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ABSTRACT: Aluminium metal matrix composites
are highly sought after in the automotive, aviation,
and aerospace industries, and many researchers are
looking into improved property combinations. Due
to their reduced density and superior mechanical
properties, aluminium alloys are frequently used in
the automotive and aviation industries. Relative to
other metals and alloys, they have a low thermal
coefficient of expansion. The main problems
encountered in the production of aluminium metal
matrix composites—wettability, dispersion,
agglomeration and particles, matrix interface
debonding—make the process difficult and
expensive.

For the production of AMMCs, which are the
subject of this work, various solid state methods
(friction stir processing, powder metallurgy,
squeeze casting, stir casting, liquid infiltration),
liquid state techniques (squeeze casting, stir
casting, liquid infiltration), and deposition
processes (Compo casting, spary deposition) have
been developed. The best stir casting machine was
discovered. Several studies conducted over the last
20 years have identified a method for the
manufacture of AMMCs. In essence, this study
provides an overview of the fabrication techniques
for aluminium metal matrix composites now in use
and also makes a recommendation for the least
expensive technique for producing aluminium
based metal matrix composites (AMMC).

l. INTRODUCTION:
A more sophisticated material known as a
composite is made up of two phases: the matrix and
the reinforcement. Composites were developed to

meet the greater demand for better engineering
materials [1].

The matrix phase of composites is made
up of metal components. This continuous phase of
the composite functions as a binder to enclose the
phase of reinforcement [2]. The matrix material
distributes and transfers the loads into the
dispersion phase of the reinforcement material. The
matrix is an entirely continuous monolithic
material into which the reinforcement is
incorporated [2, 3]. The matrix phase inserts a
support in the reinforcement and uses lighter metals
like aluminium, titanium, magnesium, etc.

Alloys and pure aluminium are used as the
matrix in composites made of aluminium
composite. The tribological and mechanical
properties of the matrix material are strengthened
by embedding reinforcement materials like B,4C,
SiC, graphite, etc [4]

Using reinforcement as support. In
MMCs, reinforcing materials like as graphite,
alumina, silicon carbide, and boron carbide are
used in the form of particles, long fibres, and short
fibres [7].

Aluminum metal matrix composite
because of its low cost, elevated strength-to-weight
index, elevated wear resistance, is utilised in
structural uses together with the aerospace as well
as the automobile industry [10].

1.1 Engineering Materials

A large variety of materials are available
for making engineering components. Most of them
come under the classes given below and are
influenced by the atomic bonding of that material.
The major groupings are revealed in the Table 1.1.

Table 1.1 Classification Of Materials

Metals Polymeric
. Ferrous metals and alloys . Thermoplastic plastics
. Nonferrous metals and alloys . Thermoset plastics

) Elastomers
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o Carbides o Reinforced Plastics
. Oxides ° Metal matrix composites
. Graphites ° Polymer matrix composites
. Glasses ° Ceramic matrix composites
) Diamond

1.  ALUMINIUM METAL MATRIX
COMPOSITE FABRICATION
METHODS
There are generally two methods employed for the
fabrication of Aluminum metal matrix composites :
2.1. Liquid phase procedures, and
2.2. Solid state procedures

2.1  Liquid State Fabrication Process

In general, there exist three liquid route
fabrication techniques or casting routes to casting
that are presently in use for practice: the stir
casting, the liquid metal infiltration method as well
as the squeeze casting. Poor meltability as well as
an elevated propensity for reactions to chemicals of
the fortification with the liquid (metal) are two
main issues that restricts the use of this elevated
temperature procedural technique. Nevertheless,
there exits several methods applied in the control of
this phenomenon. Usually, this kind of method of
fabrication is conducted in the circumstance of
vacuum. Alternatively an inert gas atmosphere may
be employed to lessen the liquid metal oxidation.

