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This paper examines whether adding silicon carbide (SiC) nanoparticles (NPs) to the aluminum alloy 

Al2024 during fabrication improves its mechanical properties and microstructure. Al2024 is one of the 

most commonly used materials in advanced engineering applications. Composites are created using 

different weight percentages of SiC nanoparticles (1%, 3%, and 5%) that are mixed into the aluminum 

matrix using stir casting to achieve uniform particle distribution throughout the alloy matrix, and to 

subsequently enhance microstructural stability and optimize mechanical properties, all SiC-containing 

composites are solution-treated and artificial-aged after fabrication. Mechanical properties (tensile 

strength, yield strength, hardness, elastic modulus, and elongation-to-break) are tested for each weight 

fraction of SiC NPs added to the Aluminum matrix, showing an increase in tensile strength and 

hardness with an increasing concentration of SiC. Effective load transfer, particle strengthening, and 

refined microstructure as a result of adding SiC NPs to the matrix contributed to improved mechanical 

performance of the composites. However, the increase in tensile strength and hardness as a result of 

increased weight percentage of SiC NPs resulted in a marginal decrease in ductility, demonstrating a 

compromise between mechanical performance and ductility at higher weight percentages of SiC NPs 

in Al2024 composites. Overall, 3 wt.% SiC NPs composite had the best ratio of mechanical properties 

to weight. Its mechanical performance makes it a strong candidate for high-performance automotive 

components (ex., engine pistons) that require a lightweight structure, excellent wear resistance, and 

reliable mechanical performance. This research contributes to the continued development of high-

performance aluminum matrix composites that meet the requirements of many industrial applications.
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1. INTRODUCTION 

 

Aluminum alloys Because of their unique combination of characteristics, Al2024 and the other 

aluminum alloys that are typically utilized in modern industrial engineering applications (aerospace, 

automotive, and structural), have become critical materials for a variety of applications. Some 

examples of the specific properties of aluminum alloys that make them so useful are their high 

strength-to-weight ratio, corrosion resistance, thermal conductivity, and formability. Due to these 

mechanical and physical properties, aluminum alloys can be used as a primary material to create 

lightweight components and energy-efficient systems, with no impact on the performance or structural 

integrity of an application. In addition, because aluminum alloys can be recycled easily and have a 

lower environmental impact than many alternative materials, the demand for aluminum alloys to 

develop and implement sustainable engineering solutions is increasing. Among the different types of 

aluminum alloys, Al2024 has been distinguished as an Al-Cu-Mg based alloy with relatively high 

strength and excellent resistance to fatigue loading, which is beneficial for use in cyclic loading 

applications such as aircraft or automotive parts. However, while the advantages of using Al2024 to 

manufacture products with high-performance capabilities exceeds its drawbacks, there are still several 

inherent limitations to the use of Al2024, including relatively low wear resistance, limited hardness, 

and moderate thermal stability, particularly when subjected to elevated temperatures. Aluminum alloys 

also demonstrate susceptibility to localized forms of corrosion and decreased ductility (after 

strengthening treatments) which may limit their use in applications with stringent service conditions 

[18-20]; therefore, there is a need for advanced modification strategies in the normal mechanical and 

functional performance [21-25]. The creation of aluminum matrix composites (MMCs) containing 

ceramic particulate reinforcement in particular has proven to be one of the most effective ways to 

overcome the deficiencies of aluminum alloys. For example, silicon carbide nanoparticles (SiC NPs) 

has been shown to be a very suitable material for aluminium matrix composite reinforcement due to its 

very high intrinsic properties, including very high hardness (~2600 HV), excellent thermal 

conductivity (120–200 W/m·K), low coefficient of thermal expansion (~4 × 10-6 /°C), and excellent 

wear resistance [26-30]. Being incorporated into aluminum matrices, SiC NPs provide a means of 

strengthening through various mechanisms; for example, load transfer mechanism, dislocation 

strengthening mechanism and grain refinement mechanism [31-35]. Collectively, these mechanisms 

improve the mechanical properties such as tensile strength, stiffness, hardness as well as thermal 

stability and wear resistance.  

