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Abstract
This study investigates the mechanical and microstructural properties of AA 7074 aluminium alloy
reinforced with 1%, 3%, and 5% by weight of silicon nitride (SisN4), fabricated via the stir casting
method, intended for structural aerospace applications. A thorough series of mechanical tests—
comprising tensile, compression, hardness, impact, flexural, and wear tests—was performed to assess
the influence of differing reinforcing content. The composite containing 5 wt% SisN+ (SN5)
demonstrated the most pronounced enhancements, with the peak compressive strength of 590.36 N/mm?
(an increase from 582.87 N/mm?in SN1) and a tensile strength of 109.84 MPa (an increase from 108.58
MPa in SN1). The Vickers hardness increased from 25.8 HV to 24.8 HV, and the impact strength rose
from 13.8 J to 17.6 J, demonstrating enhanced toughness and resistance to localised deformation. The
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flexural strength increased from 24.09 MPa (SN1)
to 29.65 MPa (SN5), indicating higher resistance to
bending and crack propagation. Wear loss
consistently measured 0.02 g across all samples,
whereas the coefficient of friction was minimal for
SN5 at 0.37, indicating enhanced tribological
performance. Scanning Electron Microscopy
(SEM) validated consistent particle distribution
and robust interfacial interaction with the matrix,
particularly in the SN5 sample, which correlates
with enhanced mechanical performance and
fracture resistance. The AA 7074 + 5 wt% SizN«
composite emerged as the superior combination,
providing the most significant improvement in
mechanical properties. Its exceptional strength-to-
weight ratio, hardness, and wear resistance render
it an exceedingly promising material for aircraft
structural components and other high-performance
applications where lightweight and durability are
essential.

Keywords: AA 7074 aluminum alloy, silicon
nitride (SisN4), metal matrix composites (MMC),
stir casting, mechanical properties, tensile strength,
microstructure analysis, wear resistance, acrospace
applications

