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Abstract

Among metal oxides, cerium oxide (CeO) is one of the most promising Received: 12 December 2024
catalytic materials for chemical transformations, mainly for Accepted: 9 February 2025
environmental applications and energy conversion systems. However, Page Number: 99-111

cerium oxide nanoparticles tend to aggregate and agglomerate, and their
convenient use in solutions can be somewhat limited. Also, due to their
wide energy gap, the utilization of free solar energy more efficiently in
the photocatalytic degradation of pollutants is limited. Therefore, in order
to improve the properties of cerium oxide such as conductivity for
photocatalytic, electrochemical, etc. applications, an effective solution
has been presented to integrate it with carbon nanostructures. In this
review article, the properties and some recent studies on cerium oxide
nanohybrids based on common carbon materials such as graphene,
carbon nanotubes, and graphitic carbon nitride are discussed. Studies
have demonstrated that the incorporation of cerium oxide with carbon
nanostructures, owing to the synergy of the two phases, can significantly
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nanoparticles through electrostatic attraction can cause the favorable
. . o Carbon Nanostructures,
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nanomaterials, and as a result, it can play a positive role in enhancing
the photocatalytic performance by effectively reducing the recombination
rate and improving the charge separation.
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Figure 1. Chemical structure of the unit cell of CeO; [13].
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Figure 2. Schematic picture of CeO; crystal defects. (1) Oxygen vacancy; (2) Interstitial oxygen defect; (3) Oxygen vacancy derived from
doping of trivalent ion; (4) Oxygen vacancy derived from doping of bivalent ion; (5) Interstitial oxygen defect derived from doping of
pentavalent ion; (6) Cerium defect derived from doping of pentavalent ion; (7) Triangular defect cluster; (8) Linear defect cluster; (9)

Dislocation; (10) Grain boundary. Data from ref [28-30].
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Table 1. Comparison of the degradation efficiency of several cerium oxide nanocomposites based on carbon nanomaterials [36].

Degradation

Photocatalyst

Degradation
Time

Light

Efficiency

CeO,- Activated carbon 94 % 1h
Ce0,/rGO 84.10 % 120 min
Ce0,/GO 90 % 90 min
rGO-CeO, 72 % 50 min

Ce0,@rGO 92 % 5h

Reference
Source
Solar light [46]
UV light [47]
UV-A [48]
Direct
sunlight [49]
Sunlight [50]
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Figure 5. Proposed the photocatalytic activation mechanism and dye degradation [53].
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