 

Al-SiC composites have attracted attention for use in high-performance engineering applications as a 

result of this increased research interest. There have been several studies on aluminum-based metal 

matrix composites that incorporate SiC NPs as a reinforcement; however, the effects of varying the 

SiC content and the post-processing treatments applied to Al2024 alloys still need to be studied in a 

more systematic manner [36-40]. Only very few studies have examined the effect of adding lower 

amounts of SiC (e.g., 1 to 5 wt.%) on aluminum alloys (Al2024) when subjected to heat treatment such 

as solution treatment and aging [41-45]. Furthermore, trying to attain both high strength and adequate 

ductility remains a challenge for researchers in this field [46-50]. Therefore, the present study seeks to 

determine an optimal level of reinforcement that will provide the maximum possible mechanical 

performance, while simultaneously not compromising the toughness or formability of the material, 

significantly.
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The metal matrix composites made from Al2024 and SiC are manufactured using the stir casting 

method. This widely used production method is low cost, simple, and ideal for high-volume 

production. Stir casting also produces a fairly uniform distribution of the reinforcement particles in the 

molten matrix if the appropriate processing parameters are used. The specific manufacturing process is 

outlined below. 

 

Using an electric resistance furnace, the Al2024 alloy is melted prior to charging it into the crucible. 

The alloy is charged into the crucible for a duration sufficient to achieve complete melting and 

establish appropriate fluidity within the alloy. To increase the wettability and interfacial bonding of the 

matrix with the reinforcement, Preheated SiC NPs are added to the molten metal at 800 °C (to 

eliminate moisture and surface contamination) prior to the introduction of the NPs to the molten alloy. 

Subsequently, mechanical stirring is used to ensure uniform incorporation of the SiC NPs into the 

aluminum. A graphite impeller is used to input mechanical shear within the aluminum at a fixed 

rotation speed of 500 RPM. Continuous stirring is achieved, which created a stable vortex, allowing 

uniform incorporation. Preheated SiC NPs are gradually added into the vortex (at 1, 3, & 5% by 

weight). Particles are added and distributed consistently to reduce particle agglomeration and particle 

sedimentation. Once a mixture is homogeneous, we will pour our composite melt into preheated 

metallic molds that are designed to prevent premature solidification and thermal shock. The completed 

castings will then be allowed to cool under controlled conditions, resulting in relatively uniform 

microstructures for future processing and analysis. 
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A two-step heat treatment process is applied to improve the uniformity of the microstructure and the 

mechanical properties of the composites made from the fabricated composites. The heat treatment 

process consists of two steps: solution heat treatment and artificial aging. The two steps are developed 

to optimize precipitation behavior and develop strengthening mechanisms in Al2024-based alloys. 

During the first step, the cast samples received solution heat treatment at 495°C for 2 hours. This 

process determines the extent to which coarse second phases dissolve and provides an alloying solid 

solution of the different alloying elements/solute mechanical solidification within the aluminum 

matrix. Once solutionized, the samples are rapidly cooled by water to retain a supersaturated solid 

solution and eliminate premature precipitation. For the second step (artificial aging), the cast samples 

are maintained at 190°C for 8 hours. During this stage in development, small precipitates (primarily 

based on Al₂Cu) are created uniformly throughout an alloy, and these small inde­pendent phases 

impede dislocation movement, which effectively increases both strength/hardness of the resultant 

composite while maintaining adequate ductility.
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To thoroughly assess the impact of SiC NPs reinforcement, we have compared the primary mechanical 

characteristics of the Al2024 alloy base, as well as the corresponding composites with different 

percentages of SiC NPs. The results are compiled into Table 7 which includes density, elasticity 

modulus, UTS, yield strength, hardness, and elongation at break transitions between each sample. 

