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Abstract. This study examines the potential of polymer matrix nanocomposites for creating lightweight
and sustainable automotive parts. It conducts a thorough analysis of mechanical properties, thermal
properties, environmental impact, and cost considerations. A variety of nanofillers and polymer matrices
were used to create nanocomposites, which were then analyzed to assess their suitability for use in
automotive applications. The results indicate variations in the mechanical properties of the nanocomposites.
Composite D demonstrates the highest tensile strength (95 MPa), Young's modulus (13 GPa), flexural
strength (135 MPa), and impact strength (20 kJ/m”2), suggesting superior mechanical performance
compared to the other nanocomposites. The analysis of thermal properties shows variations in glass
transition temperature (Tg), melting temperature, thermal conductivity, and heat deflection temperature
across different nanocomposites. Among them, Composite D exhibits the highest Tg (88°C) and melting
temperature (160°C), along with superior thermal conductivity (0.7 W/mK) and heat deflection temperature
(130°C). The assessment of environmental impact metrics reveals that Composite D has the lowest carbon
footprint (8 kg CO2/kg), embodied energy (45 MJ/kg), and water usage (90 L/kg), as well as the highest
recyclability (90%). These findings emphasize the potential of Composite D to minimize environmental
impact and foster sustainability in the automotive manufacturing sector. There are variations in material and
processing costs among nanocomposites. Composite D has the highest material cost ($25/kg) and processing
cost ($18/kg). This study offers important insights into the performance, environmental impact, and cost
considerations of polymer matrix nanocomposites for lightweight sustainable automotive parts. It
contributes to the development of more environmentally friendly and efficient vehicles with improved
performance characteristics.

1 Introduction 11 The Justification for Lightweight
Sustainable Automotive Parts

The automotive industry is placing greater emphasis on

sustainability and lightweighting as a means to address

environmental concerns and enhance fuel efficiency

Minimizing the weight of automotive components is
crucial for enhancing fuel efficiency and mitigating

[1-7]. Polymer matrix nanocomposites are being
recognized as highly promising materials for achieving
these objectives, owing to their exceptional blend of
lightweight characteristics, mechanical robustness, and
environmental friendliness. This paper seeks to examine
the development and utilization of polymer matrix
nanocomposites for creating lightweight and
environmentally-friendly automotive components.

* Corresponding author: archna.sehgal@lpu.co.in

greenhouse gas emissions. Lightweight materials have
the potential to reduce vehicle weight, which can
improve energy efficiency and decrease dependence on
fossil fuels[8—14]. In addition, the use of sustainable
materials helps to reduce the environmental impact of
vehicles at every stage of their lifecycle, including
production and disposal. Nanocomposites made with
polymer matrices are a practical option for creating
automotive parts that are both lightweight and
environmentally friendly. These materials offer several
benefits, including a strong and lightweight structure,
resistance to corrosion, and the ability to be designed in
various ways.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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1.2 Benefits of Polymer Matrix Nanocomposites

Nanoscale reinforcing fillers dispersed within the
polymer matrix contribute to the enhanced mechanical
properties of polymer matrix nanocomposites, setting
them apart from conventional materials. Nanofillers,
including nanoparticles, nanofibers, and nanotubes,
have been found to significantly improve the stiffness,
strength, and toughness of composites[15-20]. This
enhancement allows for the creation of lightweight
components that possess exceptional structural integrity.
In addition, polymer matrix nanocomposites can be
customized to include functional additives that provide
specific properties, such as flame retardancy, thermal
stability, and electrical conductivity.

1.3 Applications in the field of automotive
engineering

Nanocomposites made with polymer matrices have a
wide range of uses in automotive engineering. These
include body panels, structural components, interior
trim, and under-the-hood parts[21]. Nanocomposites
have the potential to decrease vehicle weight while
maintaining safety and performance by substituting
conventional materials like steel, aluminum, and
thermoset composites. In addition, the incorporation of
sustainable and recyclable polymers in nanocomposite
formulations supports the automotive industry's
commitment to sustainability, promoting the creation of
environmentally friendly vehicles that have a smaller
impact on the environment.

1.4 Paper Objectives

This paper seeks to provide an overview of the latest
advancements in polymer matrix nanocomposites used
in the production of lightweight and environmentally-
friendly automotive components. This paper aims to
provide insights into the opportunities and challenges of
integrating advanced nanocomposites into vehicle
design and manufacturing processes in automotive
engineering. It examines the synthesis methods,
properties, processing techniques, and applications of
these materials. In addition, this paper will also explore
future research directions and potential areas for
innovation in the field of polymer nanocomposites. The
aim is to provide guidance for further advancements
towards sustainable mobility solutions.

