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ABSTRACT

Metal matrix composites (MMCs) possess significantly improved properties including high specific strength;
specific modulus, damping capacity and good wear resistance compared to unreinforced alloys. There has
been an increasing interest in composites containing low density and low cost reinforcements. Now a days
the particulate reinforced aluminium matrix composite are gaining importance because of their low cost with
advantages like isotropic properties and the possibility of secondary processing facilitating fabrication of

secondary components.
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Aluminium alloys are widely used in aerospace and automobile industries due to their low density, better

wear and corrosion resistance, low thermal coefficient of expansion and other good mechanical properties as
compared to conventional metal and alloys. The excellent mechanical properties and relatively low
production cost make them a very attractive for a variety of applications both from scientific and

technological viewpoints.
The present investigation has been focused on the literature survey of the metal matrix composites produced

by different methods. The aim is involved at developing metal matrix composite to combine the desirable

attributes of metals and ceramics.

CHAPTER-1 INTRODUCTION

Composite materials consist of two or more microstructurally distinct components that retain their separate
identities within the final product. The constituents are fused at the macroscale and are mutually insoluble.
The continuous phase, termed the matrix, delineates the outer boundary and provides spatial integrity, while
the interior reinforcement phase improves targeted properties—commonly mechanical ones such as tensile
strength, flexural rigidity, or thermal stability.

Typical composite architectures exhibit a two-phase morphology, where the continuous matrix envelops
discrete reinforcement particles, fibers, or layers. Composite functionality arises from a synergy of the
individual constituents and from the microstructural design, which includes volume fraction, spatial
distribution, and geometric configuration of the reinforcement.

Through careful material selection and hierarchical design, engineers can tailor composite microstructures to
achieve superior performance to monolithic materials such as metals, ceramics, or unfilled polymers. Key
performance metrics such as specific modulus, specific strength, and environmental resistance are often
enhanced, rendering composites indispensable in demanding sectors such as aerospace, automotive, and
infrastructure.

Fig. 1.1 Pictorial view of Composite
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1.1 CONSTITUENTS OF COMPOSITE MATERIAL

There are mainly two Constituents of Material:
> Matrix

> Reinforcement

Matrix
— [RRARX
W Composite

Reinforcement

Fig. 1.2 Constituents of Composite material
Matrix:

In composite materials, the matrix acts as the fundamental continuous phase, embedding the reinforcement
uniformly and permitting uninterrupted paths through the composite. This isotropic spread distinguishes it
from layered systems. When used in structural applications, the matrix usually consists of lightweight
metallic alloys—aluminium, magnesium, or titanium—selected for their capacity to confer ductility,
toughness, and support under service loads. In demanding thermal regimes, cobalt and cobalt-nickel alloys
serve as matrices, offering exceptionally high thermal resistance and oxidative stability.

Reinforcement:

Reinforcement constitutes the dispersed phase engineered to augment the composite's mechanical and
physical performance. While it may contribute directly to load-bearing capacity, its primary roles frequently
lie in enhancing specific attributes such as wear resistance, thermal diffusivity, and tribological behaviour.

Reinforcements are generally classified as continuous or discontinuous:

Continuous Reinforcement comprises lengthy fibres or monofilaments: exemplified by carbon fibres or
silicon carbide whiskers—precisely oriented along predetermined axes. This orientation imparts anisotropic
behaviour to the composite, such that mechanical properties such as tensile strength and elastic modulus are
directionally dependent and exceed those of the isotropic matrix by orders of magnitude along the fibre
paths.

Discontinuous Reinforcement: is characterized by the inclusion of short fibers, whiskers, or fine
particulate phases. Typical matrix components are alumina and silicon carbide. The resulting composites
display isotropic mechanical behavior, which permits processing by standard metallic fabrication methods
and concurrently ensures that material properties remain consistent across all orientations.
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1.2 CLASSIFICATION OF COMPONENT

Composite materials can be systematically delineated at two primary analytical tiers: the structural
architecture of the composite and the intrinsic chemical nature of its constituent phases. The foundational tier
of classification hinges upon the identity of the continuous matrix, which governs processing pathways,
dispersion-phase interaction, and the composite’s mechanical and thermal comportment. Accordingly,
composites are aggregated into three principal families: metal matrix composites (MMCs), polymer matrix
composites (PMCs), and ceramic matrix composites (CMCs). MMCs employ metallic matrices, often
selected from aluminium, magnesium, or titanium alloys, and achieve elevated specific strength coupled with
commendable thermal stability, particularly at elevated service temperatures. PMCs, which incorporate either
thermoplastic or thermosetting resins, are prevalently adopted in the automotive and aerospace sectors,
attributable to low density and versatile fabrication techniques. CMCs, consisting of continuous ceramic
matrices, exhibit superior thermal stability and oxidation resistance, positioning them favourably for
applications subjected to severe thermal and oxidative environments.

The second tier of composite classification is predicated upon the morphology and arrangement of the
reinforcing phase embedded in the continuous matrix. These reinforcements are specifically selected to
modulate mechanical and thermal characteristics of the composite material; typical design targets include
elevated strength, increased stiffness, and improved thermal stability. Reinforcements are, according to
morphology, allocated into three primary types: particles, fibres, and laminates. Particle-reinforced
composites are formulated with fine, discrete inclusions and primarily serve to augment hardness and
resistance to abrasive wear. They are further subdivided into composites dominated by large particles and
those characterized by a uniform dispersion of nanoscale reinforcements. Fibre-reinforced composites,
conversely, employ either continuous (aligned) fibres or discontinuous (short or randomly oriented) fibres
and are adept at enhancing tensile and flexural strength. Lastly, structural composites, exemplified by
laminate stacks and sandwich constructions, consist of superimposed strata of varying material compositions
that are bonded together; this architecture permits the designer to engineer spatially varying mechanical
responses tailored to the demanding requirements of aerospace and civil engineering applications.

