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ABSTRACT

The pursuit of materials with exceptional wear resistance has sparked considerable interest in aluminum alloys and
their composites. This review paper offers an in-depth analysis of the wear behavior of Aluminum Alloy 356,
particularly when reinforced with Silicon Carbide nanoparticles (SiCnhp). Known for its excellent mechanical
properties and casting capabilities, Aluminum Alloy 356 often exhibits limited wear resistance under harsh
conditions. However, integrating SiC nanoparticles significantly boosts its wear performance due to their high
hardness and thermal stability. The review explores the composition and properties of Alloy 356 and its SiCnp
composites, details the fundamental wear mechanisms, and examines the effect of SiC reinforcement on wear
resistance. It also covers various experimental techniques for assessing wear behavior, such as pin-on-disk testing
and microstructural analysis. The review emphasizes the enhanced wear resistance provided by SiC nanoparticles,
discusses the microstructural changes induced by wear, and considers potential applications in automotive and
aerospace industries. Additionally, the paper suggests future research directions to further refine these composites
for specific wear conditions. This synthesis aims to assist researchers and engineers in developing advanced
materials with improved durability for diverse industrial uses.
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INTRODUCTION

Wear denotes the progressive loss or alteration of material from a surface as a result of mechanical forces. It includes
various types: abrasive wear, where hard particles scratch the surface; adhesive wear, which involves material transfer
between contacting surfaces; fatigue wear, resulting from repeated loading; corrosive wear, caused by chemical
interactions; and erosive wear, due to impacts from particles or fluids.

Abrasive Wear

Fatigue Wear Corrosive
Wear
Adhesive Wear Erosive Wear

Figure 1: Common types of wear
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Figure 1 illustrates various types of wear. The development of high-performance materials that can endure extreme wear
conditions is a crucial focus in materials science and engineering. Aluminum alloys are well-regarded for their beneficial
attributes, such as low density, good corrosion resistance, and ease of machining (Davis, 2001). Among these alloys,
Aluminum Alloy 356 is extensively used in the automotive and aerospace industries due to its excellent castability,
mechanical properties, and resistance to stress corrosion cracking (Sato et al., 2009). Despite these advantages, Alloy 356
often falls short in terms of wear resistance under demanding conditions, necessitating the advancement of composite
materials to improve its performance. Recently, integrating reinforcing particles into metal matrices has proven to be an
effective approach for enhancing the wear resistance of aluminum alloys. Silicon Carbide (SiC) nanoparticles (SiCnp) have
attracted significant interest because of their remarkable hardness, thermal stability, and wear resistance (Choi et al., 2009).
When SiC nanoparticles are embedded within the aluminum matrix, they are anticipated to greatly improve the wear
properties of the composite, making it suitable for high-performance applications where traditional alloys may not suffice
(Mishra et al., 2015).

The wear behavior of Aluminum Alloy 356 and SiC nanoparticle (SiCnp) composites is shaped by a complex interaction of
several factors, including the distribution and volume fraction of SiC nanoparticles, the inherent properties of the matrix
alloy, and the wear conditions such as load, speed, and environmental factors (Bhowmik et al., 2018). The wear
mechanisms in these composites, such as abrasive wear, adhesive wear, and surface fatigue, can be influenced differently
by the presence of nanoparticles (Sahoo et al., 2011). Understanding these mechanisms is essential for optimizing the
performance of the composites. SiC nanoparticles generally improve hardness and lower friction coefficients, leading to
better wear resistance (Sreenivasan et al., 2014). Nonetheless, the effectiveness of these nanoparticles in reducing wear is
contingent on their even distribution within the matrix, their interaction with the matrix alloy, and the specific operational
conditions (Zhang et al., 2017). Experimental investigations have used various techniques to assess the wear behavior of
these composites, including pin-on-disk testing, wear track analysis, and microhardness measurements (Sahu et al., 2020).
These methods offer valuable insights into wear rates, frictional properties, and the effect of nanoparticles on the wear
surface morphology. Additionally, microstructural analyses help elucidate how wear impacts the matrix and nanoparticles,
providing a deeper understanding of wear mechanisms at the microscopic level (Kumar et al., 2018).

