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Abstract 
Sn-Zn based solder is a possible replacement of Pb solder because of its better mechanical proper-
ties. The alloys need to be studied and explored to get a usable solder alloy having better proper-
ties. In this work eutectic Sn-9Zn and three Tin-Zinc-Bismuth ternary alloys were prepared and 
investigated their microhardness and mechanical properties. Microhardness, tensile strength and 
elastic modulus increase with Bi addition while ductility decreases with Bi addition. 
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1. Introduction 
Soldering alloy is the prime material for electronic packaging. Selecting proper material for soldering is impor-
tant. Melting temperature, mechanical properties, wetting properties and low cost, etc. are very important issues 
for selecting a solder material. Tin-Lead solders have been widely used in electronic and optoelectronic packag-
ing due to their low cost and low melting temperature and good soldering properties. But lead is an aggressive 
threat for human health and the environment due to its toxicity. Many countries banned using lead and lead al-
loys [1] [2] for their use in packaging. Waste Electronic and Electronic Equipment (WEEE) and Restriction of 
Hazardous Substances (ROHS) approved banning the use of lead in EU countries from July 2006. The USA, the 
EU and Japan forbade the use of Lead containing products [3] [4]. Au-Sn is thought as an alternative but its 
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mechanical properties are not sufficient [5]-[7]. SAC solder is also an alternative which has eutectic point at 
217˚C [8] and good wetting properties [9]. The search for a Lead-free solder alloy with equivalent mechanical 
and thermal properties to Sn-Pb solder is an urgent task. A large number of studies on Lead-free solders were 
being conducted worldwide to find an appropriate replacement. Nowadays Sn-Ag base alloys containing one or 
more additional metal are being used as alternating soldering alloy [10]-[13]. Mechanical properties such as mi-
crohardness, tensile strength elongation and elastic modulus are very important factors for selecting a solder al-
loy. Recently Sn-Zn eutectic alloys have received particular attention due to its mechanical properties [14] [15]. 
Hence Sn-Zn based alloys are considered as a good candidate for the replacement of traditional Pb-containing 
solder alloy [16]-[18]. However, available information in literature about the evolution and properties of Sn-Zn 
based solder alloys is not enough [19]. Mechanical properties of Sn-Zn alloy can be developed by adding small 
amount of a third element. Bismuth significantly lowers the melting temperature and increases wettability 
[20]-[22]. In this study four Sn-Zn-Bi alloys were developed containing 0%, 1%, 2% and 3% Bismuth and their 
microhardness and tensile properties were measured. Microhardness testing of the samples is carried out to 
compare the mechanical properties of the samples. Observing microhardness it is easier to monitor the mechan-
ical properties while the tensile testing result gives inconsistent results with a wide scatter due to the strong de-
pendence on the sample surface quality [23]. We prepared four alloys which contained 0%, 1%, 2% and 3% Bi. 

2. Experimental Work  
Sn-Zn-Bi solder alloys were prepared by using Tin, Zinc and Bi with 99.9% purity. Four alloys compositions 
were prepared and studied here. Proper amount of Sn and Zn were melted in a muffle furnace using a clay-gra- 
phite crucible at 450˚C temperature for 30 minutes. Then Bi was added and the mixture again kept in furnace for 
10 minutes and then the liquid alloy poured in a cast iron mold having dimensions 300 mm × 10 mm × 10 mm 
and mold thickness was 10 mm. The as cast alloys were sectioned using hacksaw. Then they were polished with 
emery paper and finally wet polished. Polished samples were then cleaned and etched by ethanol with 5% HNO3 
to observe microstructure. Prepared samples were investigated for optical microscope (NMM 800TRF, MTI 
Corporation, USA). Scanning micrograph were observed with JOEL JSM-7600F scanning electron microscope. 
Polishing was also necessary to get smooth and parallel surface for hardness study. Hardness of the samples was 
measured by HMV-2T, Shimadzu Co., Japan, Vickers Microhardness tester. The applied load was 100 gm for 6 
seconds and five readings were taken at room temperature to get average value of micrehardness. Tensile prop-
erties of the samples were measured with the Hounsfield 10KS Universal Testing Machine. In this paper alloys 
are referred as Sn-9Zn, Sn-8Zn-1Bi, Sn-7Zn-2Bi and Sn-6Zn-3Bi according to Table 1. The Pouring tempera-
ture of the liquid solder alloys and the preheating temperature of the metal mold are 450˚C and 220˚C, respec-
tively. 

