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Abstract
The performance of an AA5051 alloy reinforced with novel silicon diox-

ide (SiO2) was synthesized in this work and its tensile strength and percentage 
of elongation were compared with AA5051 alloy. Recycled AA5051 alloy was 
used as matrix materials and novel SiO2 of particle size 60 nm are used as ce-
ramic strengthening particles for synthesizing aluminum alloy nanocomposites 
using the stir casting method. Two groups of samples were prepared in terms of 
the control group (Recycled AA5051 Alloy) and experiment group (Recycled 
AA5051 Alloy + 2 wt.% SiO2) nanocomposite. The outcomes of the studies were 
analyzed using t-test, and the significant level of the ultimate tensile strength and 
percentage of elongation properties of the as-cast recycled AA5051 alloy were 
compared with nanocomposites that had been synthesized. It was determined 
that there is a statistically significant difference between the two groups based 
on the significance value of p = 0.000 (2-tailed), which was achieved. This value 
is lower than the threshold of p < 0.05. According to the study’s limitations, it 
was found due to increased surface areas between the immixture it significantly 
increased the ultimate tensile strength (35.25%) and percentage of elongation 
(12%) in comparison with cast recycled AA5051 alloy.

Keywords
Metal matrix composites, Recycled AA5051 alloy, Silicon dioxide, Stir cast-
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Introduction
The utilization of nano composites is significant in the automotive sector 

because of their increased stiffness, Improved wear resistance properties [1]. 
Nonetheless, the distribution of ceramic debris is an essential aspect in figuring 
out those properties. The use of micron-scale ceramic reinforcements in matrix 
alloys shows degradation processes that result in physical property loss. Adding 
nano-ceramic reinforcing particles to the matrix alloy can solve this problem. 
Nanoceramic particles have been shown to have improved mechanical properties 
compared to micron-sized composites [2]. A key drawback in the production 
of such nanocomposites is the poor wettability and particle agglomeration that 
occurs between the matrix and the ceramic reinforcing particles [3]. This can 
be improved by effective process parameters and processing methods. Literature 
surveys concluded that due to their improved mechanical properties, these nano-
composites are used in aerospace and automotive industries for a variety of ap-
plications such as gears, aircraft fins, cylinder liners, disc brakes, and calipers [4].

On Google Scholar, there are about 90 research on aluminum alloys rein-
forced with new nano-SiO2 ceramic particulates, and on Science Direct, there 
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out by ASTM allows for an evaluation of the material’s per-
formance characteristics [11, 12].

Statistical analysis

In this study SPSS (Statistical Package for the Social 
Sciences) v26 software was used to identify the significance 
between the as cast and synthesized nano composites. An in-
dependent samples t-test was used to identify the statistical 
significance between the groups [13]. To obtain the multiple 
comparison table and graph, the novel nano-SiO2 particle re-
inforced recycled AA5051 alloy composites and percentage of 
elongation were employed as self-determining variables.

Results and Discussion
In the current study, a unique nano-SiO2 particle rein-

forcement was used as reinforcement, and stir casting was used 
to create aluminum nanocomposites using recycled AA5051 
alloys as base materials. The nanocomposite samples of the 
recycled AA5051 alloy that were produced using the stir cast-
ing method are shown in figure 1. They were machined in 
accordance with ASTM standards. The generated aluminum 
nanocomposites SPSS bar graph was displayed in figure 2 and 
figure 3.

