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Abstract
Hydrogen has the potential to become a clean and sustainable source of energy, but storing it efficiently and safely 

remains a major challenge. One promising solution is to use highly microporous carbons as the storage medium, which 
can adsorb and desorb hydrogen at relatively low temperatures and pressures. In this article, we will discuss a recent 
study that demonstrates how melamine and terephthalaldehyde can be used to prepare highly microporous carbons for 
high-performance hydrogen storage [1].

*Corresponding author: Ghanfar Nazir, Department of Nanotechnology and 
Advanced Materials Engineering, Sejong University, Seoul 05006, Republic of 
Korea, E-mail: ghanazir@sejong.ac.kr

Received: 01-May-2023, Manuscript No. JMSN-23-100656; Editor assigned: 04-
May-2023, PreQC No. JMSN-23-100656 (PQ); Reviewed: 18-May-2023, QC No. 
JMSN-23-100656; Revised: 25-May-2023, Manuscript No. JMSN-23-100656 (R); 
Published: 31-May-2023, DOI: 10.4172/jmsn.100072

Citation: Nazir G (2023) Highly Microporous Carbons Made from Melamine and 
Terephthalaldehyde Can be Made in A Single Step and Used for High-Performance 
Materials-Based Hydrogen Storage. J Mater Sci Nanomater 7: 072.

Copyright: © 2023 Nazir G. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Keywords: Microporous carbons; Melamine; Terephthalaldehyde; 
Hydrogen storage; High-performance

Introduction
The increasing demand for alternative energy sources has led 

to significant research in the field of hydrogen storage. Highly 
microporous carbons have attracted attention as potential materials for 
hydrogen storage due to their high surface area, good thermal stability, 
and low cost. In this context, the preparation of highly microporous 
carbons derived from melamine and terephthalaldehyde has been 
studied as a promising approach to developing high-performance 
material-based hydrogen storage [2]. The resulting carbons possess 
a highly porous structure with a large number of micropores, 
which provide a large surface area for hydrogen adsorption. In this 
article, we will discuss the synthesis, characterization, and hydrogen 
storage performance of the highly microporous carbons derived 
from melamine and terephthalaldehyde. The transition towards a 
sustainable energy system requires alternative sources of energy, and 
hydrogen is a promising candidate due to its high energy density and 
low environmental impact [3]. Hydrogen storage is a critical aspect 
of hydrogen-based energy systems, and highly microporous carbons 
have emerged as potential materials for this purpose due to their high 
surface area, low cost, and good thermal stability. In this context, the 
synthesis of highly microporous carbons derived from melamine and 
terephthalaldehyde has been investigated as a means to obtain high-
performance material-based hydrogen storage. The aim of this article is 
to discuss the preparation of these carbons and evaluate their hydrogen 
storage performance [4].

Methodology
The researchers synthesized the microporous carbons using a simple 

two-step process. First, they heated melamine and terephthalaldehyde 
in the presence of potassium hydroxide (KOH) at 600 °C to form a 
polycondensation reaction. Then, they activated the resulting solid at 
800 °C under a flow of carbon dioxide (CO2). The activation process 
was crucial for creating a highly microporous structure, with a high 
surface area and pore volume.

Preparation of highly microporous carbons

In a typical synthesis, melamine and terephthalaldehyde were 
used as the precursor materials. The mixture was stirred and heated 
at 180 °C for 12 hours in a stainless-steel autoclave. After cooling to 
room temperature, the resulting solid was washed with water and dried 

at 80 °C. The dried solid was then heated at 800 °C under an argon 
atmosphere for 3 hours to obtain the highly microporous carbons [5].

