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Abstract: In this paper, the effects of reinforcements on the mechanical behavior of the cast
aluminium-based composites are investigated. The reinforcing materials B4C, SiC, and Graphite
with different weight percentages (3%, 6%, 9%, and 12%) are used to fabricate the composites. The
composite with 12% by weight exhibits the highest hardness and tensile strength. This paper
identified the changes in the behavior of mechanical properties such as tensile strength, hardness,
and elongations of the Hybrid Composite & SEM test is used to determine the microstructures of

the composite material.
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Introduction

The selection of materials for the various components used in automobiles, power plants, sheet
metals, and defense sectors is extremely complex and challenging due to fuel economy, safety
improvement, overall cost, material availability, energy efficiency, and global warming concerns [1].
Aluminium metal matrix composite (AMMCs) play a crucial role in various fields due to their unique
properties. Properties such as good strength-to-weight ratio, high wear resistance low cost are leading
to an increase in demand for aluminum-based composites [2, 3]. Numerous processes are available
for production of aluminum- based composites. In the liquid phase, the Stir-casting process is widely

accepted for the fabrication of aluminium-based composites [5].
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A composite is defined as the addition of two or more different phases with different natural
properties (physical or chemical) built up ina complex form at all the levels (micro and macro). In the
field of material science and engineering, the metal matrix composite is defined as the sum of two or
more two different materials or metals, one of which acts as the matrix phase and the other is added in
the form of fiber/ powders/particles that constitute the reinforced phase or the second phase, where
the matrix phase is made of copper, aluminium, iron or steel [8, 9]. At the same time, the second phase
is made of ceramic, carbide, oxide or other metal that plays the role of the reinforcing phase. The
metal matrix composite is classified according to the role of the reinforcements such as fibers,

powders or particles [11.12].

The metal matrix composite is manufactured with different percentage of reinforcements, When only
one reinforcing material is added, the metal matrix composite is referred to as a monolithic
composite; when more than two reinforcing materials are added to the matrix, then it is referred to as

a hybrid based composite [15].

According to the literature, different researchers have used SiC, B4C, ZrSiOs, Gr, CaC,, TiC, and
AlOz with various aluminum alloys to analyze the structural and mechanical properties of
composites. Research to develop hybrid composites employing a mixture of (SiC+B4C+Gr) as
reinforcements using AA7175, however, has not yet been conducted. SiC particles are chemically to
live with aluminum and successfully connect with in matrix. [16]. SiC is one of the most popular
reinforcements for AMCs because of its superior workability, thermal conductivity, good
machinability, and inexpensive cost. B4C is added to aluminum composites to further enhance their
mechanical properties. High hardness and stiffness combined with low density make B4C a suitable
reinforcement material according to several mechanical parameters [17]. A variety of techniques are
available for the fabrication of composites, including stir casting, infiltration, squeeze casting. The
traditional stir casting technique is the method that is frequently used to fabricate composite

materials since it can be utilized to create intricate shapes and is also relatively affordable [19, 20].

AMC has been generally used in different industries, including automotive, aerospace, sporting
goods, and manufacturing [24]. However, ongoing work has been done to enhance the currently

used AMC and create new types for a variety of applications.

In this paper, the effect of reinforcements in AA7175 is investigated in weight percent. The
reinforcements (SiC, B4C, and Gr) with wt. % of (3, 6, 9, and 12) are added by stir casting method.

This article described the production of aluminium metal matrix hybrid composites and
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improvements in their mechanical properties [25, 26].

2. Materials and Methods

Determination of Reinforcement Compositions

Section A-Research paper

Three reinforcements have been used in this paper, In which total four composite samples have been

made, previous researchers had taken different percentages, three reinforcements are mixed in the

powder form, the composition of reinforcements is given in the Table 1.

Table 1 shows the three types of reinforcements with different proportions used to produce

composite specimens.

Table 1. Reinforcement Compositions

Sr. No. | Material Reinforcements Wt%
1. AAT7175 | B4C, SiC, Graphite (1% B4C+1% SiC+1% Gr) = 3%
2. AAT7175 | B4C, SiC, Graphite (2% B4C+2% SiC+2% Gr) = 6%
3. AAT7175 | B4C, SiC, Graphite (3% B4C+3% SiC+3% Gr) = 9%
4. AAT7175 | B4C, SiC, Graphite) | (4% B4C+4% SiC+4% Gr) = 12%

Table 2 shows the four types of composite specimen compositions. These are some calculations for

the creation of composites by stir casting in grams. The total weight of each composite sample is

shown in Table 2..

