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In this study, three samples were created using gravity die casting, i.e., two models of 
immiscible alloys, Alloy 1 (Al-12wt.%Sn-8wt.%Cu) and Alloy 2 (Al-20wt.%Sn-10wt.%Cu), 
along with a control sample of pure Al. These gravity die-cast samples, homogenized 
at 700 ℃ for 2 hours, are analyzed for mechanical properties and microstructures. 
Optical microscopy and scanning electron microscopy with energy dispersive 
spectroscopy (EDS) were used to analyze the changes in the Al-Sn-Cu solidified system 
resulting from the addition of specific alloying elements. Both Alloy 1 and Alloy 2 
showed better mechanical properties than the control sample of pure Al. The tensile 
strength of Alloy 2 shows a decrease from 110.878 MPa to 105.750 MPa compared to 
Alloy 1. However, there is an increase in the yield strength from 30.239 MPa to 32.362 
MPa when the addition of tin exceeds 12% and copper exceeds 8%, respectively, which 
might be because of the alpha-phase solid solution’s interdendritic region that 
produces lattice strains. The impact resistance and ductility of the alloy are 
compromised as the hardness increases with the addition of more alloying elements. 
Alloy 2 exhibited the highest hardness at 50.92 HB. The Brinell hardness values suggest 
these alloys are potential candidates to replace antifriction bronzes. However, hard 
CuAl2 is produced at the grain boundaries when copper percentages are increased, 
reducing the impact properties. The effects of different alloying constituents and melt 
treatment on the microstructural control of Al-Sn-Cu solidified alloy were also studied. 
The aluminum matrix with a semi-continuous network (reticular) distribution of tin on 
the grain boundary was observed. The grain size gradually decreased from 19.65 μm 
to 16.94 μm and became more equiaxed for Al-20wt.%Sn-10wt.%Cu than Al-12wt.%Sn-
8wt.%Cu. The bond between tin and matrix improved with the increasing alloying 
element. The data obtained from this experiment will undoubtedly contribute to 
future research in this field.  
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1. Introduction 
 

Aluminum-based alloys have a wide range of applications as bearing materials and anti-reflective 
coatings [1]. The durability and textural properties of these alloys are well-balanced. They are gaining 
popularity in various industries due to their outstanding mechanical, tribological, physical, and 
surface properties, surpassing those of their base alloys. These properties include high mechanical 
strength, better resistance to wear and seizure, better high-temperature properties, precise control 
of thermal expansion coefficients, and high conductivity [2-4]. These properties are obtained through 
a combination of methods, including the addition of alloy elements, cold working, and heat treatment 
processes. Among these, one of the practised processes in metallurgy is selecting alloying elements 
based on their suitability and impact. 

Adding new elements to enhance tensile properties, corrosion resistance, and other desirable 
characteristics has been a significant advancement over the past century [5]. Increasing the amount 
of alloying elements generally improves the overall performance of the alloy [6]. The effects of 
alloying, such as major elements (Si, Cu, Mg), minor elements (Ni, Sn), microstructure modifier 
elements (Ti, B, Sr, Be, Mn, Cr), and impurity elements (Fe, Zn), on the microstructures and 
mechanical properties of aluminum alloys have been studied in the past [8]. Adding copper to 
aluminum alloys, enhances their mechanical properties and structural features, influencing 
aluminum’s precipitation behavior during age-hardening treatments and ultimately leading to 
increased strength [9]. Additionally, copper creates a protective oxide layer that helps to prevent 
corrosion [10]. As the melting temperature of copper (1085 °C) is higher than aluminum (660.3 °C), 
alloying copper with aluminum increases the heat resistivity of the alloy and thus can be used in 
applications where high heat resistance is required, such as automotive parts or aerospace 
components [11]. Copper is also a highly conductive material, so alloying copper in aluminum will 
increase the overall conductivity, which can be useful in electrical and electronic applications [12]. 
However, adding a large amount of alloying elements such as Zn, Mg, and Cu to improve performance 
will also cause the alloy’s elongation to be reduced and microstructure defects to occur [13]. On the 
other hand, tin (Sn), a non-toxic and safe material, is commonly used in aluminum casting alloys to 
reduce friction in bearing and bushing applications [14]. In emergency situations, adding tin as an 
alloying element can provide temporary liquid lubrication to rubbing surfaces if these bearings or 
bushings overheat excessively during service [15]. Because of its anti-welding solid qualities with iron, 
Sn is required in bearing applications, providing adequate surface properties [16]. 

