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Abstract: Aluminum-based metal matrix composites (MMCs) are attractive for lightweight
structures and components due to their low density and high specific strength. This study reports
the synthesis of Al-5%Cu-4%Mg/SiC composites via an integrated route combining in-house
alloy preparation, high-speed stir casting (5000 rpm), and semisolid compression forming at
640 °C under 150 tons. In contrast to prior works that relied on commercial alloys, pure aluminum
ingot, pure copper wire, and Al-13%Mg master alloy were used to enable precise control over
matrix—reinforcement interactions. Silicon carbide particles (50-200 um) were incorporated at
5% and 20% volume fractions with argon-assisted dispersion, achieving uniform distribution and
strong interfacial bonding. Semisolid forming refined the microstructure, producing fine, globular
grains that enhanced mechanical performance. Standardized testing revealed significant
improvements in hardness and tensile strength over as-cast counterparts. The results confirm the
effectiveness of the proposed method for enhancing structural performance, highlighting its

suitability for applications demanding lightweight and durable materials.
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1. Introduction

Metal matrix composites (MMCs) have attracted
significant attention in various engineering fields due to
their ability to combine the desirable properties of metals
with those of reinforcing phases, resulting in superior
mechanical, thermal, and wear characteristics compared to
conventional alloys'>®. Among the available MMC
systems, aluminum-based MMCs (Al-MMCs) are widely
recognized for their favorable balance between strength,
stiffness, and corrosion resistance, making them suitable
for applications in automotive, aerospace, and other high-
performance industries*>® In addition, AI-MMCs can
offer up to 253% higher thermal conductivity than steel
and cast iron, which is advantageous for components
requiring efficient heat dissipation””

The choice of reinforcement is crucial in determining the
performance of MMC:s. Silicon carbide (SiC) is one of the

most extensively studied reinforcements for AI-MMCs due
to its high hardness, high modulus, good thermal stability,
and chemical compatibility with aluminum matrices®*!?.
These attributes enable significant improvements in wear
resistance, strength, and thermal performance, particularly
in applications where structural integrity must be
maintained under thermal cycling and mechanical
loading!121314),

SiC offers a unique balance of properties compared to
other reinforcements. Al:Os provides low cost and
chemical stability, but its lower thermal conductivity and
higher thermal expansion mismatch with aluminum often
cause interfacial stresses. TiC delivers excellent hardness,
but it suffers from poor wettability and weak interfacial
bonding unless costly surface treatments are applied. BsC
contributes low density and high hardness, but it is
expensive, prone to particle fracture, and less chemically
compatible with aluminum. SiC, in contrast, provides high
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hardness, good wettability (especially with Mg additions),
and favorable thermal compatibility, which enhance
interfacial bonding, heat dissipation, and process
adaptability. These advantages make SiC particularly
suitable for Al-Cu-Mg alloy systems and scalable
processing routes such as stir casting and semisolid
forming!> 19,

Recent advances in semisolid processing have
significantly improved the microstructural control and
performance of Al-MMCs. Hybrid approaches such as
semisolid stirring combined with sequential squeeze
casting have been shown to reduce reinforcement
agglomeration, improve wettability, and enable controlled
gradient microstructures in 7075 Al/SiCp composites'”> ¥,
Similarly, semisolid stir casting of Al 7075-Al.Os at
~550 °C yielded uniform particle dispersion and peak
tensile and hardness values at 10 wt.% reinforcement'® 20,
Powder-based semisolid processing highlights the
importance of optimizing liquid fraction, with ~40% at
615 °C enhancing slurry flow, densification, and
compressive strength, while higher liquid fractions led to
segregation and porosity?!. Ultrasonic-assisted semisolid
stirring (UASS) has further enabled effective dispersion of
nano-sized SiC, supporting rheoforming and thixoforming
of high-strength components with ultimate tensile strength
(UTS) up to 550 MPa, albeit with reduced ductility?®. In
rheoformed Al-Al:Os nanoparticle composites, extended
stirring times refined grains and achieved balanced
mechanical performance (UTS =~ 358 MPa, YS ~ 245 MPa,
elongation = 5.6%)%.

