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 The main objective of this research work is to provide lightweight and high-strength materials 

for structural engineering applications. In general, the mechanical properties of pure Al6082 

components are less as compared to the AlSi10Mg components. This work aims to study and 

improve the mechanical properties of the Al6082/AlSi10Mg composite. The composite, 

produced by the stir casting technique, stands out for its mechanical performance and 

microstructure. The findings shed light on the composite's suitability for different uses in sectors 

like aerospace, automotive, and marine. The outcomes of microstructure and mechanical 

properties can give significant evidence about whether a composite is appropriate for a given 

application. This data can be used to make well-informed choices about the composite's 

suitability for particular applications and to direct future advancements in its mechanical 

strength. The experimental work was carried out with the composition of Al6082 raw material 

and AlSi10Mg fresh powder. The weight percentage (Wt. %) of AlSi10Mg is considered with  

0.5 % for sample S1, 1.0 % for sample S2, and 0.0 % for sample S3. The microstructure analyses 

performed that, the S1 sample showed fine microstructure with major porosity, the S2 sample 

showed coarse structure with minor porosity and the S3 sample showed fine microstructure 

with minor porosity. The microstructural investigation shows that the silica particles were 

evenly distributed throughout the aluminum matrix, which ensured that the composites' 

ultimate tensile strength, hardness, and impact strength had been increased. The mechanical 

properties of samples are evaluated with tensile, compression, impact, and hardness tests.  The 

tensile strength of the S2 sample (127 MPa) is high as compared to the S1 sample (110 MPa) due 

to less porosity, fine grain microstructure, and high Ti element presence in the S2 sample. The 

compressive strength of the S2 sample (143.3 MPa) is high as compared to the S1 sample (117.1 

MPa) due to the fine grain microstructure and high Ti element in the S2 sample. The impact 

strength of the S2 sample (4.4 J) is high compared to the S1 sample (4.0 J). The microhardness 

tested at 0.5 Kgf load, 63.7 HV for the S1 sample, 65.1 HV for the S2 sample, and 46.3 HV for the 

S the 3 sample. Further, the microhardness test was conducted at 1.0 Kgf load., the values are 

54.7 HV for the S1 sample, 59.7 HV for the S2 sample, and 38.3 HV for the S3 sample. From the 

findings, it is stated that the S2 sample performed an excellent mechanical property as compared 

to the S1 and S3 samples due to more wt. % of Ti and Al in the S2 sample. SEM examination 

revealed that the S1 sample has more pits and cracks as compared to the S2 and S3 samples. SEM, 

EDS, and XRD analyses were performed and displayed outstanding results. XRD analysis revealed 

the same elemental presence of EDS analysis.  The research work is carried out in a systematic 

procedure and a comparison is made of the test results with the available existing results by the 

researchers.  Compared to other compositions of available existing research work this Al6082 / 

AlSi10Mg is also suggestable for the development of lightweight structural applications. 
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1. Introduction 

Al6082 is a common aluminum alloy used in 
the manufacture of structural components with 
high strength, due to its excellent corrosion 
resistance, formability, and weldability. 
Manganese, magnesium, silicon, and iron are the 
primary alloying components of Al6082. The 
aerospace, automotive, and building industries 
frequently use Al6082.  

An alloy made of aluminum, silicon, and 
magnesium called AlSi10Mg is used to make 
casting components and 3D printing. Aluminum 
gains stronger, harder, and more thermally stable 
mechanical properties as a result of the addition 
of silicon and magnesium. Due to its excellent 
castability and corrosion resistance, AlSi10Mg is 
frequently used in the automotive, aerospace, 
and electrical industries. AlSi10Mg has a high 
silicon content, which enhances fluidity during 
casting and produces castings with better surface 
finish and dimensional accuracy. AlSi10Mg 
typically contains 10% silicon, 0.4% magnesium, 
0.6% iron, 0.4% copper, 0.1% copper, 0.15% 
manganese, and the balance is aluminum. The 
alloy is renowned for having a high thermal 
conductivity, which qualifies it for uses requiring 
effective heat dissipation. AlSi10Mg is the perfect 
material for lightweight structural components 
like brackets, housings, and engine parts due to 
its high strength and low weight. Because of its 
excellent corrosion resistance, it can be used in 
harsh environments like the sea. Alloys made of 
aluminum are strong, castable, and highly ductile 
[1].  

