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Abstract — In the present study, AA2024-SiC aluminium
metal matrix composites were successfully fabricated using
the stir casting technique with varying silicon carbide (SiC)
reinforcement contents of 2 wt.%, 4 wt.%, and 6 wt.%. The
fabrication process was carried out at a melting temperature
of 850 °C to achieve uniform reinforcement distribution and
improved interfacial bonding. The prepared composites were
characterized through density measurement, porosity
analysis, optical microstructural examination, microhardness
testing, and tensile strength evaluation. The results indicated
that the incorporation of SiC significantly enhanced the
composite properties. Experimental density increased from
2.546 g/em? to 2.701 g/cm?, while porosity decreased from
2.245% to 1.768% with increasing SiC content.
Microstructural analysis revealed refined grains and
improved particle dispersion at higher reinforcement levels.
Furthermore, microhardness and tensile strength increased
from 67.35 HV to 84.23 HV and 89.63 N/mm? to 124.95
N/mm?, respectively. The 6 wt.% SiC composite exhibited
the best overall performance.
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I. INTRODUCTION
The increasing demand for lightweight, high-strength
materials in aerospace, automotive, marine, and defense
industries has accelerated the development of advanced
engineering materials with superior mechanical and
tribological properties [1] [2]. Conventional aluminium
alloys are extensively utilized in structural applications
because of their low density, good machinability, and
excellent corrosion resistance [3]. However, their relatively
lower hardness, wear resistance, and load-bearing capability
restrict their application in severe service environments. To
overcome these limitations, aluminium metal matrix
composites (AMMCs) have emerged as promising
alternatives due to their enhanced mechanical and thermal
characteristics compared with monolithic aluminium alloys
[4]. AMMCs are engineered materials in which a metallic
matrix is reinforced with ceramic particulates, whiskers, or
fibers to achieve improved strength, stiffness, hardness, and
wear resistance. Among various reinforcement materials,
silicon carbide (SiC) has attracted considerable attention
owing to its high hardness, excellent thermal stability, low
density, and superior wear resistance [5]. The incorporation
of SiC particles into aluminium matrices significantly
enhances the mechanical performance through mechanisms
such as load transfer strengthening, grain refinement,
strengthening, and thermal mismatch-induced dislocation
strengthening [6]. Nevertheless, achieving a uniform

dispersion of reinforcement particles within the molten
matrix remains a major challenge due to poor wettability,
particle agglomeration, and interfacial reactions during
processing.

Among the commercially available aluminium
alloys, AA2024 has been widely used in aerospace and
transportation sectors because of its high strength-to-weight
ratio, good fatigue resistance, and satisfactory machinability
[7]. The alloy primarily contains copper as the major alloying
element, which contributes to its superior mechanical
strength. Despite these advantages, AA2024 still exhibits
limitations in terms of wear resistance and surface hardness
under demanding operating conditions. Reinforcing AA2024
with ceramic particles such as SiC can significantly improve
its tribological and mechanical properties, thereby expanding
its industrial applicability [8].

Various fabrication techniques have been employed
for producing AMMCs, including powder metallurgy,
squeeze casting, infiltration, and stir casting. Among these
methods, stir casting is considered one of the most
economical and industrially viable techniques because of its
simplicity, scalability, and suitability for mass production. In
the stir casting process, reinforcement particles are
mechanically stirred into the molten metal to achieve a
homogeneous mixture prior to casting. However, the quality
of the fabricated composite strongly depends on processing
parameters such as stirring speed, stirring time, melting
temperature, reinforcement preheating temperature, and
mould preheating conditions. Improper parameter selection
may lead to porosity formation, reinforcement clustering, and
weak interfacial bonding, ultimately deteriorating composite
performance [9].

Several researchers have investigated the fabrication
of SiC-reinforced aluminium composites using stir casting
techniques. Recent studies reported notable improvements in
hardness, tensile strength, and wear resistance with increasing
SiC content due to enhanced load transfer and matrix
strengthening effects [10]. Furthermore, preheating of
reinforcement particles has been shown to improve
wettability between the matrix and reinforcement, thereby
reducing particle agglomeration and promoting uniform
distribution. Similarly, mould preheating minimizes thermal
gradients during solidification and reduces casting defects
[11]. Despite these advancements, limited studies have
comprehensively examined the combined influence of
process parameters and reinforcement distribution on the
microstructural evolution and mechanical performance of
AA2024-SiC composites.