Complementary hybrid methods, such as combining
thermal spray with semisolid forming, have also
demonstrated efficient densification and complex
geometries in fiber-reinforced MMCs?* 2%, These findings
underscore the growing importance of semisolid and
hybrid fabrication strategies in producing scalable, high-
performance MMCs. Such hybrid and multifunctional
processing strategies directly respond to current industrial
demands for composites with a combination of high
strength, thermal stability, and sustainability in production.
Beyond semisolid processing, emerging techniques such
as additive manufacturing (AM), spark plasma sintering
(SPS), and friction stir processing (FSP) are transforming
MMC fabrication. AM methods, including selective laser
melting (SLM) and direct energy deposition, offer fine
microstructural control and reduced porosity in Al-SiC
systems?® showed that process parameters in laser AM
significantly influence density and mechanical properties
of Al-SiC composites. Abd Baghad and El Mabrouk?”
reviewed AM of lightweight MMCs, emphasizing the role
of powder preparation and reinforcement design. Similarly,
FSP has proven effective for localized reinforcement and
surface modification, enabling gradient composites with
tailored hardness and wear resistance®®. Together, these
advances illustrate the transition from conventional MMCs

to hybrid and multifunctional systems, aligning with the
latest research trends and ensuring relevance of this study
to both academic development and industrial application.

The Al-5%Cu—4%Mg alloy system has been selected in
this study as the matrix material because of its inherent
high strength and good response to precipitation hardening
29,30.3D- The addition of copper enhances strength through
precipitation of 0 (ALCu) phase, while magnesium
contributes to solid-solution strengthening and promotes
the formation of Mg.Si when SiC is present’> 33 34,
Previous studies have also reported that Mg improves the
wettability of molten aluminum on ceramic particles,
thereby enhancing interfacial bonding and overall
composite performance®> 3% 37, By optimizing the
combination of alloy composition and SiC reinforcement,
it is possible to achieve a tailored balance of strength,
ductility, and thermal properties for demanding service
environments.

In this context, the present work investigates the effects of
SiC particle reinforcement and magnesium content on the
microstructure and mechanical performance of semisolid-
formed Al-5%Cu—4%Mg/SiC composites. The study aims
to provide insight into the synergistic roles of matrix
composition and reinforcement characteristics in
improving the overall performance of Al-MMCs for
structural and heat-dissipating applications.

This study introduces a novel processing route that
combines in-house alloy synthesis, high-speed argon-
assisted stir casting, and semisolid compression forming to
produce a tailored Al-5%Cu-4%Mg/SiC composite,
delivering refined microstructure, reduced defects, and
enhanced mechanical performance for lightweight
structural applications. By situating this study within the
broader trajectory of hybrid and advanced processing
strategies, it not only addresses the current gap in
understanding Al-Cu-Mg/SiC composites but also
connects to ongoing research trends in multifunctional and

next-generation MMC development.

2. Experimental Method

The experimental material studied consisted of an Al-Cu-
Mg alloy composite, with silicon carbide (SiC) particles as
reinforcement, forming a metal matrix composite (MMC).
The Al-Cu-Mg matrix was prepared by mixing pure
aluminum, pure copper, and Al-13%Mg to obtain a parent
alloy Al-5%Cu-4%Mg with the chemical composition
shown in Table 1.

The next process was the addition of 50-200 um silicon

Table 1: Chemical composition of Al-Cu-Mg alloy

Alloy material Weight %
y Al Cu Mg  Others
Al-Cu-Mg Rest 5.05 4.12 0.46
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carbide particles into the parent alloy matrix with a target
volume fraction of 15% and 20%. The mixture was stirred
at a high speed of 5000 rpm for 30 seconds, while argon
gas was continuously flowed into the molten Al-Cu-
Mg/SiC composite to prevent oxidation and promote
uniform particle dispersion. The molten Al-Cu-Mg/SiC
composite is then poured into a 60 mm diameter open
cylindrical mold and allowed to solidify. The final
processing step was the formation of a semi-solid
composite, by reheating the metal matrix composite
(MMC) to a semi-solid temperature of 640°C and applying
a pressure of 150 tons (39 MPa) for 3 seconds in the
compression machine as in Figure 1.

