RP Current Trends In Engineering and Technology
Vol. 3, No. 1 (January - March 2024) pp. 13-19

e-ISSN: 2583-5491

A\
RESEARCH ;:fufz.\{'\E/Z\\U

JBLISHERS

Cite this article: G. Ramana, Y.S. Supraja, T. Rajashekar, A. Rahul, B. Devender, Y.V.S.S.S.V. Prasada Rao, Experimental
analysis of A16061/SiC/B4C/Fly-ash metal matrix composite, RP Cur. Tr. Eng. Tech. 3 (2024) 13-19.

Original Research Article

Experimental analysis of A16061/SiC/B4C/Fly-ash metal matrix composite

Gulda Ramana, Yadavalli Sai Supraja, Tejavath Rajashekar, Adapally Rahul, Banothu Devender®, Y.V.S.S.S.V.

Prasada Rao

Department of Mechanical Engineering, Vignana Bharathi Institute of Technology, Hyderabad, India
*Corresponding author, E-mail: devender.banothu@vbithyd.ac.in

ARTICLE HISTORY
Received: 13 Dec. 2023
Revised: 22 Jan. 2024
Accepted: 23 Jan. 2024
Published online: 24 Jan.
2024

KEYWORDS

MMC (Metal Matrix
Composite);
Reinforcement;
Mechanical properties;

ABSTRACT

Composite materials of Aluminum alloys Al6061 have high strength to weight ratio. High-strength
forging alloy Al6061 that can be heat treated. Similar to the Al7075 alloy, but with better toughness and
tensile strength, it has a superb balance of toughness and strength. The engineers have studied this
metals characteristic. The problems associated with employing aluminum alloys in manufacturing have
been resolved by contemporary manufacturing techniques. This led to a great desire for the application
of aluminum alloy in all engineering domains. Due to their vital qualities including enhanced specific
strength, high temperature and wear resistance, aluminum metal matrix composites are becoming
increasingly popular for automotive, aerospace, agricultural farm machinery, defense sector, and many
other industrial applications. By adding reinforcements made of Boron Carbide (B4C), Silicon Carbide
(SiC), and Fly-Ash to the Al6061 matrix, the mechanical parameters such as tensile strength,
compression strength, and hardness can be improved. Creating four different with varying makeup and

Micro-structure.

1. Introduction

It was determined that the stir casting process was used to
produce the Al6061 composite with proper particle allocation
in the Al matrix composite. When more than one reinforcement
is used, the characteristics of that composite will improve, and
the particular sort of composite is known as a hybrid composite
[1]. It was discovered that the stir-casting procedure is used to
strengthen Al6061 with B4,C and HEA (High Entropy Alloys)
at various weight percentages. The hardness of hybrid metal
matrix composites increased as the weight fraction of B,C and
HEA increased. As the B4,C and HEA content increased, the
tensile characteristics declined [2]. The research was conducted
on the stir-casting methods effects on the mechanical
properties of composites made of Al7075/Al1,05/SiC nano-
metal matrix. Zn serves as the main alloying element.
Additionally, the hardness of the matrix material is increased
by the diffusion of nano-SiC/Al,O; fragments. And it
demonstrates that increasing the reinforcing weight fraction
tends to reduce the percentage of elongation, proving that
improving the silicon carbide alumina makes materials more
brittle [3]. Analyzed the cutting force and surface roughness of
hybrid composites made from AA7075, dependent on their
composition. Graphene, A17075-10% SiC-0.1% B4C, and DLC
are all examples of materials with this composition. They
found that when it comes to machining aluminum alloy, DLC-
Coated Carbide is a superior tool to uncoated carbide. As a
result of regulated wear and hardness, it extends the tool life
[4].

It was observed that impact of SiC reinforcement on the
stir-casting A16061 mechanical characteristics. They employed
the following ingredients: Si(0.6), Mn(0.12), Ti(0.14),

performing Tensile test, Hardness test, Bending test and Micro-structure on each specimen.

Zn(0.22), Cr(0.23), Cu(0.18), Fe(0.36), and Mg(0.93).
According to test data, Silicon Carbide reinforcement increases
the hardness of aluminum alloy 6061 [5]. It was found that due
to its simplicity in handling during the manufacturing process,
aluminum is a more common matrix material. Because they
may give greater mechanical attributes like strength and
hardness than other reinforcing particles, SiC, Al,O;, and B,C
are the most frequently used [6]. On investigation, it was
discovered that the most promising production techniques for
MMCs include stir/squeeze casting, powder metallurgy, and
semi-solid. The squeeze pressure, which determines the
mechanical qualities in the stir/squeeze casting, is the most
important factor [7].