Table 7 clearly shows that the addition of SiC NPs indicates an increase in strength-related properties, 

i.e. elastic modulus, UTS, yield strength and hardness. The improvements in these properties are due in 

large part to the properties of SiC NPs i.e.: higher levels of stiffness/hardness associated with these 

materials, along with the operating mechanisms of load transfer, dislocation strengthening and grain 

refinement within the aluminum matrix. Figures 8, 9 and 10 illustrate the trends between samples. The 

details in Figure 8 show the increase in strength-related properties (ultimate tensile strength and yield 

strength) with respect to the increase in SiC NPs content. The elastic modulus and the hardness 

presented in Figure 9 illustrate the nearly linear increases of these properties as SiC NPs are added to 

Al2024. In contrast to the linear trends found with the elastic modulus and the hardness are the 

changes in ductility illustrated in Figure 10, i.e., the elongation at failure decreases as additional SiC 

NPs are added to Al2024. This evaluation of the performance characteristics of the Al2024-SiC 

composites demonstrates that there is a tradeoff between strength and ductility in Al2024-SiC 

composites and that the addition of SiC NPs provides a substantial improvement in stiffness, strength 

and hardness but provides a reduction in the material's ability to deform plastically. For this reason, the 

composite with 3 wt.% SiC NPs represents the best balance of performance and ductility of the tested 

compositions of Al2024-SiC composites, and makes it a desirable candidate for engineering 

applications that require both reliable strength and ductility. 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 855-868                        



Exp. Theo. NANOTECHNOLOGY 10 (2026) 855-868                        

 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 855-868                        

 
https://doi.org/10.15330/pcss.25.4.801-810

 

[3] 
 

 

 
https://doi.org/10.1016/j.jallcom.2019.03.251

 
https://doi.org/10.1007/s13632-025-01257-4

 
https://doi.org/10.56053/10.s.277

 
https://doi.org/10.56053/10.s.239

 
https://doi.org/10.21303/2461-4262.2023.002770

 
https://doi.org/10.1016/j.ceramint.2023.07.275

 
https://doi.org/10.1016/j.matchemphys.2024.129757

 
https://doi.org/10.56053/10.s.289

 
https://doi.org/10.56053/10.s.357

 
https://doi.org/10.56053/10.2.795

 
https://doi.org/10.1016/j.jics.2024.101413

 

 

 

 

 https://doi.org/10.1007/s11082-

022-04161-1

 

https://doi.org/10.15330/pcss.25.4.801-810
https://doi.org/10.17577/IJERTV12IS060123
https://doi.org/10.1016/j.jallcom.2019.03.251
https://doi.org/10.1007/s13632-025-01257-4
https://doi.org/10.56053/10.s.277
https://doi.org/10.56053/10.s.239
https://doi.org/10.21303/2461-4262.2023.002770
https://doi.org/10.1016/j.ceramint.2023.07.275
https://doi.org/10.1016/j.matchemphys.2024.129757
https://doi.org/10.56053/10.s.289
https://doi.org/10.56053/10.s.357
https://doi.org/10.56053/10.2.795
https://doi.org/10.1016/j.jics.2024.101413
https://doi.org/10.1088/1755-1315/1262/2/022005?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1007/s11082-022-04161-1
https://doi.org/10.1007/s11082-022-04161-1


Exp. Theo. NANOTECHNOLOGY 10 (2026) 855-868                        

 
https://doi.org/10.1016/j.ceramint.2024.05.317

 
https://doi.org/10.56053/10.2.453

 
https://doi.org/10.1080/01411594.2020.1832224

 

 

 
 

https://doi.org/10.1007/s10854-018-8609-z.