When copper and tin are added to the aluminum system, they produce ternary-based alloys. 
Ternary Al-Sn-Cu-based alloys are renowned for their outstanding tribological, mechanical, and 
physical properties [17-19]. A review of the ternary Al-Sn-Cu system is discussed by Mirković et al. 
[20], where a combination of the CALPHAD (CALculation of PHAse Diagrams) thermodynamic 
modeling technique, DSC experimental tests, and microstructural analysis was used to investigate 
the complicated features of the Al-Sn-Cu phase diagram, which are dominated by ternary liquid de-
mixing. The CALPHAD method is a practical approach for creating thermodynamic and property 
databases. This technique involves extrapolating descriptions of binary and ternary systems to 
calculate data for higher-order systems, resulting in the generation of databases that accurately 
model complex systems in an efficient manner [21]. It was also demonstrated how seemingly minor 
alloy composition changes might result in dramatically diverse microstructures. However, most 
research currently in this field is based on simulations and lacks significant experimental evidence. 
There is a noticeable gap in the body of work when it comes to empirical research on alloying pure 
aluminum. The existing experimental research on adding Cu and Sn independently to aluminum alloy 
has laid a foundation, but there is still room for further exploration and innovation by observing the 
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effects of adding Cu and Sn together to pure aluminum. Our research in this domain aims to explore 
the changes in the behavior of pure aluminum by utilizing alloying elements and also to investigate 
the potential application from their characteristics obtained. 

This study aims to investigate the consequences of Cu and Sn addition on the microstructure and 
mechanical properties of the Al-Sn-Cu system. The samples were fabricated using the gravity die-
casting method, and subsequent mechanical tests were performed on the solidified alloy. The 
microstructural analysis was done using Optical Microscopy (OM) and Scanning Electron Microscope 
(SEM). After that, the elemental analysis was carried out by EDS. The variations in the mentioned 
properties were meticulously observed as the amount of alloying components increased, which will 
help us identify the potential place for its use.  

 
2. Methodology  
 

Abed [22] has reported that adding up to 20% Sn to aluminum alloy increases the overall strength 
and improves microstructural properties. These outcomes align with a similar study conducted by 
Forrester. These enhanced properties reduce friction and provide temporary liquid lubrication to 
overheating bearings and bushings [23]. However, it’s worth noting that adding 40% tin to the 
material decreased tensile strength and increased brittleness, according to Abed’s study [22]. 
Conversely, copper also plays a significant role in increasing the strength and hardness of aluminum 
casting alloys. It also improves the machinability of alloys by increasing matrix hardness [24]. On the 
downside, it’s essential to acknowledge that copper generally reduces the corrosion resistance of 
aluminum. In specific alloy compositions and tempers, increased copper content can lead to greater 
susceptibility to stress corrosion [25-27]. Therefore, it is crucial to carefully moderate the percentage 
of copper in the alloy to strike a balance between strength and minimizing stress corrosion 
susceptibility. Considering these factors, we carefully selected the percentages of Sn and Cu to 
optimize mechanical strength and other crucial properties in our research. A locally available Al bar 
was used as the primary matrix for conducting the gravity die casting. Sn and Cu powder particles of 
commercial purity were used as alloying elements. However, the experimental procedure can be 
categorized into the following major areas: (i) Preparing the alloy samples, (ii) Mechanical Tests, and 
(iii) Microstructural Analysis. 

 
2.1 Preparing the alloy samples 

 
Three samples were made with a gravity die-casting process. The amount of raw materials used 

for each sample is listed in Table 1. The aluminum gravity die-casting method began with the creation 
of a mold. The permanent mold was preheated at 200 °C to improve mould filling and reduce thermal 
shock. The raw materials of aluminum were melted into a liquid state in a gas-fired refractory ceramic 
crucible with the gravity-casting machinery. It was heated to around 700 °C to homogenize the melt 
and kept for 2 hours. The molten aluminum was poured into permanent molds to fill the cavity so 
that it could take the shape of the cavity when it solidified. The necessary alloying weight percentages 
were added and stirred to the liquid aluminum to ensure homogenized alloying. Copper was melted 
first, and aluminum was added since copper has a higher melting temperature than aluminum. Tin, 
which has the lowest melting temperature, was melted last. Each sample was homogenized for 1 
hour and then cooled in air to attain the characteristics of an extruded alloy. Finally, the aluminum 
gravity die-casting removed blanks from the mold.  
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Table 1 
 Composition of Samples 

