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Abstract

Aluminium hybrid composites are a brand new generation of metal matrix
composites that have the potentials of satisfying the recent demands of advanced
engineering applications. These demands are met because of improved mechanical
properties, amenableness to traditional process technique and chance of reducing
cost of aluminium hybrid composites. The performance of those materials is
usually addicted to choosing the proper combination of reinforcing materials since
a number of the process parameters are related to the reinforcing particulates. a
couple of mixtures of reinforcing particulates are conceptualized within the style
of aluminium hybrid composites. This paper tries to review the various
combination of reinforcing materials utilized in the process of hybrid aluminium
matrix composites and the way it affects the mechanical, corrosion and wear
performance of the materials. the key techniques for fabricating these materials
are in brief mentioned and analysis are as for additional improvement on
aluminium hybrid composites are advised.
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1. INTRODUCTION

Current designing applications

materials that are stronger, lighter

affordable. A genuine model is the dog lease

AMCs.
specific strength, low coefficient thermal
require expansion and high thermal resistance, great
damping limits, superior wear obstruction, high
and more

specific stiffness and acceptable levels of

corrosion resistance high [3- 5].

enthusiasm for the advancement of materials that
have good strength to weight proportion
appropriate for vehicle applications where mileage
with improved motor execution are becoming
progressively  basic  [1].  In-administration
execution demands for numerous cutting edge
building frameworks require materials with broad
range of properties, which are very hard to meet
using single material systems [2]. Metal Matrix
composites (MMCs) have been noted to offer such
custom fitted property combinations required in a
wide scope of building applications [1,2]. A
portion of these property mixes include: high
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MMCs are quickly replacing conventional
metallic alloys in such a significant number of
uses as their utilization have been reached out
from overwhelmingly aviation and vehicle
applications to safeguard, marine, sports and
entertainment  businesses [6]. MMCs are
essentially metallic compounds strengthened with
for the most part clay materials. The regular
metallic alloys used are combinations to a
manuscript submission should always have the
name of light metals (Al, Mg and Ti) in any case,
other metallic compounds like zinc (Zn), cop-per
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(Cu) and hardened steel have been utilized [7,8].
Aluminium remains the most used metallic alloy
as network material in the improvement of MMCs
and the explanations behind this has been
accounted for [6,9,10]. Moreover, the benefits of
utilizing ceramic particulates or hairs over
continuous ceramic  fibres for delivering
aluminium metal matrix composites (AMCs) are
accessible in written works [4,5,11]. Be that as it
may, staggering expense and constrained supply
of regular clay fortifying materials particularly in
growing nations has remained a noteworthy issue
related with the advancement aluminium metal
matrix composites (AMCs) [12]. Different
difficulties confronting AMCs that are accounted
for researchers are lower ductility, low fracture
toughness and inability to anticipate the corrosion
behaviour of AMCs The mechanical properties of
any MMC depends upon the matrix as well as the
reinforcement. The matrix plays a vital role in
deciding the mechanical strength of the composite
material. When the matrix material has high yield
strength, and it is further strengthened by
reinforcement. The reinforcement can be any size
and volume. As the volume fraction of
reinforcement increases, the mechanical properties
of composite material are increased. We can
witness improvement not only in the mechanical
properties, but also in few physical properties.

When the reinforcing materials are added to
the matrix, they act as hindrance to dislocation
motion, which in turn result in very slow or poor
deformation. When a composite’s deformation
rate is very slow, it is said to be very strong and
hard. It is understood that the reinforcement
material has an important role in enhancing the
wear and other tribological properties of the
composite materials. Strength measures the
resistance of a material to failure, given by the
applied stress (or load per unit area). High
strength at low weight is so often important that a
property called specific strength is defined as
strength/density.
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Particle size has a strong effect on the failure
mode, strength, and ductility of the composite;
both strength and ductility decrease with
increasing particle size. The fracture process is
dominated by metal failure. The optimal
combination of properties occurs in the
intermediate-size regime where neither mode of
primary failure predominates. The influence of
particle size on strength can be rationalized by
considering that the strength distribution of the
ceramic particle population in the composite
follows a typical statistic[5,13].

