DEVELOPMENT AND CHARACTERIZATION OF
ALUMINIUM SILICON CARBIDE COMPOSITE
MATERIALS WITH IMPROVED PROPERTIES

Capstone Project-1I Report submitted in
partial fulfillment for the award of the
degree of

BACHELOR OF TECHNOLOGY

Submitted by
Sandeep Kumar - 1714101091
Shivam Raj - 1714101097
Shivam - 1714101096
Piyush Badhani - 1714101070
IN

MECHANICAL ENGINEERING

DEPARTMENT OF MECHANICAL & CHEMICAL ENGINEERING

Under the Supervision of
Mr. Lavepreet Singh,

[Asst. Professor]

a GALGOTIAS
UNIVERSITY

(Established under Galgotias University Uttar Pradesh Act No. 14 of 2011)

JUNE- 2021



GALGOTIAS

UNIVERSITY
DEPARTMENT OF MECHANICAL & CHEMICAL
ENGINEERING
BONAFIDE CERTIFICATE

Certified that this project report “DEVELOPMENT AND
CHARACTERIZATION OF ALUMINIUM SILICON CARBIDE
COMPOSITE MATERIALS WITH IMPROVED PROPERTIES” is the

bonafide work of Sandeep Kumar, Shivam Raj, Shivam, Piyush

Badhani_who carried out the project work under my supervision.

SIGNATURE OF SUPERVISOR



Declaration

We, hereby declare that this written submission represents our ideas in our own
words and where others' ideas or words have been included, we have adequately
cited and referenced the original sources. We also declare that we have adhered
to all principles of academic honesty and integrity and have not misrepresented
or fabricated or falsified any idea/data/fact/source in our submission. We
understand that any violation of the above will be cause for disciplinary action
by the Institute and can also evoke penal action from the sources which have
thus not been properly cited or from whom proper permission has not been
taken when needed.

Sandeep Kumar - 1714101091
Shivam Raj - 1714101097
Shivam - 1714101096
Piyush Badhani - 1714101070

Date:

Sandeep Kumar, Shivam Raj, Shivam, Piyush Badhani

(Signature)



Approval Sheet

This thesis/dissertation/report entitled DEVELOPMENT AND
CHARACTERIZATION OF ALUMINIUM SILICON CARBIDE
COMPOSITE MATERIALS WITH IMPROVED PROPERTIES by
Sandeep Kumar, Shivam, Shivam Raj and Piyush Badhani is approved for the
degree of Bachelor of Technology in Mechanical Engineering.

Supervisor

Project Coordinator

Date:
Place:




Statement of Project Report Preparation

. Thesis title: DEVELOPMENT AND CHARACTERIZATION OF
ALUMINIUM SILICON CARBIDE COMPOSITE MATERIALS
WITH IMPROVED PROPERTIES

. Degree for which the report is submitted: BACHELOR OF
TECHNOLOGY IN MECHANICAL ENGINEERING

. Project Supervisor was referred to for preparing the report.

. Specifications regarding thesis format have been closely followed.

. The contents of the thesis have been organized based on the guidelines.
. The report has been prepared without resorting to plagiarism.

. All sources used have been cited appropriately.

. The report has not been submitted elsewhere for a degree.

(Signature of the student)

Sandeep Kumar - 1714101091
Shivam Raj - 1714101097
Shivam - 1714101096
Piyush Badhani - 1714101070



ACKNOWLEDGEMENT

I have taken efforts in this project. However, it would not have been possible
without the kind support and help of many individuals and organizations. We
would like to extend our gratitude to Prof. P.K.S. Nain, HEAD, Department of
Mechanical Engineering, Galgotias University, Mr. Pramod Kumar, Project
coordinator and our supervisor Mr. Lavepreet Singh, Assistant Professor. We
are grateful for their guidance and constant supervision as well as for providing
necessary information regarding the project & also for their support in
completing the project. I would like to express my gratitude towards my parents
& Department of Mechanical & Chemical engineering for their kind
cooperation and encouragement which helped me in completion of this project.
I would like to express my special gratitude and thanks to industry persons for
giving me such attention and time. My thanks and appreciation also go to my
colleague in developing the project and people who have willingly helped me
out with their abilities.

Sandeep Kumar
Shivam Raj
Shivam

Piyush Badhani

(Department of Mechanical & Chemical engineering)



ABSTRACT

Aluminium matrix composites (AMCs) promise numerical applications in industries
mainly due to their superior strength to conventional materials. The addition of AMC
to the metal matrix increases performance compared to conventional engineering
materials. This report examines the properties of AMCs and their advantages and
disadvantages. Major issues such as production impairment, matrix strength,
production costs and reinforcement in the particles are reviewed. The introduction of
various ceramics reinforcing elements on AMCs and its micro structural and
mechanical properties such as stiffness, compression, durability, wear are also
discussed in detail. AMC industrial applications are also reflected in this work.
Aluminum metal matrix composites have properties that no other monolithic material
can match. Due to their superior strength to conventional materials, aluminium matrix
composites (AMCs) have a broad variety of industrial applications. The nature of
reinforcing, that can take the form of constant or undefined fibres, has a big influence
on the properties of aluminum metal matrix composites. Thus it depends on the
fabrication methods for aluminium matrix composites, which are influenced by a
number of factors including the type of reinforcement and matrix used, its required
degree with surface morphology integrity, as well as physical, mechanical,
electro-chemical, and thermal properties. The present report offers a description of the
synthesis, mechanical behaviour, and utilisation of aluminium metal matrix
composites. The main processing methods for making or production of aluminium
metal matrix composites(AMCs) are thoroughly discussed. The development and
characterization of Aluminium Silicon Carbide (AI-SiC) composite materials is the
subject of this report. Aluminium (Al) was used as the pure matrix material in this
report, and Silicon carbide (SiC) was used as the reinforcement material to stabilise
the matrix. Stir casting was used to make aluminium matrix composites (AMC) with
varying SiC content (0 to 5% wt.%). In stir casting technique, a motor with mild steel
four blade stirrer was used with a speed of 550 rpm to stir the molten mold
.Mechanical as well as micro structural properties of Al-SiC composites were studied
in detail to characterize their properties. In the result, it was found that the mechanical
properties have been improved considerably with the addition of SiC in the Al matrix.
Also there has been uniform distribution of SiC over the Al matrix and it was possible
due to continuous stirring for 20 min in the mould. Micro structural observation also
revealed little clustering.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Materials and innovation that reflect human ability and comprehension are frequently used to
distinguish history. In general, scales began well with neolithic period, progressing through
the Bronze, Iron, Steel, Aluminum, and Alloy epochs as refinement as well as purification
increased, since technology enabled all of these epochs to progress toward the discovery of
more composite materials.

From the E glass/Phenolic cockpit canopy constructions of the mid-1940s towards the
graphite/polyimide composite used for the spacecraft orbiter, the advancement in cutting-edge
composite has been astounding. This development in the evolution of fortifications, grids, and
composites manufacturing is due to the knowledge of the potential low weight that can be
realised by employing high-level composites, that implies reduced costs but also more
efficacy. If advancements in manufacturing process were seen in the first twenty years,
precise examination of characteristics and break mechanics reached a point of confluence in
the 1960s. Since then, there has been an ever-increasing demand for more current, more
stable, stiffer yet lightweight weight in industries such as aerospace, transport, vehicles, and
development. Composites are emerging mostly as a result of unprecedented demand from
innovators as a result of rapidly propelling workouts in the aeroplane, aircraft, and automobile
industries. Such material have such a low explicit gravity, which means they have superior
modulus and strength than many customary design materials like as metals. As a result of
targeted inquiries into the core idea of material and a fuller sense of their architectural
characteristic relationships, innovative composites with improved mechanical and physical
capabilities have been developed. Polymer grid composites [1,2], Ceramic framework
composites [3, 4], as well as Metal lattice composites [5] are among the enhanced composites
used in these inns. Ongoing developments led to composites being used in a growing number
of novel applications. The importance of composites as design material being demonstrated
by the fact that more than 200 of the more over 1600 design materials currently available in
the market are composite [6].

1.2 COMPOSITES

1.2.1 WHY A COMPOSITES?

Composites, plastics, and earthenware seem to be the most common emerging materials over
the last 30 years [7]. Composites have constantly increased in volume and number of
applications, invading and conquering emerging business areas. Composites currently account
for a sizable percentage of the advanced equipment market, with applications range from very
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simple to complex.

While composites have confirmed to be valuable as poundage materials, the current issue is to
make them smart. In the composites sector, attempts to make financially appealing reinforced
composites have led to a wide range of inventive assembly procedures. It's indeed
self-evident, especially in the case of composites, that advancements in assembly technology
alone will not be enough to overcome the cost barrier. A concentrated attempt in architecture,
composition, measurement, machining, product testing, production, and perhaps even
programme management is required for composite to compete with metals. Because of the
sheer magnitude of the transportation industry, the composites industry has begun to recognise
that business applications of composites promise to give much larger business opportunities
than the aviation industry. As a result, in recent times, the shift of advanced composites from
aeroplanes to several other corporate applications has been apparent.

The infiltration of such high-level materials has experienced a steady growth in employment
and quantity, aided by the introduction of more up-to-date polymer sap foundation elements
and elite supporting strands of glass, carbon, and aramid. The increased volume has resulted
in a regular cost reduction. Composites reinforcing meant to counteract unstable effects, fuel
chambers for petrol gas vehicles, windmill sharp corners, mechanical drive shafts, support
light emissions connects, and even paper producing rollers would all benefit from superior
FRP. A few models are falls for motors, bended fairing and filets, trades for welded metallic
parts, chambers, tubes, conduits, edge regulation groups and so on

Furthermore, the demand for composites for lighter construction materials and much more
seismic-safe designs has placed a premium on the use of new and advanced materials that
reduce unnecessary weight while retaining shock and vibrations via specific microstructures.
Composite are now commonly used to recover/reinforce older designs that need to be
upgraded to become seismically safe, or to refurbish spoil cause by seismic motion.

Despite traditional materials (such as steel), the properties of a composites could be planned
from various angles. Material and basic layout are both included in the design of a primary
part made of composite. Composites features (such as solidity, warm growth, and so on) can
be varied repeatedly across a wide range of attributes that are highly impacted by the
fashioner. The final item attributes can be adjusted to practically whatever design need with
appropriate choice of supporting type.

And and that the use of composite materials would become a rational option in so many cases,
the material choice in other would be depending on criteria like as operating lifelong
requisites, the number of objects to be delivered (run distance), the intricacy of the item
structure, potential exchange funds in gathering expenses, and indeed the fashioner's
knowledge and talents in pressing composite materials to their maximum capability. In certain
occasions, best outcomes might be accomplished using composites related to conventional
materials.

1.2.2 What Is A Composite?

On a visible scale, the common composite is an arrangement of materials made out of at least
two materials (blended & strengthened).

Support (strands, particles, droplets, and occasionally fillers) are organised in a lattice pattern
in a composite (metals, ceramics, or polymers). The lattice holds the resources in place,
enabling it to frame the ideal shape while also increasing the on the whole mechanical
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property of the conceptual platform. When planned appropriately, the original joint material
exceeds all the other methods in terms of strength and durability.

According to Jartiz, composites are multiplexing frameworks that provide features that are not
possible with surface run. They're strong designs combining at least two materials with
different origins, characteristics, and building methods.

