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ABSTRACT

The impact of incorporating various alloying elements (Se, In, Zn and Al) into Sn43Bi solder alloys was investi-
gated. These components fundamentally changed the microstructure and thermal properties of the base alloy. For
instance, the particle size of Sn43Bi decreased from 465.58 A to 217.09 A with the addition of 2 wt% In. With
Sn43Bi2In showing the lowest contact angle of 21.5°, compared to 23.34° for the base alloy, the contact angle, a
gauge of wettability improved especially. With the addition of 2 wt% In, thermal analysis showed that the melting
temperature of Sn43Bi dropped from 139 °C to 114 °C, the pasty range closed from 10.4 °C to 7.5 °C. On the other
hand, Al raised the pasty range and the melting temperature. These results show that particular alloying elements
can maximize the mechanical and thermal characteristics of Sn-Bi solder alloys, so improving their suitability for

electronic uses.
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INTRODUCTION

The purpose of the study was to explore the
effect of including several alloying elements (such
selenium, indium, zinc and aluminum) into tin-
bismuth-based solder alloys. This work focused on
variations in the matrix structure, thermal proper-
ties and melting temperature, pasty range, contact
angle (wettability) of the Sn43Bi alloy following
element insertion. By systematically examining
these effects, the authors aimed to determine the
best composition that enhances the performance
of lead free solder alloys, which makes them suit-
able for technology applications while dealing
with environmental and safety concerns associated
with common lead-based solders. Se, In, Zn and Al
were chosen as alloying elements based on their
known effects on improving the properties of Sn-
Bi alloys. For example, In has been shown to lower
the melting point and enhance mechanical proper-
ties. The 2 wt% concentration was selected based
on preliminary experiments and literature reviews.
High-purity metals (99.9% or above), especially

chosen for their potential to form effective lead-
free solder alloys constituted the foundation ele-
ments for the conducted research. Algailani et al.
(1) highlighted the growing industrial adoption of
environmentally friendly technologies supporting
the authors’ argument for continued development
of lead-free solder alternatives. This study is par-
ticularly relevant, as the semiconductor industry
continues to evolve its materials in response to
environmental and health concerns. For connect-
ing electronic circuit components, tin-lead alloys
are the most often used ones. Along with many
advantages including rather good welding, manu-
facturability, high dependability, and low cost (2),
these alloys enable the welding process conditions
compatible with most materials. However, despite
these great features that have been demonstrated in
various studies, the presence of lead, a hazardous
element, affects the surrounding environment (3).
The semiconductor industry is transitioning away
from lead containing solder alloys due to concerns
about lead toxicity and its environmental and health
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impacts prompting the European Union’s Restric-
tion of Hazardous Substances (RoHS) directive to
control and reduce lead consumption in electrical
and electronic devices (4).

Studies have found that specific alloying el-
ements can greatly affect the mechanical and
thermal properties of Sn-Bi alloys. Ag/Cu has
been shown for instance, to enhance mechanical
strength and enthalpy change (AH) during phase
transitions (5). Meanwhile, Ga/In lowers melting
points, increases specific heat capacity (Cp), en-
hances thermal conductivity (6). Other elements
like Sb/Zn stabilize microstructures and reduce
thermal expansion (6,7). Additionally, Mn/Si/Fe
balance between fluidity, oxidation resistance,
and thermal conductivity (8). Collectively, these
modifications optimize Sn-Bi alloys for low-tem-
perature soldering, thermal reliability, and ener-
gy-efficient applications (5, 9).

Nevertheless, attaining comparable perfor-
mance to traditional Pb-based solders poses sub-
stantial technical hurdles. Recent studies have
highlighted the importance of understanding
the electromigration behavior of Sn-Bi solders,
which is significantly influenced by alloying el-
ements (10,11). Indium (In) has been shown to
greatly reduce the melting point, and change the
microstructure when added to different solder al-
loys, including Sn-0.7Cu and 42Sn-Bi, so render-
ing them fit for low-temperature uses (12). Thus,
it is imperative to maximize alloy compositions
to raise the performance of solders free of lead.
Given this imperative, Sn-Bi alloys, known for
their low melting temperatures, can be further
optimized with alloying elements like Se and
Zn (13). Beyond microstructural adjustments,
thermal and mechanical reliability also require
optimization. Sn-Bi alloys exhibit specific heat
capacities consistent with theoretical predictions
(7). In turn, Ga additions further enhance thermal
energy storage capabilities (6).

