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Abstract— This work present Metal matrix composites (MMCs) constitute process which improved properties including
high specific strength; specific modulus, damping capacity and good wear resistance compared to unreinforced alloys. When
analyses were carried out, two reinforcements namely silicon carbide (SiC) and aluminium oxide (Al,O3) were used for
production of hybrid metal matrix composites. The two reinforcements were ball milled in order produce as single entity of
these reinforcements. The reinforcement was varied from 0%, 2%, 4%, and 6% to produce hybrid metal matrix composites.
All the composites were produced by stir casting. The mechanical properties of the metal matrix composites were
investigated. The microstructure and X ray diffraction study was carried out. Similarly, Vickers hardness test, Tensile
strength test, Toughness test were also used to investigate the metal matrix composites. After analyses it was found that the
Al,Oz and SiC particles were uniformly distributed throughout the metal matrix. The tensile strength and hardness of Al,Os
and SiC reinforcement aluminium composites improved with the increase in volume fraction of nanoparticles and toughness
decreases with the increasing volume fraction of reinforcement.

Keywords— Metal matrix composites, Nanoparticles, reinforcement, Silicon carbide and aluminium oxide, Vickers
hardness, X-ray diffraction.

l. INTRODUCTION

Aluminium & its alloys offer a extensive range of properties that can be engineered accurately to the demands of specific
applications, such as in aerospace, advanced nuclear reactors, surface coating and metal/air batteries, through the choice of
alloy, temper condition and fabrication process. By utilizing various combinations of its advantageous properties like
strength, lightness, corrosion resistance, recyclability and formability, aluminium is being employed in an ever- increasing
number of applications. It is good strength to weight ratio, light weight, low density etc, so having such a wide application it
attracts more to researchers, and secondly Aluminium shows excellent improvement in its properties on being reinforced with
some material. In the given below literature review emphasis is given on the various Aluminium alloys and their work on the
different parameters such as mechanical and metallurgical characterization.

1. MATERIALS & METHODS
2.1 Materials

Aluminium alloy 6101 T6 has been taken as the base material, silicon carbide (SiC) and aluminium oxide (Al,Os) as
reinforced material.

2.2 Methods

In this metal matrix composites two reinforcements silicon carbide & aluminium oxide used for production of hybrid metal
matrix composites. The two reinforcements were ball milled to produce as single entity . The reinforcement was varied from
0%, 2%, 4%, and 6% to produce hybrid metal matrix composites. The composites were produced by stir casting. Then
afterword metallurgical and mechanical properties of the metal matrix composites were investigated by the method of
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microstructure and X ray diffraction .And Similarly for mechanical properties Vickers hardness test, Tensile strength test,
Toughness test were also used. It was found that the Al,O; & SiC particles were uniformly distributed throughout the metal
matrix. The tensile strength and hardness of Al,O5;and SiC reinforcement aluminium composites improved with the increase
in volume fraction of nanoparticles and toughness decreases with the increasing volume fraction of reinforcement.

1. RESULTS AND DISCUSSION

In this we have study mechanical properties (Toughness, Tensile strength and Hardness) of all hybrid composites are
compared on the basis of results obtained from testing are discussed in detail. And also microstructure observation is done for
all hybrid composites.

3.1 Microstructure

3.1.1  Optical Microscope Analysis

The microstructure of matrix aluminum alloy and various hybrid composites reinforced with 2 to 6 wt% of SiIC&AI,O; are
shown in Fig. 1 (a-d). The microstructure was carried out using an Olympus microscope in order to find out the volume
fractions of the reinforcing particles (SiC&AI,03) & porosity.

FoR P
: 1]
.