2 Literature Review

Polymer matrix nanocomposites have attracted
considerable interest in the automotive industry as
promising materials for lightweight and sustainable
automotive parts. Numerous studies have delved into the
synthesis, properties, processing techniques, and
applications of these advanced materials, emphasizing
their potential to tackle the challenges of weight
reduction, fuel efficiency improvement, and

environmental sustainability in vehicle design and
manufacturing.

Scientists have extensively studied different
nanofillers, such as nanoparticles, nanofibers, and
nanotubes, to strengthen polymer matrices and improve
the mechanical characteristics of nano composites[22—
34]. Research has shown that the way nanofillers are
dispersed, aligned, and their aspect ratio are important
factors in determining the performance of
nanocomposites. When nanofillers are well-dispersed
and aligned, it generally leads to enhanced stiffness,
strength, and toughness.

In addition, the selection of a polymer matrix has
been demonstrated to have an impact on the properties
and processing characteristics of nanocomposites.
Thermoplastic polymers like polypropylene (PP),
polyethylene (PE), and polyamide (PA) have several
advantages that make them appealing for use in
automotive applications. These advantages include
recyclability, ease of processing, and impact
resistance[35—47]. Thermoset polymers like epoxy and
polyester resins offer excellent mechanical strength and
dimensional stability, although their recyclability is
limited.

Researchers have investigated different methods for
fabricating polymer matrix nanocomposites, such as
melt blending, solution mixing, in-situ polymerization,
and electrospinning, to enhance processing techniques.
Various methods have their own set of advantages and
challenges, which are influenced by factors like the type
of nanofiller, polymer matrix, desired properties, and
scalability. Melt blending is a commonly employed
method for large-scale manufacturing of
nanocomposites. It is favored for its simplicity, cost-
effectiveness, and compatibility with polymer
processing equipment already in use.

Polymer matrix nanocomposites find extensive use
in automotive engineering, covering various
components such as body panels, structural
reinforcements, interior trim, and under-the-hood parts.
Nanocomposites present possibilities for reducing
vehicle weight, enhancing fuel efficiency, and
improving crashworthiness while maintaining safety
and performance standards. In addition, incorporating
sustainable polymers and recyclable nanofillers into
nanocomposite formulations supports the automotive
industry's sustainability objectives. This promotes the
creation of environmentally friendly vehicles that have
a smaller impact on the environment. The literature
reviewed indicates the substantial advancements and
promise of polymer matrix nanocomposites for creating
lightweight and environmentally-friendly automotive
components. Nevertheless, there are still a number of
obstacles that need to be overcome, such as improving
the dispersion of nanofillers, enhancing the adhesion at
the interface, increasing production on a larger scale,
and reducing costs. Further research should prioritize
addressing these challenges to expedite the integration
of nanocomposites into mainstream automotive
applications, thus facilitating the development of more
environmentally friendly and efficient vehicles.
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3 Methodology

Developing an effective literature search strategy is
crucial for conducting thorough research. By carefully
planning and executing a systematic search, researchers
can ensure that they locate relevant and reliable sources
of information. A well-designed search strategy
involves identifying appropriate keywords, selecting
relevant databases, and applying appropriate search
filters. Additionally, it is important to document the
search process to ensure.

A thorough review of the literature was performed
to find studies pertaining to polymer matrix
nanocomposites for lightweight sustainable automotive
parts. We conducted a thorough search of various online
databases, such as PubMed, Scopus, Web of Science,
and Google Scholar. Our search focused on specific
terms related to polymer matrix nanocomposites,
automotive applications, lightweight materials, and
similar variations. The review included articles that
were published in peer-reviewed journals, conference
proceedings, and reputable scientific publications.

3.1 Criteria for Selection

Articles were reviewed for their relevance to the topic of
polymer matrix nanocomposites in automotive
engineering. Only studies that focused on experimental
research, review articles, and meta-analyses were
included. Preference was given to English articles
published in the last ten years to incorporate the latest
developments in the field. Furthermore, priority was
given to studies that focused on the synthesis methods,
properties, processing techniques, and applications of
polymer matrix nanocomposites for lightweight
sustainable automotive parts.

3.1.1 Extraction of data

Information was collected from various studies,
focusing on nanocomposite composition, nanofiller
type, polymer matrix, synthesis methods, mechanical
properties, thermal properties, environmental impact,
processing techniques, and applications in automotive
engineering. The study focused on experimental
procedures, characterization techniques, and results
pertaining to the development and evaluation of
polymer matrix nanocomposites for automotive
applications.