Surface hardness value, compressive 
strength, microstructure, and tensile strength of 
stir-casted alloys are tested with one another in 
order to establish the ideal stirrer speed [2]. The 
specimen's geometry affects its mechanical 
properties, and heat treatment greatly improves 
the composite's malleability and energy 
dissipation while greatly lowering its 
compressive yield strength [3]. The maximum 
hardness value for an alloy matrix specimen 
without reinforcements was 56.8 HRB and the 
results proved that slight reduction in hardness 
by adding the SiC wt. % [4]. AA6082 developed 
equiaxed grains and smaller grains as a result of 
SiC particulates [5]. The aluminum and aluminum 
alloys exhibit specific strength and properties at 
high temperatures [6]. Desired material 
properties in accordance with their applications 
are achieved by using magnesium alloys [7]. 
AZ31 magnesium alloy matrix composites with 
Graphene Oxide (GO) reinforcement 
outperformed their unreinforced counterparts in 
terms of strength, toughness, and plasticity [8]. In 
comparison to unground granite samples, the 
addition of finely ground granite exhibits greater 
compressive strength [9].  

The mechanical properties of MMNCs are 
significantly influenced by the distribution of 
GNPs in metal matrices and the bonding between 
GNPs and metal matrices [10]. Excellent thermal 
insulating and strength qualities are achieved by 
the composites made from waste granite scrap 
[11]. The tests' outcome showed that the 
engineering qualities of granitic rocks vary 
widely [12]. High Na2O and Al content necessitate 
a sintering step in order to recover these values 
[13]. By using the stir casting technique at 
different stirrer speeds and duration time, an Al-
SiC MMC material by adding 10% SiC was 
produced. The outcomes of the hardness test 
revealed a relationship between stirring time, 
speed, and the composite's hardness. The 
uniform hardness values were reached after 10 
minutes of stirring at 600 rpm, but after that, the 
properties started to deteriorate once more. By 
increasing the stirring time and speed, SiC was 
dispersed more evenly throughout the Al matrix. 
It was discovered that SiC distributions were 
more uniform at 600 rpm and 10 minutes of 
stirring [14]. When using materials like steel, 
iron, silicon carbide, and composites without 
chills, the grain size enlarges over time, but when 
using copper chills, fine grain structure, uniform 
dispersoid distribution, and strong matrix-
dispersoid bonding are the results [15]. To align 
the microstructure, a microstructural analysis of 
the modified A356 was performed.  
Microstructure is made up of eutectic silicon 
particles with rounded, less angular shapes 
distributed in a matrix of aluminum solid 
solution, as well as Mg2Si particles [17]. For 12% 
cerium oxide, the compressive strength 
increased from 83 MPa to 176 MPa, and the 
microhardness also increased up to 40% [18]. 
The composite prepared with AA6061 as the 
matrix material and a novel combination of 
Silicon Carbide (SiC), Fly ash, and Graphite (Gr) as 
reinforcing materials, revealed a fine-grain 
structure [19]. Microstructure analysis reveals 
that the 25mm diameter casting has better matrix 
and reinforcement bonding than the 50 and 
75mm castings. According to the investigation's 
findings, stir casting can successfully reinforce fly 
ash and B4C in an Al-4.5 wt.% Cu alloy to produce 
hybrid MMCs [20]. It was found that reinforced 
boron carbide composite had a maximum tensile 
strength and hardness of 10%. By increasing 
boron carbide in the matrix material; toughness, 
ductility, and density are all reduced. The 
aluminum alloy AA2014 can be successfully 
developed by stir casting and boron carbide as 
reinforcement. The microstructure results 
showed that B4C was distributed correctly in the 
AA2014 matrix material [21].  