INTRODUCTION

AA 7074 aluminium alloy is extensively utilised
in aeronautical and structural applications due to its
superior strength-to-weight ratio. Silicon nitride
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(Si3Na4) is incorporated as a ceramic reinforcement to augment its mechanical qualities. This research
examines AA 7074 composites incorporating 1%, 3%, and 5% SisN4 by stir casting techniques.
Mechanical and microstructural assessments are conducted to determine the ideal composition for high-
performance applications. Enhanced mechanical qualities, including hardness (from 24.8 HV to 25.8
HV), tensile strength (up to 109.84 MPa), and flexural strength (up to 29.65 MPa), with elevated SisNa4
concentration [1]. The AA7074 matrix exhibited continuous enhancements in tensile strength (109.84
MPa), hardness (25.8 HV), and wear performance (0.02 g loss, CoF = 0.37) as SisN4 content increased
[2]. Nano-TiB: reinforcement enhances grain refinement and fortifies the metal matrix by impeding
dislocation mobility. Rheocasting guarantees uniform distribution of reinforcements, reducing porosity
and enhancing ductility [3]. SizN4 obtained from finger millet husk ash enhances the thermal resistance
and stability of the mold during casting. Optimization of molds with agro-waste-derived SisN4 improves
dimensional precision and diminishes porosity in the resultant casting [4]. Robust interfacial bonding
improves load transfer efficacy from the matrix to the reinforcement phase. Surface preparation and
adequate particle integration diminish interfacial voids and delamination under mechanical loading [5].
The incorporation of nano TiO- into epoxy enhances heat stability and mechanical strength owing to
homogeneous dispersion and robust interfacial bonding. The reinforcement withstands deformation and
improves structural rigidity [6]. CeAlOs nanoparticles produced using combustion-assisted techniques
exhibit refined grain shapes and greater homogeneity when included into polymer composites, resulting
in improved mechanical stability [7]. Chemical Vapor Deposition (CVD) facilitates meticulous
regulation of nanomaterial dimensions, architecture, and purity, crucial for customizing reinforcing
properties in composites [8]. Nano-additives enhance thermal conductivity, phase stability, and energy
storage efficiency in salt hydrate materials by improving particle interaction and dispersion [9].
Nanostructured catalysts provide elevated surface area and activity, with particle size and morphology
significantly influencing performance. A stable and uniform dispersion guarantees consistent
performance in composite systems [10]. Structural deterioration resulting from internal morphological
alterations compromises material performance over time, underscoring the necessity for a homogeneous
microstructure and robust interfaces to ensure mechanical reliability in modern material systems [11].
The deterioration of energy storage devices is affected by material composition, thermal characteristics,
and interface stability. The research indicates that regulating internal structure and reducing stress
concentrations are essential for prolonging performance lifespan, applicable to composite materials
subjected to mechanical stress [12]. Enhanced electrode materials necessitate meticulous regulation of
microstructure, particle dimensions, and dispersion to optimize energy storage efficacy. Consistent
reinforcing and robust interfacial adhesion diminish deterioration and enhance mechanical stability—
an approach equally essential in the design of high-performance composite materials [13]. Structural
integrity The response to cyclic stress is determined by the materials' capacity to accommodate
expansion and contraction, which relies on structural integrity and interfacial bonding [14]. The use of
Si2N20 improves fatigue resistance and dimensional stability under prolonged mechanical stress,
particularly at rising temperatures [15]. The incorporation of double-decker-shaped polyhedral
silsesquioxanes into the epoxy/bismaleimide matrix markedly improved thermal stability owing to the
stiff inorganic core and superior dispersion within the polymer network [16]. The uniform distribution
of nanofillers and enhanced adhesion between the matrix and fillers diminished microcrack
development and postponed failure onset under mechanical and tribological stress [17]. The
incorporation of multi-walled carbon nanotubes (MWCNT), polyaniline, and conductive carbon into
silicone rubber improved electrical conductivity and mechanical strength by establishing an
interconnected filler network within the matrix [18]. Microstructural study verified that regulated filler
distribution and adhesion with the base polymer diminished void formation and enhanced overall
performance [19]. First-principles simulations indicated that van der Waals and covalent interactions
dictate the bonding strength at the CNT—AlOs interface, which substantially influences mechanical
reinforcement efficiency [20]. Surface functionalization methods optimized the chemical compatibility
between the matrix and embedded sensing devices, facilitating stable and homogeneous integration
within the composite system [21]. The uniform dispersion and anchoring of the active phase on the
cellulose substrate ensured stable catalytic activity, underscoring the significance of surface chemistry
in performance retention [22]. The uniform distribution of active oxides and the reduction of
agglomeration are crucial for preserving structural integrity and guaranteeing consistent functional
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performance over time [23]. Advanced imaging techniques such as synchrotron X-ray tomography
elucidate microstructural flaws and underscore the essential importance of preserving a homogeneous
internal structure for material longevity [24]. The in situ insertion of TiO: into AA7075 improved
hardness and tensile strength by refining the microstructure and facilitating efficient load transmission
at the matrix-reinforcement contact [25]. Fluctuations in critical current and resistance transitions
underscored the significance of interior structure and bonding in influencing functional performance
under load [26]. The enhanced performance was ascribed to optimized grain structures and pristine
matrix-reinforcement interfaces, which diminished the occurrence of weak regions and sites for fracture
initiation [27]. The Equal Channel Angular Pressing (ECAP) of AA7075 with 2 wt.% ZrO- led to grain
refinement and increased densification, hence boosting mechanical strength and structural integrity
[28]. Robust sheath-core adhesion reduced interfacial flaws and maintained superconducting
characteristics, highlighting the significance of material compatibility and interface engineering [29].
Nano WOs inclusions improved flux pinning in Bi-2223 composites by providing finely dispersed,
nonreactive secondary phases that reinforced the internal structure without compromising the matrix
[30]. The uniform dispersion of nanoparticles inhibited grain boundary movement and mitigated weak-
link behavior, hence enhancing mechanical robustness and electromagnetic performance [31]. Grain
refinement and phase regulation via meticulous thermal processing reduced flaws and enhanced the
integrity of matrix-reinforcement surfaces under operational stress [32]. The surface morphology and
joint strength were directly affected by heat input and tool path control, emphasizing the significance
of meticulous processing in attaining structural uniformity [33]. The incorporation of graphite fillers
into epoxy composites markedly improved self-lubricating properties, decreasing the coefficient of
friction and enhancing wear resistance in dry sliding conditions [34]. Functionalized graphene improved
both tensile strength and thermal stability in jute/PLA composites by enhancing interfacial adhesion
and dispersion between the filler and the polymer matrix [35]. The incorporation of natural fillers
necessitated meticulous management of dispersion to prevent agglomeration, which might undermine
load transfer efficiency within the matrix [36]. The tiny grain size in NbsSn thin films modified the flux-
pinning force curve, demonstrating that microstructural refinement can directly affect the internal stress
distribution and energy absorption capability [37]. The integration of natural fibers enhanced stiffness
and strength, necessitating uniform dispersion and effective matrix adherence to reduce stress
concentrations and prevent premature failure [38]. The drawdown prepreg coating technique with
epoxy-terminated butadiene nitrile rubber enhanced fracture toughness by augmenting the energy
absorption capacity of the glass epoxy composite during crack propagation [39]. The conceptual design
of the solenoid highlighted the necessity of utilizing high-strength, lightweight structural materials to
maintain mechanical integrity under substantial electromagnetic stresses in extensive applications [40].