This is achieved by adjusting the internal
structure and relieving the stress that triggers
whisker growth (14). The study highlights the
necessity of reducing tin concentrations in solder
alloys to reduce health risks. Rising awareness of
lead toxicity has increased the demand for lead-
free solder alternatives and stimulated substantial
research within the electronics industry to devel-
op effective and environmentally sustainable sol-
dering solutions. Making lead-free solder alloys
is quite challenging, especially when trying to
replace traditional lead-containing materials with
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desired mechanical and thermal properties. One
study by El-Taher et al. (15) for instance looks at
how the switch to lead-free solders has spurred re-
search of new alloy compositions to either match
or exceed the performance of conventional lead-
containing solders. Major challenges include:

Melting point: Lead free solders generally
exhibit higher melting points than lead based sol-
ders, complicating manufacturing processes and
increasing energy consumption (15).

Mechanical properties: Studies have shown
that adding Sb and Ag to Sn-Bi alloys refines the
microstructure, reduces the size of the bismuth-
rich phase, and enhances mechanical properties
(16-18). Research shows that varying Bi concen-
trations in Sn-xBi-1Ag solders and adding Si af-
fects such properties as CusSns layer thickness,
tensile strength, microhardness, melting tempera-
ture, and wettability (19).

Increasing Bi content reduces oxidation resis-
tance but extends the melting range and increases
the spreading rate. Bi’s control of IMC generation
lowers IMC thickness even above 3 wt.% Bi. In-
dium addition improves the naturally brittle SnBi
alloy by increasing mechanical properties and re-
ducing brittleness. For instance, In enhances me-
chanical strength and the enthalpy change (AH)
during phase transitions (20). Studies show that
small amounts of Ni and carbon fiber can enhance
ductility and fracture toughness in Sn58Bi solder
joints (21). The resulting Sn-Bi-In alloy demon-
strates enhanced wettability and refined micro-
structural properties (22).

Likewise, it has been demonstrated that add-
ing indium (In) and silicon (Si) to Sn-Bi solder
alloys improves mechanical properties including
tensile strength and refines microstructures and
changes thermal properties including melting
temperature (23). Although some components,
such as In and Si, enhance specific characteris-
tics, a study by Dirasutisna et al. (24) showed that
adding aluminum (Al) to Sn-52Bi raised the melt-
ing point so highlighting the influence of Al in
changing thermal behavior. Using their low melt-
ing temperatures, substrate compatibility and fit
for thermal interface materials, research on seven
Sn-Bi alloys also showed their potential as lead-
free solder substitutes (25). To solve important
issues in their development, the microstructure
and thermal properties of Sn-Bi solder alloys are
greatly influenced by the addition of alloying ele-
ments, including selenium, indium, zinc and alu-
minum. These results stress the need of balancing
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mechanical and thermal characteristics for best
solder performance. Mn lowers thermal conduc-
tivity in Sn-Bi-Sb alloys, while In/Si increase it
and Si/Fe increase fluidity without sacrificing
conductivity (26). Beyond mechanical character-
istics, solder performance is greatly influenced by
thermal stability:

Thermal fatigue — lead-free solders are more
prone to thermal fatigue than lead-based solders
because of their different thermal expansion coeffi-
cients, which over time increases the risk of crack-
ing and failure in electronic components (27).

Wettability and solder joint reliability —
lead-free solders often have poorer wettability,
which hinders the formation of reliable solder
joints by affecting the ability of the solder to
bond effectively to surfaces. Optimizing alloy
composition is essential to improve wettability
and joint reliability (14).

