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Abstract
In recent decades, micro and nanotechnology have received increasing attention with a multitude of applications across dis-
ciplines. These technologies have been applied to the field of transportation vehicles (automotive industry) extensively. This 
paper reviews the current state of the art in micro/nano-technology in the automotive industry including how this technology 
can be employed to improve the comfort, safety, and efficiency of transportation vehicles. In addition, this paper focuses on 
recent developments and applications of nanotechnology in the transportation vehicle industry, including nanocoating’s, 
carbon nanotubes (CNT), graphene, nanocomposites, aluminium-CNT nanocomposites, silicon carbide, nanofluids, nano 
steel, carbon black for tires, electric vehicles, fuel cells vehicles, scratch and wear resistance paint, nanostructured coatings, 
ultra-thin layers for mirrors and reflectors, micro-/nano-technologies for improved engine performance, automotive sensors, 
light weighting of bodies/hoods, lubricants, etc. It is possible that several nanomaterials may be potential candidates for 
use in future environment friendly transportation vehicles since they have demonstrated outstanding performance and have 
been theoretically researched. We anticipate that this paper will contribute to further sustainable research and greater poten-
tial applications of environmentally friendly nanomaterials in transportation vehicles to improve the automobile industry 
worldwide.
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Introduction

Nanotechnology is defined as the manipulation of matter 
with a size range between 0.1 and 100 nm, as illustrated 
in Fig. 1. It is employed in industry around the world due 
largely to the unique physical and chemical characteris-
tics of nanomaterials (Malik et al. 2023; Ricci and Dietz 
2023; Omietimi et al. 2023) resulting in products with high 
mechanical strength, long durability, super-hydrophobicity 
in paint, sensors for different kinds of gases and molecules. 
These characteristics could include miraculously trans-
formed (photo) catalysis, optical sensitivity and mechanical 
strength of materials at nano sizes, facilitating applications 
in energy storage and sensors among others (Malik et al. 

2023; Omietimi et al. 2023). These interesting physical 
properties of nanomaterials result from the fact that at the 
nanoscale, electrostatic forces and quantum effects overcome 
other classical forces such as gravity (Rodríguez-Sevilla 
et al. 2018; Mohammad et al. 2022). Several fields such as 
chemistry, biology and engineering have been impacted by 
the nanotechnology revolution. As a result of their superior 
performance, nanotechnology applications are increasing 
in various fields, including automobiles (Shafique and Luo 
2019), medicine (Kumar et al. 2016a), and catalysis (Kumar 
et al. 2016b), robotics, electronics, and the civil engineer-
ing industry (Kumar et al. 2011, 2017b; Shafique and Luo 
2019; Pokrajac et al. 2021; Malik et al. 2023) resulting in 
significant benefits.

The automotive industry anticipates that future vehicles 
will be able to further harness the power of this technol-
ogy to become safer and more fuel-efficient. There has 
been a steady increase in greenhouse gases in our ecosys-
tem and there is therefore a global demand for lowering the 
greenhouse gas emissions by designing more fuel-efficient 
transportation (van Vuuren et al. 2017; Leach et al. 2020). 
This has led to a new market for low-cost, lightweight, and 
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durable materials for better fuel efficiency. Given dimin-
ishing returns with classical techniques for fuel efficiency 
improvement, nanotechnology could give a much needed 
boost for step changes in this domain (Manu and Manoj 
2020). Nanotechnologies such as lightweight nanomaterials, 
scratch-resistant paints, sensors and nanofluids are crucial 
to the development of smart, speedy and efficient vehicles 
(Shafique and Luo 2019). There has been a rapid develop-
ment of nanoscale materials in recent years (Kumar et al. 
2013, 2022a, 2023). Some components of the automotive 
industry are now being designed using nanomaterials.

