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Abstract: To address the issues of poor processability in Cu-based solders and base metal structural degradation caused by
high-temperature brazing in carbon steel, this study developed a novel silver-free composite solder by incorporating
SnyAgsCu sGagBijg high-entropy alloy as a metallic binder with Cug,Sn,,NigMn,, solder. The composite solder was fabri-
cated through powder metallurgy, achieving a significantly reduced brazing temperature of 770 °C compared to conventional
Cu-based solders. Microstructural analysis revealed that the high-entropy effect effectively suppressed Fe element diffusion,
restricting the interfacial intermetallic compound layer thickness to 0.8 um while minimizing brittle phase formation in the
joint. Mechanical testing demonstrated a tensile strength of 265 MPa for the composite brazed joint, representing approxi-
mately 32% enhancement over the single Cu-based solder. Structural characterization confirmed the composite solder com-
prised Ag,.,Ga,y,s compounds, Sn-based solid solutions, and Bi phases, with optimized elemental diffusion behavior. This
composite solder system provides an innovative low-temperature brazing solution for carbon steel, combining superior pro-
cessability with enhanced mechanical performance.
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Fig.4 Microstructure and element analysis of composite solder joint
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Fig.5 Microstructure analysis and elemental composition analysis of

Cu-based solder brazed joints
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Table 2 Strength of different solder joints
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