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Abstract. The advanced modern manufacturing of aeronautical, automobile, marine industries are required higher in
strength, corrosion resistance, and good formability with lesser in weight; these requirements fulfilled by the Aluminium
Metal Matrix Composites (AMMCs). In the aluminium alloys, Al6061 exhibits to meet the above requirements of its
mechanical and other properties by adding the reinforcement particles to the AMMCs, which improves the mechanical
properties. In this research, the article made an attempt to improve the mechanical properties of the Al6061 by adding the
reinforcement particles of silicon carbide (SiC) and boron carbide (B4C). The stir casting technique is used for
manufacturing the AMMCs with various propositions and their mechanical properties were investigated. The
microstructure of the composite was analyzed using Scanning Electron Microscopy techniques. During this investigation,
it was found that the reinforcement particles of SiC, B4,C are improving the aluminium alloys of Al6061’s mechanical
properties in appreciable level.

INTRODUCTION

The invention of materials has pushed the human from stone age to the modern society man, without material the
normal man’s today’s life is almost not possible. So the material is unavoidable one in day to day activities of
modern life. The researches were invented new materials for the society and the industrial needs which make the
world to be safe and comfortable day by day. The automobile, defense, marine, and aerospace industrial modern
applications need higher resistance, higher strength, good weldability and lower in corrosion [1, 2]. Generally, these
characteristics can be provided by the third generation of aluminium metal matrix composites (AMMCs) which
possess the good strength to weight ratio, these composites have lightweight, low thermal expansion coefficient, and
improved mechanical properties. AMMCs have increased hardness, increased tensile strengths and a very good heat
treatable capability also [3, 4]. The aluminium composites were most widely used such as automobile, electronics
components, defence, and aerospace components manufacturing [5]. To prepare the composite materials stir casting,
compo casting, and powder metallurgy like many fabrication methods are available among them the stir casting is
one of the low-priced composite manufacturing processes.

The hybrid composites were prepared with proper blending of the other reinforcement’s materials this can be
done in the friction stir casting work setup. The experimental setup of the stir casting composite fabrication process
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is flexible and simple when compared to all other composite manufacturing methods [6, 7]. It very easily fabricates a
large quantity of composite material. In this stir casting process, there is no chemical reaction between matrix alloy
and reinforcements; during the stir casting process, which causes a very low porosity can be achieved [8, 9]. The
reinforcement particle uniform distribution in the composites materials can be achieved by the optimal process
parameter condition of the metal matrix composites [10]. The stir casting process is one of the low-priced methods
used to produce composite materials [11]. To improve the hardness and the strength of aluminum alloy the reinforce
particles of SiC and B4C particles were added through the stir casting process [12, 13]. The reinforcement of boron
carbide particles and silicon carbide particles improved the composite materials' mechanical properties of the
hardness and the tensile strengths to a large extent [14]. The aluminum alloy of 6061 composite materials chemical
was confirmed by the chemical analysis test, by using an optical emission spectrometer. The aluminium 6061
materials weight in the percentage of the chemical composition is shown in table 1.

TABLE 1. Chemical composition of 6061 aluminum alloy

Element Al Mg Fe Si Cr Cu Zn Mn Ti

Weight % 96.5 1 0.7 0.6 0375 0275 025 015 0.15

EXPERIMENTAL PROCEDURE

Material Composition

The aluminium alloy AA6061 is used as the base material for metal-matrix composite and Silicon Carbide
(SiC) and Boron Carbide (B4C) were used as the reinforcements. The various compositions of the metal matrix
composites fabrication are shown in table 2. Sample A consists of 98 % weight of Al6061, 1% weight of SiC and
1% weight of B4C, similarly Sample B, consists of 96 % weight of Al6061, 2% weight of SiC and 2% weight of
B4C, Sample C consists of 94 % weight of A16061, 3% weight of SiC and 3% weight of B4C and consists of 92 %
weight of Al16061, 4% weight of SiC and 4% weight of B,C.

TABLE 2. Composition of composites

Samples AL6061 (%) SiC (%) B4C (%)
Sample A 98 1 1
Sample B 96 2 2
Sample C 94 3 3
Sample D 92 4 4

Fabrication of Composites

The stir casting technique is a primary process of fabrication of composite, this fabrication of the casting
process Al6061, SiC and B,C aluminum metal matrix composite fabrication process flow chart shown in figure 1.
The aluminium alloy 6061 and the coverall were placed into a stir casting crucible and then up to 800°C temperature
the furnace is heated and it was retained till the end of the aluminium metal matrix preparation. The reinforcement
particles of boron carbide and silicon carbides were preheated by a separate electric muffle furnace that was used to
heat the particles to the temperature of 1000°C [15, 16]. The reinforcement material is incorporated into the molten
matrix metal by stirring. The continuous stirring of the molten aluminum matrix is followed by the addition of
reinforcements. The resulting mixture of matrix and reinforcement is then poured into the mould and allowed to
solidify. In stir-casting, the reinforcement used to form agglomeration/clustering which can be prevented by
vigorous stirring at high temperature to get a uniform distribution of reinforcement in the matrix and to get a
uniform or homogenous microstructure such that a composite with better mechanical properties can be obtained.

020113-2



0
A16061 and Coverall 65 Heated to 800°C SiC and B,C
! 1000°C
Pre-heated
Slag Removal, adding degasser and Heated to 800°C
v
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v

Mixing of Pre heated SiC at 800°C and stirred at 125 rpm

<&
<«

A

The Mixed metal Passed to Pre heated (800°C) Die and casted the material

FIGURE 1. Stir Casting process flow chart

The degasser powder was added to the molten metal when it reaches a temperature of 800°C. The
recommended amount to be added is 250gm for a melt of S0Kg [17]. Degasser powders are essential in reducing
blowholes that are formed during the casting process. The casting die was first heated to a temperature of 973°C
before pouring the metal. The molten metal properly stirred and it was passed gently pass through the die, then the
die was permitted to cool around one hour after that the job was removed appropriately.