Kelly [8] emphasises that composite should not be considered solely as a combination of two
components. In terms of greater significance, the mix has distinct characteristics. It is stronger
than anyone of the pieces alone or deeply different from all of them in order to determine the
strength, heat insulation, or any other appealing feature.

"The composites are contain recycled that differ from amalgams in the sense that the separate
segments retain their attributes but are so combined into the composite as to exploit just of
their properties and not of their deficiencies," according to Berghezan [9], to obtain a better
substance.

Composites, according to Van Suchetclan [10], are material qualities made up of at least two
strong phases that are in close proximity on a microscopic level. On an infinitesimal scale,
these could also be thought as such homogeneous materials because every portion of them has
same material characteristics.

1.2.3 Characteristics of the Composites

At least one interrupted stage is installed in a nonstop stage in composite. The'support' or
'building up material' stage is often harder and more grounded than the constant stage,
whereas the 'grid' stage is named after the constant stage.

The qualities of composite are inextricably linked to the qualities of their material properties,
as well as their distribution and interconnection. The composite attributes could be the
volumetric portion quantity of the constituents' attributes, or the constituents could interact
synergistically to produce enhanced or superior properties. Apart from of the concept of the
individual components, the support calculation (form, size, and size circulation) has a
significant impact on the composite's qualities. The characteristics are also influenced by the
fixation distribution and orientation of the supports.

The state of the intermittent stage (which can be circular, tube-shaped, or rectangle
cross-endorsed crystals or platelets), the shape and size dispersion (which controls the
material's surface), and the volume part all play a role in determining the degree of
coordination between both the assistance and the lattice, which all help to determine the
degree of coordination between assistance as well as the lattice.

Fixation, which is commonly quantified as a volume or weight part, determines the
involvement of a particular constituent to the entire attributes of composite. It's not only the
most critical boundary determining composite properties, and it's also a highly controlled
assembly variable that may be used to change them.

1.2.4 Classification of Composites
There are various types of composite materials [11]. Because the geometries of the reinforcing

cause the mechanical structure and low performance of composites, classification based upon
on shape of a typical unit of reinforcing is useful. A common classification system is shown
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in Tablel.
1.2.4.1 Particulate Composites

The backing is of a molecular nature, as the name implies (platelets are additionally
remembered for this class). This can be circular, cubic, tetrahedral, platelet-shaped, or indeed
any symmetric or asymmetric shape as long as it is generally equiaxed. After all is said and
done, particles aren't particularly effective at increasing crack blockage; nonetheless, they
improve the composite's stiffness to a degree. Molecule fillers have been widely used to
determine the characteristics of lattice materials, including changing the warm and electronics
conductivities, improving execution at high temperatures, reducing erosion, increasing wear
and scraped spot resistance, improving machinability, increasing solidity value, and reducing
contraction.

1.2.4.2 Fibrous composites

When compared to its cross-sectional measures, the length of a fibre is far more conspicuous.
The support's elements determine its capacity to contribute characteristics towards the
composites. Filaments can help improve the grid's breaking resistance since a support with a
lengthy measure inhibits the growth of ordinary beginning breaks to the support, which can
lead to disappointment in some cases, particularly for weaker lattices.

Because massive flaws, which may be present in the mass material, are confined by the small
trans elements of the fibre, man-made fibres or strands of non-polymeric materials have a far
higher strength along their length. The orientation of the sub-atomic design is responsible for
strong strength and solidity in polymer composites.

Strands are difficult to use in application design due to their modest cross-sectional
dimensions. In this way, they are put into lattice materials to frame stringy composite. The
grid connects the strands, transfers burdens to the filament, and protects them from natural
attacks and injury caused by interacting with. In intermittent fiber supported composites, the
heap move capacity of the framework is more basic than in ceaseless fiber composites.

1.3 COMPONENTS OF A COMPOSITE MATERIAL

In its simplest form, a composite material is one which is made up of at least two elements
that act together to provide material qualities that are distinct from those of the individual
constituents. In practise, most composites are made up of a bulk material (the "matrix") and
some form of reinforcements, which is added to boost the matrix's stiffness and strength.

1.3.1 Role of matrix in a composite

Many substances have exceptional tensile strength when arranged in a sinewy structure, but to
achieve such capabilities, the filaments must be supported by a suitable matrix. The
framework confines the strands from each other to forestall scraped area and development of
new surface imperfections and goes about as an extension to hold the filaments set up. A
decent matrix ought to have the capacity to twist effectively under applied burden, move the
heap onto the filaments and equitably appropriated pressure fixation.

An research into the idea of holding powers in covers [12] reveals that the cement connection
between the support and the matrix is prone to breaking once stacking begins. The super
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strength characteristics of the covers are represented by the friction powers among both.

1.3.2 Materials used as matrices in composites

In its simplest form, a composite is one that is made up of at least two elements that act
together to provide material qualities that are distinct from those of the individual
constituents. In practise, most composites are made up of a bulk material (the matrix) and
some form of reinforcement, which is added to boost the matrix's stiffness and strength.

1.4 BULK PHASES

1.4.1 Metal Matrices

When compared to natural framework, metal lattice composites offer certain desirable
features. These include (I) increased strength at higher temperatures, (ii) increased cross-over
strength, (iii) improved electrical conductivity, (iv) unequalled warm conductivity, (v)
increased disintegration resistance, and so on. Nonetheless, the significant hindrance of metal
grid composites is their higher densities and therefore lower explicit mechanical properties
contrasted with polymer matrix composites. Another outstanding trouble is the high-energy
prerequisite for manufacture of such composites.

Superior has primarily been focused on fiber-supported aluminium and titanium in the
avionics industry. Boron and, to a lesser extent, silicon carbide (SiC) have been investigated
as support filaments. A variety of ways have been used to supply aluminium composites
containing boron. Titanium built up with SiC, boron (covered with SiC) and even with
beryllium, utilized for blower sharp edges.

Even if the holding between the strands or stubbles is inadequate, unidirectional aggregation
of strands or stubbles in the metal grid can achieve high versatile modulus characteristics.
Solid metallic matrixes, rather than flimsy metal or polymer grids, are essential for
appropriate cross over elasticity and stiffness.

Because most important fabrication processes entail high temperatures that alter the fibre,
carbon/graphite strands have only been used with metal matrixes on a research centre trial
scale. In any case, research along similar lines is underway, taking into consideration the
composites' capabilities.

1.4.2 Polymer Matrices
The matrix materials for the composite are made up of a broad number of polymeric

polymers, including thermoplastic and thermosetting. Following table lists a few of the
primary benefits and drawbacks of resin composites.

Table 1

Polymeric matrix materials' benefits and drawbacks

Advantages Limitations

Low densities Low transverse strength

Good corrosion resistance Low operational temperature limits
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Low thermal conductivities

Low electrical conductivities

Translucence

Aesthetic Colour effects

Resinous fasteners (polymer lattices) are often selected based on adhesive strength, wear
resistance, heat resistance, material and moisture resistance, and so on. The pitch's mechanical
strength should be comparable to that of the support. It should be simple to choose and use in
the production contact, as well as to deal with the help circumstances. Apart from such
characteristics, the pitch structure should be capable of soaking and infiltrating into the heaps
of filaments that provide support, so replacing the silent gaps and providing those genuine
traits capable of improving strand display.

The gum determines the shear, synthetic, and electrical characteristics of a composite. Once
again, the tar's concept will determine the usefulness of the coverings in the face of a
deteriorating climate.

In general, regardless of how large the volumetric part of the fibre seems (on the order of 0.7),
the framework material completely covers the support in composite, and it is the matrix that
must endure the negative atmosphere when the composite is exposed to elevated temperature.
The strength properties of the composite appear to be degrading, which could be related to the
effect of temperature on interfacial interaction. As a result, the composite's elevated
temperatures resistance is linked directly to the grid instead of the support. In the quest for
high-temperature-resistant polymers, the upper limit of assistance temperatures has been
pushed to around 300-3500C. Polyimides, which are now the best in class high temps
polymers, can withstand this range of operating temperatures.

The inexact assistance temperature ranges for saps and composites are shown in Tables 2 [13,

14]. It's important to remember that when it comes to the notion of the matrix material,

especially with regard to the composite's application temperature, there's no place for wiggle

space. On the off chance that the application temperature surpasses 300-3500C metal

framework has all the earmarks of being the solitary other option, in any event for the present.
Table 2

Application temperatures of some matrix material

Matrix material

Limit of long term
exposure, C

Limit of short term
exposure, C

Unsaturated polyesters 70 100
Epoxies 125 200
Phenolics 250 1600
Polyimides 315 400
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Aluminium 300 350

Table - 3

Trends for temperature application of heat resistant composites

Fibre reinforced Maximum service Specific weight
Composite temperature, C gm/cm3
Carbon / Epoxy 180 1.4
Boron/Epoxy 180 2.1
Borsic / Aluminium 310 2.8
Carbon/Polyimide 310 1.4
Boron/Polyimide 310 2.1
Carbon/Polyaminoxaline 350 1.4
Carbon/Polybenzimidazole | 400 14
Borsic/Titanium 540 3.6
Carbon/Nickel 930 53
Whisker/Metals 1800 2.8-5.6

1.4.3 Ceramic Matrices

High-temperature uses and settings where corrosion seems to be a problem benefit from
ceramic fibres such as alumina and SiC (Silicon Carbide). The bulk of uses for reinforcements
are in the particulate form due to ceramics' limited stress and shear capabilities (e.g. zinc and
calcium phosphate). Ceramic Matrix Composites (CMCs) are materials that use a ceramic as
the matrix and are reinforced using small fibres or whiskers consisting of silicon carbide or
boron nitride. They are employed in very high temperatures.

1.5 REINFORCEMENT

The primary function of reinforcements in a composite is to improve the neat resin system's
mechanical characteristics. Every one of the fibres used during composite possess distinct
qualities, which influence the composite's qualities in diverse situations. To enable
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manipulation conceivable, the fibres must be organized into a kind of type of sheets, termed
as a fabric, throughout most purposes. Various methodologies for building fibres in sheet, as
well as the various fibre orientation that can be used to create various features.

1.6 INTERFACE

It possesses qualities that aren't represented by some of the individual elements. An interface
is a bounded region or zone in which a disruption, particularly physically, mechanical,
chemical, or otherwise, occurs. The fibre must be “wet” by the matrix substance. To enhance
wettability, coupling compounds are routinely utilised. Fibers that are well "wetted" increase
the surface of the contact. To achieve attractive characteristics in a composite, the load
applied must be successfully delivered out from matrix towards the fibres via the interface.
This needs a high contact area between the fibres and the matrix, as well as high adherence.
Debonding (breakdown at the interface) may not be desired.

1.7 METAL MATRIX COMPOSITE

Composite materials are made up of at least two sections: one would be the metal grid, and
the other is the support. Although the grid is often described as being made of metal, the
matrix is rarely made of pure metal. It is, for the most part, a mix. In the usefulness of the
composite the grid and the support are combined as one.

In recent years, the advancement of metal matrix (MMCs) has gotten a lot of attention
because of their superior strength and solidity, as well as high wear resistance and creep
resistance as compared to its related manufactured combination. The pliable structure allows
for the plastic deformation of fractures and stress focuses, which improves the substance's
crack toughness.

Factories have long produced cast composite in which the volume and condition of stages are
controlled by stage charts, such as Cast iron and Aluminum-silicon combinations.
Cutting-edge composites differ in that any volume, form, or size of reinforcement can be
incorporated into the lattice. Advanced composite are non-balanced metal-pottery
combinations with no thermodynamic constraints upon overall volume rates, forms, or sizes
of earthenware stages [15].