Researchers have used alloying elements to
enhance solder performance and address these
challenges. The incorporation of alloying ele-
ments such as selenium (Se), indium (In), zinc
(Zn), and aluminum (Al) into Sn-Bi solder alloys
has a substantial impact on their microstructure
and thermal characteristics (28). Indium (In) has
been extensively studied for its ability to en-
hance the properties of Sn-Bi solder alloys. For
example, adding 1.5 wt% In to Sn-58Bi modifies
the microstructure, improves impact toughness
(20), as well as enhanced thermal and mechanical
properties (29). Li et al. (30) noted the role of In
in improving ductility and reducing brittleness in
Sn-Bi-In low-temperature solders.

X-ray diffraction studies showed these addi-
tions changed phase composition. For instance, it
has been demonstrated that adding a small amount
of Al to Sn-based eutectic alloys improves the
microstructure and hence increases solder joint
strength by changing intermetallic phase devel-
opment (11). Another study (30) underlined en-
hanced thermal and mechanical characteristics
of indium additions to Sn-Bi solders. Increasing
indium content changed the microstructure and
distribution of Sn and Bi phases.

This study investigates how certain alloying
elements (Se, In, Zn, Al) modify the microstruc-
ture and thermal properties of Sn43Bi alloys. By
understanding these modifications, the findings
contribute to the development of solder materials
with improved wettability, lower melting tempera-
tures, and reduced tin content, addressing both
cost-effectiveness and environmental compliance.

MATERIALS AND METHODS

The environmental concern has driven the
electronics industry to seek sustainable alterna-
tives that maintain performance while eliminat-
ing toxic elements necessitates limiting its use
in the electronic field (31). From this perspec-
tive, it was vital to look for more environmen-
tally friendly solder alloys that are non-toxic
and devoid of hazardous lead. According to the
Restriction of Hazardous Substances (RoHS)
directive for electrical and electronic waste it
was essential to develop non-toxic, lead-free
solder alternatives.

Lead-free tin-based systems have shown
promise for being environmentally friendly
substitutes based on preliminary tests of novel
substances (4). High-purity metals (99.9% or
above) especially chosen for their potential to
form effective lead-free solder alloys consti-
tuted the foundation elements for this research.
These metals include tin, bismuth, zinc, indium,
and aluminum. After precise weighing and mix-
ing according to predetermined compositions,
the alloys were melted and cast under con-
trolled atmospheric conditions (temperature:
25°C, pressure: 1 atm, humidity: 40%) to en-
sure consistent quality. The alloys made of tin
and bismuth are ready for all the tests. For struc-
tural characterization, an X-ray diffractometer
(Shimadzu DX-30, Japan) was employed using
Cu-Kao radiation at 45 kV and 35 mA, equipped
with nickel filters, and operated over an angular
range of 2q from 0° to 100° in continuous mode
with a scan speed of 5°/min. SEM analysis was
performed using a 20 kV, 10 mm SEM provid-
ing a depth of field 300 times greater than opti-
cal microscopes and microstructural character-
ization was performed using a JEOL JSM-6510
LV. Thermographs were produced by differen-
tial scanning calorimetry (DSC) with a heating
rate of 10 °C/min across a temperature range of
0 °C to 300 °C, thus enabling exact analysis of
thermal properties such as phase transition tem-
peratures, enthalpy/entropy change values at
phase transitions, etc. Nawi et al. (32) showed
that the thermal conditions during processing
significantly affect material properties. This em-
phasizes the importance of controlled thermal
processing conditions in analyzing solder, al-
loys as temperature variations can significantly
influence their microstructure and performance.
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RESULTS AND DISCUSSION