The UTS of the composite rises as Fly Aah (FA) 
content increases. A discernible increase in 
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strength is seen. The sample with a 6-weight 
percentage FA content was given its maximum 
strength. The strength began to decrease once the 
FA content reached 6 weight percent. This is 
because the matrix's high concentration of FA 
content might not have been distributed evenly 
[22]. A Hybrid Metal Matrix (HMM) composite is 
made up of SiC, Coconut Shell Ash (CSA), and FA 
particles in various sizes, and has improved 
tensile strength significantly. It has been noted 
that samples A and D each have CSA 
concentrations of 0%, 5%, and 10% at 173 MPa, 
194 MPa, and 213 MPa, respectively. As the 
percentage of CSA particles in the matrix rises, 
the matrix alloy significantly gains strength [23]. 
Depending on the composition's weight ratio, 3 
compositions are used for casting, including 90% 
Al + 2.5% Basalt fiber ash + 7.5% Fly ash, 90% Al 
+ 5% Basalt fiber ash + 5% Fly ash, and 90% Al + 
7.5% Basalt fiber ash + 2.5% Fly ash. According to 
the experimental findings, the first composition 
has a higher tensile strength than the other two 
compositions. [24]. The observed improvement 
in corrosion resistance of SiC particulate-
reinforced nanocomposites is due to the good 
bond integrity of SiC particles with AA7178 [31]. 
The weight percentage of nano TiO2 had an 
overall impact on the coefficient of friction and 
wear rate of 60.95% and 57.33%, respectively 
[32].  

Fly ash that has been received can be used to 
reinforce subsequent materials. It has a low 
density and good mechanical characteristics. 
A356 alloy and fly ash composite's compressive 
strength has increased in a satisfactory manner 
[25]. The specimen with 0.2% zinc oxide 
reinforcement proved the greatest mechanical 
properties [26]. The granite specimens' Uniaxial 
Compressive Strength (UCS) slightly rises for 
samples heated to 200°C, but it then linearly falls 
for samples heated to temperatures between 
200°C and 800°C. Up to 800°C, the heat treatment 
temperature causes a reduction in Young's 
modulus before remaining constant [27]. 
Utilizing all of these experimental findings with 
178 different granites, it was determined how the 
granites behave mechanically in compression 
and tension. The measured parameters varied 
significantly, with the exception of bulk density. 
About 15% more than the average value of all the 
granites in the database, which is 138 MPa, this 
rock has a compressive strength of about 158 
MPa [28]. The reinforced zinc oxide (0.2%) 
sample proved the highest tensile strength (23.9 
kg/mm2), hardest surface (134.4 HV), flattest 
grain distribution, and most brittle fracture [29]. 
Samples of composites have reinforcement 
weight fractions of 3% fly ash, which is constant, 
and varying weights of 5, 10, and 15% Al2O3 [30]. 

The reinforcement of TiB2 particulates (0 to 9 
%) with AA7075 has a UTS value of 275-300 MPa 
[34]. The reinforcement of 1.5% Al2O3p with 
A356 resulted in a UTS of 265 MPa [36]. The 
reinforced MgOp (1.5-5 wt.%) with A356 
performed 850-1000 MPa of UTS [39].  The 
reinforced RHAp (3-12 wt.%) with AlSi10Mg 
performed the value of 170-175 MPa UTS [40].  

A study of Electron Backscatter Diffraction 
(EBSD) demonstrated the evolution of coarser 
grains into finer grains. The textures of all the 
samples appeared to be utterly arbitrary. Neither 
the SiC addition nor the processing conditions 
appear to have a significant impact on the texture 
[43]. The first time quantifying the size and 
distribution of Mg2Si particles in the Al matrix 
was made possible using the small-angle 
diffraction technique [44]. Al, SiC, and CuO peaks 
are validated by the XRD pattern [45].  

The majority of the researchers have made 
great efforts to introduce novel materials. The 
approach of different researchers has been 
different as they have taken different materials 
and their compositions and also different 
manufacturing methods/processes.  

This research work is aimed to introduce the 
varying weight percentage (wt.%) of AlSi10Mg 
fresh powder in Al6082 raw material by using a 
stir casting process and the mechanical 
properties are evaluated on a composite sample. 

2. Materials and Methods  

The research is carried out using a 
methodology that includes building a sample 
with the preferred composition of Al6082 / 
AlSi10Mg by using a stir-casting process. After 
the casting, the material undergoes machining as 
per the required dimensions of test samples. 