Table 2 and table 3 provide a comparison of ultimate ten-
sile strength and percentage elongation of recycled AA5051 
alloys with recycled AA5051 alloy with 2% nano-SiO2. Table 
4 illustrates the average ultimate tensile strength and percent-
age of elongation of as cast recycled AA5051 alloy and 2% 
SiO2 reinforced aluminum nanocomposites. Table 5 calculated 
the average, mean, and standard deviation. Table 6 shows the 

are about 102. Using a stir casting process, the impact of SiO2 
reinforced aluminum alloy composites was tested, and their 
mechanical characteristics were measured in accordance with 
ASTM standards. It was observed that good interfacial reac-
tions between the mixtures resulted in significantly improved 
mechanical properties compared to cast alloys [5]. The influ-
ence of SiO2 reinforced aluminum alloy was manufactured uti-
lizing the vacuum assorted stir casting process. It was conclud-
ed that only a low percentage of nanoparticles in aluminum 
alloys leads to uniform distribution of reinforcement in the 
matrix alloy and improved mechanical properties [6]. Higher 
material removal rates have been observed compared to mi-
cron-sized ceramic reinforcing particles [7]. An examination 
of the literature revealed that introducing a tiny quantity of 
nanoceramic reinforcement in the matrix alloy enhanced char-
acteristics, which was considered the most appropriate study 
for the present analysis [8]. According to the literature review, 
the utilization of nano-SiO2 particles in recycled AA5051 al-
loy has not yet been created, and their physical characteristics 
have not yet been assessed. In an effort to fill this research void, 
efforts have been undertaken to both synthesize such compos-
ites and investigate their ultimate tensile strength and percent-
age of elongation for the purpose of developing applications 
that include weight reduction [9, 10].

Materials and Method
The appropriate quantities of Al5051 alloy were employed 

as matrix materials, while novel nano-SiO2 particles with par-
ticle sizes of 50 nm were used as reinforcement for produc-
ing recycled AA5051 alloys nanocomposites. Table 1 displays 
the recycled AA5051 alloy chemical proportions. Recycled 
AA5051 alloy nanocomposites were created using a stir cast-
ing system with bottom pouring. The necessary alloy material 
was placed in a resistance heating furnace, and it was heated at 
450 °C. At 800 °C, the alloy was heated and given time to melt. 
The stirrer was whirled at 500 rpm to make sure the molten 
metal was completely melted. 

It was found that the melting temperature of the alumi-
num alloy was 786 °C, and distinctive nano-SiO2 ceramic re-
inforcing particles with a size of 60 nm have been introduced 
into the molten metal by an external sprue. The agitation speed 
was enhanced to 500 rpm, and the agitating time was kept at 
15 min; this was done to ensure that the matrix alloy included 
uniform reinforcement distribution. Before pouring the mol-
ten slurry into the mold, the temperature was increased to 800 
°C for the purpose of increasing the viscosity, and the die was 
warmed to 250 °C in an effort to eliminate the porosity that 
was present in the matrix material. Both of these steps were 
performed before the molten slurry was poured into the mold. 
The liquid slurry was poured into the mold and then allowed 
to cool to room temperature before being removed. Machining 
synthetic composites in accordance with the requirements set 

Figure 1: Tensile strength of recycled AA5051/SiO2 composites.

Figure 2: Ultimate tensile strength of recycled AA5051 alloys and 2 wt.% 
of SiO2/AA5051 nanocomposites.

Table 1: Chemical constituents (Wt.%) of recycled AA5051 alloys [11].

Cr Cu Fe Mg Mn Si Cr Zn Al
0.26 0.11 0.37 2.67 0.19 0.24 0.29 0.21 Bal
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a big effect on the composite’s final tensile strength [16]. It 
was inferred that nano ceramic particulates (SiO2) in recycled 
AA5051 alloy slightly improve grain refinement because they 
create intergranular structures and strengthen grain boundar-
ies, which increases the ductility of developed nanocomposites 
and significantly raises the percentage of elongation, as report-
ed in the similar findings [17].

The study’s limitations were that it was noted that the 
ultimate tensile strength and percentage of elongation were 
significantly increased by adding a minimum weight percent-
age of nano ceramic particles into the aluminum matrix alloy. 
According to a research review, the agglomeration of micro ce-
ramic strengthening particles caused by an increase in weight 
percentage in the matrix alloy decreased the physical prop-
erties of synthesized aluminum alloys composite. This can be 

significant values for the independent sample test for ultimate 
tensile strength, which are p = 0.001.

