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This paper involves the Mechanical property Evaluation of Al- Alloy (T6-6061)
reinforced with Nano Ceramic Particulates (ZrO,) subjected to forging process.
The standard Aluminum alloy ingots/blocks is melted and superheated in the
electrical resistance furnace for about 8 hours at 750° C. The superheated melt
was reinforced with zirconium dioxide particulates by varying weight percentages
in 3, 6 and 9 percent. The molten metal mixture was poured in a metal die

of cylindrical shape having dimensions 300mm X 20mm diameter and allowed
to solidify at ambient temperature, the sample were subjected to hand forging

process.

The microstructural characterization of forged composite specimen

exhibits more or less uniform distribution of ZrO, particulates. The grain structure
with spherical morphology of secondary magnesium and silicon phase in the
Aluminum matrix whereas the unforged composite sample indicates coarse with
dendrite type morphology. The strength results in terms of forged composite
specimen reveals significant improvement in the tensile strength over the
unforged composite specimen due to refined grain structure. The hardness result
also reveals significant improvement in the forged and reinforced samples over

the matrix alloy.

1. Introduction

A Composite is a combination of two or more
dissimilar materials having a distinct interface
between them such that the properties of the
resulting material are greater than the individual
constituting components. Composite material is
composed of two or more constituent phase i.e.:
matrix phase and reinforcement phase. A Metal
matrix composite is one of the types of composite
in which the matrix phase is predominantly a
metal or a metal alloy. The metal is the base
material which constitutes the major part and
the minor constituents are reinforcements
that can be in the form of particles, continuous
and discontinuous fibers. The MMC consists of
superior properties such as high strength,
high stiffness, and high electrical and thermal
conductivity, greater resistance to corrosion,
oxidation and wear comparable to base material.
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Aluminium is an ideal material to be selected as
a matrix as it consists of desirable properties like
abundance, low cost, low density, high strength-
to-weight ratio, controlled co-efficient of thermal
expansion, increased fatigue resistance and
superior dimensional stability at elevated
temperatures etc. Metal Matrix Composites
(MMCs) are engineered combinations of two
or more materials (one of which is a metal)
where good properties were achieved by
systematic combinations of different constituents.
Conventional monolithic materials have limitations
in respect to achievable combinations of strength,
stiffness and density. Engineered MMCs consisting
of continuous or discontinuous fibers, whiskers
or particles in a metal achieve combinations of
very high specific strength and specific modulus.
Furthermore, systematic design and synthesis
procedures allow unique combinations of
engineering properties in composites like high
elevated temperature strength, fatigue strength,
damping property, electrical and thermal
conductivities, friction coefficient, wear resistance
and expansion coefficient.
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Recently, nanotechnology has attracted the
attention of many material scientists. Nano-
metric particulates exhibit many attractive and
special properties. Recent investigations find
that the incorporation of Nano-particles into the
aluminium matrix could enhance the hardness, the
yield and ultimate tensile strength considerably,
while the ductility is retained. The strength of
composites is expected to be influenced by the
dislocation  density, dislocation-to-dislocation
interaction and constraint of plastic flow due to
the resistance offered by particles. It is reported
that due to the stress, there is a possibility of
increased dislocation density within the matrix
which leads to local stress and increasing strength
of the composite. Most studies so far are mainly
concerned with the mechanical properties of the
aluminium matrix composites reinforced with
micrometric ceramic particulates. The present
investigation is focused to fabricate aluminium
matrix composite reinforced with varying
Wt. % of nano-ZrO, particulates choosing die
casting technique which remains an attractive
choice among all the processing routes.
It is also predicted that the aluminium alloys
demand increased globally at an average rate of
20% every year. The composites thus obtained
were hot extruded and characterized for their
micro structural studies and sliding wear
properties by varying the sliding speed, applied
load and sliding distances. Particular emphasis is
placed to study the effect of presence of nano-
Zr0O,. It has been shown that enhanced as- cast
properties of Al-Si alloys are obtained by treating
the melt with Nano-sized particles Introducing
ZrO, nanoparticles to the cast alloy in the semi-
solid state with mechanical stirring has a beneficial
effect on improving the strength—ductility
relationship in these alloys. This is attributed
to the modification of the dendritic columnar
structure into a smaller and equated globular
grain arrangement.