From the literature review, it is evident that the mechanical performance of aluminium alloys can be
significantly improved through ceramic reinforcement and proper processing techniques. However,
limited studies are available on AA 7074 alloy reinforced with silicon nitride (SisNa4), particularly
focusing on the combined evaluation of mechanical, tribological, and microstructural properties using
a conventional stir casting route. The findings of this work are expected to contribute to identifying an
optimum reinforcement percentage and to demonstrate the suitability of AA 7074—Si:N4 composites for
lightweight structural and aerospace-related applications.

MATERIALS AND METHODS

The AA 7074 aluminium alloy was chosen as the primary matrix due to its superior strength-to-
weight ratio and appropriateness for aeronautical and structural applications. Silicon nitride (Si3Na)
powder, averaging 10-50 um in particle size, was utilized as the ceramic reinforcement to improve
hardness, wear resistance, and thermal stability. The alloy ingots were liquefied in a graphite crucible
at temperatures ranging from 750 to 800 °C utilizing an electric resistance furnace. To enhance
wettability and reduce thermal shock, the SisNa particles were warmed to a temperature range of 500—
600 °C before incorporation. Mechanical agitation was conducted at 400-600 rpm for 5—10 minutes
with a graphite impeller, achieving uniform particle distribution inside the molten matrix. The
composite slurry was subsequently put into hot steel molds and permitted to harden. Following
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solidification, the cast billets were subjected to hot extrusion at 480—-500 °C with an extrusion ratio of
10:1 to enhance the microstructure, diminish porosity, and improve reinforcement distribution. The
extruded composites underwent solution heat treatment at 480 °C for 1 hour, followed by water
quenching and artificial aging at 120 °C for 24 hours to enhance mechanical characteristics. Test
specimens were fabricated to specified dimensions following ASTM specifications. Mechanical testing
encompassed tensile testing (ASTM E8/E8M), compression testing (ASTM E9), Vickers microhardness
evaluation, impact testing (ASTM E23), three-point bending flexural testing (ASTM D790), and wear
testing utilizing a pin-on-disc tribometer under regulated loads and sliding conditions. Figure 1 shows
the a) aluminium alloy (7074) b) silica nitride (Si3N4) c) stir casting machine.

