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Abstract

Carbon nanotube (CNT)-reinforced aluminum matrix nanocomposites have emerged as promising lightweight structural
materials due to their superior mechanical, tribological, and thermal properties. Among aluminum alloys, A357 is widely
used because of its excellent castability, high strength-to-weight ratio, and extensive applications in the aerospace and
automotive industries. The incorporation of multi-walled carbon nanotubes (MWCNTS) into the A357 matrix enhances
mechanical performance through grain refinement, efficient load transfer, Orowan strengthening, and thermal mismatch
strengthening. However, achieving uniform CNT dispersion and strong interfacial bonding remains a major challenge,
particularly in liquid-state processing. Stir casting is considered the most economical and scalable fabrication technique
for producing aluminum matrix nanocomposites.

This review critically examines recent developments in CNT-reinforced aluminum matrix nanocomposites, with
particular emphasis on A357 alloy fabricated by stir casting. It summarizes fabrication techniques, CNT dispersion
methods, processing parameters, microstructural characterization, and the influence of CNT reinforcement on tensile
strength, hardness, wear resistance, and overall composite performance. The review also discusses the principal
strengthening mechanisms and critically evaluates key challenges, including CNT agglomeration, porosity formation,
poor wettability, and the limited research available on A357-based nanocomposites. Finally, future research directions
are proposed, focusing on process optimization, hybrid reinforcement strategies, advanced characterization, and
industrial-scale production. This review provides a comprehensive overview of current research and highlights
opportunities for developing high-performance A357-MWCNT nanocomposites through stir casting
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1. Introduction

Aluminum matrix composites (AMCs) have attracted considerable attention because of their low density, high
specific strength, excellent wear resistance, and good corrosion resistance. These characteristics make them ideal for
lightweight applications in the automotive, aerospace, marine, and defense industries. Compared with conventional
aluminum alloys, AMCs reinforced with ceramic or carbon-based materials offer superior mechanical and tribological
properties, thereby expanding their engineering applications [20-22].

Among aluminum alloys, A357 is widely used as a matrix material due to its excellent castability, high strength-to-
weight ratio, good corrosion resistance, and improved fatigue performance. Its superior fluidity and low solidification
shrinkage make it suitable for manufacturing complex components such as automotive wheels, aircraft parts, engine
housings, and suspension systems.

Carbon nanotubes (CNTs), particularly multi-walled carbon nanotubes (MWCNTSs), have emerged as effective
nanoscale reinforcements for aluminum alloys because of their exceptional tensile strength, high Young's modulus, low
density, and excellent thermal conductivity. When uniformly dispersed, MWCNTs significantly improve tensile
strength, hardness, wear resistance, and elastic modulus through grain refinement, load transfer, Orowan strengthening,
and thermal mismatch strengthening mechanisms [7,8,14,16].

Various fabrication techniques, including powder metallurgy, mechanical alloying, squeeze casting, and stir casting,
have been employed to produce CNT-reinforced aluminum nanocomposites. Among these, stir casting is the most
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economical and industrially viable method because of its simplicity, scalability, and compatibility with conventional

foundry practices. However, uniform CNT dispersion remains a major challenge owing to poor wettability, CNT
agglomeration, and porosity during solidification [8,14,21].

Previous studies have demonstrated that the properties of CNT-reinforced aluminum composites are strongly influenced
by CNT content and processing parameters such as stirring speed, stirring time, and melt temperature. Optimized
processing conditions enhance strength, hardness, and wear resistance, whereas excessive CNT addition leads to
agglomeration and reduced composite performance [1-6,10—18].

Although several review articles have discussed CNT-reinforced aluminum matrix composites, most focus on alloys
such as AA6061, AA7075, Al2024, and LM13. Comparatively limited attention has been given to A357 alloy fabricated
by stir casting. Therefore, this review critically examines the fabrication, microstructural characteristics, mechanical and
tribological properties, strengthening mechanisms, and current challenges of CNT-reinforced A357 aluminum
nanocomposites produced by stir casting. It also identifies existing research gaps and future directions for developing
high-performance lightweight composites for advanced engineering applications.

