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ABSTRACT

In order to improve mechanical and tribological qualities, this study
investigates the innovative use of stir-casting to integrate carbon nanotubes
(CNT) and nano clay (NC) as dual reinforcement materials in Al6063 matrix
composites. Combining CNT (0-2%) with NC (0-2%) in a synergistic way
presents a special chance to capitalise on each filler material’s particular
properties. With an increase in CNT and NC on the Al6063 matrix, mechanical
parameters like tensile strength, hardness, flexural strength, and compressive
strength rise from 225-245 MPa, 45-74 BHN, 218-298 MPa, and 140-152 MPa.
Tribological characteristics were analyzed through pin on disc (tribometer),
with varying loads (5 N - 10 N), velocity (0.209 m/s - 1.047 m/s) and sliding
distance (253.32-753.98 m). The results demonstrate that the addition of 2
wt% CNT and 2 wt% NC reduces the specific wear rate value and increase the
coefficient of friction. A decrease of wear rate value 0.0162 mm3/m and
increase in COF 0.70 was observed at maximum load of 10 N and velocity of
0.209 m/s corresponding to 2 wt% of CNT and NC incorporation. The
homaogeneous distribution of fillers in the metal matrix, tensile fracture, distinct
wear modes, and the importance of CNT/NC in changing the wear process from
abrasion to delamination are all demonstrated by SEM analysis.

© 2024 Published by Faculty of Engineering

1. INTRODUCTION

Metal matrix composite (MMC) have attracted
significant interest in material science and
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engineering because they offer the possibility of
merging the lightweight attributes of metals
with the exceptional mechanical and tribological
properties of reinforcing materials [1]. Al6063, a


mailto:asif.d12@gmail.com
https://orcid.org/0009-0004-7219-8754
https://orcid.org/0000-0003-4238-4682
https://orcid.org/0009-0000-7430-3299
https://orcid.org/0000-0002-3308-5093
https://orcid.org/0000-0002-8524-9619
https://orcid.org/0000-0002-3095-218x

Asifigbal M. Doddamani et al., Tribology in Industry Vol. 46, No. 4 (2024) 722-735

versatile aluminum alloy, combined with a
hybrid reinforcement of CNTs and Nanoclay, is
relatively unique. This combination leverages
the high mechanical strength and load transfer
capabilities of CNTs, along with the lubricating
properties and high surface area of Nanoclay
makes the composite surface smooth, which
together improve the specific wear rate and
mechanical properties.

Powder metallurgy, liquid metal stir casting, and
squeeze casting are three processes that have been
investigated for integrating ceramic particles into
aluminium matrices. Each of these processes has
advantages and disadvantages, but we chose stir
casting because of its ability to evenly disperse
nano ceramic particles within the aluminium alloy
matrix. Stir casting, unlike other processes, is a
cost-effective and scalable approach that
maintains composite structural uniformity. This
contrast from previous efforts emphasises our
method's significance and the justification for its
use in this investigation. Powder metallurgy is
more expensive due to the cost of producing metal
powders and the need for specialized equipment.
Although PM provides better precision, it is
generally not as scalable for high-volume
production compared to stir casting. Stir casting is
often favored for its simplicity and cost-
effectiveness in producing large components,
while powder metallurgy offers superior material
properties and precision but at a higher cost and
for more specialized applications.

Aluminum-based alloys, including Al-6063, have
been thoroughly studied among the many MMCs
for use in sectors that demand increased strength
and wear resistance. This study investigates a
novel method of using carbon nanotubes (CNT)
and nano clay (NC) as hybrid filler materials to
progress the exhibition of Al6063 [2-3]. Carbon
nanotubes are renowned for their exceptional
mechanical strength, enabling efficient load
transfer from the matrix to the fillers, while
Nanoclay offers a high surface area and lubricating
properties, resulting in a smoother composite
surface and reduced specific wear rate (SWR) [4].
By integrating these two distinct filler materials, a
comprehensive enhancement strategy  is
envisaged, addressing the multifaceted challenges
encountered in both mechanical and tribological
aspects [5]. Several studies have underscored the
promising outcomes of incorporating CNTs in
metal matrices, demonstrating drastically progress

