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Sn–Zn–xAl alloys were studied by Zhang et al. [20]. The 
results indicate that with the addition of Al, the wettability 
of Sn–9Zn solders is improved obviously and for soldering 
process with flux the the optimal addition of Al is about 0.02 
(wt %). In soldering at nitrogen atmosphere, the wettability 
of SnZn-Al on Cu substrate is improved because the surface 
tension of the Cu substrate increases and the oxidation of the 
solders decreases, the surface tension of the solders decreases.

The aim of this work was to analyze the effects of the 
addition of Ag, Al and Cu to Sn-Zn solder on the physical 
properties and microstructure of cast alloys.

2.	 Experimental

For the preparation of the alloys, high-purity Sn, Zn, Cu, 
Al (99.999%) and Ag (99.99%) metals were used. Sn-Zn-Ag-
Cu alloys were prepared in a glove box filled with high-purity 
Ar (99.9999%), with the levels of O2 and H2O kept below 
1 ppm and the N2 content kept low, as presented in [11, 21]. The 
compositions of the studied alloys are reported in Table 1. The 
melting temperatures of the as-cast alloys were determined by 
differential scanning calorimetry (DSC) at a heating rate of 10 
K min-1. The alloys’ microstructures were studied by scanning 
electron microscopy (SEM) combined with energy dispersive 
spectroscopy (EDS), whereas their phase compositions were 
studied by X-ray diffraction (XRD). Linear coefficients of 
thermal expansion (CTE) were measured using a  thermo-
mechanical analysis (TMA) tester from -50 to 150°C. The 
temperature dependence of the electrical resistivity of the 
alloys were measured from 30 to 150°C using the four-
point technique [11]. Mechanical tests were conducted on an 
INSTRON 6025 testing machine modernized by the Zwick/
Roell conditions of testing according to EN ISO 6892-1:2009, 
with a strain rate of 0.00025 (1/s) at room temperature.

3.	 Results and discussion

To improve the mechanical and physical properties of the 
Sn-Zn alloys, Ag and Cu were added [5-7, 14-16], and also 
a small amount of Al would be added to one of the alloys [17-20] 
to determine whether its addition would improve the ductility.

Figure 1 presents the results of the DSC analysis of 
SnZn0.5Ag1.0Cu and SnZn1.0Ag1.0Cu0.1Al alloys.The 
figure shows a distinct peak close to the melting temperature of 
eutectic Sn-Zn alloys (199°C) [22]. For the SnZn0.5Ag1.0Cu 
alloy, a  second peak was observed at approximately 280°C, 
corresponding to liquid alloy with precipitations of AgZn3, 

CuZn4 and Cu5Zn8, which could be expected based on the 
calorimetric study of ternary Sn-Zn-Ag and Sn-Zn-Cu alloys 
[23] as well as the recent assessment of the Sn-Zn-Cu system 
[22]. The same effect involving the appearance of a second peak 
with the addition of Ag to Sn9Zn0.45Al alloy was observed 
by Huang [24]; with increasing Ag content, the peak moved to 
higher temperatures (from 292.4°C for 0.5Ag to 357.7°C for 
3.0Ag (wt.%)). For SnZn1.0Ag1.0Cu0.1Al alloy, we observed 
a peak ending at 327°C. As shown in [23], the peak corresponding 
to the liquidus transition moves to a  higher temperature as 
a result of increased Ag and Cu contents. Compared with results 
reported in a study on the effect of the addition of Ag on the 
melting temperature of eutectic Sn-Zn alloys [24], the present 
results are shifted toward slightly higher temperatures, which 
can be associated with the addition of Cu to the alloys. 

Fig. 1. DSC measurements of Sn14.7Zn0.5Ag1.0Cu (continuous line) 
and Sn14.7Zn1.0Ag1.0Cu0.1Al (dashed line)

Fig. 2. Linear expansion vs. temperature of Cu, Sn14.7Zn [11], Sn26.5Pb 
[11], Sn14.7Zn0.5Ag, Sn14.7Zn1.0Cu, Sn14.7Zn0.5Ag1.0Cu and 
Sn14.7Zn1.0Ag1.0Cu0.1Al

Table 1 
Chemical compositions of the alloys

Alloys
Chemical composition

at.% wt.%

SnZn0.5Ag1.0Cu Sn14.7Zn0.5Ag1.0Cu Sn8.7Zn0.5Ag0.6Cu

SnZn1.0Ag1.0Cu0.1Al Sn14.7Zn1.0Ag1.0Cu0.1Al Sn8.7Zn1.0Ag0.6Cu0.02Al










