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ABSTRACT

Aluminum alloys are popular materials in industrial applications because of their higher specific strength to weight ratio and

excellent mechanical properties. These alloys are combined with other material to form composites. A composite material is a
combination of two phases called matrix and reinforcement with different physical and chemical properties. When they are
combined they create a material which is specialized to do a certain job, for instance to become stronger, lighter or resistant to
electricity, etc. The need for superior execution and minimal expense materials caused scientists globally to change their
concentration from solid to composite materials due to their better mechanical properties.
Many manufacturing processes are offered for the fabrication of aluminum metal matrix composites. Stir casting is recognized as
a predominantly capable process, and its advantages turn over in its effortlessness and flexibility to a massive manufacturing.
This project proposes the fabrication of Aluminum Metal Matrix Composites (AMMCs) using stir casting technique by varying
the amount of hybrid reinforcement particles. The mechanical properties such as tensile strength, impact strength, wear, hardness
will be evaluated. A16082-T6 is taken as the metal matrix phase, titanium diboride (TiB2) and graphite powder are taken as the
reinforcement phase.

KEYWORDS - Stir Casting, Aluminum Metal Matrix Composites, TiB2, Graphite, Tensile Strength, Impact Strength, Wear,
Hardness, Hybrid reinforcement

1. INTRODUCTION

Aluminum Alloys are one of the most widely used
materials in industrial applications like automotive,
aerospace and ship building due to their high strength to
weight ratio and better mechanical properties [1].
Aluminum metal matrix composites (AMMCs) are
widely replacing the conventional aluminum alloys in
many applications due to their superior mechanical
properties and tribological properties [2] [3]. A composite
is a material made of two constituent phases namely a
reinforcement phase and a matrix phase. Although these

two phases are not soluble they can be macroscopically

combined. A lot of research has been conducted to
improve the properties of AMMCs by using various
methods and different reinforcements like AI203, B4C,
TiC, Fly Ash, TiB2, Graphite, SiO2 etc. [4] [5].

Hybrid Metal Matrix Composites (HMMCs) are one of
the recently developed advance materials having better
mechanical. Hybrid reinforcement is a combination of
different reinforcements [9]. The Aluminum metal matrix
composites  are

produced by liquid metallurgy

techniques like conventional stir casting and
electromagnetic stir casting [5] [6], squeeze casting [7],
pressure infiltration [8]. The liquid metallurgy
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techniques/methods are best suited for mass production.
The literature on hybrid reinforcement titanium diboride
(TiB2) and graphite and matrix AL6082-T6 alloy is few
and can be much interesting due to excellent strength,

hardness, and wear properties.

Apart from the liquid metallurgy one can also use
powder metallurgy for the production of composites. But
powder metallurgy is highly expensive and time
consuming process. It is also difficult to obtain materials
in bulk quantity [10]. Stir casting is the best economical
method for fabrication of composite materials where
reinforcement is mixed with the molten metal matrix by
means of mechanical stirring [11].
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Figure 1: Basic Stir casting process
2. REALATED WORK

S. Johny james et al. [12] has produced the
AL6061/ZrO2-ALl:Os hybrid reinforced composite with
90% AL6061, 5% of ZrO2 and 5% of Al2o=s and studied its
properties like tensile strength, hardness, wear and
corrosion. The result is found to be that tensile strength
shown to have a significant improvement and there is a
70% increase in hardness. B. Stalin et al. [13] has
experimented on optimization of wear process
parameters on the composite AA6063/SisN4produced by
stir casting.

R. Anvari et al. [14] investigated wear properties of
AL6061/Al-Cr-O hybrid composite produced by FSP and
the result shows that there is an improvement in wear
[15] fabricated

AL6061/TiC composite using stir casting method and

resistance. S. Gopalakrishna et al.

reported that the wear rate has been reduced by 40% by

increasing the volume fraction content from 3% to 7%.