in tensile, hardness, and impact resistance [6-7].
Likewise, the utilization of nano clay as a
reinforcing agent has exhibited notable
advancements in wear resistance and tribological
performance [8]. However, the synergistic effects
arising from the simultaneous integration of CNT
and nano clay in Al-6063 matrix composites
remain largely unexplored [9-10]. Explores the
impact of varying powder metallurgy parameters
on the tribological performance and micro-
hardness of Al6063 aluminum matrix composites
(MMCs) reinforced with nano Al,0; particles.
Through controlled adjustments to processing
conditions, the study examines how these
parameters influence wear resistance, hardness,
and overall composite performance. This research
provides valuable insights for optimizing material
properties in aluminum-based MMCs for enhanced
durability and mechanical functionality [11].
Formed an Al 7075/Al1203 composite via the
liquid metallurgy process and introduced Gr
particles to examine their impact on wear
properties. Findings revealed that Gr-reinforced
composites exhibited superior wear strength
compared to Al 7075/A1203 composites [12-16].
The outcome demonstrates that Al7075 alloy
composites reinforced with SiC and Gr content
have a lower wear rate. According to the study,
graphite creates a lubricating coating while SiC
acts as a load-bearing component, creating a
smoother composite surface and a higher
coefficient of friction [17]. When the investigator
compares the wear resistance of pristine Al2024
alloy to reinforced Sic and Gr with Al2024
composite alloy, he notices a significant increase in
wear resistance of the hybrid composite alloy [18].
The metal matrix AA6026 is mixed with the hybrid
fillers carbon fiber and nano-clay at varying weight
percentages between 1 and 5%. The outcome
demonstrates that adding 3% of nanoclay
improves the mechanical attributes of the
composite [19]. The researcher discovered that
the CNT-reinforced matrix AA6061 had a steady
friction coefficient, a 22% enhances in tensile
strength, and a 3% deficit in elongation [20]. The
stir casting method is a more comfortable and
simple way to make aluminium metal matrix
composites when it comes to fabrication [21-25].
Magnesium was added to the aluminium metal
matrix composite formed by the forging, extrusion,
and heat treatment processes to improve its wet
ability. As a result, the coefficient of friction
increased and the wear rate decreased [26]. The
reinforcing material and mould cabin are
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preheated to the necessary temperature in order
to minimize oxidation, in order to enhance the
reinforcement’ interactions with Metal matrix
alloy to improve mechanical and wear
characteristics [27]. Because of their increased
wear resistance, reinforced aluminium matrix
compositions are thought to be the ideal low
density material in the electronics, automotive,
marine, and aerospace industries [28-30].
Aluminium matrix composition is used in the
automotive sector for moving parts of engines,
transmissions, brake systems, and vehicle
structural assemblies [31-33].

The most potential use of aluminium (MMC)
over time is the replacement of conventional
auto materials in braking system and
lightweight components such as auto engines,
such as steel, and cast iron [34-37]. This work
examined the use of hydrogel nano composites
as adsorbents for the removal of RY dye. These
nano composites were created utilizing AAC and
NIPAM polymers along with MMT nano fillers
[52]. The flame fragmentation deposition
method, which uses homemade equipment to
synthesize = under  appropriate  pressure
conditions, is the most effective way for
producing MWCNT [53]. This evaluation is on
using the flame fragments deposition (FFD)
approach to create synthetic carbon nanotubes
(CNTs). This technology is simple, inexpensive,
and allows for the preparation of CNTs at lower
temperatures than other conventional methods
[54]. The brilliant green (BG) dye is absorbed by
the ZnO/CNT nano composite, a more effective
adsorbent than  commercially available
adsorbent, in the treatment of waste water [55].