2.1. Elemental Composition of Al6082 Raw 
Material & AlSi10Mg Fresh Powder 

The following Tables 1 and 2 represent the 
elemental composition of Al6082 raw material 
and AlSi10Mg fresh powder.  

Table 1. Elemental composition of Al6082 raw material 

Element Si Al Fe Ca Mg Na K O Total 

Weight % 0.5 95 0.2 0.0 0.3 0.1 0.0 3.7 100 

Table 2. Elemental composition of AlSi10Mg fresh powder 

Element Si Al Fe Ti Mg N2 Zn O Total 

Weight % 9 90 0.2 0.1 0.2 0.2 0.1 0.2 100 
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2.2. Manufacturing of Al6082 / AlSi10Mg Test 
Samples 

Stir casting is used to prepare Al6082 / 
AlSi10Mg samples which are reinforced with 
0.5% and 1.0% wt.% under vacuum conditions. 
Figures 1-6 represent the steps followed to 
prepare the test samples. 
• Adding Al6082 material in the crucible. 
• Pre-heating the furnace and placing the 

crucible. 
• Adding AlSi10Mg powder into the crucible. 
• Stirring the composite. 
• Die Preparation of Al6082 / AlSi10Mg 

composite. 

 

Fig. 1. Al6082 raw material preparation for stir casting 

Figure 1 represents the raw material (Al6082) 
placed in a crucible for stir casting. 

 
Fig. 2. AlSi10Mg fresh powder for reinforcement 

Figure 2 shows the AlSi10Mg fresh powder to 
use as a reinforcement with different wt.% 

2.3.  Stir Casting Specifications  

The make and origin of the experimental 
setup is Ultra furnace-1000, Made in Korea and 
assembled in India. The specifications followed to 
conduct the experiment with 8500C furnace 
temperature maintained, Capacity used for 500g, 
Stirring maintained with a normal speed of 600 
RPM, stirring time: 5 minutes, pouring time: 2 
minutes, and pre-heating of die: 3000C. Stir 
casting technique used to prepare the 
composition of materials. Samples were 
prepared by using Al6082 and AlSi10Mg powder 
with varying weight percentages (wt.%).  The 
sample S1 was prepared with 99.5 wt.% of 
Al6082 and 0.5 wt.% of AlSi10Mg. Sample S2 
prepared with 99.0 wt.% of Al6082 and 1.0 wt.% 
of AlSi10Mg. Sample S3 prepared with 100.0 
wt.% of Al6082 and 0.0 wt.% of AlSi10Mg.  

 

Fig. 3. Stir casting setup (Stirring of Al6082 / AlSi10Mg  
in stir casting setup) 

Figure 3 indicates the stirring of Al6082 raw 
material and AlSi10Mg fresh powder for the 
preparation of test samples. Figure 4 shows the 
sequential steps to prepare the test samples.  

 

Fig. 4. Stir casting setup and pouring of Al6082 / AlSi10Mg 
molten metal into a die 

The sequential process from raw material to 
preparation of composite has been carried out 
with four steps. Step 1, indicates the placing of 
Al6082 raw material in the furnace along with the 
crucible. Step 2, shows that adding AlSi10Mg to 
melted Al6082 raw material. Step 3 shows the 
stirring of Al6082+AlSi10Mg material and Step 4 
indicates pouring molten material into die. 
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The following Table 3 represents the wt.% of 
Al6082 raw material and wt.% of AlSi10Mg fresh 
powder. 

Table 3. Sample number with respect to composition 

Composition                Al6082 
wt. % 

AlSi10Mg 
wt. % 

Sample No.    

S1 99.5 0.5 

S2 99.0 1.0 

S3 100.0 0.0 

Figure 5 shows the unmachined Al6082 / 
AlSi10Mg samples with respect to samples S1 and 
S2. 

 

Fig. 5. Stir cast Al6082 / AlSi10Mg unmachined material 

The S1 & S2 stir-casted material has 
undergone machining and turning for the 
preparation of test samples as per the 
requirement.  

