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Abstract: The incorporation and doping of elements represent a widely used approach to enhance
the solidity, integrity, and characteristics of pb-free solder joints. The present study summarizes the
incorporation of indium and its impact on the mechanical aspects of the SAC105 pb-free solder alloy.
To refine the mechanical impact of the solder alloy, the evaluation of samples were categorized into
three groups: as-cast, low-thermal aged (at 125 ◦C), and high-thermal aged (at 180 ◦C). The tensile
deformation data were obtained via the universal tensile machine (UTM). Investigational findings
demonstrated the enhancement in mechanical characteristics, including ultimate tensile and yield
strength of the solder alloy. The addition of 1 wt.% of indium to SAC105 led to a notable increase in
ultimate tensile strength, rising from 29.6 MPa to 35.31 MPa, which corresponds to an approximate
19.30% increase over the initial value.

Keywords: lead-free soldering material; SAC105; UTM; ultimate tensile strength; indium-lead-tin-copper

1. Introduction

Soldering is the process of joining metals by utilizing solder as a filler metal. For a
long time, the electronics industry has used 63Sn-37Pb for component interconnection,
owing to its outstanding and widely accepted qualities [1]. However, environmental and
health considerations have resulted in limitations on the use of lead in the electronics
industry [2]. Owing to the low recycling rate of electronics and the adverse effects of
lead (Pb) on human health, its utilization in electronic components has been restricted [3].
Consequently, researchers have persistently worked to encourage the electronic industry
to switch to lead-free soldering. The SAC family is the most effective and trustworthy
alternative to conventional tin–lead soldering out of all lead-free solders [4]. Although,
the SAC family consists of different doping compositions, which is to be considered as
SAC305, SAC405, SAC105, SAC307, SAC396, and SA107 [5]. SAC305 is perceived as the
most favorable choice among all these alternatives, while the concern of high cost is due to
the high silver content [6]. The SAC105 is renowned for its suitability and attractiveness
due to its cost-effectiveness and favorable thermal and mechanical properties [7].

Based on the existing literature, the primary focus of this investigation is to create
a new, pb-free solder alloy (SAC105) infused with indium as a doping agent. Suchart
Chantarmanee conducted a study on the mechanical characteristics of the (SAC305) pb-free
solder [8]. Similarly, Sungkhaphaitoon et al. [9] investigated the impact of adding indium
to SAC305 by the resulting hardness of the new alloy. In this study, the ultimate tensile
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and yield strength of the solder alloy were investigated by adding indium as the doping
element to SAC105 under various thermal aging temperatures.

2. Experimental Procedure

Tensile specimens of Sn, Ag, and Cu with the addition of In were prepared using the
casting process. Figure 1 illustrates the raw materials used for the fabrication of the tensile
test specimen. Raw materials in powdered form were imported from China with almost a
99.89% purity level of each element. Subsequently, the powders were carefully weighed
using a highly precise scale and then mixed at 98% tin, 1.0% Ag and 0.5% Cu by weight. A
ball milling apparatus was used for mixing these elements for 45 min to acquire a uniform
composition of alloys using the inclusion of propanol and isopropyl alcohol (IPA). The
complete composition of the preparing samples at various percentages by weight are listed
in Table 1. The elements were subsequently poured into an alumina crucible and then
positioned within a muffle furnace at 1250 ◦C to attain the ultimate melting point of each
element. Subsequently, the liquefied metal was poured in a specially prepared die to obtain
the tensile samples, as shown in Figure 2. In a similar way, the casting process is discussed
by Umair Ali et al. to prepare the tensile specimens [6].
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Figure 1. Raw materials were utilized in the preparation of samples: (a) tin, (b) silver, (c) copper, and
(d) indium.

Table 1. The weight composition of doping elements.

Sr. No. Alloy
Wt.%

Sn Ag Cu In

1 SAC105 98.50 1.0 0.5 0.0
2 SAC105-1In 97.50 1.0 0.5 1.0
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3. Results and Discussion

The reason for opting for a lead-free solder alloy was that the doping of an alloy to the
pb-free soldering material has the capability to improve the characteristics of the SAC105
solder alloy. Figure 2 illustrates the stress–strain graphs observed during the tensile testing
of SAC105 and SAC105+1In at a continual tensile rate of 0.5 mm/m at normal temperature.
As a result, it has been observed that the addition of indium has increased the mechanical
strength of SAC105. The highest strength of SAC105 was recorded with 1 wt.% of In. The
yield strength (Y.S) was measured at 33 MPa, while the ultimate tensile strength (UTS)
reached 35.31 MPa with 1 wt.% of indium.

Figure 2b demonstrates the deformation characteristics of specimens subjected to
thermal exposure at 125 ◦C and 180 ◦C, respectively. The validation of the results and the
comparison of the findings with the existing literature were undertaken. The corresponding
outcomes were documented by M.H. Mahdavifard et al. [10], as well as H. Fallahi et al.
reported the effect of indium upon the mechanical characteristics of the non-toxic solder
alloy [11]. The study conclusion corelates and best matches with the previous findings and
also makes a comparison of the indium-doped and without indium alloy. In this way, the
findings were validated.

ASTM Standard

The ASTM Standard B32 especially deals with solder alloys having a melting zone less
than 430 ◦C, which was followed in the preparation of the cast tensile specimen. The tensile
test was performed by using a UTM at the tensile rate of 0.5 mm/m. Figure 3 depicts the
geometry of a casted tensile specimen.
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4. Conclusions

The aim of this study was to examine the impact of indium on the mechanical charac-
teristics of the SAC105 non-toxic solder alloy. Based on the empirical findings, the doping
of indium could enhance the mechanical aspects of SAC105. In conclusion, it has been
observed that the ultimate tensile strength of the indium-based SAC105 pb-free solder alloy
exhibits the maximum UTS in comparison to all the other alloys that have been synthesized.
Although the UTS decreases as the thermal aging increases, it is important to note that the
mechanical properties of the indium-based alloy exhibited superior strength in comparison
to both the undoped and aged SAC105.
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