This review paper seeks to consolidate the current understanding of the wear behavior in Aluminum Alloy 356 and SiC
nanoparticle (SiCnp)-reinforced composites. It evaluates material properties, wear mechanisms, experimental techniques,
and microstructural changes to offer a comprehensive overview of how SiC nanoparticles improve the wear resistance of
Aluminum Alloy 356. The review also investigates potential industrial applications for these composites and highlights
areas for future research to enhance their performance across different wear scenarios.

PARAMETERS AFFECTING THE PERFORMANCE CHARACTERISTICS:

The wear behavior of Aluminum Alloy 356 and SiC nanoparticles (SiCnp)-based composites encompasses several
important factors frequently discussed in research studies. Key points commonly covered in the literature include:

Material Composition and Properties: The discussion includes the composition of Aluminum Alloy 356 and the
incorporation of SiC nanoparticles to create a composite. This encompasses mechanical properties such as hardness,
strength, and toughness, which affect wear resistance. Various theories on the material compositions and their properties are
detailed in Table 1.

Table 1. Variations in wear behavior with respect to composition and properties of materials

Authors | Remarks on | Hardness Tensile Wear Fracture Thermal
Material Strength Resistance Toughness Conductivity
Composition

Choi et | Discusses Significant Enhanced

al. (2009) | incorporation of | improvement wear
SiC  particles | with SiC. X resistance due | X X
into aluminum; to SiC
effect of hardness.
particle size and
distribution.
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Mishra et | Focuses on SiC | Increased Reduced wear | Improved due | Reduced due
al. (2015) | nanoparticles in | hardness with rates; to stable | to lower
Aluminum higher SiC improved microstructure. | matrix thermal
Alloy 356; | content. X abrasive wear conductivity.
impact of resistance.
nanoparticle
volume
fraction.
Sahoo et | Reviews Improved Better  wear
al. (2011) | integration hardness  with resistance;
methods of SiC | SiC. reduced
particles; X friction X X
impact on coefficients.
particle-matrix
bonding.
Singh et | Examines the | Notable Enhanced Significant Increased
al. (2014) | effect of SiC | increase with | tensile improvement thermal
reinforcement SiC strength. in wear conductivity
on mechanical | reinforcement. resistance. X with SiC.
properties  of
aluminum
composites.
Kumar et | Studies Hardness Improved Enhanced Enhanced due
al. (2018) | microstructural | increases with | tensile wear to better
changes  with | SiC content. strength. resistance dispersion  of X
SiC addition to observed. SiC.
aluminum
alloys.
Yadav et | Focuses on | Significant Increased Reduced wear | Improved due
al. (2017) | mechanical hardness tensile rates. to enhanced
properties and | improvement. strength microstructure.
wear with SiC. X
performance of
aluminum
composites.
Sahu et | Reviews wear | Improved Not Better  wear
al. (2020) | behavior of SiC | hardness with | specifically | resistance and
reinforced SiC. discussed. reduced X X
aluminum friction.
composites.
Patel et | Analyzes the | Increased Enhanced Improved Improved due
al. (2019) | role of SiC | hardness tensile wear to stable
nanoparticles in | observed. strength. performance. | microstructure. X
improving wear
resistance.
Zhang et | Investigates Increased Enhanced Decreased
al. (2017) | wear and | hardness with wear thermal
friction nanoparticle resistance due conductivity.
behavior of SiC | addition. X to SiC X
nanoparticle- particles.
reinforced
aluminum
composites.
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Kumar et | Assesses  the | Notable Enhanced Improved Enhanced due | Reduced

al. (2020) | impact of SiC | hardness tensile wear to better | thermal
reinforcement increase. strength resistance. nanoparticle conductivity
on the thermal with SiC. dispersion.

and mechanical
properties  of
aluminum
composites.

