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Abstract Natural fibre reinforced composites packed with Multi Wall Carbon
Nanotubes (MWCNTs) are focused by the researchers due to their great tribo and
mechanical properties. To ensure collective mechanical and wear qualities, fibre
reinforced polymer composites must be hybridised; thus, this study examines the
manufacturing and tribological performance of natural fiber-glass reinforced hybrid
composites. Compression moulding was used to combine natural fibres like jute,
flax, and banana with glass fibre. Particulate MWCNT were disseminated in epoxy
resin through ultrasonic bath sonicator, which was then employed as the matrix face
for composites reinforced with natural fibre. The sliding wear behaviour of compos-
ites reinforced with glass-natural fiber and filled with MWCNT is evaluated using
a pin-on-disc wear testing setup. Using D-optimal design, second-order mathemat-
ical models were created to forecast particular rate of wear and friction co-efficient
by considering wt% of MWCNT, sliding speed load. The surface morphology of
worn-out surfaces was studied by SEM analysis.

Keywords Natural fibers + Multi Wall Carbon Nano Tubes (MWCNT) - Scanning
electron Microscopy (SEM) - Coefficient of friction - Specific wear rate

1 Introduction

Natural fiber-based composites with outstanding mechanical properties have piqued
tribologists’ interest, prompting them to research a variety of applications ranging
from abrasion materials to abrasion modifiers [1]. Composites which is hybridized
are urbanised to accomplish collective properties along with the weighted total of the
distinct process through which the individual’s valuable excellence can be integrated
[2]. Rezghi Maleki investigated the delamination behaviour of flax/epoxy composite
laminates. Composites which are reinforced with Natural fiber have excellent
capability to substitute glass fiber-reinforced composites [3]. Short fiber (sf)/short
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fibre, fabric/sf, sf/fillers, fabric/fabric, and fabric/filler are some of the promising
reinforcing pair combinations employed in the design of hybrid composites [4].

Maliha et al. investigated, PP composites reinforced with chopped pineapple leaf
and banana fibre and their mechanical properties [5]. The hybrid composites with
banana and pineapple leaf fibre at a 3:1 ratio have the highest bending modulus, elastic
modulus, flexural and tensile strength hardness among the various pineapple leaf and
banana fibre ratios. The mechanical distinctive of glass and sisal fibre composites
were observed by Palanikumar et al. [6]. The hand layup technique was employed in
making the composite laminates. The tensile load of the composite containing 20%
sisal fibre and 80% glass fibre is higher than the other. Mechanical and wear conscious
of bamboo fibre composite is explored by Seema Jain et al. They have described,
that by differentiating the order of fiber orientations the mechanical strength of the
composites is found to be increased. This is caused on the impact of strength to
weight ratio (high), the composites are said to have a higher resistance to wear [7].

Mohan et al [8] incorporated the MWCNTs in the polymer matrix and it plays a
vital role on the influences of the mechanical properties in the composites. Breuer
et al. [9] developed ultra-light structured materials with inclusion of MWCNTs as a
filler base, in the polymer composites. Such composites shown the enhanced mechan-
ical properties. Anbusagar et al. [10] revealed that the 4% nano clay polyester
sandwich composites greatly improved the impact and damage tolerance capa-
bility compare to the polystyrene foam-filled composites. Qumrul Ahsan et al. [11].
developed the Mg/SiC and Mg/SiC/MWCNT composites for examining the both
distinctive properties of friction and wear. The high friction force is required to
deform because of the formation of hard triboflim. The composite incorporated
with MWCNT is reducing the friction coefficient than the SiC composite due
to the self-lubrication effect of network structured nanotubes. PEEK filled with
various weight percentages of nanofillers such as ZrO,, SiC, SiO,, Si3N4, and
MWCNT was reported by Wang et al. [12]. The inclusion of nanofillers less than
10wt percent infractions improves wear resistance and lowers COF. There were two
aspects (Transfer film generation and steel counter surface smoothing) contributed
for increased wear and friction coefficient. The superior wear resistance was noted
by Zhang et al. [13] because of rolling effect,thermal insulation and well distributed
MWCNTs in the matrix. Nanoscale fillers, rather than microscale fillers, have good
tribological capabilities, according to Ayman et al. [14]. It is observed that increase
of filler concentration which increase the wear resistance as well as co-efficient of
friction. Based on the requirements and application, the filler materials are rein-
forced with the natural fibers to improve the quality and properties of the composites
described by Jani et al. [15]