Serjul Haque et al. [16] fabricated AL6061/SiC metal
matrix composite using stir casting. They researched the
wear properties and found that increasing stir speed

decreases wear rate.

3. PROPOSED WORK
3.1 Fabrication of Composite and Specimen preparation :

The commercially available AL6082-T6 ingots are
taken. The selected reinforcements are titanium diboride
(TiB2) of 99.90% purity and with an average particle size
of 10.0 um and Graphite powder of 99.00% purity and
with an average particle size of 44.0 pm. The chemical
composition and mechanical properties of base metal and
the reinforcements are shown in the Table 1, Table 2 and
Table 3. The different casting composition for AL"082
hybrid composites are 0% TiB2 - 0% graphite (sample 1),
1% TiB2 — 1% graphite (sample 2), 2% TiB2 - 2% graphite
(sample 3) and 3% TiB2 — 3% graphite (sample 4).

Table 1: Chemical composition of AL6082-T6 Alloy

Element | Cr | Cu | Fe | Mg | Mn | Si Ti | Zn
Wt% | 0.25|0.10 | 0.50 | 1.00 | 0.80 | 1.00 | 0.10 | 0.20
Table 2: Chemical composition of TiB2
Property Value
Density 4.52 g/cm?
Molar mass 69.489 g/mol
CAS Number 12045-63-5
Melting point 3230 °C
Form Powder
Size 10 pm
Purity 99.90%

Table 3: Chemical composition of Graphite

Property Value
Density 1.8 g/cm?

Molecular Weight 12.01
Melting Point 3600 °C
Boiling Point 4200 °C
Form Powder

Size 44 ym

Purity 99%

A stir casting setup consists of a furnace, die, and
stirrer assembly. The temperature range of the furnace is
950 °C and a preheater of temperature range 800 °C. The
melting range of aluminium is 700 °C - 800 °C. A known
quantity of AL6082 was loaded into the crucible of the

furnace for melting. The melt was super heated to 800 °C
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that And the
reinforcements are pre-heated in the preheater which is
maintained at 300 °C — 400 °C. After melting of the

aluminium the stirrer is introduced into the electrical

and maintained at temperature.

furnace to mix the aluminium alloy and reinforcement
for better

materials are then introduced into the furnace at a steady

bonding. The preheated reinforcement

rate and the stirrer is rotated at 600 — 700 rpm. After a few
minutes of stirring the melt is poured into the preheated

die. After solidification the required casts are obtained.
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and Furnace

Control Panel
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Figure 3: Specimens

3.2 Tensile Test:

The tensile test was conducted using Universal Testing
Machine (UTM) to investigate the tensile properties of
the specimens at Guddalavalleru College of engineering.
The ASTM standard procedure was followed to perform
the tensile strength at a room temperature by placing the
specimen in the jaws of the machine and it was pulled
until failure. The specimens are fixed properly in the jaws

ensuring no slippage during testing.

Figure 4: Tensile Test Apparatus
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Figure 5: Tensile Test Specimens

3.3 Impact Test:

The impact test was conducted using Izod impact
strength testing equipment. The impact test equipment is
shown in the Figure 6. The tests are conducted at room
temperature and the specimens are prepared as per the
ASTM standards.

Figure 6: Impact Test Apparatus
3.4 Hardness Test:

The hardness property of the composite materials is

found out by Vickers hardness test. The Vickers hardness
test equipment is shown in the Figure 6. It has two
distinct force ranges, micro (10gm to 1000gm) and macro

(1kg to 100kg). For this test micro force range (10gm to
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1000gm) is used.The ASTM standard for micro force
ranges is ASTM E384.

The steps for doing Vickers hardness tests are as
follows. A controlled test force is applied to the sample
by indenter normally up 10 — 15 seconds; the constant
force is maintained for a specific dwell time. Then the
indenter is removed and a square shaped dent appears
on the sample. By measuring the two diagonals of the
square indent the size is determined optically. The
Vickers hardness number is calculated as a function of

the test force divided by the surface area of the indent.