This literature review aims to provide an overview of 
state-of-the-art research in nanotechnology applications 
in the automobile industry. We begin by reviewing articles 
and patents published in reputed journals and proceedings 
that are directly related to nanotechnology in the transporta-
tion and automobile industries. In the first instance, papers 
were identified using specific criteria in scientific databases 
(e.g., Web of Science, Google Scholar, Sci-Finder). It is the 
purpose of this review to examine recent advancements in 
nanotechnology applications in transportation as well as 
the attendant concerns of the automobile industry between 
the years 2019 and 2023 (Shafique and Luo 2019; Mathew 
et al. 2019; Manu and Manoj 2020; Leach et al. 2020; Deri-
ciler et al. 2022; Malik et al. 2023). Overall, 250–300 were 
found, which are closely related to the automotive industry 
in terms of safety, animal/human health and no impact on 
the environment. There has been a rapid development of 
nanoscale materials in recent years (Kumar and Mohanta 
2011; Kumar et al. 2015, 2017a, 2019, 2023; Bhooshan 
Kumar et al. 2016). Some parts of the automotive industry 
are now being designed using nanocomposite materials for 
lower gas emissions and more fuel-efficient vehicles (Goyal 
et al. 2014; Dericiler et al. 2022; Wazeer et al. 2023).

Recent literature reviews have summarized the poten-
tial benefits of nanotechnology in transportation vehicles. 
According to the literature review, there are few comprehen-
sive studies examining nanotechnology applications in the 
automotive industry in the light of sustainability. This study 
aims to provide a recent literature review of nanotechnology 
applications in transportation vehicles, which may provide 
useful information in the development of sustainable and 
environmentally friendly nanomaterials in the near future. 

In this study, it is emphasized that implementing environ-
mentally friendly nanomaterials into vehicles in the near 
future may provide long-term benefits. The purpose of this 
paper is to present a vision and prospect for the application 
of nanotechnology and nanoscale materials in different parts 
of the automotive industry.

Currently Used Nanomaterials in Automotive 
Industry

The use of nanotechnology can be found in a variety of 
automotive components, including paint, batteries, fuel 
cells, tires, mirrors, and windows (Tomar 2012; Kumar et al. 
2016c, d; Sadiku et al. 2018; Masias et al. 2021; Wazeer 
et al. 2023). Nanotechnology typical enhances the perfor-
mance of existing of materials due to its size effect and con-
finement of electron movement. Therefore, nanomaterials 
offer advantages to automobiles in that they provide lighter, 
stronger body parts (to enhance safety and fuel efficiency), 
improved fuel efficiency and longer-lasting performance 
(Tomar 2012). In order to fill that gap, this nanotechnology-
based study provides a comprehensive overview of nanotech-
nology’s application in the automotive industry as illustrated 
in Fig. 2. In this study, we review recent literature related to 
the application of nanotechnology in transportation vehicles 
that provides valuable information for the development of 
sustainable and environmentally friendly nanomaterials in 
the near future. The study presents several environmentally 
friendly nanomaterials used in the automobile industry such 
as: graphene, carbon nanotubes, nano steel, aluminum car-
bon nanotube, silicon carbide, Zinc oxide, etc.

Graphene

As a form of carbon, graphene consists of a single layer of 
atoms arranged in a hexagonal lattice in two-dimensional 
space (Fig. 2). It is possible that each atom has four bonds, 
one pi bond with each of its three neighbors and three sigma 
bonds with each of its three neighbors (Stankovich et al. 
2006; Wu et al. 2007; Fuhrer et al. 2010; Wang and Shi 
2015). Layers of graphene are held together by Van Der Wall 
Forces and have numerous advantages that make it unique 

Fig. 1   In this figure, the length 
scale of materials from sub-
nano to millimeter scale is 
shown
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among other materials (Geim and Novoselov 2007; Wu et al. 
2007; Wang and Shi 2015). Automobile parts that utilize 
graphene are lighter and stronger than those using steel or 
carbon fiber (200 times stronger) (Geim and Novoselov 
2007). It also provides for innovative self-cleaning car inte-
riors. Graphene is used in tires and provides high mechani-
cal strength and thermal conductivity. In addition, graphene 
could be used to make energy-efficient batteries that could 
replace or improve lithium-ion batteries.