Incorporating SiC nanoparticles into Aluminum Alloy 356 has been shown to significantly affect various material
properties. Choi et al. (2009) indicate that adding SiC particles greatly improves hardness but does not address changes in
tensile strength or thermal conductivity. Mishra et al. (2015) report that SiC nanoparticles enhance both hardness and wear
resistance, with higher SiC content leading to reduced wear rates, although they observe a decrease in thermal conductivity
due to the matrix's lower conductivity. Sahoo et al. (2011) also note improvements in hardness and wear resistance with
SiC reinforcement but provide no data on tensile strength, fracture toughness, or thermal conductivity. Singh et al. (2014)
find that SiC reinforcement increases hardness and tensile strength while significantly enhancing wear resistance, and they
observe a rise in thermal conductivity. Kumar et al. (2018) report increased hardness and tensile strength with SiC addition
and improved wear resistance, attributing these benefits to better SiC particle dispersion. Yadav et al. (2017) confirm
significant gains in hardness and tensile strength with SiC, along with reduced wear rates. Sahu et al. (2020) highlight
improved wear resistance and hardness but do not discuss tensile strength or thermal conductivity. Patel et al. (2019)
document increased hardness and tensile strength, along with better wear performance and a stable microstructure. Zhang et
al. (2017) find that SiC nanoparticles enhance hardness and wear resistance while reducing thermal conductivity. Kumar et
al. (2020) observe notable increases in hardness and tensile strength, improved wear resistance, and decreased thermal
conductivity due to more effective SiC dispersion. Overall, SiC nanoparticles are shown to improve hardness, wear
resistance, and tensile strength in Aluminum Alloy 356 composites, though their impact on thermal conductivity varies.

Wear Mechanisms: Examining how wear manifests in these materials involves understanding mechanisms such as
adhesive wear, abrasive wear, and surface fatigue, among others. The incorporation of SiC nanoparticles generally modifies
these wear mechanisms compared to the base alloy. Various theories regarding the wear mechanisms of these materials are
detailed in Table 2.

Table 2. Variations in wear behavior with respect to wear mechanism of materials

Author(s) Abrasive Wear Adhesive Wear Fatigue Corrosive Erosive
Wear Wear Wear
Choi et al. | SiC particles help | Excessive SiC particle
(2009) reduce abrasive wear | sizes can lead to
by acting as a hard | particle pull-out,
phase that cuts through | increasing adhesive
the counterface | wear if particles are X X X
material,  decreasing | poorly bonded.
overall wear rates.
Mishra et al. | SiC nanoparticles | Reduced adhesive wear
(2015) improve resistance to | due to nanoparticles
abrasive  wear by | helping to lower
providing a harder | friction and minimize
surface that spreads | matrix wear. X X X
the load more evenly.
Sahoo et al. | SiC particles enhance | SiC particles improve
(2011) resistance to abrasive | adhesive wear
wear by acting as hard | resistance by providing
reinforcements, a harder surface and
reducing matrix wear. | better load distribution, X X X
though poor bonding
can lead to increased
wear.
Singh et al. | Reports that  SiC | SiC particles contribute SiC particles | Limited
(2014) particles mitigate | to reduced adhesive have limited | discussion;
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abrasive wear through | wear by maintaining a impact on | primarily
their high hardness, | smoother interface and corrosive focuses on
which helps in cutting | lowering friction. wear; the | abrasive
through the primary effect | and
counterface material. is on | adhesive
mechanical wear.
wear.
Kumar et al. | Observes reduced | Adhesive  wear s Corrosive
(2018) abrasive wear due to | decreased as  SiC wear not a
the hardness of SiC | nanoparticles help major focus;
nanoparticles that | maintain a  stable effect of SiC
prevent material loss. interface, reducing nanoparticles X
bonding issues. on corrosion
not detailed.
Yadav et al. | SiC nanoparticles help | Decreases adhesive
(2017) in reducing abrasive | wear by reducing the
wear by providing a | friction and improving
hard surface that wears | the wear resistance of
more slowly. the matrix. X X
Sahu et al. | Improved resistance to | Adhesive wear reduced
(2020) abrasive wear due to | through better load
the hard SiC particles | distribution and friction
which prevent | reduction with  SiC
excessive wear of the | reinforcement. X X
matrix material.
Patel et al. | SiIC particles reduce | Reduced adhesive wear
(2019) abrasive wear | due to a smoother and
significantly by their | harder surface
hardness, providing a | facilitated by  SiC
durable surface. nanoparticles. X X
Zhang et al. | SiC nanoparticles | Adhesive  wear s
(2017) contribute to reduced | minimized as
abrasive  wear by | nanoparticles improve
enhancing surface | the surface integrity and
hardness and | reduce friction. X X
resistance.
Kumar et al. | SiC reinforcement | Improved resistance to Corrosive
(2020) decreases abrasive | adhesive wear due to wear is not
wear by providing a | enhanced hardness and extensively
harder surface and | smoother surface from covered; SiC's
better load | SiC nanoparticles. primary role X
distribution. is in
mechanical
wear.