It was noted that the maximum hardness for the maximum
hardness for the AA6061 + 0% Fly-Ash + 15% AlLO;
composite was 94 BHN. After heat treatment, AA6061 + 7.5%
Fly-Ash +7.5% Al,O; composites maximum tensile strength
was determined to 175 MPa [8]. It was examined that the wear
characteristics of composites made of AA7075 MMC
reinforced with CNT and fly-ash. Al = 87-91, Zn =5.1-6.1, Cr
=0.18-0.28, Cu=1.2-2, Fe= 0.5, Mg=2.1 -2.9, Mn = 0.3, Si
= 0.4, and Ti = 0.2. Also noticed that the hardness value rises
steadily before falling. This is primarily caused by an increase
in MWCNT and Fly-Ash [9]. It was observed that how
different reinforcements, including those with varying
percentages and sizes, affected the performance of composites
made of aluminum and metal. Numerous studies on AMMCs
have yielded the following information [10].

It was investigated through how the ratio of reinforcement
particles affected the Al6061 alloy composites quality. A
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common aluminum alloy with many uses is Al6061 alloy.
Hybrid Al6061 alloy composites with superior micro-structural
characteristics were created using the in-situ method. The
mechanical, tribological, and corrosion characteristics of the
composite were improved [11]. It was investigated into the
successful into the successful fabrication of Al6061 metal
matrix composite materials using the stir casting method with
the mix of fly-ash and epoxy resin. The strength during wear
and fatigue will rise when Al6061, fly-ash, and epoxy resin
ratio are combined [12].It was investigated into how machining
time decreases and toughness automatically increases as silicon
carbide % rises. High heat conductivity, better hardness,
improved tensile strength, and good yield strength are the
benefits. Microwave, aircraft, and electronic packaging are the
three primary industries where the principal applications are
used extensively [13].

It was observed that the presence of Al7075, Silicon
Carbide, Aluminum carbide (Al;C;), ternary alumina boron
carbide (Al, BC), Boron Carbide (B,C) and Silicon (Si) in the
hybridized composites was confirmed by XRD, and SEM
micrographs showed good dispersion of the reinforced
particles. Particle agglomeration increases in parallel with the
weight percentage of strengthening. As reinforcement is
incrementally applied, the impact strength of hybridized
composites gradually declines [14].

It was investigated that the aluminum hybrid composite
with a 15% weight fraction of silicon carbide and fly ash using
stir casting and compared the results of various mechanical
tests such as tensile strength (as-cast Al6061: 17Mpa,
AHMMC : 37.5Mpa), Compressive strength (as-cast Al6061:
53KN,AHMMC: 56KN), Hardness (as-cast Al6061: 84 HV,
AHMMC: 86 HV) [15].

2. Materials and methods

2.1 Materials

Chemically, aluminum is an element with the symbol Al
and atomic number 13. Aluminum has a density that is roughly
one third that of steel, which is lower than that of most
common metals. When exposed to air, it produces a protective
oxide layer on the surface because of its strong affinity for
oxygen. Due to its colour and exceptional capacity for light
reflection, aluminium has an aesthetic resemblance to silver. It
is ductile, non-magnetic and soft.

Considering aluminum since it is a cheap, common
material with good mechanical and shiny features. In present
industries the Al7000 series is widely used because of its
excellent strength and mechanical qualities. However, of all
series, the Al7000 series is the most expensive. The Al7000
series raises the material price to a very high level.

The primary goal of the project is to increase the
mechanical properties and add reinforcement materials to the
Al6000 series in order to give it the strength and properties of
the Al7000 series. The Al6000 series can be used to cut costs
while maintaining the same level of mechanical qualities. This
helps in saving the money in many material applications.
Selecting Al6061 from the Al6000 family because it can be
heat treated. Utilizing the materials of Al16061, Boron Carbide,
Silicon Carbide, and Fly-Ash to create the different
composition specimens in Table 1.

Table 1: Chemical composition of AA6061

Elements Mg [ Si | Fe | Cu | Cr Zn | Al
Composition | 0.9 | 0.7 | 0.6 | 0.3 | 0.25 | 0.1 | Balance
Table 2: Composition of reinforcements
No of specimens SiC B.C Fly-Ash