Research  endeavours set up to
determination these issues are for the most part
diverted towards choosing the correct decision of
reinforcing  materials.  This  means the
strengthening materials assume noteworthy job in
deciding the overall execution of the composites.
Considering the quantity of published papers
overviewed while setting up this survey, it was
seen that three distinct methodologies have been
embraced to improve the execution of AMCs. The
main  methodology  includes  discovering
alternative and less expensive reinforcements in
the improvement of AMCs. This is gone for
giving answer for issues presented by expensive
and restricted accessibility of regular ceramic
reinforcements [14— 17]. Mechanical wastes and
agro waste subsidiaries are a portion of the option
strengthening  materials that have been
investigated [15,17,18] The outcomes acquired
from the examinations completed on these
elective reinforcements have been promising as
they show critical improvement in the properties
of the composites created over the unreinforced
compound. However, they have mediocre
properties when contrasted with the AMCs
created utilizing ordinary engineered
reinforcements [19-21].

The next methodology is gone for
streamlining the properties of AMCs by
diminishing the molecule size of synthetic
ceramic materials from micron scale to Nano scale
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(generally by <50 micrometres to a normal of
<100 nm). The fracture sturdiness and ductility of
AMCs have purportedly been improved without
critical drop in quality when Nano-particulates are
utilized as reinforcing  materials.  This
improvement appears to be an intriguing one
however, high cost and accessibility of Nano-
particulates appear to be a restricting element
particularly in creating nations where AMCs are
delivered. Additionally, there is as yet uncertain
proof to substantiate the instruments of ductility
and fracture toughness improvement in Nano-
particulate  strengthened  composites. Some
creators have revealed improved quality and wear-
resistance to the detriment of ductility [22-26].
The third methodology includes the improvement
of AMCs utilizing at least two reinforcing
materials. This class of AMCs is known as hybrid
composites. This methodology gives space for
conceivable decrease of cost combined with
property advancement in AMCs. A few authors
have detailed the amount or improved execution
of hybrid AMCs over single reinforced AMCs
even at diminished preparing cost [2,27]. This has
put hybrid AMCs under the spotlight, the same
number of analysts estimate the colossal guarantee
of growing superior performance — low cost
MMCs through this course. This article endeavour
to audit the investigations led on the combination
of reinforcing particulates utilized in the
improvement of Hybrid AMCS and how it
impacts the general execution of the composites

2. REINFORCING MATERIALS IN AMCS

The role of matrix properties becomes more
important  in  discontinuously  reinforced
composites compared to the continuous
composite, due to a difference in the strengthening
mechanisms for both these systems. The strength
of continuously reinforced composites is mainly
determined by the ability of load transfer from the
matrix to the continuous fibre. Thus, the
properties of fibre and the matrix-fibre interface
become more important than the matrix property
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itself. This is evident in room temperature
properties. For higher temperature, the role of
matrix material becomes more important, because
the high-temperature properties are controlled by
diffusion in the matrix alloys. In discontinuously
reinforced composites, the matrix material has a
crucial role, because the strength of discontinuous
composite depends on many other mechanisms in
addition to the load transfer to the reinforcements.
The other mechanisms  responsible  for
strengthening in the discontinuous composites are
the finer grain size, finer sub grain size, increased
dislocation density, increased Kkinetics for
precipitation hardening, and some degree of
Orowan strengthening.

One of the most important factors is the
compatibility of the matrix material with the
reinforcement. Compatibility in this case means
that there is no undesirable chemical reaction at
the interface of the matrix and reinforcement. This
reaction can sometimes lead to the formation of
intermetallic compounds at the interface that may
have the deleterious effect of transferring load to
the reinforcements. Also, the reaction products
may act as sites for crack nucleation.

The maximum mechanical property benefits
MMCs often provide due to the presence of
reinforcement are increased modulus, strength,
and fatigue strength. However, the ductility and
fracture toughness of MMCs are known to be
inferior to those of the unreinforced matrix alloys,
because the ductility and toughness of most
ceramic reinforcements are very low. These
properties are very important for any load-bearing
structural applications.

The AI-Mg-Si alloys are widely used in
medium-strength applications due to their very
good ductility, weldability, corrosion resistance,
and immunity to stress-corrosion cracking.
Magnesium and silicon are added in the 6000
series either in balanced amounts to form quasi-
binary AI-Mg2Si or with an excess of silicon
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needed to form Mg2Siprecipitate. Alloy 6061 is
one of the most common alloys in the 6000 series,
which has balanced compositions of magnesium
and silicon.