Carbon Nanotubes (CNT)

A CNT consists of carbon whose diameter is measured 
in nanometers. Shortly, we refer to carbon nanotubes as 
“CNTs” (De Volder et al. 2013). A carbon nanotube is equiv-
alent to a one-dimensional or two-dimensional graphene 
sheet, which is rolled into a tube and can either be single 
walled or multiwalled as shown in Fig. 2. Carbon nanotubes 
exhibit a number of extraordinary properties, including an 
elastic modulus close to 1000 GPa, a strength of 30–100 
GPa and a low thermal expansion coefficient. CNTs are of 
three types: single-walled CNT (SWCNT), multi-walled 

CNT (MWCNT) and double-walled CNT (DWCNT) (De 
Volder et al. 2013; Wang and Strano 2013). Using CNT in 
the automobile industry allows for weight reduction, which 
reduces fuel consumption. It is also used for electrostatic 
discharge in the fuel system, reducing the risk of fuel system 
explosions (Wang and Strano 2013; Wang and Shi 2015). 
CNTs are useful because they are capable of forming cova-
lent bonds. In the automobile industry, CNT has a number 
of potential applications. Due to their exceptional physical 
and chemical properties (mostly surface functionalization, 
surface bonding) they can be used to make automobile parts 
such as chassis, head shields, rubber tires, engine blocks, 
etc., and to produce hydrogen fuel cells.

Interface of Graphene and Carbon Nanotubes

Recently, these two nanomaterials have demonstrated some 
remarkable physical, chemical and biological properties. 
There are some similarities between them as well as some 
differences. Both materials possess a SP2 hybridization bond 
between their carbon atoms, which explains their strength. 
It is because of the sp2 bond that they are stronger than 

Fig. 2   The proposed list of 
currently used nanomaterials in 
automotive Industry
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diamond, one of the most demanding materials. Because of 
their unique molecular arrangement, they have the highest 
tensile strength as well as the ability to conduct heat and 
electricity (Fuhrer et al. 2010; De Volder et al. 2013). The 
only difference between the two is that graphene is a zero-
gap semiconductor, whereas carbon nanotubes can either 
behave as semiconductors with a band gap or as metallic 
materials, depending on their structure.

Aluminum‑CNTs Nanocomposites

It is also known as Al-CNT composites, which came into 
existence following the discovery of CNT. This is a modified 
version of CNT that offers improved physical and chemical 
properties including mechanical strength. Al-CNT compos-
ites are capable of enhancing the deformation resistance of 
composites at high temperatures. The Al-CNT composites 
have improved upon yield strength and tensile strength by 
104.7% and 51.8%, respectively, while their electrical con-
ductivity is comparable to pure Al (Zhang et al. 2021). A 
further advantage of Al-CNT is its ability to perform at high 
temperatures. However, AI-CNT has some limitations. It can 
be observed that there is some instability when it is sub-
jected to higher strain rates and low temperatures.

Silicon Carbide

Silicon Carbide is a composite made of silicon-infiltrated 
carbon that is used for the manufacture of high-performance 
ceramics (Tanaka et al. 2001). They are capable of perform-
ing well at high temperatures. As an example, brake discs 
are used in automobiles such as race cars, bicycles, etc. A 
sintered form of Si–C is also used for diesel particulate fil-
ters. In the automotive industry, SiC components have great 
potential in electric power supplies, especially in high-power 
ones, and by 2025 they will account for 25% of the power 
semiconductors used there (Racka-Szmidt et al. 2022). How-
ever, the main issue at present is the high cost of these com-
ponents as well as their limited availability.

Nanofluid

Recently, the word “nanofluid” has attracted the attention 
of a wide range of scientists and researchers interested in 
the use of nanofluids to increase the efficiency of thermal 
systems in automobiles (Hafeez et al. 2021). Nanofluids have 
the potential to improve the thermophysical properties of 
conventional fluids such as water and oil that are used to dis-
sipate thermal loads in automobile thermal absorption sys-
tems (Hafeez et al. 2021). Recent research has investigated 
the effects of nanoparticle size, weight, and distribution in 
coolant on heat transfer rates in the automobile industry. As 
a result of using nanofluids instead of conventional fluids 

in systems such as automobile radiators, the thermal con-
ductivity, the heat capacity and the size of the heat transfer 
area of the fluid can be improved (Shrikhande and Kriplani 
2014; Hafeez et al. 2021). There are several carbon-based 
nanomaterials demonstrating extreme thermal conductivity, 
including graphene, carbon nanotubes, and carbon quantum 
dots (Kumar et al. 2022b).