OMPOSITES

MATRICES

POLYMER METAL
MATRIX MATRIX

CERAMIC

MATRIX
COMPOSITES

COMPOSITES COMPOSITES

The secondary classification schema for composite materials hinges on the geometry and arrangement of the
reinforcement phase embedded within the continuous matrix. Reinforcement types decisively govern the
mechanical performance enhancement afforded by the composite, and their spatial disposition dictates
parameters such as ultimate strength, elastic modulus, and service-life durability. Reinforcements are
conventionally classified into particulate, fibrous, and structural categories. Particulate reinforcements are
sub-millimetric dispersions of inert or reinforcing particles embedded homogeneously, principally aimed at
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augmenting wear resistance, hardness, and dimensional stability; their scale may range from a few
micrometers to several hundred micrometers according to the designer's intent. Fibrous reinforcements, on
the other hand, comprise continuous or discontinuous filaments: continuous filaments, usually aligned
parallel to the load axis, impart enhanced mechanical properties in the loading direction, while discontinuous
filaments, whether randomly oriented or of short length, yield relatively uniform performance in three
dimensions and simplify processing. Structural composites such as laminate stacks or sandwich constructions
attain tailored mechanical behaviour by arranging sequential material layers or combining heterogeneous
core and skin materials; such configurations are optimised for specific sectors, including aerospace, marine,
and automotive engineering. This hierarchical classification therefore affords the designer a rational
framework for matching reinforcement geometry and layout to the mechanical and service-life requirements
of the application.

COMPOSITES

PARTICLE- FIBER-
REINFORCED REINFORCED

STRUCTRAL

L ARGE- CONTINOUS

mm LAMINATES
PARTICLE (ALIGNED)

DISPERSION-
== STRENGTHENE
D

DISCONTINOUS
(SHORT)

SANDWICH
PANELS

1.3 ADVANTAGES & DISADVANTAGES OF COMPOSITE MATERIALS
ADVANTAGES

o Improved tribological properties i.e. friction, lubrication and wear.

o High resistance to impact damage.

o High strength.

o High resistance to corrosion degradation.

o Light in weight.

o Dimensionllly stable they have very low therma expansion. DISADVANTAGES
o High cost raw material & Fabrication.

o Recycling and environmentally safe disposal of composite materials present significant
challenges.

o Standard design data is limited.

o High volume production are not available or limited.

o More brittle than wrought metals.
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1.4 Metal Matrix Composites (MMCs)

Metal Matrix Composites (MMCs) are engineered materials made by combining a metallic base—such as
aluminium, magnesium, copper, or iron—with a secondary phase that may be either ceramic (like oxides or
carbides) or metallic (such as lead, tungsten, or molybdenum). Ceramic reinforcements commonly include
materials like silicon carbide, alumina, boron carbide, silicon nitride, and boron nitride. On the other hand,
metallic reinforcements can involve elements like tungsten or beryllium, depending on the application
requirements.

MMCs have found applications in several advanced and high-performance sectors, including aerospace (e.g.,
components in space shuttles and commercial aircraft), automotive, electronic packaging, sports equipment
(like bicycles and golf clubs), and military-grade systems. One of the primary advantages MMCs offer over
polymer-based composites is their ability to retain strength, stiffness, and dimensional stability even at
elevated temperatures. Additionally, MMCs often show superior resistance to wear, creep deformation, and
thermal stress.

Despite these benefits, MMCs are still undergoing extensive development, and their widespread adoption is
somewhat limited due to the complexity and high cost of their fabrication processes. Unlike polymer
composites, MMCs are not yet as widely implemented in large-scale production environments. However,
they also offer several unique physical advantages, including negligible moisture absorption, inherent flame
resistance, low thermal and electrical conductivity in some cases, and excellent radiation shielding
capabilities.

The key goals in the advancement of metal matrix composites include:

« Enhancing yield and tensile strength at both ambient and elevated temperatures while maintaining
essential ductility and toughness.

« Improving resistance to creep deformation under high-temperature conditions.

. Boosting fatigue strength, particularly for cyclic loading in high-temperature environments.

« Increasing resistance to thermal shock and corrosion.

« Achieving higher stiffness by improving Young’s modulus.

« Minimizing thermal expansion to ensure better dimensional stability under fluctuating temperatures.

1.5 Metallic Matrix Types

A diverse selection of metallic matrices can be employed in the manufacturing of metal matrix composites,
each yielding unique benefits tailored to the target operational environment. Aluminium alloys are among the
most prevalent choices, predominantly in aerospace and transportation sectors, owing to their low specific
mass, favorable specific strength, and excellent resistance to corrosion. Incorporation of ceramic
reinforcements within an aluminium matrix results in a composite that achieves higher tensile and
compressive strength while maintaining acceptable ductility, thus suiting it for load-bearing structural
applications.

Studies of titanium alloys identify them as a critical matrix for demanding aerospace environments, owing to
their elevated yield strength and superior oxidation resistance at elevated temperatures. The premium cost of
titanium, however, curtails adoption in applications where economic factors outweigh performance
requirements. For applications where mass minimization is paramount, magnesium alloys—having a nominal
density of approximately 1.74 g/cm3—have become the matrix of choice; these alloys are routinely employed
in lightweight enclosures for aerospace gearbox assemblies, handheld power tools, and portable electronic
devices.

Copper alloys are widely employed as matrix materials, particularly in thermal and electrical systems, owing
to the high electrical conductivity of elemental copper and its favorable fabrication characteristics. One
prominent application is in the manufacture of superconducting composites, where copper serves as the
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matrix phase and niobium-based reinforcements are embedded to form a robust, current-carrying
architecture. Intermetallic compounds, while characterized by brittleness and limited ductility, are
occasionally selected as matrix phases in specialized composites. When such phases are combined with
tailored reinforcements and optimized processing routes, it is possible to achieve a balanced combination of
toughness and high-temperature stability, thereby extending the operational envelope of the composite in
demanding environments.

1.6 Manufacturing Processes of Metal Matrix Composites (MMCs)

Metal Matrix Composites are produced through several fabrication pathways, which are selected according to
the matrix and reinforcement types, the target mechanical and thermal characteristics, and the specific service
environment. The principal processing strategies are generally assigned to solid, liquid, semi-solid, and vapor
categories.