As a result of the experimental observation, it was deduced 
that the synthesized aluminum alloy nanocomposites per-
formed much better than the as-cast recycled AA5051 alloy 
when compared in terms of ultimate tensile strength and per-
centage of elongation [14]. It’s because the nano-SiO2 ceram-
ic strengthening particles are scattered uniformly throughout 
the matrix alloy, therefore expanding the intermixture’s surface 
area [15]. It was found that reducing the composite’s porosity 
below the maximum level and improving grain texture have 

Figure 3: Percentage of elongation of recycled AA5051 alloys and 2 wt.% 
of SiO2/AA5051 nanocomposites.

Table 2: Comparison of ultimate tensile strength of recycled AA5051 al-
loys with recycled AA5051 Alloy with 2 wt.% of nano-SiO2.

Exp. No. AA5051 alloy (MPa) Recycled AA5051 alloy + 2 
wt.% of nano-SiO2 (MPa)

1 92.33 243.87
2 93.38 244.13
3 93.35 241.82
4 93.41 244.85
5 93.82 242.81
6 93.37 243.79
7 93.28 241.84
8 93.42 243.52
9 92.97 242.92
10 93.39 242.98
11 92.68 243.63
12 92.81 242.76
13 92.44 243.18
14 93.52 243.61
15 93.40 243.78
16 93.33 243.17
17 93.51 241.38
18 93.68 243.72
19 93.81 241.79
20 93.14 243.91

Table 3: Comparison of percentage of elongation of recycled AA5051 
alloys with recycled AA5051 alloy with 2 wt.% of nano-SiO2.

Exp. No. Elongation % of recy-
cled AA5051 alloy

Elongation % of recycled 
AA5051 alloy + 2 wt.% of 

nano-SiO2

  1 7.92 5.92
2 7.85 5.91
3 7.82 6.01
4 7.87 5.15
5 7.89 6.11
6 7.64 5.12
7 7.77 5.15
8 7.82 5.14
9 7.93 5.17
10 7.92 5.15
11 7.94 5.98
12 7.96 5.92
13 7.91 5.13
14 7.92 5.19
15 7.93 6.17
16 7.91 6.15
17 7.91 6.18
18 7.90 6.17
19 7.91 6.18
20 7.94 6.16

Table 4: Average ultimate tensile strength and percentage elongation of 
as cast recycled AA5051 alloy and 2 wt.% of SiO2 reinforced aluminum 
nanocomposites.

Combinations Tensile strength 
(MPa) Elongation %

Recycled AA5051 alloy 93.43 6.9305
Recycled AA5051 alloy 
+ 2 wt.% of nano-SiO2

241.65 5.1285

Table 5: Tensile strength (Mean value, standard deviation, and standard error) of Al-Mg-Cr alloy nanocomposite.

N Mean Std. 
deviation Std. error 

95% CI of the difference
Minimum Maximum

Lower Upper
Recycled AA5051 alloy 20 94.32 0.014951 0.0334 -148.48 148.17 93.92 94.44

Recycled AA5051 alloy + 2 
wt.% of nano-SiO2

20 242.7 0.031458 0.0703 148.484 148.17 241.9 243.1

Total 40 168.5 0.02320 0.0518 0.002 148.17 167.91 168.77
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avoided by an effective processing method in the matrix alloy 
and different processing methods can be considered with low-
er cost, which is thought to be the investigation’s future focus.

Conclusion
The stir casting method was used to create unique nano-

SiO2 reinforced recycled AA5051 alloys within the confines 
of the current study. The ultimate strength and percentage of 
elongation of synthesized composites were then analyzed and 
compared to monolithic recycled AA5051 alloys. It was shown 
that, as compared to cast aluminum alloy, the ultimate tensile 
strength and percentage of elongation of novel nano-SiO2 
reinforced recycled AA5051 alloy composites significantly 
enhanced to 59.45% and 28%, respectively.
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