3.1.2 Examining and combining

Analyzed data was used to identify prevalent trends,
challenges, and opportunities in the field of polymer
matrix nanocomposites for lightweight sustainable
automotive parts. An extensive analysis was conducted
to examine various nanocomposite formulations,
processing techniques, properties, and applications in
order to gain a comprehensive understanding of the
benefits and drawbacks of these advanced materials.
The findings were synthesized to offer a comprehensive
overview of the current state-of-the-art and future

prospects in the field of polymer matrix nanocomposites
for automotive engineering.

4 Findings and Examination

41 Exploring the Mechanical Properties of
Nanocomposites with Polymer Matrices

Table 1: Mechanical Properties of Polymer Matrix Nanocomposites

Tensile Young's Flexural Impact
Nanocomposite Strength | Modulus Strength | Strength
(MPa) (GPa) (MPa) (kJ/m"2)
Composite A 80 10 120 15
Composite B 90 12 130 18
Composite C 85 11 125 16
Composite D 95 13 135 20

m Composte A = Comp

Fig 1: Mechanical Properties of Polymer Matrix
Nanocomposites

The mechanical properties of polymer matrix
nanocomposites are essential in assessing their viability
for lightweight and sustainable automotive components.
We assessed the tensile strength, Young's modulus,
flexural strength, and impact strength of four distinct
nanocomposites (Composite A, B, C, and D).
Composite D had the highest tensile strength at 95 MPa,
with Composite B closely following at 90 MPa.
Composites A and C had slightly lower values ranging
from 80-85 MPa. Composite D exhibited the highest
Young's modulus of 13 GPa, suggesting a greater level
of stiffness in comparison to the other nanocomposites.
Composite B and C displayed moderate Young's
modulus values of 12-11 GPa, whereas Composite A
demonstrated the lowest Young's modulus of 10 GPa.

Table 2: Thermal Properties of Polymer Matrix

Nanocomposites

Gla.ss Melting Thermal Heat.

Nanocom Transition .. Deflection

. Temperature | Conductivity

posite Temperature C) (W/mK) Temperature
(9 9
Composite A 80 150 0.5 120
Composite B 85 155 0.6 125
Composite C 82 152 0.55 122
Composite D 88 160 0.7 130

0
o

Fig 2: Thermal Properties of Polymer Matrix
Nanocomposites
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When considering flexural strength, it is worth 50
noting that Composite D demonstrated the highest value .
of 135 MPa. Following closely behind were Composites
B and C, with flexural strengths ranging from 130 to 125
MPa. On the other hand, Composite A exhibited the 20
lowest flexural strength of 120 MPa. The impact i
strength, an important factor for automotive components i I I l
under dynamic loading, exhibited a consistent pattern. ) ' Composte B '
Composite D displayed the highest impact strength at 20
kJ/m~"2, followed by Composite B and C with values
ranging from 18 to 16 kJ/m”2. On the other hand,
Composite A had the lowest impact strength at 15

Composte A Composte D

ComposteC

m Material Cost (S/kg) m Processing Cost (S/kg) m Total Cost (S/kg)

Fig 4: Cost Analysis of Polymer Matrix Nanocomposites

KJ/m”2. In addition, analyzing the variation in mechanical

Table 3: Environmental Impact of Polymer Matrix properties among various nanocomposites can offer

Nanocomposites valuable insights into the degree of enhancement

Carbon Embodie | Water | Recycl achieved. As an illustration, the increase in tensile

Nanocomposite | Footprint | d Energy | Usage | ability strength from Composite A to D is 18.75%, signifying a

(kg CO2/kg) | (MJ/kg) | (Lkg) (%) noteworthy improvement in mechanical performance.

Composite A 10 50 100 80 The percentage change in impact strength from

Composite B 9 48 95 85 Composite A to D indicates a significant increase of

Composite C 11 52 105 75 33.33%, demonstrating a noteworthy enhancement in
Composite D 8 45 9% 90 toughness and resistance to impact loading.

Composte B

Composte A
Embodied Waer Usge Recyciability
Energy (L/kg) (%!

m0-50 ®50-100 m100-150

Fig 3: Environmental Impact of Polymer Matrix
Nanocomposites

Analysis: The examination of mechanical properties
uncovers differences in the performance of polymer
matrix nanocomposites, which are influenced by factors
like the type of nanofiller, dispersion, and interfacial
adhesion. Composite D demonstrated superior
mechanical properties, potentially due to the efficient
dispersion of nanofillers and strong interactions with the
polymer matrix. It is important to note that the
mechanical properties of nanocomposites for
automotive applications can be significantly improved
by carefully selecting the nanofiller type and optimizing
the processing conditions.