For the stir casting technique, incorporation of the
particulates of ceramics is done in a molten matrix
by employing several methods, subsequently
pressing or mixing. This is followed by casting of
the final MMC. A matrix-reinforcement strong
bond is attained in this procedure through the
employment of elevated temperatures, and
frequently, alloying the matrix using an interactive
element with the fortification to create a moved
stage that enhances the melting occurring in-
between the matrix as well as the fortification
material. Variations exist in the stir casting
approaches. Two forms of variations are expressed
as follows. In a variation, stirring of the liquid
metal is actualized for a complete liquid state , for
instance, through the vortex approach. The second
form is a state of partial solidification with the
example being the compocasting approach. For the
vortex approach, the production of the fortification
is made into a vortex that is produced by stirring
the liquid metal (Balasivanahaprabu 2006). Figure
1.1 showcases the diagram of the vortex approach
from a schematic perspective.

—— -

Stirrer
Reinforcement
particles added

to the side of
the vortex

-
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(Source: Davis 1993)

Figure 2.1 Schematic diagram of producing MMC slurry using vortex method
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Squeeze infiltration is the most successful
form for MMC production (Sree Manu et al. 2015).
In this technique, the molten metal is forced-
infiltrated into fibre bundles or preformed,
expelling all absorbed and trapped gases. This
method involves placing a preheated preform of
reinforcement into a preheated die, filling the die

Upper movable
mold half R

Molten metal

Lower fixed
mold half

AN

with molten matrix metal, squeezing the molten
metal into the preform using a hydraulic press with
a preheated ram, holding the pressure during
solidification, releasing the pressure and ejecting
the resulting composite. Figure 1.2 shows squeeze
casting schematically.

Preform

Ejector pin

Metal Matrix Composite

Figure 2.2 Squeeze casting process

2.2 Solid State Fabrication Process

Solid state processes are generally used to
obtain the highest mechanical properties in MMCs,
particularly in discontinuous AMMCs. This is
because segregation effects and brittle reaction
product formation are at a minimum for these
processes, especially when compared with liquid
state processes.

2.2.1 Powder Metallurgy

Powder Metallurgy (PM) is the
common method for fabricating discontinuously
reinforced AMMC. In this process, after blending
the matrix alloy powder with reinforcement
material and binder, the resulting mixture is fed
into a mould of the desired shape. Cold isostatic
pressing is utilized to obtain a green compact. The
main difficulties encountered in this process are the

removal of the binder used to hold the powder
particles together.

The organic binders often leave residual
contamination that causes deterioration of the
mechanical properties of the composites.To ease
the bonding of powder particles, the compact is
heated to less than the melting point temperature
but high enough to develop significant solid state
diffusion (sintering) Sometimes, it becomes
necessary to  maintain the  consolidation
temperature slightly above the solidus to minimize
deformation stress and to avoid the damage of
particles or whiskers. The consolidated composites
are subsequently extruded or forged into the
desired shape. Figure 1.3 shows a schematic
diagram of powder metallurgy technique (Radha et
al. 2015)
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Figure 2.1.1 Flow chart of the powder metallurgy process

2.1.1 Spray Casting

Another method of manufacturing
AMMCs are spray casting or spray deposition
method. This method also can be used on
unreinforced materials. In this process, a controlled
stream of molten metal is produced. The stream is
converted to a spray of molten droplets in an inert
atmosphere, for example in nitrogen gas. The size
of the droplets is approximately 205-40pum in
diameter. The droplets are impacted onto a
collecting surface, and allowed to coalesce. It is
possible to add solid particles such as metal and
ceramic to the atomised metal stream. The
advantage of this process is the short contact time
between the liquid matrix and reinforcement that

will reduce chemical reactions. However, the

production cost of this process is very high.

2.1.2 Stir Casting Fabrication Method

Among the variety of manufacturing
processes available for discontinuous metal matrix
composites, stir casting is generally accepted, and
currently practiced commercially. Its advantages
are in its simplicity, flexibility and applicability to
large scale production and because in principle it
allows a conventional metal processing route to be
used, and its low cost. (Mazahery et al. 2012) This
liquid metallurgy technique is the most economical
of all the available routes for metal matrix
composite production ,because it allows very large
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sized components to be fabricated, and is able to
sustain high productivity rates.