Sample Al (gm) Sn (gm) Cu (gm) 
Control Sample 435 0 0 
Alloy 1 348 142 118 
Alloy 2 305 236 145 

 
The crucible was emptied and cleaned after each melt to prevent contamination. It was ensured 

that the workplace was free from dust, dirt, or foreign particles and there were no residues from 
previous melting that could introduce impurities. Some additional raw materials were added to 
compensate for that loss to mitigate the potential loss of raw materials through vaporization during 
the heating process, thereby ensuring accuracy. The casting temperature was also properly 
maintained using temperature monitoring and control systems to prevent excessive oxidation and 
impurity absorption. Upon completion of the elimination of the flash, all necessary post-processing 
procedures, such as shot blasting and machining, were executed. Initially, the excess materials were 
removed from the surface for the machining. Then, finally, the shaping, improving, and finishing of 
the cast product to meet the required specifications and surface quality were done during the 
machining process in aluminum gravity die casting. The prepared samples are listed in Table 2. 

 
            Table 2 
            List of Samples 

Sample No. Percentage (%) of Al Percentage (%) of Sn Percentage (%) of Cu 
Control Sample 100 0 0 
Alloy 1 80 12 8 
Alloy 2 70 20 10 

 
2.2 Mechanical Properties Test 
 

Tensile strength, yield strength, ductility, impact resistance, hardness, and fracture toughness are 
all determined via mechanical characteristics testing. Some of the most important mechanical tests 
were done to evaluate the properties of the gravity die-cast samples. 

 
2.2.1 Tensile Test 
 

The tensile testing specimens were fabricated according to ASTM International Standards ASTM 
E-8M. All the specimens were 50 mm in gauge length and 12.5 mm in diameter. The cross-section of 
all the samples was 122.719 mm2. A computerized universal testing machine, the Tinius Olsen (TUE-
C-400), was used to perform the test at a crosshead speed of 0.5 mm/min and a maximum load rating 
of 25 KN. Figure 1 shows the specimen during the tensile testing.  

 
2.2.2 Brinell Hardness Test 
 

The hardness tests for all the samples were conducted utilizing a Brinell hardness tester. The 
specimen was machined according to ASTM International Standards ASTM E18-22. The specimen had 
a diameter of 12.5 mm and a height of 30 mm. The grinding machine was used to make the samples 
smooth for the hardness test, as shown in Figure 2(a). The machine was fitted with a 10 mm diameter 
intender (hardened steel ball) and a 600 kgf load, and 12 s dwell time was employed to ensure 
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accurate results. Figure 2(b) shows the sample during the hardness test. The hardness was measured 
on a B scale.  

 

              Fig. 1. Tensile test in progress 

                                     

           Fig. 2. Hardness test specimen (a) After grinding and (b) During hardness test 

 

  

Fig. 3. V-notch Impact test specimen (a) Before the impact test (b) The fractured surface after impact test 

 
2.2.3 Impact Testing 

 
The impact test was carried out using the Impact Testing Machine (Charpy): AIT-300-ASTM. The 

specimens for testing the impact tests were prepared according to ASTM International standards 
(ASTM-E-23). Figure 3(a) represents the sample before the test was performed. The sample’s 

(a) (b) 

(a) (b) 
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dimensions are 55 mm x 10 mm x 10 mm with a 2 mm notch at the centre. The pendulum was raised 

to the left until it reached its maximum energy range on the upper indicator unit to test the energy 
range of the specimen. The maximum scale graduation of the machine was 300 Joules (Charpy). The 
maximum weight of the pendulum was 22.35 kg. The length of the pendulum was 775 mm. The 
pendulum dropping angle was 140 degrees. Next, the specimen was placed horizontally across 
supports, with the notch facing away from the pendulum. The pendulum was released, and the value 
indicated on the indicator unit was recorded. After the test, the brake was applied to return the 
pendulum to its stable vertical position. The specimen was removed from the testing area, and the 
failure surface was observed, as displayed in Figure 3(b). 