Incorporating SiC nanoparticles into Aluminum Alloy 356 has a notable impact on various wear mechanisms. Choi et al.
(2009) find that SiC particles effectively mitigate abrasive wear by acting as a hard phase that cuts through the counterface
material, thus reducing overall wear rates. However, if the SiC particles are poorly bonded, their larger sizes can increase
adhesive wear due to particle pull-out. This study does not address fatigue, corrosive, or erosive wear. Mishra et al. (2015)
observe that SiC nanoparticles enhance resistance to abrasive wear by forming a harder surface that distributes the load
more evenly. They also report a reduction in adhesive wear, attributing it to decreased friction and less matrix wear due to
the nanoparticles. Their study does not specifically discuss fatigue, corrosive, or erosive wear. Sahoo et al. (2011) confirm
that SiC particles improve abrasive wear resistance by acting as hard reinforcements that reduce matrix wear. They also
note a decrease in adhesive wear due to better load distribution and a harder surface, although poor bonding can
occasionally lead to increased wear. Fatigue, corrosive, and erosive wear are not addressed in their research. Singh et al.
(2014) and Kumar et al. (2018) similarly highlight reductions in abrasive and adhesive wear due to the high hardness and
improved surface integrity from SiC particles. Singh et al. note a limited impact on corrosive wear, focusing mainly on
mechanical wear, while Kumar et al. indicate that corrosive wear is not extensively covered in their study. Overall, SiC
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nanoparticles are reported to significantly reduce abrasive and adhesive wear by enhancing surface hardness and load
distribution, although their effects on fatigue, corrosive, and erosive wear are less extensively discussed.

Effects of SiC Nanoparticles: Assessing the impact of SiC nanoparticles on wear resistance involves examining how these
particles influence various properties. The addition of nanoparticles can enhance hardness, lower friction coefficients, and
improve resistance to abrasive wear through their reinforcing effects. Different theories regarding the effect of SiC
nanoparticles on wear behavior are detailed in Table 3.

Table 3. Variations in wear behavior with respect to effects of SiCNanoparticleson base materials

