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H covalent bonding. Each of these mechanisms offers different advantages
Introductlon and challenges. Physical adsorption involves the attraction of hydrogen
molecules to the surface of CNTs via van der Waals forces. This process
occurs at relatively low temperatures and pressures, which makes it more
energy-efficient compared to other methods. However, the storage density of
hydrogen via physisorption is limited by the surface area of the nanotubes
and the strength of the interactions between the hydrogen molecules and
the carbon surface. To improve storage capacity, researchers focus on
optimizing the surface properties of CNTs, such as their porosity and surface
functionalization. In chemical adsorption, hydrogen molecules react with the
carbon atoms on the CNT surface, forming bonds that are stronger than the
van der Waals forces in physical adsorption. This method allows for higher
storage densities because the chemical bonds can hold more hydrogen at

Carbon Nanotubes (CNTSs), with their unique combination of high surface ~ higher pressures or ambient temperatures. However, chemisorption typically
area, strength, and conductivity, have shown potential as a solution to this ~ requires higher temperatures to release the stored hydrogen, making it less
problem. CNTs can store hydrogen efficiently, both physically and chemically, ~ ideal for certain applications, particularly in mobile systems where rapid
through adsorption or absorption processes. This research article delves into  hydrogen release is needed [3].
the role of carbon nanotubes in hydrogen storage, exploring their advantages,
mechanisms of hydrogen storage, current challenges, and future prospects for
their application in clean energy systems [1].

As the world continues to face pressing environmental concerns, the need
for clean and sustainable energy solutions has become more urgent. Hydrogen,
as a clean and efficient fuel, has emerged as a promising alternative to fossil
fuels. It produces zero emissions when burned or used in fuel cells, making it
an ideal candidate for decarbonizing various sectors, including transportation,
industry, and power generation. However, a critical challenge in utilizing
hydrogen as a widespread energy source is its efficient storage. Hydrogen
has a low energy density in its gaseous state, requiring high-pressure tanks or
cryogenic temperatures for storage, both of which present significant technical
and economic challenges.

Hydrogen absorption in CNTs occurs when hydrogen atoms diffuse into
the interior of the nanotubes, interacting with the carbon atoms and filling
the nanotube's voids. This mechanism can result in even higher hydrogen
storage densities compared to adsorption alone. However, achieving efficient
Description absorption at room temperature and low pressure remains a major research

challenge. Researchers are exploring hybrid systems that combine physical

Carbon nanotubes are cylindrical structures composed of carbon atoms ~ @dsorption and chemical adsorption to improve hydrogen storage capacity
arranged in hexagonal lattices, which are rolled up to form tubes. Depending and release rates. Addl_tlonally, functionalizing CNTs W|th_ othgr materials
on the number of layers, CNTs can be classified into Single-Walled Nanotubes ~ SUch as metal nanoparticles or polymers can enhance their ability to store
(SWCNTs) and Multi-Walled Nanotubes (MWCNTSs). These structures impart hydrogen, further optimizing the performance of CNT-based storage systems.

exceptional mechanical, thermal, and electrical properties to CNTs, making The use of CNTs for hydrogen storage offers several distinct advantages
them versatile materials for a variety of applications. In particular, their high over conventional storage methods such as compressed gas or liquid
surface area, which can exceed 1000 m* per gram for certain types of CNTs, hydrogen. CNTs can achieve high volumetric and gravimetric hydrogen
is crucial for hydrogen storage. Other key properties of CNTs that contribute  storage densities compared to other materials. This is essential for practical
to their potential as hydrogen storage materials include. The large surfface  applications, especially in transportation and aerospace, where space and
area of CNTs provides ample sites for hydrogen molecules to adsorb onto,  weight limitations are critical. Unlike compressed hydrogen gas, which requires
which is vital for increasing the storage capacity of hydrogen. The robust  extremely high-pressure storage tanks (typically above 700 bar), CNT-based
mechanical properties of CNTs allow them to withstand the high pressure and systems can store hydrogen at much lower pressures. This reduces the risks
mechanical stress that may occur during hydrogen storage and transportation. and complexities associated with high-pressure hydrogen storage, improving
CNTs are extremely lightweight, contributing to a reduction in the overall safety and reducing the need for heavy, high-pressure vessels [4].