The 2000-series alloys have been used in
several aerospace applications, due to their higher
strengths compared to the 6000-series alloys. This
series of alloys contain copper and magnesium to
provide precipitation strengthening through
formation of metastable precipitate of S’
(Al2CuMg) for higher-magnesium-containing
alloys and precipitation of 0’ (Al2Cu) for higher
copper-to- magnesium ratio alloys upon heat
treatment. They also contain some other elements,
such as chromium, zirconium, manganese, or
titanium, to control the grain size.

Alloy 2124, a purer version of 2024, is the
most common alloy with lower amounts of iron
and silicon contents. Iron and silicon are usually
present in all the aluminum alloys as impurities.
These elements can have a detrimental effect on
ductility and fracture toughness of aluminum
alloys. The toughness of 2124 alloy is improved
significantly by reducing the iron and silicon
content in the alloy.

The 7000-series alloys have received
special attention in aerospace industries, because
they provide the highest strength among all
aluminum alloys. This series of alloys contain
zinc and magnesium to provide precipitation
hardening through formation of n (Zn2Mg) phase.
The role of copper is to improve stress-corrosion
cracking resistance of these alloys. In addition,
small amounts of chromium, zirconium, titanium,
or manganese are also present for controlling
recrystallization. The presence of zirconium also
provides improved strength and toughness and
reduced quench sensitivity of the alloys, in
addition to the grain-size control.

Wrought non-heat-treatable aluminum alloys
include manganese and magnesium where
strengthening is derived from solid-solution and

Published by: The Mattingley Publishing Co., Inc.

January - February 2020
ISSN: 0193 - 4120 Page No. 174 - 183

strain hardening. the strengths of these alloys are
lower than heat treatable aluminum alloys,
because precipitation hardening cannot be
imparted in these alloys. The ductility of these
alloys in the strain-hardened condition (H) is not
very high, due to increased dislocation density
present in this material. Because magnesium is
known to be a good solid-solution strengthened,
the strength of higher-magnesium-content alloys,
such as 5456, is superior to aluminum-manganese-
based alloys.

It also suggests that the strength of
aluminum-magnesium alloys increases with
magnesium content. These alloys have not been
used much for MMC applications, due to their
lower strengths. The solid-solution strengthening
alone is not sufficient to provide required
strengthening. A combination of solid-solution
and dispersion hardening in the presence of fine
dispersoid particles may provide sufficient
strengthening. In addition, P/M would be required
for making these alloys, because more magnesium
can be taken into solution by extending the solid
solubility by rapid solidification, and also, fine
dispersoids can be formed.

Cast aluminum alloys consist of two groups:
one with copper and the other with silicon. Alloys
with silicon as the major alloying addition are the
most important ones, because silicon imparts high
fluidity by the presence of a larger volume of
aluminum-silicon eutectic. The eutectic is formed
between aluminum solid solution and silicon, with
about 12.6% Si content. Aluminum-silicon alloys
have been used extensively for making MMCs via
various casting techniques. Wrought heat treatable
alloys, such as Al-Cu-Mg (2000), Al-Mg-Si
(6000), and Al-Zn-Mg (7000), which require heat
treatment to develop high strength through
precipitation hardening. These alloys offer a wide
range of strength and ductility. They have been
used extensively in aerospace and other structural
applications and have also been used for MMC
development.
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The AI-Mg-Si alloys are widely used in
medium-strength applications due to their very
good ductility, weldability, corrosion resistance,
and immunity to stress-corrosion cracking.
Magnesium and silicon are added in the 6000
series either in balanced amounts to form quasi-
binary AIl-Mg2Si or with an excess of silicon
needed to form Mg2Si precipitate. Alloy 6061 is
one of the most common alloys in the 6000 series,
which has balanced compositions of magnesium
and silicon.

The distinctive reinforcing materials utilized
in the advancement of AMCs can be characterized
into three general gatherings, which are synthetic
ceramic particulates, industrial squanders and agro
squander subordinates. The last properties of the
hybrid reinforcement rely upon individual
properties of the reinforcement chosen and the
matrix alloy [10,28,29]. In addition, hybrid
reinforcement AMC:s relies upon the idea of the
selected matrix composite and reinforcing
materials which likewise impact the last properties
of AMCs [7,9,29,30]. This is on the grounds that
the vast majority of the parameters put into
thought amid the plan of AMCs are connected
with the reinforcing materials. A couple of such
parameters are fortification reinforcement size,
type, shape, modulus of elasticity, distribution in
the matrix hardness, among others [6]. In light of
the published articles examined, the discourse on
the blends of reinforcement utilized in hybrid
AMCs is separated into three general gatherings.
These are hybrid AMCs with two synthetic
ceramic materials; industrial waste joined with
synthetic reinforcement and an agro waste blends
combined with synthetic ceramic materials [30].