 

Fig. 6. Test samples of stir-casted Al6082 / AlSi10Mg 
composition 

Figure 6 shows the machined samples 
prepared for the required tests. 

3. Results and Discussion 

To begin with, the microstructure analysis is 
carried out after the machining of samples. The 
experimental results were performed with 
microstructure analysis, tensile test, 
compression test, impact test, and hardness test. 

3.1. Microstructure Analysis 

The microstructure analysis has been carried 
out by taking AlSi10Mg fresh powder, Al6082 
raw sample (S3), and the stir-casted S1 & S2 
samples. Figure 7 shows the SEM image of 
AlSi10Mg fresh powder. The S1 sample shows a 
coarse grain boundary structure in Fig. 8, 
whereas the S2 and S3 samples show a fine grain 
boundary structure in Figs. 9 and 10. The 
porosity is minimal in the S2 and S3 samples as 
compared to the S1 sample.  

 
Fig. 7. SEM image of AlSi10Mg fresh powder 

 
Fig. 8. SEM image of S1 sample 

There is no substantial amount of clustering 
and agglomeration of reinforcement observed in 
the microstructure examination. The 
experimental results of the S1, S2, and S3 samples 
also performed a coarse grain structure and fine 
grain structure with major porosity in the S1 
sample and minor porosity in the S2 sample 
identified in the SEM analysis. The scanning 
electron microscope (SEM) analysis showed that 
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the reinforcement particles were evenly 
dispersed across the surface of the aluminum 
matrix [41]. There is less discernible clustering or 
agglomeration of reinforcement. The clusters of 
grains in the S1 sample are less as compared to 
the S2 sample.  

 

Fig. 9. SEM image of S2 sample 

It is clear from the micrographs that the 
microstructure is primarily made up of roughly 
equiaxed α-Mg dendritic structures [16]. The 
experimental setup used for SEM is Model (6000 
Plus), Make (JEOL). As seen in Figs. 8 and 9, the 
white color lines indicate the reinforced 
AlSi10Mg material and the other shows Al6082 
raw material. Figure 10 shows the fine-grain 
structure with less porosity. SEM analysis 
revealed that the basic alloy had more pitting and 
cracking than the reinforced composite [31]. 

 
Fig. 10. SEM image of S3 sample 

The SEM image in microstructure 
examination shows a fine grain structure with the 
nano TiO2 particles with concentrations of 1%, 
2%, and 3%, which were reinforced with an 
AA7178 metal matrix composite using a stir 
casting method [42]. According to the 
microstructural analyses, the addition of 
nanoparticles reduces grain size [43].  

3.2. Tensile Test 

Standards of ASTM 577M have been used for 
the tensile test by UTM. Least count of 
displacement: 0.1 mm, crosshead speed: 1.0 
mm/minute, software: Auto instruments, FIE. 
The make and origin of the experimental setup is 
FIE, Maharashtra, Kolhapur, Made in India. The 
following Fig. 11 indicates the tensile test 
specimen parameters in "mm". The tensile test is 
used to precisely measure properties such as 
ultimate tensile strength. 

 
Fig. 11. Parameters of Tensile test specimen 

The tensile test is conducted under the 
specified circumstances. The tensile test results 
are shown in Table 4. 

Table 4. Tensile test results 

Sample 
No. 

Ultimate Tensile Strength (MPa) 

Sample  
1 

Sample  
2 

Sample  
3 

Average 
Value 

S1 120 122 90 110.7 

S2 110 150 120 127.0 

The tensile test was performed with S1 & S2 
at each 3 samples. The S2 sample proved a 
greater strength as compared to the S1 sample. 
The UTS of the S2 sample (127 MPa) is increased 
as compared to the S1 sample (110 MPa) due to 
fine grain structure and Ti element presence in 
the S2 sample. As compared to the reinforcement 
of Grinder stone (10 to 20 %) with Al6063 having 
a UTS of 165 MPa [35]. 

3.3. Compression Test 

A compression test was conducted by UTM 
with the standards of ASTM 577M. Least count of 
displacement: 0.1 mm, crosshead speed: 1.0 
mm/minute, software: Auto instruments, FIE. 
The make and origin of the experimental setup is 
FIE, Maharashtra, Kolhapur, Made in India.  