The selection of 5 wt.% Cu and 4 wt.% Mg was aimed at
optimizing  both  strengthening and interfacial
characteristics. Cu promotes the formation of 6 (Al.Cu)
precipitates, enhancing strength and creep resistance
without excessive brittleness, while Mg provides solid-

solution strengthening, refines precipitation through S’

(Al:CuMg) and Mg-Si phases, and significantly improves
SiC wettability. This synergistic effect yields higher
strength, improved ductility, and stable interfacial bonding
under service conditions®® 3% 40,

The next process was the addition of 50-200 pm silicon
carbide particles into the parent alloy matrix with a target
volume fraction of 15% and 20%. The mixture was stirred
at a high speed of 5000 rpm for 30 seconds, while argon
gas was continuously flowed into the molten Al-Cu-
Mg/SiC composite to prevent oxidation and promote
uniform particle dispersion. The molten composite was
then cast into an open mold until solidified. The final
processing step was the formation of a semi-solid
composite, by reheating the metal matrix composite
(MMC) to a semi-solid temperature of 640°C and applying
a pressure of 150 tons (39 MPa) for 3 seconds in the
compression machine as in Figure 1.

Microstructural characterization of the AI-Cu-Mg/SiC
composite was carried out using an optical microscope and
Field Emission-SEM (FE-SEM) brand Inspect F50.
Metallographic samples, obtained from as-cast and

200 mm

Fig. 1: As-cast Al-Cu-Mg/SiC composite prepared for
pressing in a compression machine at 39 MPa for 3
seconds to produce a semi-solid composite.

thixoforming materials, were carefully prepared following
standard procedures. These samples were etched in a
Keller reagent solution consisting of 50 ml of distilled
water, 50 ml of HNO3, 10 ml of HCI, and 10 ml of HF.
Observations were made at magnifications ranging from
50 to 500x to examine the microstructure of the composites,
including porosity and casting defects. The distribution of
alloy constituents was further investigated using an energy
dispersive spectrometer (EDS) system integrated with the
SEM.

Mechanical properties were examined through hardness
and tensile tests. Hardness test was conducted based on
ASTM E18-11 with Rockwell B using Frank Well brand
tester while tensile properties were assessed using ASTM
E8 standard on RMG 100-German testing equipment
universal testing machine at a speed of 5 mm/s with a
sample measuring length of 25 mm and a width of 6 mm.
These evaluations provided insights into the impact of the
semisolid forming process on the composite's performance
and structural integrity.

3. Results and Discussions

The mechanical properties of metal matrix composites
(MMCs) are significantly influenced by the volume
fraction of the reinforcement phase and the morphology of
the matrix microstructure*> 4», The current research
findings demonstrate that the microstructure of the
material significantly influences the growth of initial
cracks®. Figure 2 illustrates the changes in the
microstructure of the Al-5%Cu-4%Mg matrix, comparing
the as-cast condition with the condition after semisolid
forming. As depicted in Figure 2(a), the as-cast MMC
without SiC reinforcement exhibits a dendritic grain
structure. In contrast, after the semi-solid semisolid
forming process, the grain structure transforms into a
globular form, as shown in Figure 2(b). The mechanism
underlying the transformation from a dendritic to a
globular structure has been explored in various studies on
semi-solid processing. Fan’s research indicates that
applying stress to a metal in a semi-solid state causes
bending of the dendritic arms within the matrix. If the
applied stress is sufficient, the dendritic arms may detach
from the main dendrite and result in the formation of a new,
globular structure*®. Similarly, Adedayo reported that
reheating a cast material and holding it isothermally in a
semi-solid state can break the dendritic arms. The liquid
phase of the metal then diffuses and coalesces with the
solid phase, leading to the development of a globular
microstructure* 46),

These findings underscore the significant impact of
processing conditions on the microstructural evolution of
MMCs, which in turn affects their mechanical
performance. The transformation to a globular structure
typically enhances the material's ductility and reduces its
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Fig. 2: Optical microscope images of the Al-5%Cu-4%Mg
matrix without SiC reinforcement: (a) as-cast
microstructure showing a dendritic grain morphology, and
(b) microstructure after semi-solid processing, showing the
transformation into a globular grain structure

© (d)

Fig. 3: Optical micrographs of SiC-reinforced MMCs
processed in the semi-solid state. All samples exhibit
globular grain morphology, though the distribution of SiC
particles remains somewhat uneven. The fraction of SiC
reinforcement in the microstructure increases
systematically with increasing particle: (a) 5 vol.%, (b) 10
vol.%, (c) 15 vol.%, and (d) 20 vol.%

brittleness, making it a desirable characteristic for many
engineering applications.