HYV = Constant * test force / indent diagonal squared

Figure 7: Hardness test Apparatus

3.5 wear Test:

The wear test is conducted on Friction wear test
apparatus (pin on disc). The samples are prepared as per
ASTM standards. The wear test was performed at room
temperature under dry sliding conditions with a load of
1KN, rotational speed of 400rpm and sliding distance is
2000m. The weights of the specimen are taken before and

after the test and wear loss is calculated.

Figure 8: Wear test Equipment (Pin on Disc)

4. RESULTS
4.1 Tensile Test Result:

The tensile test results for various samples are shown
in the Table 4. The tensile properties of the composite
the addition of
reinforcements. The tensile strength of pure AL6082 is
0.210 KN/mm2 which has increased to 0.265 KN/mm?2 by
adding 3% TiB2 and 3% Graphite Powder.

have increased significantly by

Table 4: Tensile Test Result

Samples Composition Ultimate Stress
kN/mm?
; Pure AL6082 0.210
2. AL6082 + 1% TiB2 + 1% 0.235
Gr
3. AL6082 +2% TiB2 + 2% 0.249
Gr
4. AL6082 + 3% TiB2 + 3% 0.265
Gr
03
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Figure 9: Stress vs Strain curve of all samples

4.2 Impact test result:

The Impact test results for various specimens are
shown in the Table 5.The impact strength of the
composite has increased significantly by the addition of
reinforcements. The impact strength of pure AL6082 is
6.5 Joules which has increased to 10.9 Joules by adding
3% TiB2 and 3% Graphite powder.

Table 5: Impact Test Results

Sample Composition Impact Strength
(Joules)
1 Pure AL6082 6.5
AL6082 + 1% TiB2 + 8.7
1% Gr
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3 AL6082 + 2% TiB2 + 9.2
2% Gr

4 AL6082 + 3% TiB:2 + 10.9
3% Gr

Loss of Weight

0.9564

‘\0.765
0.8 0.654

4.3 Hardness test result:

The hardness test results for various samples are
shown in Table 6.The hardness of AL6082 has increased
by the addition of reinforcements. We can find the best
composition is sample of 3% TiB2 and 3% Graphite
powder. The hardness for this composition has increased
from 75.29 HV to 91.52 HV when compared with the pure
alloy.

Table 6: Hardness Test Results

Samples Composition Vickers
hardness (HV)
Pure AL6082 75.29
2. AL6082 + 1% TiB2 + 1% | 78.13
Gr
3. AL6082 + 2% TiB2 + 2% | 85.46
Gr
4. AL6082 + 3% TiB2 + 3% | 91.52
Gr
100
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Figure 11: Vickers Hardness of all samples
4.4 Wear test result:

The wear test results of various samples are shown in
the Table 7.The wear rate of the alloy has significantly
decreased by the addition of reinforcements. The loss of
weight has significantly decreased from 0.9564 to 0.596.

Table 7: Wear Test Results

Sample Composition Loss of Weight
1 Pure AL6082 0.9564
2 AL6082 + 1% TiB, + 1% Gr 0.765
3 AL6082 + 2% TiB, + 2% Gr 0.654
4 AL6082 + 3% TiB, + 3% Gr 0.596
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Figure 12: Wear Test Results
4.5 SEM Microstructures:
The microstructures are taken using a Scanning
Electron Microscope (SEM) apparatus located in
Osmania University Hyderabad. The SEM equipment

used for taking the microstructures is shown in Figure9.

Figure 13: SEM Apparatus

5. CONCLUSION

From the experimentation it was determined that the
mechanical properties of the AL6082 alloy have increased
significantly by addition of reinforcements. The highest
tensile strength was found to be 265 N/mm?, the highest
impact strength was found to be 10.9 Joules, the highest
Vickers hardness was found to be 91.52 HV and the least
wear weight loss was found to be 0.596 mg.
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