3. HYBRID AMCS WITH SYNTHETIC AND
INDUSTRIAL WASTE REINFORCEMENT

Hybrid AMCs with two diverse
engineered ceramic materials This classification
of hybrid AMCs is developed essentially for
performance advancement with less thought on
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the manufacturing cost. Alumina (Al203), Silicon
carbide (SiC), tungsten carbide (WC) boron
carbide (B4C), graphite (Gr), carbon nanotubes
(CNT) and silica (SiO2) are a portion of the
engineered ceramic particulate that has been
examined, compared to all reinforcements silicon
carbide and alumina are mostly used compared to
different synthetic reinforcing particulates [11]
Customary AMCs strengthened with SiC or
Al203 have indicated improved quality and
explicit handedness over the single alloys yet this
happens to the detriment of ductility and fracture
toughness [10,13,28]. Ductility and fracture
strength are vital material properties that are vital
for averting failures under working stress or
impact load applications. These have required the
utilization of at least two engineered reinforcing
particulates for property enhancement. Graphite
and Boron carbide have been utilized close by
with SiC or AI203 to streamline the execution of
AMCs. A portion of the discoveries in later
published articles are discussed below.

Dr. P. V. Krupakara et al. [31] understood
the red mud content in aluminium 6061 alloy
plays a significant role in the corrosion resistance
of the material. Increase in the percentage of red
mud will be advantageous to reduce the density
and increase in the strength of the alloy and the
corrosion resistance is significantly increased.
Aluminium 6061 MMCs reinforced with red mud
particulates of weight percentage from 0 to 6
percent could be successfully produced by liquid
metallurgy technique. K.S. Hanumanth Ramji et al
[32] studied the results that sliding speed has
major impact on specific wear rate, load is next
impact factor and sliding distance has the minimal
influence on the results. Specific wear rate for
Aluminium 6061 alloy and Aluminium 6061
Hybrid Metal Matrix (reinforced with graphite,
red mud and alumina) are compared. There is a
drastic improvement in specific wear rate i.e.
hybrid metal matrix composites possess better
wear resistance than its base alloy.
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Gurvishal Singh et al [33] made a study on the
stir formed Al alloy 6061 with Red mud, SiC and
Al203 reinforced composite is undoubtedly finer
to base Al alloy 6061 in the comparison of micro
hardness, i.e., the micro hardness increases after
addition of SiC, Al203 and conclude that the Red
Mud particles in the matrix. Red mud, the waste
generated from alumina production can be
successfully used as a reinforcing material to
produce Metal-Matrix Composites (MMCs). It
can be replaced by other expensive reinforcement
materials such as SiC and Al203. There by saving
of expensive reinforcements could be achieved. G.
Sivakaruna et al. [34] studied the mechanical
properties like tensile, compressive, impact
strength, and hardness were increased with
increase in the content of reinforcement. The
physical properties like density decreases when
composite reinforced with reinforcements like
silicon carbide, Agro-waste, Nano-reinforcements.
The tribological properties like wear resistance
increases with the increase in the percentage of
reinforcement. Rajesh. S et al. [35] understood
that the effect of the reinforcement on the
aluminium alloy is studied with the changes in the
physical, mechanical properties and dry sliding
wear properties. In addition to that the machining
study on the fabricated composite by stir casting is
also analysed. These analyses included the surface
roughness, power consumption, vibration, and
tool wear.

4. HYBRID AMCS WITH SYNTHETIC AND
AGRICULTURAL
WASTEREINFORCEMENT

A new generation of hybrid AMCs
are developed using agro waste derivatives as a
complementing  reinforcement to artificial
reinforcement. The agro waste derivatives provide
some advantages once utilized in the synthesis of
AMCs. These advantages embrace low price,
accessibility, denseness, and reduced
environmental pollution. Many number of agro
waste are processed into ashes and their quality to
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be used as reinforcing section material are studied
[16,19]. Agrowaste derivatives are believed to be
terribly promising materials for the event of
AMCs on an advert scale. This is often as a result
of there are restricted artificial reinforcing
materials accessible in most developing countries
and wherever these reinforcing materials are
accessible, they're terribly costly. Moreover, most
developing countries aren't as industrial as
developed countries therefore the use of business
waste (fly ash) is kind of scarce as these wastes
are restricted. The agro wastes studied within the
past for the aim of them as reinforcement in
AMC:s include: bamboo leaf ash (BLA), rice husk
ash (RHA), nut shell ash (PKSA), maize stalk
ash(MSA), corn cob ash (CCA), bean shell waste
ash (BSWA) [12,14,15,18,19]. In general, the
agro waste improved the properties of the AMCs
over the unreinforced alloy. However, the
properties obtained are inferior to it offered by
artificial reinforcement. Analysis efforts seeking
to supply high performance hybrid AMCs
wherever strength levels are maintained at
reduced price advised the fabrication of this
category of hybrid AMCs.

