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Research on Bonding Process, Microstructure and Properties of Pulsed
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Abstract: To achieve high-strength and high-precision manufacturing of microchannel cavity structures, low-temperature
diffusion bonding of GH536 superalloy thin-walled cavities was diffusion-bonded using pulsed current. And the microstruc-
ture and mechanical properties of the joints were characterized. The results indicate that the pulsed current can significantly
promote contacting surface formation and accelerates the closure of interfacial voids. Simultaneously, it generates localized
Joule heating only near the bonding interface, thereby minimizing deformation. Consequently, diffusion bonding with low
temperature, minimal deformation, and high joint strength was achieved. For the conventional hot pressure diffusion bond-
ing (HPDB) joint bonded at 830 °C, local contacting surface was formed and the joint shear strength was only 32 MPa. For
the pulsed current diffusion bonding (PCDB) joint, the contacting surface was formed at a temperature as low as 700 °C. For
the PCDB joint bonded at 900 °C, complete closure of interfacial voids was achieved. In addition, a joint with a high shear
strength of 535 MPa and a low deformation rate of 0.42% was obtained, and these were 1.60 times and 0.28 times that of the
conventional HPDB joint, respectively. During Ni foil-assisted pulse current diffusion bonding, the Ni interlayer effectively

facilitates contacting surface formation at 600 °C. The recrystallization mechanism in the bonding interface is subgrain
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rotation-based continuous dynamic recrystallization, wherein the recrystallization promotes the formation of cross-interface

grains, thereby enhancing the joint strength. This study can provide theoretical guidance and technological underpinning for

the manufacturing of precision cavity components, including compact heat exchangers and similar intricate hollow structures.
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Table 1 Chemical composition of GH536 and Ni foil (wt. %)

ok Ni Cr Fe Mo Co W C B
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Fig. 1 Microstructure of the hot pressure diffusion bonding joint bonded at 830 °C/30 min
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2 ARSETHORERY B EE L B/MELS: (a,d)700 °C/30 min; (b,e)800 °C/30 min; (¢, f)900 °C/30 min
Fig. 2 Microstructures of pulsed current diffusion welding joints under different parameters: (a,d)700 °C/30 min; (b,e)800 °C/30 min; (c,£)900 °C/30 min
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Fig.3 Microstructure of the pulsed current + 10 pm Ni foil joint bonded at different temperatures
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Fig. 4 EBSD results of the pulsed current + Ni foil joint bonded at 600 °C/30 min
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Fig. 6 Shear strength of the joint bonded at different conditions
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Fig.7 Nanoindentation results of the PCDB joint(700 °C/30 min)
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Table 2 Mechanical properties of different phases marked in Fig. 7
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Fig. 8 Fracture path of the pulsed current + Ni foil joints bonded at different conditions
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