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Fibre-reinforced polymers (FRPs) are composite materials of plastics reinforced with fbres. Cars, sea, aeronautics, and foundation
projects progressively utilize fbre-reinforced polymers. Tis study aims to study the efect of adding multiwalled nanotubes fllers
into the hybridized jute-glass FRP composites and their relative properties. Tis study uses multiwalled nanotubes (MWCNTs),
and particles-hybrid jute-glass composites containing jute fbre chopped layer mats, woven glass mats, epoxy resin, and mul-
tiwalled nanotubes fllers were created using the hand layup method. After adding multiwalled nanotubes fllers in various weight
proportions, the mechanical behaviours of fbre-reinforced polymers were analysed. Te mechanical behaviours of laminated
composites were tested using the ASTM standard; the following properties are tensile, fexural, and impact strength. Te
multiwalled nanotubes with 6%wt. attained the maximummechanical properties compared to the 2 and 4 wt. % ofMWCNTs.Te
E-based specimen contributes the most to the diferent types of specimens, with a contribution of 24.21% for tensile, 25.03% for
fexural, and 24.56% for impact. Te microstructures of hybrid composites were studied using a scanning electron microscope.

1. Introduction

Te usage of composite materials has developed at an in-
conceivable rate, and these materials currently have an as-
tounding and diferent scope of utilization. Composites
enjoy diferent upper hands over metallic materials, in-
cluding lightweight, high fatigue tolerance, high resistance to
corrosion, and low coefcient of thermal expansion and
insulation. Polymer matrix composites (PMCs) cover ex-
cellent physical and thermal qualities, such as high specifc
toughness, toughness, and rust resistance. Aeroplanes,
battleships, housing, cars, microelectronics components,
and maritime construction are among the applications
where they have emerged as viable alternatives to traditional
metals [1, 2]. Te materials utilized in the airframe of

a Boeing 777 are 50% aluminium and 12% wt. of plastics.
However, recently, 787 aircraft of Boeing are redesigned, 20
and 50% wt. Proportions among aluminium and plastics
have been utilized, respectively. High frmness, crack
strength execution, harm resilience levels, nonmagnetic
properties, high thermal soundness, oxidation opposition,
and short assembling energy utilization are only some of the
advantages of fbre-reinforced polymer compounds [3, 4].
Te most common artifcial fbres are fbre glass-reinforced
glass, polypropylene, and graphene. More robust and
challenging fbres can be added to boost the strength and
rigidity of polymer matrix composites. Fibre-reinforced
composites have been majorly employed with their excel-
lent qualities, namely high specifc fracture toughness,
tunable electrical conductivity, temperature resistance, high

Hindawi
Advances in Materials Science and Engineering
Volume 2023, Article ID 2219460, 7 pages
https://doi.org/10.1155/2023/2219460

https://orcid.org/0000-0001-8440-8780
mailto:essakkiraj@dadu.edu.et
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/2219460


fatigue barrier capabilities, and suitability for the manu-
facture of a variety of contour substances. Composite ma-
terials have replaced traditional architectural materials such
as metals, hardwoods, and iron in various applications [5, 6].
Composites manufacture automobiles, aeroplanes, wind
energy facilities, yachts, and warships, to name a few. Filler-
reinforced underlying polymeric or thermoplastic com-
posites have impacted the status quo made.Tey can now be
found in bullet barriers, armament, percussion instruments,
fashion items, and muchmore, in addition to air and ground
vehicles, sports gear, and electronics. Te requirement for
materials of good physical qualities, in combination with
lighter weight and low price, grows as demand grows [7].