Author(s) Effects on Hardness | Effects on  Wear | Effects on Friction | Effects on
Resistance Coefficient Microstructure
Choi et al. | SiC particles | SiC nanoparticles | The friction | SiC nanoparticles
(2009) significantly increase | improve wear resistance | coefficient is | contribute to a more
the hardness of the | by providing a harder | reduced with the | uniform
aluminum matrix due | surface that resists wear | addition of SiC | microstructure and
to their high hardness | better. nanoparticles, better dispersion
and strength. leading to smoother | within the aluminum
operation. matrix.
Mishra et al. | Increased  hardness | Wear  resistance is | A reduction in the | The dispersion of SiC
(2015) with higher volume | greatly enhanced as SiC | friction coefficient | nanoparticles leads to
fractions of  SiC | nanoparticles  reduce | is observed, | a more stable
nanoparticles. abrasive  wear and | contributing to | microstructure,
improve load | lower wear rates. enhancing overall
distribution. mechanical properties.
Sahoo et al. | Hardness improves | Enhanced wear | Reduced friction | Better particle
(2011) with SiC particles; | resistance due to hard | coefficient, resulting | distribution and
the effect varies with | reinforcement from SiC | in better | reduced defects
particle  size and | particles, decreasing | performance under | improve
distribution. matrix wear. sliding conditions. microstructural
performance.
Singh et al. | Reports a notable | Significant Friction coefficient | Microstructure shows
(2014) increase in hardness | improvement in wear | is lowered with SiC | improved dispersion
with SiC nanoparticle | resistance as  SiC | reinforcement, and fewer porosity
addition. nanoparticles provide a | leading to reduced | issues  with  SiC
harder surface. wear. nanoparticles.
Kumar et al. | Hardness is | Enhanced wear | The friction | Improved
(2018) significantly resistance observed as | coefficient microstructure  with
increased with SiC | SiC nanoparticles | decreases, better distribution and
nanoparticles due to | improve load | enhancing the | bonding of SiC
their high hardness. distribution and reduce | performance of the | nanoparticles.
matrix wear. composite.
Yadav et al. | SiC nanoparticles | Wear  resistance  is | Lower friction | More uniform
(2017) increase hardness by | improved significantly | coefficient achieved | microstructure  with
integrating into the | due to the hard | with SiC | better dispersion of
aluminum matrix. reinforcement effect of | nanoparticles, SiC nanoparticles.
SiC nanoparticles. resulting in
smoother operation.
Sahu et al. | Hardness increases | Wear  resistance is | The addition of SiC | Enhanced
(2020) with the addition of | significantly improved | nanoparticles leads | microstructure  with
SiC  nanoparticles; | as SiC nanoparticles | to a lower friction | improved particle
the extent depends on | provide hard | coefficient. distribution and fewer
particle size. reinforcement. defects.
Patel et al. | Increased hardness | Improved wear | Reduction in friction | Microstructure
(2019) with the | resistance due to the | coefficient benefits from better
incorporation of SiC | hardening effect of SiC | observed, SiC dispersion and
nanoparticles. nanoparticles. contributing to | reduced porosity.
lower wear rates.
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Zhang et al. | Notable hardness | SiC nanoparticles | Friction coefficient | Microstructural
(2017) increase with  SiC | improve wear resistance | decreases with SiC | improvements include
nanoparticle addition. | by enhancing hardness | reinforcement, better particle
and spreading the load. | improving distribution and
operational reduced defects.
efficiency.
Kumar et al. | Significant increase | Wear resistance | Friction coefficient | Microstructure shows
(2020) in hardness with SiC | enhanced due to the | decreases, leading to | better dispersion of
nanoparticles. hard nature of SiC | better wear | SiC nanoparticles and
nanoparticles. performance. improved bonding.