Therefore, the present work focuses on the
fabrication and characterization of AA2024-SiC metal
matrix composites using the stir casting technique at a
melting temperature of 850 °C. The experimental procedure
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involved material preparation, melting of AA2024 alloy, stir
casting setup, addition of preheated SiC particles, mould
preheating, and casting followed by solidification. The
primary objective of this study is to achieve improved
reinforcement dispersion and enhanced interfacial bonding
within the aluminium matrix to obtain superior mechanical
and microstructural properties. Detailed characterization
techniques are employed to evaluate the fabricated
composites and to understand the influence of SiC
reinforcement on the overall performance of the developed
AMMC system.

II. EXPERIMENTAL PROCEDURE

Matrix
Material

%%

Reinforcement

Stir Casting
Furnace

Resistance
Heating Coil
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Fig. 2: Experimental procedure layout adopted for fabrication of AA2024—SiC composite

The AA2024-SiC metal matrix composites were
fabricated using the stir casting technique. Initially, AA2024
aluminium alloy billets and silicon carbide (SiC)
reinforcement particles were prepared as matrix and
reinforcement materials, respectively. The schematic
representation of the stir casting setup is illustrated in Fig. 1,
while the complete experimental procedure adopted during
composite fabrication is presented in Fig. 2. The AA2024
alloy billets were charged into the graphite crucible and
heated to a melting temperature of 850 °C using an
electrically controlled resistance furnace. To ensure proper
melting and homogeneous temperature distribution, the
molten alloy was maintained at the desired temperature for a
specific duration [12]. Subsequently, the stir casting setup
equipped with a mechanical stirrer was employed to generate
a vortex within the molten metal. The SiC reinforcement
particles were preheated prior to their addition into the molten
matrix to improve wettability and minimize moisture-induced
porosity. In the present investigation, SiC particles were
incorporated into the AA2024 matrix with reinforcement
concentrations of 2 wt.%, 4 wt.%, and 6 wt.%. Accordingly,
three different composite cast samples were fabricated under
identical processing conditions. The preheated SiC particles
were gradually introduced into the vortex region to achieve

uniform particle dispersion and enhanced interfacial bonding
between the matrix and reinforcement phases.
Simultaneously, the metallic mould was preheated in a muffle
furnace to reduce thermal gradients during solidification and
to prevent casting defects [13]. After achieving homogeneous
mixing, the molten composite slurry was poured into the
preheated mould cavity and allowed to solidify under
atmospheric conditions. The fabricated composite specimens
were then removed from the mould and prepared for
subsequent characterization and mechanical testing.

III. RESULTS AND DISCUSSION

A. Density and Porosity of The Composites

The density and porosity behaviour of the fabricated
AA2024-SiC composites were evaluated using density
measurements and ImageJ software analysis. The obtained
results are presented in Table 1, while the variation in
porosity and density is illustrated in Fig. 3 and Fig. 4,
respectively. The experimental and theoretical density values
increased with increasing SiC reinforcement content. The
experimental density increased from 2.546 g/cm? for 2 wt.%
SiC to 2.701 g/cm? for 6 wt.% SiC, whereas the theoretical
density increased from 2.654 g/cm?® to 2.737 g/cm?. This
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increase is attributed to the higher density and improved
packing effect of SiC particles within the AA2024 matrix.
The porosity analysis revealed a gradual reduction in porosity
with increasing reinforcement concentration. The porosity
decreased from 2.245% for 2 wt.% SiC to 1.768% for 6 wt.%
SiC. Similarly, the average void size reduced from 9.619 to
5.605 with increasing SiC content. The reduction in porosity

may be attributed to improved wettability, better
reinforcement distribution, and reduced gas entrapment due
to preheating of the reinforcement particles and mould [14]
[15]. Lower porosity and improved density indicate enhanced
composite quality and stronger interfacial bonding between
the matrix and reinforcement phases.