Polymer-based nanocomposites have sparked a lot of
attention in academia and business during the last two
decades. Tis involves a never-ending search for novel in-
gredients, additives, and manufacturing techniques. Te
conventional technique is to fnd a connection that connects
the reinforcement to the matrix and improves load trans-
mission while causing little matrix fouling at the boundary,
allowing fracture propagation during dynamic loads [8].
Nanostructured membranes comprised of polymer matrices
and nanomaterials/nanofllers have caught the interest of
researchers and industry in their application due to their
increased qualities, resulting in high barrier packing for food
and automotive and aviation gadgets. Compared to their
standard microscopic and macroscopic or clean equivalents,
they ofer exceptional feature upgrades, such as enhanced
thermal and mechanical properties, permeability resilience,
and fame retardancy at various fller levels [9, 10]. Several
polymer matrixes and nanoparticles have been examined in
various combinations. Te expansion of an unobtrusive
measure of nanofller has been displayed to employ on the
polymer matrices with physical properties. Te highlights of
a polymeric-flled composite are afected by the following
conditions: structure, content, size, and level of total fller, as
well as how much matrix fller bonds. Nanomaterials as
fllers generate a more extensive dynamic and interactive
zone, which could result in substantially stronger matrices
couplings and a superior end product.

Nanoparticles can also give nanocomposites unique
properties such as electrical, photonic, magnetic, or trans-
portation capacities, opening upmany new opportunities for
rapid technological advancement. In polymer-based com-
posites, synergistic efects from combining distinct com-
ponents contribute to better characteristics [11, 12]. Tese
gains may be approximated in regular composites using
mixing processes, but in nanocomposites, interface in-
teractions between constituents become critical for de-
termining bulk features. Microparticles or nanofllers of
various types and sizes are strewn haphazardly in matrix
materials to create particle polymer composites. Introducing
multiwalled nanotubes and aluminium oxide nanoparticles
in epoxy achieves maximum hardness, tear dulling, fracture
defecting, and fracture anchoring hardening processes. Due
to matrix deformations, region bufering, void creation,
particle-matrix delamination, and localised shearing band
hardening mechanisms, the integration of nano-SiO2
boosted mechanical properties and fracture durability with

volume concentration. Nanostructured materials' bio-
mechanical, physical, and chemical properties, particularly
yield strength, are infuenced by their formulation, con-
stituent characteristics, architecture, and interface contact.
When evaluating material properties, nanoparticle orien-
tation should be considered if they have an anisometric
topology. Te maximum stress a material can withstand
during uniaxial tensile stress is known as its strength. Te
efectiveness of stress transmission between the fller and the
matrix impacts the intensity of a particle-flled composite.
Nanoparticles made out of multiwalled nanotubes are
presently one of the most intriguing compounds [13, 14].
After undergoing ultrasonic processing, the mechanical and
absorption properties of polymeric composites with mul-
tiwalled nanotube nanoparticles and epoxy were compared
to composite samples containing multiwalled nanotube
microparticles and epoxy, as well as plain resin. Te
nanocomposites with reasonable nanoparticle scatterings at
a stacking of 10 wt % showed a great mix of properties,
including further developed sway opposition and fexibility,
as well as upgrades in cyclic loading and swelling tolerance,
all while keeping up with hardness. Te nanoflled com-
posites exhibited without improvements in abrasion re-
sistance and a reduction in strain to disappointment when
contrasted with the perfect pitch [15, 16].

Tis research aims to determine how the multiwalled
nanotubes fllers afect the hybrid jute-glass composite’s
behaviours in terms of mechanical load-bearing efect. Since
the natural fbres are coupled with glass, their properties
must be studied. If the properties are above average to the
expected level, the composites could be used as a functional
material for many engineering applications. Te following
mechanical characteristics test tensile, bending, and impact
were conducted and examined using the ASTM standard.
Te microstructural analysis was carried out using a scan-
ning electron microscope. Te composites were made using
hand layup procedures.

2. Experimental Techniques

2.1.Materials andMethods. Multiwalled nanotubes particles
with 50 nm of molecule size were utilized as fller material to
change epoxy matrices. Te 350 gsm monetarily accessible
jute fbre cleave strand mat was utilized as a supporting
material [17]. A 250 gsm woven glass mat with a typical
thickness having 0.65mm is utilized as a strengthened
material. GVR fbre industry gave the jute and glass fbres as
shown in Figure 1 mats in Madurai, Tamilnadu, and India
[18]. Te value of warp and Tex are maintained as 0.25mm
for each fabric, followed by the weaving as 1m/2 h.

