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The ceramic particles reinforced with aluminium metal matrix composites(AMMCs) has found its usage in various
applications due to its distinct performance parameters. In the present study, an effort was made to synthesize and analyse
the mechanical characteristics of TiB2 reinforced Al7075 metal matrix composites (MMCs) using stir casting technique by
varying the weight percentage of TiB2. The micro Vickers hardness, tensile strength, flexural properties are considered as the
performance measures in the present investigation. It was found that the addition of TiB2 could enhance the mechanical
characteristics of the MMCs significantly. The enhancement in hardness of the MMCs is due to the amalgamation of rigorous
reinforcement in the matrix. The TiB2 reinforcement in the matrix alloy was found to increase the tensile and flexural strength
of AMMCs considerably. The TiB2 particles are consistently disseminated in aluminium matrix alloy with considerable
bonding strength.
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Introduction

Aluminium-based particulate reinforced MMCs seemed
to have a vital role in the high performance material
parameters such as less weight, high formability, high
electrical conductivity and corrosion resistance which
find its applications in the field of automobile, aero-
space, and marine. The aluminium metallic alloys is
found to be used as matrix materials in various applica-
tions due to its superiorcharacteristics in strength, density,
stiffness, wear resistance and thermal expansion [1].
The inclusion of hard ceramic particles like SiC, Al2O3,
WC, MgO, TiC, ZrO2 and B4C usedas reinforcement
material in the aluminium alloy improves the mechanical
properties of AMCs [2]. Various methods such as spray
deposition, powder metallurgy, squeeze-casting, and
stir-casting are employed in the manufacturing of MMCs.
Among these methods stir-casting process is used
widely by various investigators due to its advantages in
formation of higher metal yield, lesser damage to parti-
culate reinforcement as well as its cost-effectiveness.
Out of the commonly used ceramic reinforcements, TiB2

particulates emerges better due to its superiority in
various properties [3]. The aluminium alloy 7075 metal
matrix composite enhances the mechanical properties.
However less attention was given to provide adequate
information for multi-entry reinforcements. The reinfor-
cement phases were tried with different weight fraction
to enhance the mechanical and metallurgical character-
ization of the composite [4-6]. The addition of ceramic
can enhance the mechanical behaviour of the composites
[7, 8].

The mechanism of stiffer reinforcement enhances the
hardness of MMCs [9, 10]. However, it is noted that
only few studies are performed to find the influence of
adding ceramic reinforcements on AMMCs [11, 12].
The addition of TiB2 with metal matrix composites can
enhance the mechanical behavior [13, 14]. It was found
that by adding ceramic reinforcements in AMMCs, Its
mechanical characteristics are increased to a certain
extent [14, 15]. The distribution of ceramic particles
determine the mechanical characterization in metal
matrix composites [16, 17]. Hence the addition of ceramic
particles should be in optimal value. More inclusive
will lead to agglomeration of the particles. Hence the
optimal percentage of reinforcement should be identified
withproper investigation [18].

From the detailed literature survey, the need of syn-

*Corresponding author: 
Tel : +919600218785
E-mail: royalmanoj88@gmail.com



476 M. Manoj, G.R. Jinu, T. Muthuramalingam, and R. Leo Bright Singh

thetization and investigation of ceramic particles reinforced
AMMCs was instigated. Hence the present investigation
focuses on developing TiB2 particles reinforced AMMCs
using stir-casting process for various weight percentage
of reinforcement aiming at enhancing mechanical
characteristics such as tensile, micro-hardness, flexural
strength on MMCs.