EXPERIMENTAL METHOD

The composites produced through stir casting and extrusion underwent an extensive array of
mechanical testing to assess their performance under various loading circumstances. Standard
specimens were fabricated in accordance with ASTM criteria prior to testing. The tensile test was
conducted in accordance with ASTM E8/E8M standards utilizing a universal testing equipment at
ambient temperature, with a strain rate of 1073 577, to ascertain the ultimate tensile strength and ductility.
Compression testing was conducted in accordance with ASTM E9 on cylindrical specimens, assessing
the load-displacement characteristics and maximum compressive strength. The flexural parameters
were assessed via the three-point bending method per ASTM D790, yielding insights into stiffness and
crack propagation resistance. The Charpy method, in accordance with ASTM E23, was employed to
ascertain impact toughness by measuring the energy absorbed during rapid fracture. Hardness
assessment was conducted utilizing a Vickers microhardness tester with a 500 g load and a 15-second
dwell duration, averaging ten indentations for each sample. Wear resistance was evaluated using a pin-
on-disc tribometer with a 20 N load, a sliding distance of 1000 m, and a velocity of 0.5 m/s. An
examination of the microstructure was performed utilizing optical microscopy and scanning electron
microscopy (SEM) in conjunction with energy-dispersive spectroscopy (EDS), facilitating a
comprehensive analysis of reinforcement distribution, grain refinement, fracture characteristics, and
interfacial bonding between AA 7074 and SisNa particles. Collectively, these experimental techniques
facilitated a dependable evaluation of the composites' mechanical and microstructural properties.

) "

) i/
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)
Figure 1. (2) Aluminium alloy (7074);) (b) Silica nitride (Si3Na); (c) stir casting machine.
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MECHANICAL TESTING:

The manufactured AA 7074-SisNs composite specimens underwent a number of standardised
mechanical tests to assess their strength, toughness, and wear resistance. All specimens were prepared
in accordance with ASTM standards prior to testing. The tensile test was conducted in accordance with
ASTM E8/E8M utilising a universal testing machine on flat specimens, yielding data on ultimate tensile
strength, elongation, and stress-strain characteristics. The compression test, performed according to
ASTM E9, assessed the load-bearing capacity and deformation properties of cylindrical specimens
under uniaxial loading. The flexural behaviour was evaluated by the three-point bending method
(ASTM D790), which quantified resistance to bending forces and offered insights into stiffness and
fracture initiation. The Charpy test, conducted per ASTM E23, assessed impact strength by measuring
the energy absorbed by the material during abrupt fracture, hence showing its toughness. Surface
hardness was assessed with the Vickers microhardness technique employing a 500 g load and a 15-
second dwell period, averaging 10 measurements for uniformity. The tribological behaviour was
assessed using a wear test utilising a pin-on-disc tribometer, applying a force of 20 N, a sliding distance
of 1000 m, and a velocity of 0.5 m/s, while measuring wear loss and the coefficient of friction. This
thorough mechanical testing methodology yielded a dependable evaluation of the impact of differing
Si3Na reinforcement levels on the strength, hardness, ductility, toughness, and wear resistance of AA
7074 composites. Figure 2 denotes the experimental setup for the following tests: (a) compression, (b)
flexural, (c) impact, and (d) wear.

@ ‘

(c)
Figure 2. The experimental setup for the following tests: (a) Compression, (b) Flexural, (¢) Impact,
and (d) Wear
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Figure 3. Compression test results for the samples.

RESULTS AND DISCUSSION
Compression Test

The compressive strength of the AA 7074-SisNs composites rose incrementally with elevated
reinforcing levels. The unreinforced alloy demonstrated a compressive strength of 575 MPa, while the
1 wt% SisNa4 composite (SN1) enhanced to 582.87 MPa. Additional improvement was noted for SN3 (3
wt%), attaining 585.37 MPa, whereas the 5 wt% reinforced composite (SN5) had a peak strength of
590.36 MPa, indicating an overall boost of roughly 17% relative to the basic alloy. The consistent
enhancement is due to the efficient load transfer between the aluminum matrix and the hard ceramic
particles, which impede dislocation movement and diminish localized deformation.