Figure 3(a—d) displays the evolution of the microstructure
of Al-5%Cu-4%Mg/SiC metal matrix composites
fabricated via semisolid forming, with increasing SiC
volume fractions from 5% to 20%. The micrographs
clearly illustrate two key aspects: the distribution behavior
of SiC particles and the response of the matrix
microstructure to varying reinforcement content.

At 5 vol.% SiC (Figure 3a), the reinforcement particles are

relatively sparsely distributed but show minimal clustering.

The matrix exhibits a predominantly globular
microstructure with moderate grain refinement, indicating
effective semisolid stirring and partial melting behavior.
However, the low particle density may result in limited
load transfer efficiency, which could restrict
improvements in strength.

In Figure 3b (10 vol.% SiC), the particle dispersion

becomes more uniform, and the interparticle distance
decreases, contributing to enhanced particle-matrix
interfacial bonding. The grain morphology of the
aluminum matrix continues to show a refined, near-
spherical structure, which is favorable for mechanical
isotropy and improved ductility.

The 15 vol.% SiC microstructure (Figure 3c) appears to be
optimal, with a highly uniform dispersion of reinforcement
particles and minimal signs of agglomeration. This
suggests an ideal balance between particle content and
matrix fluidity during semisolid processing. The
homogeneous reinforcement  distribution  supports
effective stress transfer across the matrix—particle interface,
improving composite strength and toughness*” ¥,

The matrix microstructure in this condition shows the most
well-defined globular grains, a hallmark of successful
semisolid processing under optimal shear and thermal
conditions*”.

At the highest reinforcement level, 20 vol.% SiC (Figure
3d), significant particle agglomeration is evident,
particularly at grain boundaries and inter dendritic regions.
This clustering may originate from the increased viscosity
of the slurry during forming, which inhibits uniform
particle dispersion. Agglomerated SiC clusters are
detrimental because they introduce stress concentrations
and micro voids, which can serve as crack initiation sites
under mechanical loading. Additionally, these regions are
often associated with entrapped porosity, further
compromising the material’s structural integrity>?.

The microstructural analysis presented in Figure 3
highlights the critical relationship between SiC volume
fraction and microstructural uniformity, with 15 vol.%
identified as the most favorable condition for improved
mechanical performance. Semisolid forming consistently
promotes globular grain morphology in all samples, but its
combined effect with optimal particle distribution is most
pronounced at the intermediate reinforcement level.
Conversely, metallographic observations indicated a
favorable wettability between the SiC particles and the
aluminum matrix. This behavior can be ascribed to the
addition of Mg during the initial alloying stage, which
contributes to a lower contact angle. Magnesium plays a
decisive role as a wetting agent by enhancing the driving
force for wetting and reducing the interfacial tension
between the matrix and the reinforcement. Increasing Mg
content further decreases the contact angle, as magnesium
is highly reactive and exhibits the lowest surface tension
and contact angle compared with Al and SiC.
Consequently, its presence is critical during the Al-SiC
infiltration process. The aluminum matrix is inherently
covered with a stable Al-Os oxide film that hinders direct
bonding with SiC. Magnesium mitigates this barrier by
reacting with oxygen from aluminum, thereby facilitating
stronger interfacial bonding between SiC and aluminum.
In Figure 4(a) and (b) show the microstructures of Al-
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Fig. 4: Optical micrographs of MMCs containing different
SiC reinforcement contens: (a) As-cast sample with 15
vol.% SiC, showing sparsely distributed particles with

minimal clustering; (b) As-cast sample with 20 vol.% SiC,

exhibiting improved particle dispersion and reduced
interparticle spacing, while the aluminum matrix maintains
a refined, near-spherical grain morphology; (c)
Thixoformed sample with 15 vol.% SiC, displaying a
uniform distribution of reinforcement particles with
negligible agglomeration; (d) Thixoformed sample with 20
vol.% SiC, where significant particle clustering is
observed, particularly along grain boundaries and
interdendritic regions

5%Cu-4%Mg composites containing 15 and 20 vol.% SiC,
respectively. Dark irregular regions observed throughout
the matrix correspond to former SiC clusters, which appear
as pores due to particle detachment during sample
preparation. In contrast, the thixoformed composites in
Figures 4(c) and (d) exhibit a globular rather than dendritic
matrix, reflecting the phase transformation induced under
semisolid conditions. The transition from dendritic to
globular morphology is governed by heating and holding
times, diffusion between liquid and solid phases, and
applied deformation sufficient to separate dendrite arms.
Residual dendritic features after thixoforming indicate
incomplete transformation due to suboptimal processing
conditions.