When compared to untreated carbon fibre reinforced composites, Zhang et al. [16]
discovered that the treated carbon fibre reinforced composites have a lower COF and
wear. Sudhakarmajhi et al. [17] confirmed that modified rice husk composites have
better tribological capabilities than untreated rice husk composites. According to
Divya et al. [18] while increasing the sliding distances the wear volume is increased,
and high SWR is achieved in untreated coir fibre than the alkali treated compos-
ites. Srinivasan et al. [19] effectively applied RSM based desirability approach for
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minimizing the delamination factor in GFR-PP composites drilling. Using Taguchi’s
orthogonal array, Abhemanyu et al. [21] optimized the wear properties of NFRCs.
The specific wear rate of the NFRCs is high at high speeds, which allows for the
removal of the required amount of material without burning the fibres. Chang et al.
[22] used design of experiments to obtain optimal abrasive performance (wear) of
kenaf composites under various sliding considerations. On a pin-on-disc tester, it was
discovered that counterface roughness has the greatest impact on wear rate, trailed
by applied load, sliding speed, and fibre loading. Fiber loading is the most important
element for average COF.

Tribo-materials have a distinctive biography, that includes a variety of mechanical
properties, lubrication, friction and wear which are applied in the development of
materials for specialised tribological applications. Most manufactured items, such as
aerospace seals, bearings, gears, and slideways, are subjected to various applications
in the field of tribological testing. From the literature, it is clear that minimum work
has been done to find the tribology characteristic of NFRCs impregnate with an
MWCNT. In this research work, the natural fibers such as banana, flax and jute
fibers are identified, and the composites are fabricated with MWCNT filled epoxy
matrix. The tribological behaviour, along with its surface morphologies, are analysed
and tested. Modelling and Optimisation are performed by statistical analysis for
tribological experiments.

2 Experimental Procedure

2.1 Materials and Methods

Tamilnadu, India. From Sun Tech Fibers, the materials like Matrix (Epoxy; Araldite
LY556), Glass fiber and HY951-hardener are procured at Chennai, Tamilnadu, India.
MWCNTs acquired from M/s. US Research Nanomaterials Inc, USA were applied
as ingredients in producing the composite. Utilising an ultrasonic probe Sonicator,
the Nanoparticles with wt percent of 0 percent, 0.5 percent, and 1 percent were
equally disseminated into the resin without clustering. Glass fibres were put at the
crest and base of the composite, whereas natural fibres were organised sequentially.
The composites were made with a 10:1 mixture of modified epoxy and hardener
by using a compression moulding process. [4] Table 1 shows the composition of
composites that have been fabricated and Fig. 1 shows the fabricated composites.
The microstructure of prepared nanocomposites was done using a Scanning Elec-
tron Microscope. From Fig. 2a it is observed that the reinforcements are well bonded
with the nano filled matrix which meliorate the mechanical characteristics [23] and
attire resistance of the composites. In due with the presence of OH group on the
banana surface, which is firmly adhered to the matrix phase [24] confirming that
no fracture had found on fiber interfaces. Figure 2b reveals, uniform distribution of
nano filled matrix into the reinforcement also confirmed the compatibiliser adhere
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Table 1 Composition of natural fibre-glass reinforced composites

Process parameter Code Factor Levels

1 2 3
Sliding Speed in m/s S Numerical 500 1000 1500
Loadin N P Numerical 5 10 15
Wt.% of MWCNT w Numerical 0 0.5 1
Natural Fiber M Categorical Flax Jute Banana

Fig. 1 Prepared Tribo nano
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to the fiber cells which increase the interfacial adhesion between reinforcement and
matrix. Figure 2¢ indicates the good distribution of MWCNT into the matrix without
forming any nanoclusters, which leads to enhance the resistance of wear [13] and
increase the cohesive coupling between the matrix and reinforcements.

BY utilizing the carl ZEISS device, the XRD analysis of the fabricated composites
and their diffraction pattern was found. All XRD patterns were equal to conventional
XRD patterns, and all phases present in the composite were recognised. The exam-
ination was carried out at a 2 min interval. The findings of the XRD examination
for the 1wt percent MWCNT filled natural fibre composites are presented in Fig. 3.
The presence of cellulose in the composites was confirmed by interference peaks
at 2 teta = 13.3750 (pasture within 12 and 15) based on the plot and XRD pattern.
According to earlier study, this peak reflects with intensity when amorphous compo-
nents like amorphous cellulose, hemicelluloses, pectin, lignin and rise in fibres and
become dirty in diffractograms. However, when natural fibres have a large percentage
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Fig. 3 Image of XRD analysis of 1wt% MWCNT composite

of crystalline cellulose, the peak reflected in diffractograms is clearly defined and
precise [2, 26].