Solid-state routes predominantly employ powder metallurgy, whereby metal powders are milled with
reinforcement particulates, pressed into compact form, and sintered to achieve full density. Alternatively, foil
diffusion bonding can be applied, whereby alternating metal foils and reinforcement layers are stacked,
heated, and subjected to pressure, yielding atomic-scale bonding throughout the laminate.

Liquid-state techniques attract attention for their cost-effectiveness and compatibility with high-volume
output. The most widespread method is stir casting, in which solid reinforcement is introduced to molten
metal and agitated prior to pouring. Complementary techniques encompass electroplating and
electroforming, in which the metal matrix is crystallographically deposited onto the reinforcement scaffold;
squeeze casting, where liquid metal is forced into a preformed structure; spray deposition, characterized by
droplet atomization and quenching; and reactive processing, which entraps reinforcing phases through
exothermic reactions between precursor constituents.

Semi-solid processing integrates the behaviors of solid and liquid states to optimize material properties.
Among its strategies, semi-solid powder processing involves controlled partial melting of the powder
mixture followed by compaction, yielding improved compositional homogeneity and diminished porosity.

Complementing these methods, vapor-deposition techniques, most notably physical vapor deposition (PVD),
enable the atomic-scale deposition of matrix materials onto reinforcement particles. This approach is widely
adopted in applications demanding elevated performance or component dimensions at the micro-scale.
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2.1 Literature Review — Summary Table

Chapter : 2.