Jaswinder Singh et al. [36] studied the
density of hybrid aluminium MMC increases with
increasing contents of ceramic reinforcements,
while incorporation of partial reinforcement like
fly ash, rice husk ash, mica etc. reduces the
density of composites. The mechanical properties
of composites are controlled by the addition of
reinforcements. The study also reveals that the
MMC Can be considered as a replacement for
conventional materials in various advanced
applications Michael Oluwatosin Bodunrina et al.
[37] studied and understood the degree of
improvement of hybrid AMCs, which contains fly
ash over the single reinforced AMC containing
synthetic reinforcement still need to be studied.
The hybrid AMCs reinforced with agro waste
derivatives have shown that high performance
levels can be maintained in AMCs at reduced
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production cost even at about 50% replacement of
synthetic reinforcement with the agro waste. More
agro waste should be investigated and further
studies should be concentrated on how to optimize
the production process to determine the optimum
processing parameters. This will serve as a basis
for producing hybrid MMCs on a commercial
scale using agro and industrial waste. The most
common technique used in the production of
hybrid AMCS are stir casting and powder
metallurgy which are utilized even at commercial
scales.

5. PRODUCTION OF ALUMINIUM
MATRIX HYBRID COMPOSITES

Hybrid reinforced AMCs are usually
manufactured via two methods viz.: solid method
and liquid method. Solid method employs powder
metallurgy techniques while liquid methods,
which involves compo-casting, squeeze casting
and usually stir casting techniques[38] Hitesh
Bansal [39] studied for synthesizing of composite
by stir casting process, stirrer design and stirrer
position, stirring speed and time, particles
preheating temperature, particles incorporation
rate etc. are the important process parameters. The
results confirmed that stir formed Al alloy 6061
with redmud, SiC, Alumina reinforced composites
are clearly superior to base Al alloy 6061. In the
comparison of microhardness that is the
microhardness increases after addition of SiC,
alumina and redmud particles in the matrix.

Preetam Kulkarni [40] concluded that
ultimate tensile strength increases with increase in
percentage composition of constituent material
with Aluminium 2024. The increase in ultimate
tensile strength is due to the addition of E-glass
fibre which gives strength to the matrix alloy by
enhancing resistance to tensile stresses. There is a
reduction in the inter-spatial distance between the
particles which leads to restriction of plastic flow
due to the random distribution of the particulate in
the matrix. It is seen that the compressive strength
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of the hybrid composites also increases
monotonically as reinforcement contents are
increased. The presence of E-glass fibre and fly
ash resists deforming stresses and thus enhances
the compressive strength of the composite
material.

A. Venugopal et al. [41] studied and
concluded that metal matrix composite by stir
casting process with different volume fractions of
Silicon carbide with aluminium 6061 alloy. ltis
concluded that the flexural strength of the
composite increases with the increasing weight %
of the Silicon Carbide. The flexural strength of
sample 5 is higher than that of the other four
samples. The Brinell hardness of sample 5 is
greater than other samples because of the presence
of silicon carbide. V. Balajia et al. [42] studied the
densities of the composites are found improved.
The micro-structural studies revealed the uniform
distribution of the particles in the matrix system.
Micro-hardness of the composites found increased
with increased reinforcement content. The
increase in hardness of AI7075-SiC composites
were found to be about 10%. The tensile strength
properties of the composites are found higher than
that of base matrix and Al7075-SiC composites.