Many unique primary uses of metallic composite are attracted to the great durability and
impact power of metals and combos such as aluminium, titanium, magnesium, and
nickel-chromium combinations that go through plastics deformity under swaying. To increase
their qualities, such substances have even been remarkably reinforced by various fortified
standards (such as grain limit fortification, cooling rate, powerful organization fortification,
and so on). In any event, these techniques have been found to have an impact on strength and
solidity at elevated temperatures or even under specific assistance settings. In just this way,
another of the major goals of iron frame composite is to create a material with a balanced mix
of sturdiness and hardness in order to reduce the material's susceptibility to fractures and
faults while potentially maintaining dynamic and static qualities.

This demand ultimately leads to the excellent structure of metal and metal composites using
unidirectional or multi - directional weeds or uninterrupted threads. Because of it's extremely
high strength of stubbles and strands with distances of less than a few micrometres, the
supporting impact occurs. As a result, the discipline of Composite Materials (MMCs) began
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in the 1960s with the recognition that stubble-built MMCs may compete with long-fiber
supported composites in case of mechanical qualities [16].

The perplexing manufacture courses, restricted fabric ability [17, 18] and the little contrast in
property upgrade among bristle and particulate support [19] and additionally, the wellbeing
dangers related with taking care of SiC hairs [20, 21] have moved the accentuation as of late
more towards particulate or slashed filaments instead of stubble support of metals,
particularly aluminum, in view of its low weight and great wettability with silicon carbide
[22]. Mostly during 1980s, a dramatic shift in metal matrix development occurred, with
spasmodic support gradually replacing consistent support such as carbides, nitrides, oxides,
and natural materials such as carbon as well as silicon.

Whilst also spastic stubble endorsed MMCs are still being developed for aerospace
applications, car sections made from particles in the air and intermittent fibre built up MMCs,
which have essentially isotropic properties, are already being mass produced in large
quantities, thanks to Toyota's introduction of a diesel combustion chamber in 1983,
accompanied by Honda's motor and chamber blocks [23,24].

As a result, the current trend appears to be towards to the development of infrequently
supported metal grid composite materials, when compared to uni- and multi-directional
constant fibre built up MMCs, and the ease of access to benchmark or near-standard metal
working strategies that can be used to shape these MMCs, they have been acquiring wide
acceptance mainly since they have lately became more reachable for a moderately low cost
[25].. MMCs are really a subtype of irregularly sustained aluminium (DRA) composites,
which are formed of high-strength aluminium and its components, which are developed with
silicon carbide particles or bristles. Aluminum metal grid composites have an appealing
combination of characteristics and fabricability for some fundamental parts that require
high-solidity, good stiffness, and light weight [26].

Aluminium [27] is currently the focus of research around the world due to its distinctive
combination of good utilization blockage, low thickness, and excellent mechanical qualities.
Aluminum composites' unique thermal features, such as metallic conductance with a
coefficient of extension that can be custom fit down substantially, expand their use in
aerospace and other fields.

As a result, entire families of lightweight material composites that were formerly considered
unthinkable have either been available or hovering on the precipice of commercialisation.
Duralcan USA, Div. Alcan Aluminum corp., San Diego, California [28], for example, has
developed a series of Aluminum grids composite anchored by silicon carbide particles. Timet
for McDonnell Douglas developed a high-temperature freak titanium amalgam as a matrix
material for the National Aerospace facility. Textron is heated isostatically squeezing titanium
composite Ti-6Al-4V supplemented with continuous silicon carbide fibres for turbine motor
shafts [29]. Aluminum and rare metals are currently used as structural materials for MMC
goods by CERAMTEC AG (Germany). Besides being relatively low-priced in evaluation to
certain other light metals (e.g., magnesium and titanium), it has produced excellent results in a
variety of automobile and aerospace uses and is known for its ease of handling. Eventually,
the structure might be made of nearly any lightweight composite or non-ferrous metal,
particularly magnesium. They are likewise growing new clay cutting devices, and furthermore
prevalent material for chamber linings.
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Even with its greater increased temperature blocking property, titanium [30] has been used in
air motors primarily for blowers sharp corners and plates. Magnesium is indeed the best
material for producing composites for engine response sections, cylinder, gudgeon pins, and
spring coverings [31]. It is additionally utilized in aviation because of its low coefficient of
warm extension and high solidness properties joined with low thickness. The usage of Silicon
Carbide as an aid in Aluminum composite is principally intended to replace specialised
beryllium parts in rocket navigation frameworks since the underpinning exhibition is nicer
without the need for particular care in development as requested by the last's hazard [32, 33].
As of late Aluminum-lithium composite has been drawing in the consideration of analysts
because of it's acceptable wettability attributes [34].

Effective turn of events and sending of metal framework composites are basic to arriving at
the objectives of many progressed aviation drive and force advancement programs.
High-temperature, high-warm conductivity, and high-strength materials are required for the
specific space impetus and force application. Metal grid composites either meet or are capable
of meeting these requirements [35]. Metal structure composites additionally provide good
assurance to help car developers meet ongoing and prospective demand issues.

As a result of this writing, it is obvious that the Aluminum metal matrix composites
composition may efficiently support SiC, Al203, TiB2, boron, and graphite. The supporting
Aluminum metal matrix composites chemicals have made significant progress from of the
research center to commercialization. In any event, the components that influence the
mechanical and physical properties of these substances are a test [36] since they have been
receptive to the type as well as nature of support, the way of assembly, and the nuances of
creative management of the composites after it starts manufacturing.

Ceramic composites are widely used in situations where large weight investment expenditures
are required. Nonetheless, Aluminum composites' fairly weak wear resistance has limited
their use in elevated situations. The bulk of the studies to analyse the wear conduct of
Aluminum baffles have been conducted, according to the literature available on the subject.

Its protection from wear of MMCs is generally agreed upon, as well as the larger the
volumetric portion of particles, the greater the obstructions [37-39]. However, there is an ideal
value of the supporting that provides the most extreme contract duration from the material.

The diffraction and wearing demonstrations of supported aluminium composite may be
divided into two classes by the head tribological boundaries. Mechanical and real factors are
one, and material components are the other [40]. Sliding speed and typical burden have been
identified as mechanical and actual aspects, while volume part and type of for constituent
materials have been identified. Several researchers have concentrated on the volume part
support, which has the most solid impact on wear opposition [41]. MMCs have been planned
using various types of fortification as part of the exploration [42-43]. Introducing hard
intermetallic into the aluminium matrix improves wear characteristics dramatically, as a result
of most of these findings.

1.8 NEED FOR THE REINFORCEMENT OF SILICON CARBIDE INTO
ALUMINIUM MATRIX

The improvement of supporting framework, particularly composites assembly, can be
attributed to a better understanding of the lightweight materials that composites may provide,



22

resulting in cheaper prices and better execution. There seems to be an rise in demand for
more contemporary, heavier, stronger, as well as lighter weight in areas such as aviation.
Composites are advancing mostly as a result of unusual customised demand arising from
rapidly driving activities in the aircraft, flying, and automobile industries. Because the their
low explicit gravity, these material outperform several traditional design elements like as
metals in terms of effectiveness and modulus. It is currently ready to make new composites
with improved mechanical and actual properties as an outcome of far reaching examination
into the presence of substances and a more profound comprehension of their design property
relationship. Constant advancement has prompted the utilization of composites in a more
extensive scope of uses, including elite composites, for example, PMCs, CMCs, and MMC:s.
The ability to achieve a good mix of solidarity, solidness, strength, and thickness with
traditional solid particles is limited. Composites are the most promising materials of
continued interest for overcoming these flaws and addressing the ever-increasing need for
new technology. Metal grid composites (MMCs) have essentially improved properties over
unreinforced compounds, like high explicit strength, explicit modulus, damping force, and
high wear obstruction. AMCs have a wide scope of utilizations in our day by day lives.
Increased strength and explicit modulus, enhanced solidity, light weight, low warm growth
coefficient, high warm conductivity, enhanced electronic characteristics, increased wear
obstruction, and improved damping capacities are some of the advantages of using particles
fortified AMCs components over un - reinforced materials .Inside the framework, particles,
short strands, persistent filaments, and mono fibers would all be able to be utilized as
supporting constituents. Aviation, temperature control, modern materials, and car applications
like motor cylinders and brake circles currently use it. High solidity and durability, low
thickness, high temperature soundness, excellent voltage and warm conductivity, flexible
coefficient of warm extension, consuming opposing, expanded wear obstruction, and other
important qualities of composites. The support keeps the matrix in place and improves the
grid's overall material qualities, allowing it to frame the required stuff. When properly
prepared, the most current consolidated material outperforms all of the individual materials.
Composite are spectral features structures with features that separate materials cannot match.
Rational designs by meticulously mixing many or more comparable elements from diverse
organisations, highlights, and shapes.When contrasted with their fashioned amalgam partners,
metal lattice composites (MMCs) have gotten a ton of consideration lately as a result of their
prevalent strength and solidness, just as their high wear and creep obstruction. Another
important goal of lattice composite is to create a combination with a fine balance of strength
and hardness that reduces break and deformation weaknesses while improving dynamic and
static properties. Complex manufacturing methods, tiny texture restrictions, and a
microscopic variation in appropriate framework among brushes, as well as fine molecular
upgrade, are all factors to consider. Because of the health risks associated with cleaning SiC
stubbles, the focus has recently shifted to particle strands rather than aluminium hair support,
which is lightweight and more wettable with silicon carbide. MMCs are a form of DRA
constructed of high-strength aluminium amalgams with silicon carbide particulates or
bristles. Aluminum metal matrix composites give superb focuses to a few structure
components requiring high solidness, high strength, and low weight inferable from the blend
of properties and fabricability. Because fundamental performance is excellent and there is no
requirement for extraordinary manufacture the board required by that of the last's
poisonousness, SiC as a building up in Aluminum Composite is generally planned to
substitute some beryllium components in rocket directing frameworks. Aluminum-based
composite are commonly used in weight-saving purposes. Mixed Cast is a liquid state
composite material creation technology in which a distributed stage (clay particles, short
filaments) is accurately merged together with a liquid frame metal. The fluid composite
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material is projected using traditional projecting tactics, and it can also be treated using
standard metal frame processes. The main goal of this work is to use mix projections to create
an Al-SiC composite that can be tested mechanically and metallurgically.

CHAPTER 2

LITERATURE SURVEY

2.1 INTRODUCTION

As part of the thesis study, a literature review is conducted to gain a better understanding of
the manufacturing processes, characteristics, and wear behavior of metal matrix composites.
Composite structures have consistently demonstrated a cost savings of at least 20% over
metal counterpart, as well as lower operational and maintenance costs. As more data on
composite structural service life becomes accessible, this can be reliably stated that they are
robust, preserve dimensional integrity, withstand stress load, and are simple to maintain and
repair. Composite should continue to develop new uses, but as the market for these materials
expands, less expensive methods of processing will be required, as well as the chance of
recycling [44].

The literature survey is carried out as a part of the thesis work to have an overvi
ewof the production processes, properties and wear behaviour of metal matrix comp
osits. Composite structures have shown universally a savings of at least 20% over
metal counterparts and a lower operational and maintenance cost. As the data on
the service life of composite structures is becoming available, it can be safely said
that they are durable, maintain dimensional integrity, resist fatigue loading and are
easily maintainable and repairable. Composite would continue to develop new uses, but as
the market for these materials grows, less expensive processing methods, as well as the
possibility of recycling, will be necessary [45].

