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Abstract: In response to the urgent demand for highly reliable joining of heterogeneous nickel-based superalloys in
aerospace applications, transient liquid phase diffusion welding (TLP) of dissimilar nickel-based superalloys GH4099 and
GH3128 was studied. The influence of the bonding temperature on the microstructure and mechanical properties of the
joints was systematically investigated, providing theoretical guidance for welding dissimilar materials. BNi-2 was used as an
interlayer, and the joint microstructures were characterized via EBSD, EPMA, and SEM. Tensile tests were performed to
evaluate the mechanical properties. The results indicate that with increasing bonding temperature, grain growth gradually
occurs in the isothermal solidification zone (ISZ) and that the borides along the grain boundaries in the diffusion-affected
zone (DAZ) change from a continuous to a discontinuous morphology. The joint bonded at 1 120 C exhibits the best
mechanical performance, with an ultimate tensile strength of 953 MPa, equivalent to 117.1% of the GH3128 base metal.
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Fig.1 Microstructures of the base materials before welding: (a) GH4099; (b) GH3128
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Tab.1 Chemical composition of the experimental materials
(mass fraction/%)
Material Ni Cr Co W Mo Al Ti Mn Si Fe C B
GH4099 Bal. 18.32 6.67 8.23 293 1.05 1.42 0.51 0.85 0.32 0.080 -
GH3128 Bal. 21.25 - 8.36 8.27 0.69 0.63 0.45 0.78 0.12 0.005 0.005
BNi-2 Bal. 7.06 - - - - - 4.54 3.00 0.010 2.850
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Fig.2 Appearance of the diffusion welding equipment and internal sample layout: (a) appearance of the diffusion welding equipment;
(b) internal sample layout
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Fig.3 Schematic diagram of the welding assembly and tensile sample
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lyzer, EPMA)
o INSTRON 3382
o 0.5 mm/min,

o , ZEISS Sigma 300

2 4 GH4099/GH3128 1120 ‘C-60 min TLP

2.1 Fig.4 The morphology of the TLP diffusion welded joint
obtained with GH4099/GH3128 at 1 120 “C for 60 min
GH4099 GH3128 TLP
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Cr.Co Ni W Mn Al.C.Ti
Fig.5 Distribution of the interfacial composition on the GH3128 side of the TLP diffusion welded joint obtained at 1 120 C for
60 min: (a) backscattered component image; (b~l) elemental distributions of B, Mo, Si, Cr, Co, Ni, W, Mn, Al, C, and Ti
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Fig.6 Distribution of the interfacial composition on the GH4099 side of the TLP diffusion welded joint obtained at 1 120 ‘C for
60 min: (a) backscattered component image; (b~1) elemental distributions of B, Mo, Si, Cr, Co, Ni, W, Mn, Al, C, and Ti
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Fig.7 Microstructural features at the joint interface of the TLP diffusion bonded samples at various welding temperatures: (a) 1 040 C;
(b) 1080 ‘C; (c) 1120 C;(d) 1160 C
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Fig.8 The joint microstructure and corresponding weld line scan curve obtained at 1 160 “C: (a) joint microstructure; (b) corresponding
weld line scan curve

9 GH3128 :(a) 1040 'C; (b) 1 080 °C; (c) 1120 °C; (d) 1 160 C
Fig.9 Microstructures of the GH3128 joints produced at various welding temperatures: (a) 1 040 ‘C; (b) 1 080 C; (c) 1 120 C;
(d) 1160 C
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10 GH4099 v :(a) 1040 'C; (b) 1080 'C;(c) 1120 'C;(d) 1 160 C
Fig.10 Microstructural morphology of the vy’ phase in the GH4099 alloy at various welding temperatures: (a) 1 040 ‘C; (b) 1 080 C;
(c) 1120 C;(d) 1 160 'C
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Fig.12 EBSD scan results of TLP diffusion welded heads with added BNi-2 at different temperatures: (a) 1 040 ‘C; (b) 1 080 C;
(¢) 1120 C;(d)1160 C
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Fig.13 Variation in the joint mechanical properties with respect
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