Johny James et al. [43] concluded from
hardness measurement that, addition of
reinforcements has effect on hardness value, but
addition of TiB2 up to 5% leads to porosity which
affects hardness value. Using Taguchi analysis,
the optimal machining parameters are listed for
best surface roughness and its values are cutting
speed 120m/min, feed rate 0.3mm/rev, depth of
cut 0.5mm and 0% of reinforcement of TiB2. It
has been concluded from tool wear analysis that
the high tool wear is caused due to both abrasive
and adhesive actions. Low cutting speed, high
depth of cut and increased wt. % of TiB2
reinforcement causes as high tool wear. Built-up
edge formation affects surface quality.
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. Md Habibur Rahman [44] studied the clustering
and non-homogeneous dispersion of SiC particles
(0,5,10,20%) in aluminium matrix where
observed. Hardness tensile strength and wear of
the prepared composite where studied. The
addition of SiC in Al matrix increased Vickers
hardness and tensile strength of composite when
compared with unreinforced Al 20% SiC content
AMC showed maximum hardness, tensile
strength, wear resistance.

SUMMARY AND CONCLUDING
REMARKS

This paper presents the various combination
of reinforcements utilized in the synthesis of hybrid
AMCs and the way it influences its performance.
The double artificial ceramics strengthened hybrid
AMCs despite showing smart mechanical and
tribological properties over the unreinforced alloys
still have to be compelled to be subjected to check
below totally different corrosion media to determine
its corrosion behaviour. Moreover, comparison
ought to be created between the hybrid composites
with the only strengthened grades so as to see what
quantity improvement is obtained once hybrid
reinforcement is employed. For the new generation
of hybrid composites, that involve the utilization of
agro and industrial waste derivatives, improved
performance as compared with the unreinforced
alloy are established. However, the degree of
improvement of hybrid AMCs, that contains ash
over the only strengthened AMC containing
artificial reinforcement still have to be compelled to
be studied. The hybrid AMCs strengthened with
agro waste derivatives have shown that prime
performance levels will be maintained in AMCs at
reduced cost even at regarding fifty percent
replacement of artificial reinforcement with the agro
waste. Additional agro waste ought to be
investigated and any studies ought to be focused on
the way to optimize the assembly method to see the
optimum process parameters. This may function a
basis for manufacturing hybrid MMCs on a poster
scale victimization agro and industrial waste. the

Published by: The Mattingley Publishing Co., Inc.

January - February 2020
ISSN: 0193 - 4120 Page No. 174 - 183

foremost common technique utilized in the
assembly of hybrid AMCs are a unit stir casting and
metallurgy that area unit utilised even at business
scales. Finally, there's want for additional analysis
investigation to harness the advantages of the
recently developed friction stir processed surface

AMCs and bulk AMCs

REFERENCES

[1] B. C. Kandpal, J. Kumar, and H. Singh,
“Fabrication and characterisation of
Al203/aluminium  alloy 6061  composites

[2]

3]

[4]
[5]

fabricated by Stir casting,” Elsevier Ltd, 2017.

M. Sambathkumar, “MECHANICAL BEHAVIOR
OF RED MUD REINFORCED ALUMINUM
METAL MATRIX COMPOSITES,” 2017.

H. R. T, V. S. Ramamurthy, B. T. Ramesh, and U.
S. S, “Mechanical Characterization of Al 6061-
Zircon Particulate Composites,” 2017.

A. Srivastava, “Recent Advances in Metal Matrix
Composites (MMCs): A Review,” 2017.

K. V. Shivananda Murthy, D. P. Girish, R.
Keshavamurthy, T. Varol, and P. G. Koppad,
“Mechanical and  thermal  properties of
AAT7075/TiO2/Fly ash hybrid composites obtained
by hot forging,” Elsevier B.V., 2017.

[6] B. C. Kandpal, J. Kumar, and H. Singh,
“Fabrication and characterisation of
Al203/aluminium  alloy 6061  composites

[7]

[8]

[9]

[10]

fabricated by Stir casting,” in Materials Today:
Proceedings, 2017, vol. 4, no. 2, pp. 2783-2792.
H. RajuT and U. S. Shankar, “Mechanical
Characterization of Al 6061-Zircon Particulate
Composites,” Int. Res. J. Eng. Technol., 2017.

A. J. Srivastava Biomed Sci, T. Res, and A.
Srivastava, “Cite this article: Anshuman
Srivastava. Recent Advances in Metal Matrix
Composites (MMCs): A Review,” 2017.

K. V. Shivananda Murthy, D. P. Girish, R.
Keshavamurthy, T. Varol, and P. G. Koppad,
“Mechanical ~and thermal  properties  of
AAT7075/TiO2/Fly ash hybrid composites obtained
by hot forging,” Prog. Nat. Sci. Mater. Int., vol.
27, no. 4, pp. 474481, Aug. 2017.