Table 2. Composite Specimen Compositions

Sr. No. | AA7175wt. % | BsCwt. % | SiCwt. % | Graphite wt.% | Total wt. in Grams
1 1500gm 15gm 15gm 15gm 1545
2 1500gm 30gm 30gm 30gm 1590
3 1500gm 45gm 45gm 45gm 1635
4 1500gm 60gm 60gm 60gm 1680

Eur. Chem. Bull. 2023, 12 (1), 2896 — 2909
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Fabrication of AA7175/SiC/ B4sC/Graphite

In this process, the reinforcement usually in powder form are mixed into Aluminium metal matrix and
stirred with by stirrer. The flow diagram for development of AMMCs by stir casting is shown in Fig. 2.
After completion of process, the melt was poured into a mould of desired shape. Permanent mold

casting, die casting or sand casting may be used to obtain the desired shape.

Stir casting process or formation of composite materials. Aluminium sheet of 30mmx60 mmx95 mm
of AAT175 series show in Fig. 1(a). The stir casting furnace which is shown in Fig. 1(d) and waited
until the temperature reached 500°C. Then putting the aluminium sheet into the crucible and waited
further untill the temperature reached 900°C. After that, added all the reinforcing powder from Fig.
1(b) and stirred for 10 minutes so that it could be mix well with the base material and we are able to
cast the homogeneous composite. It takes about 4 to 5 hours for a piece of composite to be ready for
casting into a rectangular mould and after that we have to wait around 3 hours for the casting to cool

down. This process is repeated for all four composite samples.

Aluminium Alloy (AA7175) of 7 series are used. The base metal is melted in the Stir casting furnace
and reinforcements are added at 500°C. The mixed molten metal are poured into the casting so that
they will regain a rectangular shape and converted into the composite show in Fig. 1(f). Precautions
and safety procedures needed to be followed for casting process because it has high temperature of

melting metal such as 900°C.

Boron Carbide Graphite

A A
¢

= > > Eese=me

(b)
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Fig.1: (a) AA7175, (b) Boron Carbide and Graphite, (c) Reinforcement, (d) Stir Casting

Table 3 shows the values of stir casting parameter employed in the present article. Important
Information during the fabrication process is:-

Table 3. Casting Process Parameter

Parameter Approx. Value
Maximum temperature of stirring 900°C
Reinforcement preheat temperature 500°C
Stirrer speed 250 rpm
Time for stirring 10 minutes
Mould preheat temperature 260°C

First casting preparation time

4 hours approx.

Second casting preparation time

2.5 hours approx.

Third casting preparation time

4 hours approx.

Fourth casting preparation time

2.5 hours approx.

Pouring time for the liquid composite into the mould

10 seconds

Cooling time of casted composite

2.5-3 hours

Eur. Chem. Bull. 2023, 12 (1), 2896 — 2909
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Stir Casting

' '

Heating and melting of Aluminum

Aluminum metal matrix melt |, Pouring of preheated remforcement

—‘ in the ahummum melt

Stirrmg of alnmmum melt with preheated

Pourmg the molten mixture m preheated permanent mould

Fig.v 2 : Flow Diagram Showing Various Steps of Stir Casting Process

3. Results and Discussion

Mechanical properties like hardness, tensile and elongation values were obtained from the test
and some pictures of morphology test were also found.

Hardness Test
Hardness tester is used to determine the hardness of composite. For all four samples i.e. 3%,
6%, 9% and 12%weight of reinforcements, the hardness value obtained are different. One thing
that we see is the hardness values increase with the increasing percentage of reinforcements.
The tests were conducted at “Global test house pvt.ltd, New Delhi’” at 250 kgf.
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Test Grade % of Result
Reinforcement (HB)

Brinell Hardness (HB) AAT7175 3 101.8
Brinell Hardness (HB) AAT7175 6 112.3
Brinell Hardness (HB) AAT175 9 130.5
Brinell Hardness (HB) AAT175 12 136.0
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Fig. 3: Variation of Hardness increases with wt% of Reinforcements (SiC, BsCGraphite)

Tensile Strength Test

To determine tensile strength of the composite, we must perform a tensile test or tensile failure
of the composite material. The most commonly used machine is Universal Testing Machine
(UTM) but here we test our specimen on the Tensile Testing Machine (TTM) because the
length of the specimen was 100mm which is not gripped properly in the UTM jaws, so we

chose the TTM because it can grip the material with shorter length [25].