Te multiwalled nanotubes fller was provided by Naga
Chemical Ltd in Chennai, Tamilnadu, India. Te re-
inforcement materials and multiwalled nanotubes fllers are
revealed.

2.2. Alkaline Treating. Te most remarkable change was
produced through alkaline treatment, breaking the hydro-
gen bonds in the organization formation, which increments
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in surface roughness. When natural fbres are approached
with reinforcement by thermoplastics and thermosets, al-
kaline treatment is also known as mercerization, commonly
used as a chemical treatment process. During alkaline
treatment, fbres are submerged in a NaOH medium for
a particular measure. In this examination, the glass mat was
dealt with artifcially utilizing sodium hydroxide. Conven-
tional glass was submerged in a treated steel container
containing a 5% sodium hydroxide answer for four hours
[17]. Te fbre mats were then air-dried at room
temperature.

2.3.ProductionofHybridComposites. Teweight parts of the
MWN particle fllers are mixed with fbre to build plastic
material by increasing by 2 to 6%, contingent upon the mass
of the little multiwalled nanotubes particles to a general
load of the jute, glass, epoxy sap, and multiwalled nano-
tubes particles. Mechanical stirring was employed to mix
the multiwalled nanotubes particle fllers into the epoxy
resin, followed by the appropriate hardener to make the
multiwalled nanotube mixed epoxy resin. Te hybrid
composites were made by hand layup and comprised three
layers of glass, jute, and glass. Te top and bottom layers
were made of glass, while the middle layer was made of jute.
A delivering specialist was initially applied to a level
moulding to make the created half and hybrid fbre-
supported plastics simpler to eliminate. Over the release
chemical layer, a thick coating of nanoscale multiwalled
nanotubes blended epoxy resin was applied. Te mould’s
surfaces were then covered in a bottom layer of glass. Te
nanoscale multiwalled nanotubes blended epoxy resin was
then sprayed and evenly spread with a brush onto the
surface of the glass that had previously been placed in the
mould. A roller was dragged across the bottom layer with
little force or any trapped air. Once more, multiwalled
nanotubes epoxy resin was applied. Te experiment was
repeated with the addition of a second interfacial layer of
jute. Table 1 shows the list of parameters and their con-
straints of nanocomposites [18].

2.4. Mechanical Testing. For tensile testing, fabricated
specimens are prepared per the ASTM D-638-03 with
150×15× 3mm sizes. Similarly, the fexural and the impact
were conducted and prepared as per the ASTM D-790 and
ASTM D-256 standard having the dimensions 10mm of
width, 3mm of thickness, and 125mm of length and

12.7mm of width, 3mm of thickness, and 64mm of length,
respectively.

2.5. Scanning Electron Microscope (SEM). SEM was utilized
to examine the cracked surfaces of fabricated composites
before the specimen must be polished and dehydrated and
surface coating prepared. During the coating, 10 nm gold
particles were coated on the specimens to enhance the
electrical conductivity of the fabricated composites.

3. Result and Discussion

Te following session briefy discusses the mechanical goods
such as fexural, tensile, and impact characteristics of
polyester composites based on their input parameters.

3.1. Mechanical Performances of Hybrid Nanocomposites.
Te mechanical properties of glass-jute based multiwalled
nanotubes fller composites, such as their tensile, fexural,
and impact properties, are shown in Figure 2. According to
this study, the weight% of nanoparticles is very close to the
test results. Te mechanical characterization of hybrid
composites improved as the weight percentage of multi-
walled nanotubes particles in the matrix mixture went up.
Te strength of the composite was afected by the interfacial
layer’s stifness, the adhesion components’ quality, and their
static adherence strength. Tis will help move the stress and
elastic deformation from the matrix to the fbres or fllers
and from the fbres to the matrix [18, 19].