 
2.3 Microstructure Analysis 

 
The samples were sequentially ground with emery paper of grit 150, 220, 400, 550, 800, 1000, 

1200, and 1500 microns in succession. While changing from one emery paper to another, the 
direction was rotated by 90 degrees. After grinding the surface, the sample was polished using 
diamond paste made of aluminum oxide and machine oil, followed by a thorough rinse. 
Subsequently, it was etched for 20 seconds using Kellar’s solution and then cleaned with acetone. 
Finally, the prepared sample was ready for placement in the Amscope optical microscope. Various 
images were taken at different magnifications using the optical microscope. The samples underwent 
a gold coating process to prepare them for SEM imaging. Afterwards, SEM images were captured 
using JEOL JCM-7000 NeoScope benchtop SEM operated at 5 kV. Additionally, the SEM was linked 
with the EDS attachment for comprehensive analysis. 

 
3. Results  
3.1 Mechanical Properties 
 
3.1.1 Tensile Test Results 
 

 

Fig. 4. Comparison of tensile properties of the alloys 

Figure 4 depicts the changes in the tensile test performance of the samples. The yield strength 
for the control sample is 30 MPa, while it is 30.239 MPa and 32.362 MPa for Alloy 1 and Alloy 2, 
respectively. So, the yield strength improved slightly with increasing alloying elements in the control 
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sample. This may be attributed to the creation of lattice strains and impediments that restrict the 
free movement of dislocations [28].  

Furthermore, the control sample has a tensile strength of 68.315 MPa, while Alloy 1 exhibits the 
highest tensile strength at 110.878 MPa, and Alloy 2 has a strength of 105.750 MPa. The tensile 
strength initially increased with the addition of Sn and Cu in the control sample but then decreased 
as the alloying percentages increased. The reason behind the initial rise in tensile strength of Alloy 1, 
as compared to the control sample, can be attributed to the incorporation of foreign atoms like Sn 
and Cu in the lattice. This addition makes it difficult for dislocations to move, leading to the formation 
of solid solutions. However, an increase in the percentage of added alloying elements led to 
decreased tensile strength, as seen in Alloy 2. A similar result is found in another study where Reddy 
et al. [29] reported that the tensile strength of alloys with 10% Cu percent is lower than that of alloys 
with 5% Cu concentration. This is due to the higher phase in the alpha-phase solid solution’s 
interdendritic region [29]. Because of this reason, the interstitial spaces in the system might get 
occupied by Sn or Cu. As a result, the regularity of the aluminum lattice structure gets disrupted, and 
overall tensile strength decreases.  

 

 

Fig.5. Engineering stress-strain curves of pure Al and its alloys 

Figure 5 displays the stress-strain curves for the control sample and the alloys. Alloy 2 exhibits 
superior elastic properties among the alloys due to its higher yield stress than the other alloys. 
Meanwhile, Alloy 1 can handle more considerable stresses before necking because of its greater 
ultimate tensile strength. On the other hand, pure aluminum has the lowest ultimate tensile strength 
of the three samples, with a measurement of 68.316 MPa. The difference between yield and ultimate 
strengths implies that there is a lower occurrence of strain hardening in pure aluminum compared to 
the two alloys. 

    

Fig. 6. Fracture surface of the control sample (Pure Al) after tensile test: (a) top view, (b) side view 

(a) (b) 
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Fig. 7. Fracture surface after tensile test for (a) Alloy 1 (Al-12wt.%Sn-8wt.%Cu) and (b) Alloy 2 (Al-20wt.%Sn-
10wt.%Cu) 

In Figure 6, the fracture surfaces display ductile fracture after the tensile test of the control 
sample. Figure 7 shows the impact of adding alloying elements, with alloy 1 and alloy 2 indicating a 
gradual shift towards an almost brittle fracture surface. Sn and Cu alloys have the potential to 
combine to generate intermetallic compounds like Al-Sn [30], Cu3Sn [31], and θ-Al2Cu [32, 33]. The 
initiation and spread of cracks might result from the production of these intermetallic phases, 
lowering the alloy’s overall strength.  

