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The emission of volatile organic compounds (VOCs) from industrial processes,
vehicular exhaust, paints, and coatings has become a significant environmental concern in
recent years. Many VOC:s are carcinogenic and pose severe risks to living organisms upon
prolonged exposure [1]. Although various studies have focused on the removal of VOCs
using plasma, there remains a need to explore the effects of different reactor designs,
carrier gases, and material parameters, as well as the underlying reaction mechanisms
involved in the process.

This study investigates toluene oxidation in a dielectric barrier discharge (DBD)
reactor packed with catalysts. The reactor was filled with commercially available pellets
(glass, AbOs, TiO,, and BaTiOs) and its performance was evaluated for materials of
distinct catalytic properties. The effects of toluene residence time and relative humidity
on decomposition efficiency were examined. Additionally, experiments were conducted
with varying N»/O, gas compositions, revealing that higher N, concentrations increase
power consumption while reducing the formation of primary reactive species (e.g., O3 and
N20). Temperature profiling over a 1-hour operational period confirmed that the reactor
maintains stable thermal conditions (< 45°C), ensuring suitability for prolonged use.
During extended operation, the discharge power decreased from 2.39 W to 1.77 W, likely
due to surface charge accumulation on the dielectric, which suppresses microdischarges
over time. Increased relative humidity was found to reduce discharge power due to water
vapor lowering the dielectric surface resistance and decreasing discharge current.
However, elevated humidity also promoted the generation of additional reactive species,
such as HNOs, alongside O3 and N,O. The mechanism of toluene abatement via non-
thermal plasma (NTP) coupled with catalysis was explored, with particular attention to
the formation of O3, N>O, and organic byproducts. A comparative analysis of energy
efficiency between standalone NTP and NTP-catalyst systems demonstrated that catalyst
integration enhances process sustainability. Notably, the NTP system facilitates catalyst
regeneration, and when combined with catalysts, it achieves faster reaction kinetics and
higher reactive species yields than conventional advanced oxidation processes (AOPs).
Compared to the non-catalytic reactor, the catalyst-loaded system exhibited superior
toluene removal efficiency, as decomposition occurred not only homogeneously in the gas
phase but also heterogeneously on the catalyst surface [2].
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[Introduction and Experimental Setup]

4 Volatile organic compounds (VOCs) emissions from industries, vehicles, and consumer products are a major source

of air pollution, contributing to smog, secondary organic aerosols, and ozone formation. Many VOCs (e.g., benzene, Oscilloscope

toluene, formaldehyde) are toxic or carcinogenic, so their abatement is critical to protect public health and the

environment.

d Non-thermal plasma can generate highly reactive species (‘OH, O-, O,, NOx radicals) under mild conditions,
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enabling VOC degradation at ambient temperature and pressure. This makes plasma particularly attractive for — power supply
treating intermittent VOC emissions where conventional methods (thermal incineration, adsorption, and biofiltration)

are 1nefficient.
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 Despite numerous plasma studies, comparative evaluations of different reactor configurations (DBD, packed-bed,

corona, gliding arc, etc.), carrier gases (air, O,, N,), and catalyst materials (1T10,, BaTiO,, MnO,, etc.) remain
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limited. These factors strongly influence energy efficiency, mineralization rate, and by-product suppression,

highlighting the need for systematic understanding.

d The plasma—catalyst—VOC interaction mechanisms (radical generation, adsorption—desorption, surface reactions,

intermediate decomposition pathways) are still not fully resolved. Better mechanistic insights will guide the design of
. o . . ' reactor
next-generation plasma-catalyst systems with improved selectivity, lower energy consumption, and scalable

operation for real-world VOC abatement.
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d Here, we conducted experiments using different plasma-catalysts combinations to investigate their influence on FT-IR_’]
VOC degradation. The reactive species generated in each reactor configuration were analyzed, and the toluene Gas i
removal efficiency was compared across different plasma—catalyst combinations. Additionally, the energy efficiency cylinder

of each configuration was evaluated to 1dentity the most effective and sustainable strategy for VOC abatement.
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