344 T. Rajmohan et al.

Table 2 Design of wear parameters and their levels

Specimen Wt. % of |Wt.% |Wt% Wt. % of | Wt. % of | Wt. % of Flax
Epoxy of of MWCNT | Banana Jute
Glass
Al,A2 & A3 |60 25 0,0.5 &1 15 - -
B1,B2&B3 |60 25 0,0.5 &1 - 15 -
CL,C2&C3 |60 25 0,0.5 &1 - - 15

2.2 Experimental Design

The experiments in the present investigation are meant to develop and analyse the
performance of glass-NFRCs in dry sliding wear, such as the SWR and COF, using
D-optimal design. Normal factorial, or fractional factorial, designs need many runs
for the resources or time available for the experiment, and the design space is limited
[27], leading to the use of D-optimal designs as an alternative to traditional designs.
Table 2 presents the design plan, which includes three numerical components with
three degrees of variation and one categorical factor with three levels of variation.

2.3 Experimental Procedure

Dry sliding wear testing for glass-NFRCs were carried out on the pin-on-disc machine
model [27]. The schematic arrangement of the overall experiment plan is presented in
Fig. 4. The glass-natural fiber reinforced composites were machined into a square pin
of size 8X8X10 mm. The pin is alleged fixed against the opposing 316 SS comprising
hardness HRC 65. The specimen was separated and dirt-free with acetone after
operating at a continuous fixed sliding distance. A digital balance with a minimum
count of 1 mg was used to calculate the weight reduction. The particular wear rate
is calculated using the calculation below (SWR).

Volumeloss Specifi ‘ Volumeloss 3N, 0
ecificwearrate = mm” [Nm
SlidingdistanceXLoad P SlidingdistanceXLoad

With software that comes with the equipment, the COF is measured immediately.
Table 3 shows the results of 28 experiments conducted using the D-optimal design.
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Fig. 4 Schematic layout of processing

3 Results and Discussion

3.1 Investigation of Extended Wear Models

Wear test has been executed with respect to the planned design matrix including
friction co-efficient and specific wear rate were deliberated. Design expert 7.0.0™
statistical software has opted for numerical analysis, quadratic model building, and
to examine the persuade to wear process parameters. The adequacies of formulated
wear data are explored using analysis of variance (ANOVA), and the implication in
the proposed models are assessed through F-test. The ANOVA details for SWR and
COF are shown in Tables 1 and 2, respectively.

The test for lack of fit and significance were used to assess the suitability of wear
models. It is observed from the tables that p < 0.05, indicating that the established
models are significant at 95% confidence level. Likewise, the multiple regression
coefficients for determination (R2) for SWR and COF are also found to be 0.986
and 0.998, respectively. The multiple regression co-efficient for generated models
approaches unity, indicating that the response model fits the actual data best and that
the difference between anticipated and actual data is minimal. The model F value
denotes that the models are substantial. Certain terms can be regarded as immaterial
terms based on the created models because their “Prob. > F.“ value is more than 0.05.
The basic expressions are preserved after the immaterial terms are removed using
the backwards elimination selection procedure. The quadratic models to predict COF
and SWR for composites reinforced with flax, jute and banana fiber are presented in
Tables 6 and 7.
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Table 3 Experimental design and results of D-optimal design