weight of storage systems, which is particularly important for transportation
applications such as hydrogen-powered vehicles. These properties help
to manage the heat generated during hydrogen absorption and desorption
processes, improving the efficiency of hydrogen storage systems. CNTs are
chemically stable and resistant to degradation, making them ideal candidates

CNTs can repeatedly absorb and release hydrogen, which is essential
for the practical use of hydrogen as a fuel. This reversibility is a key factor
in the development of sustainable hydrogen storage solutions. While the
production of high-quality CNTs remains costly, the efficiency gains from
using CNTs for hydrogen storage could outweigh the initial costs, particularly
for long-term hydrogen storage [2]. in applications where space and weight are at a premium, such as in fuel

Hydrogen can be stored in carbon nanotubes through different celI-povyered vehicles or portable power systemg.. Despite their. promising
mechanisms, including physical adsorption, chemical adsorption, and even  Properties, several challenges remain in fully realizing the potential of CNTs
for hydrogen storage. Storage Capacity: While CNTs offer a significant surface
area for hydrogen adsorption, the capacity is still insufficient to meet the high
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Conclusion

Carbon nanotubes hold immense promise as a solution to the hydrogen
storage challenges faced in the clean energy sector. Their high surface area,
strength, and thermal stability make them ideal candidates for hydrogen
storage, with the potential to improve the efficiency, safety, and practicality
of hydrogen fuel systems. While significant progress has been made in
understanding the mechanisms of hydrogen storage in CNTs, challenges
related to scalability, cost, and storage capacity must be addressed to fully
realize their potential. Continued research into the functionalization of CNTs,
hybrid storage systems, and scalable production methods will be key to
overcoming these barriers. As advancements in CNT technology continue,
carbon nanotubes are likely to play a pivotal role in the development of clean,
sustainable hydrogen-based energy systems, contributing to a future where
hydrogen can be efficiently and safely stored and used as a clean fuel for
various industries.

Acknowledgment

None.

References

1. Yuan, Zhimin, Xianglin Zhu, Xiangiang Gao and Changhua An, et al. "Enhancing
photocatalytic CO2 reduction with TiO2-based materials: Strategies, mechanisms,
challenges and perspectives." Environ Sci Ecotechnol 20 (2024): 100368.

2. Bldchl, Peter E. "Projector augmented-wave method." Phys Rev 24 (1994): 17953.

3. Shen, Zhengyang, Zeyi Wang, Min Zhang and Mingxia Gao, et al. "A novel solid-
solution MXene (Ti0. 5V0. 5) 3C2 with high catalytic activity for hydrogen storage
in MgH2." Materialia 1 (2018): 114-120.

4. Zaluski, L., A. Zaluska, P. Tessier and J. O. Strom-Olsen, et al. "Effects of relaxation
on hydrogen absorption in Fe Ti produced by ball-milling." J Alloys Compd 227
(1995): 53-57.

5. Sinigaglia, Tiago, Felipe Lewiski, Mario Eduardo Santos Martins and Julio Cezar
Mairesse Siluk. "Production, storage, fuel stations of hydrogen and its utilization
in automotive applications-a review." International journal of hydrogen energy 42
(2017): 24597-24611.

Conflict of Interest

None.

Page 2 of 2

How to cite this article: Kisaan, Micheal. “Carbon Nanotubes for Hydrogen
Storage: A Solution to Clean Energy Challenges.” J Nanosci Curr Res 9
(2024): 269.



https://www.sciencedirect.com/science/article/pii/S2666498423001333
https://www.sciencedirect.com/science/article/pii/S2666498423001333
https://www.sciencedirect.com/science/article/pii/S2666498423001333
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.50.17953
https://www.sciencedirect.com/science/article/pii/S2589152918300073
https://www.sciencedirect.com/science/article/pii/S2589152918300073
https://www.sciencedirect.com/science/article/pii/S2589152918300073
https://www.sciencedirect.com/science/article/pii/0925838895016236
https://www.sciencedirect.com/science/article/pii/0925838895016236
https://www.sciencedirect.com/science/article/pii/S0360319917332895
https://www.sciencedirect.com/science/article/pii/S0360319917332895