Tere are more interactions between nanomaterials than
between microscopic composites. If the connection between
the fller matrix and the particles is not strong enough, the
particles will not be able to carry any of the material added
from the outside. In this case, the strength of the composite
cannot be greater than that of the simple matrix material.
Te fller and its matrix both have good strength, and the
nanoparticle composites could have a higher elastic modulus
than the matrix material. With the addition of nano-
composite fller particles, the mechanical properties of the
processed hybrid composite get better. Tis is because there
are more high-strength multiwalled nanotube fller particles
and less epoxy in the matrix [20, 21]. Te fact that the hybrid
composite has more mechanical properties, such as fexural
and impact, suggests that stresses are being transferred
across the contact. Te synergistic efect of multiwalled
nanotubes fller particles, glass, jute, and epoxy improves the

Figure 1: Jute and glass fbres [18].
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overall mechanical properties of hybrid jute-glass hybrid
composites.

When multiwalled nanotubes fller particles are used,
the hybrid composite’s mechanical properties improve
signifcantly. With their hybrid composites, the tensile
strength is 0% wt. Multiwalled nanotubes ranged from
58MPa for the hybrid composites with no multiwalled
nanotubes to 74MPa for the hybrid composites with 6%
multiwalled nanotubes. Flexural strength went from

98MPa when no multiwalled nanotubes were present to
143MPa when 6% multiwalled nanotubes were present.
With 0% multiwalled nanotubes, the impact strength went
up to 49 kg/m2. With 6% multiwalled nanotubes, the
impact strength went up to 67 kg/m2. When nano mul-
tiwalled nanotubes fller particles are added to hybrid
composites, they get stronger in all directions.
Figures 2(a)–2(c) show how the diferent samples afect
the mechanical properties.

Table 1: List of parameter and their levels of nanocomposites [18].

Specimen type Woven glass fbre
(vol. %)

Woven jute fbre
(vol. %)

Epoxy
matrix (vol. %)

Multiwalled nanotubes
(vol. %)

A 0 0 100 0
B 30 7 63 0
C 30 7 61 2
D 30 7 59 4
E 30 7 57 6

22.48%

20.16%

18.83% 14.32%

24.21%

A
B
C

D
E

(a)

24.15%

25.03%

13.91%17.11%

19.8%

A
B
C

D
E

(b)

22.75%

24.56%

14.63%17.89%

20.17%

A
B
C

D
E

(c)

Figure 2: Diferent specimen contribution in % (a) tensile, (b) fexural, and (c) impact strength of hybrid nanocomposites.
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3.2. Morphological Analysis. Te features of tensile surface
faws and the fbre-matrix contact were studied using
scanning electron microscopy (SEM). Others have utilized
this method to assess nanocomposites’ stifness modulus and
durability. SEM micrographs of natural fbre-based nano-
composites after tensile fracture are shown in Figure 3. Te
dispersion of multiwalled nanotubes in the epoxy matrix is
very consistent. Te fllers are to form agglomerates on the
processed specimens with maximum loadings. It is widely
acknowledged that proper fller dispersion in the matrix is
critical for optimal mechanical properties [17, 22, 23]. It is
well known that as fller loading increases, so does the ability
to agglomerate. Using a higher magnifcation, a single
multiwalled nanotubes particle with longitudinal geometries
may be observed. Te aggregation of multiwalled nanotubes
particles can be seen with the biggest ones being seen using
the SEM.

In the literature, failure modes for conventional fbre-
based polymerics have been identifed as polymer pain, fbre
breakage, and polymer and reinforcement adhesive catas-
trophe. Fibre pull-out rather than fracture could result from
a weedy border or insufcient contact between fbre and
matrix, decreasing mechanical characteristics. Depending
on the nanocomposite’s composition, numerous combina-
tions of these failures were observed in this investigation.
Tis sample of a nanocomposite with 6 wt. % multiwalled
nanotubes was examined using a scanning electron mi-
croscope (SEM), and a typical micrograph was obtained. In
the SEM photos [24], fbre pull-out and breaking may be
seen. Te interaction holes surrounding pull-out fbres in-
creased as the organic resin concentration increased, in-
dicating worse adhesion between the fbre and the biobased
matrix. It is exhibited that the interface features of pull-out
failures have been investigated. Nanocomposites containing
6 wt % multiwalled nanotubes had the same interfacial
separation as nanocomposite. Tis demonstrates that rein-
forcing using multiwalled nanotubes does not infuence the
fbre-matrix interfacial bonding. Tensile tests back up the
idea that a weaker interface leads to a more spectacular pull-
out, as mechanical characteristics deteriorated as the amount
of organic-based resin material increased (Figure 3). Te
fbre pulls allow more oomph to difuse at the boundaries,

which correlates with improved impact characteristics and
endurance during chemical-type epoxy treatment [16].