Run | Sliding Speed |Load (Kg) | MWCNT (%) | Fiber Specific Wear | Coefficient of
(m/s) Rate friction
(mm3/Nm)
1 500 15 0 Flax 8.86E-05 0.207
2 500 5 0 Banana | 7.27E-05 0.123
3 500 15 1 Jute 5.06E-05 0.206
4 1000 7.5 0.75 Jute 3.11E-05 0.143
5 1000 15 0 Banana | 3.68E-05 0.168
6 500 10 1 Flax 3.73E-05 0.203
7 1500 10 1 Jute 3.23E-05 0.285
8 500 15 1 Jute 5.05E-05 0.199
9 1250 10 0.25 Jute 5.11E-05 0.105
10 1500 15 1 Banana | 1.24E-05 0.275
11 1500 5 0.5 Banana | 3.54E-05 0.031
12 1500 1 Flax 2.11E-05 0.227
13 1000 0.5 Flax 1.73E-05 0.134
14 500 15 1 Banana | 5.93E-05 0.233
15 1000 5 0 Jute 2.10E-05 0.188
16 1500 10 0 Flax 1.24E-05 0.102
17 500 10 0 Jute 8.70E-05 0.118
18 750 10 0.5 Banana | 6.75E-05 0.057
19 500 1 Jute 8.90E-07 0.165
20 1000 1 Banana | 3.16E-05 0.238
21 1000 1 Banana | 3.68E-05 0.235
22 1250 10 0.75 Flax 3.16E-05 0.107
23 500 10 1 Flax 2.49E-05 0.194
24 1500 10 0 Flax 1.69E-05 0.094
25 1000 15 0.5 Flax 5.88E-05 0.077
26 1500 15 1 Flax 2.91E-05 0.178
27 1500 15 0 Jute 7.86E-05 0.183
28 1000 15 0 Banana | 3.01E-05 0.175

The residuals’ normal probability graphs are shown in Fig. 5. The regression
model is acceptable and adequate indicated by the errors that are normally dispersed
from plotting the residuals for all responses over a straight line. This indicates that the
constructed second order quadratic models are acceptable in capturing the process.



Tribological Characterization of Hybrid Natural Fiber ... 347

Table 4 ANOVA for Specific wear rate

Source Sum of df Mean F p-value
Squares Square Value Prob >F
Model 1.44E-08 17 8.45E-10 |42.9 < 0.0001 Significant
A-Sliding Speed | 2.74E-09 1 2.74E-09 139.3 < 0.0001
B-Load 1.88E-09 1 1.88E-09 | 95.5 <0.0001
C-MWCNT 1.59E-09 1 1.59E-09 80.6 <0.0001
D-Fibre 7.63E-10 |2 3.82E-10 19 0.0004
AB 1.66E-10 1 1.66E-10 8.4 0.0157
AC 1.39E-09 1 1.39E-09 | 70.6 <0.0001
AD 1.ISE-09 |2 5.74E-10 |29.2 < 0.0001
BC 4.66E-10 1 4.66E-10 | 23.6 0.0007
BD 2.11E-09 |2 1.05E-09 |53.5 <0.0001
CD 1.27E-09 |2 6.35E-10 | 32.29 < 0.0001
A2 6.31E-10 1 6.31E-10 32.11 0.0002
B™2 2.86E-12 1 2.86E-12 | 0.145 0.7107
cm2 9.45E-10 1 9.45E-10 | 48.09 <0.0001
Residual 1.97E-10 10 1.97E-11
Lack of Fit 7.36E-11 5 1.47E-11 0.599 0.7062 Not significant
Pure Error 1.23E-10 5 2.46E-11
Cor Total 1.46E-08 27

3.2 Effect of Tribological Parameters on Performances

3.2.1 Specific Wear Rate

In Fig. 6, a 2-D contour plot depicted the cause of load, sliding speed, and the
weight percent of MWCNT on SWR. Because of the polymeric coating generated
on the counter steel disc, the specific wear rate decreased at high wear parameter
settings [28]. This film structure transforms hard metallic material into soft polymeric
substance [1]. According to Friedrich et al. [29], increasing the applied load raises
the particular wear rate. The presence of the transfer layer is advantageous since
it reduces friction and wear through defensive shielding. The wear performance of
transfer layers is influenced by transfer layer cohesive bonds, layer thickness and
bond strength [28]. MWCNT build-up in the polymer matrix results in increased
wear resistance. MWCNT enhances the mechanical and thermal conductivity consid-
erably the NFRCs [1]. The wear resistance is increased when MWCNT crumble and
engender reaction goods which increases the bonding between the polymer film and
the steel disc [29].
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Table 5 ANOVA for coefficient of friction