We had already made the shape of the specimen in the standard dumbbell form which could fail
or break if the tensile load was applied from the minimum area region. See the results of the

tensile strength (MPa) in Table 5.

Table 5. Tensile Test

Test Grade % of Reinforcement Results
composition (Mpa)
Tensile Strength (Mpa) AAT7175 3 126.0
Tensile Strength (Mpa) AAT7175 6 151.5
Tensile Strength (Mpa) AAT175 9 181.0
Tensile Strength (Mpa) AAT175 12 215.0

Eur. Chem. Bull. 2023, 12 (1), 2896 — 2909
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Tensile Strength
(Mpa)

__ ETensile strength(Mpa)

9
Reinforcements (%)

Fig. 4: Variation of Tensile Strength increases with % of Reinforcements.
Elongation Test

During tensile test, we are also interested to find out the elongation percentage of the composite
because we want to know that if there is a variation in the elongation of the AA7175 when it
has been added with the reinforcement materials. Generally the alloy of aluminium having
more percentage of elongation with respect to the composite added with hard reinforcement
sees the results in below Table 6.

Table 6: Elongation Test.

Test Grade % of Reinforcement Results
composition (%)
Elongation (%) AAT7175 3 2.99
Elongation (%) AAT7175 6 1.62
Elongation (%) AAT7175 9 1.12
Elongation (%) AAT7175 12 1.02
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2.99 1.62 1.12 1.02
% of Elongation

Fig. 5: Variation of Elongation Percentage with Reinforcements.

SEM Test

Scanning electron microscopy is utilised to determine the microstructure of material. In this
process, the sample is scanned with electrons overall surfaces. All images show the particle
distributions of all the metallic and non-metallic elements. Fig. 6(a) shows the image of first
sample which contains the 3% weight of three reinforcements. In which three homogeneous,
some areas of the image consist the agglomerated particles. Fig. 6(b) and Fig. 6(c) shown
uniformed distributions of SiC, B4C, and Graphite particles, In which some cracks and voids
are found. Fig. 6(d) shows the different particle distributions of reinforcement contents.

Particle

AAT175+9%wt
(SiC, B4C,
Graphite

H AA7175+3%wt §
(SiC,B4C,
Graphite)

©

AAT7175+12%wt
(SiC, B4C,
Graphite

\
\

)i

(d)

Fig. 6: SEM Images (a) 3% of SiC/ B4C/ Gr (b) 6% SiC/B4C/Gr (c) 9% of SiC/ B4C/ Gr (d)
12% of SiC/B4C/ Gr
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Fig.6 shows the Scanning Electron Microscopy micrograph of four specimens at 200X
magnifications. Particle agglomerations, air gap, wear debris, and patches are formed.
EDX Test

In Figure 6, the EDX results are shown. The EDX analysis of the AA7175/SiC/B4C/Gr four
samples of (3, 6, 9, 12) wt% images are shown. There are relatively low intensity oxygen
peaks. The EDX investigation shows that composites are very well shielded against ambient
oxygen entrapment throughout the fabrication process. This is because the stirring was done
through a small hole that was made on the top of the furnace and the melting was done in a
closed chamber. Carbon (C), aluminium (Al), silicon (SiC) and B4C particles, which are
found in composite specimens, are visible in the spectrum. It has been discovered that as
reinforcement is increased, the content peaks of C and SiC also rise, leading to an excellent
dispersion of reinforcement particles in the Al matrix.

(a)

Z00pm J

Electron Image 1

Electron Image 1

Spectrum 1

n 2 4 5 g 10 12 14 16
Full Scale 274 cts Cursor: 0.000

Full Scale 274 cts Cursor: 0,000 k|

Specteum 1
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Fig. 7: EDX Analysis of (a) 3% of SiC/ B4C/ Gr (b) 6% SiC/B4C/Gr (c) 9% of SiC/ B4sC/ Gr
(d) 12% of SiC/B4C/ Gr

Conclusions

Following Conclusions has been occurred from the present research.

e The matrix and reinforcement wt. % should be in proper proportions for achieving good
results.

e The tensile strength and Hardness of the composite are increased with the addition of
reinforcement contents and found tensile strength (215Mpa) and hardness (136HB)
with the 12% wt of the reinforcement.

e The elongation percentage has been found to a decreasing when the % of reinforcement
increases and minimum (1.02%) has been found at the 12% wt of reinforcement.

e Stir casting method is very easy and economically use to fabricate the AMMC:s.
e Inthe SEM and EDX test, the particle distributions were found uniform in 12% weight
Reinforcement of composite.
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