2. Literature Review

Prantik Mukhopadhyay [1] has carried out
intensive investigation on the latest knowledge
available from various sources on alloy design,
industrial processing, development of properties
and potential use of Al 6061 alloys. The strength
to weight ratio offered by Al alloy and their
enhanced mechanical properties have become
crucial criteria for their use in light weight military
vehicles, rockers, missiles, aircrafts and cars,
used for both defence and civil purpose. The
chill cast alloy working like fabrication process

and hardening heat treatment are the foci of
review through designation section also contains
designations of cast alloys to provide the reader a
broad overview on designation.

N. Rajesh [2] has investigated on the recent
studies in al MMC composites. Aluminium MMC
are very promising material featuring for physical
and mechanical properties very different from
those the metal matrix composites. The Nano
particle can enhance the properties of the base
material in terms of were resistance ,damping
properties and mechanical properties like tensile
strength, hardness, wear and fatigue were
analysed ZrO, Nano particles reinforced al Nano
composites can find its applications in automotive
components like piston, cylinder liners and
connecting rods.

G Venkateshwarlu [3] carried out investigations
on evaluation of mechanical properties of
Aluminium alloy 6061. The general manufacturing
objective during the fabrication of automotive,
structural and aerospace components, particularly
through flow forming process is to achieve
predefined product quality characteristics and
mechanical properties with process cost and time
constraints. The current state of the economy
and the consequent market pressure has forced
vehicle manufacturers to simultaneously reduce
operating expenses along with further improving
product quality. With light weight and high
performance characteristics Aluminium alloy
acts as an important material in defence and
aerospace applications. The Mechanical Properties
of Aluminium Alloy 6061 were evaluated and
compression test was conducted on the material
under annealed condition. Aluminium alloys
have attractive properties of high corrosion
resistance and excellent machining properties. The
micro hardness, microstructure and mechanical
properties like hardness, ultimate tensile strength,
yield strength, Strength Coefficient (K), Strain
hardening coefficient (n) and % reduction at
fracture of Aluminium Alloy 6061 were evaluated
before the flow forming process, so that these
values can be compared after flow forming
process. It was observed that Manganese content
which controlled the grain structure was slightly
high, which results in superior strength. From the
microstructure it was revealed that the grain size
was uniformly distributed in all the directions.

B. Vijaya Ramnath [4] investigated on Aluminium
metal matrix composites. Aluminium matrix
composites (AMCs) are potential materials for
various applications due to their good physical
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Table 1
Chemical composition of aluminum alloy 6061.

Element Al Mg Si Fe Cu Zn Mn Cr Tt other
Wt % 96.50 0.986 0.562 0.532 0.236 0.202 0.102 0.04 0.15 0.864
and mechanical properties. The addition of
Table 2

reinforcements into the metallic matrix improves
the stillness, specific strength, wear, creep and
fatigue properties compared to the conventional
engineering material. The effect of addition
on different reinforcements in aluminium alloy
highlighting their merits and demerits, major
issues like agglomerating phenomenon, fibre-
matrix bonding and the problems related to
distribution of particles are discussed in this paper.
Effect of different reinforcement on AMCs on
the mechanical properties like tensile strength,
strain, hardness, wears and fatigue is also
discussed in detail.