It has been reported that the energy consumed when aluminium is recycled is only
about 5% of that required in the primary production of aluminium [46]. There
are, however, certain disadvantages associated with the recycling of aluminium such
as the presence of impurities, which to a large extent impair the mechanical proper
ties of the recycled material. This problem can be overcome by a careful selection
of the constituents and also the fabrication technique, as they can lead to the
formation and piling up of intermediate phases that are detrimental [47].

There are many interdependent variables to consider in designing an effective MMC
material. Since the upper bound on MMC properties is established by the properti
es of the matrix and reinforcement material, careful selection of these components
1S necessary.
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2.2 MATERIAL SELECTION
2.2.1 Matrix Material

Because the matrix alloy in MMC is responsible for so much more than just distributing glue,
it should only be chosen after a thorough examination of its chemical inertness with that of
the composite, capacity to wet this same reinforcement, own qualities, qualities, and
processing behaviour patterns [ 48].

One very crucial issue to consider in selection of the matrix alloy composition inv
olves the natural dichotomy between wettability of the reinforcement and excessive
reactivity with it [49]. Good load transfer from the matrix to the reinforcement dep
ends on the existence of a strongly adherent interface [50, 51]. In turn, a strong i
nterface requires adequate wetting of the reinforcement by the matrix. However,

the attainments ofwetting and aggressive reactivity are both favored by strong chem
ical bonding betweenthe matrix and reinforcement. Adjusting the chemical compositi
on to accomplish this delicate compromise is difficult as many subtleties are involv
ed. To illustrate the complexity, several examples concerning alloying additions to
aluminium matrix metal relative to Silicon carbide whiskers, boron reinforced and
Graphite reinforced aluminium composites and the effect of insidious impurities
from various origins have been documented by numerous investigators [52-66].

As a rule of alloying element addition, the added element should not form
intermetalic compounds with the matrix elements and should not form highly
stable compounds with the reinforcements. The best properties can be obtained in
a composite system when the reinforcement whiskers or particulates and matrix are
as physically and chemically compatible as possible. To improve the performance of
specific metallic composites, special matrix alloy composition and unique whisker coatings
has been developed [67-71].

2.3 Why Al Matrix Selection?

MMC materials have a combination of different, superior properties to an unreinfor
cedmatrix which are; increased strength, higher elastic modulus, higher servic tempe
rature, improved wear resistance, high electrical and thermal conductivity, low coeffi
cientof thermal expansion and high vacuum environmental resistance.These properties
can be attained with the proper choice of matrix and reinforcement

Composite materials consist of matrix and reinforcement. Its main function is to tra
nsfer and distribute the load to the reinforcement or fibres. This transfer of load
dependson the bonding which depends on the type of matrix and reinforcement and
the fabrication technique.

The matrix can be selected on the basis of oxidation and corrosion resistance or
otherproperties [34]. Generally Al, Ti, Mg, Ni, Cu, Pb, Fe, Ag, Zn, Sn and Si are
used as the matrix material, but Al, Ti, Mg are used widely.
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Nowadays researchers all over the world are focusing mainly on aluminium [27] be
cause of its unique combination of good corrosion resistance, low density and excel
lent mechanical properties. The unique thermal properties of aluminium composites s
uch asmetallic conductivity with coefficient of expansion that can be tailored down
to zero, add to their prospects in aerospace and avionics. Titanium [30] has been
used in aeroengines mainly for compressor blades and discs due to its higher
elevated temperature resistance. Magnesium is the potential material to fabricate
composite for making reciprocating components in motors and for pistons, gudgeon
pins and spring caps [31].

It is also used in aerospace due to its low coefficient of thermal expansion and
high stiffness properties combined with low density. the choice of Silicon Carbide
as the reinforcement in aluminium composite is primarily meant to use the composi
te in missile guidance system replacing certain beryllium components because struct
ural performance is better without special handling in fabrication demanded by the
latter's toxicit [32,33]. Recently aluminiumlithium alloy has been attracting the attent
ion of researchers due to its good wettability characteristics [72].

In addition, literature also reveals that most of the published work has considered
aluminium composites with their attractions of low density, wide alloy 23 range,
heat treatment capability and processing flexibility. Many of these features are also
exhibited by magnesiumbased systems and with its lower elastic modulus. Magnesiu
m often achieves a larger property improvement with reinforcement than aluminium.
Also many of the composite fabrication processes are common to both Al and M
g based systems [35, 73].

Magnesium and magnesium alloys are among the lightest candidate materials for pr
actical use as the matrix phase in metal matrix composites. When compared to oth
er currently available structural materials. Magnesium is very attractive because of
its uniquecombination of low density and excellent machinability. However, it has
been reported by several authors [74] that their low density (35% lower than that
of Al) makes them competitive in terms of strength/density values. Magnesium allo
ys do not compare favorably with aluminium alloys in terms of absolute strength.

The high wettability, design flexibility, and tough bonding at the interface are said to be the
major reasons for aluminium's success over magnesium.

2.4 Reinforcement

Reinforcement increases the strength, stiffness and the temperature resistance capacit
y and lowers the density of MMC. In order to achieve these properties the selecti
on depends on the type of reinforcement, its method of production and chemical
compatibility with the matrix and the following aspects must be considered while
selecting the reinforcement material.

* Size — diameter and aspect ratio:

» Shape — Chopped fiber, whisker, spherical or irregular particulate, flake, etc:
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* Surface morphology — smooth or corrugated and rough:
* Poly — or single crystal:

» Structural defects — voids, occluded material, second phases:
* Surface chemistry — e.g. SiO, or C on SiC or other residual films:
* Impurities — Si, Na and Ca in sapphire reinforcement;

* Inherent properties — strength, modulus and density.

Even when a specific type has been selected, reinforcement inconsistency will persi
st because many of the aspects cited above in addition to contamination from proc
essing equipment and feedstock may vary greatly [75]. Since most ceramics are
available as particles, there is a wide range of potential reinforcements for particle
reinforced composites [76-81].

The use of graphite reinforcement in a metal matrix has a potential to create a
material with a high thermal conductivity, excellent mechanical properties and attract
ive damping behaviour at elevated temperatures [82,83]. Howeverlack of wettabilityb
etween aluminium and the reinforcement, and oxidation of the graphite [84,85]

lead to manufacturing difficulties and cavitations of the material at high temperature

Alumina [86] and other oxide particles like TiO, [87] etc. have been used as the
reinforcing particles in Al. Alumina has received attention as a reinforcing phase as
it is found to increase the hardness, tensile strength and wear resistance [88,89] of
aluminium metal matrix composites. Rohatgi [90] have studied mica, alumina,
silicon carbide, clay, zircon, and graphite as reinforcements in the production of
composites. Numerous oxides, nitrides, borides and carbides were studied by Zedalis
et.al.[91,92] as reinforcements for reinforcing high temperature discontinuously
reinforced aluminium (HTDRA). It has been inferred from their studies that HTDR
A containing TiC TiB,, B,C, Al,O;, SiC and Si;N, exhibit the highest values of
specific stiffness.

It is proven that the ceramic particles are effective reinforcement materials in alu
minium alloy to enhance the mechanical and other properties [93,94]. The reinforce
ment in MMCs are usually of ceramic materials, these reinforcements can be divid
ed into two major groups, continuous and discontinuous. The MMCs produced by
them are called continuously (fibre) reinforced composites and discontinuously reinfo
rced composites. However, they can be subdivided broadly into five major categorie
s: continuous fibres, short fibres (chopped fibres, not necessarily the same length),
whiskers, particulate and wire (only for metal). With the exception of wires, reinfor
cements are generally ceramics, typically these ceramics being oxides, carbides and
nitrides. these are used because of their combinations of high strength and stiffness

at both room and elevated temperatures. Common reinforcement elements are SiC,

A1,0;, TiB,, boron and graphite.
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2.2.3.1 Continuous fibre reinforcement

According to ASTM [95] the term fibre may be used for any material in an elon
gated form that has a minimum length to a maximum average transverse dimension
of 10:1, a maximum cross sectional area of 5.1X10 cm? and a maximum transver
se dimension of 0.0254 cm. Continuous fibers in composites are usually called fila
ments, the main continuous fibres include boron, graphite, alumina and silicon
carbide.

The fibre is unique for unidirectional load when it is oriented in the same
direction as that of loading, but it has low strength in the direction perpendicular
to the fibre orientation. As regards cost, continuous fibres are about 200 times hig
her than discontinuous fibres. Therefore for specific purposes only, that continuous f
ibre is used. The other advantage of discontinuous fibres is that they can be shape
d by any standard metallurgical processes such as forging, rolling, extrusion etc.

2.2.3.2 Short fibres

Short fibres are long compared to the critical length (I, = d S;/ S, where d is
the fibre diameter, S; is the reinforcement strength and S, is the matrix strength)
and hence show high strength in composites, considering aligned fibres. Nevertheles
s, misoriented short fibres have been used with some success as AMC (Aluminium
Matrix Composite) reinforcement [96]. Short fibres are still used mainly for refract
ory insulation purposes due to their low strength compared with others, but they
are cheaper than fibre and whiskers.

2.2.3.3 Whiskers

Whiskers are characterized by their fibrous, single crystal structures, which have no
crystalline defect. Numerous materials, including metals, oxides, carbides, halides
and organic compounds have been prepared under controlled conditions in the form
of whiskers. Generally, a whisker has a single dislocation, which runs along the c

entral axis.

The relative freedom from discontinuous means that the yield strength of a whisker
isclose to the theoretical strength of the material [97].

Silicon carbide, silicon nitride, carbon and potassium titanate whiskers are availablea
Iready. Among these, silicon carbide whiskers seem to offer the best opportunities
for MMC reinforcement. Presently, silicon carbide whisker reinforcement is produced
from rice husk, which is a low cost material. The physical characteristics of whis
kers are responsible for different chemical reactivity with the matrix alloy [99] and
also health hazards posed in their handling. Therefore the inherent interest shown
by the researchers in whiskers reinforcement has declined.

2.2.3.4 Particulates
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Particulates are the most common and cheapest reinforcement materials.These
produce the isotropic property of MMCs, which shows a promising application in
structural fields. Initially, attempts were made to produce reinforced Aluminium
alloys with graphitepowder, but only low volume fractions of reinforcement had
been incorporated (<10%).Presently higher volume fractions of reinforcements have
been achieved for various kinds of ceramic particles (oxide, carbide, nitride).

Wear-resistant materials made from SiC particulate-reinforced aluminium matrix composites
seem promising. Particulates, on the other hand, have a favourable effect on properties
including toughness, durability, and compressive. The selection of reinforcements is guided
by a number of factors [100], and is not as random because this set of composite may appear.

The application: If the composite is to be used in a structural application, the mo
dulus, strength, and density of the composite will be important, which requires a
high modulus, low density reinforcement. Particle shape may be important, since
angular particles can act as local stress raisers, reducing ductility. If the composite
is to be used in thermal management applications, the coefficient of thermal expans
ion and thermal conductivity are important. If the composite is to be used in

wear resistant applications, hardness is important.