X-ray diffraction

X-ray diffraction patterns of Sn43Bi2X (X
= Se or In or Zn or Al) alloys have lines cor-
responding to - Sn, Bi and SnBi intermetallic
phases as shown in Figures 1 to Figure 5. The
addition of Zn, Al and In elements altered the
lattice parameters and unit cell volume of the
Sn phase leading to changes in the XRD pat-
terns. For example, the addition of In refined
the microstructure and reduced particle size,
thereby shifting the diffraction peak positions.
The analysis of X-ray shows that, adding differ-
ent alloying elements (Se or In or Zn or Al) to
Sn43Bi alloy caused a change in formed matrix
structure (started base line, peak intensity, peak
broadness and position). This is due to the pres-
ence of dissolved Se, In, Zn, or Al atoms in the
alloy matrix, resulting in a solid solution. Other
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covered phases. The details of formed phases
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¢), unit cell volume (V) and particle size (g) of
tetragonal tin phase for Sn43Bi2X alloys are
presented in Table 2. The outcomes reveal that
the parameters of the lattice and unit cell vol-
ume values for Sn43Bi alloy changed after add-
ing Se, In, Zn, or Al, although the particle size
value declined.

Scanning electron microscope analysis

Scanning electron micrographs (SEM) of Sn-
43B-2X (X = Se, In, Zn and Al) alloys are shown
in Figure 6. SEM analysis of the Sn434Bi alloy,
Figure 6, showed different Sn grains with dif-
ferent sizes and orientations. Microstructure of
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Figure 1. X-ray diffraction patterns of Sn-43Bi alloy, measured at 25 °C
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Figure 2. X-ray diffraction patterns of Sn-43Bi-2Se alloy, measured at 25°
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Figure 3. X-ray diffraction patterns of Sn-43Bi-2In alloy, measured at 25 °C
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Figure 4. X-ray diffraction patterns of Sn-43Bi-2Zn alloy, measured
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Figure 5. X-ray diffraction patterns of Sn-43Bi-2Al alloy, measured at 25 °C.
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Sn43B2X alloy such as Sn grains (size and ori-
entations) and other formed phases (Bi and SnBi,
and Si) with little variation on matrix alloy after
adding 2 wt% from (X = Se, In, Zn, and Al) con-
tent, as seen in Figure 6. Similar to the obtained
findings, Al-Katawy et al. (33) demonstrated that
the addition of bismuth and gallium significant-
ly refined the microstructure of low alloy steel,
thus enhancing its mechanical properties. This
refinement in microstructure correlates with im-
proved mechanical properties, as evidenced by
the changes in grain size and phase distribution
observed in the conducted study. It aligns with

authors’ finding that adding particular alloying el-
ements to Sn43Bi solder alloys can improve their
mechanical properties. Mohamed et al. (34) dem-
onstrated that adding alumina nanomaterials to
the products can significantly improve mechani-
cal performance. This is further supported by the
SEM analysis in Figure 6 which displays finely
tuned microstructures that enhance mechanical
properties. This meant that, in line with the de-
velopment of non-symmetry phases with different
chemical compositions, size and orientations ex-
hibited a significant heterogeneity of microstruc-
ture which will relate to the X-ray analysis.

Table 1. X-ray diffraction analysis of Sn43Bi alloy, including 26, d spacing, full width at half maximum (FWHM),
intensity, phase (indicating the crystal structure of the compound), and Miller indices

Alloys 20 £0.1 d A £0.01 FV\Q;_'\(’)'S(A) C'zten”tzit;; Phase hkl
27.32 3.26 0.31 35 Bi 012

