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ABSTRACT

This study investigated how stirring speed, particle size, and SisN4 content affect the strength, hardening, and corro-
sion properties of A11050, using MINITAB 16 software to analyze the results. The composite material was made by
mixing different amounts of SizNa (2, 4, and 6 wt%), using SisNa particles of sizes 32, 44, and 53 micrometers, and
stirring at different speeds of 300, 600, and 900 revolutions per minute. The stir casting technology was employed
to manufacture a composite material. The microscopic structure was analyzed utilizing SEM microscopy. The re-
sults for the best tensile strength and hardening values of 202 MPa and 66 kg/mm? were reached with the settings
of X1 =900 rpm, X2 =44 pm, and X3 = 6 wt%. The optimum tensile strength was determined to be 212.55 MPa,
achieved with parameters X1 = 900 rpm, X2 = 32 um, and X3 = 6 wt%, as indicated by the program. This result
closely aligns with the practical test outcome, which recorded a tensile strength of 209.7 MPa, demonstrating a
strong correlation with the findings from the program. Both tensile strength and hardness improve with increasing
stirring speed and reinforcing percentage, indicating their substantial influence. As particle size increases, tensile
strength and hardness first fall and then slightly rise. The stirring speed has the most significant impact, whereas the
particle size has the least influence on the mechanical properties. Regarding the chemical characteristics, corrosion
tests measuring weight loss have been conducted on MMC and related base alloys utilizing exposure durations
(5-30 min), temperatures (25 °C), as well as corrosive fluids of 3.5% NaCl, where the composites are less prone
than the matrix to corrosion and pitting. It was discovered that the weight loss of base alloys and MMC increased
with contact time. Additionally, it was discovered that both the base alloy and the composite materials corrode more
when the temperature rises. It was observed that the corrosion rate decreased with increasing SisNa reinforcement.

Keywords: AL-1050 alloy, composite materials, weight loss method, stir casting process, MINITAB statistical analysis.

INTRODUCTION

Metal matrix composites (MMCs) are gain-
ing popularity because of their unique mechani-
cal properties, such as their high elastic modu-
lus and low weight. Aluminum applications are
limited when both high modulus and higher
strength are required because it is a rather weak
and lightweight metal. Despite the development
of high-strength aluminum alloys, the enhance-
ment of alloy stiffness has not been significantly
impacted by the addition of alloying elements
or microstructural control. MMCs are an ad-
vancement in materials that are lightweight,
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high modulus, and high strength [1]. The pri-
mary advantage of aluminum lies in its versa-
tility as a reinforcement material in aluminum
matrix composites [2]. Materials with improved
mechanical qualities and resilience to high tem-
peratures, including composites, are currently in
substantial demand across numerous industries.
Materials known as composites are created when
two or more components in different chemical
and physical phases are combined. In real-world
applications, metal matrix composites are used
to create the materials with improved mechani-
cal qualities, such as high tensile strength, hard-
ness, and toughness [3]. These materials are
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used in various aerospace applications, includ-
ing braking drums, discs, cylinder liners, jet en-
gine vanes, helicopter blade sleeves, and com-
ponents of the space shuttle [4]. The optimal
method for manufacturing liquid-state metal
composite materials is stir casting [5]. The most
straightforward and popular method is the vor-
tex technique, also referred to as the stir-casting
technique. This method creates a vortex at the
melt surface by melting the matrix material and
then vigorously stirring it. Then, from the vortex
side, the reinforcing material is added. Compos-
ites are synthesized by stir casting [6]. Metals
and their alloys, ceramics, and polymers are the
main categories of matrix materials. Composites
are categorized as ceramic matrix composites,
metal matrix composites, and polymer matrix
composites based on these classifications. An
aluminum phase plus an extra reinforcing ele-
ment, which could be metallic or non-metallic
(such as ceramic or organic material), make
up an aluminum matrix composite. Metal ma-
trix composites are made by adding reinforc-
ing materials to the aluminum matrix, which
improves the strength, wear resistance, and
overall properties of the final product [7]. Alu-
minum exhibits certain characteristics including
availability, low density, malleability, superior
electrical conductivity, advantageous thermal
properties, energy efficiency, and environmental
sustainability, making it superior to other metal
matrix composites. Aluminum matrix compos-
ites can withstand high temperatures, radiation,
and moisture, and they also have great strength
as well as electrical and thermal conductivities
[8]. Typically, carbides exhibit superior wetting
and bonding properties relative to nitrides. The
incorporation of SisNa particles into the matrix
is expected to improve the wettability within
AMC:s. Historical literature indicates that SisNa
ceramic particles exhibit a greater contact angle
with molten aluminum, resulting in diminished
wettability properties [9,10].