The method of composite manufacture: There are two generic methods for comp
osite manufacture, powder metallurgy (P/M) and methods involving molten metal.
For composites processed in the molten state, there are different considerations such
as compatibility. Alumina is stable in most Mg free Al alloys, but unstable in
Mg alloys, reacting to form Al,MgO,. Reaction of the reinforcement can severely
degrade the properties of the composites, so the reinforcement has to be chosen
after considering the matrix alloy, and the processing time and temperature.

Cost: The cost of the composites is a big consideration when employing particles. As a result,
repeatable grade reinforcement must be readily available in the quantities, sizes, and shapes
necessary at a low cost.



29

CHAPTER 3

METHODOLOGY

3.1 FABRICATION METHODS OF MMCs

Metal-matrix composite (MMC) materials' potential for considerable performance
improvements over traditional alloys has been extensively acknowledged in recent years.
Their manufacturing expenses, on the other hand, are still quite substantial. MMC materials
can be made using a variety of fabrication procedures; there is no one-size-fits-all solution.
Fabrication procedures can differ significantly depending on the material and reinforcement
used, as well as the types of reinforcement used. The following are the different processing

processes utilised to make particle reinforced MMCs.

e Diffusion bonding, hot rolling, extrusion, drawing, explosive welding, PM route,

pneumatic impaction, and other solid-phase fabrication methods [101].

e Liquid-metal infiltration, squeeze casting, compocasting, pressure casting, spray

codeposition, stir casting, and other liquid-phase production methods[102].

e Rheocasting [103] and Spray atomization are two-phase (solid/liquid) techniques.

Because solid-phase processing takes longer, the liquid-phase fabrication method is usually

more efficient [104] than the solid-phase fabrication approach. In various fabrication
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procedures, the matrix metal is used in diverse forms. Powder is typically utilised in
pneumatic impaction and powder metallurgy, while a liquid matrix is utilised in liquid-metal
infiltration, plasma spray, spray casting, squeeze casting, pressure casting, gravity casting, stir
casting, investment casting, and other processes. Electroforming uses a molecular form of the
matrix, while diffusion bonding, rolling, and extrusion utilise vapour deposition and metal

foils.

There are certain main manufacturing processes which are used presently in laborat
oriec as well as in industries are diffusion bonding, the powder metallurgy route,
liquid,metal infiltration, squeeze casting, spray codeposition, stir casting and compo

casting. Brief Description of these processes is given below.

3.2 SOLID PHASE FABRICATION METHODS

There are various methods for fabricating MMC from solid-phase materials, although

diffusion bonding and powder metallurgy are the most common.

3.2.1 Diffusion bonding

This method is normally used to manufacture fibre reinforced MMC with sheets or
foils of matrix material. Figure 1 [104] shows the different steps in fabricating
MMC by diffusion bonding. Here primarily the metal or metal alloys in the form

of sheets and the reinforcement material in the form of fibre are chemically
surface treated for the effectiveness of interdiffusion. Then fibres are placed on the
metal foil in predetermined orientation and bonding takes place by press forming
directly, as shown by the dotted line. However sometimes the fibres are coated by
plasma spraying or ion plating for enhancing the bonding strength before diffusion
bonding, the solid line shows this. After bonding, secondary machining work is
carried out. the applied pressure and temperature as well as their durations for
diffusion bonding to develop, vary with the composite systems. However, this is

the most expensive method of fabricating MMC materials.
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Fig.1 Flow chart for composite fabrication by diffusion bonding

3.2.2 Powder metallurgy (PM) technique

The PM technique shown in Fig.2 is the most commonly used method for the pre
paration of discontinuous reinforced MMCs [105]. This technique is used to manufa
cture MMCs using either particulates or whiskers as the reinforcement materials. In
the general process the powders of matrix materials and reinforcement are first bl
ended
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and fed into a mould of the desired shape. Pressure is then applied to further
compact the powder (cold pressing). In order to facilitate the bonding between the
powder particles, the compact is then heated to a temperature that is below the m
elting point but sufficiently high to develop significant solidstate diffusion
(sintering). The consolidated product is then used as a MMC material

after some secondary operation.

This method is popular because it is reliable compared with other alternative metho
ds, but it also has some demerits. The blending step is a time consuming, expensi
ve and potentially dangerous operation. In addition, it is difficult to achieve an
even distribution of particulate throughout the product and the use of powders
requires a high level of cleanliness, otherwise inclusions will be incorporated into

the product with a deleterious effect on fracture toughness, fatigue life, etc.
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| BLENDING |
COLD PRESSING HOT PRESSING
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SINTERING
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) kL
EXTRUSION | ROLLING FORGING

L
MMC

Fig.2.General flow chart for fabrication of composite by powder metallurgy
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technique

3.2.3 Liquid phase fabrication techniques

Most of the MMCs are produced by this technique. In this technique, the ceramic
particles are incorporated into liquid metal using various processes. the liquid
composite slurry is subsequently cast into various shapes by conventional casting
techniques or cast into ingots for secondary processing. The process has the major
advantage that the production costs of MMCs are very low. The process has the key
advantage of having very low MMC production costs. The non-wettability of the particles by
liquid aluminium and the resulting denial of the particles from the melt, as well as
non-uniform particle dispersion due to favored segregation and significant interfacial

reactivity, are the key challenges in such operations.

3.2.4 Liquid metal infiltration

This process can also be called fibre infiltration. Fiber tows can be infiltrated by
passing through a bath of molten metal. Usually the fibres must be coated in line
to promote wetting. Once the infiltrated wires are produced, they must be assembl
ed into a preform and given a secondary consolidation process to produce a comp
onent. Secondary consolidation is generally accomplished through diffusion bonding

or hot moulding in the two-phase liquid and solid region.

The fabrication process of MMC by vacuum metal infiltration used by Chapman et
al. [106] is shown in Fig. 2.3. These authors used Aluminium oxide fibre FP (po
lycrystalline fibre) of Du Pont Company. In this technique, as the first step, FP is
made into a handleable FP tape with a fugitive organic binder in a manner
similar to producing a resin matrix composite prepreg. Fibre FP tapes are then laid
in the desired orientation, fibre volume loading, and shape, and are then inserted
into a casting mold of steel or other suitable material. The fugitive organic binder
is burned away, and the mold is infiltrated with molten metal and allowed to sol
idify. Metals such as Aluminium, magnesium, silver and copper have been used as
the matrix materials in this liquid infiltration process because of their relatively

lower melting points. This method is desirable in producing relatively small compos
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ite specimens having unidirectional properties.
3.2.5 Squeeze casting

Squeeze casting is a one-step metal forming method that produces close-tolerance,
high-integrity finished shapes by rapidly solidifying a measured quantity of liquid metal in a
reusable die at high pressures (50 to 100 MPa).

The fabrication process of MMC by squeeze casting is shown in Fig. 3. The
preform of the ceramic fibre is preheated to several hundred degrees centigrade bel
ow the melting temperature of the matrix and then set into a metal die. the Al or

Mg alloy is heated to just above its melting temperature and is then squeezed
into the fibre preform by a hydraulic press to form a mixture of fibre and molten

metal.

This process can be used for large scale manufacturing but it requires careful contr
ol of the process variables, including the fiber and liquid metal preheat temperature
, the metal alloying elements, external cooling, the melt quality, the tooling temper
ature, the time lag between die closure and pressurization, the pressure levels and
duration and the plunger speed. Imperfect control of these process variables results
in various defects, including freeze choking, preform deformation, fiber degradation,
oxide inclusions and other common casting defects. However, in practical use,
squeeze casting is the most effective method of constructing machine parts with a

complex shape in a short time.
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Fig.3.Sequences of the Squeeze casting process with a vertical machine (a) po

uring (b) casting (c) squeezing and (d) ejecting

3.2.6 Spray co-deposition method

Spray-deposition is a low-cost approach for creating particle composites. The Alcan spray
deposition method is seen schematically in Figure 4. The alloys to have been spray in a
beaker is melted using induction heating. The crucible is pressured, and the metal is expelled
throughout a nozzle into an atomizer, where particles (reinforcement) are injected and
deposited on a warmed substrate in the line of flight. On the collector, a substantial deposit is
built up. When the deposited strip has cooled, it is removed from the substrate and rolled. The
final product's shape is determined by the atomizing condition as well as the collector's form

and speed.
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3.2.7 Stir casting

Stir-casting processes, as demonstrated in Fig. 5, are now the most straightforward and
marketable method of making MMCs. This method entails mechanically addition the
reinforcing particles into a melt bath and then moving the mixture to a formed mould before it
solidifies completely. The most important aspect of this technique is to get adequate wetting

between the particle reinforcement and the molten metal.

Microstructural inhomogeneity can cause particle agglomeration and sedimentation in
the melt and subsequently during solidification. Inhomogeneity in reinforcement
distribution in these cast composites could also be a problem as a result of
interaction between suspended ceramic particles and moving solid,liquid interface
during solidification. This process has the major advantage that the production costs

of MMCs are very low.
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Fig.5 MMC by casting route through Stir Casting method

3.2.8 Compocasting

This has been the most cost-effective way of producing a composite using discontinuity
fibres, except from PM, thermal spraying, diffusion bonding, and high-pressure squeeze
casting (chopped fibre, whisker and particulate). This is an upgraded version of the slush- or

stir-casting method.

Figure 6 shows the schematic representation of the compo casting apparatus used to make the
composites. An inductive power supply (50 kW, 3000 Hz), a water-cooled vacuum chamber
with mechanical and diffusion pumps, and a furnace and mixing equipment for agitating the

composite make up the device.

First, a metal alloy is placed in the system with the blade assembly in place.
Then the chamber is evacuated and the alloy is superheated above its melting
temperature and stirring is initiated by the DC motor to homogenize the
temperature. The inducing power is lowered gradually until the alloy is 40 to 50%
solid, at which point the nonmetallic particles are added to the slurry, However,
the temperature is raised during adding in such a way that the total amount of
solid, which consists of fibres and solid globules of the slurry, does not exceed
50%. stirring is continued until interface interactions between the particulates and

the matrix promote wetting.

The melt is then superheated to above its liquid temperature and bottom poured

into the graphite mould by raising the blade assembly. The melt containing the no
nmetallic particles is then transferred into the lower half of the press and the top
die is brought down to shape and solidify the Composite by applying the pressure.
This is used to make the composite of the highest values of volume fractions of

reinforcement.

MMCs are less forgiving in terms of processing practise than unreinforced alloys, according
to the literature, but with the right technique, desirable combinations of mechanical and

physical qualities can be created.
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CHAPTER 4

STIR CASTING FABRICATION METHOD

4.1 Introduction
Stir casting is one of the many production processes accessible for discontinuity metal matrix

composites, and it is presently used economically. Its merits include its simplicity, flexibility,
and adaptability to large-scale production, as well as its low price, because it allows for the
use of a traditional metal preparation method in theory. This liquid metallurgical approach is
perhaps the most cost-effective of all the metal matrix production pathways [107], allowing
for the fabrication of very mass production while maintaining high productivity rates.
However according Skibo et al [108], the cost of manufacturing composites employing a
casting approach is roughly one-third to just one that of comparable technologies, with costs
expected to reduce to one-tenth for large volumes manufacturing.
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Fig.7 MMC by casting route through Stir Casting method
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4.2 Fabrication Process

In general stir casting of MMCs involves producing a melt of the selected matrix
material, followed by the introduction of reinforcing material into the melt,obtaining
a suitable dispersion through stirring The next step is the solidification of the
melt containing suspended particles to obtain the desired distribution of the disperse
d phase in,the cast matrix The schematic diagram of this process is as shown in
Figure 8 incomposites produced by this method, particle distribution will change sig
nificantly depending on process parameters during both the melt and solidificationsta
ges of the process The addition of particles to the melt drastically changes the vis
cosity of the melt, and this has implications for casting processes It is important t
hat solidification occur before appreciable settling has been allowed to take place.