3.1.2 Hardness Test Results 

Table 3 depicts the comparison among the three samples. The hardness gradually increased for 
Alloy 1 and Alloy 2 with the increasing alloying percentages. This is due to precipitation hardening. 
The Al2Cu precipitate creates a metastable phase, which significantly increases the hardness [34]. 
The hardness exceeds 20 HB in both of the cases with adding alloying elements (Cu, Sn). As a result, 
it can offer potential Al-based bearing materials that could take the place of antifriction bronzes [35]. 

Table 3 
Hardness results 

Samples 
Diameter of indentation, 

d 
BHN=

2𝑃

𝜋𝐷[𝐷−√𝐷2−𝑑2]
 (HB) 

Control Sample 5.1 mm 28 
Alloy 1 4.3 mm 39.31  
Alloy 2 3.8 mm. 50.92  

 
The Brinell hardness value was calculated from the Eq. 1 and summarized in Table 3. The unit is 

in the B scale for hardness. 
 

BHN=
2𝑃

𝜋𝐷[𝐷−√𝐷2−𝑑2]
                                                               (1) 

 
where, D = Ball Diameter (mm), P = Load applied (kg-f), d = Diameter of indentation (mm). 
 
3.1.3 Impact Test Results 
 

Charpy impact energy values indicate a material’s resistance to sudden force [36]. Figure 8 shows 
the Charpy impact test results for all three samples. The impact strength of a material is typically 
determined by measuring the amount of energy it absorbs when it fractures. The control sample has 
the highest absorbed energy with an impact strength of 352 KJ/m2. The impact strength gradually 
decreased with adding alloying percentages to the pure Al. 

(a) (b) 
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Fig. 8. Impact strength of the samples 
 

Alloy 2 exhibited a substantial 42.33% decrease compared to the control sample. While adding 
Cu and Sn to pure aluminum increased hardness, it also rendered the alloy more brittle. This caused 
a reduction in plastic deformation energy, which increased the likelihood of debonding during 
fractures and decreased impact strength [37]. Aluminum alloys have more plastic deformation 
energy, but as the material becomes less brittle, the plastic deformation energy decreases, reducing 
impact strength. When aluminum alloys become less ductile, stress concentration areas increase, 
which promotes crack formation and propagation. These cracks can cause debonding and decrease 
impact strength. Samal et al. [37] and Kumar et al. [38] have reported similar results by adding a 
percentage of TiC and reinforcing fly ash in aluminum alloy. However, the addition of brittle fly ash 
particles has led to a reduction in the toughness of the aluminum alloy. Adeosun et al. [32] have 
investigated that copper additions greater than 4% reduced UTS, elongation, and impact energy. In 
this study, as Cu addition increased above 4 vol% in both of the alloys, the presence of hard CuAl2 at 
grain boundaries caused a loss in overall ductile properties and an increase in hardness. However, 
the strength reduction may be caused by tin particles in the lattice. 

 

        

Fig. 9. Visual observation of fracture surfaces after impact test for (a) Control sample (Pure Al), (b) Alloy 1 
(Al-12wt.%Sn-8wt.%Cu), and (c) Alloy 2 (Al-20wt.%Sn-10wt.%Cu) 

 

Fracture surfaces of the Charpy impact specimens of pure Al and the alloys are presented in 
Figure 9. A higher percentage of tin (Sn) content contributes to increasing brittleness by promoting 
the formation of intermetallic brittle phases and making them more susceptible to cracking. As a 
result, with the alloying percentage, the surface turns to more prone to brittle fractures.  

(a) (b) (c) 
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Fig. 10. Optical microscopic view of (a) Control sample (Pure Al), (b) Alloy 1 (Al-12wt.%Sn-8wt.%Cu), and (c) 
Alloy 2 (Al-20wt.%Sn-10wt.%Cu) 

 

Figure 10 shows the optical microscopic view of the fracture surfaces after Charpy impact testing. 
The microstructures clearly reveal a flat and uniform appearance across all three samples, indicating 
the surface's brittle fracture mode. 

 
3.2 Microstructural Evaluation  
 

Microstructural analysis was performed on all three samples using optical and scanning electron 
microscopy and energy dispersive spectrometry. 
 

3.2.1 Optical Microstructural Analysis 
 

Figure 11 shows the optical microscopic view of pure aluminum with indistinct grains and some 
visible pores. The strength of metal comes from its crystal lattice grains, while the areas between 
them are weaker. This interplay creates aluminum’s unique properties. Because of the indistinct 
grains, it does not show higher strength and high ductility.  
 