Shalaby et al. [11] proposed that reinforcing
Si3Na4 ceramic particles with an aluminum alloy
composite can be effectively carried out using
the stir casting method. Because gases are added
while melting, the stir casting process signifi-
cantly lowers porosity, increasing the densities
of composites. The Al-SisNs4 composite made
by Rao et al. [12] using the stir casting process
had improved ultimate tensile strength and hard-
ness. Using the stir casting method, Kumar et

al. [13] created A7075-silicon nitride compos-
ites, which showed improvements in density and
decreased porosity. Imtiaj et al. [14] studied the
impact of incorporating aluminum oxide (Al2Os)
and titanium dioxide (TiO:) into an aluminum
matrix to develop composite materials charac-
terized by a high strength-to-weight ratio. High-
purity aluminum powder (99.9%) was utilized,
combined with varying ratios of Al.Os and TiO2
(2.5%, 5%, 7.5%) by the stir casting technique.
The results showed that adding Al.Os and TiO2
made the material less dense, but the strongest
sample was the one with 5% of each, which also
had better impact strength. This composite is
deemed appropriate for the engineering applica-
tions necessitating a high strength-to-weight ra-
tio. Ahmed et al. [15] studied the investigation
of the impact of incorporating Al:Os and carbon
(C) on the characteristics of an aluminum ma-
trix. The matrix was fabricated using stir cast-
ing with equal ratios of Al-Os and carbon (2.5%,
5%, 7.5%, and 10% by weight). Analyses were
conducted on the phase, microstructure, density,
hardness, impact strength, and tensile strength.
The interaction between the matrix and the rein-
forcing elements resulted in the appearance of a
new phase, according to X-ray diffraction (XRD)
research. Images from scanning electron mi-
croscopy (SEM) showed that the particles were
evenly distributed throughout the matrix. A re-
duction in density and hardness was noted along-
side an increase in carbon content, although im-
pact strength improved. The hybrid matrix of 5%
AlLOs and 5% carbon demonstrated the highest
tensile strength. These hybrid composites are ad-
vantageous in applications like the production of
standard bolts. Shrishail et al. [16] studies were
conducted to create metal matrix composites us-
ing A17020 alloy mixed with fine boron carbide
(B4C) particles through the stir casting method.
The findings indicated that incorporating up to
8% B4C enhanced tensile strength, hardness, and
compressive strength, although it resulted in a
minor reduction in elongation, thereby illustrat-
ing the effectiveness of reinforcement in improv-
ing mechanical properties.

The objective of this study is to produce an
metal matrix composite (MMCs) made from
Al1050 reinforced with Si;N,, and then evaluate
the mechanical and chemical properties of base
alloy (unreinforced) aluminum 1050 and com-
posites by testing on factors according to various
levels using software Minitab.
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EXPERIMENTAL WORK

Materials used

Aluminum alloy 1050 is recognized for
its corrosion resistance, elevated ductility, and
highly reflective polish, containing additional
chemical components in quantities less than 0.4%
alongside the primary aluminum metal. Alloy Al-
1050 was utilized as a matrix for the fabrication
of composite materials reinforced with SisNa. The
analysis of Al-1050 cast alloy was conducted us-
ing Spectro Max by the State Company for In-
spection and Engineering Rehabilitation, as pre-
sented in Table 1.