‘,r"n"r. & s
ﬁ‘:‘p‘_}t?“& - 0"“_

FIGURE 1: Micrographs of Al 6101 T6 and Reinforced Composite with Different Per;entage of
Reinforcement: (a) Al 6101 T6; (b) 2% SiC and Al,Os; (¢) 4% SiC and Al,O3; (d) 6 % SiC and Al,Os

Aluminium alloy 6101 T6 contains Aluminium, Boron, Chromium, Copper, Iron, Magnesium, Manganese, Silicon and Zinc.
The entire elements which are present in this alloy are visualized very clearly. As the % of reinforcement increases the area
fraction also increases as evident from optical micrographs shown in Fig 1 (a-d). The microscopic analysis of these shows that
the SiC and Al,O; reinforcements are uniformly distributed in the metal matrix. At lower weight % of reinforcement i.e. 2%
and 4 % microstructure was more homogeneous than at 6% which was found disorganized due to increased porosity.

On the other hand, the presence of porosity around the SiCp and Al,Ozp reinforcements is evident. It is observed that the
porosity has been pronounced more around Al,Ozp particle reinforcement than the area around SiC particle reinforcement. It
is clearly evident from the micrograph that the porosity increases with increasing volume fractions of the particulate
reinforcement. Further, porosity is mainly located around the Al,O3p particles than around SiC particles. This may be due to
wetting nature of SiC and Al,O; Wetting is important in the bonding or adherence of two materials.
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Wetting is the ability of a liquid metal to maintain solid surface in contact, resulting from intermolecular interactions when
the two are brought together. The degree of wettability is determined by a force balance between adhesive and cohesive
forces. Adhesive forces between a liquid and solid cause a liquid drop to spread across the surface. Cohesive forces within
the liquid cause the drop to ball up and avoid contact with the surface.

3.1.2  Xray Diffraction Analysis

XRD is a material characterization technique that is used for analyzing the various stages present in the alloy and lattice
structure of a material. In this study XRD &energy dispersive spectrometry analysis are applied to get information about the
interface between the reinforcement and matrix material. XRD analysis was done on Metal Matrix Material using Phillips X-
pert type Diffractometer and the values lies between 20 to 80°.
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FIGURE 2: XRD Pattern of (a) Al 6101 T6; (b) 2% SiC and Al,Oz; (c) 4% SiC and Al,O; (d) 6 % SiC and
Al,O3

The XRD results confirm presence of SiC& Al,O3z within the Al matrix of hybrid composite. In this result the presence of
aluminium having large peak and SiC and Al,O3; in minor peaks. It is also evident from the XRD pattern that the SiC and
Al,O; particle did not react with Aluminium matrix and produce any other compound. Any other compound except SiC and
Al,Ozwas not found. And various other phases were also found in composites as follow:

1. Mgy.13 Feog Mn.gz Alg 4 Sip Og (Magnesium Iron Manganese Aluminium Silicate)
2. Mgzas7 Fegas Al6.og Siggr Boas 02126 (Magnesium Iron Aluminium Boron Silicate Hydroxide)

3. Sipgs Alggs B.gg O1g (Silicon Aluminium Boron Oxide)
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3.2 Mechanical Properties
3.2.1  Vickers Hardness Analysis

Hardness is a measure of how resistant solid matter in various kinds of permanent shape change when a compressive force is
applied. Hardness of composites is found higher than the base alloy. Further, hardness increases with increase in weight % of
reinforcement particles to the base alloy. The hybrid Composite reinforced with Silicon carbide (SiC) and Aluminium oxide
(Al,03) showed a significant increase in hardness. Fig 3 shows the variation of hardness of composite with wt % of
reinforcement particle.
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FIGURE 3: Variation of Micro hardness with wt. % Variation of SiC and Al,O4

The hardness of composite increases with the increasing amount of reinforcement. The addition of 0% to 6% reinforcement
resulted in the increase of the hardness by 6.7%, 17.5% and 21.7 respectively in the 2, 4, and 6 wt.% of SiC and Al,Os. The
increase in hardness after addition of reinforcement particles is due to the fact that aluminium oxide (Al,Oz) has high wear
resistance while silicon carbide has excellent hardness and high strength.