Akash.M [5] earned out intensive investigations
on Aluminium alloy 6061, Aluminium alloy 6061
is one of the most extensively used of the 6000
series aluminium alloys. Aluminium in its purest
form is too soft and reactive to be of structural
use. However, its alloys such as 6061 alloy, makes
it structurally stronger. In the present investigation
typical commercial grade Al 6061 alloy obtained
from leading professional environments would
be the test materials for Investigations. The alloy
has been subjected to solution zing treatment
at a temperature of 54°C for 2 hours followed by
qguenching in water. The quenched specimens
are subjected to artificial ageing. Micro structural
studies were carried out to understand nature
of structure. Tensile test, wear test and hardness
tests have been conducted on the specimens
subjected to heat treatment. It has been observed
under identical heat treatment conditions
adopted; Al 6061- subjected to heat treatment
under specific conditions exhibited a significant
improvement in hardness when compared with Al
6061 before heat treatment.

Dhamesh M. Patoliya [6] studied on the Preparation
and Characterization of Zirconium Dioxide
Reinforced Aluminium Metal Matrix Composites.
The study deals with the investigation of effect
of reinforcement (Zirconium dioxide) particles
on mechanical properties of aluminium alloy
composites, fabricated by stir casting method.
The MMC’s specimens were prepared by varying
weight fraction of the reinforced particles as 0
wt.%, 2.5 wt.%, 5 wt.% and 7.5wt.% and keeping

Chemical composition zirconium dioxide powder.

Element ZrO, SiO, TiO, FeO, other

Wt % 99.5 0.10 0.007 0.002 0.39

Fig. 1. (a) Aluminum cubes/blocks
(b) Molten metal in graphite crucible.

all other parameters constant. The microstructure
and mechanical properties of fabricated MMC’s
were analysed. Micro structural studies of
the MMC’s reveal a uniform distribution of
zirconium dioxide (ZrO,) particles in the matrix.
The mechanical properties like hardness, tensile
strength and impact strength were improved
with the increase in weight fraction of zirconium
dioxide particles in the aluminium matrix. It was
observed that the elongation decrease with
increase weight fraction of zirconium dioxide
particles in the aluminium matrix.

3. Materials and Experimental Procedure

The matrix material utilized in the experimental
study is an aluminium alloy 6061 whose chemical
composition are as shown in Table 1.

The reinforced material used in experimental
investigation is zirconium dioxide powder whose
chemical Composition is listed in Table 2.

4. Methodology and Testing

1. Melting of aluminium alloy cubes (Fig 1a) in
graphite crucible (Fig 1b) (using muffle furnace
(melting up to 550-650°c for 6-8 hrs).

2. Preheating of reinforcement (ZrO,) separately
in furnace up to 600°C.
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Mixing of reinforcement to the molten metal
using mechanical stirrer using stir casting
process. (Fig 2).

The Reinforcement treated melt is poured into
the molten melt and agitated by using a stirrer
for about 5 minutes.

Slag was removed from the melt. The
reinforcement treated mixture was then
poured into a metal die of our desired
dimension and allowed to solidify at ambient
temperature.

The developed composites are subjected to
hand forging.

Micro structural studies are carried out to
reveal the effect of weight percentage additions
of Nano ZrO, and the effect of chills on the
composite. Polished and etched specimens are
observed using OLYMPUS Microscope BX51M
with Clemex Image Analyser. Morphology test
to reveal size and distribution of particulate
Zircon is carried out.

Testing the specimens to American Foundry
men Society (AFS) for ultimate tensile strength
(UTS), Compressive strength, percentage
elongation and hardness (BHN) are carried
out in order to investigate the Zircon additions
effect. In order to understand the fracture type
and interfacial deformation.

5. Experimental Results

5.1 Microstructure analysis

Microstructure analysis of the developed

Fig. 2. Stir casting process.

Fig. 3. (a) optical micrograph (100X) of Al 6061, Owt. % ZrO, (b) optical micrograph (100X)

composite forged specimens are discussed in

G (o)

A

of Al 6061, 3wt. % ZrO,(c) optical micrograph (100X) of Al 6061, 6wt. % ZrO,.