Review of Literature

No. Author(s) Matrix Reinforcement Key Findings
Mechanical strength and hardness improved,;
K.K. Alaneme, M.O. _ - )
1 _ AA 6063 Alumina ductility and fracture toughness reduced with
Bodurin _
more alumina.
V. Ramakoteswara Rao Titanium Wear resistance enhanced as TiC content
2 AA 7075 ) ]
etal. Carbide increased.
) Pure B.C particles showed superior distribution
3 |[K.M. Shorowordi et al. o SiC, Al2Os, B4C ) )
Aluminium compared to SiC and alumina.
Dinesh M. Pargunde et (|Pure - ~||Uniform SiC dispersion; hardness and density
4 . Silicon Carbide || ) )
al. Aluminium increased, impact strength slightly decreased.
) Pure . ~||[Noted improvement in hardness and wear
5 ||Vicky Kumar et al. o Silicon Carbide )
Aluminium resistance.
) Composite showed better tensile strength and
6 ||D. Sujan et al. AA 356 Al20s, SiC
hardness over base alloy.
Amir Hussain Idrisi, - _||Hardness and density rose with increased SiC
7 ) AA 5083 Silicon Carbide
Shailendra Deva content.
_ . _||More SiC increased wear resistance
8 ||Ashok K. Mishraetal. [|[AA 6061 Silicon Carbide ||
significantly.
Aluminium Tensile and hardness improved; elongation
9 [|K. Hemalatha et al. AA 6063 )
Oxide reduced with more Al.Os.
S.A. Mohan Krishna et ] ] Hybrid composite showed better thermal
10 AA 6061 SiC, Graphite ) ) )
al. performance than single-reinforced matrix.
] Al-SiC composites exhibited
Md. Habibur )
Pure o ) superior strength, hardness, and
11 Rahman, H.M. o Silicon Carbide _
Aluminium wear resistance compared to
Mamun Al Rashed ) o
unreinforced aluminium.
12 Manoj Kumar Pal et |[Zinc Nickel Mechanical and thermal
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No. Author(s) Matrix Reinforcement Key Findings
al. properties like tensile strength
and hardness varied with
changing Ni content.
SEM analysis revealed visible
Shubhranshu Bansal, ) ] cracks and surface defects such
13 o AA 359 SiC, Graphite ]
J.S. Saini as grooves and ploughing
marks.
The composite displayed
14 M. Mabuchi et al. AA 5052 Silicon Nitride excellent superplastic
deformation at high strain rates.
Nano-sized SiC particles led to
15 A. Dolatkhah etal. |[AA 5052 Silicon Carbide refined grains and enhanced
microstructure.
] ] o Coefficient of friction
Zirconium Diboride
16 N. Kumar et al. AA 5052 increased with higher ZrB-
(ZI‘Bz)
content.
Higher B4C content resulted in
17 Feng Tang et al. AA 5083 Boron Carbide reduced wear rate of the
composite.
CNTs reduced hardness and
Ali Alizadeh, Alireza creep resistance, but hybrid
18 _ AA 5083 CNTs, B.C
Abdollahi B4C addition improved
mechanical properties.
Abhilash A, Dr. Corrosion rate was minimized
19 AA 5083 Fly Ash o ] ]
Prabhakar Kammar with increasing exposure time.
Up to 5% reinforcement
] ] improved all key mechanical
20 Tushar Soni et al. AA 5083 Fly Ash, SiC )
properties; beyond 5%,
performance declined.
_ Metallurgical image analysis
Senthilkumar T.S., N ] o
21 _ AA 5083 Silicon Carbide showed phase distribution and
Senthil Kumar S.
volume fraction of SiC in the
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No. Author(s) Matrix Reinforcement Key Findings
composite.
Grain refinement was achieved
Byung-Wook Ahn et N _ o o
22 | AA 5083 Silicon Carbide due to pinning effects of SiC in
al.
the stir zone.
Optimization of wear
Sourabh Gargatte et N _ parameters was done using
23 AA 5083 Silicon Carbide _
al. Taguchi method, ANOVA, and
regression models.
TiB.-reinforced composites
. _ Titanium Diboride  |fwere successfully synthesized
24 Meijuan Li et al. AA 5083 _ .
(TiB2) using cryomilling and spark
plasma sintering.
Incorporating 20 vol.% Al.Os
Yong Li, Terence G. ) significantly improved the
25 AA 6061 Alumina )
Langdon creep resistance of the
composite.
_ Nanocomposites displayed
Hamid Reza ) ) )
26 AA 6061 Alumina fine-grain structure but showed
Ezatpour et al. ) )
increased porosity.
Wear performance was
P. Maheswaran, C.J. ) .
27 AA 6061 Graphite, AL:Os enhanced by combined addition
Thomas Renald ) )
of graphite and alumina.
Abrasive particle size
A.G. Wang, .M. S influenced the transition in
28 ] AA 6061 Alumina Fiber ]
Hutchings wear behavior of the
composite.
_ B4C addition accelerated age
T.G. Nieh, R.F. ) ) )
29 AA 6061 Boron Carbide hardening, particularly at low
Karlak
temperatures.
Optical and XRD analysis
30 K. Kalaiselvan et al. [|AA 6061 Boron Carbide confirmed uniform distribution
of B4C particles in the matrix.
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No. Author(s) Matrix Reinforcement Key Findings
Partial yielding in the matrix
T. Nakamura, S. ) during transverse loading led to
31 AA 6061 Boron Fiber )
Suresh reduced apparent stiffness of
the composite.
Composites demonstrated
B.G. Park, A.G. _ _ higher elastic modulus, yield,
32 ~ ||AA 6061 Mullite, Alumina ]
Crosky, A.K. Hellier and tensile strength than the
base alloy.
SiC particles exhibited strong
33 R.M. Wang et al. AA 6061 Silicon Carbide bonding with the aluminium
matrix.
SEM analysis revealed both
S. Nallusamy, A. micro and transverse cracks,
34 ) AA 6061 AlOs, SiC _ _
Karthikeyan with varying degrees of surface
wear.
_ SiC addition did not impact
Denise M. Aylor, ) ) _ ) o
35 ) AA 6061 SiC, Graphite corrosion potential or pitting
Patrick J. Moran o
behavior in ocean water.
Considerable improvements
) ) were noted in modulus, yield
36 D.F. Hasson et al. AA 6061 SiC Whiskers _ )
stress, and ultimate tensile
strength.
Fractography showed that SiC
A. Chennakesava o ) particles remained intact,
37 ) AA 6061 Silicon Carbide o _ _
Reddy, Essa Zitoun indicating strong interfacial
bonding.
Wear resistance improved with
Madeva Nagaral et ) )
38 | AA 6061 Alumina, Graphite the hybrid addition of Al.Os
al.
and graphite.
Microstructural studies
39 K. Umanath et al. AA 6061 SiC, ALOs confirmed uniform distribution
of both reinforcements in the
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No. Author(s) Matrix Reinforcement Key Findings
aluminium matrix.
Composite powders prepared
o o via mechanical alloying and
40 J.B. Fogagnolo et al. |[AA 6061 Aluminium Nitride
extruded showed enhanced
properties.
Composite showed increased
41 T.V. Christy, N. AA 6061 Titanium Diboride hardness, tensile strength, and
Murugan, S. Kumar (TiB2) Young’s modulus compared to
unreinforced alloy.
. o . A slight increase in wear rate
42 S. Gopalakrishnan, AA 6061 T|t_an|um Carbide was observed with higher TiC
N. Murugan (TiC)
content.
Wear resistance of the
Pardeep Sharma, composite was significantl
43 Dinesh Khanduja,  ||[AA 6082 (|Graphite comp g y
improved over base AA6082
Satpal Sharma
alloy.
Wear reduced with increased
reinforcement and sliding
44 Pardeep Sharma et al.[|AA 6082 Si3Na, Graphite speed, but increased under
higher load and sliding
distance.
. Low porosity levels observed
45 Sha.Sh' P_rakash AA 6082 Silicon Carbide in the composite containing
Dwivedi et al. . .
25um SiC particles.
Al-Al:Os composites had lower
46 P.RK. Fuetal. AA6082  [ALOs, SiC wear rates; Al-SIC composites
showed increased wear at
higher SiC percentages.
Higher load increased wear
47 N. Ch. Kaushik, R.N. AA 6082 SiC, Graphite rate; slldl_ng distance had
Rao minimal impact on
performance improvement.
Optical and SEM analysis
Arumugam Titanium Carbide confirmed uniform TiC
48 Thangarasu et al. AA 6082 (TiC) dispersion; microhardness of
composite improved.
Metallographic images
49 Pardeep Sharma et al[AA 6082 |[SisNu, BaN confirmed well-distributed
reinforcement particles using
ball milling.
Shailesh Singh, . . .
50 Shashi P. Dwivedi, |AA6082 ||Silicon Carbide Tensile strength improved with
X higher SiC content.
Harveer S. Pali
ol M.A. Taha et al. AA 6082 Silicon Carbide Stir casting voids reduced; SiC
clusters rearranged along the
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No. Author(s) Matrix Reinforcement Key Findings

rolling direction after
processing.

Stir-cast composites showed
increased hardness but reduced
density with egg shell
reinforcement.

Ambachai Thanyasai

52 et al.

AA 6061 Egg Shells

Stir casting resulted in
improved strength and hardness
due to snail shell

reinforcement.

53 T.B. Asafa et al. Aluminium Snail Shell

Addition of coconut shell
Coconut Shell increased hardness and tensile
strength in stir-cast composites.

Aluminium

54 Sefiu A. Bello et al. (XXX1)

Composite exhibited higher
hardness and improved
corrosion resistance after stir
casting.

Sunday A. Fakorede

55 et al.

AA 6063 Snail Shell Ash

CHAPTER — 3 RESEARCH GAP

A systematic appraisal of the current literature reveals that considerable advancements have been directed
toward refining the properties of aluminium metal matrix composites (AMMCs) produced by heterogeneous
processing routes. The synthesis of previous findings permits their clustering into several principal domains
of contribution:

1. Relatively few investigations have systematically assessed the impact of processing variables on
critical mechanical metrics—including tensile strength, hardness, and relative density—of aluminium matrix
composites, thereby highlighting a persistent deficiency in a unified and detailed mechanistic framework.