Nano Steel

It is imperative that crash safety and lightweight are 
addressed as the two major concerns. Nanotechnology 
can be used to produce a high-strength and lightweight car 
body material (Madadi et al. 2022). It has been reported 
that embedded nanoparticles of metallic carbon nitride can 
significantly increase the strength of steel. It has been found 
that 0.002 percent finely dispersed carbon can significantly 
increase the stability of steel over long-term loading by up 
to 10,000 h. This is due to the small size of carbon nitride, 
which is between five and ten nanometers in diameter. In 
the last few years, several third-generation advanced high-
strength steels have been proposed and developed, but only 
two classes are currently in series production by several steel 
makers: quenching and partitioning and transformation-
induced-plasticity assisted bainitic-ferritic steels (Madadi 
et al. 2022). The production of nano steel on a coil scale has 
only been achieved recently. Additionally, the 2015 Ford 
Edge provides an example of an efficient design of nanoscale 
materials that utilizes a variety of steel grades, which is sim-
ilar to nano steel in terms of optimizing the performance 
and mass of the vehicle (Reed 2015). Based on Fig. 3, the 
material distribution for automobiles is composed of approx-
imately 50% advanced high-strength steels and 20% high-
strength steel (Reed 2015; Madadi et al. 2022). Advanced 
high-strength steels grades used in the Edge include dual-
phase, martensitic and hot-stamped steels.

Applications of Nanotechnology 
in Automotive

In the field of transportation vehicles, nanotechnology has a 
wide range of potential applications. Nanomaterials, nano-
structures, and nanodevices provide new ways to develop 
sustainable vehicles. Using nanotechnology, automobile 
bodies can be protected against corrosion and abrasion. Fig-
ure 4 illustrates the impact of and need for nanotechnology 
applications in transportation vehicles.

In order to accomplish this objective, Shafique and 
Luo (2019) have identified the most significant factors 
that have an influence on the performance of transporta-
tion vehicles over an extended period of time. Accord-
ingly, Fig.  4 lists those factors. According to them, 
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nanotechnology applications in transportation can be 
optimized by segmenting them into four groups accord-
ing to demand and impact upside (Shafique and Luo 2019). 
It includes the segment “must do”, which consists of the 
use of more innovative, cost-effective and environmentally 
friendly nanomaterials for safe and sustainable transpor-
tation. The segment “need to do” refers to applications 
with high impact and demand in the automotive industry 
(Fig. 5). Among these advancements are the optimization 
of nanotechnology for lighter weight, the optimization of 
nanomaterials for self-cleaning and self-healing and the 
advancement of high-resolution sensors and equipment. 
Furthermore, “do case-by-case” and “can do” segments 
could also have a high impact with moderate demand in 
the transportation industry (Shafique and Luo 2019). It is 
also important to select multifunctional nanomaterials and 
optimize nanocomposite insulation in the near future so 
as to make transportation systems safer and more durable. 
Furthermore, there is a high demand for the selection of 
environmentally friendly nanomaterials in transportation 
since this will result in a more reliable and sustainable 
environment for the nano-industry.

Nanotechnology in Electric Vehicles (EVs)

Due to the global trend of reducing CO2 emissions and fos-
sil fuel consumption, electric vehicles and hybrid vehicles 
are becoming more popular (Wazeer et al. 2023). As of 
today, there are more than 25 different EV models avail-
able on the global market and more models are expected to 
be introduced in the near future (Lu et al. 2013). In today’s 
electric vehicles, lithium-ion batteries are the most suitable 
energy storage devices because of their attractive proper-
ties, which include high energy efficiency, lack of memory 
effect, long cycle life, high energy density and high power 
density. Since graphene has a high surface area to volume 
ratio, stable chemical properties and satisfactory electrical 
and thermal conductivity, it has been used in lithium-ion 
batteries (both anode and cathode materials) to improve the 
performance, rate and stability of LIBs (Chen et al. 2021). 
The coating of silicon oxide SiO2/C nanoparticles with 
graphene as anode material for LIBs, demonstrated by Al 
Ja’farawy et al., improved the cycle life and provided effi-
cient conductive pathways (Al Ja’farawy et al. 2021). The 
researchers wrapped LiFePO4 (LFP) with 2% graphene and 