4. Water Absorption Behaviour

Te moisture content of numerous composite materials is
depicted in Figure 4 [18]. Water updating was signifcant
initially for all composite materials, but it has subsequently
become nearly constant and has declined in the fnal phase.
According to the data, all composite materials show a sub-
stantial moisture absorption rate over extended periods.
After the frst day, moisture content ranged from 12 to 22%,
rising to 12–38% for various composites formed. Te hybrid
nanocomposites constructed using multiwalled nanotubes
had the highest proportion of water attraction of all the
composite materials. Tis could be attributed to the hybrid
nanocomposite’s increased hydrophilic nature resulting in
fbre mixing andMWN integration.Te glass/jute with 6 wt.
% multiwalled nanotubes (Model E) combination had the
maximum water uptake values compared to the other
composites.

Figure 3: Optical macrostructure and SEM image of multiwalled nanotubes flled glass and jute based hybrid composites.
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Figure 4: Water absorption behaviour of multiwalled nanotubes
flled hybrid nanocomposites [18].
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Tis is owing to the high concentration of OH groups on
glass fbre surfaces. Te number of hydroxyl clusters and
microvoids in glass/epoxy composites increased, which
resulted in a signifcant increase in moisture fascination.Te
hybrid wood-glass combination absorbed the least water
quantity [25–27]. On the other hand, the hydrophilic
multiwalled nanotubes in the hybrid nanocomposite
absorbed more moisture than the hybrid composite. Te
moisture absorption of the 6 wt. % multiwalled nanotubes
flled hybrid composites is lower than that of the 0, 2, 4 wt. %
multiwalled nanotubes flled hybrid composites. Tis is
owing to adequate nanoparticle dispersion in the epoxy
matrix mixture. It aids in the reduction of void formation
and pushes the fbre out.Tismay aid in improvingmoisture
absorption properties [28, 29, 30].

5. Conclusion

Jute fbre, glass mat, and epoxy resin with multiwalled
nanotubes were employed to make multiwalled nanotubes
particles composites. Multiwalled nanotubes composites
were created, indicating nanocomposites might be used in
various applications. Te multiwalled nanotubes fller par-
ticles superior the tensile, fexural, and impact strength of the
hybrid fbres strengthened polymers, according to me-
chanical outcomes. When compared to the 2, 4 % wt, MWN,
multiwalled nanotubes with 6% wt. showed maximum
mechanical strength.With contributions of 24.21 percent for
tensile, 25.03 percent for fexural, and 24.56 percent for
impact, the E-type specimen contributes the most to the
various specimens. With 6 wt. % multiwalled nanotubes, the
E-type specimen exhibits more excellent mechanical qual-
ities when compared to other specimens A, B, C, and
D kinds.

Data Availability

Te data used to support the fndings of this study are in-
cluded within the article and are available from the corre-
sponding author upon request.

Conflicts of Interest

Te authors declare that there are no conficts of interest.

References

[1] H. Alshahrani and V. Arun Prakash, “Mechanical, fatigue and
DMA behaviour of high content cellulosic corn husk fbre and
orange peel biochar epoxy biocomposite: a greener material
for cleaner production,” Journal of Cleaner Production,
vol. 374, no. 2022, Article ID 133931, 2022.

[2] M. S. Chowdary, G. Raghavendra, M. S. R. N. Kumar, S. Ojha,
and V. Boggarapu, “Infuence of nano-silica on enhancing the
mechanical properties of sisal/kevlar fber reinforced poly-
ester hybrid composites,” Silicon, vol. 14, no. 2, pp. 539–546,
2022.