Materials and Methods

Selection of matrix and reinforcement
In the present work, Al7075 is chosen as matrix

phase material owing to its significance in automobile,
aircraft and marine industries. The chemical composition
was analysed using optical emission spectrometer (OES-
foundry Master-pro, Oxford, Germany). The chemical
composition of Al7075 is Titanium 0.048, Silicon 0.102,
Chromium 0.241, Iron 0.432, Manganese 0.104, Copper
1.483, Magnesium 2.195, Zinc 5.463 and Aluminium
89.932. The physical properties of Al7075 are Density
2.81 g/cm3, Poisson’s ratio 0.33, Hardness (HB500) 60,
Elastic modulus 70-80 GPa, Tensile strength 220 MPa
and Thermal conductivity 196 W/mk and that of TiB2

are Density 4.5 g/cm3, Poisson’s ratio 0.1-1.15, Hardness
(knoop) 1800, Elastic modulus 510-575GPa, Tensile
strength 339 MPa and Thermal conductivity 25 W/mk.
The 99.5% of pure TiB2 particles was purchased from
Yang Liying Corporation, Qinhuangdao city, China.
The reinforced material is TiB2 that is selected with the
particle size of 3 to 5 µm. The reinforcement particles are
included in AMMCs under various weight percentages
of 0, 2, 4, 6 and 8% via an in-situ reaction [19].

Synthetization of aluminium MMC using stir casting
The fabrication of composites carried out through stir

casting setup is shown in Fig. 1. The raw material
Al7075 was kept in a graphite crucible and then heated
to 850 oC in an electrical furnace. The 3 to 5 µm sized
powder particles was preheated at 500 oC to eliminate

dampness in the reinforcement with higher the bonding
between MMCs and the reinforcement material. Then
the preheated TiB2 particles were gradually added to
molten Al7075. In this production process, the stirring
ensured the proper distribution of the mixture of com-
posite. The mixing was done with the help of a rotating
spindle driven by adjustable speed motor for a time
duration of 15 min with the mixing speed set at a range
of 150 to 250 rpm. The mixture was poured into the
mold cavity with a die of size 100×100×10 mm under
room temperature. Then, the samples were machined
based on various ASTM standards test specimens for
various mechanical investigations.

Measurement of performance measures
The samples tested for tensile properties were made

according to the ASTM standard and tested in a
computerised Unitek 94100 UTM (Manufactured by
Jinun testing equipments, Jinan, China). Based on the
requirements of tensile testing guidelines of ASTM:
E8/E8M, the samples were machined into a flat plate
before measuring the tensile strength. To predict the
tensional property, the specimen was tested in room
temperature. Three difference sets of specimen samples
were tested and the average value was taken to reduce
the recurring error.The polished specimens of Al7075
alloy and its composites were subjected to micro Vickers
hardness test by suitable standard testing procedure with
the applied load of 0.3 kg for a period of 10 seconds in
order to find the hardness. The average value of hardness
test was taken to reduce the error. The flexural nature
of MMCs was calculated using flexural test. This test
evaluate the measurement of materials subjected to
simple bending loads. Flexural test samples were tested

in a Computerised UTM as per the requirements of the
specimen developed under ASTM: A-370 standard.
The samples were polished using standard metallographic
technique (Initial polishing with different grades of
emery sheets 240, 320, 400, 600 and 800 grits and fine

Fig. 1. Schematic diagram of Stir casting setup.
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polishing with diamond paste up to 2 µm size) and
etched with Keller’s reagent to obtain a superior contrast
(95 mL Distilled water, 2.5 mL Nitric Acid (HNO3), 1.5
mL Hydro Chloric Acid (HCL), 1.0 mL Hydrofluoric
acid (HF) [16]. The acid liquids were purchased from
merck KGaA, Darmstadt, Germany. The etched specimens
were observed using an optical microscope (SMETCO
RMM-88). The scanning electron microscope (SEM)
investigation was carried out (TESCAN instrument
provided with Vega TC software).

Results and Discussion

Mechanical characterisation of Al7075/TiB2 MMC
The work carried out in this research has portrayed

an effort to synthesize TiB2 reinforced AMMCs for
various weight percentage (0, 2, 4, 6, and 8%) using
stir casting technique. The experimental investigations
were carried out to ascertain various properties such
as tensile strength, hardness and flexural nature of
synthesized MMCs and are discussed under this section.