Specimen 1 4% - 1%
Specimen 2 - 4% 1%
Specimen 3 3% 3% -
Specimen 4 3% 3% 1%
Table 3: Tested results of the composites
Sample details Tensile | Yield Elon-
strength | strength | gation
(MPa) (MPa) (%)
Al6061+4%Sic+1%Flyash 155.58 | 119.58 | 6.77
Al6061+4%B4C+1%Flyash 12191 | 95.72 2.74
Al6061+3%Sic+3%B,C 155.55 | 94.73 5.26
Al6061+3%Sic+3%B,C 129.61 107.41 | 5.40
+1%Flyash
Table 4: Hardness test results
Sample ID ™ 2 3¢ Avg.
value | value | value | value
Al6061+4%Sic 53.1 53.8 53.6 53.5
+1%Flyash
Al6061+4%B,C 58.2 58.5 57.9 58.2
+1%Flyash
Al6061+3%Sic 56.2 57.1 56.8 56.7
+3%B,C
Al6061+3%Sic 55.2 55.4 54.9 55.1
3%B4C+1%Flyash
2.2 Methods

Stir Casting: The easiest, most convenient, and most
widely used technique is stir casting, also referred to as the
“vortex technique”. Reinforcing phases (ceramic particles,
short fibers,etc.) are introduced into the molten during this
process by mechanical stirring. To obtain better reinforcement
distribution, many writers advised adding reinforcement in the
form of particulate up to 30% by weight to molten alloy. In
order to achieve uniformity during the solidification of the
manufactured composite, reinforcement is aggressively
introduced to the molten stage of aluminum and is dependent
on the following criteria.

+«+ Time and stirring speed.

% Stirring blade angle.

+ Reinforcement size, percentage, its relative density.

¢+ Pouring temperature and solidification rate.

Stir casting was used in the liquid metallurgical process to
create aluminum 6061 MMC (Table 1 and 2). Utilizing an
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electric induction furnace that could achieve a temperature of
500°C, raw materials were added in order to produce liquid
metal. When the molten aluminum reaches the liquid stage, it
is added to the heated Silicon carbide reinforcement’s in a
separate chamber. Keep the process parameters constant

Thermocouple

Stirrer

Desired amount of
reinforcing phase
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throughout stirring, such as the melting temperature of 820°C,
The stirring duration of 10minutes, and the stirring speed of
400 rpm. Followed the above process to pour into the hot die to
produce casting, by using stir casting method (Figure 1).

Motor

Metallic material
in graphite
crucible

0000000

o

o =

o

N | o Argon

S Sy o gas
57 e - Molten tank
Y o composite
o melt

Resistance heating furnace

Figure 1: Casting setup

2.3 Components
«+ Induction Furnace.
+ Crucible.
< Rotor.

KD

« Casting die.

2.3.1 Induction furnace

A metal is heated by induction in an electrical furnace
called an induction furnace shown in (Figures 2). From less
than one kilogram to one hundred tones, induction furnace
capacity is available. Iron, Steel, Copper, Aluminum, and
precious metals are all melted in induction furnaces. Unlike
electric arc furnaces and furnaces, induction furnaces don’t
need an arc or combustion. As a consequence, the temperature
of the charge (the substance heated in the furnace, not to be
confused with electrical charge) is kept at a level that will not
cause it to melt, which can help to preserve precious alloying
components. The casting process in this procedure uses a
medium frequency induction furnace. By using the appropriate
frequency, melting of the material of the material is
accomplished in this process.

Figure 2: Induction furnace setup

2.3.2 Crucible

Crucibles are made of graphite material as shown in
(Figure 3). It can hold up to 10kg at most. It can endure
temperatures as high as 3000°C.In the furnace crucible, the
foundation material for Al6061 is kept in a fundamental
composition. A temperature of 700°C is needed at most. For
the substance to melt. The powders will then be added to the
liquid substance. The stirring procedure will then begin. This
stirring is 600Hz frequency-based stirring. About 1500-
3000rpm are used for stirring in this operation.

- Figure 3: Crucible setup
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2.3.4 Casting die

After melting, the material is poured into a casting die to
get the required form shown in (Figure 4). The casted samples
are prepared in this process with specified composition.

Figure 4: Die casting setup

Figure 5: Casted samples

2.4 Characterizations

2.4.1 Tensile test

Tensile testing, commonly referred to as tension testing
(Figure 7), is a crucial engineering and materials science test in
which a sample is put under controlled tension until it fails.
Ultimate tensile strength, breaking strength, maximum
elongation, and decrease in area are characteristics that may be
directly determined by a tensile test. Young’s modulus,
Poisson’s ratio, Yield strength, and features of strain hardening
may all be calculated from these observations. To determine
the mechanical properties of isotropic materials, uniaxial
tensile testing is the method most frequently utilized. Some
materials are tested using biaxial tensile methods.

1125 mm

ISO | = ASTM Sample

I‘ 50 mm 1

iy e

Figure 7: Specimen preparation as per ASTM standard image



2.4.2 Hardness test

Al6061 is a kind of aluminum alloy that is often used in
several industrial applications. Numerous testing techniques,
like as the Brinell, Rockwell, Vickers, and Knoop hardness
tests, can be used to determine the alloy’s hardness (Figure 6).