 
Fig. 12. Parameters of Compression test specimen 
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The compression test is carried out as per the 
given parameters. Figure 12 provides the 
specimen parameters for the compression test. 
The following table 5 displays the experimental 
outcomes. 

Table 5. Compression test results 

Sample 
No. 

Test  
samples 

Ult. /  
Break load 
(KN) 

Max. 
Displacement 
(mm) 

Ult. 
Stress 
(MPa) 

S1 S1-1 6.33 4.9 124.7 

S1-2 6.73 5.9 132.6 

S1-3 4.78 4.3 94.2 

S2 S2-1 7.32 5.8 144.1 

S2-2 6.96 5.8 137.1 

S2-3 7.55 4.4 148.7 

The experimental results of the compression 
test revealed that the S2 samples performed 
maximum ultimate stress (avg. of 143.3 MPa) as 
compared to the S1 sample (avg. of 117.1 MPa). 

3.4. Impact Test 

The S1 and S2 samples' composition was 
tested for impact. The specimen parameters for 
the impact test are shown in Fig. 13. The make 
and origin of the experimental setup is Krystal 
equipment, Made in India, Kolhapur, 
Maharashtra. 

 

Fig. 13. Parameters of Impact test specimen 

For the test, each composition produced 3 
samples. The results of the impact test are 
displayed in Table 6. 

Table 6. Impact test results 

Sample 
No. 

Impact strength (J) 

Sample 
1 

Sample  
2 

Sample  
3 

Average 
Value 

S1 3.8 4.7 3.5 4.0 

S2 5.4 4.0 3.9 4.4 

The experimental results showed that the S1 
samples had minimum impact strength as 
compared to the S2 samples. 

3.5. Microhardness Test 

ASTM E384 is the standard used for the 
microhardness Test. The experimental work has 
been carried out with the applied load of 0.5 Kgf 
and 1 Kgf with a dwell time of 10 Sec. The test is 
conducted on each sample S1, S2, and S3. The 
make and origin of the experimental setup is 
Wilson Wolpert, made in Germany, Model MVD-
401. The following Fig. 14 shows the 
microhardness test results.  

 
Fig. 14. Microhardness test for S1, S2 & S3 sample 

The hardness value is observed to increase as 
the weight percentage of the composition S2 
sample increases. Furthermore, S3 is seen to have 
a lower hardness value than S1 and S2, which 
have higher hardness values.  

The hardness and tensile strength of the metal 
matrix composite are enhanced by increasing the 
volume fraction of the reinforcing materials [33]. 
The reinforcement of TiB2 particulates (0 to 9 
wt.%) with AA7075 has a hardness value of 120-
130 VHN [34]. The reinforcement of Grinder 
stone (10 to 20 wt.%) with Al6063 has a hardness 
value of 75 BHN 35]. The reinforcement of 1.5 
wt.% Al2O3p with A356 showed a hardness value 
of 120-135 BHN [36]. The reinforced B4Cp (3-10 
wt.%) with Al2024 performed 93.07 BHN 
hardness value [37]. The hardness value of 71 
HVN was achieved for the reinforcement of 10 
wt.% of Granite with LM6 material [38]. The 
reinforced MgOp (1.5-5 wt.%) with A356 
performed 65-75 BHN hardness value [39].  The 
reinforced RHAp (3-12 wt.%) with AlSi10Mg 
performed 80-90 BHN hardness value [40].   

4. SEM Analysis 

The experimental setup used for SEM is Model 
(6000 Plus), Make (JEOL). The SEM analysis has 
been conducted on the microhardness tested 
samples of 1.0 Kgf for the S1 and S2 as shown in 
Figs. 15 and 16. It is observed that the S2 sample 
produces good strength without any defects as 
compared to the S1 sample. 
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Fig. 15. SEM image of Microhardness tested S1 sample 

Figure 15 shows the weakened section in the 
microhardness test conducted S1 sample in an 
SEM analysis. 

