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Abstract. In recent years, the automotive industry, especially the electric vehicle sector, has made
considerable strides with the integration of advanced materials. Nanotechnology, a key player in
material science, offers significant potential for improving vehicle performance, with safety being one
of the most critical aspects of automotive design. This review examines the utilization of
nanomaterials such as carbon nanofibers (CNF) and carbon nanotubes (CNT) in vehicle frames,
emphasizing their ability to enhance structural strength, reduce vehicle weight, and improve crash
resilience. By leveraging these materials, manufacturers can create lighter, stronger, and more
energy-efficient vehicles. This paper also explores recent breakthroughs in nanotechnology applied
to automotive frames, discusses the challenges faced in large-scale implementation, and outlines
potential future research directions that could further optimize vehicle performance and safety.
Through this comprehensive review, the author aims to provide a clear understanding of the current
landscape and future potential of nanotechnology in vehicle frame design.
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1. Introduction

In today’s era of the rise of new energy vehicles, electric vehicles hold tremendous potential, the
traditional internal combustion vehicles also need to be improved so that they will not be left by the
times. Upgrade the battery, for example, change the anode and cathode materials or replace the
electrolyte with emerging materials etc., which certainly can be another feasible manner. However,
the vehicle frame is a key point that cannot be ignored.

The vehicle frame, as the backbone of the vehicles, plays a critical role in guaranteeing the safety
of passengers, the structure's integrity and the entire vehicle's performance. So, people use high-
strength metals like steel and aluminum alloy for the car body. At first, the high strength of the metal
materials ensures the relative safety of the passenger and the structure integrity. However, with the
development of time, the defect gradually became apparent. Those conventional materials find it
difficult to achieve a balance in safety, weight reduction and cost control. Pushed by the need for
safer and more efficient cars, scientists devote themselves to finding the new and proper materials to
satisfy it. With the rapid development of nanotechnology, nanotech materials seem to be the most
suitable one to get rid of the limitations of traditional metal materials. They point out a new research
direction for scientists all over the world.

Nanotech materials are now at the forefront of the new material revolution. They have brought
innovation in materials through atomic and molecular structures directly. It indicates that the nanotech
materials are epoch-making. Here are some examples following. CNTs are tubular materials with
nanoscale diameters. The arrangement of carbon atoms is similar to the honeycomb structure of
graphite. Due to their unique structure, CNTs possess very high tensile strength and Young's modulus,
making them highly suitable for enhancing the strength of composite materials. At the same time,
CNTs exhibit excellent thermal conductivity, which can enhance the thermal management
performance of load-bearing materials. At the same time, CNTs demonstrate excellent thermal
conductivity, which can improve the thermal management performance of composite materials [1].

Additionally, carbon nanofibers, a kind of nanotech carbon material, have been utilized in high-
performance edition cars, especially hypercars, for a few years. Here are a few parts. More nanotech
materials will be mentioned in the following text.
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This comprehensive article aims to expound on the application of nanotech materials in the vehicle
frame revolution. It will shed light on the excellent properties of the nanotech materials and show
how great they combine with the vehicle frame. Then, the limitations will be mentioned. Finally,
there will be an outlook on the future development of nanotech materials and their further application
in commerce.

2. The Specific Characteristics and Performance of Nanomaterials

First of all, a general introduction to nanotech materials will begin with two of the most common
nanomaterials. CNFs can be added to composites to reinforce them. As the composites reinforced by
CNFs, they have many benefits compared with the traditional metals, like superior mechanical
properties, lightweight and impact resistance. Therefore, they have become the ideal choice for many
fields, such as aerospace, military and high-pressure applications. It can also be adapted for use in
automobiles. Here is the research associated with this material and another nanofiller. The researchers
from India discovered the impact of the varying proportions of nanofillers (1% to 5%) to carbon fiber-
reinforced epoxy composites on performance. The nanofillers here are nanoclay, dispersed in an
epoxy resin matrix to manufacture laminates with different nanoclay content. Using a gas gun, shoot
on the laminates with a spherical, cylindrical projectile at different speeds (110 m/s and 125 m/s ).
Then, measure the energy absorption capacity. As the data measured in this experiment reflected, the
laminate containing 3% nanoclay absorbed 75% more energy than the laminate without nanoclay at
an impact velocity of 110 m/s. That is such a significant improvement, indicating that the presence
of nanofillers enhances the energy of CNF composites to a large extent. The excellent performance
of carbon fiber-reinforced composites filled with nanoclay demonstrates that these two nanotech
materials complement each other [2].

CNT is another common nanomaterial, which is a kind of tubular nanostructure with outstanding
mechanical, thermal and electronic properties. Additionally, because of the unique structural
parameters, CNTs can be metallic or semiconducting. Those excellent characteristics make CNTs
appropriate for composites. Combined with some specific properties that will be mentioned in the
following text, CNTs are suitable for vehicle frames especially the frame of electric vehicles. First,
due to the high tensile strength and Young’s modulus, CNTs are a nice choice for manufacturing
composites. The second one is the unique thermal properties, which give the capability to function as
a thermal management material. Another point is lightweight, which is typical of nanotech materials
[3].

Through the common nanotech materials mentioned above, it is easy to have a general
comprehension in the mind. The following section will shed light on the reason why humankind
devotes itself to finding suitable nanotech materials for vehicle frames and their practical applications.