 
https://doi.org/10.1016/j.ceramint.2024.10.324

 
 https://doi.org/10.1007/s10853-026-12241-w

 
 

https://doi.org/10.1515/jmbm-2022-0280

 

 
https://doi.org/10.1016/j.matpr.2020.10.750

 

 
https://doi.org/10.1088/1742-6596/1879/2/022122

 

 
https://doi.org/10.1177/00219983251316237

 

 
https://doi.org/10.56053/10.2.551

 
https://doi.org/10.56053/10.2.627

 

 
https://doi.org/10.1016/j.matchemphys.2026.132112

 

 
https://doi.org/10.11591/ijeecs.v33.i1.pp653-660

 
https://doi.org/10.1007/s12596-024-01928-5

 
https://doi.org/10.1088/1742-6596/1963/1/012058

https://doi.org/10.1016/j.ceramint.2024.05.317
https://doi.org/10.56053/10.2.453
https://doi.org/10.1080/01411594.2020.1832224
https://doi.org/10.55779/nsb17212183
https://doi.org/10.55779/nsb16211837
https://doi.org/10.55779/nsb17312593
https://doi.org/10.1007/s10854-018-8609-z
https://doi.org/10.1016/j.ceramint.2024.10.324
https://doi.org/10.1007/s10853-026-12241-w
https://doi.org/10.1515/jmbm-2022-0280
https://doi.org/10.1016/j.matpr.2020.10.750
https://doi.org/10.1088/1742-6596/1879/2/022122
https://doi.org/10.1177/00219983251316237
https://doi.org/10.56053/10.2.551
https://doi.org/10.56053/10.2.627
https://doi.org/10.1016/j.matchemphys.2026.132112
https://doi.org/10.5455/jabet.2023.d144
https://doi.org/10.11591/ijeecs.v33.i1.pp653-660
https://doi.org/10.1007/s12596-024-01928-5
https://doi.org/10.1088/1742-6596/1963/1/012058


Exp. Theo. NANOTECHNOLOGY 10 (2026) 855-868                        

 

 

 
https://doi.org/10.1088/1742-6596/1879/3/032120

 

 
https://doi.org/10.1016/j.jnoncrysol.2017.04.027

 https://doi.org/10.1007/s11082-017-

1030-7

 

 
https://doi.org/10.1088/1742-6596/1879/3/032113

 
https://doi.org/10.1016/j.ceramint.2024.03.094

 

  https://doi.org/10.1007/s11082-022-03927-x

 
https://doi.org/10.1016/j.optmat.2019.109328

 
https://doi.org/10.1063/5.0066860

 

 

 https://doi.org/10.1515/jmbm-2025-

0040

 
 

https://doi.org/10.1016/j.matchemphys.2026.132243

 

 
https://doi.org/10.3390/met12081297

[68] https://doi.org/10.1007/s12596-

024-02080-w 

 

 
http://dx.doi.org/10.17515/resm2023.21ma0922rs

 
https://doi.org/10.1016/j.jics.2026.102499

 
 

https://doi.org/10.56053/10.s.329

 
https://doi.org/10.56053/10.s.343

https://doi.org/10.1088/1742-6596/1879/3/032120
https://doi.org/10.1016/j.jnoncrysol.2017.04.027
https://doi.org/10.1007/s11082-017-1030-7
https://doi.org/10.1007/s11082-017-1030-7
https://doi.org/10.1088/1742-6596/1879/3/032113
https://doi.org/10.1016/j.ceramint.2024.03.094
https://doi.org/10.1007/s11082-022-03927-x
https://doi.org/10.1016/j.optmat.2019.109328
https://doi.org/10.1063/5.0066860
https://doi.org/10.1515/jmbm-2025-0040
https://doi.org/10.1515/jmbm-2025-0040
https://doi.org/10.1016/j.matchemphys.2026.132243
https://doi.org/10.1007/s12596-024-02080-w
https://doi.org/10.1007/s12596-024-02080-w
https://doi.org/10.1515/jmbm-2025-0074?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
http://dx.doi.org/10.17515/resm2023.21ma0922rs
https://doi.org/10.1016/j.jics.2026.102499
https://doi.org/10.56053/10.s.329
https://doi.org/10.56053/10.s.343


Exp. Theo. NANOTECHNOLOGY 10 (2026) 855-868                        

https://etnano.com

https://etnano.com/
http://creativecommons.org/licenses/by/4.0/

