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Synthesis and characterization of novel nanoporous carbons using graphene oxide
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Carbon materials are essential in energy storage, catalysis, adsorption, sensor fabrication, and environmental
remediation. Among them, graphene oxide (GO) has attracted much attention due to its oxygen functional groups,
including carboxyl, hydroxyl, carbonyl, and epoxy groups. However, GO tends to aggregate due to n- interactions and
hydrogen bonding, resulting in a specific surface area (SSA) far below its theoretical value. This study addresses these
limitations by synthesizing novel nanoporous carbon materials with enhanced SSA and porosity through three
approaches.

First, mesoporous carbon materials were synthesized by high-temperature thermal exfoliation of GO activated with
alkali metal nitrate (MNOs3). The process increased the mesopore content, and the mesopore to micropore volume ratio
of rGO-KNOs reached 22.4, the SSA reached 359 m? g”!, and the pore volume reached 1.26 mL g~!. The order of
exfoliation efficiency was: rGO-KNO; > rGO-NaNO; > rGO-LiNO;.

Secondly, zinc phthalocyanine (ZnPC) was deposited on rGO to form nanowindows during calcination in air at
450 °C. ZnPC undergoes thermal decomposition to generate ZnO during calcination in air at 450 °C. The catalytic effect
of ZnO promotes the oxidation process of carbon atoms on the rGO surface, leaving a large number of nanowindows on
the rGO surface. The resulting rGO-ZnPC-Air-450 °C has an SSA of 482 m? g~! and a pore volume of 0.92 mL g~!, and
its CO» adsorption capacity is improved due to its abundant nanowindow structure and enhanced van der Waals
interactions.

Finally, metal ions functioned as bridges to promote the insertion of carbon oxide nanohorns (CNHox) between GO
nanosheets, reducing aggregation and increasing porosity. Among the composites, GO-CNHox-Ca showed excellent
performance with an SSA of 374 m?> g’ and a pore volume of 0.36 mL g'. This insertion method alleviated GO
aggregation, facilitated nanowindow exposure, and improved the mesoporous structure. The synthesized composite had
a huge improvement in the adsorption capacity of CO, from air.

These findings provide a new strategy for developing GO-based materials with high SSA and porosity, thereby

promoting their applications in adsorption and environmental fields.
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