3.2.2  Tensile Properties Analysis

Ultimate tensile strength (UTS), often shortened to tensile strength (TS) or ultimate strength, is the maximum stress that a
material can withstand while being stretched or pulled before necking, which is when the specimen’s cross-section starts to
significantly contracts.
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FIGURE 4 Variations of UTS with wt. % of SiCand  FIGURE 5 Variation of Elongation (mm) with wt. %
Al,O; of SiC and Al,O;
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Stress-Strain Curve of AlI6101T6 Stress-Strain Curve of
Al6101T6+2% (SiC+AI203)
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FIGURE 6: Stress Strain Curve for (a) Al 6101 T6 (b) 2% SiC and Al,O; (c) 4% SiC and Al,O; (d) 6 % SiC
and A|203

From the above data, it is clear that the tensile strength of developed hybrid composite is greater than the unreinforced
A6101T6 alloy. The increase in the tensile strength can be attributed to higher resistance to applied tensile load due to the
presence of strongly bonded SiC and Al,O; reinforcement in the base metal and increased dislocation density near matrix
reinforcement interface. The tensile strength of unreinforced aluminum matrix was lower than that of hybrid composite.
Further, addition of SiC and Al,O3 reinforcement 2- 6% to aluminium matrix increased the tensile strength by 1% to 11%.
This can be attributed to more homogeneous microstructure and higher number of SiC and Al,O; reinforcement particles.
High density of reinforcement is believed to delay crack propagation. The percentage elongation was observed to reduce with
the increase in wt % of SiC and Al,Os from 2 to 6 wt%. It is because of brittle phase of the reinforcement. The tensile results
are in good agreement with hardness and elongation results.

3.3 Impact Test Analysis

The Charpy Impact test also known as Charpy V — notch test, is a standardized high strain rate test which determines the
amount of energy absorbed by the material during fracture. This absorbed energy is the measure of given material’s
toughness. The result shown in the Fig 7.
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FIGURE 7: Comparison of Impact Strength with % Variation of SiC and Al,O;

From the above results it can be concluded that addition of SiC and Al,O3 reinforcement up to 4% increases toughness and
beyond which toughness decreases. The highest increase in toughness is 114% for 4% reinforcement and same may be
attributed to favorable combination of high tensile strength and fairly good elongation. The 22% decrease in toughness of
sample containing 6% reinforcement can be attributed to lower ductility due to higher density of hard and brittle reinforcing
particles and porosity. It may also happened due to the exists of brittle phases, the failure features as cracking and void in
reinforcement, interface cracking and interface deboning as well as matrix damage result in the decreases of fracture
toughness.

V. CONCLUSION

The present investigation was aimed to enhance the metallurgical (microstructure), mechanical (hardness, tensile strength and
toughness) properties of Al 6101 T6 aluminium base alloy with varying wt.% of SiC and Al,Os from 0 wt.% to 6 wt.%. Four
types of composite materials were produced by Stir Casting process by varying the wt% of SiC and Al,O3 from 0 wt% to 6
wt. % in Al 6101 T6 aluminium base alloy and the following conclusions are made.

e The hardness of composite increases with the increasing amount of reinforcement. The addition of 0% to 6%
reinforcement resulted in the increase of the hardness by 6.7%, 17.5% and 21.7 respectively in the 2, 4, and 6 wt. % of
SiC and A|203.

e And also it is found that the tensile strength of unreinforced aluminum matrix was lower than that of hybrid composite.
Further, addition of SiC and Al,O; reinforcement 2-6% to aluminium matrix increased the tensile strength by 1% to
11%.

e It is found that elongation decreases with increase in particle percentage, which confirms that Silicon Carbide and
Aluminium Oxide together increases brittleness.

e It was examined that with the addition of SiC and Al,O3 reinforcement up to 4% increases toughness and beyond which
toughness decreases. The highest increase in toughness is 114% for 4% reinforcement and the 22% decrease in
toughness of sample containing 6% reinforcement can be attributed to lower ductility due to higher density of hard and
brittle reinforcing particles and porosity.

e The microscopic analysis of these specimens shows that the SiCp and Al,O3p reinforcements are uniformly distributed
in the metal matrix. At lower weight % of reinforcement i.e. 2% and 4 % microstructure was more homogeneous than at
6% which was found disorganized due to increased porosity.

e Also XRD results confirm the presence of SiC and Al,O3 within the Al matrix of hybrid composite.
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