2. Equally, studies that interrogate the mechanical behaviour of AA6063-based composites
reinforced with silicon carbide (SiC) and bio-derived corn cob in a coherent and extensive combination of
reinforcement phases are scarce, bordering on absent, particularly with regard to the exploration of ternary or
higher-order reinforcer assemblages.

3.1 SELECTION OF MATRIX MATERIAL
Selection of Matrix Material — AA 6063

AA 6063 ranks among the most frequently specified aluminium alloys, with alloying elements of magnesium
and silicon defining its microstructure. The alloy’s limit specifications for chemical composition and
mechanical characteristics are established by The Aluminum Association. The material exhibits an
advantageous balance of yield and ultimate tensile strength, good resistance to atmospheric and aqueous
corrosion, excellent weldability, and responsiveness to both artificial and natural aging processes. For many
applications, these attributes render it a pragmatic choice, and it may be considered equivalent in
composition and functionality to the British alloy HEO9.

Particularly notable is AA 6063’s outstanding capacity for extrusion. It can be formed into geometrically
complex profiles that sport uniform surface textures, which are highly amenable to protective anodic films.
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Such characteristics explain its pervasive use in architectural sectors—window and door frames, roofing
elements, curtain walling, and structural glazing systems. In contrast, applications that impose more stringent
strength requirements should take into consideration AA 6061 or AA 6082, which, while sacrificing some of
the formability of 6063, deliver superior mechanical performance.

In the current study, alloy AA 6063 was chosen as the matrix material on account of its advantageous
wettability characteristics with reinforcing particulates, favorable amenability to processing, and its
significance in structural and load-bearing applications. The alloy possesses a balanced combination of
mechanical and physical attributes that render it an appropriate substrate for the fabrication of advanced
metal matrix composites.

Chemical Composition of the AA6063.

TIITITIT

3.2 SELECTION OF REINFORCEMENT MATERIAL
A. Silicon Carbide-Aluminium MMC

Aluminium matrix composites (AMCs) reinforced with silicon carbide (SiC) have emerged as a promising
class of advanced materials, particularly in high-performance sectors like aerospace and automotive. One of
the standout attributes of AI-SiC composites is their exceptional strength-to-weight ratio, which is
approximately three times higher than that of conventional mild steel. This makes them highly desirable for
applications where reducing weight without compromising strength is critical.

The incorporation of silicon carbide particles into the aluminium matrix significantly enhances mechanical
and thermal properties. These composites exhibit superior hardness, increased tensile strength, high elastic
modulus, excellent wear resistance, and enhanced thermal stability. Their low density further contributes to
improved load-bearing efficiency, making them ideal for structural and dynamic applications.

In addition to mechanical advantages, Al-SiC composites also offer good resistance to corrosion and
oxidation. This is largely due to the formation of a stable silicon oxide layer on the surface of SiC at elevated
temperatures (around 1200°C), which complements aluminium’s natural oxide barrier. Together, these
protective layers help the material withstand harsh environmental and thermal conditions.

Given these characteristics, Al-SiC composites are highly suitable for aerospace applications, where
materials must endure high mechanical stress and elevated temperatures while maintaining low weight. Their
combination of strength, thermal performance, and durability positions them as a valuable material for
components such as aircraft frames, engine parts, and structural reinforcements.
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Silicon carbide has been selected as a reinforcement material.

B. Corn Cob(C.C)

Despite the potential benefits of agro-waste materials—such as low density, economic viability, and
satisfactory mechanical performance—research activity on their incorporation into composite systems
remains sparse among scholars in developing countries. Recent investigations, however, have pivoted toward
the fabrication of aluminium-based hybrid composites that capitalize on corn cob ash (CCA) and silicon
carbide (SiC) as dual reinforcement phases.

CCA has emerged as a feedstock of interest primarily owing to its bulk density of approximately 1.96 g/cm3,
a value that contrasts markedly with the densities of conventional reinforcements: SiC at 3.18 g/cm?3 and
aluminium oxide (Al0s) at 3.9 g/cm®. The feedstock is abundantly available in peri-urban and rural
agroeconomic zones, particularly within developing economies, and its processing demands are minimal.
Such characteristics render CCA a viable, environmentally benign reinforcing agent that not only attenuates
the composite’s overall mass but also promotes sustainable material lifecycles through the valorisation of
agricultural residues.

The strategic integration of CCA and SiC within an aluminium matrix, therefore, delineates a pathway
toward the manufacture of competitively priced and lightweight composites that retain adequate mechanical
and thermal properties. These materials are well positioned for deployment in a spectrum of engineering
applications where performance and economic considerations are paramount.

Corn Cob has been selected as a reinforcement material.

CORN COB COMPOSITION

%@@G@@@V

3.3 Selection of Fabrication Method

A variety of techniques are employed to fabricate aluminium matrix composites (AMCSs), including powder
metallurgy, ball milling, friction stir processing, and pressure-less infiltration. Among these, conventional stir
casting is frequently regarded as the most cost-effective and commercially viable approach. Its capability to
form intricate geometries, coupled with the flexibility to incorporate diverse reinforcements and a broad
spectrum of processing parameters, renders it especially attractive for industrial implementation.

The stir casting process promotes enhanced interface bonding between the aluminium matrix and the
reinforcing particles through vigorous mechanical agitation. This promotes a uniform spatial distribution of
the reinforcements within the molten alloy, yielding improved mechanical properties and greater structural
integrity in the finished composite.The technique’s operational simplicity, economic efficiency, and capacity
for large-scale production have led to its widespread adoption in various industrial sectors. In light of these
advantages, the present study has selected stir casting as the fabrication method for developing aluminium-
based hybrid composites.

[JCRT2510371 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d113


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN: 2320-2882
FIGURE STIR CASTING

e

P—
.
——
—
—
——
B
—

CHAPTER :4
OBJECTIVE

Aim and Objectives of the Study

The principal aim of this investigation is to design a financially viable aluminium-based metal matrix
composite (MMC) and to rigorously appraise its mechanical properties for viable engineering deployment.
The detailed objectives of the enquiry are delineated as follows:

1. To execute an extensive synthesis of the contemporary literature addressing metal matrix composites,
concentrating specifically on aluminium matrices and the corresponding reinforcement paradigms.