Tensile strength analysis of Al7075/TiB2 composites

The mechanical behaviour of the composites were
analysed using tensile test with the help of computerized

UTM, Fig. 2 shows the impact of adding TiB2 reinfor-
cement particles to yield strength (YS) and Ultimate
Tensile Strength (UTS) of AMMCs. The observation
from the tensile test substantiates the increment in the
weight % of the reinforcement by the added yield
strength and ultimate tensile strength. When compared
with aluminium, the mechanical properties of the
composites are found to have improved significantly as
a result of adding TiB2 particles to the matrix. Increasing
the weight % of TiB2 has a stellar role in the mechanical
properties. Table 1 gives a clear view on the added weight
% of TiB2. The % elongation of AMMCs is decreased
as 76% with better % of TiB2 reinforcement in the
MMCs as indicated in Fig. 3. This is due to the addition
of ceramic reinforcement TiB2 particles which results in
the reduction of elastic deformation and subsequent
increment in the plastic deformation of metal matric
composites.

Hardness analysis of Al7075/TiB2 composites

From the Micro Vickers based hardness measurement,
it was observed that Al7075/TiB2 metal matrix com-
posite can be increased to base alloy with the addition

Fig. 2. Effect of reinforcement on tensile and yield strength of
Al7075/TiB2 MMC.

Table 1. Tensile, yield strength and % elongation of Al7075/TiB2 composites

Sl. No Composition of composite specimen Elongation (%) Ultimate Tensile Stress (MPa) Yield Stress (MPa)

1 Al7075 2.16 116.91 109.32

2
Aluminium alloy- 98%

TiB2-2%
1.98 138.26 131.60

3
Aluminium alloy- 96%

TiB2-4%
1.58 155.99 147.95

4
Aluminium alloy- 94%

TiB2-6%
1.34 183.89 172.86

5
Aluminium alloy- 92%

TiB2-8%
0.56 227.39 211.89

Fig. 3. Effect of reinforcement on % elongation of Al7075/TiB2

MMC.
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of TiB2 as shown in Table 2. The hardness of AMMCs
is significantly increased with higher weight % of
ceramic particulates in the matrix alloy due to the
presence of TiB2 particles which is shown in Fig. 4.
Hence the microstructure of matrix can be refined with
improvement in the bonding which is a major factor for
improving hardness. 

Flexural strength of Al7075/TiB2 composites

The flexural properties of aluminum were estimated
using 3-point bending test with various weight
percentage to the additions of TiB2. In 3-point bending
test, the maximum bending load was assessed. Fig. 5
gives the image of test specimens subjected to 3-point
bending test.

The flexural strength formula is taken as 

(1)

Where σmax is the flexural stress, M is bending
moment, I is the moment of inertia and y is distance
from the neutral axis. The maximum flexural surface
stress occurs in the mid-point of the specimen.

Bending Moment = (2)

(3)

(4)

(5)

Where W is the load applied by the testing machine, t
is the thickness of the specimen, b is the breath of the
specimen and L is the span length.

Maximum deflection of the beam is 

(6)

Where W is the load applied by the testing machine, I
is the moment of inertia, L is the span length and E is
bending modulus.

Bending Stiffness (7)

The flexural related performance measures are
computed using the Eq. (1 to 7) furnished above and
tabulated as shown in Table 3.

The flexural strength of the composites obtained
from three point bending test is shown in Fig. 6. It was
found that the flexural strength is increased with the
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Fig. 4. Effect of reinforcement on hardness of Al7075/TiB2 MMC.

