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Abstract Thermodynamics studies on the Sn-Bi-In-Zn quaternary system were carried out to design Pb-free solder
alloys which are drop-in replacements for Sn-Pb solders. Based on the result of phase equilibria calculations, several
specific alloy compositions, which are similar to Sn-Pb solders in terms of melting behavior, were selected and they
were analyzed by the XRD, DSC and EDX to investigate the phase identification, chemical composition and melting
behavior such as liquidus temperature and solidus temperature. In addition, microstructures of as-cast and heat~treat-

ed alloys were examined, and hardness and tensile tests were carried out with the microstructural change.
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Fig. 1. Calculated isopleths of (a) Sn-In-9Zn and (b) Sn-In-6Zn systems. Symbols of &, [J, O represent temperatures

experimentally measured through DSC.
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Fig. 2. Calculated isopleths of (2) Sn-Bi-2In~6Zn and (b) Sn-Bi-5In-6Zn systems. Symbols of A, [, O represent temperatures

experimentally measured through DSC.
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Fig. 3. Calculated molar fraction of each phase of (a) Sn-9Bi-
2In-6Zn and (b) Sn~5Bi-5In-6Zn alloys.
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Fig. 4. Calculated isopleths of Sn-4Bi-2In-Zn systems. Sym-
bols of A, 3, O represent temperatures experimentally mea-
sured through DSC.
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Fig. 5. SEM micrographs of as-cast (a) Sn-1Bi-5In-6Zn, (b) Sn-5Bi-5In-6Zn and (c) Sn-9Bi-5In-6Zn solder alloys.
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Fig. 6. SEM micrographs of (a) Sn-1Bi-5In-6Zn, (b) Sn-5Bi-5In-6Zn and (c) Sn-9Bi-5In-6Zn solder alloys aged at 130°C for 200
hours.

Fig. 7. SEM micrographs of Sn-9Bi- 2In-6Zn solder alloy of (a) as-cast and (b) aged at 130°C for 200 hours.
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