RESULT AND DISCUSSION

Theoretical and Actual Densities of AA-B4C-SiC Composites

The rule of mixtures equation states that the increase of reinforcement improves the increased density of the
composite, so the actual densities of the composites are lesser than their theoretical counterparts. The proper
blending of the reinforcement particles leads to the porosity and the settle down of reinforcement’s particles arises
due to the density difference and formation of intermediate compounds.

2.72
2.7 ¢ 4 s -
2.68
Yy 2.66
g 2064
=
£ 26
E a6
X 2.6
2.58
2.56
2.54
Sample A | SampleB | SampleC | SampleD
=o—Theoretical Density 2.7011 2.7023 2.7035 2.7047
== Actual Density 2.6078 2.6322 2.6468 2.6754

FIGURE 2. Comparison of Theoretical and actual densities of the Composites
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Tensile Test

TABLE 3. Tensile test values of the composites

Maximum Tensile strength Elongation
Name of Sample Break load (kN) displacement (mm) (MPa) (%)
Sample A 6.85 10.12 127.54 7.12
Sample B 6.72 11.38 127.28 7.12
Sample C 7.35 12.12 127.50 6.15
Sample D 8.25 8.50 118.20 6.45

The tensile test composite material proves its ability to withstand the static load under the tension or
compression load, which is carried out in the Universal Testing Machine (UTM). The samples of the test specimens
were made by as per ASTM B: 557 standard and results are tabulated in table 3. In the tensile test, it was observed
that sample A is superior to all the other samples and sample D is a lesser tensile value than other samples. The
sample A also had a higher value in the percentage of elongation.

12754 12728 1275
128

126

124
122
120 118.2

118

116

Tensile strength (MPa)

114

112
Sample A Sample B Sample C SampleD

FIGURE 3. Tensile test values of the composites

Flexural Test

In the flexural test, the material (composite) is subjected to a simple bending load and the behavior of the
material is observed. The samples of the metal matrix composites test specimens were more as per ASTM A: 370
standards and the flexural test values of the samples were tabulated in table 4. In the flexural test, it was observed
that sample D is superior to all the other samples and sample A is the lesser value of other samples.

TABLE 4. Flexural strength of the composites

Name of Sample Flexural Break Load Maximum Deflection Flexural Strength
(kN) (mm) (MPa)
Sample A 1.74 9.5 111.02
Sample B 3.42 8.42 147.45
Sample C 3.54 8.32 159.42
Sample D 4.64 8.2 224.25
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FIGURE 4. Flexural strength of the composites
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Impact Test

In the impact test, the behavior of the material studied for the sudden dynamic load applied to the material and
the response amount of energy absorbed by the specimen is recorded. The composite materials test specimens were
prepared as per IS: 1757standards, the test was conducted in the Charpy impact test and the absorbed values were
tabulated in table 5. In the impact test, it was observed that sample D is superior than all other samples.

TABLE 5. Result of Impact Test of the composites

Name of Sample Sample A  Sample B Sample C  Sample D
Energy absorbed (J) 8.11 8.15 7.2 8.45
Energy absorbed by Composites
8.45
8.5 -
8.11 S
= 387
g
|
T 75 7.2
g i
6.5 T T T T
Sample A SampleB Sample C SampleD

FIGURE 5. Result of Impact Test of the composites
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Hardness Test

Finding of the hardness value in one of the important aspects of any mechanical characterization of the new
metal matrix composites, this can be improved the resistance power during the deformation under load. The
Hardness test was carried outof for all the samples of A, B, C and D by the Brinell hardness test, and the appropriate
value of the samples is listed in table 6. Among the four samples, The test specimen sample of D’s hardness value is
higher than other samples due to the presence of the high amount of silicon carbide and boron carbide.

42.67
45 -
40 -
35 30.77 3133
N
= 30 A
=
% 25
E 20 A
g 15 -
10 A
5
O T T T 1
Sample A Sample B Sample C Sample D
FIGURE 6. The average hardness value of the composites
TABLE 6. The average hardness value of the composites
Name of Sample Trial 1 Trial 2 Trial 3 Average Hardness
Sample A 31.2 30.9 30.2 30.77
Sample B 31.4 31.2 31.4 3133
Sample C 31 33 31 31.67
Sample D 42 44 42 42.67

Microstructure Analysis of Samples

The microstructure of the composite material 92% of Al6061, 4% of SiC and B4C of 4% Particles (specimen of
sample D) 50um magnification Scanning Electron Microscopy (SEM) image is shown in figure 6. In the specimen
of sample D’s Scanning Electron Microscopy (SEM) image, it is seemed to be that boron carbide (B4C) particles are
slightly clustered of some area over the aluminum matrix surfaces.
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FIGURE 7. SEM image of Al6061 with reinforcement of 4% of SiC and B,C

CONCLUSION

In this investigation of the aluminium metal matrix composites (AMMCs) study, the Al6061 aluminium alloy is
taken as a base metal and reinforcement of Silicon carbide (SiC), Boron carbide (B4C) are used to improve the
mechanical properties of the material. The material composite is prepared by various compositions in the stir casting
process and their mechanical properties were investigated. The density analyses were made in which it was found
that the lightweight material achieved a better wear resistance. The aluminium metal matrix composites (AMMCs)
of Al6061 with 4% of SiC and 4% of B4C is comparatively given better results in high flexural strength and a better
bending properties material than the other composition of the materials with high impact load carries the material.
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