Figure 4(a) illustrates a porous region with a SiC content
of 15%. This area exhibits a distinct contrast from its
surroundings due to differences in depth, and the image
clearly indicates poor SiC particle distribution within the
aluminum alloy matrix. The dark regions correspond to
localized clusters of SiC, revealing particle agglomeration
and a generally low particle count in the surrounding
matrix. Such agglomeration is likely driven by particle—
particle interactions that promote clustering, as well as by
incomplete stirring during processing, which hinders
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Fig. 5: (a) A scanning electron microscope (SEM) image
of the microstructure of the Al-5%Cu-4%Mg composite
with 5 vol.% SiC reinforcement, highlighting the presence
of SiC clusters. (b) The accumulation of SiC particles
within a specific area

uniform dispersion. Figures 4(a) and 4(b) further
demonstrate that only a small fraction of the SiC particles
were incorporated into the melt, likely due to the high
surface tension of liquid aluminum, which causes many
SiC particles to remain at the surface rather than disperse
into the bulk during stirring. In contrast, Figures 4(c) and
4(d) show that the subsequent thixoforming process
improves particle distribution, resulting in a more uniform
dispersion of SiC at the grain boundaries and within the
matrix.

Figure S5(a) presents a scanning electron micrograph
(SEM) of the Al-5%Cu-4%Mg/SiC composite at 500x
magnification, offering enhanced resolution to assess the
microstructural characteristics beyond what is visible in
optical micrographs. The image reveals two key
microstructural features: the distribution of SiC particles
along grain boundaries and the presence of agglomerated
clusters in certain regions.

The SiC particles located at grain boundaries play a dual
role. On one hand, they act as effective barriers to
dislocation motion and can impede grain boundary sliding,
thereby increasing the strength and thermal stability of the
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composite. On the other hand, when SiC particles form
dense clusters instead of remaining uniformly dispersed,
they can introduce stress concentration zones and micro
voids, reducing the mechanical integrity of the material.
Such inhomogeneities disrupt the load transfer mechanism,
limiting the effectiveness of reinforcement and potentially
promoting early crack initiation under mechanical loading.
Figure 5(b) zooms into a specific region of the composite
where a visible accumulation of SiC particles is detected.
The particles in this area exhibit a distinct angular
morphology with sharp boundaries, indicating minimal
wetting or bonding with the surrounding aluminum matrix.
This poor interfacial integration can result in weak
particle—matrix adhesion, which under applied stress may
lead to interfacial decohesion or particle pull-out, both of
which are detrimental to strength and fatigue resistance.
To validate the nature of this region, Energy Dispersive
Spectroscopy (EDS) was performed, and the results (as
shown in Table 2) confirm a high concentration of silicon
and carbon, characteristic of silicon carbide (SiC). The
elemental mapping further supports the presence of a SiC-
rich zone, affirming that the bright angular features seen in
the SEM are indeed agglomerated SiC particles.

This localized SiC accumulation represents a
microstructural defect, potentially acting as a crack
initiation site under tensile loading. The combination of
SEM and EDS analyses underscores the importance of
uniform reinforcement distribution. While the presence of
SiC improves the mechanical performance of the
composite when properly dispersed, excessive or poorly
distributed reinforcement can negate the benefits, reducing
ductility, introducing porosity, and compromising strength.
Figure 5 reinforces the notion that processing control
during semisolid forming is essential not only for matrix
grain refinement but also for achieving a homogenous
dispersion of reinforcing particles. The micrographs and
corresponding chemical analysis emphasize the critical
balance between particle content and distribution, which
governs the final mechanical performance and structural
reliability of the metal matrix composite.

The EDS results presented in Table 2 reveal the elemental
composition observed in the region shown in Figure 5(b).
The table indicates a significant presence of silicon and

Table 2: EDS observation data within a specific area from

Figure5(b)
Element Unn. C Norm. C Atom. C
[wt.%] [wt.%] [at.%]
Aluminium 47.70 39.70 39.75
Silicon 27.57 22.95 18.19
Magnesium 15.69 13.06 11.96
Carbon 16.86 14.03 26.00
Oxygen 8.63 7.18 9.99
Copper 2.80 2.33 0.82
Iron 0.88 0.73 0.29

carbon, suggesting a high concentration of SiC particles
within the aluminum alloy matrix. This observation
confirms the substantial presence of SiC particles in this
area. The combination of Scanning Electron Microscopy
(SEM) and EDS analyses effectively demonstrates the
existence of SiC particles within the matrix and highlights
regions of SiC accumulation. These SiC-rich zones are
likely to become points of weakness in the Metal Matrix
Composite (MMC) under external tensile loads,
potentially leading to localized failure.