Source Sum of df | Mean F p-value
squares square Value Prob >F
Model 0.111768 |17 |0.006575 387.3214 <0.0001 | Significant
A-Sliding Speed | 0.000157 |1 0.000157 9.245436 |0.0124
B-Load 0.001145 |1 0.001145 67.46933 <0.0001
C-MWCNT 0.02616 1 0.02616 1541.13 < 0.0001
D-Fibre 0.001822 |2 0.000911 53.65672 < 0.0001
AB 3.58E-05 |1 3.58E-05 2.107566 |0.1772
AC 0.00653 1 0.00653 384.7024 <0.0001
AD 0.013693 |2 0.006846 403.326 < 0.0001
BC 0.000192 |1 0.000192 11.32959 0.0072
BD 0.006024 |2 0.003012 177.4555 <0.0001
CD 0.004028 |2 0.002014 118.6528 < 0.0001
A2 0.003729 |1 0.003729 219.6987 < 0.0001
B™2 0.002466 |1 0.002466 145.275 <0.0001
c2 0.03702 1 0.03702 2180.926 < 0.0001
Residual 0.00017 10 | 1.7E-05
Lack of Fit 437E-05 |5 8.75E-06 0.347184 | 0.8648 Not significant
Pure Error 0.000126 |5 2.52E-05
Cor Total 0.111938 |27

3.2.2 Coefficient of Friction

In Fig. 7, the influence of weight % of MWCNT, load and sliding speed on COF
is displayed through a 2-D response surface plot. During increased sliding circum-
stances, the COF rises. As the stress increases, the contact asperities bend elastically
and plastically, increasing the true contact area [30]. This increment in the true contact
area as a result of asperity crumple which control friction coefficient [26]. Owing
to outstanding features like high aspect ratio, adding MWCNT to the epoxy reduces
the COF and improves wear resistance. It also improves thermal deterioration limit,
thermal conductivity and mechanical strength. It has also been demonstrated that
the inclusion of MWCNTs increases COF wear performance [31]. The rolling effect
of MWCNT and thermal insulation behaviour could be accredited to superior wear
resistance owing to well-distributed MWCNTs in the matrix [32]. Due to the creation
of a transfer layer on the counter face, the friction coefficient is constantly lowering.
Improved friction properties were reported even at greater loading as a result of the
improvement in the adhesion at the matrix—filler interface and the dissolution of
agglomeration [29].
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Fig. 6 Effect of wear parameters on specific wear rate as 2D contour plot

3.3 Effect of Natural Fibers on Performances

The effect of categorical factors on responses mainly frictional coefficient and specific
wear rate were presented in Fig. 8 and 9. The banana fibers show better performances
for all sliding conditions compared with other natural fibers. The superior perfor-
mance of banana fibres is attributable to high tensile modulus and strength low
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e
Load

Fig. 7 Effect of wear parameters on COF as 2D contour plot

elongation at break and low density [33]. The high cellulose content of banana fibre
composites resulted in low abrasive damage to processing equipment, that can be
accredited to the fibres’ soft nature [31].

After descending under various settings, SEM micrographs of the banana—glass
composite demonstrate that many fibres are still unaffected, without any separation or
fibre pull out, demonstrating that banana fibres have a high weight carrying capacity.
Furthermore, banana demonstrated a drop-in border temperature, which is attributed
to banana fibres’ ability to buckle effectively under adhesive descending settings,
reducing the influence of synthetic resin thermo-mechanical loading [31].

3.4 Multi-response Optimisation of Wear Parameters Using
Desirability Analysis

The RSM-based desire function approach is used in this study to optimise the
compound performance of wear parameters. The concurrent optimisation strategy
proposed by Derringer and Suich is one constructive way to compound response
optimization [34] The DESIGN-EXPERT® package is used to create the optimisa-
tion analysis. Table 7 shows the aim that was set, the lower and maximum limits that
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Fig. 8 Effect of categorical factors on response on specific wear rate

were used, the weights that were used, and the relevance of the criteria that were
given. Different optimum solutions are found using a desirability-based method-
ology. The solution with the highest level of attractiveness is selected. Table 8 shows
the best solution discovered for the Optimisation. Desirability is a scale based on the
closeness of response ranging between 0 and 1.