3. Results and Discussion 
3.1. Microstructure Study  
The optical and SEM micrograph of the Sn-9Zn alloy are shown in Figure 1(a) and Figure 1(b). Figure 1(a) 
shows the typical lamella of eutectic microstructure. It has been mentioned that eutectic Sn-9Zn alloy consists of 
β-Sn and Zn rich phases. In the micrograph the bright regions are β-Sn phases and the dark phases are needlelike 
Zn-rich phase in the β-Sn matrix. The solid solubility of Sn in Zn is less than 0.05 wt% and the maximum solid 
solubility of Zn in Sn is approximately 2 wt% [24]. Massalski found that no intermetallic compounds exist and 
there are the Zn solid solution and Sn solid solution in the binary Zn-Sn system [25]. Figures 2-4 show the optical  
 

Table 1. Composition of the alloy.                                                   

Alloy Sn (wt%) Zn (wt%) Bi (wt%) 

Sn-9Zn 91 9 0 

Sn-8Zn-1Bi 91 8 1 

Sn-7Zn-2Bi 91 7 2 

Sn-6Zn-3Bi 91 6 3 
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(a)                                              (b) 

Figure 1. Optical micrograph (a) and SEM micrograph (b) of Sn-9Zn alloy.                                       
 

  
(a)                                              (b) 

Figure 2. Optical micrograph (a) and SEM micrograph (b) of Sn-8Zn-1Bi alloy.                                     
 

 
(a)                                              (b) 

Figure 3. Optical micrograph (a) and SEM micrograph (b) of Sn-7Zn-2Bi alloy.                                      
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(a)                                                     (b) 

Figure 4. Optical micrograph (a) and SEM micrograph (b) of Sn-6Zn-3Bi alloy.                                             
 
micrograph and SEM micrograph of Sn-(9 − x)Zn-xBi alloy. Dark needle like Zn phases also observed in the 
microstructure of Sn-(9 − x)Zn-xBi alloy which is uniformly distributed in the Sn matrix like Sn-Zn alloy. Size 
of the needles becomes larger with the increase of Bi addition. Some small spheroids are also observed which 
becomes larger with Bi content. Bi phase was not identified in the alloys with 1% and 2% Bi. While it was iden-
tified with 3% Bi. Similar result were obtained by other authors [26] [27] and reasoned that Bi is soluble in β-Sn 
and up to 3wt% Bi can remain in solid solution. This may cause Bi phase not visible in Sn matrix. 

3.2. Microhardness  
Microhardness of Sn-(9 − x)Zn-xBi alloy is shown in Figure 5. The figure reveals that microhardness of Sn-9Zn 
alloy increases with Bi addition. Microhardness continuously increases with the increases of Bi due to solid so-
lution hardening. Mechanical properties such as microhardness depends on microstructure, processing tempera-
ture, the composition etc. [28]. The hardness of Sn based solder alloys strongly depends on the alloying element 
[29]. Bi is soluble in β-Sn and up to 3 wt% Bi can remain in solid solution. The implication of this would be to 
expect some contribution to hardening from solid solution [26] [27]. 

3.3. Tensile Properties  
Figure 6 shows the stress-strain curves of the Sn-(9 − x)Zn-xBi alloys. It is seen that tensile behavior of  
Sn-(9 − x)Zn-xBi alloys are almost similar. From the figure it is observed that the stress increases to maximum 
then continues to decrease slowly and eventually suddenly drops to zero. The ultimate tensile strength (UTS), 
elongation and the elastic modulus of Sn-(9 − x)Zn-xBi alloys are also calculated from the stress-strain curves 
and the results are shown in Figures 7-9. Addition of Bi increases the UTS and Elastic Modulus of Sn-Zn alloy 
where as the elongation decreases with Bi addition due to solid solution hardening. Another author observed sim-
ilar properties with Bi [30]. From the microstructure it is observed that Bi phase is visible in the alloy with 3% Bi 
addition. Hence the increase in UTS and elastic modulus in Sn-6Zn-3Bi can be explain in view of the dispersion 
strengthening theory [31] which indicates that the strength of a metal or an alloy must be increased with the ad-
dition of a second phase particle in the matrix. 

4. Conclusion 
Properties of Sn-Zn alloy change with Bi addition. Bi phase is not visible when the amount of Bi is less than 3% 
in the alloy. Microhardness of Sn-Zn alloy increases with Bi addition. Tensile strength and elastic modulus of 
Sn-Zn alloy increase with Bi addition. Elongation of the Sn-Zn alloy decreases with Bi addition.  
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Figure 5. Microhardness of Sn-(9 − x)Zn-xBi alloy.                                               
 

 
Figure 6. Stress-strain curve of Sn-(9 − x)Zn-xBi alloy.                                           

 

 
Figure 7. Tensile strength of Sn-(9 − x)Zn-xBi alloy.                                           
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Figure 8. Elongation of Sn-(9 − x)Zn-xBi alloy.                                  

 

 
Figure 9. Elastic Modulus of Sn-(9 − x)Zn-xBi alloy.                                  
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