General, stir casting of AMMCs involves
producing a melt of the selected matrix material,
followed by the introduction of a 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
dispersed phase in the cast matrix. The schematic
diagram of this process is shown in Figure 1.4. In

aluminum composites produced by this method,
particle distribution will change significantly
depending on process parameters during both the
melt and the solidification stages of the process.
The addition of particles to the melt drastically
changes the viscosity of the melt, and this has
implications for casting processes (Mohanakumar
et al. 2014). It is important that solidification
occurs before appreciable settling has been allowed
to take place.

Stirrer

Molten metal

{
B
Remforcement H
mixed with L
molten metal <

Pour into ingot
or mould

% MMC Slurry

(Source: Davis 1993)

Figure 2.1.2 Schematic diagram of stir casting process

The process is generally earned out at
two different ranges of temperature of the melt,
beyond the liquidus temperature or at the melt
temperature maintained within the partially solid
range of the alloy. The technique involving the
latter range of temperature is called the
compocasting process, and it is very effective in
making cast composites with higher particle
content. The reinforcement particles are added
gradually while stirring continues at a constant
rate.To get good incorporation, the addition rate
needs to be reduced with a decrease in the size of
the particles. Most previous researches used the
matrix metal alloy in the ingot form or extruded

bar. As a starting point, the ingot is generally
melted to above the liquidus temperature, for
example to 50°C above the liquidus temperature.

A slurry prepared from raw material
composite melt may be prepared in a graphite
crucible, silicon carbide crucible, alumina crucible,
or concrete crucible. To keep the melt as clean as
possible, the ingot is melted under a cover of an
inert gas such as nitrogen, or in a vacuum chamber
or in a pressure chamber. This also helps to
minimize the oxidation of the molten metal, or
reduce porosity (Shabani et al. 2012 and Mazahery
et al. 2013). The most significant requirement when
using a stir casting technique is continuous stirring
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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. This means that some method
of stirring the melt must be introduced before
casting to ensure that the particles are properly
distributed throughout the casting. Some of the
stirrers which are normally used are shown in
Figure 1.5. Degassing liquid aluminum alloy is a
usual step in the casting procedure. When
reinforcement materials are incorporated into a
melt in air, the molten compound must be treated to
remove the dissolved gases. Although various out-
gassing treatments are available (based on nitrogen
gas, chlorine or vacuum treatment), it is difficult to
reach a very low hydrogen content corresponding
to the saturation of solid aluminum alloys. At the
end of the degassing step, the formation of bubbles
is enhanced by an injection of nitrogen gas.
However, the application of vacuum to the molten
mixture of metal and particles during the mixing
step can reduce the atmospheric gasses available
for introduction into the melt, and also tend to draw
dissolved, entrapped and adsorbed gasses out of the
melt during mixing.

Wettability can be defined as the ability
of a liquid to spread on a solid surface. Wettability
also describes the extent of interface contact
between the liquid and the solid. Consider a drop of
liquid resting on a solid substrate. The composites
produced by liquid metallurgy techniques generally
show excellent bonding between ceramic and

Three bladed

Two bladed

molten matrix when reactive elements are added to
induce wettability. For example, the addition of
magnesium, calcium, titanium, or zirconium to the
melt may promote wetting by reducing the surface
tension of the melt, decreasing the solid-liquid
interfacial energy of the melt, or reducing
wettability by chemical reaction. It has been found
that for aluminum-based composites, magnesium
has a greater effect in incorporating reinforcement
particles in the melt, and improving their
distribution, than other elements tested including
cerium, lithium, zirconium and titanium, bismuth,
lead, zinc, and copper. The addition of magnesium
to molten aluminum has been found to be
successful in promoting wetting of alumina, and
indeed it is thought that magnesium is suitable with
most reinforcements. Magnesium is a powerful
surfactant. The addition of magnesium to an
aluminum melt improves wetting because of the
lower surface tension of magnesium (0.599 Nm-1)
compared with that of pure aluminum (0.76 Nm-1
). The addition of 3 wt % magnesium to aluminum
reduces its surface tension from 0.76 to 0.62 Nm-1
at 720°C. The reduction is very sharp for the initial
1 wt.% magnesium addition. For example, with 1
wt % magnesium, the surface tension of an
aluminum alloy has been found to drop from 860 to
650 dyncm-1. Magnesium can also reduce the
solid-liquid interfacial energy by aiding the
reaction at the surface of the reinforcement
particles and forming a new compound at the
interface.