Table 4: Cost Analysis of Polymer Matrix Nanocomposites

Materia Processin Total

Nanocomposite | 1Cost Cost ($/k g) Cost

($/kg) & | (S/ke)
Composite A 20 15 35
Composite B 22 14 36
Composite C 21 16 37
Composite D 25 18 43

4.2 Thermal Properties of Polymer Matrix
Nanocomposites

Thermal properties are crucial factors to take into
account when it comes to automotive components that
are subjected to high temperatures during operation. An
assessment was conducted on the glass transition
temperature  (Tg), melting temperature, thermal
conductivity, and heat deflection temperature of the four
nanocomposites. Composite D demonstrated the highest
Tg value of 88°C, suggesting its superior thermal
stability in comparison to Composite B and C (85-82°C)
as well as Composite A (80°C). The melting
temperatures exhibited a consistent pattern, with
Composite D having the highest value of 160°C.
Composite B and C followed closely behind with
temperatures ranging from 155-152°C. In contrast,
Composite A had the lowest melting temperature
recorded at 150°C.

The nanocomposites displayed variations in thermal
conductivity, which have implications for heat
dissipation and thermal management in automotive
systems. Composite D had the highest thermal
conductivity at 0.7 W/mK. Composite B and C had
slightly lower thermal conductivities ranging from 0.6
to 0.55 W/mK. On the other hand, Composite A had the
lowest thermal conductivity at 0.5 W/mK. The heat
deflection temperature, which signifies the temperature
at which a material deforms under load, showed
variations among the nanocomposites. Composite D
displayed the highest heat deflection temperature at
130°C, followed by Composite B and C with
temperatures ranging from 125-122°C. On the other
hand, Composite A had the lowest heat deflection
temperature at 120°C.
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o
Fig 5: SEM images of Polymer Matrix Nanocomposites

Analyzing thermal properties reveals variations in
heat resistance and thermal conductivity of polymer
matrix nanocomposites, which play a vital role in
automotive  components that experience high
temperatures during operation. Composite D exhibits
the highest glass transition temperature, melting
temperature, thermal conductivity, and heat deflection
temperature among the nanocomposites, suggesting its
potential for enhanced thermal management and
durability. The thermal properties of nanocomposites
for automotive applications can be significantly
influenced by the choice of nanofiller type and
processing conditions. In addition, analyzing the
percentage change in thermal properties among various
nanocomposites can offer valuable insights into the
extent of improvements achieved. As an illustration, the
change in glass transition temperature from Composite
A to D shows a 10% increase, suggesting a notable
improvement in thermal stability. The percentage
change in thermal conductivity from Composite A to D
indicates a 40% increase, demonstrating a significant
enhancement in heat dissipation capability.

4.3 The environmental impact of polymer
matrix nanocomposites

Evaluating the environmental impact of polymer matrix
nanocomposites is essential when considering their
sustainability and eco-friendliness in automotive
applications. The study assessed the carbon footprint,
embodied energy, water usage, and recyclability of the
four nanocomposites. Composite D demonstrated the
most favorable environmental performance when
compared to Composite B and C, as well as Composite
A. Tt had the lowest carbon footprint (8 kg CO2/kg),
embodied energy (45 MlJ/kg), and water usage (90
L/kg). In contrast, Composite B and C had carbon
footprints ranging from 9-11 kg CO2/kg, embodied
energy ranging from 48-52 MIJ/kg, and water usage
ranging from 95-105 L/kg. Composite A had a carbon
footprint of 10 kg CO2/kg, embodied energy of 50
MJ/kg, and water usage of 100 L/kg. The recyclability
of the composites had a consistent pattern. Composite D
had the highest recyclability rate at 90%, followed by
Composites B and C with rates ranging from 85% to

80%. Composite A had the lowest recyclability rate at
80%. Analysis: The examination of environmental
impact metrics uncovers differences in the sustainability
and recyclability of polymer matrix nanocomposites,
which play a vital role in reducing the environmental
impact of automotive components. Composite D may
have notable environmental advantages over other
nanocomposites due to its low carbon footprint,
embodied energy, water usage, and high recyclability.
The selection of nanofiller type and processing methods
can have an impact on the environmental sustainability
and recyclability of nanocomposites used in automotive
applications. In addition, analyzing the percentage
change in environmental impact metrics across various
nanocomposites can offer valuable insights into the
extent of improvements made. As an illustration, the
carbon footprint of Composite A has decreased by 20%
when compared to Composite D, signifying a
noteworthy decline in greenhouse gas emissions. The
percentage change in recyclability from Composite A to
D indicates a 12.5% increase, demonstrating a
significant enhancement in end-of-life disposal and
resource conservation.

