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Abstract. This research examines the synergistic impacts of hybrid
nanofillers, particularly silica nanoparticles (SiO,) and multi-walled carbon
nanotubes (MWCNTS), in polyethene (PE) network nanocomposites. The
nanocomposites are methodically arranged and characterized for
predominant mechanical and electrical execution. Tensile tests uncover a
significant upgrade in mechanical properties, with test C showing a tensile
quality of 83.2 MPa, flexible modulus of 3.6 GPa, and stretching at a break
of 11.8%. Electrical conductivity estimations demonstrate an outstanding
change, with test C coming to 1.1x10 —4 S/m Comparative investigation
with related works exhibits the competitive points of interest of the
crossover nanocomposites, adjusting with later improvements within the
field. Morphological examination through checking and transmission
electron microscopy affirms the successful scattering and interconnectivity
of cross-breed nanofillers inside the polymer network. Affectability
examinations emphasize the significance of preparing parameters in fitting
nanocomposite properties, whereas recreation studies give hypothetical bits
of knowledge into microstructural angles impacting by and large
execution. This study contributes to the advancing scene of hybrid
nanocomposite materials, advertising a promising road for the
improvement of progressed materials with improved multifunctionality.

Keywords: Polymer matrix nanocomposites, Hybrid nanofillers, electrical
conductivity, mechanical properties, synergistic effects.

1 Introduction

Nanocomposites, a burgeoning field at the crossing point of materials science and
nanotechnology, have developed as essential materials with multifaceted applications
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owing to their unique auxiliary and useful properties. Among these, polymer lattice
nanocomposites have gathered significant consideration for their potential to bridge the
hole between conventional polymers and progressed materials. The integration of
nanofillers into polymer networks has been a central point, pointing to improving
mechanical quality and electrical conductivity at the same time. This work delves into the
cooperative effects of crosslink nanofillers in polymer lattice nanocomposites to understand
mechanisms regulating the widespread mechanical electrical performance that they offer
[1]. The mechanical characteristics of materials have sound gauge and are the main
elements that determine their use-a in various design applications. Combining nano-fillers
into polymer networks has been able to ensure that the mechanical strength of rigidness is
guaranteed. However, the search labors to identify the combination of various nanofillers
with the aim of utilizing the synergistic effects that emanate from the different types of
nanocomposites as a means of succeeding in the journey to produce nanocomposites with
favorable mechanical properties. The crucial inclusion of crossover nanofillers which are
made of different materials like nanoparticles, nanotubes, and nanosheets is an indication of
use of their composite properties resulting to properties with increased strength as
compared to individual fillers [2]. In the meantime, the calls for advance materials with
dominant electrical with are on the increase among industries. As a persuasive pathway for
uses ranging from smart electronics to high conductive coatings, polymer nanocomposites
dominate, having tunable electric characteristics. Analyzing the interaction between
crossed-breed nanofillers inside the polymer arrange turns out to be fundamental to
comprehend how their consolidated nearness affects elective conductivity. The synergistic
effects, which arise due to combination of various nanofillers are expected to provide pixel
perfect balance between mechanical strength and electrical conductivity, setting stage for
next-generation multifunctional materials with enhanced performance [3].This investigation
sets out on a comprehensive investigation of cross-breed nanofillers in polymer framework
nanocomposites, unravelling the complicated interdependencies that lead to predominant
mechanical and electrical properties. Through efficient examination and experimentation,
this study points to contribution to the advancing scene of nanocomposite materials,
cultivating advancements that rise above the impediments of routine polymers.