Fig. 3   In the 2015 Ford Edge, a variety of steel grade body-in-white is utilized to create an efficient design. Reprint with permission from Ref. 
Reed (2015)

Fig. 4   Potential applications of 
micro-/nano-technology in the 
automotive industry
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graphene nanoribbons (GNRs) into LFP using spray depo-
sition and vacuum filtration techniques, enabling a conduc-
tive network to be formed (Li et al. 2014). According to 
Kumar et al. (2016c) a derivative of graphene would make 
an effective anode for LIBs. Figure 6 illustrates a LIB-based 
electric vehicle with wireless charging (Aghajan-Eshkevari 
et al. 2022).

The proper design of nanoscale-based materials for new 
LIBs can enhance the performance of the batteries at the 
end of life cycle (Dunn et al. 2011). The increase in current 
density and specific strength is more pronounced than the 
regular LIB battery in electric vehicles and can result in a 
significant increase in range owing to their reduced weight. 
Improved LIB based energy storage devices are possible by 

incorporating graphene and reducing fabrication times (Li 
et al. 2014; Chen et al. 2021; Al Ja’farawy et al. 2021). Even 
though considerable research has been conducted on improv-
ing the performance of lithium-ion batteries and graphene-
based nanocomposites, the fabrication of these components 
on an industrial scale needs further improvement.

Nanotechnology in Fuel Cells Vehicles

In the transition from fossil fuel-based vehicles to fully elec-
tric and hydrogen-powered vehicles, nanotechnology plays 
a pivotal role in advanced fuel cell technology. In recent 
years, the demand for cleaner fuels and energy has increased 
globally due to a number of factors, such as increased trans-
portation, population growth, and climate change (Karthik 
Pandiyan and Prabaharan 2020). Thus, alternative sources of 
energy are becoming increasingly popular and fuel cell tech-
nologies are receiving much-needed attention as they can 
replace internal combustion engines in vehicles due to their 
high efficiency and low emissions (Karthik Pandiyan and 
Prabaharan 2020). They can also be used in portable and sta-
tionary power applications due to their low emissions. Fuel 
cells complement other electricity generation technologies 
(Kang et al. 2006; Karthik Pandiyan and Prabaharan 2020). 
Fuel cell electric vehicle provide a low-carbon alternative to 
conventional fuel vehicles when hydrogen gas is produced 
from renewable sources (Rajalakshmi and Gopalan 2021). In 
a fuel cell, the chemical energy of a fuel reacts with oxygen 

Fig. 5   Impact versus demand for micro-/nano-technology applications in the transportation vehicle industry. Reprint with permission from Ref. 
Shafique and Luo (2019)

Fig. 6   Static inductive charging of an electric vehicle. Reprint with 
permission from Ref. Aghajan-Eshkevari et al. (2022)
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from the surrounding environment and the reduction and 
oxidation reactions occurring in the electrodes separated by 
a membrane generates electricity (). Unlike batteries, they 
require a constant supply of oxygen and fuel to maintain a 
chemical reaction. The automobile industry could potentially 
store hydrogen in a semi-solid state for storing more hydro-
gen as compared to hydrogen tanks that are used today (more 
distance travel) (Qian et al. 2006; Li et al. 2015). The use 
of nanotechnology and low platinum group metal with car-
bon nanomaterials will enable this to be achieved (Karthik 
Pandiyan and Prabaharan 2020; Xiao et al. 2022). Fuel cells 
infused with nanoparticles may offer an efficient and more 
affordable method for the manufacture of hydrogen-powered 
vehicles.