@J:

Four bladed

propeller propeller propeller
| |
{ J
Simple paddle Anchor Helical ribbon

Axial turbine

Radial nurbine

Screw with draft
tube
Figure 2.2.2 Several types of stirrer
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Dispersion by stirring with the help of a
mechanical stirrer has widely been used for this
method. This external force is used to mix a non-
wet table ceramic phase into a melt, and also to
create a homogeneous suspension in the melt. The
uniformity of particle dispersion in a melt before
solidification is controlled by the dynamics of the
particle movement in agitated vessels (Shabani et
al. 2011). The composite slurry may be agitated
using various types of mechanical stirrer such as
graphite stirrer and steel stirrer coated with
ceramic, four bladed alumina spray-coated stirrer
or alumina stirrer. The vortex method is the most
frequently used since any stirring of a melt
naturally results in the formation of a vortex.
Ceramic particles are introduced through the side
of a vortex which is created in the melt with a
mechanical impeller at different agitation speeds
such as at 100-1500 rpm. Particles have, for
example been continuously stirred after being
incorporated into the melt, for 5-45 minutes. Some
foundries use a slowly rotating propeller for
continuous stirring (Li-naguan et al. 2011).

Introducing reinforcement particles to the
stirred molten matrix sometimes will entrap not
only the particles but also other impurities such as
metal oxide and slag, which are formed on the
surface of the melt. During pouring, air envelopes
may form between particles, which can alter the
interface properties between particles and the melt,
retarding the wettability between them. In the case
where the temperature of the particles added are not
the same as the temperature of the molten slurry,
the viscosity of the slurry increases very rapidly.
The development of a vortex during stirring has
been found to be helpful for transferring the
particles into the matrix melt. In this method, the
reinforcement particles are added to the top of the
stirred liquid, and are drawn toward the center of
the vortex. In other words, the vortices formed tend
to concentrate particles added to the surface at the
center of the mould. A pressure difference between
the inner and the outer surfaces of the melt sucks
the particles into the liquid.

However, air bubbles are also sucked by
the same mechanism into the liquid metal, resulting
in high porosity in the cast product. However,
vigorously stirred melts will also entrap gas, which
is extremely difficult to remove as the viscosity of
the slurry increases. Slag that forms on the surface
of the aluminium melt will also entrap the
reinforcement particle and result in slag or particle
clusters that lead to poor dispersion. It is important
therefore that the matrix materials be as clean as
possible. An inert cover gas such as dry argon can
help to prevent atmospheric contamination of the

melt. It has been possible to reduce the extent of
porosity by the use of vacuum.

The melt particle slurry prepared by
stirring will have to be transported to a die or
casting bay either by using a slurry pump or by
being held in a ladle. During the holding, the slurry
must be stirred continuously if the holding time is
long enough to allow considerable settling, leading
to a nonuniform distribution of the particles in the
cast components. The settling rate is a function of
volume fraction of particles in the slurry. The
utilization of fine particles with large volume
fraction will reduce the settling. If a mixture of fine
and coarse particles is used in slurry, the coarse
ones will settle faster than the fine particles. In a
large mass of liquid such as the furnace or crucible,
there may be thermal current flowing around the
melt, which helps to keep the particles in
suspension.

However, if the melt is not continuously
stirred, it is important to remember to stir it
immediately before pouring, whether or not it was
stirred while melting and holding. The particle
distribution or homogeneity will be maintained if
their settling has been controlled. After the
incorporation of the particle into the melt is
completed (in the case in which the stirring action
was performed in semi-solid condition), the slurry
needs to be remelted to a temperature above the
liquidus before being poured into the mould. The
remelted temperature used is about 700°C for 1-5
minutes. The composite slurry is then poured into a
mould. The mould may be of steel, copper, graphite
or cast iron. Normally, the mould is preheated to
about 300°C. In some cases, the casting is solidified
under pressure to prevent porosity. The viscosity of
the melt particles slurry is higher than that of the
base alloy, and this may offer greater resistance to
flow in the mould cavity.