SiC Content Experimental Density Theoretical Density % Average Size of Void
(wt.%) (g/cm?) (g/em?) Porosity Content
2 2.546 2.654 2.245 9.619
4 2.595 2.695 1.935 6.898
6 2.701 2.737 1.768 5.605
Table 1. Density and porosity analysis of AA2024—SiC composites.
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Fig. 3: AA2024-SiC composites (a) porosity level and (b) void content present with varying SiC reinforcement content.
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Fig. 4: Experimental and Theoretical density of AA2024-SiC composites.
Microstructure

All rights reserved by www.ijsrd.com 375



Processing—Structure—Property Correlation in A42024—-SIC Aluminium Matrix Composites Developed Through Stir-Assisted Casting

(IJSRD/Vol. 14/Issue 4/2026/066)

The optical micrographs of the fabricated AA2024—
SiC composites are shown in Fig. 5. The microstructural
analysis revealed progressive grain refinement and improved
reinforcement distribution with increasing SiC content.
Similar observations have been reported for SiC-reinforced
aluminium matrix composites fabricated through stir casting
[16]. The microstructure of the 2 wt.% SiC composite shown
in Fig. 5(a) exhibited relatively coarse grains with visible
interdendritic regions and minor localized porosity. The SiC
particles were distributed within the matrix; however, slight
agglomeration was observed due to incomplete wettability
during solidification. In contrast, the composite reinforced
with 4 wt.% SiC in Fig. 5(b) displayed improved particle
dispersion and reduced interdendritic spacing. The enhanced
distribution of SiC particles promoted heterogeneous
nucleation, resulting in refined grain boundaries and
improved matrix compactness. Further improvement was
observed in the 6 wt.% SiC composite shown in Fig. 5(c),
where a finer and denser microstructure with reduced void
formation was obtained. The increased SiC content restricted
grain growth and enhanced matrix—reinforcement interfacial

bonding [17]. The uniform distribution of reinforcement
particles indicates the effectiveness of the stir casting process
in producing composites with improved structural integrity
and refined microstructure [18].

B. Microhardness analysis

The microhardness results of the fabricated AA2024-SiC
composites are presented in Fig. 6. The hardness values
increased progressively with increasing SiC reinforcement
content. The composite reinforced with 2 wt.% SiC exhibited
a microhardness of 67.35 HV, which increased to 75.84 HV
and 84.23 HV for 4 wt.% and 6 wt.% SiC composites,
respectively. Each value represents the average of seven
readings obtained from different locations on the specimen
surface. The improvement in hardness is mainly attributed to
the presence of hard SiC ceramic particles, which enhance
resistance to localized plastic deformation [19]. Furthermore,
grain refinement, effective load transfer, and increased
dislocation density contributed significantly to the improved
hardness behaviour of the composites [20].
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Fig. 6: The variation of Microhardness with different fraction of SiC
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C. Tensile strength
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Fig. 7: Composite (a) Tensile sample geometry (b) Tensile stress of varying wt% of SiC

The tensile strength results of the fabricated AA2024-SiC
composites are presented in Fig. Y, while the ASTM ES8
tensile specimen geometry is shown in Fig. 7. The tensile
strength increased progressively with increasing SiC
reinforcement content. The composite reinforced with 2 wt.%
SiC exhibited a tensile strength of 89.63 N/mm?, which
increased to 105.37 N/mm? and 124.95 N/mm? for 4 wt.% and
6 wt.% SiC composites, respectively. The improvement in
tensile behaviour is attributed to effective load transfer
between the AA2024 matrix and hard SiC particles, grain
refinement, and enhanced dislocation strengthening [6] [21].
Furthermore, improved interfacial bonding and reduced
porosity contributed significantly to increased resistance
against plastic deformation and crack propagation [22].

IV. CONCLUSION

The experimental results demonstrated that the incorporation
of SiC particles significantly improved the physical,
microstructural, and mechanical properties of the composites.
The density of the composites increased with increasing SiC
content, while porosity and void size were reduced, indicating
improved composite compactness and reduced casting
defects.

Microstructural analysis revealed refined grain
boundaries, uniform distribution of SiC particles, and
enhanced matrix—reinforcement interfacial bonding at higher
reinforcement concentrations.

Furthermore, the microhardness increased from
67.35 HV to 84.23 HV, while tensile strength improved from
89.63 N/mm? to 124.95 N/mm? with increasing SiC content.

Among all the fabricated samples, the 6 wt.% SiC
reinforced composite exhibited the best overall performance
due to improved load transfer, grain refinement, and reduced
porosity. The study confirms that stir casting is an effective
and economical technique for developing high-performance
AA2024-based composites.
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