Characterization of the highly microporous carbons

The obtained carbons were characterized using various techniques, 
including scanning electron microscopy (SEM), transmission electron 
microscopy (TEM), X-ray diffraction (XRD), Raman spectroscopy, 
and N2 adsorption-desorption isotherms. The SEM and TEM images 
showed that the prepared carbons had a highly porous structure with 
a large number of micropores [6]. The XRD pattern showed a broad 
diffraction peak centered at around 23°, indicating the amorphous 
nature of the carbon material. The Raman spectrum showed two peaks 
at 1350 and 1580 cm-1, which corresponded to the D and G bands, 
respectively. The high surface area of the carbons was confirmed by the 
N2 adsorption-desorption isotherms, which showed a high specific 
surface area of 1753 m2/g [7].

Hydrogen storage performance

The hydrogen storage performance of the prepared carbons was 
evaluated using a high-pressure volumetric method. The results showed 
that the carbons had a hydrogen storage capacity of 3.8 wt% at 77 K and 
20 bar, which is higher than that of many other carbon-based materials 
reported in the literature. Furthermore, the carbons showed good 
stability after repeated hydrogen adsorption-desorption cycles [8].

Results
The microporous carbons derived from melamine and 

terephthalaldehyde exhibited excellent hydrogen storage properties. At 
room temperature and a pressure of 20 bar, the material stored 1.47 
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wt% hydrogen. At 77 K and 20 bar, the hydrogen storage capacity 
increased to 3.86 wt% [9]. The high surface area and pore volume of 
the material were responsible for its outstanding performance, as they 
provided ample space for hydrogen adsorption.

Furthermore, the microporous carbons also showed good stability 
and cycling performance. After 50 cycles of hydrogen adsorption 
and desorption, the material retained more than 90% of its original 
hydrogen storage capacity [10].

Discussion
The preparation of highly microporous carbons derived from 

melamine and terephthalaldehyde involves a simple and efficient 
synthetic route. The use of these precursors ensures a high degree of 
microporosity in the resulting carbon material. The preparation involves 
the thermal condensation of melamine and terephthalaldehyde, 
leading to the formation of a highly cross-linked polymer network. The 
polymer is then carbonized under an argon atmosphere to obtain the 
final carbon material [11].

The resulting carbon material exhibits a highly porous structure 
with a large number of micropores, as evidenced by SEM and TEM 
images, as well as N2 adsorption-desorption isotherms. The high 
specific surface area of the carbons, as indicated by the N2 adsorption-
desorption isotherms, is attributed to the high degree of microporosity 
and the amorphous nature of the carbon material [12].

The hydrogen storage performance of the prepared carbons was 
evaluated using a high-pressure volumetric method. The results showed 
that the carbons had a hydrogen storage capacity of 3.8 wt% at 77 K 
and 20 bar, which is higher than many other carbon-based materials 
reported in the literature [13]. The high hydrogen storage capacity of 
the carbons can be attributed to the high specific surface area and the 
presence of a large number of micropores, which provide ample sites for 
hydrogen adsorption. Furthermore, the carbons showed good stability 
after repeated hydrogen adsorption-desorption cycles, indicating their 
potential for use in practical hydrogen storage applications [14].

In conclusion, the highly microporous carbons derived from 
melamine and terephthalaldehyde represent a promising material for 
high-performance material-based hydrogen storage. The simple and 
efficient synthetic route, combined with the high hydrogen storage 
capacity and good stability, make these carbons a promising candidate 
for use in hydrogen storage applications. Further research is needed to 
explore the potential of these carbons in practical applications [15].

Conclusion
The study demonstrates that highly microporous carbons derived 

from melamine and terephthalaldehyde can be a promising candidate 
for high-performance hydrogen storage. The simple and scalable 
synthesis process and the excellent hydrogen storage properties make 
it a potential solution for the safe and efficient storage of hydrogen. The 
results also highlight the importance of optimizing the pore structure 

of carbon materials for hydrogen storage, which can be achieved 
by controlling the synthesis conditions. Further studies are needed 
to optimize the synthesis process and explore the full potential of 
microporous carbons as a hydrogen storage medium.
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