The compressive stress—strain curves demonstrated elastic—plastic behavior, with elevated yield
points for reinforced composites, signifying enhanced resistance to plastic deformation. The use of
SisNa particles resulted in improved dimensional stability and less strain localization under loading
conditions. The findings indicate that enhanced reinforcement content resulted in improved
compressive performance, rendering the composites appropriate for structural elements exposed to
significant compressive stresses. Figure 3 illustrates the results obtained from the Compression test
conducted on the samples.

Tensile Test

The tensile strength of the AA 7074—Si:Na composites demonstrated a steady enhancement with
higher reinforcing content. The ultimate tensile strength of the unreinforced alloy (SN1) was recorded
at 105.38 MPa. The incorporation of 1 wt% SisN4 (SN1) resulted in a strength of 108.58 MPa, which
further increased to 109.84 MPa with 3 wt% reinforcement (SN3). The tensile strength of the 5 wt%
composite (SN5) was measured at 69.43 MPa, indicating an enhancement at 3 wt% to the basic alloy.
The yield strength exhibited a same pattern, rising from 108.58 MPa in SN1 to 109.84 MPa in SN3.

The enhancement is due to the homogeneous dispersion of hard SisN4 particles, which served as
impediments to dislocation movement and promoted efficient load transfer between the matrix and the
reinforcement. The stress—strain curves indicated less necking and enhanced strain hardening in
reinforced specimens relative to the unreinforced alloy. Fractographic study indicated ductile fracture
characterised by dimples in SN 1, while reinforced samples had a mixed-mode fracture with fine dimples
and particle-matrix bonding areas, hence affirming the strengthening effect of SisNa. Figure 4 illustrates
the results obtained from the tensile test conducted on the samples.

Flexural Test

The flexural strength of the AA 7074—Si:Na4 composites consistently improved with the incorporation
of reinforcement. The unreinforced alloy exhibited a flexural strength of 22.56 MPa, but the 1 wt%
SisNa4 composite (SN1) demonstrated an enhancement to 24.09 MPa. Additional improvement was
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noted at 3 wt% reinforcement (SN3), achieving 26.83 MPa. The maximum strength was obtained with
5 wt% SisN4 (SNS5), where the flexural strength reached 29.65 MPa, indicating an overall enhancement
of approximately 31% relative to the basic alloy.

This pattern illustrates the reinforcing effect of the ceramic, which impedes bending deformation and
postpones fracture onset. The homogeneous distribution of SisNa particles within the aluminium matrix,
along with less porosity due to the extrusion process, boosted bending resistance. Fractographic analysis
indicated that unreinforced specimens had brittle fracture with extensive crack propagation regions,
while reinforced composites exhibited narrower crack trajectories and signs of particle-matrix
interaction, hence validating the contribution of SisNa to enhanced flexural performance. Figure 5
presents the results obtained from the flexural test conducted on the samples.

Hardness Test

The Vickers hardness test demonstrated a consistent rise in hardness values with the use of silicon
nitride reinforcement. The unreinforced alloy exhibited a hardness of 24.4 HV, but the 1 wt% reinforced
specimen (SN1) shown a marginal rise to 24.8 HV. A notable enhancement was recorded at 3 wt%
reinforcement (SN3), attaining 25.2 HV, while the highest hardness was attained with the 5 wt% SisNa4

composite (SN5), which reached 25.8 HV, indicating an approximate 5.75% increase over the base
alloy.