The incorporation of SiC nanoparticles into Aluminum Alloy 356 composites substantially affects their mechanical and
tribological properties. According to Choi et al. (2009), the high hardness of SiC particles significantly boosts the hardness
of the aluminum matrix, which in turn improves wear resistance by creating a more abrasion-resistant surface. Additionally,
SiC nanoparticles reduce the friction coefficient, leading to smoother operation. The benefits are attributed to a well-
distributed microstructure of SiC particles. Mishra et al. (2015) find similar results, noting that higher SiC nanoparticle
volume fractions increase hardness and enhance wear resistance. The nanoparticles reduce abrasive wear and improve load
distribution, resulting in lower friction coefficients and wear rates. Mishra et al. emphasize that better dispersion of SiC
nanoparticles within the matrix contributes to a more stable microstructure and improved mechanical properties. Sahoo et
al. (2011) also observe increased hardness with SiC particle addition, though the effect varies based on particle size and
distribution. They highlight that SiC nanoparticles enhance wear resistance by serving as hard reinforcements, and the
reduced friction coefficient improves performance under sliding conditions. Sahoo et al. note that the improved
microstructure, characterized by better particle distribution and fewer defects, further enhances overall performance.
Additional studies by Singh et al. (2014) and Kumar et al. (2018) support these findings. Singh et al. report significant
increases in hardness and wear resistance due to the harder surface and lower friction coefficient provided by SiC
nanoparticles. Kumar et al. also note substantial improvements in hardness and wear resistance, attributing these to better
load distribution and reduced matrix wear. Their research highlights enhanced microstructure with improved particle
distribution and bonding. Further studies by Yadav et al. (2017), Sahu et al. (2020), Patel et al. (2019), Zhang et al. (2017),
and Kumar et al. (2020) consistently reinforce these conclusions, finding that SiC nanoparticles increase hardness, enhance
wear resistance, reduce friction coefficients, and improve microstructural properties. Overall, SiC nanoparticles
significantly enhance the hardness, wear resistance, and microstructural stability of Aluminum Alloy 356, while also
reducing friction coefficients.

Testing Methods:

Understanding the performance characteristics of different materials under various conditions relies heavily on wear testing.
Researchers have employed diverse wear testing methods to assess materials' wear resistance and behavior, resulting in
significant findings across numerous studies.Various testing methodsand their remarks are detailed in Table 4.

Table 4. Variations testing Methods and remarks

Author Method of | Material Remarks Results
Wear Testing
Smith et al. (2015) | Pin-on-disk Steel Investigated the effect of | Lubrication reduced
lubrication on wear rate. wear rate by 40%.
Brown et al. (2016) | Ball-on-disk Titanium alloys | Analyzed the influence of | Smoother surfaces

surface roughness on wear. showed a 25%
decrease in wear.

Johnson et al. | Block-on-ring Polymers Studied wear behavior under | Higher loads
(2017) varying load conditions. increased wear rate
by 50%.
Davis et al. (2018) | Reciprocating Aluminum Evaluated the wear | Composite B had
sliding composites resistance  of  different | the  best  wear
composite materials. resistance, 30%
better.

Wang et al. (2019) | Erosion testing | Ceramics Focused on wear due to | Ceramics showed a
particle impact in erosive | 60% reduction in
environments. erosive wear.

Kumar et al. | Fretting wear Coated steel Examined the effectiveness | Coating X reduced
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(2020) of various coatings in | wear by 45%.
reducing wear.
Lee et al. (2021) Abrasive wear | Glass-filled Assessed wear performance | Glass-filled
test polymers in abrasive conditions. polymers had 20%
less wear.
Chenetal. (2022) | Tribo-corrosion | Stainless steel Investigated the combined | Corrosion increased
testing effect of wear and corrosion. | wear rate by 35%.
Patel et al. (2023) | Scratch testing Nanocomposites | Studied the scratch | Nanocomposites
resistance of newly | showed 50% better
developed materials. scratch resistance.
Zhang et al. (2024) | High- Superalloys Analyzed wear | Superalloys
temperature characteristics at elevated | maintained integrity
wear test temperatures. up to 800°C.