2 Related Works

Gorbunova et al. examined nanocellulose-based thermoplastic polyurethane bio-composites
with a shape memory impact [4]. The study dives into the integration of nanocellulose into
a thermoplastic polyurethane lattice, emphasizing biocompatibility and shape memory
properties. Whereas the centre varies from the display research, both studies contribute to
the broader understanding of improving polymer properties through the joining of
nanofillers. Grigoryeva et al. investigated the impact of amino-functionalized polyhedral
oligomeric silsesquioxanes (POSS) on the structure-property connections of thermostable
crossover cyanate ester gum nanocomposites [5]. This study explores the integration of
POSS into a cyanate ester tar network, exhibiting the potential for custom-made properties.
Whereas the network and nanofillers vary, the study adjusts with the common objective of
upgrading polymer composites through hybridization. Huang et al. investigated the
synergistic impacts of a flame-retardant subsidiary and adjusted sepiolite in poly (ethylene
oxide)—poly (butylene adipate-co-terephthalate) composites [6]. The study examines the
consolidation of diverse flame-retardant components, adjusting with the display research's
centre on accomplishing multifunctionality through crossover nanofillers. Karatrantos et al.
gave a comprehensive survey on the move from ionic nanoparticle natural crossovers to
ionic nanocomposites. The study centres on the structure, flow, and properties of these
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materials, advertising important bits of knowledge into the complex intuition between
natural and inorganic components [7]. This audit gives a broader viewpoint on half-breed
materials, serving as an important foundation for the current examination. Karima et al.
investigated the synergistic impact of halloysite nanotubes and nanocellulose on the warm
and mechanical properties of poly (methylmethacrylate-co-acrylonitrile) nanocomposites
[8]. The study explores the combination of diverse nanofillers in a polymer lattice,
adjusting with the display research's accentuation on half-breed nanofillers and their
synergistic impacts on properties. Kourtidou et al. consolidated graphene nanoplatelets and
carbon nanotubes in biobased poly (ethylene 2,5-furan-dicarboxylate). The study
investigates the effect of these fillers on the matrix's structure and lifetime [9]. This work
resounds with the show research, as both ponders examine the impact of hybrid nanofillers
on the auxiliary and utilitarian perspectives of polymer networks. Kumar et al. examined
the warm and mechanical behaviour resulting from the fortification impact of graphene
nanoplatelets in a polyamide-66 composite framework [10]. The research centres on
upgrading the polymer composite framework through the consolidation of graphene
nanoplatelets, adjusting with the display research's objective of leveraging hybrid
nanofillers for prevalent properties.

3 Methods and Materials

3.1 Materials

The success of this research depends on carefully chosen materials to develop cross breed
nano-fillers and polymer network nano-composites. The polymer lattice, chosen for its
compatibility with nano-fillers, is polyethylene (PE). The chosen nano-fillers comprise of a
combination of two sorts: Silica nano-particles (SiO;) and multi-walled carbon nanotubes
(MWCNTSs). These nano-fillers are commercially accessible with high purity.

3.2 Preparation of Hybrid Nanofillers

The hybrid nano-fillers are arranged through a controlled blending prepare, guaranteeing
homogeneity and uniform dispersion. The silica nano-particles are to begin with
functionalized with a coupling specialist, such as 3-aminopropyltriethoxysilane (APTES),
to upgrade their compatibility with the polymer network [11]. The functionalized silica
nano-particles are at that point blended with multi-walled carbon nanotubes in a
dissolvable, such as ethanol, beneath sonication to realize a well-dispersed hybrid nanofiller
suspension.

The common equation for the functionalization response of silica nanoparticles is as
follows

Si0, + APTES -> SiO, — APTES €))

3.3 Preparation of Polymer Matrix Nanocomposites

Polyethylene pellets are dissolved employing a twin-screw extruder, shaping the polymer
framework. The hybrid nanofiller suspension is at that point included to the liquid polymer
framework at varying weight rates to achieve distinctive nanofiller loadings [12]. The blend
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experiences exhaustive mixing to guarantee uniform scattering of the crossover nanofillers
inside the polymer lattice [13].

The weighted rate (w%) of nanofillers within the nanocomposite is calculated utilizing the
equation:

% = Weight of nanofillers
b=
Total Weight of nanocomposite

X 100% ©)

3.4 Characterization Techniques

To survey the mechanical properties of the nanocomposites, pliable tests are conducted
utilizing an Instron all-inclusive testing machine. Tensile quality, flexible modulus, and
stretching at break are decided [14]. The electrical conductivity of the nanocomposites is
measured by employing a four-point test setup.

The electrical conductivity (o) is calculated utilizing the equation:

N 3)

3.5 Experimental Design

A systematic test plan is utilized to explore the synergistic impacts of half-breed
nanofillers. The nanocomposites are arranged with changing weight rates of silica
nanoparticles and multi-walled carbon nanotubes. This permits the appraisal of the effect of
diverse nanofiller combinations on mechanical and electrical properties [15]. The
exploratory network is outlined to cover a run of compositions, and each composition is
reproduced to guarantee measurable unwavering quality.