In addition to the distribution of SiC particles, another
critical factor influencing the mechanical properties of the
composite is the formation of Al-Cu (6-phase) and Al-Cu-
Mg (S-phase, Al,CuMg) precipitates. These strengthening
phases play a significant role in enhancing the mechanical
performance of aluminum alloys by impeding dislocation
motion. However, their effectiveness depends strongly on
their morphology, distribution, and location, which are
governed by the applied heat treatment conditions. Ideally,
these precipitates should form uniformly within the
aluminum matrix grains, where they can most effectively
hinder dislocation movement and contribute to strength
and hardness. In contrast, precipitation along grain
boundaries, often resulting from suboptimal heat treatment,
may degrade mechanical properties by promoting
intergranular fracture or localized stress concentrations.
While the potential role of these precipitates was briefly
mentioned in the Introduction, a more detailed analysis
was not included in the Results and Discussion. Future
studies  should incorporate  microstructural and
compositional analyses (e.g., TEM or high-resolution
SEM/EDS) to confirm the presence, type, and distribution
of these precipitates and to fully understand their
contribution to the observed mechanical behavior.

Figure 6(a) illustrates the hardness measurements of
composites processed by semi solid forming, compared to
as-cast samples, with SiC reinforcement levels of 15% and
20%. The thixoformed composite with 15% SiC exhibited
a hardness of 124 HB, while the as-cast sample with the
same SiC content had a hardness of 109 HB. This
represents a 13% increase in hardness due to the semi solid
forming process. Similarly, for the 20% SiC composites,
semi solid forming resulted in a hardness of 138 HB, an
increase of 16% from the as-cast sample's hardness of 114
HB. These results indicate that hardness is not only
influenced by the SiC particle content but also significantly
enhanced by the semi solid forming treatment.

Research by Rosso has demonstrated that semisolid
forming aluminum castings transforms the dendritic
microstructure into a more refined, globular form, which
contributes to improved material properties, including
increased hardness®”. Vencl’s studies corroborate this
finding, noting that semisolid forming enhances
mechanical properties such as wear resistance, which is
indicative of increased hardness>?. Additionally, semisolid
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Fig. 6: Effect of semi-solid processing and SiC
reinforcement content on the mechanical properties of Al—
Cu-Mg/SiC composites: (a) hardness, (b) tensile strength,

and (c) elongation

forming can eliminate porosity caused by trapped air, a
factor that typically deteriorates material properties by
acting as crack initiation sites. Thus, reducing or
eliminating porosity through semisolid forming further
enhances the material's hardness.

The hardness data from the experiments suggest that the
composite hardness increases by 5% with the SiC

reinforcement content rising from 15% to 20%.
Furthermore, the semisolid forming process enhances
hardness by 13% for the 15% SiC composite and by 16%
for the 20% SiC composite, compared to their as-cast
counterparts. This improvement in hardness is attributed to
both the refinement of the microstructural features and the
reduction of porosity achieved through semisolid forming.
Figure 6(b) presents a graph of tensile strength versus SiC
content for as-cast and thixoformed conditions. The
semisolid forming process results in a notable increase in
tensile strength compared to as-cast samples. This
enhancement in tensile strength is linked to the
transformation of the matrix grain structure from dendritic
to globular. The graph also indicates that both hardness and
tensile strength of MMCs generally improve with higher
SiC reinforcement levels, though the changes are not
always significant. The limited increase in tensile strength
and hardness with higher SiC content may be attributed to
the uneven distribution of reinforcement particles in the
matrix, as evidenced by the microstructural analysis.