 
Fig. 16. SEM image of Microhardness tested S2 sample 

Figure 16 shows the strong section in the 
microhardness test conducted S2 sample in an 
SEM analysis. From the SEM analysis, the S2 
sample has greater hardness as compared to the 

S1 sample due to the elemental presence of Ti and 
the fine grain structure of the S2 sample. 

5. EDS Analysis 

Model (6000 Plus), Make (JEOL), is the 
experimental setup used for EDS.  

 
Fig. 17. EDS plot for test sample S1 

The following conditions were used for the 
EDS analysis. Live Time: 10.00 sec, Dead Time: 
9%, Counting Rate: 12057 cps, Energy Range: 0 - 
20 keV. The EDS plot of Figs. 17 and 18 display 
the mass percentage of both samples in a 
respectable manner. 

 
Fig. 18. EDS plot for test sample S2 

The S1 and S2 samples were subjected to the 
EDS analysis. Comparing the S2 sample to the S1 
sample, it can be seen that the S2 sample 
produced excellent results. The analysis using 
SEM showed that the reinforcement particles 
were evenly dispersed over the aluminum matrix 
surface. A product with a finer grain structure 
was produced by adding nanoparticles to 
composites, according to studies using electron 
backscatter diffraction (EBSD). The material 
developed with the reinforcement of SiC and TiO2 
nanoparticles in AA7178 material by using a stir 
casting process [41]. The results of the SEM and 
EDS analysis guarantee that the chromium and 
silicon carbide particles are present and 
distributed throughout the matrix grain 
structure, with little to no cluster formation [46]. 
The finding of EDS confirms that SiC and Mo 
particles are present in the Al alloy [47].  

6. XRD Analysis 

Model (XRD-7000), Make (SHIMADZU), is the 
experimental setup used for XRD analysis.  

 
Fig. 19. XRD of S1 & S2 sample 
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The XRD analysis has been carried out for S1 
and S2 samples. Figure 19 shows the presence of 
Al & Si elements in both the S1 and S2 samples. 
These elements are also confirmed by the EDS 
analysis [48-50].  It is observed that the S2 sample 
proved greater diffraction data as compared to 
S1. The S1 sample shows weaker peak intensities 
than the S2 sample. The intensity (a. u) value is 
taken from 0 to 4000 on the Y-axis and 2θ 
(Degrees) on the X-axis.  

7. Conclusions 

This study has successfully investigated the 
development of mechanical properties 
characterization of Al6082/AlSi10Mg stir-casted 
specimen using the stir casting technique. The 
results show that the mechanical properties of 
the composite material are greatly improved by 
the addition of AlSi10Mg particles. According to 
the microstructure analysis, the AlSi10Mg 
particles were evenly dispersed throughout the 
Al6082 matrix, which contributed to the 
composite material's enhanced mechanical 
properties. 

• Due to more wt.% of Ti in the S2 sample, the 
microstructure of the S2 sample formed is a 
fine grain structure with minor porosity as 
compared to the S1 sample.  

• The Si content of the S1 sample (0.68 wt.%) is 
high as compared to the S2 sample (0.39 %) 
but the mechanical properties of the S2 
sample are high as compared to the S1 
sample due to less porosity, fine grain 
structure, and presence of more Ti in S2 
sample.   

• The tensile strength of the S2 sample 
performed at 127 MPa as compared to the S1 
sample performed at 110 MPa. 

• The compressive strength of the S2 sample 
performed with 143 MPa whereas the S1 
sample performed with 117 MPa. It is 
observed that the compressive strength is 
higher than the tensile strength for the S1 & 
S2 samples.  

• While increasing the wt.% of AlSi10Mg fresh 
powder, the impact strength of the S2 sample 
increased. 

• The harness value of the S2 sample is high as 
compared to the S1 and S3 samples at 
different locations and different load 
conditions due to its elemental composition 
and grain structure. 

• In tensile, compression, impact, and 
microhardness tests, the composite material 
outperformed the pure Al6082 matrix in 
terms of hardness and mechanical strength. 

The results of this study show that the stir 
casting technique has the potential to be 
used to create high-performance 
Al6082/AlSi10Mg composite materials with 
enhanced mechanical properties. When high 
strength is needed, such materials can be 
used in the automotive, aerospace, and 
marine industries. 
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