30.72 2.90 0.19 35 Sn 200

Sn-43Bi 55.24 1.66 0.17 6 SnBi 400
63.74 1.45 0.18 7 Sn 400

64.39 1.20 0.17 13 Sn 312

27.20 3.27 0.32470 100 Bi 012

30.64 2.92 0.39800 30 Sn 200

Sn-43Bi-2Se 31.08 2.87 0.36990 82 Sn 101
56.09 1.63 0.29160 15 Sn 024

63.72 1.46 0.2600 6 Sn 301

27.21 3.27 0.63 59 Bi 012

30.68 2.91 0.71 94 Sn 200

32.16 278 0.56 100 Bi 104

36.60 2.45 0.41 84 Sn 211

38.04 2.36 0.57 43 Bi 022

39.75 2.26 0.56 39 Sn 220

44.93 2.01 0.54 59 Sn 211

46.03 1.97 0.480 13 Bi 006

48.85 1.86 0.51 23 Bi 202

55.40 1.65 0.44 18 SnBi 400

Smd3BL01n 56.15 1.63 0.42 30 Bi 024
59.47 1.55 0.46 8 Sn 301

62.43 1.48 0.59 30 Sn 112

63.81 1.45 0.37 19 Sn 301

64.68 1.43 0.39 48 Bi 122

67.55 1.38 0.42 6 Sn 321

70.95 1.32 0.42 14 Bi 009

72.00 1.31 0.42 8 Bi 300

72.40 1.30 0.24 13 Sn 420

73.19 1.29 0.46 17 Sn 420

75.49 1.25 0.32 6 Sn 312

79.54 1.20 0.36 26 Sn 330
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27.07 3.29 0.21 53 Bi 012
30.46 2.93 0.21 100 Sn 200
31.82 2.80 0.22 29 Sn 101
37.81 2.37 0.19 12 Bi 104
39.51 2.27 0.21 12 Bi 100
43.61 2.07 0.19 32 Sn 220
44.64 2.02 0.20 27 Sn 211
48.52 1.87 0.21 6 Bi 202
Sn-43Bi-2Zn 55.07 1.66 0.16 13 SnBi 400
55.91 1.64 0.19 13 SnBi 400
61.98 1.49 0.10 6 Bi 107
62.22 1.49 0.25 12 Sn 112
63.50 1.46 0.18 14 Sn 321
64.32 1.40 0.23 17 Bi 122
72.08 1.31 0.17 26 Sn 420
72.84 1.29 0.18 9 Sn 41
79.17 1.21 0.18 1 Sn 312
27.124 3.28 0.30 102 Bi 012
30.52 2.92 0.29 87 Sn 200
31.93 2.81 0.27 100 Sn 101
37.89 2.37 0.24 58 Bi 104
39.58 2.27 0.26 42 Sn 220
44.35 2.03 0.17 1 Sn 211
44.74 2.02 0.25 77 Bi 006
45.77 1.98 0.26 1 Sn 211
48.67 1.86 0.20 20 Sn 220
Sn43Bi2Al 55.16 1.66 0.26 23 SnBi 400
55.99 1.64 0.21 21 Bi 024
59.18 1.55 0.25 9 Sn 301
62.43 1.48 0.29 31 Sn 112
63.60 1.46 0.21 15 Sn 400
64.41 1.44 0.16 44 Bi 122
67.32 1.38 0.26 6 Bi 122
70.76 1.33 0.24 13 Bi 009
71.92 1.31 0.23 8 Bi 300
72.19 1.31 0.22 18 Sn 420
72.98 1.29 0.22 1 Sn 411

Thermal properties

The comprehensive data in Table 3 provides
valuable insights into how different alloying el-
ements can be used to tailor the thermal perfor-
mance of Sn-Bi solder alloys for specific elec-
tronic packaging applications, balancing require-
ments for thermal management, and electrical
performance. With indium and selenium raising
density while zinc somewhat lowering it, the den-
sity values ranging from 7.3 to 7.9 g/cm’ reflect

the atomic masses of the added element. The ther-
mal modification effects observed in the conduct-
ed study align with the findings of Elmnifi et al.
(35) they showed that controlled thermal process-
ing can significantly alter material properties for
specific applications.

Different alloying elements affect the unique
trends in the thermal characteristics of the Sn-Bi
alloys. Reflecting the well-known effect of indium
in reducing the eutectic point and aluminum in
raising it, the melting temperature shows notable
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Table 2. Lattice parameters, unit cell volume and particle size of Sn-43Bi-2X alloys, measured at 25 °C

Alloys a (A) +0.005 C (A) + 0.005 V (A% +0.1 e (A)£20
Sn-43Bi 5.822 3.334 113.01 465.58
Sn-43Bi-2Se 5.831 3.387 115.12 274571
Sn-43Bi-2In 5.823 3.382 114.67 217.090
Sn-43Bi-22Zn, 5.864 3.359 115.49 420.076
Sn-43Bi-2Al 5.855 3.168 108.6 387.310