          
 

Fig. 11. Optical micrographs of the control sample (pure Al) at 200X magnifications 
 

       

(a) (b) (c) 

100μm 100μm 100μm 
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Fig. 12. Optical micrographs of Alloy 1 (Al-12Sn-8Cu) at (a)50X, (b) 100X, (c)200X, and 
(d) 400X magnifications 

 

Figure 12 shows the microstructural image for different resolutions for Alloy 1, where we can 
see the isolated Sn phase with Cu particle distribution. We can also see that Al-12Sn-8Cu exhibited 
equiaxed Al grains, while Sn was found in two forms: globular precipitates evenly distributed among 
Al grains and irregularly shaped particles at grain boundaries. Since similar investigation was done by 
Wang et al. [39], where it was noted that with the addition of Sn to the deposits in their as-deposited 
state substantially improved the microstructure, and the grains were changed. Wang et al. [39] also 
showed that the grains converted to equiaxed crystals from dendrites, and the size of the equiaxed 
crystals was approximately 30 μm. The resolvable Sn phase increased as 8wt% Cu was added to this 
alloy. The Sn phase can be seen at the intersplat boundaries and within the elongated splats. We can 
also see an aluminum matrix with a semi-continuous network (reticular) distribution of tin on the 
grain boundary. 

Figure 13 shows the optical microstructures for Alloy 2 at different magnifications. As the 
percentages of Sn and Cu increase, the changes in the microstructure can clearly be seen in Figure 
13. The grains are changed for Sn in the Al matrix with Cu precipitation. The grain size reduction can 
be seen for tin along the grain boundaries. In a similar study, Kurz [40] stated that with the addition 
of 5% Cu to the Al-Sn alloy, the thickness of the tin film crystallized around primary aluminum 
decreased, and the size of the tin particles was lowered by interfering with the Ostwald ripening 
process. The hard Al2Cu intermetallic phase is well dispersed in the interdendritic portions of these 
samples, which feature refined microstructures with small dendritic spacings. Optical microscope 
findings demonstrate that as the weight percentages of the Al-Sn-Cu alloy change, the Sn particles 
coarsen to a lower degree near the intersplat boundary. 

(a) (b) 

(c) (d) 
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Fig. 13. Optical micrographs of Alloy 2 (Al-20Sn-10Cu) at (a)100X, (b) 200X, (c)400X, and 
(d) 1000X magnifications 

 

3.2.2 SEM-EDS analysis 
 
Figure 14 shows the SEM imaging of pure aluminum. Microstructural investigations in scanning 

electron linked with an energy dispersive spectrometry attachment showed the structure of pure Al. 
It has been observed in Figure 11 that the microstructure does not consist of different phases. This 
observation is confirmed by EDS analysis, which reveals two peak sets, as seen in Figure 14(b). The 
presence of dark areas in both SEM and OM images can be attributed to over-etching and surface 
oxidation, indicating the presence of oxygen. The presence of gold can be observed using EDS due to 
the gold coating. 
 

 

Fig. 14. (a) SEM image and (b) EDS analysis in the marked region of pure aluminum  

(a) 
(b) 

(a) (b) 

(c) (d) 
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Fig. 15. (a) SEM image and (b) EDS analysis in the marked region of Alloy 1 

 

  
Fig. 16. (a) SEM image and (b) EDS analysis in the marked region of Alloy 2 

 

Figures 15 and 16 show the SEM images and EDS analyses for Alloy 1 and Alloy 2, respectively. 
Notably, the grain structure becomes finer with an increasing concentration of alloying elements, 
rendering exceptional strength for these alloys. Specifically, Figures 15(b) and 16(b) show that the Al-
matrix contains Sn and Cu, as detected by EDS. In both cases, the oxidation is indicated by the 
presence of oxygen. A minor carbon peak is evident, which suggests that there is some presence of 
surface contamination during sample preparation. However, no other impurities were detected in 
the EDS analysis of samples. The presence of both Sn and Cu in the Al-matrix suggests the formation 
of intermetallic compounds in the grain boundaries. 