Nanotechnology for Chassis and Tires

A primary concern of automobile manufacturers is the 
reduction of overall automobile weight. By reducing the 
weight of the automobile, fuel consumption and emis-
sions are reduced (Wellbrock et al. 2020). Through the 
incorporation of nanoparticles or the control of structure at 
the nanoscale, nanotechnologies can allow materials to be 
lighter and more abrasion resistant with good grip (Agar-
wal et al. 2021). It is possible to achieve the same mechani-
cal strength with less and lighter material while enhanc-
ing performance. Silica, organosilane and soot are found 
to improve the properties of natural rubber in a significant 
manner. Silica and soot are the most important chemical 
ingredients used in tire reinforcement (Na and Cebon 2022). 
It was carbon black that was the first nanomaterial to be used 
in tires as a pigment and reinforcement material (Agarwal 
et al. 2021). One-third of the cover is composed of reinforc-
ing filler, which provides desired properties such as abrasion 
resistance, grip, tear resistance and low rolling resistance 
(Na and Cebon 2022). These tire properties, which partially 
contradict each other in terms of reducing the rolling resist-
ance and comparable wet grip, are primarily caused by the 
chemical and physical interactions between the rubber and 
the filler. It is possible to increase the fuel efficiency and 
durability of tires by using nanostructured soot as filler. The 
presence of nanoparticles results in an increase in surface 
energy, which in turn increases the interaction with the 
molecules of natural rubber (Mohan et al. 2012). Conse-
quently, inner friction is reduced and the rolling resistance 
is improved. As a result, strain vibrations within the material 
at high speeds are reduced (Formela et al. 2017; Neethirajan 
et al. 2022). This results in superior traction, particularly on 
wet roads. It is becoming increasingly important to reduce 
the weight of the engine/chassis in order to reduce fuel con-
sumption and emissions of harmful exhaust fumes. Through 
the incorporation of nanoparticles or by controlling chassis 
structure at the nanoscale, nanotechnology offers solutions 

in terms of lighter and better materials (Paduvilan et al. 
2021). In this regard, polymers reinforced with nano clays 
play an important role (Mohan et al. 2012; Paduvilan et al. 
2021). It is sufficient to add a small amount of nanoparticles, 
about 2–5%, to achieve significant improvements in proper-
ties such as resistance, elasticity, and dimensional stability, 
as well as specific properties like fire resistance in interior 
parts and weather resistance in exterior parts. In the future, 
nanotechnology will play an important role in the chassis 
and tires of automobiles, as shown in Fig. 7 (Presting and 
König 2003).

Scratch and Wear Resistance Paint

Nanomaterials are applied to vehicle bodies in the form of 
nanosized layers applied over vulnerable surfaces so that 
they can combat harsh environmental conditions and pro-
mote self-repair. The nanomaterials prevent, or rather repel, 
dirt and grime, resulting in a cleaner appearance for the vehi-
cle without the need for much manual intervention. Nano-
varnishes that offer scratch resistance and maintain paint 
brilliance for a long period of time are now available (de 
Queiroz et al. 2022). It is possible to achieve this property 
due to the embedded ceramic particles in the final varnish 
layer. A conventional paint consists of a binder and cross-
linking agent, while a nano paint is composed of an organic 
binder with high elasticity and an inorganic nanoparticle 
with high strength. In order to make the paint scratch-
resistant, nanomaterials are tightly packed. An illustration 
of the conventional and nano paint structures can be found 
in Fig. 8a, b (de Queiroz et al. 2022).

Modern cars process a large amount of glass, the majority 
of which is used in the windscreens and window panes. Due 
to the small size of nanomaterials and even distribution of 
the filler particles, the glass can be highly transparent. Cur-
rently, new developments are happening on the topic of ori-
entable surface particles that will enable owners to change 
the outer color of the paintwork by controlling the electrical 
charge (de Queiroz et al. 2022).