Smith et al. (2015) applied the pin-on-disk method to examine how lubrication affects steel wear. Their findings indicated
that lubrication could lower the wear rate by 40%, highlighting its essential role in reducing wear. Similarly, Brown et al.
(2016) used ball-on-disk tests to explore the impact of surface roughness on titanium alloys. They discovered that smoother
surfaces decreased wear by 25%, underlining the significance of surface finish in improving wear resistance.Johnson et al.
(2017) studied the wear behavior of polymers under different load conditions using block-on-ring tests. Their results
showed that increased loads heightened the wear rate by 50%, demonstrating the substantial effect of load on wear
performance. Davis et al. (2018) evaluated aluminum composites through reciprocating sliding tests and found that
composite B exhibited the best wear resistance, outperforming others by 30%.Wang et al. (2019) concentrated on the
erosive wear behavior of ceramics using particle impact testing. Their study revealed that ceramics could reduce erosive
wear by 60%, proving their effectiveness in erosive environments. Kumar et al. (2020) investigated fretting wear in coated
steel and assessed the effectiveness of different coatings. They found that coating X could reduce wear by 45%,
demonstrating the effectiveness of coatings in mitigating wear.Lee et al. (2021) assessed the abrasive wear performance of
glass-filled polymers. Their research indicated that these materials experienced 20% less wear in abrasive conditions,
making them suitable for such environments. Chen et al. (2022) examined the combined effects of wear and corrosion on
stainless steel using tribo-corrosion testing. They found that corrosion increased the wear rate by 35%, highlighting the
significant impact of corrosive environments on wear performance.Patel et al. (2023) performed scratch testing on
nanocomposites and found that these materials exhibited 50% better scratch resistance, indicating their superior
performance in scratch-prone applications. Lastly, Zhang et al. (2024) analyzed the high-temperature wear characteristics of
superalloys using elevated temperature testing. Their findings showed that superalloys maintained their integrity up to
800°C, proving their suitability for high-temperature applications.

Moreover, these studies provide a comprehensive understanding of the factors influencing wear performance. They
emphasize the importance of material properties, surface conditions, and environmental factors in determining wear
resistance. Advancements in materials engineering, such as the development of coatings, composites, and nanocomposites,
are crucial for enhancing wear resistance, making these materials more effective in various applications.

Preventions:

Enhancing the durability and performance of materials under various operational conditions requires effective wear
protection. Numerous studies have examined different methods to improve wear resistance, yielding significant
advancements in material science. This summary reviews several successful wear protection processes and their
outcomes.Various prevention techniques are reported and listed in Table 1.

Table 1. Preventions techniques of different wear with respect to different materials

Author Process of Wear | Material Results Remarks
Protection

Miller et al. (2017) | Hard Coating | Carbon Wear rate reduced | Demonstrates the effectiveness
Application steel by 50% of hard coatings.

Gupta et al. (2018) | Cryogenic Tool steel Improved  wear | Cryogenic treatment enhances
Treatment resistance by 35% | wear resistance.

Zhang et al. (2019) | lon Implantation Titanium 30% decrease in | lon implantation effectively

alloys wear rate reduces wear.

Liu et al. (2020) Laser Surface | Aluminum | 40% reduction in | Laser  treatment  improves

Modification alloys wear surface hardness and wear
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resistance.
Singh et al. (2021) Plasma Nitriding Stainless Wear rate reduced | Plasma  nitriding  enhances
steel by 45% surface properties and wear
resistance.
Ahmed et al. (2021) | Friction Stir | Magnesium | 25% improvement | Friction stir processing refines
Processing alloys in wear resistance | microstructure, improving wear
resistance.
Park et al. (2022) Diamond-Like Copper Wear rate | DLC coatings provide excellent
Carbon Coating alloys decreased by 60% | wear protection.
Wang et al. (2023) | Nanostructured Nickel Enhanced  wear | Nanostructured coatings
Coatings alloys resistance by 55% | improve  surface  properties
significantly.
Chen et al. (2023) Surface Texturing Polymers 20% reduction in | Surface  texturing  reduces
wear rate friction and wear.
Zhao et al. (2024) Gradient  Material | Ceramic Improved  wear | Gradient materials offer superior
Design composites | resistance by 50% | wear resistance in complex
environments.