2. To manufacture an aluminium matrix composite employing the AA6063 alloy as the matrix, supplemented

with silicon carbide (SiC) and corn cob powder, and to execute the stir casting process as a low-cost and
scalable route.

3. To perform a systematic mechanical characterisation of the produced composite by measuring tensile
strength, hardness, and density.

4. To benchmark the mechanical responses of the composite against those of the unreinforced AA6063 alloy,
thereby quantifying the efficacy of the reinforcement.

CHAPTER: 5

RESEARCH METHODOLOGY

The methodology enacted within the present investigation comprises a clearly delineated sequence of steps
directed toward the synthesis of aluminium matrix composites (AMCs) wherein the alloy AA6063
constitutes the continuous phase and the particulate reinforcements are provided by Corn Cob Ash (CCA)
and Silicon Carbide (SiC). The individual procedural components are enumerated hereinafter:
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Material Procurement

A sufficient mass of AA6063 alloy was acquired as the matrix phase of the composites. Corn cobs and
silicon carbide were also sourced to serve as particulate reinforcements during composite consolidation.

Spectrometric Analysis

A spectrometric assay was performed on the AA6063 alloy and the pre-formed corncobs to ascertain the
elemental constitution of each component with precision prior to their subsequent processing.

Preparation of Corn Cob Ash (CCA)
Background Corn Cob Ash was produced by a series of controlled operations:

« The harvested corncobs were dehydrated under solar radiation for a period of three to four days to reduce
the moisture fraction.

o The dehydrated corncobs were combusted within a perforated metallic drum to effectuate thermal
oxidation.

o The resultant ash was permitted to equilibrate with ambient conditions inside the drum to achieve
thermal homogeneity.

« The cooled ash was subjected to a heat treatment cycle in a laboratory muffle furnace, where it was
maintained at a temperature of approximately 650 °C for 180 minutes to expel entrained carbonaceous and
volatile impurities.

« The processed ash was subsequently subjected to granulation and particle size quantification by means
of a sieve shaker, ensuring a narrow size distribution for homogenous incorporation into the metallic matrix.

Powder Processing

Corn cob ash that had been cooled and conditioned underwent ball milling to obtain a fine powder with the
requisite particle size for effective reinforcement in the composite material.

Preheating of Reinforcements

Corn cob ash (CCA) and silicon carbide (SiC) particles were preheated to approximately 250 °C. This
treatment evaporated residual moisture and optimised particle wettability with the molten aluminium during
subsequent mixing.

Melting of AA6063 Alloy

The AA6063 aluminium alloy was introduced into a crucible furnace and heated to a temperature exceeding
the liquidus limit, thereby achieving a fully molten state.

Transition to Semi-Solid State

The molten alloy was left to cool in the furnace until a semi-solid temperature of about 600 °C was reached,
a condition preferable for incorporating the reinforcement particles.

Introduction of Reinforcements and Manual Stirring

The preheated CCA and SiC particles were then incrementally added to the semi-solid alloy. Manual stirring
was continued for 10 minutes, producing a slurry in which the reinforcements were evenly distributed.

[JCRT2510371 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] di15


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN: 2320-2882
Superheating and Mechanical Stirring

The composite slurry was superheated to approximately 800 °C. A mechanical stirrer was then used to stir
the mixture continuously, facilitating better interfacial bonding and homogeneity of the reinforcements.

Variation in Composition

The stir-casting operation was systematically repeated with varied mass fractions of the aluminium matrix
and the reinforcements, yielding a series of composite samples with different compositions for evaluation.

Mechanical Testing

The produced composite specimens underwent an array of mechanical assessments, specifically tensile
strength, hardness measurement, and density determination. The compiled data were cross-referenced among
varying formulations to quantify and elucidate how reinforcement volume fraction modulates the
macroscopic mechanical response of the composite material.

CHAPTER 6:
RESULTS AND DISCUSSION

6.1 Density Test

To evaluate the impact of Silicon Carbide (SiC) and Corn Cob Ash (CCA) reinforcements in AA6063 alloy,
density testing was conducted. CCA, due to its low density (1.69 g/cm?3), facilitates weight reduction in the
composite. The AA6063 base alloy has a density of 2.69 g/cm3, while SiC possesses a significantly higher
density of 3.18 g/cm3.

A decreasing trend in density was observed up to 4% reinforcement with SiC and CCA, attributed to the
predominance of low-density CCA. However, a density increase was noted with 5% SiC addition alone,
indicating the influence of higher-density SiC on the matrix. This confirms that density variation is directly
related to the proportion and nature of reinforcement materials used.

2.72

2.71+

2.704

2.69 1

Density (g/cm?)

2.68 1

2.67

2.66

T T T T T
0% of SIC & CCA 2% of SIC & CCA 3% of SIC & CCA 4% of SiC & CCA 5% of 5iC
Composite Sample

Figure 6.1: Variation in Density with wt.% of SiC and CCA
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Figure 6.1 illustrates the variation in density of AA6063-based metal matrix composites reinforced with
different weight percentages of Silicon Carbide (SiC) and Corn Cob Ash (CCA). The graph shows a gradual
decline in density from 2.690 g/cm3 to 2.6816 g/cm3 as the reinforcement increases from 0% to 4% of
combined SiC and CCA. This reduction is primarily attributed to the incorporation of CCA, which has a
relatively low density compared to the aluminium matrix and SiC. Interestingly, at 5% reinforcement with
SiC alone, the density rises to 2.716 g/cm3, surpassing all previous values. This significant increase can be
linked to the higher specific gravity of SiC (3.18 g/cm3), which offsets the lightweight nature of the base
alloy. The findings demonstrate that the density of hybrid composites is strongly influenced by the type and
proportion of reinforcements used. The inclusion of low-density agro-waste like CCA effectively reduces
overall weight, whereas increasing the proportion of dense ceramic reinforcements such as SiC enhances the
composite’s compactness and mass.