2. Review of CNT-Reinforced A357 nanocomposite

Following is detailed important insights of various recent literatures of Review of CNT-Reinforced A357 nanocomposite
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bonding significantly
CNT- improved tensile strength, | The fabrication route is
. hardness, and  elastic | relatively  expensive
reinforced . .
. modulus of the aluminum | and less suitable for
aluminum SEM, . : .
. matrix. The authors | large-scale  industrial
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ng responsible for improved | aluminum alloys,
applicatio | mechanical performance. It | particularly A357
ns. also discussed processing | reinforced with CNTs,
challenges and potential | are still scarce
structural applications of | [36,37,38].
advanced nanocomposites
[32,33,35].
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of including  reinforcement L
. . . CNT applications,
processin | selection, matrix- .
. . ; nanoreinforcement
g reinforcement interactions, . . .
. . . . behaviour, dispersion
Metal matrix | technique | strengthening mechanisms .
. . techniques and
. composites S, and manufacturing .
2 | Miracle . . . nanoscale interface
(MMCs) — | reinforce | technologies. The review . .
0 | (2005) o . . engineering were not
General ment highlighted the increasing | .. : .
. . . . . discussed in detail.
review. mechanis | importance of lightweight
. Further research on
ms and | MMCs in  aerospace, .
: . . CNT-reinforced  cast
industrial | automotive and defense . )
applicatio | applications These aluminum - alloys is
PP ‘ . therefore essential
ns. concepts  provide  the [23.36.37]
scientific basis for modern T
CNT-reinforced aluminum
nanocomposites [32,35,38].
The authors established stir
casting as one of the most
economical and industrially
feasible fabrication . .
. . The review mainly
techniques for aluminum . .
. . addressed micron-sized
. matrix composites. They . .
Review . ; . reinforcements and did
.| identified stirring speed, .
of stir | ... . not consider
. stirring time, melt .
.| casting nanomaterials such as
. Metal matrix temperature and o
Hashim . process, . . CNTs. Additional
2 composites reinforcement feeding rate . .
et al. process o research is required to
1 produced by as critical process .. . .
(1999) . : parameter . . optimize stir casting
stir casting. parameters influencing .
] and . R parameters for uniform
.. | particle distribution, . .
composit . CNT dispersion and
X porosity and final | . . .
e quality. . . improved interfacial
mechanical properties. . .
. S bonding in  A357
These processing principles .
. ; aluminum alloy [37].
continue to guide modern
CNT-reinforced aluminum
composite fabrication
[23,24,36,38].
The study demonstrated the | The work was
advantages of cast | published before the
. aluminum matrix | development of CNT-
Review . . . . .
Cast of castin composites in automotive | reinforced aluminum
aluminum & applications due to their | nanocomposites;
. technolog | .- .
. | matrix . high  specific  strength, | therefore, = nanoscale
2 | Rohatgi . ies and . . )
composites . . | superior wear resistance | reinforcement,
2 | (1991) engineeri . X .
for n and reduced component | dispersion techniques,
automotive £ weight. It highlighted the | interface engineering
. applicatio | . . .
applications. ns industrial potential of cast | and advanced
’ MMCs for brake drums, | characterization
pistons and cylinder liners, | methods were  not
providing an important | addressed. Future
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foundation for the | studies should integrate
development of advanced | CNT reinforcement
nanocomposites [35,38]. with conventional

casting technologies for
lightweight  structural
applications
[23,32,36,37].

3. Conclusion

Carbon nanotube (CNT)-reinforced aluminum matrix nanocomposites have emerged as promising lightweight materials
because of their superior mechanical and tribological properties. The reviewed studies show that MWCNT addition
improves tensile strength, hardness, wear resistance, and microstructural refinement through grain refinement, load
transfer, Orowan strengthening, and thermal mismatch strengthening. Among the available fabrication methods, stir
casting is the most economical and industrially viable technique for producing aluminum nanocomposites.

The literature indicates that composite performance largely depends on CNT dispersion, interfacial bonding,
reinforcement content, and processing parameters. Although extensive research has been conducted on AA7075 and
other aluminum alloys, studies on A357-MWCNT nanocomposites fabricated by stir casting remain limited. Challenges
such as CNT agglomeration, poor wettability, and porosity continue to hinder their full potential.

Future research should focus on optimizing stir casting parameters, improving CNT dispersion, employing advanced
characterization techniques, and investigating fatigue, corrosion, and thermal properties. Overall, A357-MWCNT
nanocomposites produced by stir casting offer significant potential for lightweight aerospace, automotive, and
engineering applications, making them a promising area for future research and industrial development.
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