Preparation of composite materials

A composite material was prepared using
the stir casting method with a vortex technique.
The base alloy was melted in an electric furnace
equipped with a top slot, utilizing a graphite cru-
cible at a temperature of 750 °C. Once the ma-
terial has completely melted, SisNa reinforcing
material was introduced, characterized by a par-
ticle size distribution of (+33 -50 um). The matrix
alloy was initially superheated beyond its melt-
ing temperature to generate a vortex in the melt,
utilizing a stainless-steel mechanical stirrer. The

impeller depth is roughly one-third of the height
of the melt measured from the bottom of the cru-
cible. SizN4 particles were encased in aluminum
foil and preheated to 300°C. Subsequently, the
particles were gradually introduced into the melt,
and stirring was maintained for approximately
five minutes at an average speed of 500 rpm. The
molten metal was introduced into a preheated
cast iron mold at 250 °C, featuring dimensions
of 15 mm in diameter and 100 mm in height. Fig-
ure 1 illustrates the stir casting method.

Tensile test

All specimens produced in this investiga-
tion underwent a tensile test in compliance with
ASTM E-8 criteria [11]. As it was shown in Fig-
ure 2, the test samples were formed into a cy-
lindrical specimen with a 7 mm diameter and a
36 mm gauge length. Using an Instron univer-
sal testing instrument, the investigation was
performed at room temperature with an exten-
sion rate of 1 mm/min. The stress-strain curves
produced during the tension tests were used to
measure the tensile parameters, which included
elongation, yield strength, and ultimate tensile
strength. The sample post-casting is shown next
to the specimens in Figure 3, both before and af-
ter tensile testing.

Table 1. Chemical composition [%] of aluminum alloy 1050
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Figure 1. Stir casting technique
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Figure 3. The sample after casting and the samples
before and after tensile testing

Hardness test

The base alloy and composite material sam-
ples were subjected to a load of 0.8 kg for 15 sec-
onds to determine their hardness using a Hensoldt
Wetzlar No. 2398 Vickers hardness tester. At least
three hardness readings are obtained from various
points for every specimen. Equation 1 was used
to compute Vickers hardness [18].

VH = 1.8544 x Pld(av)’ (1)

where: VH — Vickers macro hardness (kg/mm?),
d(av)* — average indentation diameter
(mm), P — applied load (kg).

Corrosion test

By immersing the specimens in a 3.5 percent
NaCl solution, the weight loss technique was
used to assess the test data as well as analyze the
corrosion parameters of the matrix alloy and the
metal matrix composite (MMC). The test speci-
mens were trimmed to dimensions of 25 mm by
12 mm before being ground using emery paper
ranging from grades 220 to 1000 to achieve a
polished finish. The samples have subsequently
been degreased using acetone. Following rinsing
in distilled water, the specimens were air-dried

and subsequently immersed in 3.5 wt% NaCl so-
lutions at 25 °C. The weight reduction measure-
ments pertained to a duration of 5-30 min. Figure
4 illustrates the corrosion samples prior to and
following the test.

(AW = W2 — W1) )

where: AW — weight loss average,
W2 — final weight, W1 — initial weight.

DESIGN OF EXPERIMENTS

Designing experiments involves a series
of steps to collect the necessary data and orga-
nize it in a table suitable for statistical analysis,
which facilitates the drawing of useful con-
clusions for real-world applications [19]. The
process factors substantially affect the tensile
strength and hardness of the components. Table
2 delineates the separate controllable process
parameters that significantly influence ten-
sile strength and hardness. The goal of vary-
ing tensile strength and hardness is to investi-
gate how specific factors, stirring speed (X1),
particle size (X2), and SizNa4 percentage (X3),
affect them to determine the optimal values
for achieving the highest tensile strength and
hardness. Table 2 enumerates all the criteria
examined in the current investigation. Table 3
presents the experimental results alongside the
experimental methodology (Matrix). Minitab
16 was employed to statistically analyze the
cumulative impacts of process factors on ten-
sile strength and hardness. All coefficients were
evaluated for significance within a 95% confi-
dence interval.