The Vickers Hardness test is comparable to the Rockwell
test; however, it utilizes a square based diamond pyramid
indenter. Based on the force applied and the indentation’s
surface area, the indentation’s size is measured, and the
hardness value is calculated.

2.4.3 Bending test

Bending tests are often carried out to assess the ductility or
resistance to fracture of that material (Figure 6). They deform
the test material at the midway, producing a concave surface or
a bend to develop without the occurrence of fracture. As
opposed to a flexure test, the objective here is to deform the

RP Current Trends In Engineering and Technology

sample into a certain shape rather than load the material until it
fails. According to the standard in regard to which the test is
conducted, the test sample is loaded to a produce a concave
surface with a predetermined radius of curvature at the
midway. As common as tensile testing, compression tests, and
fatigue tests are bending tests.

2.4.4 Micro structure

In order to magnify characteristics of the material under
inspection, optical or scanning electron microscopes are
typically used for microstructural examination. These
characteristics quantity and size can be calculated and
compared to acceptance standards (Figure 8). In order to
identify the kind of material in issue and ascertain if the
material underwent the appropriate processing methods, these
studies are frequently utilized in failure analysis.

Sample-1 test picture
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3. Results and discussion

Analysing the qualities of AA6061 under various
circumstances is a part of mechanical testing. This may be
accomplished using many tesrt methods, including
microstructure analysis, hardness testing, and tensile testing.

In uniaxial tensile testing, an AA6061 sample is put under
tension until it breaks. The strength, ductility, and toughness of
the material may be determined by this test

Testing for hardness determines how resistant a substance
is to penetration or indentation. This test can reveal the
strength and hardness of the material.

Brittle materials are typically difficult to test in uniaxial
stress due to cracking in thr grips, hence the bending test is
utilised to assess the tensile strength of these materials. Most
frequently used bending tests include cantilver.

Analysing a material’s microstructure entails looking at its
tiny composition. This can reveal details on the material’s
grain size, shape, and orientation, all of which can have an
impact on its mechanical properties. In conclusion, these
mechanical tests can offer useful data on the characteristics of
AA6061, which is crucial for decinding whether it is suitable
for different applications.

4. Conclusions

In conclusion, the project on the impact of multiple
reinforced particles on metal matrix composites based on
aluminum alloys sought to understand how the inclusion of
multiple reinforced particles affected the composite’s
mechanical and microstructural properties. To assess the
mechanical properties and microstructure of the composite
samples, tensile testing, hardness testing, and microstructural
analysis were carried out. The outcomes demonstrated that
adding numerous reinforced particles increased the tensile
strength and hardness while marginally reducing ductility.
Microstructure study revealed that adding reinforced particles
caused the particles to be distributed evenly and finely
throughout the matrix, which enhanced the mechanical
properties. In conclusion, the experiment showed that
numerous reinforced particles can enhance the mechanical and
microstructural properties of aluminum alloy based metal
matrix composites, while the inclusion of silicon carbide
boosts the tensile strength and hardness, respectively. The
outcomes of this investigation may be helpful in creation of
novel composite materials for a variety of engineering
applications.

= o G -
Figure 8: Micro structure images of different specimens.

Future scope of the project: There are various potential
areas for further research in the project on the impact of
multiple reinforced on metal matrix composites based on
aluminum alloy. The current study investigates the impact of
different reinforced particles contents on metal matrix
composites based on aluminum alloys. However it can be
pushed even further to look into how different reinforced
particle contents affect the mechanical characteristics of the
composites. In order to get improved mechanical qualities, this
can assist in determining the ideal reinforced particle content.

Fracture analysis: To investigate the fracture behaviours
of the composites, more research of the composites, more
research might be done in addition to tensile testing.
Examining how reinforced particle content and type affect the
composites crack propogation and fracture toughness is one
possible aspect of this.

Effect of different types of reinforced particles: In the
ongoing project, the impact of many reinforced particles on
composites is investigated. Additional research can look into
how various reinforced particles types affect the mechanical
characteristics of the composites. Investigating how particle
size, shape, and distribution affect the properties of the
composites can be a part of this.

Process optimization: Future research can be concentrate
on refining the process variables used to create composites. By
doing so, it may be possible to produce composites at a lower
cost and with improved mechanical qualities. There are several
areas where additional research can be done to better
understand the properties and performance of the composites,
and the project on the impact of multiple reinforced particles
on metal matrix composites based on aluminum alloy has a lot
of potential for future research.
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