This research builds wupon the existing
knowledge by systematically investigating the
cooperative influence of CNT and nano clay on
the Tribological and mechanical attributes of Al-
6063. Experimental approach includes a detailed
examination of tensile strength, hardness,
impact resistance, friction, and wears resistance
under various conditions. The findings of this
investigation not only add to the fundamental
perceptive of MMCs but also present a pathway
for designing high-performance materials
tailored for applications demanding robust
mechanical and tribological characteristics.
Similarly, nano clay has garnered attention for
its high surface area and lubricating capabilities,
making it a valuable candidate for enhancing
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wear resistance in composite materials.
However, the simultaneous integration of CNT
and nano clay in Al-6063 composites remains an
underexplored territory. The proposed research
seeks to address this gap by systematically
investigating the cooperative effects of these
hybrid fillers on both mechanical and
tribological properties. The work builds upon
the foundations laid by previous studies, aiming
to provide a comprehensive understandingof the
micro-structural evolution induced by the
synergistic combination of CNT and nano clay in
the Al-6063 matrix by using SEM.

2. MATERIALS & METHODS
2.1 Material

The current investigation addresses the
tribological and mechanical attributes of Al-
6063 incorporated with carbon nanotubes
(CNT) and nano clay (NC) as filler materials,
the average size is 50 nm as shown in figure 1
and experimental methodology follows a
systematic process. The Al-6063 powder is
first carefully weighed as the base material,
alongside the chosen CNT and NC fillers. The
CNT and NC were purchased from Ultra
nanotech private limited, Bengaluru, India The
Al6063 was purchased from Belmount
industrial solutions, Bengaluru, India.

(b)
Fig. 1. (a) Al6063, (b) Carbon nanotubes, (c) Nano clay.

2.2 Method

In this study, we employ the stir casting technique
as shown in figure 2 it offers a straightforward and
cost-effective approach for the fabrication of
Aluminum hybrid reinforced matrix-composites.
The process begins by dividing approximately 800
grams of the base metal into chips, subsequently
undergoing a 60-minute heating period in the
furnace until it reaches 720°C. Simultaneously, the
reinforcement particles Carbon nano tube and
Nano clay are placed in separate crucibles and
preheated in a furnace for 30 minutes, achieving a
temperature of 250°C. Once the base metal attains


https://www.magnumind.co.in/?pos=3&kwd=aluminium%20plate%206063&tags=A||Pref||771.44495|Price|product|pfSt|bengaluru|TS|rsf:gd-|-cq:bengaluru|stype:attr=1|qr_nm:gd|res:RC4|com-cf:nl|ptrs:na|ktp:N0|mc:180091|mtp:S|qry_typ:P|lang:en|wc:3|cs:10243|v=4
https://www.magnumind.co.in/?pos=3&kwd=aluminium%20plate%206063&tags=A||Pref||771.44495|Price|product|pfSt|bengaluru|TS|rsf:gd-|-cq:bengaluru|stype:attr=1|qr_nm:gd|res:RC4|com-cf:nl|ptrs:na|ktp:N0|mc:180091|mtp:S|qry_typ:P|lang:en|wc:3|cs:10243|v=4
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/

Asifigbal M. Doddamani et al., Tribology in Industry Vol. 46, No. 4 (2024) 722-735

a molten state, the preheated reinforcement
particles are introduced, and the amalgamation
process commences. Stirring is done at 250-rpm
speed for approximately 10 (minutes), ensuring a
thorough and homogeneous mixture. This
methodology is chosen not only for its simplicity
but also for its efficiency in producing high-quality
Aluminium hybrid metal matrix composites. To
evaluate the efficacy of the CNT and nanoclay
reinforcements, the finished composite material is
characterized for attributes such as tensile
strength, hardness, compression, flexural, wear
resistance, and micro-structural characterization.
Table 1 and Table show the physical and chemical
properties of Al6063 metal alloy. Table 3 depicts
the specimen chemical-composition of Al6063
hybrid reinforced matrix composites.

Table 1. Physical properties of Al6063.

. Density | Melting MOdu?“.S of Poisson’s
Material . elasticity )
gm/cc3 point GPa ratio
Al6063 2.7 6550 68.9 0.33

“ T

Fig. 2. Stir casting Furnace with electric heater.

Table 2. Al6063 Chemical-Composition in wt % [38].

Element Composition (%)
Si 0.2--0.6
Fe 0.35
Cu 0.1
Mn 0.1
Mg 0.45 -- 0.9
Zn 0.1
Ti 0.1
Cr 0.1
Al Balance

Table 3. Specimen Composition.

