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A Characteristics of Zn-Al-Cu System Pb-free Solder Alloys
for Ultra High Temperature Applications
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Abstract

The purpose of this study is to investigate the characteristics of Pb-free Zn-(3~6)%Al-(1~6)%Cu solder alloys for
ultra high temperature(>573K) which applied to air craft, space satellite, automotive, oil, gas well exploration and data
logging of geo-thermal wells. Melting range, solderability, electric resistivity, microstructure and mechanical properties
were examined with solder alloys casted in Ar gas atmosphere.

Zn-4%A1-(1~3)%Cu, Zn-5%Al-(2~4)%Cu and Zn-6%Al-(3~5)%Cu alloys satisfied the optimum melting range of
643 to 673K for ultra high temperature solder. A melting temperature increased with increasing Cu content, but
decreased with increasing Al content. The. spreadability was improved with increasing Al content. But the content of
Cu had no effect on the spreadability. The electric resistivity was lowered with increasing Al and decreasing Cu
content. In all Zn-Al-Cu solder alloys, primary dendritic € phase(Zn-Cu), dendritic 7 phase(Zn-Cu-Al), a(Al-Zn)-7
eutectic and eutectoid phase were observed. The addition of Al increased the volume fraction of eutectic and eutectoid
phase and it decreased 7 phases. Also, the addition of Cu increased slightly the volume fraction of €, the eutectic
and eutectoid phases. With increasing total content of Al and Cu, a hardness and a tensile strength were linearly
increased, but an elongation was linearly decreased.
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Fig. 1 Tensile test specimen
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Fig. 2 Effect of Cu content on the melting range
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Table 1 Melting range of Zn-Al-Cu solder alloys

Chemical
Alloy | composition(wt?%) | To(k) | Tu(K) | AT(K)
Zn Al Cu

ZAC41 | 95 4 1 644.4 | 661.1 16.5
ZAC42 | 94 4 2 642.5 | 664.4 21.7
ZAC43 | 93 4 3 643.2 | 670.3 26.9
ZAC52 | 93 5 2 644.4 | 657.8 13.2
ZACH3 | 92 5 3 643.5 | 664.0 20.3
ZACH4 | 91 5 4 643.2 | 671.0 27.6
ZAC63 | 91 6 3 642.8 | 653.4 10.4
ZAC64 | 90 6 4 641.6 | 660.7 18.9
ZAC65 | 89 6 5 643.3 | 669.4 25.9
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Fig. 4 Spread ratio of Zn-Al-Cu solder alloys
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Fig. 10 SEM micrographs for Zn- x/Al 3% Cu
solder. (a}4%Al (b)5%Al (c)6%Al

Table 2. Result of EPMA analysis

A phase B phase
Zn Al Cu Zn Al Cu
1 87.57] 9.11 | 3.32 [86.11{10.32| 3.57
2 87.39] 9.15 | 3.46 |85.36|11.20| 3.44
3 87.131 9.79 | 3.08 [85.56(11.40| 3.04
Average | 87.36| 9.35 | 3.29 |85.68110.97] 3.35
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