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Microstructure and Properties of Sn-Cu-Co-Ni-Bi High-temperature Solder
Fan Jianglei, Wang Jiaojiao, Wang Ningge, Wu Shen, Zhou Xiangkui, Li Ying, Wang Yan
(School of Mechanical and Electrical Engineering, Zhengzhou University of Light Industry)

Abstract: Multi-component Sn-based high-temperature lead-free solder was designed according to the principle of
high-entropy alloy. The variation law of microstructure, mechanical properties and soldering performance of Sn-
Cu-Co-Ni-Bi series solder alloys with the mixing entropy of alloy were investigated. The results indicate that the
microstructure is composed of solid solution and precipitation phases of Sn, Bi, CoSn,, CugSn; and Ni;Sn,. With
the increase of mixing entropy value, the content of solid solution in the solder alloy is gradually increased, the
content of Sn matrix is gradually decreased, and the hardness value is gradually increased, where Vickers hard-
ness reaches up to 410 HV,;, and Brinell hardness reaches up to 158 HB. The tensile strength of the solder is
firstly increased and then decreased, which reaches the maximum at the medium entropy composition, and the
corrosion resistance presents a trend of gradual enhancement. The melting points of solder alloys are 138 °C to 269
°‘C, and the resistivity is in ranges of 0.182 unQ * m to 1.25 unQ + m. With the increase of mixing entropy, the resis-
tivity is increased gradually, which is still close to that of Sn-90Pb solder.
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Tab.2 Mixing entropy of Sn-Cu-Co-Ni-Bi solder alloys
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Fig.2 XRD patterns of Sn-Cu-Co-Ni-Bi series solder alloys
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Fig.3 SEM microstructure and EDS surface analysis of Sn-Cu-Co-Ni-Bi solder alloy
% 3 Sn-Cu-Co-Ni-Bi $F £l & £ 8 EDS S K o 47 17
Tab.3 EDS point composition analysis of Sn-Cu-Co-Ni-Bi
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Fig.6 Tensile strength of Sn-Cu-Co-Ni-Bi solder alloys
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