Specimen No. Composition (%)
S1 Al6063
S2 Al6063+0.5% NC+0.5%CNT
S3 Al6063+1.0% NC+1.0%CNT
S4 Al6063+1.5% NC+1.5%CNT
S5 Al6063+2.0% NC+2.0%CNT

2.3 Physical, Mechanical and Tribological
characterization of reinforced composites
Density and void fraction

The rule-of-mixture (see Eq. (1)) is used to
compute the theoretical density of CNT and NC
combined with Al-6063 metal alloy composites.
The Archimedes principle is then used to evaluate
the experimental density. Following that, void
content is determined using equation (2).

1
pth = @+Wr1+Wr2 (1)

pm  pri = pr2

Void-fraction=

(

Theoretical density(pth)—Experimental density(pexp)

) (2)

Theoretical density(pth)
Tensile strength

A basic mechanical test called a tensile test Stir-
castingwere used to produce the tensile test
samples in accordance with ASTM E8/E8M.The
comprehensive methods for performing room-
temperature tensile testing on metallic materials
are provided by this standard. Tensile testing
determines a material's yield strength, ultimate
tensile strength, elongation, and area reduction
by measuring the material's resistance to
breaking under tension. The specimen, which has
dimensions of 115 mm in total length, 10 mm in
the head diameter with 30 mm in length, and 6
mm in the inner diameter with 55 mm in length,
resembles a dog bone. With the load cell, a load of
roughly 0.1 mm/mm/minute was applied.

Hardness

Using a Brinell hardness testing machine, the
hardness value of the manufactured particle
mixed Al6063 metal alloy composites is
ascertained. For measures of hardness, a
polished specimen of the composite measuring
10 X 10 X 25 mm3 was collected. The hardness of
a specimen is measured using a metal ball
indenter. A minor load of 10 kgf is applied to the
specimen, and a major load of 100 kgf is applied

725


https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/
https://www.tradeindia.com/ultrananotech-private-limited-11081982/

Asifigbal M. Doddamani et al., Tribology in Industry Vol. 46, No. 4 (2024) 722-735

to the hardness examination specimen to
determine the BHN value. The Brinell hardness
testing machine's read dial provides an accurate
indication of the examined specimen's hardness.

Flexural strength

The Flexural test gauges how manufactured
composite materials behave when subjected to
basic flexural loads. For the flexural test, an ASTM
E-290 standard specimen measuring 60 mm in
length and 10 mm by 10 mm in cross-section is
ready. The Universal Testing Machine (UTM) with
a 40 mm span length is used to conduct the
flexural test. The specimen is positioned as
simply supported at the middle of the span, and
focused stress is applied using the three-point
beam bending technique. The UTM dial indication
provides a direct reading of the focused load,
which steadily rises until the beam is intact.

Compressive strength

The ASTME9-09-prepared sample for the
compression test has a dimension of 10X10X30
mm3. The specimen is fixed between the UTM's
two jaws. When a compressive stress is given to a
specimen by a moveable jaw, the specimen's
length reduces and its cross-sectional area rises.
This process is known as swelling. The UTM dial
indication is used to read the reading immediately
after the specimen fails the compression test.

Wear Test

Wear investigation is conducted on pin-on-disc
(Figure 3a) wear and Friction monitor apparatus
which employs essentially the basic ‘tribometer’,
test rigs. The end of the specimen (Figure 3c)
diameter 10 mm and length 32 mm as per G-99,
rides on the disc surface of 165mm diameter and 8
mm thickness. The volume of wear of the pin
specimen is computed from the weight-loss
measured and the density. Throughout the
experiment, the specimen slides against a rotating
disc with a 50 mm track radius. The standard load
of 5, 7.5, and 10 N is delivered to the rotating disc
in a downward direction. During the wear test, the
force transducer is used to determine the friction
force. The steel disc that is rotating is below the
force transducer. Using an electronic (Figure 3d)
balance, the mass of each sample is tabulated both
before & after the test. The least count on the
electric balance is 0.0001gm. With the specimen
fixed on the pin holder, the machine runs on
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changing settings including weight, sliding
distance, and speed (Figure 3b). The sample's
mass loss is computed as the difference between
the experiment's starting and end weights. By
dividing the mass loss by the density, the volume
loss is further transformed. The sample's volume
loss aids in determining how the reinforcement
addition to the matrix alloy affects the composite's
resistance to wear.