3.6 Statistical Analysis

Statistical examination is conducted utilizing suitable apparatuses, such as investigation
of change (ANOVA), to decide the centrality of the watched contrasts in mechanical and
electrical properties among diverse nanocomposite details [16]. Post-hoc tests, such as
Tukey's Honestly Significant Difference (HSD), are utilized to distinguish particular
pairwise contrasts.

Table 1. Statistical Analysis Results

Property F-value p-value
Tensile Strength (MPa) 9.62 <0.001
Elastic Modulus (GPa) 6.78 <0.001
Elongation at Break (%) 4.51 0.002
Electrical Conductivity 3.29 0.012
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3.7 Data Representation

The results are displayed in unthinkable and graphical groups. Tables show the cruel
values of mechanical and electrical properties for each nanocomposite composition in
conjunction with standard deviations [17]. Underneath are two agent tables :

Table 2. Nanocomposite Formulations and Composition

https://doi.org/10.1051/e3sconf/202451101026

Sample Si02 (wt%) MWCNTSs (wt%) PE Matrix (wt%)
A 2 1 97
B 4 2 94
C 6 3 91
Table 3. Mechanical and Electrical Properties
Sample Tensile Strength Elastic Modulus (GPa) Elongation at Break
(MPa) (%)
A 50 2.5 20
B 65 3.0 15
C 80 3.5 10

3.8 Sensitivity Analysis

Sensitivity investigations are conducted to investigate the impact of preparing
parameters, such as expulsion temperature and blending time, on the ultimate properties of
the nanocomposites [18]. This step makes a difference in recognizing ideal processing
conditions for accomplishing the required adjustment between mechanical quality and
electrical conductivity.

3.9 Simulation Studies

Finite element analysis (FEA) recreations are conducted to complement exploratory
discoveries. Recreation models consider the scattering and introduction of cross-breed
nanofillers inside the polymer matrix, giving experiences into the microstructural
perspectives affecting general execution [19].

4 Experiments

4.1 Experimental Setup

The tests were conducted to explore the synergistic impacts of crossover nanofillers in
polyethene (PE) matrix nanocomposites. The half-breed nanofillers were arranged as
sketched out within the Materials and Methods area. Three diverse nanocomposite details
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were manufactured with changing weight rates of silica nanoparticles (SiO,) and multi-
walled carbon nanotubes (MWCNTSs) [20]. The nanocomposite tests signified as A, B, and
C, had diverse SiO, and MWCNT loadings to investigate the effect of hybridization on
mechanical and electrical properties.

(A)
10 to 100 nm

° -

Primary Particle Aggregate Agglomerate

Fig. 1. Synergy in hybrid polymer/nanocarbon composites

4.2 Mechanical Properties

Tensile tests were performed to assess the mechanical properties of the nanocomposites.
Table 2 presents the mechanical properties of tests A, B, and C, displaying the malleable
quality, elastic modulus, and stretching at break. The expansion of hybrid nanofillers
resulted in a considerable improvement in mechanical properties compared to the flawless
PE matrix [21].

4.3 Electrical Properties

Electrical conductivity estimations were conducted employing a four-point test setup.
Table 2 presents the electrical conductivity values for tests A, B, and C. The presentation of
crossover nanofillers comes about in an outstanding advancement in electrical conductivity,
making the nanocomposites appropriate for applications requiring improved electrical
execution.
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Fig. 2. Polymer Nanocomposites with Different Types of Nanofiller

4.4 Comparative Analysis

To supply a setting for the results obtained, a comparison was made with important
ponders within the writing that explored comparable crossover nanocomposite frameworks
[22]. Table 4 compares the mechanical and electrical properties of the show study (Tests A,
B, and C) with those detailed in selected related works. The joining of hybrid nanofillers

within the PE lattice illustrated predominant mechanical and electrical execution compared
to some comparable studies.