Nanostructured Coatings

The most widely used nanotechnology in automotive engi-
neering involves the application of nanocoating to improve 
the surface characteristics of materials and parts for the auto-
mobile industry (Farooq et al. 2022). Incorporating nanopar-
ticles into polymer coatings improves scratch resistance as 
well as wear resistance from repeated friction (Farooq et al. 
2022). The addition of nanoscale SiO2 to polymer coatings 
has been well established; however, SiC, ZrO2, ZnO, Al2O3, 
and TiO2 have also been used in this way.
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Ultra‑Thin Layers for Mirrors and Reflectors

In recent years, ultra-reflecting layers with thicknesses less 
than 100 nm have been developed for mirrors and head-
lights. In addition, nanotechnology applications are used to 
equip surfaces with features that repel water, oil and dirt. 
This layer offers good dynamic friction properties and, as 
a result, is more durable. A layer of this nature consists of 
molecular chains with an anchor group at one end that forms 
a chemical bond on the surface of the substrate. In addition, 
at the other end, a functional group is responsible for caus-
ing the water, oil, and dirt to be repelled. During the day 
and at night, thin-film reflective mirrors reduce glare from 

sunlight and other vehicles’ headlights. A thin film of Al2O3, 
deposited by chemical vapor deposition (CVD) can provide 
a water- and dust-resistant surface for windows and mirrors.

Micro‑/Nano‑technologies for Automotive Sensors

Sensors based on micro- or nanotechnology are typically 
small, have a high bandwidth, and are extremely sensitive, 
and can therefore be used directly to measure desired force 
from the road on a wheel rather than inferring data through 
indirect measurements (Walther et al. 2018). Controlling 
the interface between the micro- and nano-systems and/or 
between the nanoscale device and the microscale packaging 

Fig. 7   Nanotechnology will play an important role in the chassis and tires of future automobiles. Reprint with permission from Ref. Presting and 
König (2003)

Fig. 8   The structural differences 
between conventional paint and 
nano paint, as well as the thick-
ness of the films that are formed 
after the paint is applied. 
Reprint with permission from 
Ref. de Queiroz et al. (2022)
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is the key to maximizing the capabilities of micro- and nano-
systems (Walther et al. 2018). Device performance and pro-
cessing and integration costs are largely determined by these 
interfaces. In light of various types of sensors employed 
in various applications, the effect of probe dimensions on 
sensing performance is discussed (Walther et al. 2018; Kim 
et al. 2021). Research has made possible the fabrication of 
submicron and nanoscale devices through the modification 
of conventional techniques and the development of modern 
approaches. Nevertheless, it remains a challenge in certain 
situations to manufacture such high-performance surfaces 
with the desired topology (Paladiya and Kiani 2018). A 
modern, inexpensive laser ablation method for fabricating 
porous and fibrous thin-films primarily for silicon is dis-
cussed, as well as the effect of various control parameters 
on the topology of porous silicon surfaces, as well as the 
theoretical limitations regarding the minimum diameter 
of nanofibers used in sensing applications. Furthermore, 
another sensor-based device is micro-electro-mechanical 
systems (MEMS), which is the integration of mechanical 
elements, sensors, actuators, and electronics on a com-
mon silicon substrate through microfabrication technology. 
MEMS promises to revolutionize nearly every product cat-
egory by bringing together silicon-based microelectronics 
with micromachining technology, making possible the reali-
zation of complete systems-on-a-chip. MEMS is an micro/
nano technology concept base deices, which are allowing 
the development of smart products in automotive industry.

The Following are Other Potential Applications 
of Nanotechnology in the Automobile Industry

•	 Nanotechnology under the hood
•	 Engine and transmission nanotechnology
•	 Durability of the engine
•	 The use of nanomaterials in engine coolants has been 

reported
•	 Reduced engine size and increase compression ratio
•	 Cost of coolant in relation to fuel efficiency
•	 The application of nanotechnology to engines and trans-

missions

Nanotechnology Goals in Automotive 
Industry

Goals for the application of nanotechnology in automobiles 
are:

Environment

•	 Resource efficiency
•	 Catalysts

•	 Fuel cells
•	 Sensors
•	 Lithium-ion rechargeable battery

Comfort

•	 Product quality
•	 Ease of operation
•	 Passenger convenience

Safety

•	 Active and passive safety
•	 No environmental impact on nature
•	 Nontoxic to humans and animals
•	 Easy to degrade and use to design new parts
•	 Easy maintenance

Future Prospective Research 
on Nanotechnology in Automobile Industry

Nanotechnology exhibits several attractive properties for a 
safer and more sustainable vehicle industry. However, there 
are still research gaps and opportunities for future research. 
In this section, we list the most important research gaps and 
future directions in the field of nanotechnology in the auto-
mobile industry. As shown in Fig. 9, there are six major 
research gaps that require attention for future applications. 

