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Table 1 Chemical composition of DDS single crystal alloy and the
interlayer WZ-B1 (w/%)

Material Al Co Cr Hf Mo Re Ta W Si B C Ni

DD5 6275 7 015 15 3 65 5 0 0.004 0.05 Bal

Wz-Bl 3 7512015 0 1 653505 2 0.05 Bal
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Fig.1 SEM image and DSC curves of the interlayer powder
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Fig.3 OM images of TLP weld seam with different thicknesses of interlayer: (a—b) 120 pm, (c—d) 160 pm, and (e—f) 200 pm
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Fig.4 Morphologies of typical precipitated phases in TLP joints: (a) typical massive precipitate phase, (b) typical fishbone-like precipitate phase,

(c) high-magnification image of region I in Fig.4a, and (d) eutectic phase
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Table 2 Chemical composition for typical precipitated phase in the weld area of TLP joints (/%)
Probable phase B C Si Cr Co Ni Mo Ta Hf w Re
(Ta,Hf)C - 9.77 - 4.66 - 2.61 - 75.28 7.68 - -
MB, 9.15 6.06 - 29.33 3.85 7.80 12.54 7.19 - 16.53 7.55
Ni-rich y - 6.96 0.56 8.96 9.32 67.35 - 6.42 - 0.43 -
CrB 6.23 4.23 1.85 45.63 7.02 24.76 1.20 - - 3.86 5.22
Eutectic 5.04 - 0.49 7.68 10.59 61.85 - 10.36 2.89 1.10 -
g g
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Bl5 b = WZ-B1 #4122 P i
Fig.5 Thermodynamic equilibrium phase diagram of the interlayer WZ-B1: (a) phase diagram with temperature, (b) element composition of MC

phase, and (c) element composition of M,B, phase
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Fig.6 Comparison of morphologies and size of y" phases in different areas: (a) after standard heat treatment, (b) TLP weld zone, (c) weld zone

after PWHT, and (d) BM after PWHT
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Fig.7 Stress rupture life of the TLP joints with different interlayer
thicknesses
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Fig.8 Fracture morphologies of the TLP joints with different interlayer thicknesses: (a—c) 120 um, (d—f) 160 pm, and (g—i) 200 pm
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Microstructure and Properties of Transient Liquid Phase Bonding Joints of DDS5 Single
Crystal Alloy

Wei Li, Yao Jian , Zhang Jianting, Sun Haohua, Li Yanqing, Xiao Lei
(Shenzhen Wedge Central South Research Institute Co. , Ltd, Shenzhen 518000, China)

Abstract: The transient liquid phase bonding (TLP) welding test of DD5 Ni-based single crystal superalloy was carried out under welding
conditions of 1280 °C, 12 h, 0.01 MPa using the self-developed TLP interlayer material. The microstructure and precipitates of the welded joint
were analyzed using SEM and the thermodynamic software JMatPro. The results show that the thickness of the interlayer has a significant impact
on the microstructure of the welded joint. When the thickness of the interlayer is 120 pwm, the microstructure and composition of the weld and the
base metal tend to be consistent, and no obvious brittle precipitates are formed; the y’ phase in the weld zone and matrix are basically combined.
When the thickness of the interlayer is 160 and 200 pm, the athermally solidified zone (ASZ) is composed of brittle phases such as sunflower-like
eutectic structure, fishbone-like borides, and block carbides rich in Ta and Hf. After post weld heat treatment (PWHT), the ' square degree of
weld zone is significantly improved, and the size is basically consistent with that in the substrate. The stress rupture test was conducted under the
condition of 980 °C, 248 MPa. When the thickness of the intermediate layer is 120 pm, the stress rupture life can reach 145.54 h. And the results
show that as the thickness of the intermediate layer increases, the stress rupture life of the joint continues to decrease, and the fracture mode
changes from ductile fracture to brittle fracture.

Key words: TLP; interlayer; microstructure; stress rupture
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