Table 2. Hardness of Al7075/TiB2 composites

Sl. No Composition of composite specimen
Hardness

(HV)

1 Al7075 110

2 Aluminium alloy- 98% TiB2-2% 138

3 Aluminium alloy- 96% TiB2-4% 175

4 Aluminium alloy- 94% TiB2-6% 183

5 Aluminium alloy- 92% TiB2-8% 217

Table 3. Flexural properties of Al7075/TiB2 composites

Sl.
No

Composition of composite specimen
Flexural Breaking 

load (kN)
Maximum deflec-

tion (mm)
Flexural strength 

(MPa)
Displacement

(mm)
Bending Stiffness

(kN-mm)

1 Al7075 5.53 1.1623 332 1.65 135.416

2 Aluminium alloy- 98% -TiB2-2% 7.86 0.8982 472 1.85 291.666

3 Aluminium alloy- 96%-TiB2-4% 8.45 0.8449 507 1.90 333.333

4 Aluminium alloy- 94%- TiB2-6% 10.12 0.7272 600 2.05 458.333

5 Aluminium alloy- 92%- TiB2-8% 10.96 0.7024 658 2.25 479.167

Fig. 5. Three point bending test specimen.
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addition of stiffer TiB2 particles. The inclusion of TiB2

to aluminum alloys increase the flexural characteristics
due to the addition of higher strength ceramic particles
[12].

Microstructure of Al7075/TiB2 MMC’S
The estimation of microstructural characterization of

Al7075/TiB2 MMCs is done using optical microscope
with varying weight percentage (0%, 2%, 4%, 6% and
8%) of TiB2 particles. The surface morphology of

synthesized AMMCs of cast specimens is estimated
under etched conditions. The microstructural analysis
shows uniform distribution of reinforced particles
throughout the specimen samples. The accumulation of
reinforced particles and grain boundaries of primary
alpha aluminium matrix was investigated. The inter-
dendrite pattern of grains observed in Fig. 7 clearly
indicates the presence of precipitated and deposited
reinforcement particle at the intersection of the grain
boundaries. The reinforced particles are indicated using
dark coloured pattern. Due to the non-transparent nature
of the reinforced particles, the ceramic particles reflects
as black spots in the MMCs surface. The weight % of
reinforcement added in this study proves to create a
minimal effect in the distribution, which may have
negative effects if the weight % is increased beyond a
certain limit. The SEM images of casted Al7075-TiB2

metal matrix composites by varying its weight percentage
(0%, 2%, 4%, 6% and 8%) of reinforcement particles
that are depicted in Fig. 8. It is ensured that the harder
and stiffer TiB2 ceramic particles are uniformly distributed
in the matrix alloy of aluminium MMC. Due to the
considerable bonding strength of strongest reinforcement
particles and matrix alloy, the strengthening mechanism
of grain boundaries can also be enhanced considerably.
The uniform distribution reduce the agglomeration of
reinforcement cluster in the matrix alloy. Hence the
strength of the ceramic particles in the aluminium
matrix alloy is uniformly distributed over the composite
specimens. It can enhance the mechanical characteristics
of MMCs.

Fig. 7. Micro structural characterization of Al-MMC with different weight percentage of TiB2 particles reinforcement using Optical
microscope.

Fig. 6. Effect of reinforcement on flexural strength of Al7075/TiB2

MMC.
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Conclusion

In the present investigation, an empirical study was
performed to synthesize and analyze the mechanical
characteristics of TiB2 reinforced Al7075 MMCs using
stir casting technique under various weight percentage
(0%, 2%, 4%, 6% and 8%) of TiB2. From the experimental
study, the following conclusion is made.

The TiB2 reinforcement can enhance the mechanical
measures of the MMC considerably. 
The reinforcement is found to increase the hardness
of the composites because of amalgamation of
robust and strong reinforcement in the MMCs. 
Adding TiB2 reinforcement to the matrix composites
surges the tensile and flexural properties of
AMMCs.
The TiB2 particles are consistently disseminated in
aluminium matrix alloy with considerable bonding
strength.
The different ceramic reinforcement particles may
be used to further enhance the performance measures.
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