Figure 4. Corrosion samples before
and after test 4%wt
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Table 2. Parameters and their levels

Levels
Parameters Codes Notations Unit
-1 0 +1
Stirring speed S.S X1 rpm 300 600 900
Particle size P.S X2 pum 32 44 53
Si,N, percentage T.P X3 wt% 2 4 6

Table 3. Matrix of experimental design and recorded wear rate values

No X1 X2 X3 S.S P.S TP Tensile strength (MPa) Hardness (kg/mm) 2
1 -1 -1 0 300 32 4 111 32
2 1 -1 0 900 32 4 200 64.6
3 -1 1 300 53 4 109 28
4 1 1 900 53 4 198 62.8
5 -1 0 -1 300 44 2 98 27.2
6 1 0 -1 900 44 2 120 37
7 -1 0 1 300 44 6 136 39
8 1 0 1 900 44 6 202 66
9 0 -1 -1 600 32 2 161 45
10 0 1 -1 600 53 2 148 41.4
1 0 -1 1 600 32 6 183 58
12 0 1 1 600 53 6 180 55
13 0 0 0 600 44 4 171 52.2
14 0 0 0 600 44 4 168 49.5
15 0 0 0 600 44 4 168 48.2

RESULTS AND DISCUSSION

Microstructural study

Microstructural examination of the produced
samples was conducted using SEM. Figures 5SA
and 5B depict SEM images of pure Al1050 al-
loy and SisNs-reinforced composites. Figure SA
displays the scanning electron microscope (SEM)
image of a pure Al1050 alloy. Figure 5B dis-
plays the micrographs of A11050 composites with
6 wt.% SisNa. The micrograph indicates that the
reinforcement particles are uniformly dispersed
within the aluminum matrix. The importance of
this equitable distribution cannot be overstated.
The primary advantage is the enhanced mechani-
cal properties of the composite due to optimized
load transfer between the matrix and the rein-
forcing particles. This equitable distribution also
reduces the formation of particle clusters or ag-
glomerates, which could otherwise lead to stress
concentration and potential failure spots. To at-
tain enhanced mechanical properties, such as in-
creased strength and hardness, a uniform disper-
sion of particles inside the composite is required,
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as it contributes to greater hardness. Furthermore,
the dispersion of SisNa particles augments the ri-
gidity and tensile strength of the composite.

Test of significance

The linear regression model was employed in
MINITAB 16, as indicated by the experimental
results in Table 4. The regression equations are
shown in equations 3 and 4.

Y=125.5+0.349X1 + 0.054X2 + 8.875X3
+0.022X11 + 0.064X22 + 2.063X33 + (3)
0.021X12 +0.018X13 +0.173X23

A p-value of 0.05 is considered significant,
while the values exceeding this threshold are
deemed insignificant and can be disregarded. The
regression equation can be reformulated as follows:

Y =125.5+0.349X1 + 0.054X2 + 8.875X3 )
+0.022X11 +0.018X33 + 2.063X13

The variables X1, X2, and X3 denote stirring
speed, particle size, and the percentage of SisNa
particles, respectively, while Y represents tensile
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Figure 5. SEM images of (A) Al050 alloy, (B) Al11050-6% Si,N, composites