Q] +— Stirrer

E

~ 4—— Molten metal
e
Reinforcement MMC
mixed with Slurry
molten metal

Pour into ingot
or mould

Fig.8: Schematic diagram of stir casting

The earlier approaches to producing metal matrix composite used solid particles pro
duced within the melt through a chemical reaction This results in dispersed phases
as in precipitation hardening of Al4wt% cu alloy Other approaches to produce me
tal matrix composites involve the introduction of second phases particles in the met
al melt.

The foundry technique involves the mixing of reinforcement particles by sting the
molten alloy matrix.

The process is generally earned out at two different ranges of temperature of the
melt, beyond the liquidus temperature [109] or at the melt temperature maintained
within the partially solid range o f the alloy [110] The technique involving the
latter range of temperature is called the compocasting process and it is very effecti
ve in making cast composites with higher particle content [111] the reinforcement
particles are added gradually while stirring continues at a constant rate.

As per Miwa [112], in order to achieve good integration, the adding rate must be lowered in
tandem with size reduction. Salvo [113] takes roughly 5-10 minutes to integrate silicon
carbide particle into the melt, while Lee et al [114] added particles at a rate of 4-5g/hour. The
particles were sometimes supplied via a nitrogen gas stream [115,116].
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The reinforcement particles used normally are one of two types either in as receiv
ed condition, or heattreated (artificially oxidized) Oxidation has take place at
1000°C for 1 5 hours in air [117] at 1100°C for 12 hours [118] or one and half
hours [119], and at 850°C for 8 hour Additionally, gas absorbed on the surface o
f SiC, which was prepared in air, can be removed by preheating at a certain
temperature for a certain period of time For example particles have been heated to
554°C for one hour [120,121], 850°C for 8 hours [122], or at the temperature of
900°C, 799°C [123,124] and 1100°C [125]

Most previous researches have used the matrix metal alloy in the ingot form [126,
127,128] or extruded bar [129] As a starting point the ingot is generally melted to
above the liquidus temperature, for example to 50°C above the liquidus temperature
[130]. A different approach has been proposed by Young and Clyne [131] and in t
heir work slurry was prepared from powdered material Composite melt may be
prepared in a graphite crucible [132,133], silicon carbide crucible [134,35], alumina
crucible [136,137], or concrete crucible [138] In order to keep the melt as clean
aspossible the ingot is melted under a cover of an inert gas such as nitrogen, or i
n a vacuum chamber [139] or in a pressure chamber there also helps to minimize
the oxidation of the molten metal [140], or reduces porosity (under pressure)
McCoy et al [141] prepared composite with the whole apparatus being sealed with
a glove box which was filled with nitrogen gas According to Yamada et al
[142] the molten aluminium should be subjected to a high vacuum atmosphere to
degas hydrogen, before the reinforcement materials are completely added Gupta and
Surappa [143] treated the metal ingot in different ways In their work the metal
ingot, before melting, was treated with a warm alkaline solution and washed with
a mixture of acids, in order to reduce the thickness of
the oxide film and to eliminate other surface impurities.

The most significant requirement when using a stir casting technique is continuous

stirring of the melt with a motor driven agitator to prevent settling of particles If

the

particles are more dense than the host alloy, they will naturally sink to the bottom
of the melt [144] This means that some method of stirring the melt must be intr
oduced before casting to ensure that the particles are properly distributed throughout
the casting Some of the stirrer which are normally be used is shown in Figure 9
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Figure.9. Several type of stirrer

4.3 Solidification of Metal Matrix Composites

During solidification it is important to have an understanding of particle movements
and distribution, as the properties of composite are known to critically depend on
the distribution o f the reinforcement The solidification synthesis of cast metal,cera
mic particle composites involves producing a melt of matrix material, followed by t
he introduction of the particles into the melt, and the final step is solidification

of the melt into a certain shape, such as an mgot or a billet form The solid parti
cles are present virtually in unchanged form, both m the liquid and the solid
metal The incorporation of the reinforcement particle will immediately increase the
viscosity of the matrix melt For example, if 15 volume percent of reinforcement
particles is added into the fully melted matrix mixture, this means that the melt
will be occupied by 15 percent of solid particle, or in the other word, the slurry
is partially solidified [145].

It is established that the formation of the microstructure in cast particle reinforced
composites is mainly influenced by the following phenomena particle pushing or en
gulfed by the solidification front, particle settling or floatation in the melt, the soli
dification rate of the melt, and chemical reaction between particles and the matrix.
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4.4 Particles Pushing or Engulfed

During solidification the reinforcement particle acts as a barrier to solute diffusion
ahead of the liquid solid interface, and the growing solid phase will avoid the rein
forcement in the same way that two growing dendrites avoid one another The indi
vidual particles may be pushed by the moving solid,liquid interface into the last
freezing interdendritic regions, or the growing cell may capture them [146] The
ceramic particles, which generally have lower thermal conductivity than that of the
melt, are often surrounded by the last freezing fraction of the molten alloy during
solidification of slurry. This phenomenon has been interpreted by several researcher
s such as Ulhmann et al [147], m terms of particle pushing by the solidification f
ront, or interaction of particle with a planar solidification front They observed

that for every size of particle, there is a critical velocity of solidification front,
below which the particles are pushed by the front, and above which the particles
areto be engulfed by the solidifying phase [148] There are several prediction model
of particle pushing including the Ulhman, Chalmers and Jackson’s model [149] and
Bolling and Cisse’s model [150] The first model is a kinetic approach to particle
pushing, which assumes that a particle is pushed m front o f the solid,liquid inte
rface Repulsion between the particles and the solid occurs when the sum of the
particle,liquid and liquid,solid interfacial free energies is less than the particle,solid i
nterfacial free energy.This model introduced critical velocities,above, which the
particles should be entrapped, and below which the particles are rejected by the
moving solid-liquid interface.

4.5 Post Solidification Processing

The secondary processing will modify the particle distribution According to Lloyd
et al, [151] secondary fabrication processes, such as extrusion, can modify the par
ticle distribution but complete declustering cannot be achieved even at the highest
extrusion ratio Figure 1 11 shows the effect of extrusion ratio on the particle distr
ibution [152] it shows that extrusion rapidly homogenize the distribution at quite
low extrusion ratio, and the particle distribution does not change significantly with
greater degree of extrusion However secondary processing may change the particle
distribution by cracking,the particle [153] Use of an appropriate reinforcement partic
le size range, and correct fabrication practice minimises particle fracture.

4.6 Problems In Stir Casting

In preparing metal matrix composites by stir casting, there are several factors that
need consideration including

I The difficulty of achieving a uniform distribution of reinforcement material
II The poor wettability between the two main substances

IIT The propensity for porosity in the cast metal matrix composite

IV Chemical reaction between reinforcement maternal and matrix alloy
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In order to achieve the optimum properties of the metal matrix composite, the distr
ibution of the reinforcement materials m the matrix alloy must be uniform, and
the wettability of bonding between these two substances should be optimized The
chemical reaction between reinforcement materials and the matrix alloy and porosity
must be avoided or minimised The high AISiC interface bonding strength is the
mam reason for the composite relatively high specific mechanical properties A suffi
cient bond is achieved only when good wetting of the reinforcement by the matrix
is obtained, and this is dependent on the surface properties of the two phases
[154] It is believed that a strong interface permits transfer and distribution of load
from the matrix to the reinforcement, resulting m an increase in elastic modulus
and strength [155] Fracture in discontinuously reinforced composites can result
mainly from debonding of particles from the matrix [156]

4.7 Particle Distribution

Three primary phases, the melting phase, solidification, and post-solidification phase, have a
considerable impact on the distribution of particle reinforcement particles alloy. The steps of
melting and solidification are intertwined and must be monitored continuously. The
post-solidification procedure may aid in the homogenization of particle dispersion in the
finished product.

Particle distribution in the matrix material during the melt stage o f the casting pr
ocess mainly depends on the viscosity of the slurry, the extend to which particles

are successfully incorporated in the melt, and the characteristics o f the reinforceme
nt particles The characteristics o f the reinforcement particles influence settling rate,
and the effectiveness of mixing in breaking up agglomerates, minimising gas entra
pment and attaining distribution of the particles

Casting of particle reinforced metal matrix composites generally occurs in the semi
solid state as it is advantageous compared with conventional casting where the
alloy is completely melted This is because when the composite slurry is in the
temperature range where the matrix itself is partly solid as in compocasting, little
or no gravity induced segregation of the ceramic reinforcement occurs, even if the
slurry is at rest [157] This occurs as the solid matrix phase has about the same d
ensity as the liquid metal, so it neither settles nor floats in the slurry, and holdthe
reinforcement in place.

4.8 Particle Incorporation

In general there are two types o f barrier to particle incorporation into a liquid m
elt These are mechanical barriers such as a surface oxide film, and thermodynamic
barriers, which are usually referred to in terms of wettability Mechanical barriers
can be reduced by good foundry practice, but overcoming thermodynamic barriers
is more difficult Generally ceramic reinforcements used in MMCs are non-wettable
by the metallic melt, requiring an external driving force to overcome the surface
energy barriers This force is provided by stirring the melt with a mechanical stirre

r or using electromagnetic stirring It has been shown that alloy chemistry,
temperature of particle addition and stirring rate are some o f the parameters contr
olling wettingof the reinforcement by the melt [158] Once the particles are transfer
red into the liquid and the energy barrier is overcome, the surface energy or
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surface forces will not change with position inside the melt The dynamics of parti
cles in the melt will be governed by other forces including gravity, buoyancy or
by stirring action However, twoproblems complicate the incorporation process (i) par
ticle agglomerates must be broken up before complete dispersion and wetting can o
ccur, and (11) it is energetically conducive for the particles to become attached

to gas bubbles.

During particle addition, there is some local solidification o f the melt induced byp
articles, and the entire matrix melt temperature can fall below the solidus, dependin
g on the temperature of the particles It was also found that the perturbation in
the solute field due to the presence of particles can change the dendrite tip radius,
and the dendrite tip temperature [159]. As the density of particles increases, these
actions cause a dendritic-to-cell transition. The length of the dendritic also decreases in the
presence of particles.

The method of particle introduction to the matrix melt is a very important aspect
of the casting process. There are a number of techniques [160] for introducing and
mixing the particles However, some of these methods have several disadvantages

Gas injection of particles for example will introduce a quantity of gas into the
melt, some methods are not very effective dispersing the particles and some, such
as the ultrasonic technique are very expensive, and are difficult to scale to product
ion level Whereas, by using centrifugal action, the distribution o f the particles
vanes from the inner to outer part of a billet because of the differences in centrif
ugal force [161].