Table 6.1: Composite Density Results

|Composite Sample|| Reinforcement Type ||Density (g/cm3)|
ISample 1 0% SiC & CCA (Base AA6063)|[2.690 |
|Sample 2 2% Sic & ccA ||2.6858 |
ISample 3 3% SiC & CCA ||2.6837 |
ISample 4 4% SiC & CCA ||2.6816 |
|Sample 5 |I5% SiC only |l2.716 |

6.2 Hardness Test

The Vickers hardness test indicated an increase in hardness values with reinforcement up to 3% of SiC and
CCA. This enhancement is attributed to the presence of SiC, which is known to significantly improve
hardness due to its high intrinsic strength and resistance to deformation.

However, a decline in hardness beyond 3% was observed. This can be linked to porosity and microstructural
flaws, likely arising from incomplete mixing or limitations in the mechanical stirring process. Entrapped air
or gas during casting could also lead to reduced hardness, particularly at higher reinforcement concentrations.
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Figure 6.2: Variation in Hardness with wt.% of SiC and CCA
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Figure 6.2 depicts the variation in Vickers hardness for AA6063-based composites reinforced with varying
weight percentages of Silicon Carbide (SiC) and Corn Cob Ash (CCA). The hardness of the base alloy
without any reinforcement was recorded at 44.5 VHN. A progressive increase in hardness was observed with
the addition of 2% and 3% SiC—CCA, reaching a peak value of 73.5 VHN at 3% reinforcement. This
enhancement is attributed to the presence of hard ceramic particles like SiC, which resist deformation and
contribute to higher surface hardness. Beyond 3%, however, a noticeable decline in hardness was observed,
with 4% and 5% reinforcement samples registering 61.0 VHN and 63.0 VHN, respectively. This drop is
likely due to increased porosity, non-uniform dispersion of reinforcements, and potential agglomeration,
which act as stress concentration sites and weaken the matrix. The results confirm that while reinforcement
improves hardness initially, excessive addition without proper dispersion control can degrade the mechanical
integrity of the composite.

6.3 Yield Stress Test

The addition of reinforcements significantly influenced the yield strength of AA6063. Initial reductions were
noted at 2% SiC & CCA, likely due to the limited wettability and bonding of CCA. Yield stress improved

from 3% onward, indicating SiC’s superior mechanical bonding and load transfer efficiency compared to
CCA.

The highest yield strength was recorded at 5% SiC, demonstrating the dominant role of SiC in mechanical
performance enhancement. Particle-to-particle contact and agglomeration may have affected stress transfer at
lower reinforcement levels.
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0% of SIC & CCA 2% of SIC & CCA 3% of SIC & CCA 4% of SIiC & CCA 5% of SIC
Composite Sample

Figure 6.3: Variation in Yield Strength with wt.% of SiC and CCA

Figure 6.3 represents the variation in yield stress of AA6063-based composites as a function of increasing
reinforcement content using Silicon Carbide (SiC) and Corn Cob Ash (CCA). The base alloy without any
reinforcement recorded a yield stress of 77.25 MPa. An initial decrease was observed at 2% SiC-CCA
reinforcement, dropping to 67.95 MPa. This reduction could be attributed to weak interfacial bonding
between the soft CCA particles and the aluminium matrix, which compromises load transfer during plastic
deformation. However, a clear recovery and improvement in yield stress was seen at higher reinforcement
levels—80.35 MPa at 3%, 86.50 MPa at 4%, and peaking at 93.30 MPa with 5% SiC. This upward trend is
mainly due to the dominant strengthening effect of SiC, which contributes to better stress transfer, grain
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refinement, and dislocation blocking. The data highlight the critical role of reinforcement composition and
distribution in determining the yield strength of the composite material.

6.4 Ultimate Tensile Strength

The ultimate tensile strength (UTS) followed a steady increase with higher reinforcement content. The UTS
improved by 11.22%, 23.39%, and 36.32% for 2%, 3%, and 4% SiC-CCA compositions, respectively. The 5%
SiC sample showed a significant 41.52% improvement over unreinforced AA6063.

The uniform dispersion of SiC particles achieved through ball milling and optimized stirring played a vital
role in enhancing load-bearing capacity. SiC’s higher fineness and hardness contributed to improved tensile
response.

Fig. 6.4: Variation in Ultimate Tensile Strength with wt.% of SiC and CCA
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Figure 6.4: Variation in Ultimate Tensile Strength with wt.% of SiC and CCA

Figure 6.4 presents the variation in Ultimate Tensile Strength (UTS) for AA6063 composites reinforced with
different proportions of Silicon Carbide (SiC) and Corn Cob Ash (CCA). The UTS of the base alloy without
reinforcement was recorded at 85.5 MPa. With the addition of reinforcements, a consistent increase in tensile
strength was observed. At 2% reinforcement (SiC + CCA), the UTS rose to 95.1 MPa, showing an
improvement of approximately 11.22%. The upward trend continued with 3% and 4% reinforcement
combinations, reaching 105.5 MPa and 116.5 MPa respectively. The maximum UTS of 121.0 MPa was
achieved with 5% SiC reinforcement alone, indicating an overall enhancement of 41.52% over the
unreinforced matrix. This trend reflects the significant influence of SiC’s hard ceramic nature and its efficient
load-carrying capacity when uniformly distributed in the matrix. Moreover, the hybrid reinforcement with
agro-waste CCA contributed to strength improvements up to a certain threshold but may introduce porosity
or uneven dispersion if not optimally processed. Overall, the data underscores the reinforcing efficiency of
SiC in improving the tensile behavior of aluminium composites.
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6.5 Microstructural Analysis

Scanning Electron Microscopy (SEM) was employed to study the microstructure of the composites at

different reinforcement levels.

Fig. 6.5a: At 2% SiC & CCA, coarse agglomerates and irregular particle shapes were observed.