Fig. 4. (a) optical micrograph (200X) of Al 6061, Owt. % ZrO, (b) optical micrograph (200X)
of Al 6061, 3wt. % ZrO,(c) optical micrograph (200X) of Al 6061, 6wt. % ZrO,.
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Fig. 5. (a) optical micrograph (500X) of Al 6061, Owt. % ZrO, (b) optical micrograph (500X)

of Al 6061, 3wt. % ZrO,(c) optical micrograph (500X) of Al 6061, 6wt. % ZrO,.
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(b)Tensile specimens after testing.

Fig. 6. Tensile specimens

Table 3
Tensile property of specimens.

samole CS Area Peak Load %
P (mm?) (KN) Elongation
Al 6061 62.91 7.17 2.4
o)
AHIWES 3 01 7.70 6.4
ZrO2
o)
AHBWES o3 76 8.23 8.5
ZrO2

terms of distribution of reinforcement, grain
refinement and grain morphology. They are
further compared with microstructure of the
base alloy. The microstructures of base alloy and
developed composites (Owt. %, 3wt% & 6wt. %
ZrO, reinforcement additions) with 100X, 200X,
and 500X are shown in the Figure 3 (a, b, c),
Figure 4 (a, b, c) and Figure 5 (a, b, c) respectively.
The size of the secondary phase approximately
measured from the micron scale reveal 3 to 25um
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Fig. 7. Load v/s elongation for
composite with 3% wt. ZrO,.
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Fig. 8. Load v/s Elongation for
composite with 6% wt. ZrO,.

in the case of developed and forged specimens.
The refinement in the grain size is primarily
attributed to presence of flake sized reinforcement
particulates which acts as multiple nuclei sites
during solidification process and also effect of
recrystallization process taking place during
hot forging process. No porosity is absorbed in
the forged sample.

5.2 Tensile test

1. The standard test specimen (Fig 6a) for tensile
strength are prepared in accordance with
ASTM standards (EM8) with standard
dimensions of G- Gauge Length = 45mm,
D1- Diameter of gauge = 8.95mm, R- Radius
of fillet =8mm, D2- Diameter of initial gauge
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length=16mm, A- Length of Radius = 53mm
for the developed composited and base alloy.
The tensile test is conducted in the standard
computer interfaced Universal Testing
Machine.

2. The test involved crosshead speed set at
2 mm/min till rupture of the specimen. During
the tests, the loading elongation data was
recorded by the computer interfaced with
the UTM. The specimens for the tensile test
are as shown in the Fig.6b.

The results of tensile test conducted at
ambient temperature on the developed forged
specimens are as shown in the Table 3. The
comparative plots of engineering stress-strain
diagrams are shown in the Figure 7 and 8. It
is observed from the results that the UTS and
young’s modulus of developed forged specimens
exhibits higher strength values in comparison
with base material. The percentage increase in
strength in developed forged composite (3wt %)
exhibit 6.4%. The percentage increase in strength
is developed forged composite (6wt %)
exhibit 8.5%. The enhancement in the tensile
strength is due to the presence of ZrO, ceramic
particles which acts as obstacles against
deformation and increases dislocation density
in the material and also due to grain refinement
as observed in the microstructure. As the
weight percentage of ZrO, increases there is
significant increase in tensile strength.

6. Conclusion

Synthesis of Aluminium 6061 alloy based
composites (MMCs) was successfully
accomplished. This technique reveals the

following: Microstructural analysis showed fine
grain refinement, fairly uniform distribution of
reinforcement with no porosity. Mechanical
characterization revealed significant improvement
in strength. The developed forged specimens
reveals significant improvement in the strength
properties along enhanced ductility, which can
be primarily attributed to refined grain structure
achieved through forging process and presence
of reinforcement and its increasing weight
percentage in the matrix alloy.
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