3.2.3 Grain size measurement 

Table 4 depicts the average grain sizes of the two alloys. ImageJ software was used to measure 
grain size. The calculations for the measuring grain size were done by inserting the microstructural 
image. The average grain size was measured after taking three lines for grain size measurement for 
both alloys. The average grain size was calculated from the Eq. 2 and summarized in Table 4. All the 
grains were calculated in micrometers.  

 

Average grain size =                                        (2) 

(a) (b) 

(a) 
(b) 

              

𝐿𝑖𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ

𝑁𝑜. 𝑜𝑓 𝑔𝑟𝑎𝑖𝑛𝑠
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Table 4 
             Grain size measurements 

Samples 
Line length Average grain size  

1st  2nd  3rd  
Alloy 1 19.62 19.69 19.65 19.65 μm 
Alloy 2 16.92 16.97 16.94 16.94 μm 

 
As Cu and Sn are introduced to the alloy system, the grain size becomes finer, and the number 

of grains increases, as shown in Figure 17. As a result, the grain size decreased. In aluminum alloys, 
Sn and Cu can function as grain refiners.  

 

  
Fig. 17. A single grain size of (a) Al-12Sn-8Cu alloy and (b) Al-20Sn-10Cu alloy at 200x 

 

 
Fig. 18. ImageJ grain distribution for (a) Al-12Sn-8Cu alloy and (b) Al-20Sn-10Cu 

 
Figure 18 shows the grain distribution as obtained using ImageJ. The histograms show coherency 

with the average grain size of the alloys. During solidification, the addition of alloying components 
promotes the formation of small and uniform equiaxed grains, which can hinder grain expansion and 
encourage the development of a refined microstructure. The grain size impacts significant 
mechanical properties like ductility, strength, toughness, fatigue resistance, hardness, etc. Higher 
strength typically results from smaller grain sizes as more grain boundaries function as barriers to the 
passage of dislocations. The dislocations travel less before coming into contact with a grain boundary, 
increasing the material’s strength and resistance to deformation, reducing ductility, and increasing 

(a) (b) 

(a) (b) 
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hardness. Higher toughness is typically the result of finer grain sizes since more grain boundaries can 
assist in dispersing energy and stopping crack development. 
 
4. Conclusions 
 

The research aims to find Al-Sn-Cu solidified alloy's mechanical and microstructural properties by 
changing the alloying compositions to help guide further assessment in various applications. The 
mechanical and microstructural properties change when alloying elements are added in succession. 
Sn and Cu are added to the base alloy of pure Al, at 12% and 20% for the former, and 8% and 10% for 
the latter, to observe or predict the characteristics of the alloys. This study has revealed some 
significant results, as listed below: 

1. Adding Cu and Sn to pure Al significantly improves its mechanical properties. However, the tensile 
test result has revealed that the yield strength is higher in Alloy-2 (Al-20wt.%Sn-10wt.%Cu) than 
Alloy-1 (Al-12wt.%Sn-8wt.%Cu), whereas the tensile strength is higher in Alloy-1 (Al-12wt.%Sn-
8wt.%Cu) than Alloy-2 (Al-20wt.%Sn-10wt.%Cu). This is because the Sn and Cu alloys have the 
potential to combine to generate intermetallic compounds like Al-Sn, Cu3Sn, and θ-Al2Cu, which 
may cause strains.  

2. The hardness is increased for Al-20wt.%Sn-10wt.%Cu compared to Al-12wt.%Sn-8wt.%Cu due to 
precipitation hardening. 

3. The addition of the alloying element to the control sample reduced impact strength, as indicated 
by the Charpy impact test results. This can be attributed to the presence of CuAl2, a hard 
intermetallic phase, and brittle phases at the grain boundaries. As a result, the impact resistance 
and ductility of the alloy are compromised while its hardness is increased. 

4. Microstructural evolution for adding Sn and Cu in the Al matrix has shown changed grain size. The 
grain size is reduced for Alloy 2, where the percentage of Cu is higher. The grains for pure Al are 
indistinctive. More defined and bright images are found in Alloy 2 than in Alloy 1. The segregation 
of tin is much lower in Alloy 1 than Alloy 2. CuAl2 phase fine particles were observed. The grain 
size is decreased for Al-20wt.%Sn-10wt.%Cu alloy than for Al-12wt.%Sn-8wt.%Cu alloy. 
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