Table 4. Response surface regression: Y versus X1, X2 and X3

Regression coefficients Term Coefficients value SE coefficient T-value P-value
b0 Constant 125.5 193.6 0.648 0.000
b1 S.S 0.349 1.920 1.920 0.003
b2 P.S 0.054 0.800 -0.800 0.001
b3 TP 8.875 0.325 0.325 0.000
b11 S.8*S. S 0.022 -2.380 -2.380 0.008
b22 P.S*P. S 0.064 0.751 0.751 0.063
b33 TP*TP 0.018 -0.903 -0.903 0.007
b12 S.S*P. S 0.021 -0.182 -0.182 0.063
b13 S.S*T.P 2.063 1.253 1.253 0.002
b23 P.S*T. P 0.173 0.417 0.417 0.094

strength. Equation 4 indicates that stirring speed
(X1) significantly influences tensile strength,
whereas the effects of particle size (X2) and SisNa4
particle percentage (X3) are comparatively minor.
The Si:Na percentage (X3) exhibited a more signif-
icant effect than the particle size (X2). Alongside
the individual effects of the variables, a collective
influence on tensile strength was also noted.

Analysis of variance (ANOVA)

The important design parameters affecting
hardness and tensile strength were identified us-
ing the ANOVA test. With a significance thresh-
old of 0.05 and the regression model’s F-test,
Table 5 shows that the P-value is less than 5%, in-
dicating the significance of the regression model;
this is a desirable outcome [20]. The independent
variables (X1, X2, and X3) are responsible for
84.61% of the changes in the dependent variable
(Y), with the remaining portion being attributed to
other factors, such as random error, according to

the adjusted R-squared of 84.61%.A coefficient of
determination approaching one indicates optimal
performance and can yield exceptional results.

Normal probability plot

A graphical tool for assessing the approximate
normality of the data set is the normal probability
plot. Plotting the data against a hypothetical normal
distribution should result in points that roughly re-
semble a straight line. Deviations from this linear
trajectory signify deviations from normalcy. Normal
probability plots were produced using the MINIT-
ABI16 program. Figure 6 illustrates that all data re-
siduals have an almost normal distribution since the
overall points form a nearly straight line.

The main effect plot of tensile strength

Stirring speed, particle size, and Si:N4% all
have distinct effects on the tensile strength for
values between 1 and -1, as seen in Figure 7. The
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Table 5. Analysis of variance for Y

Source DF Seq SS Adj MS F-value P-value
Regression 15463.5 15463.5 5.57 0.002
Residual error 1542.2 1542.2
Total 14 17005.7
R-Sq =90.93% R-Sq(adj) = 84.61% S=1.75
(response is Y1)7
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Figure 6. Normal probability plot of residuals of tensile strength

tensile strength gradually increases as the stirring
speed and Si,Na concentration are increased. This
trend is attributed to the effective dispersion of
Si3N4 particles within the matrix alloy as the stir-
ring speed increases, particularly in terms of the
proportion of SisNa particles. Increasing the SisNa
percentage is expected to improve how well the
particles spread out in the Al-1050 matrix, which
will make the structure stronger; this result agrees
with [21]. The temperature differential between
the ceramic particles and the aluminum matrix is
most likely what caused the strength rise, which
is a key way to raise the number of dislocations in
the matrix. Consequently, these changes will di-
rectly enhance the strength of the MMC, thereby
increasing the resistance to plastic deformation,
which subsequently results in elevated tensile
strength, a phenomenon also shown in [22, 23].
Augmenting the particle size of SisNa4 results
in a reduction of tensile strength until reaching a
size of 44 um, after which tensile strength begins
to marginally increase with further enlargement
to 53 wm. This happens because larger particles
are more likely to separate from the mixture,
which causes them to settle in the alloy and, as
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a result, lowers the tensile strength, a conclusion
supported by the study [24]. It is well known
that composites with smaller particles have bet-
ter surface energy between the reinforcement and
the matrix, and the particles are closer together.
This helps transfer force from the softer matrix
to the harder reinforcement, which improves the
composite strength and ability to harden under
stress. The experimental results show that mak-
ing the reinforced particles smaller leads to closer
spacing between them and higher work-harden-
ing rates, which can improve the structure and
strength of the composite for a specific number
of particles used. Enhancements in strengthen-
ing are observed as particle size diminishes. As
the size of the SisN4 particles becomes smaller,
the area where the matrix and the SizNa particles
touch increases, making it easier for more force
to transfer from the matrix to the SisNa par-
ticles. A larger surface area between the materi-
als can help the matrices create more changes,
tiny cracks, gaps, and breaks, which can enhance
their strength. Heavier particles, conversely, col-
lapse more swiftly than smaller particles during
the tensile-testing procedure for two significant
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Figure 7. Main effect plot to tensile strength