4.9 Particle Characteristics

One major processing problem is that particles either sink or float, depending on
the particle,liquid density ratio In foundry operations, segregation of the particles
may occur between the time stirring has stopped, and the melt has solidified Clust
ering of the particles is a contributory problem, making the particles settle more
quickly. Therefore the particles may be unevenly distributed macroscopically (denude
region due to settling) and microscopically (clusters of particles) [162]. Particle enri
ched zones may form either as a consequence of gravity segregation of particles in
melts during holding, or during slow solidification or as a consequence of selective
segregation under the action of centrifugal acceleration in centrifugal casting [163]
In foundry operations, where composite ingots are remelted for product casting,
there may be problems of clustering if the melt is not intensively stirred At suffici
ently long holding times, top partsof the casting are completely denuded of particle
which settle to the lower parts the casting, as a function of time [164] Therefore
the melt must be restirred prior to casting if long holding times m the molten
state are used According to Geiger et al [165] the settling rate will also be a
function of the particle density and size, with particle shape and size possibly play
ing a role [166] At high volume fractions, particles interact with each other and
settling is hindered [167] Hindered settling for spherical particles has been modelled
by Richardson and Zaki [168] with the particle velocity, Vc is given by Ve = V
O(lf)n where, VO is the Stokes’s velocity,/ is the volume fraction of particles, and
n is a factor dependent on the Reynolds number, the particle diameter and the
container diameter, and which increases with increasing particle diameter The study
on the settling indicate that the finer the dispersions and the higher their volume
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fraction, the slower the rate of settling Hanumanth et al [169] using an average
particles size o f 90/im found a slurry of 02 volume fraction of SiC particles settl
ed completely in about 300 seconds resulting in loosely packed particles at the
bottom of an aluminium alloy matrix At lower volume fraction of particles the
settling time is less So, it is apparent that slurry with large size particles will
have to be stirred all the time until casting In practice the situation is complicated
by the fact that there is a range of particle shapes and sizes As large, irregular
particles sink, the liquid they displace can influence the settling rate of other partic
le [170] settling is not a concern during initial mixing because of the turbulence
in the mixer, but it is important in any subsequent molten metal transfer Thomas [
171] studied the state of dispersion of particles in slurry under dynamic conditions
of flow, and in this context it was found that the particle shape and size are
the most important parameters. The flow behaviour o f the slurries has been summ
arised as follows:

1. Particles below 10 nm size are almost always carried fully suspended in the liq
uid, and gravitational effects are negligible

2. Gravitational effect is not negligible for particles in the size range of 10 p.m t
o 100 im, and a particle concentration gradient will develop.

3. Particles ranging from 100 to 1000 |[im in size, are fully suspended at high vel
ocities and often deposit at the bottom of the channel at lower flow velocities

According to Ray [172], when the flow velocity is above a critical value for a
given size of particle, the suspension will remain homogeneous during flow If the
flow velocity is reduced below the critical value, the suspension becomes homogene
ous If the flow velocity is further reduced, the particles will sediment at the
bottom of the channel and move by tumbling over each other.

4.10 Mixing

It is essential to produce as uniform a distribution as possible without any gas
entrapment, since any gas bubbles will attach to reinforcement particles leading to
poor bonding with the matrix Excessive gases content can result from over agitated
melts, which lead to unacceptable porosity content in the ingot Even in inert gas
or vacuum operated processes, top melt surface agitation is known to cause
problems.

Stirring is a complex phenomenon, and it can be a problem to control the process
such that a uniform distribution o f particles is achieved Mechanical stirring being
usually used during melt preparation or holding, the stirring condition, melt tempe

rature, and the type, amount and nature of the particles are some o f the mam

factors to consider when investigating this phenomenon [173, 174,175,176] Settling
and segregation are both to be avoided.

In creating a homogeneous distribution of particles in a molten alloy, the high shea

r rate caused by stirring the slurry should result in a fairly uniform particle distrib

ution in the radial direction, and also prevent particles from settling secondary

flow in the axial direction results m transfer of momentum from high to low

momentum regions and causes lifting of particles.

4.11 Solidification
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There are essentially three mechanisms, which will affect particle redistribution duri
ng solidification processing These are agglomeration, sedimentation and particle engu
Ifment or rejection (pushing) ahead o f the solidification front The prevalence of
one or more of these mechanisms is dependent upon elements of the processing
technique as well as the physical and chemical properties of the particle and the
matrix [177,178,179].

The distribution of particles in the resulting solid may or may not follow the distr
ibution in the liquid The actual distribution o f particles that one obtains in the
solidified material will largely depend upon the morphology of the interface that is
present under given experimental conditions When the particles are trapped by a
plane front or cells, the distribution remains similar to that present in the liquid
prior to solidification On the other hand, when a dendritic structure is present
during solidification, then the solidification o f particles in the solid can be signifi
cantly different from that in the liquid The trapping of particles between dendrites
usually occurs just behind the tip, within the first ten secondary branches These
secondary branches close to the dendrite tip have smaller branches The particles
which are trapped between these branches, as close to the tip will remain between
these branches as the dendrites grows The particles that have been trapped a few
branches behind the tip may appear to be trapped at the base of the dendrite in
metallic systems

Excessive particle redistribution during processing can result in vast particle-free zones in a
casting, substantial particle agglomeration and clustering, and an mterdendntic reinforcing
distribution. A homogeneous distribution of the reinforcement phase is desirable in order to
generate uniform stress distributions during service, and it is suggested that this can be
achieved by reducing holding and casting times, thus avoiding extensive settling, and by
stimulating particle engulfment into the primary matrix gramme or dendrites during freezing.
During solidification of liquid containing dispersed second phase particles, the partic
les in the liquid melt can migrate towards, or away from the freezing front. It has
been found that those small particles are entrapped between the secondary arms,
while comparatively large particles are entrapped between primary dendritic arms [1
80,181] When the composite slurry is poured into a cold mould, the temperature
of the melt drops rapidly at the mould boundary Thus dendrites appear on the
mould boundaries first and push the particles in a direction opposite to heat transfe
r as the temperature in the mould decreases According to Xiao et al [182], in
MMC castings there is a boundary layer over which (due to friction at the bounda
ries and the growing mechanism of dendrites), only few particles are entrapped
This results in a lower volume fraction of particles near the boundaries.

It is now well established that depending on the interfacial energies, a growing
crystal can either engulf or reject particles [183,184,185] Engulfment of the reinforc
ement means that not only the particles unlikely to be associated with brittle inter
metallic phases and other particles in the mtordendritic and intergranular regions,but
the fact that engulfment occurs suggests that reinforcement wetting has taken place,
and that the interfacial bonding between the particles and the matrix must be good
Two mechanisms have been suggested for particle pushing from fluid flow [186,1
87] In the firstmechanism, the particle is in contact with the solid and it is move
d over the surface by the fluid flow as the solid grows Whereas in the second
mechanism, the particle which is 1 located near the solidification front becomes
trapped because of the roughness of the solidification front When the particle is



48

rejected by the growing crystals and pushed ahead of the advancing interface, a
viscous force is generated and this tends to prevent the pushing of the particle He
nce, it is the balance of these counteracting forces which decides the rejection or
engulfment of the particle It is parameters such as relative density difference, relati
ve difference in thermal conductivity and heat diffusivity between the particle and
the metallic melt, and alloy composition will affect the shape of the solidification f
ront anddetermine the magnitude of these forces [188,189] particle pushing suggests
that the solid metal has no affinity for the reinforcement and that the interfacial
bonding is weak Strong interfacial bonding is essential for effective load transfer
from the matrix to the particle and for delaying the onset of matrix decohesion,
both of which have a profound effect on the strength and stiffness of the composit
e.

Solidification rate will influence the size of dendrite arm spacing At high cooling
rates where the dendrite arm spacing is smaller than the particle size, particles
become virtually immobile and no solidification induced segregation results.Therefore
finer DASs either close to, or even greater than, the average particle size will
produce a more uniform distribution of the particles in the matrix Increasing the
dendrite arm spacing leads to particle clustering, and clustering increases with
increases m particle content However according to Lloyd [190], the reinforcement
does not normally nucleate Al dendrites,and does not affect the cast grain size.
Engulfment and nucléation both require that a low solid interfacial energy be prese
nt, just as particle incorporation requires a low particles-liquid interfacial energy.

This is usually achieved through the solid and particles sharing the same crystal
structure and lattice parameter Ceramic material known to act as gram refiner such
as T1B2 and TiC, are likely to be engulfed within the metal gram rather than
be pushed to the boundaries It is also established that a finer gram size will give
better mechanical properties In this context Kennedy et al [191] incorporated parti
cles of TiB2, TiC and B4C into aluminium alloy melt This was done without the
use of external mechanical agitation A wetting agent which produce KALF based
slag in the melt surfacewas also added A variety of casting techniques have been

used to cast molten alloys containing suspended ceramic particles The choice of
casting technique and configuration mould are important A sand mould was used
[192] to cast aluminiumcontaining particles AI203, SiC and glass, and some
settling of coarse particles was observed This is because of the slow cooling rate
allowed by the sand mould It was suggested that a metal chips could be
introduced in the sand mould to enhanced the solidification and reduce the floating
or settling tendency o f the particles [193] Aluminium based composites have
also been cast by Deonath et al [194], demonstrating good distribution of particles
as a result of reasonably rapid freezing While in centrifugally cast aluminium,grap
hite [195], lighter graphite particles segregated to the inner periphery of the casting
, and similar I results have been reported for porous alumina [196], and mica [19
7], dispersed in aluminium alloys. During centrifugal casting of an aluminium alloy
containing zircon particles, however, the heavier zircon particles separate at the hollow
casting's outer periphery.
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CHAPTER 5
RESULTS AND DISCUSSION

5.1 Introduction:

The breakthrough in the development of reinforcement matrices, including composite
manufacturing, may be attributed to a greater understanding of the lightweight materials that
composite materials can produce, resulting in lower costs and improved performance. There
has been an increase in demand for newer, heavier, stiffer, and lighter-weight materials in
fields such as aerospace and manufacturing [198]. Composite materials are evolving primarily
in response to unprecedented technical demands resulting from rapidly advancing activities in
the aerospace, aviation, and automotive industries. These materials outperform many
traditional engineering materials like metals in terms of strength and modulus due to their low
specific gravity. [199]. It is now able to make new composites with improved mechanical and
physical properties as a consequence of comprehensive research into the existence of
substances and a deeper understanding of their structure-property relationship. Continuous
progress has led to the use of composites in a wider range of applications, including
high-performance composites such as PMCs, CMCs, and MMCs [200]. With traditional
monolithic materials, the ability to achieve a good combination of strength, stiffness,
durability, and density is limited. Composites [201] are the most promising materials of recent
interest for overcoming these shortcomings and meeting modern technology's ever-increasing
demand. Metal matrix composites (MMCs) have significantly improved properties over
unreinforced alloys, such as high specific strength, specific modulus, damping power, and
high wear resistance. AMCs have a wide range of applications in our daily lives [202]. The
advantages of using particles strengthened AMCs materials over unreinforced materials
include increased strength and specific modulus, improved stiffness, light weight, low thermal
expansion coefficient, high thermal conductivity, optimised electrical properties, increased
wear resistance, and improved damping capabilities [203]. Within the matrix, particles, short
fibres, continuous fibres, and mono filaments can all be used as reinforcing constituents.
Aerospace, temperature control, industrial materials, and automotive applications such as
engine pistons and brake discs now use it [204]. Some of the key properties of composite
materials are high stiffness and strength, low density, high temperature stability, high
electrical and thermal conductivity, adjustable coefficient of thermal expansion, corrosion
resistance, increased wear resistance, and so on [205]. The reinforcement holds the matrix in
place and enhances the matrix's total material properties, enabling it to form the required
shape. The latest combined material outperforms each of the individual materials when
correctly crafted [206]. Composites are multifunctional material structures with properties that
are unmatched by discrete materials. Coherent structures are created by mechanically merging
multiple or more similar materials of different compositions, features, including shapes
[207].When compared to their wrought alloy counterparts, metal matrix composites (MMCs)
have received a lot of attention in recent years because of their superior strength and stiftness,
as well as their high wear and creep resistance [208]. Another of the primary goals of matrix
composites is to create a composite with a fine balance of hardness and strength which
reduces crack and defect vulnerability while simultaneously enhancing static and dynamic
properties[209]. Complex fabrication paths, minimal fabric capacities, and a tiny change in
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property enhancement among whiskers as well as fine particle enhancement are all things to
keep in mind. Because of the health risks associated with handling SiC whiskers, the
emphasis has recently shifted to particulate fibres rather than aluminium whisker
reinforcement, which is lighter and more wettable with silicon carbide [210]. MMCs are a
form of DRA composite made out of high strength aluminium alloys including silicon carbide
particulate matter or whiskers. Aluminium metal matrix composites provide excellent targets
for several building elements requiring high stiffness, high strength, and low weight owing to
the combination of properties and fabricability. [211].SiC as a reinforcing in Aluminum
Composites is generally designed toward replace some beryllium components in missile
guidance systems since structural performance is high without any need for special fabrication
management necessitated by that of the latter's toxicity. Weight-saving applications commonly
use aluminum-based alloys [212]. Stir Casting [213] is a liquid state method of fabricating
composite materials in which a dispersed phase (ceramic particles, short fibres) is
mechanically mixed with a molten matrix metal. Traditional casting methods are used to cast
the liquid composite material, and it can also be processed using traditional metal forming
techniques. The primary aim of this paper is to use stir casting to prepare an Al-SiC
composite material for mechanical and metallurgical testing.