Fig. 9   An overview of the proposed six research gaps and future 
opportunities necessary to apply nanotechnology to automobiles and 
transportation vehicles in a wide and sustainable manner



332	 Transactions of the Indian National Academy of Engineering (2024) 9:323–334

123

The potential for interdisciplinary collaboration in advanc-
ing nanotechnology applications in automotive design and 
manufacturing could be a more value-added product and 
a circular economy for our nation (i.e. India). Developing 
high-performance multifunctional nanomaterials, such as 
carbon nanotubes, carbon nanofibers, graphene, and metal 
oxide nanowires, allows for the creation of more efficient 
energy storage devices, batteries, fuel cell vehicles, and 
high-strength engine materials. The advancement of this 
nanotechnology has enabled electric vehicles to extend their 
range, making them a viable and sustainable alternative to 
conventional combustion engines.

Summary and Conclusions

Nanotechnology is becoming one of the most important and 
cost-effective fields of research in the automotive industry, 
especially since scientists are constantly finding new ways to 
manipulate nanomaterials and apply these new materials in 
production. Nanotech is predicted to create cleaner, quieter, 
more energy-effective and aesthetically pleasing vehicles in 
the future, so everyone from everyday drivers to automotive 
scientists, aficionados, collectors and investors have some-
thing to look forward to in the years in front of us.

Researchers are presented with a wide array of oppor-
tunities in the application of nanotechnology to vehicles. 
The introduction of nanotechnology to the transportation 
industry will enable us to improve the efficiency, strength, 
and durability of vehicles. In this paper, we review the litera-
ture regarding enhancements in transportation vehicles that 
have been achieved by introducing nanotechnology, as well 
as the associated concerns regarding environmental health 
and safety for future large-scale applications of nanotech-
nology in the automobile industry. Various nanomaterials 
like graphene, carbon nanotubes, ceramic nanoparticles 
(ZnO, TiO2, SiO2, etc.) and carbon black are used in the 
automotive industry to enhance paint coatings, engines, 
body parts, mirrors, tires, etc. Moreover, nanomaterials can 
enhance strength, light weight, flame and fire resistance, 
as well as the UV resistance of aerospace materials. Fur-
thermore, nanomaterial coatings are capable of reducing 
corrosion and fouling in ships. There are many factors that 
remain unknown despite the many great features associated 
with nanotechnology applications, such as the exact mecha-
nisms through which nanomaterials achieve these results. 
As nanomaterials are new products in the transportation 
vehicle industry, it is essential to understand their potential 
impacts on air, soil, and water. Multidisciplinary research 
cooperation and collaboration are imperative for dealing 
with environmental challenges. More in-depth research 
is needed on environmentally friendly nanotechnology. A 
future study could focus on the adoption of environmentally 

friendly nanotechnology in a variety of industries. In order 
to accomplish this goal, it is necessary to consider the multi-
ple aspects of nanotechnology applications in the real world. 
It would be beneficial for communities to identify which 
nanotechnology applications are environmentally friendly 
and safe for future development if an honest analysis of 
the nanotechnology application methodologies, services, 
and environmental impact could be conducted. In addition, 
there is no regulatory framework pertaining to the use of 
nanotechnology in the workplace. A very limited amount of 
knowledge is also available about the long-term effects of 
nanotechnology products in a variety of fields in real-world 
applications. Developing an understanding of how nanoma-
terials affect multiple scenarios is crucial. Our goal is to 
ensure safe and sustainable applications of nanotechnology 
in the automotive industry through the development of an 
effective impact assessment system. Based on the findings 
of this review study, we expect that future research on the 
topic will be encouraged.
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