B Tensile strength

Z 100 -
<
)
=)
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Figure 4. Tensile test results for the samples.
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Figure 5. Flexural test for the samples.
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The increase in hardness is due to the presence of hard ceramic particles, which serve as efficient
barriers to plastic deformation and dislocation movement within the aluminium matrix. The
homogeneous distribution of SizNa throughout the matrix enhanced the material's resistance to
indentation and localized strain, leading to increased hardness levels. The results validate the beneficial
impact of reinforcement on the surface strength and wear resistance of the formulated composites.
Figure 6 displays the results obtained from the Hardness test conducted on the samples.

Impact Test

The impact strength of the AA 7074—Si:N4 composites exhibited a distinct enhancement with higher
reinforcing content. The unreinforced alloy absorbed 11.6 J of energy during fracture, while the 1 wt%
reinforced specimen (SN1) exhibited a somewhat greater value of 13.8 J. A significant rise was noted
in the 3 wt% composite (SN3), which attained 15.3 J, whilst the peak toughness was recorded at 5 wt%
reinforcement (SNS5), with an absorbed energy of 17.6 J. This represents an overall augmentation of
around 51% relative to the basic alloy.

The improved impact resistance is due to SisNa particles, which functioned as crack deflectors and
energy absorbers under abrupt loading conditions. The robust particle-matrix interaction inhibited rapid
crack development, thus enhancing the energy absorption capacity of the composites. Fracture surface
analysis corroborated this behaviour: unreinforced specimens displayed extensive cleavage facets
characteristic of brittle fracture, but reinforced samples revealed smaller dimples and signs of particle
pull-out, signifying a shift towards mixed-mode fracture with enhanced toughness. Figure 7 displays
the results obtained from the impact test conducted on the samples.
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Figure 6. Hardness test for the samples.
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Figure 7. Impact test for the samples.
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Figure 8. Wear test for the samples.

Wear Test

The pin-on-disc wear test findings indicated a significant decrease in wear loss with the augmentation
of SisNa reinforcement. The unreinforced alloy demonstrated the greatest wear loss of 0.03 g, signifying
inadequate surface resistance under sliding conditions. The Wear loss consistently measured 0.02 g
across all samples, whereas the coefficient of friction was minimal for SN5 at 0.37, indicating a
reduction to the base alloy. The coefficient of friction exhibited a comparable declining pattern with
increased reinforcing levels. The enhancement in wear performance is ascribed to the evenly distributed
hard SisN4 particles inside the aluminium matrix, which serve as load-bearing components and shield
the softer matrix from significant abrasion. Figure 8 denotes the wear test for the samples.

Comparative Study

A comparative analysis of the mechanical test outcomes demonstrated a uniform enhancement in
characteristics with the augmentation of silicon nitride reinforcement. The unreinforced AA 7074 alloy
demonstrated the lowest values of strength, toughness, and hardness in all assessments, hence affirming
its inadequate performance in demanding applications. Incorporating 1 wt% SisNa (SN1) resulted in
moderate gains in tensile strength, hardness, and impact energy, however the benefits were not
substantial. The 3 wt% composite (SN3) exhibited enhanced flexural strength and toughness,
demonstrating that increased reinforcing levels greatly improved fracture resistance and stiffness. The
5 wt% SisN4 composite (SN5) attained optimal performance, exhibiting the best tensile strength (109.84
MPa), flexural strength (29.65 MPa), hardness, and impact energy (17.6 J), alongside the minimal wear
loss in pin-on-disc testing. These findings underscore the significance of ceramic reinforcement in
enhancing the aluminium matrix via efficient load transmission, dislocation obstruction, and fracture
deflection mechanisms. The comparison analysis verifies that SisN4 reinforcement not only augments
the overall mechanical performance but also enhances the dependability and longevity of AA 7074 for
prospective structural and aeronautical applications. Figure 9 shows the comparative study test for the
samples.