The elongation data depicted in Figure 6(c) reveal a
marked enhancement in ductility following the semisolid
forming process, particularly for aluminum composites
containing a 5% to 10% volume fraction of SiC
reinforcement. This significant improvement in ductility
underscores the composite's excellent formability,
indicating its suitability for a wide range of manufacturing
applications that require high deformability. The
optimized distribution of SiC particles within this specific
range likely facilitates uniform plastic deformation,
thereby contributing to the observed increase in elongation.
However, a different trend emerges for composites with
higher reinforcement levels, specifically those with 15%
and 20% volume fractions of SiC. In these cases, the
elongation values exhibit a noticeable decline, which can
be primarily attributed to the agglomeration of SiC
particles into larger clusters. These clusters act as sites of
stress concentration, impeding the material's ability to
deform plastically under load. The presence of such
agglomerates  disrupts the  otherwise  uniform
microstructure, leading to a reduction in ductility. This
phenomenon highlights the critical need for controlling the
distribution of reinforcement particles to maintain the
mechanical integrity of the composite, particularly in
applications requiring both strength and ductility.

The semisolid forming process has been shown to
significantly enhance the tensile strength of AI-5%Cu-
4%Mg/SiC composites when compared to their pre-
processed condition. Notably, in the absence of
reinforcement particles, the tensile strength of the
composite increases from 45 MPa to 95 MPa following
semisolid forming. This substantial improvement is further
amplified as the volume fraction of SiC particles increases
from 5% to 20%. The observed increase in both hardness
and tensile strength of the aluminum matrix composites
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can be largely attributed to the evolution of the
microstructure induced by the semisolid forming process.
Specifically, this process facilitates the transformation of
the microstructure into a more globular and finer grain
structure, which is crucial for enhancing the material's
mechanical properties.

The improved ductility observed in the aluminum
composite after semisolid forming, particularly with 5-
10% SiC reinforcement, is another key benefit. The
optimum distribution of reinforcing particles decreases
stress concentrations and improves the material's ability to
withstand plastic deformation. However, when the SiC
content is increased to 15-20%, a decrease in ductility is
observed. This reduction is primarily due to the formation
of clusters at higher reinforcement levels, which create
localized stress points that hinder uniform plastic
deformation and promote early fracture.

While the semisolid forming process effectively enhances
strength and ductility in aluminum composites with lower
SiC content, care must be taken when increasing the
reinforcement fraction to avoid detrimental effects on
ductility. The findings emphasize the importance of
microstructural control in optimizing the mechanical
performance of these composites for various industrial
applications.

Furthermore, the increase in composite strength with
higher SiC content may also be influenced by the presence
of magnesium (Mg) in the matrix. Magnesium plays a vital
role in improving the wettability at the interface,
potentially by promoting the formation of eutectic SiC
phases. This interaction strengthens the composite by
enhancing the overall cohesion and load transfer between
the matrix and the reinforcement. As a result, the
combination of microstructural refinement and effective
interfacial bonding mechanisms contributes to the superior
mechanical performance of semisolid-formed AI-5%Cu-
4%Mg/SiC composites.

4. Conclusions

Semisolid forming, combined with controlled SiC
reinforcement and magnesium-modified aluminum
matrices, has been shown to markedly enhance the
mechanical  performance of  Al-5%Cu-4%Mg/SiC
composites. Microstructural refinement into fine, globular
grains increased tensile strength from 45 MPa to 95 MPa,
with additional improvements observed at higher SiC
contents. Optimal strength—ductility balance was achieved
at 5-10% SiC, while excessive reinforcement (15-20%)
reduced ductility due to particle clustering. The role of
magnesium in strengthening interfacial bonding highlights
the influence of alloy chemistry on matrix—reinforcement
interactions.

These findings provide a clear framework for the
development of lightweight structural materials requiring

high strength, durability, and formability. If microstructure
and reinforcement distribution can be further optimized,
the approach may offer broader applicability for the design
of structural components intended for demanding service
conditions. Future work should address fatigue
performance under cyclic loading, evaluate process
scalability for industrial production, and conduct
component-level validation under service-representative
environments to bridge the gap between laboratory results
and engineering application.

The effect of SiC reinforcement particle addition on the
improvement of mechanical properties of Al-Cu-Mg
matrix after as-cast and semi-solid process compared to
Al-Cu-Mg matrix without SiC particle is shown in Figure
6(a) for hardness and 6(b) for tensile strength. This
improvement in mechanical properties indicates that SiC
particle has functioned as reinforcement supported by
magnesium, which improves the wetting properties of SiC
particle in the matrix. The effect of SiC addition to the
matrix is quite significant, both as-cast and post-semi-solid
matrix material.
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