&

01:Noy:

measured at 25 °C

Figure 6. SEM micrographs of Sn-43B-2X (X = Se, In, Zn, and Al) alloys at 2000x magnification,

variation ranging from 114 °C for Sn-43Bi-2In
to 154 °C for Sn-43Bi-2Al. Typical for metal-
lic solders the specific heat capacity stays rath-
er constant among the alloys ranging from 0.20
to 0.23 J/g-K. With ranges of 1.10-1.35 mm?*/s
thermal diffusivity shows how alloying elements
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affect heat propagation across a material. Thermal
diffusivity (a = k/(p-Cp)) is indirectly affected by
alloying. For instance, in the additions that in-
crease (k) and reduce (p), () may enhance, while
elements like Mn (lowering k) or Ga (increasing
Cp) could reduce a (6, 26).
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Table 3. Thermal properties of Sn-43Bi-2X alloys, including thermal conductivity, specific heat capacity, thermal
diffusivity, and electrical conductivity, measured using differential scanning calorimetry and electrical conductivity

tests
Alloy AH (J/ig)+1 | Cp(Jig-K)£0.02 | k(W/m-K)£1 | a(mm?s)+0.05 | g, x107 (ohm™'cm™) +0.02
Sn-43Bi 50 0.22 22 1.35 4.5
Sn-43Bi-2Se 48 0.20 18 1.20 3.0
Sn-43Bi-2In 52 0.23 24 1.32 5.0
Sn-43Bi-2Zn 49 0.21 20 1.30 4.0
Sn-43Bi-2Al 47 0.20 17 1.10 3.5

The thermal conductivity values show inter-
esting fluctuations where Sn-43Bi-2In exhibits
the highest thermal conductivity (24 W/m-K)
presumably because of the special microstructur-
al effects of indium, the other alloys show lower
conductivity than the base Sn-43Bi. Similar to the
obtained findings, Mahan et al. (36) demonstrated
that adding mineral significantly enhances thermal
insulation properties, highlighting the potential of
composite materials in thermal management ap-
plications. This aligns with the drawn observa-
tion that specific alloying elements can modify
the thermal conductivity of Sn-Bi solder alloys,
as seen in Table 3. The electrical conductivity val-
ues display a clear relationship with the alloying
elements, ranging from 3.0-5.0 X107 ohm'-cm™!,
with Sn-43Bi-2In showing the highest conductiv-
ity. This suggests that indium addition maintains
better electronic structure for conduction despite
its microstructural effects on thermal properties.

Soldering properties

Wettability is measured quantitatively using
the contact angle produced at the flux triple point
of the solder substrate. Thermal analysis is fre-
quently used to investigate solid state changes as
well as solid-liquid interactions. Pasty range is
the difference between solidus and liquidus val-
ues. Figure 7 depicts the DSC thermographs of
SnBi43(2X), (X = Se, In, Zn, or Al) alloys. These
figures determine the melting point and pasty

range of the employed alloys. The DSC analysis
revealed variations in melting points and pasty
ranges, Al raised the values while Se, In and Zn
lowered them. The DSC measurements were re-
peated multiple times to ensure reliability and the
results shown in Figure 7 are representative and
consistent across all measurement cycles. For
example, adding 2 weight percent reduced the
melting temperature of Sn43Bi from 139 °C to
114 °C and closed the pasty range from 10.4 °C
to 7.5 °C. Alloying elements affect the enthalpy
of fusion (AH). For Sn-Ag-Cu (SAC) alloys, for
instance, the hypoeutectic SAC037 solder dis-
plays a AH of 64.4 J/g (37). Ag or Cu can form
intermetallic compounds (e.g., Ag-Sn, Cu-Sn)
with enthalpies of formation ranging from —86 to
25 kJ/mol in Sn-Bi systems, thus influencing the
total thermal behavior (5).

The contact angles for Sn-43Bi-2X, (X= Se
or In or Zn or Al) alloys on Cu substrate in air
are listed in Table 4. The contact angle of Sn_Bi,,
alloy varied after adding alloying elements. Melt-
ing temperature and pasty range for Sn,,Bi alloy
decreased after adding Se, In, Zn but they in-
creased after adding Al.