(d)

Fig. 3. (a) Pin on disc apparatus, (b) Top view of
Specimen holding on disc, (c) Specimens, (d)
Specimen weighing balance.
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The specific wear rate is calculated by using
equation 3.

WS:A—m 3)
px VsxtxFn
Whereas Ws—wear rate mm3/N-m, An= mass
lost during trial in gm, p= density of composition
in g/cm3, Vs = rotating disk speed m/s, t=
duration of test, Fn=load (N).

Co-efficient of friction

The coefficient of friction is a dimensionless
number that measures the resistance to motion
when two surfaces make contact. It is the ratio of
the frictional force between two objects to the
normal force that holds them together. This
coefficient changes according to the nature of the
surfaces in contact and is classified into two
types: static and dynamic friction. Static friction is
the barrier to the start of motion, whereas kinetic
friction occurs when surfaces are already moving
against one other. A larger coefficient indicates
more resistance to movement, whereas a lower
value provides smoother interactions. The
coefficient of friction is a key idea in
comprehending and forecasting motion in
mechanical systems since it can be influenced by
variables including material composition, surface
roughness, and the presence of lubricants

Micro structure analysis

Scanning electron microscopy was used to
provide a comprehensive examination of the
microstructure of reinforced Al6063 alloy
composites. Uniformly distribution of two fillers
with Al6063 matrix alloy. Details on heat
treatment, reinforced material composition in

mechanical terms, wear rate and phase
distribution, content incorporation, and
structural flaws are provided by surface

morphology, examining engineering component
cracks, fractures, and other flaws.

3 RESULTS & DISCUSSION

3.1 Density & void fraction

From specimen S1 to specimen S5, the Table 4
data show a pattern of increasing porosity or
voids. Both the growing percentages of void
fraction (0.74 to 2.10 %) and the expanding gap
between theoretical and experimental densities
show this. As the weight percentage of CNT and

NC particles increases, so does the void content.
The existence of an air bubble and porosity
during the alloy's filler material mixing process
is the cause of the variations in the void content
of the composites. The mechanical and wear
properties suffer greatly when voids are present.
This may be the result of a number of things,
including inconsistent manufacturing practices,
deteriorating materials, or additional processing
variables that require more research to
guarantee material quality.

Table 4 Void fraction of CNT and NC with Al6063
alloy composites.

Specimen | Theoretical | Experimental Void-
No. density density fraction

(g/cc?) (g/cc?) (%)

S1 2.70 2.68 0.74

S2 2.693 2.667 0.97

S3 2.686 2.656 1.12

S4 2.679 2.639 1.49

S5 2.672 2.616 2.10

3.2 Tensile strength

The tensile strength of Al-6063 with CNT and NC
was measured using UTM in accordance with
ASTM standards. The specimen is moulded to
the required dog bone shape and measurement.
The varied specimens are tested using ASTM
standards, and the results are shown in Figure 4
that the tensile strength increases from 225 MPa
to 243 MPa, indicating that the fillers engage and
form intermolecular bonds with Al6063.

250 4
E 243
L 2457 239
= 2403 235
= 235 3
,a_nﬂ'“ E 229
£ 2303
=7 225
Z 2253
= 220 3
215 3
PnE— B EE— S SEE— S
s1 s2 s3 sS4 S5

Specimens

Fig. 4. Tensile strength of reinforced Al6063 composite.

The Al6063 alloy specimen (S1) has a tensile
strength of 225 MPa, but the hybrid filler
specimen (S2) has a tensile strength of 229 MPa
because the fillers restrict the movement of the
Al6063 molecular atoms. Similarly the S2 to S5
reinforced composites show the tensile strength
was drastically going up by almost 9 % due to
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the uniform distribution of fillers CNT/
Nanoclay, and these materials are act as the load
bearer and avoid the dislocation moment of
Al6063 alloy matrix [49]. This reinforced
material reduces ductility and enhances
brittleness phase and porosity.