1. CHARACTERIZATION OF
COMPOSITES
3.1 Density
Mass can be thinly distributed as in a
pillow, or tightly packed as in a block of lead. The
space the mass occupies is its volume, and the mass
per unit of volume is its density. Mass (m) is a
fundamental measure of the amount of matter.

3.2 Hardness

Hardness is a characteristic of a material,
not a fundamental physical property. It is defined
as the resistance to indentation, and it is determined
by measuring the permanent depth of the
indentation. More simply put, when using a fixed
force (load) and a given indenter, the smaller the
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indentation, the harder the material. Indentation
hardness value is obtained by measuring the depth
or the area of the indentation using one of over
twelve different test methods.

The Brinell hardness test method as used
to determine Brinell hardness, is defined in ASTM
E10. Most commonly, it is used to test materials
that have a structure that is too coarse or that have a
surface that is too rough to be tested using another
test method, e.g. castings and forgings. Brinell
testing often uses a very high test load (3000 kgf)
and a 10mm wide indenter so that the resulting
indentation averages out most surface and sub-
surface inconsistencies.

The Brinell method applies a predetermined
test load (F) to a carbide ball of fixed diameter (D)
which is held for a predetermined time period and
then removed. The resulting impression is
measured across at least two diameters — usually at
right angles to each other and these result averaged
(d). A chart is then used to convert the averaged
diameter measurement to a Brinell hardness
number. Test forces range from 500 to 3000kgf.

A Brinell hardness result measures the
permanent width of indentation produced by a

carbide indenter applied to a test specimen at a
given load, for a given length of time. Typically, an
indentation is made with a Brinell hardness testing
machine and then measured for indentation
diameter in a second step with a specially designed
Brinell microscope or optical system. The resulting
measurement is converted to a Brinell value using
the Brinell formula or a conversion chart based on
the formula. Most typically, a Brinell test will use
3000kgf load with a 10mm ball. If the sample
material is aluminum, the test is most frequently
performed with a 0.5kgfload and 10mm ball.
Brinell test loads can range from 3000kgf down to
0.1kgf. Ball indenter diameters can range from
1mm to 10mm. Generally, the lower loads and ball
diameters are used for convenience in
“combination” testers, like Rockwell units, that
have a small load capacity. The test standard
specifies a time of 5 to 30 seconds, although
shorter times can be used if it is known that the
shorter time does not affect the result. There are
other conditions that must be met for testing on a
round specimen, spacing of indentations, minimum
thickness of test specimens, etc.

e
-

.
¥

Figure 1.6 Schematic diagram of Brinell hardness test

_ 2F
HB T aD(D—VD—-dT—

Test Method Illustration
D = Ball diameter
d = impression diameter
F = load
HB =Brinell result

Typically, the greatest source of error in
Brinell testing is the measurement of the
indentation. Two types of technological remedies
for countering Brinell measurement error problems

have been developed over the years. Automatic
optical Brinell scopes use computers and image
analysis to read the indentations in a consistent
manner. This standardization helps eliminate
operator subjectivity, and so operators are less-
prone to automatically view in-tolerance results
when the sample’s result may be out-of-tolerance.

IV. CONCLUSION
Researchers have developed a variety of
methods for creating composites made of an
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aluminium metal matrix, thus it is essential that we
look for methods that are both inexpensive and
simple to utilise when creating composites.
Following the analysis of numerous studies. In the
papers, we learn that the liquid state fabrication
approach is a good methodology, and that it has
been determined to be the best in it. Additionally,
we learn that the researchers employed roughly
90% matrix alloys. The research report
demonstrates that we can improve the mechanical
and tribological properties of the metal matrix
composite by employing various techniques. This
article is a great resource for learning how to create
composites with an aluminium metal matrix.

e The optimum method for producing MMC is
stir casting, and stirring temperature, time rate,
and speed were discovered to be crucial factors
in tensile strength.

e The percentage of reinforcement has a
significant impact on every composite

property.
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