reasons [25]. Larger particles possess a greater in-
teraction area with the matrix, resulting in height-
ened stress concentration. Furthermore, the in-
herent flaws within the particle affect its fracture
toughness. Because larger particles have a size
limit on faults, they are more likely to break, as
they have a much higher chance of developing a
flaw or imperfection that exceeds the critical size.
This results in reduced tensile strength because
the fragmented particles cannot withstand stress
and serve as preferred sites for failure. Numerous
researchers have corroborated that incorporating
filler into the composite enhances its tensile prop-
erties. The better tensile properties are due to the
high quality of the particles, strong bonding be-
tween the reinforcements and the matrix, as well
as low levels of empty spaces [26, 27].

Response surface analysis

Figures 8A, C, and E present three-dimension-
al plots, while Figures 8B, D, and F display contour
plots that illustrate how components (X1, X2, and
X3) affect response Y. A three-dimensional contour
figure illustrates the effect of stirring speed, par-
ticle size, and weight percentage of SiNa particles
on tensile strength. The tensile strength increases
as the weight fraction and stirring speed increase.
Conversely, it was shown that tensile strength di-
minishes and then experiences a minor increase
along with particle size. Nonetheless, it was noted
that the synergistic influence of stirring speed and
the SisNa proportion is more pronounced.

Optimization of tensile strength

Figure 9 illustrates the optimization chart for
tensile strength across varying levels of three pa-
rameters (X1, X2, and X3). The result optimiza-
tions are displayed in the left column, whereas the
optimal settings for each parameter are presented
in the center of the top row. The behavioral curve
of each element is illustrated below. According to
the table, a tensile strength of 212.55 MPa can be
obtained under ideal conditions of stirring speed
(900 rpm), SiNa particle size (32 um), and weight
fraction (6 wt%). When the values for string
speed (X1), particle size (X2), and SisNa (X3)
calculated using the program were used in real-
world applications, the resulting tensile strength
0f 209.7 MPa nearly matched the program output.

Hardness test

Figure 10 illustrates the Vickers hardness
values (HV) corresponding to different stirring
speeds, particle sizes, and SisN4 percentages (X1,
X2, and X3), respectively. The tensile strength
and hardness tests demonstrated notable simi-
larities in behavior when the weight percentage
of SisN4 particles and stirring speed varied with
an increase in particle size. The optimal hard-
ness value of 66 kg/mm? was observed in sample
number 8 (X1=900 rpm, X2=44 um, X3=6 wt%),
while the minimal hardness value of 27.7 kg/mm?
was recorded in sample number 5 (X1=300 rpm,
X2=44 pum, X3=2 wt%). Improvement in hard-
ness and tensile strength with the addition of ce-
ramic particles this result agrees with [28, 29].
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Figure 8. Three-dimensional and Contour plot of tensile strength, effects of variables X3 and X2 on a response (Y)

Weight loss corrosion test

Figure 11 illustrates the Al-1050 matrix and
composite material, demonstrating the correla-
tion between weight loss and exposure time. The
corrosion measurement in the static immersion
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test is a function of exposure time, and all alloys
exhibit an increase in corrosion as the test dura-
tion increases. The graph shows that as exposure
duration grows, so does the composite resistance
to corrosion. This method eliminates the chance
of hydrogen bubbles adhering to the specimen
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surface and creating a long-lasting coating that
interferes with the corrosion process. In contrast
to composite materials, the Al-1050 alloy exhib-
its a substantial weight loss. Due to the absence
of any reinforcement, the base alloy is incapable
of offering any form of resistance to the medium.
Therefore, the weight reduction in the case of an
unreinforced alloy is greater than that of compos-
ites; this result agrees with [30, 31]. This assump-
tion is logical, as the area of the aluminum matrix
exposed to the corrosive solution will decrease
due to the added materials [32].