4.4 An examination of the cost analysis of
polymer matrix nanocomposites.

Cost is an important factor that automotive
manufacturers carefully consider when choosing
materials for vehicle components. An assessment was
conducted on the material cost and processing cost of
the four nanocomposites. Composite D had the highest
material cost of $25 per kilogram, with Composite B and
C following closely at $22-21 per kilogram. On the other
hand, Composite A had the lowest material cost at $20
per kilogram. The nanocomposites exhibited variations
in processing cost, encompassing expenses related to
fabrication and assembly. Composite D had the highest
processing cost of $18 per kilogram, with Composite B
and C following closely at $14-16 per kilogram. On the
other hand, Composite A had the lowest processing cost
at $15 per kilogram.

Analyzing the cost breakdown, it becomes evident
that there are variations in the material and processing
costs of polymer matrix nanocomposites. These
differences can have implications for the viability of
these composites in automotive applications. Composite
D, which has the highest material and processing costs,
may present difficulties in terms of cost competitiveness
when compared to the other nanocomposites. Efficient
material formulations and processing techniques are
essential for the widespread use of nanocomposites in
automotive manufacturing, as they can help reduce costs
without compromising performance. In addition,
analyzing the cost variation among various
nanocomposites can offer valuable insights into their
comparative cost-cffectiveness. As an illustration, the
material cost of Composite D has increased by 25%
compared to Composite A, suggesting a notable
disparity in raw material expenses. The percentage
change in processing cost from Composite A to D
indicates a 20% increase, emphasizing the influence of
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fabrication methods on overall production costs. This
research paper offers valuable insights into the
performance, environmental impact, and cost
considerations of polymer matrix nanocomposites for
lightweight sustainable automotive parts. There are
variations in mechanical properties, thermal properties,
environmental impact, and cost among different
nanocomposites. These variations depend on factors
such as nanofiller type, dispersion, processing methods,
and material formulations. The findings presented in this
study have significant implications for the field of
materials science and engineering. They provide
valuable insights that can be used to guide the
development and application of nanocomposites in the
automotive manufacturing industry, with a focus on
achieving sustainability, efficiency, and cost-
effectiveness.

5 Conclusion

Ultimately, this research paper offers a thorough
examination of polymer matrix nanocomposites in the
context of creating lightweight and environmentally-
friendly automotive components. By examining
mechanical properties, thermal properties,
environmental impact, and cost considerations,
researchers have obtained valuable insights into the
performance and suitability of nanocomposites for
automotive applications. There were observed
differences in the mechanical properties, such as tensile
strength, Young's modulus, flexural strength, and
impact strength, across various nanocomposites.
Composite D exhibited exceptional mechanical
performance, indicating potential benefits for structural
automotive components that demand robustness and
resilience. In the same way, the evaluation of thermal
properties revealed variations in glass transition
temperature, melting temperature, thermal conductivity,
and heat deflection temperature. Composite D
demonstrated excellent thermal stability and heat
resistance, suggesting its potential for use in automotive
components that are subjected to high temperatures
during operation. In addition, the assessment of
environmental impact metrics revealed differences in
carbon footprint, embodied energy, water usage, and
recyclability among nanocomposites. Composite D
demonstrated the most favorable environmental
footprint and recyclability, highlighting its potential to
mitigate the environmental impact of automotive
manufacturing processes. The examination of costs
revealed variations in both material and processing
expenses across different nanocomposites. These
findings have important implications for the
competitiveness of costs and the economic viability of
utilizing  nanocomposites in  the  automotive
manufacturing sector. Efficiently optimizing material
formulations and processing techniques is essential for
cost reduction without compromising performance. The
research paper's findings make a valuable contribution
to the field of materials science and engineering. They
provide guidance for the development and application of
polymer matrix nanocomposites in the creation of

lightweight and sustainable automotive parts. Further
research should prioritize optimizing nanocomposite
formulations,  characterization  techniques, and
manufacturing processes to improve performance,
sustainability, and cost-effectiveness in automotive
applications. Through promoting collaboration among
academia, industry, and policymakers, the utilization of
polymer matrix nanocomposites in automotive
manufacturing can be expedited. This will lead to the
development of more environmentally friendly and
efficient vehicles, with improved performance and
reduced environmental impact.
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