Figure 6.5a displays the scanning electron microscopy (SEM) microstructure of the AA6063 aluminium
matrix composite reinforced with 2% Silicon Carbide (SiC) and Corn Cob Ash (CCA). The image reveals
noticeable coarse agglomerates and irregularly shaped reinforcement particles distributed unevenly
within the matrix. This non-uniform dispersion is likely due to insufficient interfacial bonding and weak
wettability of the reinforcements at lower concentrations, especially when using a hybrid of ceramic and bio-
based particles. The formation of clusters results in localized regions of high stress and potential weak zones,
which can adversely affect the mechanical integrity of the composite. Additionally, the irregular morphology
of the CCA particles may have contributed to poor flow characteristics during casting, leading to further
inhomogeneity. Overall, this microstructure reflects the typical challenges associated with achieving
effective dispersion at minimal reinforcement levels, and it correlates with the comparatively lower
mechanical performance observed in hardness and yield strength tests.

Fig. 6.5b: At 3% SiC & CCA, uniform distribution was achieved with minimal clustering, correlating with

improved mechanical performance.

Figure 6.5b illustrates the scanning electron micrograph of the AA6063 composite reinforced with 3%
Silicon Carbide (SiC) and Corn Cob Ash (CCA). In contrast to the previous sample, this microstructure
shows a significantly improved dispersion of reinforcement particles throughout the aluminium matrix. The
reinforcement appears more uniformly distributed, with minimal evidence of clustering or agglomeration.
This suggests that the mechanical stirring and preheating of reinforcements at this composition level were
effective in enhancing wettability and interfacial bonding. The SiC particles, owing to their angular and hard
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nature, are embedded cleanly within the matrix, while the fine bio-ash particles occupy interstitial spaces,
potentially aiding load distribution. The relatively homogenous phase structure observed here aligns well
with the peak improvements recorded in hardness and tensile strength at this reinforcement level. This
microstructure validates that 3% hybrid reinforcement may represent an optimal balance between
mechanical enhancement and microstructural stability in aluminium matrix composites.

Fig. 6.5¢c: At 4% SiC & CCA, porosity and casting defects (e.g., shrinkage cavities and gas holes) became
visible, which can degrade mechanical properties.

Figure 6.5c presents the scanning electron micrograph of the AA6063 composite reinforced with 4% Silicon
Carbide (SiC) and Corn Cob Ash (CCA). The microstructure at this reinforcement level reveals the onset of
casting defects, including porosity, shrinkage cavities, and gas holes, distributed across the matrix. These
defects are indicative of processing limitations, possibly due to excessive addition of hybrid reinforcements
that hindered proper flow and solidification during the stir casting process. The clustered regions of CCA and
partially wetted SiC particles contribute to the formation of voids and discontinuities at the matrix—
reinforcement interface. Such imperfections can act as crack initiation sites under mechanical loading,
potentially leading to reduced ductility and long-term fatigue strength. The irregular distribution also
suggests possible sedimentation or inadequate stirring at elevated weight percentages. While some particle
embedding remains visible, the increased defect density significantly compromises the structural integrity of
the composite. This microstructural deterioration aligns with the observed drop in mechanical performance
parameters beyond the 3% reinforcement threshold.

Fig. 6.5d: At 5% SiC, SiC particles were uniformly embedded with minimal defects, affirming effective
reinforcement-matrix bonding.

Figure 6.5d displays the scanning electron microscopy (SEM) image of the AA6063 composite reinforced
solely with 5% Silicon Carbide (SiC). The microstructure reveals a uniform and well-distributed
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dispersion of SiC particles within the aluminium matrix, with minimal defects such as voids or pores.
Unlike earlier compositions, no major clustering or agglomeration is evident, indicating a high degree of
compatibility and effective bonding between the matrix and the ceramic reinforcement. The clean particle-
matrix interfaces suggest successful mechanical stirring and sufficient wetting during the stir casting process.
The angular SiC particles appear firmly embedded, enhancing mechanical interlocking and load transfer
efficiency. This improved microstructural integrity contributes directly to the highest recorded values in
both yield strength and ultimate tensile strength, as observed in the experimental results. Overall, the
structure confirms that increasing SiC content—when properly processed—Ileads to significant
improvements in composite uniformity, density, and strength without inducing the casting-related defects
seen in hybrid compositions.

CHAPTER 7:

CONCLUSION

This study investigated the fabrication and characterization of AA6063-based metal matrix composites
reinforced with Silicon Carbide (SiC) and Corn Cob Ash (CCA) using the stir casting method. The primary
objective was to evaluate the influence of varying reinforcement compositions on the composite's mechanical
and microstructural properties.

The experimental findings affirm that hybrid reinforcement significantly alters the composite's performance.
The inclusion of CCA, a low-density agro-waste material, proved effective in reducing overall material
weight while moderately enhancing mechanical characteristics when used in controlled proportions. On the
other hand, SiC, a hard ceramic phase, played a dominant role in improving hardness, tensile strength, and
yield stress due to its superior stiffness and interfacial bonding with the aluminium matrix.

Mechanical tests revealed that the composite with 3% SiC + CCA demonstrated optimal balance between
hardness and structural integrity, whereas the 5% SiC-only specimen yielded the highest mechanical
strength, especially in terms of ultimate tensile strength and yield stress. However, excessive
reinforcement, particularly hybrid combinations beyond 3-4%, introduced casting defects such as porosity
and clustering, as evidenced in the microstructural analysis.

The SEM results confirmed that uniform particle distribution and minimal casting defects were critical for
mechanical enhancement. While lower reinforcement levels showed agglomeration and poor bonding,
optimized reinforcement levels led to improved matrix-reinforcement integration and consistent phase
morphology.

In conclusion, the study demonstrates that the careful selection of reinforcement type and percentage is
essential for achieving a desirable combination of strength, durability, and processability in aluminium
matrix composites. The use of agro-waste like CCA, when properly integrated, can promote sustainability
without sacrificing performance, while SiC remains a reliable candidate for enhancing the mechanical
attributes of structural materials in aerospace, automotive, and industrial applications.
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