Microstructural Analysis

The SEM micrographs illustrate the microstructural evolution of AA 7074 alloy with increasing SizNa
reinforcement content. The base AA 7074 alloy shows a continuous aluminium matrix with visible
grain boundaries and comparatively smooth surface morphology. Since no ceramic reinforcement is
present, the microstructure mainly reflects the cast aluminium alloy matrix, where grain boundary
regions may act as preferred sites for deformation and crack initiation under mechanical loading. In the
AA 7074 + 1 wt% SizNa composite, a small quantity of SisNa particles is observed within the aluminium
matrix. The reinforcement distribution is limited, and particles are mostly isolated.
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Figure 10. SEM images of (a) AA 7074 base alloy, (b) AA 7074 + 1 wt% SisN4, (c) AA 7074 + 3
wt% SizNa, and (d) AA 7074 + 5 wt% SizNa composites.

This indicates that the ceramic phase has begun to participate in strengthening, but the low
reinforcement content provides only moderate improvement in load transfer and resistance to plastic
deformation. The AA 7074 + 3 wt% Si:Na composite shows better particle dispersion compared with
the 1 wt% sample. The SisNa particles are more evenly distributed throughout the matrix, reducing
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localized particle-free regions. This improved dispersion supports better stress transfer from the softer
aluminium matrix to the harder ceramic particles. It also restricts dislocation movement, which
contributes to the observed increase in tensile strength, hardness, flexural strength, and impact
resistance reported in the manuscript. The AA 7074 + 5 wt% SisN4 composite exhibits the most uniform
reinforcement distribution and stronger matrix—particle interfacial bonding. The ceramic particles
appear well embedded in the AA 7074 matrix, suggesting effective incorporation during stir casting,
extrusion, and heat treatment. This uniform structure reduces porosity, limits crack propagation, and
improves resistance to localized deformation. The SEM observation supports the mechanical results,
where the 5 wt% SisN4 composite showed the best overall performance, including higher compressive
strength, flexural strength, hardness, impact strength, and lower coefticient of friction. Overall, the SEM
analysis confirms that increasing SisN4 content improves the microstructural stability of AA 7074
composites. The transition from a plain aluminium matrix to a uniformly reinforced composite structure
explains the enhancement in mechanical and tribological properties. The 5 wt% SizNa composite can
therefore be considered the optimum composition, as it provides uniform particle dispersion, improved
interfacial bonding, reduced crack initiation sites, and superior strengthening efficiency. Figure 10
shows the SEM images of (a) AA 7074 base alloy, (b) AA 7074 + 1 wt% SisN4, (c) AA 7074 + 3 wt%
Si3Ns, and (d) AA 7074 + 5 wt% SizNa composites.

CONCLUSION

This study effectively manufactured AA 7074 aluminium alloy composites reinforced with silicon
nitride (SisN4) particles using stir casting, followed by extrusion and heat treatment. The main aim was
to examine the influence of reinforcement content on the mechanical and tribological characteristics of
the produced composites. The testing results exhibited a consistent enhancement in tensile,
compressive, flexural, impact, and hardness parameters with the incorporation of SisN4, as well as
improved wear resistance. The 5 wt% reinforced composite had the highest tensile strength (109.84
MPa), flexural strength (29.65 MPa), and impact energy (17.6 J), concurrently exhibiting the lowest
wear loss. Microstructural investigation verified a homogeneous distribution of ceramic particles inside
the matrix, negligible porosity, and robust interfacial bonding, which combined enhanced the
mechanical properties and fracture resistance. The comparison analysis confirmed that the
reinforcement content significantly influenced the overall performance of the composites. The basic
alloy had the lowest strength and hardness, but the reinforced samples, especially SNS, consistently
excelled in all assessed characteristics. SisN4 served as an efficient strengthening agent by refining
grains, impeding dislocation movement, and hindering crack propagation. The advancements render the
proposed AA 7074-SizNs composites viable options for structural, automotive, and aerospace
applications necessitating lightweight materials with superior strength, durability, and wear resistance.
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