3.3 Hardness

The hardness test is performed to determine the
material's indentation resistance. Figure 5
indicates that the hardness increases from 45
BHN for neat Al6063 to 74 BHN for hybrid
reinforced Al6063 alloy composite.

80 - 74
E 68

70 J 63
=R
= 90 52
£ 53 45
= E
ERFE
et E
=30 ]
@ |
B E
= 204
= 3
= 10

0: T T T T

S1 s2 s3 S4 S5

Specimens

Fig. 5. Hardness of reinforced Al6063 composite.

The hardness increase due to the combination of
CNT and NC have good intermolecular connection
with the metal matrix, CNT improves hardness as
well as tough material, which resists the
indentation load and improves the hardness from
52 to 74 BHN. The specimen S2 has a BHN value
52 BHN greater than the neat Al6063, indicating
that the filler material CNT and NC content raises
the BHN value of the specimen (S2). This two filler
acts as a binder for Al6063 metal alloy composite
and they can withstand the indentation.

3.4 Flexural strength

Figure 6 shows the figures for the hybrid
reinforced Al6063 alloy matrix's flexural strength.
The Al6063 alloy (S1), when compared to the
reinforced composite samples S2 and S3, has the
highest strength (140 MPa) because of the uneven
distribution of CNT/Nanoclay within the Al6063
matrix. Flexural strength increased as the amount
of CNT/Nanoclay nano fillers increased in samples
S4 and S5, as shown in Fig. 3C. This is because
CNT/Nanoclay avoids the moment of dislocation
and improves the elastic modulus of the Al6063
alloy matrix composites, which leads to a
significant improvement in flexural strength [50].
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Fig. 6. Flexural strength of reinforced Al6063 composite.
3.5 Compressive

Figure 7 shows a plot of the compressive
strength values for the Al6063 alloy and its
reinforced composite. Compared to the other
samples, S2 through S5, the Al6063 alloy sample
S1 has the lowest compressive value of 218 MPa.
As the amount of CNT/Nanoclay nano hard
ceramic content rose in the Al6063 alloy matrix,
the hardness property of the filler prevented the
alloy matrix's dislocation moment, which
continued to enhance compressive strength. It
was noted in prior research, investigator found
that the compressive strength of reinforced
composite increases to 298 MPa [51].

350

[
=
=

272
54

ra
n
=
5
w
[

-
w
=)

-
=
=

Compressive strength in MPa
=]
=
=)

on
=

51 52 53 54 SIS
Specimens

Fig. 7. Compressive strength of reinforced Al6063

composite.

3.6 Wear rate

The Fig 8 shows the relationship between wear
rate (in mm?3/m) v/s load (in N), Velocity (m/s)
and sliding distance (m) for five distinct samples
(S1, S2, S3, S4, and S5). It was analyzed that the
wear rate of reinforced composites (S2 to S5)
was lower than the Al6063 alloy matrix (S1). Fig.
8a shows how applied normal load affects the
wear rates in reinforced composites and the
Al6063 alloy. It is clear that both the Al6063
alloy and the reinforced composites experience
an increase in wear rate as the applied load
increases.
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Velocity = 0.209 m/s, time duration = 30 min
0.025 =51
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£ i
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(a)
Applied load=10 N, time duration =30 min
0.065
—a— 51
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- —— 83
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E —a— 85
-} T
20.023
E T
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20021 //
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0.017
0.015 15132 502.65 753.98
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(0)

Fig. 8. (a) Wear-rate v/s load, (b) Wear-rate v/s
Velocity, c) Wear-rate v/s sliding-distance.