Contact angle (wettability)

Wettability is quantitatively assessed by the
contact angle formed at the flux triple point of
the solder substrate. The contact angles of Sn-
43Bi (Se, In, Zn, or Al) melt spun alloys on Cu

Table 4. Contact angle, melting temperature and pasty range for Sn-43Bi-2X alloys, with error values indicated

Alloys Contact angle "(6°) + 1° Melting temperature (°C) + 2 Pasty range (°C) £ 0.5

Sn-43Bi 23.34 139 10.4
Sn-43Bi-2Se 33.14 127 14.1
Sn-43Bi-2In 21.5 114 7.5
Sn-43Bi-2Zn 28.25 129 9.4
Sn-43Bi-2Al 43.11 154 15

281



Advances in Science and Technology Research Journal 2025, 19(8), 273-284

40

Sn43Bi

) w
o o
! 1

Heat Flow (uV)

2
°
1

0 -

LR, R AN, S S S S S S S B B
0 20 40 60 80 100 120 140 160 130 200 220 240 260 280 300 320
Sample Temperature (°C)

&
o
2

Sn43Bi2in

»
=3
L

AF/

o
1

’ He_al FIqw(pV)
s 3

&
o
1

&
=3
)

o
-3

T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Sample Temperature (°C)

40

40

Sn43Bi2Se

Heat Flow (uV)
3 o 8
) ) !

A
=)
1

60 -

-80

T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Sample Temperature (°C)

@
o

Sn43Bi2Zn

Heat Flow (pV)
S 3 o 3 8 8 &

@
=1
)

ES
(=)

T T T T T | PR ) T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Sample Temperature (°C)

30 -

Heat Flow (uV)
3 3
1 il

o
L

-10 -

-20

Sn43Bi2Al

ST L2 LI P SRR B A Rt S8 e ) P 5 T TN B )
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Sample Temperature (°C)

Figure 7. DSC thermographs of Sn-43Bi-2X (X = Se, In, Zn, or Al) alloys. The displayed temperature ranges
were selected to highlight the key thermal events (melting and pasty ranges) relevant to the performance of
solder alloys in typical electronic applications

Table 5. Contact angle of Sn-43Bi melt spun alloys on
Cu substrate

Alloy Contact angle (©0) + 0.5°
Sn-43Bi 42.59
Sn-43Bi-2Se 55.52
Sn-43Bi-2In 32.57
Sn-43Bi-2Zn 39.29
Sn-43Bi-2Al 43.11°

substrates are shown in Table 5. From these re-
sults, it is clear that adding Bi content to Sn43Bi
melt-spun alloy caused a significant effect in con-
tact angle value and wettability, of it. Shehab et al.
(38) noted that surface treatment, and alloy com-
position significantly affect wettability in welding
processes similar to how the investigated alloying
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elements influenced contact angles in soldering
applications. The Sn76Zn9Bil5 melt spun alloy
has a lower contact angle and good wetting on
copper substrate.

CONCLUSIONS

The microstructure and thermal characteris-
tics of Sn43Bi solder alloys are significantly al-
tered by the addition of Se, In, Zn and Al. These
elements modify the lattice parameters and unit
cell volume of the tin phase, influencing par-
ticle size and phase generation. For example,
adding two weight percent of various elements
changed the particle size of Sn43Bi from 465.58
to 217.09 A. Especially Sn-43Bi-2In showed the



Advances in Science and Technology Research Journal 2025, 19(8), 273284

lowest contact angle of 21.5°, indicating higher
wettability than the base alloy. The DSC analysis
highlighted that Al increased melting points and
pasty ranges, while Se, In, and Zn had the oppo-
site effect. Specifically, adding 2 weight percent
In reduced the melting temperature of Sn-43Bi
from 139 °C to 114 °C and narrowed the pasty
range from 10.4 °C to 7.5 °C. These results taken
together confirm that Sn-Bi solder alloys mechan-
ical and thermal characteristics can be maximized
by carefully selecting alloying elements for elec-
tronic uses. Future studies should investigate the
combined effects of several alloying elements to
improve these characteristics even more.
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