4 Confirmation Experiments

The generated models are validated through confirmation studies in addition to statis-
tical validation. Table 9 contains the details of the confirmation experiments. The
confirmation experiments are carried out twice, with mean being utilised in both
cases. The predicted values are pretty near to the findings of the investigation. Hence
the developed technique is fit to enhance the performance of hybrid natural fiber
reinforced nanocomposites.
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Table 8 Constraints used in desirability analysis
Name Goal Lower Upper Lower |Upper |Importance
Limit Limit Weight | Weight
Sliding Speed isinrange | 500 1500 1 1 3
Load isinrange |5 15 1 1 3
MWCNT isinrange |0 1 1 1 3
Fibre isinrange | Flax Banana 1 1 3
Specific Wear Rate minimize | 8.9E-07 |8.86E-05 |1 1 3
Coefficient of friction | minimize |0.031 0.285 1 1 3
Table 9 Results of desirability analysis
No |Sliding |Load | MWCNT | Fibre Specific | Coefficient | Desirability
Speed Wear of friction
Rate
1500 7.7 0.06 Banana | 6.82E-06 |0.050554 |0.927715 Selected
2 1500 7.75 1 0.06 Banana | 6.42E-06 |0.051709 |0.92769
1500 7.85 0.06 Banana | 6.76E-06 |0.050745 |0.92768
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Table 10 Confirmation Opii ..
. ptimal machining parameter
experiments and results
Prediction Experimental
Setting level Sliding speed = 1500
Load =7.7N
Wt. % MWCNT =
0.05
Fiber type = Banana
Specific wear rate 6.82E-06 7.161E-06
Coefficient of friction | 0.050554 0.053082

5 Wear Mechanism

SEM pictures of natural fibre reinforced composite specimens following wear testing
are shown in Fig. 10a—f.

Debonding is seen in all of the specimens in a significant amount. The specimens
also showed fibre fracture, fibre pull out, and matrix breakdown [35] SEM was used
to examine the effect of the wear mechanism on wear characteristics, as illustrated
in Fig. 11a, b.

A collection of polymer wreckage is known to cling to the steel disc’s surface and
get bonded to it. This indicates that wear over the composites’ surface occurred due
to adhesion, resulting in a dense and irregular film transfer over the Steel disc. The
incorporation of MWCNTs, on the other hand, could adequately diminish the bond
among the steel disc’s surface and composites [36].

6 Conclusion

The tribological behavior of MWCNT filled natural-glass fiber composites on specific
wear rate, and COF is evaluated using D-optimal design. The following are the key
findings of this investigation:

e The MWCNT-filled Natural fibers like banana, flax and jute were hybridised with
glass fiber using compression moulding technique, and the wear specimens have
prepared.

e The wear performances of natural fibre reinforced MWCNT-filled composites
were examined at various applied loads, speeds, and MWCNT weight percent
under dry sliding conditions.

e Using RSM-based D-optimal design, quadratic models were developed to analyse
the performances of natural fibre reinforced MWCNT-filled composites in dry
sliding wear. The created model’s appropriateness was tested using ANOVA.

e To optimise dry sliding wear characteristics of composites, RSM-based desir-
ability analysis is used. According to the optimisation results, a sliding speed of
1500 rpm, a load of 7.7 N, a weight percent of MWCNT of 0.06 percent, and a
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a) Wom surface of Banana composites, wear conditions: b) Wom surface of Banana composites, wear conditions:
load 15N, sliding speed 1500 Rpm, 1 Wt. % MWCNT load 10N, sliding speed 750 Rpm, 0.5 Wt. % MWCNT
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¢) Wom surface of jute composites, wear conditions: d) Wom surface of jute compeosites, wear conditions:
load 7.5N, sliding speed 1000 Rpm, 0.75 Wi. % MWCNT load 10N, sliding speed 1250 Rpm, 0.25 Wt % MWCNT
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&) Wom surface of flax composites, wear conditions: load f) Worn surface of flax composites, wear conditions:
15N, sliding speed 1500 Rpm, 1 Wt. % MWCNT load 15N, sliding speed 1000 Rpm, 0.5 Wi %o MWCNT

Fig. 10 SEM micrograph of the worn-out surfaces of nano composites
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Fig. 11 SEM micrograph of the counterpart surfaces

fibre type of banana is preferable to minimize the COF and specific wear rate of
composites under dry sliding conditions.

e Superior friction qualities were reported even at increased loading owing to
improved interfacial adhesion between the matrix and filler, agglomeration and
disintegration.

e The morphology of the worn surface was observed through SEM. The SEM
investigations revealed that all of the specimens have significant debonding. In
the specimens, fibre fracture, fibre pull out, and matrix breakage have all been
detected.

e MWCNTs significantly reduce adhesive wear, which was a benefit of generating
a thin transfer film, enhancing wear resistance and lowering the COF.

Symbols and Abbreviations

Natural Fiber Reinforced Composites NFRCs

Multiwalled carbon Nanotube MWCNT

Scanning Electron Microscope SEM

XRD X Ray Difraction
SWR Specific wear rate
COF Co Efficient of Friction
Analysis of variance ANOVA
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