J. Jose and P. Muthu, “Studies on Mechanical and
Wear Properties of AI7075 / Zircon / Fly ash
Hybrid Metal Matrix Composites,” 2016.

181



T IEST

Engineering & Management

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

N. D. Chinta, N. Selvaraj, and V. Mahesh, “Dry
Sliding Wear behaviour of Aluminium-Red mud-
Tungsten  Carbide  Hybrid metal  matrix
composites,” 2016.

K. Yoganandam, K. Raja, and K. Lingadurai,
“Mechanical and micro structural characterization
of Al6082-TiO2metal matrix composites produced
via compo casting method,” 2016.

D. O. F. Philosophy, F. Of, and M. Engineering,
“Al ( 6351 )- SiC — B 4 C HYBRID METAL
MATRIX COMPOSITE,” 2016.

J. Singh and A. Chauhan, “Characterization of
hybrid aluminum matrix composites for advanced
applications - A review,” Korea Institute of
Oriental Medicine, 2016.

K. University, “FABRICATION AND
MACHINING STUDIES OF Al (6351)-SiC-B4 C
HYBRID METAL MATRIX COMPOSITE
DOCTOR OF PHILOSOPHY FACULTY OF
MECHANICAL ENGINEERING,” 2016.

N. D. Chinta, N. Selvaraj, and V. Mahesh, “Dry
Sliding Wear behaviour of Aluminium-Red mud-
Tungsten  Carbide  Hybrid metal  matrix
composites,” in IOP Conference Series: Materials
Science and Engineering, 2016, vol. 149, no. 1.

K. Yoganandam, K. Raja, and K. Lingadurai,
“Mechanical and micro structural characterization
of Al6082-TiO2metal matrix composites produced
via compo casting method,” Indian J. Sci.
Technol., vol. 9, no. 41, 2016.

J. Singh and A. Chauhan, “Characterization of
hybrid aluminum matrix composites for advanced
applications - A review,” Journal of Materials
Research and Technology, vol. 5, no. 2. Elsevier
Editora Ltda, pp. 159-169, 01-Apr-2016.

A. J. Knowles, X. lJiang, M. Galano, and F.
Audebert, “Microstructure and mechanical
properties of 6061 Al alloy based composites with
SiC nanoparticles,” Elsevier B.V., 2015.

K. S. Arun, T. Panneerselvam, and S.
Raghuraman, “Study on Mechanical Properties of
Aluminium Based Metal Matrix Composites by
Hybrid Reinforcement,” 2015.

M. O. Bodunrin, K. K. Alaneme, and L. H.
Chown, “Aluminium matrix hybrid composites: A
review of reinforcement philosophies; Mechanical,
corrosion and tribological characteristics,” Korea
Institute of Oriental Medicine, 2015.

Published by: The Mattingley Publishing Co., Inc.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

January - February 2020
ISSN: 0193 - 4120 Page No. 174 - 183

M. Singh, K. Goyal, and D. Kumar Goyal,
“Fabrication and Performance of Aluminium
Based Metal Matrix Composites with SiO, and
TiO, as Reinforced Particles,” 2015.

M. Singh, K. Goyal, and D. Kumar Goyal,
“Fabrication and Performance of Aluminium
Based Metal Matrix Composites with SiO, and
TiO, as Reinforced Particles,” Univers. J. Mech.
Eng., vol. 3, no. 4, pp. 142-146, Jul. 2015.

A. J. Knowles, X. Jiang, M. Galano, and F.
Audebert, “Microstructure and mechanical
properties of 6061 Al alloy based composites with
SiC nanoparticles,” J. Alloys Compd., vol. 615, no.
S1, pp. S401-S405, Jan. 2015.

M. O. Bodunrin, K. K. Alaneme, and L. H.
Chown, “Aluminium matrix hybrid composites: A
review of reinforcement philosophies; Mechanical,
corrosion and tribological characteristics,” Journal
of Materials Research and Technology, vol. 4, no.
4. Elsevier Editora Ltda, pp. 434-445, 2015.

A. Panwar, N. and Chauhan, “Al composites using
red mud as reinforcement-A review,” 2014.

G. Elango, B. K. Raghunath, and K. Palanikumar,
“Experimental analysis of the wear behavior of
hybrid metal-matrix composites of LM25Al with
equal volumes of SiC + Ti02,” 2014.