[3] S. Kaliappan, S. M. D. P. Nagarajan, and M. R. Kamal,
“Analysis of an innovative connecting rod by using fnite
elementmethod,” Taga Journal Of Graphic Technology, vol. 14,
pp. 1147–1152, 2018.

[4] M. Senthil Kumar, L. Natrayan, R. D. Hemanth,
K. Annamalai, and E. Karthick, “Experimental investigations
on mechanical and microstructural properties of Al2O3/SiC
reinforced hybrid metal matrix composite IOP Conference
Series: materials Science and Engineering,” IOP Conference
Series: Materials Science and Engineering, vol. 402, no. 1,
Article ID 012123, 2018.

[5] V. A. Vincent, “Strength characterization of caryota urens
fbre and aluminium 2024-t3 foil multi-stacking sequenced
sic-toughened epoxy structural composite,” Biomass Con-
version and Biorefnery, vol. 12, pp. 1–11, 2020.

[6] M. M. Matheswaran, T. V. Arjunan, S. Muthusamy et al., “A
case study on thermo-hydraulic performance of jet plate solar
air heater using response surface methodology,” Case Studies
in Termal Engineering, vol. 34, Article ID 101983, 2022.

[7] S. Sanjeevi, V. Shanmugam, S. Kumar et al., “Efects of water
absorption on the mechanical properties of hybrid natural
fbre/phenol formaldehyde composites,” Scientifc Reports,
vol. 11, pp. 13385–13396, 2021.

[8] K. C. Manikandan Nair, S. Tomas, and G. Groeninckx,
“Termal and dynamic mechanical analysis of polystyrene
composites reinforced with short sisal fbres,” Composites
Science and Technology, vol. 61, no. 16, pp. 2519–2529, 2001.

[9] N. Merah and O. Mohamed, “Nanoclay and water uptake
efects on mechanical properties of unsaturated polyester,”
Journal of Nanomaterials, vol. 2019, Article ID 8130419,
11 pages, 2019.

[10] V. Fiore, T. Scalici, and A. Valenza, “Efect of sodium bi-
carbonate treatment on mechanical properties of fax-
reinforced epoxy composite materials,” Journal of Compos-
ite Materials, vol. 52, no. 8, pp. 1061–1072, 2018.

[11] R. P. Singh and P. Aggarwal, “Efect of nanosilica on the
properties of cement mortar,” Cem. Int.vol. 13, pp. 65–70,
2015.

[12] E. I. Akpan, X. Shen, B. Wetzel, and K. Friedrich, Design and
Synthesis of Polymer Nanocomposites, Woodhead Publishing,
Sawston, UK, 2018.

[13] G. Raghavendra, S. Ojha, S. K. Acharya, and S. K. Pal, “In-
fuence of micro/nanofller alumina on the mechanical be-
havior of novel hybrid epoxy nanocomposites,” High
Performance Polymers, vol. 27, no. 3, pp. 342–351, 2015.

[14] F. Perreault, A. Fonseca De Faria, and M. Elimelech, “En-
vironmental applications of graphene-based nanomaterials,”
Chemical Society Reviews, vol. 44, no. 16, pp. 5861–5896, 2015.

[15] J. Datta, P. Kosiorek, and M.Włoch, “Efect of high loading of
titanium dioxide particles on the morphology, mechanical
and thermo-mechanical properties of the natural rubber-
based composites,” Iranian Polymer Journal (English Edi-
tion), vol. 25, no. 12, pp. 1021–1035, Iran, 2016.

[16] G. Seshanandan, D. Ravindran, and T. Sornakumar, “Me-
chanical properties of nano titanium oxide particles - hybrid
jute-glass FRP composites,” Materials Today: Proceedings,
vol. 3, no. 6, pp. 1383–1388, 2016.

[17] V. Arun prakash and A. Rajadurai, “Inter laminar shear
strength behavior of acid, base and silane treated E-glass fbre
epoxy resin composites on drilling process,” Defence Tech-
nology, vol. 13, pp. 40–46, 2017.