3. The Reason for Using Nanomaterials as VVehicle Frames Innovatively and
Some Practical Applications

First and foremost, vehicle frames made from nanomaterials exhibit strong impact resistance by
effectively dispersing and absorbing the energy during a collision. Thus minimizing damage to the
frame and passengers and ensuring passenger safety in this pattern. From the perspectives of
sustainability and energy efficiency, nanotech materials, due to their lightweight characteristics,
enable vehicles to have higher energy efficiency, extend vehicle range, and reduce fuel consumption
in traditional vehicles. Secondly, because of the high efficiency of nanomaterials at the molecular
level, less raw material is needed for production, reducing environmental impact and aligning with
sustainable environmental principles. Additionally, due to the excellent performance of thermal
conductivity, nanotech materials can be utilized in the car body to improve thermal management.
Some nanocoating can also be used to enhance the corrosion resistance of the vehicle frames.
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From the description of nanotechnology materials in the text above, it is easy to see that they
possess exceptional properties unmatched by traditional metal materials. To gain a more intuitive
understanding, there will be some practical applications in the following text.

A look at one of the practical application examples, research of nanotech energy absorption
bumper. The research team from the USA found the specific energy absorption characteristics of thin-
walled tubes filled with nanocarbon polyurethane foam in 2014. As we know, thin-walled tubes are
mainly used for structural reinforcement and energy absorption. The impressive energy absorption
qualities of cellular foams have sparked significant interest in boosting this already powerful
performance. The crashworthiness of vehicles is crucial for keeping occupants safe during a collision.
Cellular materials are known for their excellent energy absorption because they can handle stress over
a wide range of deformation. So, the research team produced the idea that combining thin-walled
tubes and nanotech foams can achieve the goal of enhancing the safety of vehicles. This study focuses
on developing and evaluating polyurethane foam, referred to as neat PUF, and incorporating carbon
nanofibers into the PUF, called CNF, using both experimental and numerical methods. From the data
obtained from the experiments, some results can be shown. The researchers’ experimental results
about the energy absorption of the foam are shown to have improved with the infusion of carbon
nanofibers. It is clearly shown that the CNF with 3% carbon nanofiber yielded the highest load
capacity, while the CNF with 4% nanofibers is quite similar to that of the neat PUF. So, when 3%
carbon nanofiber is added to the nanofoam will obtain the highest performance (Fig. 1) [4].
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Fig. 1 The effect of different carbon nanofiber contents on the mechanical properties of
polyurethane foam [4].

Here are four graphs in Fig. 2 that illustrate the energy absorbed by the bumper and crash-box
assembly at various crash speeds [5]. This finding aligns with the stress analysis results, which
revealed only a slight difference in stress levels between the two bumper beams during the 7 km/h
test. In the 10 km/h simulation test, the CNF 3% bumper absorbed marginally more energy than the
empty bumper. However, the energy absorbed by the crash box of the filled bumper was 23% higher
compared to the empty bumper. The minimal deformation of the bumpers in low-speed tests
contributes to the negligible difference in energy absorption between both bumper assemblies.

Conversely, at a speed of 15 km/h, the increased crushing of the bumper beams results in a 12%
rise in energy absorption by the filled bumper beam and a 25% increase by the crash-box assembly.
Furthermore, the addition of 3% CNF to the bumper beam shows an even more significant impact on
energy absorption at 20 km/h, with the filled bumper beam absorbing 18% more energy compared to
the empty one. At 20 km/h, since the crash box is fully crushed in both simulated tests, it reaches its
maximum energy absorption capacity of 15 kJ. As a result, no significant difference is observed in
the crash-box component between the CNF 3% and empty bumpers.
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The energy absorption analysis indicates that for the bumper beam to fully utilize the maximum
energy absorption potential of the 3% CNF, it must be completely crushed. This accounts for the
minimal difference in energy absorption observed in the low-speed tests at 7 and 10 km/h, where the
bumper beams only undergo slight deformation. Furthermore, when a component is fully crushed, as
demonstrated by the crash box in the 20 km/h test, the energy absorbed by the component is deemed
to have reached its maximum capacity.
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Fig. 2 Comparison of energy absorption in carbon nanofiber-reinforced and non-reinforced
structures during crash simulation tests at different speeds

4. Limitations of Nanomaterials in Today’s Era

Due to the significant environmental pollution produced by traditional methods of manufacturing
nanomaterials, green synthesis methods hold more promise. Currently, although green synthesis
methods are effective in small-scale production, applying them to industrial production still presents
significant challenges. For example, inconsistent products, lower yields, and difficulties in controlling
the shaping process still exist. Additionally, the exact mechanisms of the green synthesis process are
not yet fully understood, making it difficult to optimize production methods for specific needs.

5. Conclusion

Safety, one of the most important features of electric vehicles, has received significant attention.
As a vital component for ensuring the integrity of vehicle structures and passenger safety, there is a
significant need to research vehicle body frames. Nanotechnology materials, as emerging materials,
naturally become the prime choice for replacing traditional vehicle frame materials. Nanomaterials,
such as CNFs and CNTs, possess exceptional, era-defining performance. They exhibit properties such
as high strength, energy absorption, and good heat dissipation. However, despite their advantages,
there are still some limitations. For example, nanomaterial production requires high precision, incurs
higher costs, involves complex processes, and has not yet been widely commercialized.

This article provides an in-depth analysis of the various aspects and applications of nanotech
materials. Draw separately from sections titled "The Specific Characteristics and Performance of
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Nanotech Materials,” "The Reason for Using Nanotech Materials as Vehicle Frames Innovatively,"
and "Some Practical Applications and Limitations of Nanotech Materials in Today's Era.” It also cites
research findings from several scientists to support the discussion.

All in all, nanotech materials, as a revolutionary new type of material, have experienced challenges
and setbacks in their development. However, with the rapid advancement of technology in recent
years and the diligent efforts of scientists, nanotech materials are continuously flourishing. It is
believed that they hold great potential and will be widely applied in the automotive industry in the
future, ensuring the safety of more people.
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