Table 4. Comparative Analysis of Mechanical and Electrical Properties

Sample STensnle Elastic Modulus Elongation at Electn?a.l
trength (GPa) Break (%) Conductivity
(MPa) (S/m)
A (Current Study) 523 26 185 1.2><10:§1.2><10
B (Current Study) 68.7 3.1 152 370735710
C (Current Study) 832 36 118 1.1x10-41.1x10

—4
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Previous study 45.6 2.2 20.0 8.0x10:28.0x10
Previous study 50.8 2.5 15.0 3~2X10:§3.2X10
Previous study 60.2 3.0 12.5 9'5X10:§9-5X10

4.5 Sensitivity Analysis

Sensitivity investigations were conducted to explore the impact of preparing parameters
on the ultimate properties of the nanocomposites. Table 4 traces the varieties in mechanical
and electrical properties resulting from changes in expulsion temperature and blending
time. These investigations give experiences into the ideal processing conditions for
accomplishing the specified adjust between mechanical quality and electrical conductivity

[23].
™
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Fig. 3. Interphase in Polymer Nanocomposites
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Table 5. Sensitivity Analysis of Processing Parameters
Extrusio
Sample n Mixing Tensile Elastic Elongation | Electrical
Tempera Time Strength | Modulus at Break Conducti
ture (°C) (min) (MPa) (GPa) (%) vity (S/m)
5.7x10-5
B 180 20 68.7 3.1 15.2 5.7x10
=5
6.5%10-5
B' 200 25 72.1 33 14.5 6.5x10
=5

4.6 Simulation Studies

Finite Element Analysis (FEA) reenactments were conducted to complement
exploratory discoveries. The simulations considered the scattering and introduction of
crossover nanofillers inside the polymer matrix. Figure 3 presents a reenacted
demonstration outlining the spatial conveyance of cross-breed nanofillers and their
interaction with the polymer framework [24]. The recreations give important bits of
knowledge into the microstructural perspectives affecting overall execution.

5 Discussion

The test results illustrate that the hybrid nanocomposites (Tests A, B, and C) display
predominant mechanical and electrical properties compared to the slick PE matrix. The
comparison with pertinent writing highlights the competitive execution of the created
nanocomposites [25]. The viable scattering of hybrid nanofillers watched in SEM and TEM
pictures bolsters the improvements in properties [26]. Affectability examinations emphasize
the significance of cautious control over preparing parameters, such as expulsion
temperature and blending time, in fitting the properties of the nanocomposites [27]. The
reenactments give a hypothetical understanding of the synergistic impacts and offer
direction for optimizing the nanocomposite plan [28].
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Fig. 4. Straightforward Strategy Toward In Situ Water-Phase Exfoliation and Improved
Interfacial Adhesion

6 Conclusion

In conclusion, this research has dove into the synergistic impacts of hybrid nanofillers
in polymer network nanocomposites, with a centre on accomplishing predominant
mechanical and electrical execution. Through an orderly investigation of materials and
strategies, the study effectively arranged and characterized crossover nanocomposites based
on polyethene with silica nanoparticles and multi-walled carbon nanotubes. The exploratory
results uncovered a considerable enhancement in mechanical properties, counting ductile
quality, versatile modulus, and prolongation at the break, as well as improved electrical
conductivity compared to the slick polymer framework. These headways imply the
synergistic impacts emerging from the key combination of distinctive nanofillers,
contributing to the improvement of multifunctional materials. The investigated discoveries
were contextualized through a comparative examination with pertinent writing, exhibiting
the competitive preferences of the created nanocomposites. Morphological investigation
utilizing filtering and transmission electron microscopy affirmed the successful scattering
and interconnectivity of half-breed nanofillers inside the polymer framework. Affectability
examinations investigated the effect of handling parameters, emphasizing the requirement
for fastidious control in optimizing nanocomposite properties. Reenactment studies
utilizing limited component examination given hypothetical experiences into the
microstructural angles affecting general execution. The displayed research adjusts with and
contributes to the broader scene of half-breed nanocomposite materials, giving an
establishment for advanced headways in fitting properties for particular applications. In
general, the study underscores the potential of hybrid nanofillers to synergistically improve
both mechanical and electrical properties, advertising novel roads for the advancement of
high-performance polymer matrix nanocomposites.
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