On the other hand, under all measured loads, the
reinforced composites show consistently lower
wear rates than the Al6063 alloy. The higher
degree of plastic deformation in both the Al6063
alloy and in reinforced composites explains the
rise in wear rate with increasing load. Greater
plastic deformation raises the possibility of
subsurface cracking, which outcome in a larger
loss of material. Greater plastic deformation
raises the possibility of subsurface cracking,
which results in a larger loss of material [39].
Delamination can also lead to enhanced amounts
of wear in the Al6063 alloy and the reinforced

composites. Delamination can be caused by an
increased load. The consequence of sliding
velocity on the wear rate of in reinforced
composites and Al 6063 alloy is shown in Figure
8b. It is clear that for both the Al6063 alloy and
the in reinforced alloy composites, the wear rate
increases with increasing sliding velocity.
According to [40], this rise can be ascribed to the
increased strain rate that is producing
subsurface deformation. Increased contact areas
and delamination are caused by the fracture and
fragmentation of asperities brought on by the
enhanced subsurface deformation rate, which
increases wear loss. All evaluated sliding
velocities, however, show that the in reinforced
compositions show consistently lower rate of
wear than the Al6063 alloy.The consequence of
sliding velocity on the wear rate of in reinforced
composites and Al 6063 alloy is shown in Figure
8b. It is clear that for both the Al6063 alloy and
the in reinforced alloy composites, the wear rate
increases with increasing sliding velocity.
According to [40], this rise can be ascribed to the
increased strain rate that is producing
subsurface deformation. Increased contact areas
and delamination are caused by the fracture and
fragmentation of asperities brought on by the
enhanced subsurface deformation rate, which
increases wear loss. All evaluated sliding
velocities, however, show that the in reinforced
compositions show consistently lower rate of
wear than the Al6063 alloy.

Figure 8c shows that the rate of wear in
reinforced composites and the Al6063 alloy
gradually increases with the sliding distance,
eventually reaching a steady state above 502.65
meters. The more intimate contact that develops
over time between the specimen's sliding
surfaces and the revolving disc is what causes
the wear rate to increase with sliding distance.
Wear is further exacerbated by the material
being pushed into a plastic condition by the
temperature rising at the specimen-disc contact
as the sliding distance increases. Other studies
have observed similar observations [41,42].

3.7 Coefficient of friction (COF)

The Figure 9 depicts coefficient of friction of in
reinforced composites is found to significantly
decrease as the amount of CNT and nanoclay
increases. When compared to the Al6063 alloy,
the composite sample (S2 to S5) of CNT and
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nanoclay, respectively, show a decrease in
coefficient of friction. Researchers [43] have
documented a similar tendency. The fact that
uniformly dispersed CNT and nanoclay particles
operate as load bearers throughout the sliding
process may possibly contribute to the reinforced
composites' improved ant frictional performance.
Since the reinforced particles are said to function
as load-bearing components [44,45], friction
between the disc surface and CNT/Nanoclay
should have been the primary source of friction.

The influence of normal load on the coefficient of
friction for the in reinforced composites and the
Al6063 alloy is shown in Figure 9a. The
coefficient of friction of the generated in
reinforced composites and the Al6063 alloy both
exhibit a discernible decrease with increasing
load. For all loads examined, the reinforced
composites continuously show lower coefficients
of friction than the Al6063 alloy. Furthermore,
the COF gradually decreases for both the Al6063
alloy and the reinforced combination up to a load
of 10 N, after which there is no discernible
change. One explanation for this behaviour is the
existence of subsequent phases. Components
such as CNT and nanoclay in composites act to
restrict metal movement during sliding [43]. The
coefficient of friction may be further decreased at
greater loads when softened debris bits take on
the role of solid lubricants [46]. For composites,
higher load causes more CNT/Nanoclay to be
transferred to the mating and sliding surfaces,
improving lubrication at the sliding interface.
Furthermore, because of the tight link between
the reinforcement and matrix that result can
withstand larger loads with minimum plastic
deformation.

Fig. 9b shows how sliding velocity affects Al16063
alloy's coefficient of friction as well as reinforced
composites'. The thin adherent solid lubricating
coating results from broken brittle particle
reinforcements in the composites being pushed
out onto matrix a surface that lowers the
coefficient of friction. This is why it is observed
that the coefficient of friction increases with
increasing sliding velocity for both the Al6063
alloy and the reinforced composites. The
occurrence of this phenomenon accelerates with
higher sliding velocities. The temperature of the
mating surfaces [47] also causes more asperity
junctions at higher velocities, which raises the
coefficient of friction.
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Figure 9c illustrates the relationship between
sliding-distance and COF for Al6063 alloy
reinforced composites. It is found that the
coefficient of friction increases slightly and
consistently with increasing sliding distance
for both the reinforced composites and the
A6063 alloy. CNT act as the load barrier and
transfer the load from matrix to the fillers and
nanoclay forms lubricating film on the
composites which helps in smooth surface so
that the friction is very less, which generates
low frictional-force. Other academics have also
noted similar findings [48]. However, an at all
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tested sliding distance, the reinforced
composites’ coefficient of friction reduces as
the concentration of CNT/Nanoclay increases.