[18] C. R. Mahesha, R. Suprabha, M. S. Harne et al., “Mebratu
markos, “nanotitanium oxide particles and jute-hemp fber
hybrid composites: evaluate the mechanical, water absorp-
tions, and morphological behaviors”,” Journal of Nano-
materials, vol. 2022, Article ID 3057293, 7 pages, 2022.

[19] L. Natrayan, S. Kaliappan, S. Baskara Sethupathy et al., “In-
vestigation on interlaminar shear strength and moisture

6 Advances in Materials Science and Engineering



absorption properties of soybean oil reinforced with alu-
minium trihydrate-flled polyester-based nanocomposites,”
Journal of Nanomaterials, vol. 2022, Article ID 7588699,
8 pages, 2022.

[20] H. Alshahrani and V. Arun Prakash, “Termal, mechanical
and barrier properties of rice husk ash biosilica toughened
epoxy biocomposite coating for structural application,”
Progress in Organic Coatings, vol. 172, no. 2022, Article ID
107080, 2022.

[21] T. Sathish, K. Palani, L. Natrayan, A. Merneedi,
M. V. De Poures, and D. K. Singaravelu, “Synthesis and
characterization of polypropylene/ramie fber with hemp fber
and coir fber natural biopolymer composite for biomedical
application,” International Journal of Polymer Science,
vol. 2021, Article ID 2462873, 2028 pages, 2021.

[22] G. Manikandan, “Mechanical and delamination studies on
siliconized chitosan and morinda-citrifolia natural fber-
reinforced epoxy composite in drilling,” Polymer Compos-
ites, vol. 42, pp. 181–190, 2021.

[23] D. Jayabalakrishnan, P. Prabhu, and S. Mohamed, “Me-
chanical, dielectric, and hydrophobicity behavior of coconut
shell biochar toughened Caryota urens natural fber rein-
forced epoxy composite,” Polymer Composites, vol. 43, no. 1,
pp. 493–502, 2021.

[24] H. Alshahrani, G. Pathinettampadian, A. K. Gujba, and
A. Prakash Vincent Rethnam, “Efect of palmyra sprout fber
and biosilica on mechanical, wear, thermal and hydrophobic
behavior of epoxy resin composite,” Journal of Industrial
Textiles, vol. 52, no. 2022, Article ID 152808372211373, 2022.

[25] S. Yogeshwaran, “Mechanical properties of leaf ashes rein-
forced aluminum alloy metal matrix composites,” In-
ternational Journal of Applied Engineering Research, vol. 10,
no. 13, pp. 11048–11052, 2015.

[26] R. Ramaswamy, “Characterization of prickly pear short fber
and red onion peel biocarbon nanosheets toughened epoxy
composites,” Polymer Composites, vol. 43, 2022.

[27] S. Senthil Kumar, T. C. Anil Kumar, M. Chokkalingam et al.,
“Mechanical, fracture toughness, and fatigue behavior of
spinifex littoreus fber on echinoidea spike toughened epoxy
composite,” Polymer Composites, vol. 43, pp. 2329–2340,
2022.

[28] T. Sathish, L. Natrayan, S. Prasad Jones Christydass et al.,
“Experimental investigation on tribological behaviour of
AA6066: HSS-Cu hybrid composite in dry sliding condition,”
Advances in Materials Science and Engineering, vol. 2022,
Article ID 9349847, 9 pages, 2022.

[29] R., S. K. Subbiah and P. P. Patil, “Efect of nanosilica on
mechanical, thermal, fatigue, and antimicrobial properties of
cardanol oil/sisal fber reinforced epoxy composite,” Polymer
Composites, vol. 43, 2022.

[30] L. Natrayan, P. V. Arul Kumar, J. A. Dhanraj et al., “Synthesis
and analysis of impregnation on activated carbon in multi-
walled carbon nanotube for Cu adsorption from wastewater,”
Bioinorganic Chemistry and Applications, vol. 2022, Article ID
7470263, 8 pages, 2022.

Advances in Materials Science and Engineering 7




