding for 30 min 1.65 10.87 43.95 27.4 16.13
B Cu-rich layer in joint holding for 30 min - 1.87 3.84 7.76 86.53
C Cu-rich region in joint holding for 180 min - 1.22 6.05 12.53 80.2
D Matrix of joint holding for 360 min 0.51 14.67 52.22 24.45 8.15
E Cu-rich region in joint holding for 360 min - 2.95 17.78 15.72 63.55
F Diffuse band in tungsten matrix 46.14 11.52 38.34 2.89 1.11
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Fig. 3 Element line scanning curves of joints at bonding temperature of 1 120 ‘C for different times: (a) 30 min; (b) 360 min
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Fig. 5 Fracture surfaces of joints at bonding temperature of

1 120 °C for different bonding times: (a) 30 min; (b) 180 min;
(c) 360 min
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