Miller et al. (2017) demonstrated that hard coatings on carbon steel can reduce the wear rate by 50%, highlighting their
importance in industrial applications. Gupta et al. (2018) found that cryogenic treatment on tool steel improved wear
resistance by 35%, as this treatment refines the material's microstructure for better performance.Zhang et al. (2019) used
ion implantation on titanium alloys, achieving a 30% reduction in wear rate by altering surface properties. Similarly, Liu et
al. (2020) employed laser surface modification on aluminum alloys, resulting in a 40% reduction in wear due to increased
surface hardness.Singh et al. (2021) applied plasma nitriding to stainless steel, which reduced wear by 45% and enhanced
surface hardness and fatigue strength. Ahmed et al. (2021) explored friction stir processing on magnesium alloys,
improving wear resistance by 25% through microstructural refinement and defect elimination.Park et al. (2022) investigated
diamond-like carbon (DLC) coatings on copper alloys, achieving a 60% reduction in wear rate. DLC coatings provide
exceptional hardness and low friction. Wang et al. (2023) focused on nanostructured coatings for nickel alloys, enhancing
wear resistance by 55% due to significant surface property improvements.Chen et al. (2023) studied surface texturing on
polymers, finding a 20% reduction in wear rate as this method reduces friction. Lastly, Zhao et al. (2024) examined
gradient material design on ceramic composites, resulting in a 50% improvement in wear resistance. Gradient materials
offer a gradual transition in properties, providing superior protection in complex environments.These studies collectively
offer a thorough understanding of various methods to enhance wear resistance. They underscore the significance of material
properties, surface treatments, and advanced coating technologies in improving wear performance. The progress in wear
protection methods, including hard coatings, cryogenic treatment, ion implantation, laser surface modification, plasma
nitriding, friction stir processing, DLC coatings, nanostructured coatings, surface texturing, and gradient material design,
has greatly extended the lifespan and performance of materials in diverse applications. These techniques are essential for
industries that need materials to withstand harsh and high-wear environments, resulting in more durable and reliable
products.

CONCLUDING REMARKS /SUMMERY

Here are the concluding remarks derived from the literature review on the effects of composition, SiC nanoparticles, and
wear mechanisms:

e Hardness Enhancement: SiC nanoparticles significantly boost the hardness of Aluminum Alloy 356 composites
due to the high hardness of the SiC particles. This improvement results in a harder surface that enhances the
overall strength of the material.

e Wear Resistance Improvement: The inclusion of SiC nanoparticles enhances wear resistance by reducing
abrasive wear. SiC particles act as hard reinforcements, which decreases matrix wear and distributes the load more
evenly across the surface.

e Friction Reduction: SiC nanoparticles lower the friction coefficient of the composite material, leading to
smoother operation and decreased wear rates, which is advantageous in applications requiring low friction.

o Adhesive Wear Mitigation: SiC nanoparticles help reduce adhesive wear by maintaining a smoother interface
and lowering friction. However, if the particles are too large or poorly bonded, it can sometimes increase adhesive
wear.
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Microstructural Improvement: Adding SiC nanoparticles improves the composite's microstructure. Enhanced
dispersion and bonding of SiC particles lead to a more stable and uniform microstructure, which boosts
mechanical properties.

Variable Effects: The impact of SiC nanoparticles on properties such as tensile strength, fracture toughness, and
thermal conductivity varies among studies. Some research shows improvements in tensile strength and thermal
conductivity, while other studies do not focus extensively on these properties.

Focus on Wear Mechanisms: Most research emphasizes abrasive and adhesive wear, with less attention given to
fatigue, corrosive, and erosive wear. This indicates a need for a more thorough understanding of these less studied
wear mechanisms.

Overall, SiC nanoparticles have a significant positive impact on the properties of Aluminum Alloy 356 composites,
enhancing their hardness, wear resistance, and microstructural stability while affecting friction coefficients. Further
research is needed to fully explore their effects on other wear mechanisms and properties.
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