5.2 Materials and method:
5.2.1 Material Selection:

To make AIMMC, commercially pure Aluminum was used as the matrix and 5% Silicon
Carbide was used as reinforcement. Figure 10 displays a pure SiC powder with a scale of 50
microns.

Fig.10. Silicon Carbide powder

5.2.3 Experimental Method:

To extract moisture, the SiC elements were preheated at 200°C for 2 hours. By raising the
temperature of commercially pure Al to 770°C, it was melted. A mild steel stirrer was then
used to stir the melt. When a vortex formed in the melt as a result of stirring, SiC particles
were added to it. For the duration of the accumulation of the particles, the melting temperature
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was held at 700-720°C. The molten metal was then poured into a clay graphite crucible. The
schematic view of a stir casting setup with a stirrer is shown in Figure 11.
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Fig.11. Stir Casting
5.3 RESULT AND DISCUSSION

5.3.1 BRINELL HARDNESS TEST:

The addition of silicon carbide particles to an aluminium matrix increases the stiffness of the
material. Dispersion strengthening and particle reinforcement may also contribute to the
composite's power. As a result, using Silicon carbide as a filler in Aluminum casting reduces
density while increasing hardness, which are both important in industries like automotive.
Table 4 and Figure 12 show the hardness value of pure Al and 5 wt% SiC with Al matrix.

Table.4.Hardness value of pure Al with 0wt% SiCand Al wit Swt% SiC:

S.NO 0 wt% SiC 5 wt% SiC
1 26.5 38.9
2 27.0 39.2
3 26.8 39.6

Average 26.8 39.2
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Fig.12. Hardness value of Al with 0wt% and Swt% SiC Composite

5.3.2 MICROSCOPIC ANALYSIS:

The properties of particulate composites are heavily influenced by the morphology, density,
form, and distribution of reinforcing particles. Solidification and particle distribution are the
variables that influence particle distribution.

The particle distribution was studied by looking at the microstructures of the samples cut from
the plate casting at various locations. Figures 13.a and 13.b display optical micrographs of
MMC’s. In the case of Aluminum /Aluminum, particles were found to be uniformly
distributed (5 percent SiC), The particles were isolated at specific positions on the plates. Few
particles were found on the casting's outer surface. This is due to particle segregation that is
governed by gravity. In the presence of SiC mixture at different concentrations, however,
micrographs of Al revealed uniform particle distributions.

a - b -

Fig.13. (a) Microstructures of Pure Al; (b) Microstructures of Al with Swt% SiC.

5.3.3 SEM ANALYSIS

The casted Al with SiC was analysed by SEM with a moderate size of 10 microns, as shown
in fig. In the Al matrix, the SEM picture indicates a uniform distribution of reinforcement
particles. It also reveals that during the stirring process, grain boundaries and dendritic
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structures of Al were created. The SEM Micrograph of Al-5 percent wt SiC is shown in
Figure 14.

Fig. 14. SEM Image For 95:5 Al and SiC

5.4 Conclusion:

According to the findings of the analysis, Silicon carbide can be used to make composites. By
stir casting, silicon carbide up to 5% by weight can be successfully applied to Al to create
composites. With the addition of Silicon carbide, the stiffness and toughness of Al composites
have improved. The dispersion of particle reinforcement improves the composite. SEM test
revealed the uniform distribution of silicon carbide particles in Al matrix. Also found few
grain boundaries through SEM test.
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Abstract: Aluminium metal matix compesites(AMCs) is widdy wsed in the industrial
aplicaions right now, Aluminum meta metrix composites have properties that no other
monolithic meteiad can match. Due o their superior strength to conventional materials,
duminium metrix composites (AMCs) have a broad variely of industrid applicaions. The
nature of reirforcing, that can take the form of constant or undefi ned fibres, hes a big | nfluence
on the properties of Auminum metal matrix composites. Thus it depends on the fabrication
methods for duminium matix composites, which ae influenced by a nurmber of faciors
including the type of rainforcement and matrix wsed, is required degree with surface
morphology  integrity, as well &  physicd, mechanical, electro-chemical, and
thermal properties. This artide provides an overview of the manufacturing processes and
different ranfordng dements used during the synthesis of Al-MMCs, Genealy, the
ranforeed particles like carbides, nitrides, and compounds of oxides are Used. This paper gives
a bridf overview on various methods that are beung used to manufacture alumi nium metal
melix composites. The present study offers a description of the synthesis, mechanical
behaviowr, and utilisaion of aluminium metal mefrix composites. The main processing
methods for making or production of auminium metal matrix conposites(AMCs) ae
thoroughly discussed. Findly, questions of commerdialization & well a business issues are
dsodisassed

Keywords: AMC; M atrix; Cormmerd di zation; | ndustrial A spects; M echanical Behavior

1. Introduction:

Aluminium metal matrix composites have a wide variaty of applications in the autorative sector.
Aluminium matrix composites are a high-demand commodity in the aerospace, vehicle, and other
engineering applications. A composite is a metter  made up of comparents formed with the help of
physically combining already present monolithic materials for generdting a single material with
diffrent properties from the proposed prototype. Every conposite, in , has two phases:
(a)metal rratrix ;(b) reinforcements In particuar, the matrix is corsistent and accompanies the discrete
reinforcement process of the compasite material. The compesites have been distributed into four
aategories 1) matrix (eramic, metal, and carbon), 2) reinforcements (oxide, carbide, ard nitride), 3)
structure (cortinuous fibre, shart fibre, whisker, and particulate matter), and 4) processing directions,
and 5) orientation [1-2]. The form of matrix and ranforcement, its mechanical and thermal properties,
and the degree for micro - stnctural integrity needed are all factors influencing the processing
technigue selected. The type of reinforcement, the variance for ranforcement materials, as well as the
relationship of bath the matrix with the reinforcement are all importart factors in deciding the
composite’s properties of the resulting (3.

Nonmetallic ceramics like Silicon cartide, Carbon, alurunium-di-oxide, Silicon-di-axide, Boron, are
commonly used[4]. M agnesium reinforced composites have received much interest because of their
better mechanicd and comosion properties. The mejority of Magrese-Aluminiumaloys cortains
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ARTICLE INFO ABSTRACT
Anticle histary: in the recent years Metal Matrix Composites (MMCs) have proved great application potential in the field
Heweived 25 March 2021 o mrespace and automotive industries due to their superion strength o weight quantitative relation amd

Rewelved in revised lanm 11 Apedl 2021

rpe 16 Apell 2021 Esistance o high temperature. Due to high manufacturing cost of te particulare metal matris oom pos-

ites component and several technical challenges assoclited with casting technology, its widespread

Avallaile e xoo application for engineering purpose is restricted. The main alm of the present stady is to cast and eval-
wite properties of the composite by increasing the stiering Gme and limitmg the weight peroentage of
:‘:‘“h"": minforcement. In this study, Aluminium (Al) is used as the pure mairix material and Silicon carbide
Sails Do {SiC) is used as the minforcement material for the stabilization of de matric Surcasting is wed (o make
Adminiui alumd nium matrls oom posites (AMC) by varying SiC content {0 1o 53 wi. X) with the help of four blade
M Stviartasal mobor stirmers rotating a1 a speed of 550 rpm for 20 min A detailed sty of mechanical and mioro struc-
Sk castmg tural properties of Al-SiC composites is performed wing Scanning Eleciron Microscopy for the characer-
ization of the composite properies. The results indicated thal the mechanical rope ries of the compesite
have been improved comiderably with the sddition of SIC in Al mainc 1 was 2lso observed that SiC was
wniformily distributed over Al matrix due o conlinoows siiming in the mould and presence of few dus-
wring was revealed in Micro strociural sbservation
© 2001 Elgevier Lad All rights reserved.
Srlection and peer-meview under resparsibility of the 3rd |niermations] Conference an Fumristic Trends
in Muaterials and Manulacturing.
1. Dtrod e tin existence of substances and a deeper understanding of their struc-

The breakt hrough in the development ol reinforcement, matri-
ces, including composite manutacturing attributed to a greater
understanding of the lightweight materials that composite materi-
als can produce, resulting in lower total cost of fGnal product with
improvised performance. There has been an increase in demand for
novel light-weight materials with high stilfness 0 Gelds such as
aeraspace and manufacturing |1 ). Composite matenals are evolv-
ing primarily in response o unprecedented technical demands
resulting from rapidly advancing activities in the agrospace, avia-
tion, and automotive industnes. These materials oulperform many
traditional engineenng materials like metals in terms of strength
and modulus due to their low specific gravity. [2]. It s now able
to ke new composites with improved mechanical and physical
properties a3 a consequence of comprehensive research Into the
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tire-property relationship. Continuous progress has led to the use
o composites in a wider range ol applications, including high-
performance compaosites such as PMCs, OMCx, and MMCs (3L With
traditional monolithic materials, the sbility to achieve a good com-
hination of strength, stilfness, durabnlity, and density is limited.
omposites 4] ae the most promising materials of recent interest
b overcoming these shorcomings and meeting modern technol-
oEy's ever-increasing demand. Metal matrix composites {MMCs )
have significantly improved properties over unreinforced alloys,
such as high specific strength, specific modulus, damping power,
andl high wear resistance. AMCs have a wide range of applications
i our dally lives |59). The advantages of using particles strength.
ened  AMCs  materlals  over  unvelnforesd  materals  fnelude
inereased strength and specilic modulus, improved stlness, light
welght, low thermal expansion coefficient, high thermal conduc-
Hvlty, optimized eledrical properties, increased wear resistance,
and improved damping capabilities |G ]. Within the matrix, parti-
cles, short fibres, continuous fibers, and mono flaments can all
be used as reinfmcing constituents, Asfospace, lemperahire con-