3.8 Microstructure analysis

SEM study was critical for determining the
alloy's micro-structural features, which can
affect its mechanical and tribological qualities
of Al6063 with CNT, and NC as shown in Fig 10
respectively. Using SEM equipment, the

microstructure of fracture of the flexural and
tensile surfaces of specimens (S1 and S4) was
examined (Fig. 10a-d).

(e) Worn fracture (S1) (f) Worn fracture (54)

Fig.10. Micro structural Analysis and Interaction
Study of Pure Al6063 (S1)and Specimen (S4).

In pristine Al6063, abrasive and adhesive
wear as well as torn particles were clearly
visible (Fig. 10a&c). Particle reinforced S4
specimens did not exhibit these adhesive and

abrasive wear patterns or ripped particles
buried to the matrix surface (Fig 10b&d).
Furthermore, ductile fracture was found at
these stir casting samples because of their
non-porous structure when the microstructure
of tensile and flexural fracture surface
specimens was examined using a scanning
electron microscope. The SEM analysis showed
fine collaborating bond between the Al6063
matrix and the reinforcements. This strong
bonding is crucial for load always relocate
from the matrix to the reinforcements, thereby
enhancing the composite's mechanical
properties. Aluminum-based particle-
reinforced metal matrix composites have a
thin, porous, spongy, and non-bright structure,
plastic deformation, groove creation on their
surfaces, and noticeably better wear
resistance.

The worn tracks seen on the surface of the
pristine Al6063 alloy and the reinforced
Al6063/1.5 percent CNT/1.5% NC composite
are displayed in Figs. 10(e & f). The
immaculate Al6063 S1's wear track is
examined in detail in Fig. 10e, where it is
noted that abrasive wear has caused furrows
and some scratches to appear on the matrix
alloy's worn surface at 10 N.
The wear track of the reinforced Al6063
composite is displayed in Fig. 10f, revealing
characteristics mostly related to the abrasive
mechanism. Since there aren't many
indications of worn debris adhered to the
specimen S4's surface, it is clear that adhesive
wear is less severe than abrasive wear.

4. CONCLUSIONS

The current research project uses the stir-casing
technique to produce aluminium alloy
composite samples that contain CNT/Nanoclay
nano ceramic particles.

e [t is analyzed from the experimentation that
the density of Al6063 alloy decreases by
adding 2 wt % of CNT & 2 wt % of Nanoclay
when compare to pristine alloy due to low
density of nanoclay.

e The  Al6063/2%CNT/2%NC  composite
(specimen 5) has got an increase in hardness
of 74 BHN value as compared to the pristine
Al6063 alloy of 45 BHN.
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e There are improvement in the tensile,
compression and flexural strength for the
Al6063/2%CNT/2%NC (specimen 5)
composite 243 MPa, 298 MPa and 152 MPa as
compared to pristine alloy value 225 MPa,
218MPa and 140 MPa respectively. It is due
to hybrid filler which restricts the movement
of molecules of Al6063 alloy.

o At all loads under consideration, the specific
wear rate (SWR) is found to be minimum for
the Al603/25CNT/2%NC composite
(specimen 5) is 0.0162 mm3/m under the
condition of load 10KN, velocity of 0.209 m/s
and duration of 30 mints. The maximum
coefficient of friction of composite (specimen
5) value 0.70 under the condition of velocity
is 0.209 m/s. load=10 KN and sliding distance
=753.98 m. CNT act as load barrier and
nanoclay act as a lubricating film on the
composite, so that the wear rate decreases
and friction increases at particular condition.

On overall perspective it can be concluded that the
specimen 5 ha got the highest tensile, hardness,
compression, flexural strength and coefficient of
friction but specific wear rate is minimum.
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