S. O. Adeosun, L. O. Osoba, and O. O. Taiwo,
“Characteristics of aluminum hybrid composites,”
2014.

B. Vijaya Ramnath, C. Elanchezhian, M.
Jaivignesh, S. Rajesh, C. Parswajinan, and A.
Siddique Ahmed Ghias, “Evaluation of mechanical
properties of aluminium alloy-alumina-boron
carbide metal matrix composites,” Elsevier Ltd,
2014.

N. Radhika, A. Vaishnavi, and G. K. Chandran,
“Optimisation of dry sliding wear process
parameters for aluminium hybrid metal matrix
composites,” 2014.

[31] Dr. P. V. Krupakara and H.R. Ravikumar -

[32]

“Corrosion Characterization of Aluminium 6061 /
Red Mud Metal Matrix Composites in Sea Water”-
International Journal of Advanced Research in
Chemical Science (IJARCS) Volume 2, Issue 6,
June 2015, PP 52-55 ISSN 2349-039X (Print) &
ISSN 2349-0403.

K.S.Hanumanth and

182

Ramji,  M.Kumar



T IEST

Engineering & Management

A.Megalingam@Murugan-“Tribological
behaviour ~ AL6061 hybrid Metal Matrix
Composites”-Conference Paper - August 2014,

[33] Gurvishal Singh, Harwinder Lal, Daljit Singh and

Gurdeshbir Singh- “Al203 matrix composites”-
issn 2278 — 0149 www.ijmerr.comvol. 2, no. 1,
January 2013.

[34] G. Sivakaruna, Dr.P.Suresh Babu-“A Survey on

[35]

Effects of reinforcement on Aluminium Metal
Matrix Composites” International Journal of
Mechanical Engineering and Technology (IJMET)
Volume 8, Issue 9, September 2017, pp. 112— 131,

Article  ID: IJMET_08_09 012 IAEME
Publication

Rajesh. S- “Processing, Performance and
Machining studies on red mud reinforced

Aluminum Metal Matrix Composites”- department
of mechanical engineering kalasalingam university
(Kalasalingam Academy of Research and
Education) ANAND NAGAR: KRISHNANKOIL
—626 126 -APRIL 2014

[36] Jaswinder Singh, Amit Chauhan- “Characterization

[37]

[38]

[39]

[40]

of hybrid aluminum matrix composites for
advanced applications — A review” -JMRTEC-
170; No. of Pages 11

Michael Oluwatosin Bodunrin, Kenneth Keneth
Alaneme, Lesley Heath Chown- “Aluminium
matrix hybrid composites: a review of
reinforcement philosophies; mechanical, corrosion
and tribological characteristics”- JMRTEC-169
Surappa MK. Aluminium matrix composites:
challenges andopportunities. Sadhana 2003;28(1-
2):319-34.

Hitesh Bansal- “Wear behaviour of aluminium
based Metal Matrix Composite reinforced with
redmud, alumina and SiC”-June 2011.

Preetam Kulkarni- “Evaluation of Mechanical
Properties of AL 2024 Based Hybrid Metal
Composites”- IOSR Journal of Mechanical and
Civil Engineering (IOSR-JMCE) e-ISSN: 2278-
1684, p-ISSN: 2320-334X, Volume 12, Issue 5
Ver. IV (Sep. - Oct. 2015), PP 108-122
www.iosrjournals.org.

[41] A.Venugopal and N.Manoharan-“EVALUATION

OF MECHANICAL PROPERTIES
ALUMINIUM METAL MATRIX COMPOSITE
FOR MARINE APPLICATIONS - VOL. 10, No.
13, JULY 2015 ISSN 1819-6608 ARPN Journal of

Published by: The Mattingley Publishing Co., Inc.

[42]

[43]

January - February 2020
ISSN: 0193 - 4120 Page No. 174 - 183

Engineering and Applied Sciences

V.Balajia, N.Sateesh, M.Manzoor
“Manufacture of Aluminium Metal Matrix
Composite  (Al7075-SiC) by Stir  Casting
Technique”- 4th International Conference on
Materials Processing and Characterization.

Johny James.Sa, Venkatesan.Kb, Kuppan.,
Ramanujam. “Hybrid Aluminium Metal Matrix
Composite Reinforced with SiC and TiB2” - 12th
GLOBAL CONGRESS ON MANUFACTURING
AND MANAGEMENT, GCMM 2014.

Hussain -

[44] Md. Habibur Rahman, H. M. Mamun Al Rashed

“Characterization of silicon carbide reinforced
aluminum matrix composites”- 10th International
Conference on Mechanical Engineering, ICME.

183


http://www.iosrjournals.org/