Figure 12, which shows the SEM image of the
aluminum alloy reinforced with 4% wt SizNa af-
ter exposure to a 3.5% NaCl solution, reveals the

surface topography that indicates the onset of cor-
rosion effects. The carbide particles are distributed
within the aluminum matrix, with signs of possi-
ble galvanic corrosion between the metallic ma-
trix and the ceramic reinforcement, as suggested
by localized contrast variations. No deep pitting
corrosion is observed, suggesting an initially sat-
isfactory resistance to the chloride environment,
although further degradation may occur over time.

Figure 13 shows the specimens that underwent
corrosion testing at elevated temperatures ranging
from 25 °C to 55 °C for a fixed duration of 30 min-
utes. The findings demonstrated that the corrosion
rate escalated with temperature across all alloys.
The acceleration of electrochemical reactions at
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Figure 12. SEM image of the aluminum alloy
reinforced with 4% wt SisNa after exposure
to a 3.5% NaCl solution

elevated temperatures is attributed to increased
thermal energy, which enhances ion mobility and
reaction kinetics on the metal surface, often re-
sulting in the degradation of passive protective
layers [33, 34]. The severity of corrosion differed
among the alloys. The unreinforced Al1050 al-
loy exhibited the greatest weight loss, signifying
its reduced resistance to corrosion under thermal
stress. The incorporation of SisN4 markedly en-
hanced corrosion resistance, and increased SisNa
content was associated with reduced weight loss.
The enhancement is primarily attributed to the in-
ert and robust characteristics of SisNa particles,
which strengthen the microstructure and reduce
the surface reactivity of the alloy. SisN4 enhances
the formation of a more chemically stable surface
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Figure 13. Working temperature Vs corrosion rate
in 3.5 NaCl for 30 minutes of exposure

barrier [35]. The alloy containing 6% SizN4 dem-
onstrated superior performance, validating the
efficacy of metal matrix composites in improv-
ing corrosion resistance, particularly in thermally
fluctuating environments.

CONCLUSIONS

On the basis of the research results obtained
in this work, the following conclusions were
presented:

1. The incorporation of SisNa into the Al-1050 al-
loy enhanced its tensile strength, hardness, and
corrosion resistance.

2. Regression models can be written as Y = 125.5
+0.349X1 +0.054X2 + 8.875X3 + 0.0022X11
+0.018X33 + 2.063X13, showing that X1 and
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X3 have a great impact on tensile strength and
hardness, while X2 has a smaller effect com-
pared to X1 and X3.

. The increase in the weight fraction (X3) and

stirring speed (X1), along with the decrease in
the SisNa particles (X2), results in enhanced
tensile strength and hardening value.

. The optimal tensile strength and hardening

achieved were 212.55 MPa and 66 kg/mm?, re-
spectively, with a stirring speed of 900 rpm, a
Si3Na particle size of 32 pm, and a weight frac-
tion of 6 wt%.

. Corrosion resistance is increased when SiNa

is added to Al-1050 alloy; however, it is de-
creased with extended contact time. The par-
ticles were evenly distributed throughout the
matrix system, according to the microstructure
analysis. Furthermore, it was shown that when
the temperature rises, corrosion increases for
both the base alloy and the composite materi-
als. As SisNa reinforcement increased, the cor-
rosion rate was found to decrease.
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