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ABSTRACT
Dry Reforming of Methane (DRM) offers a compelling pathway for carbon capture and utilization by converting two potent greenhouse gases methane (CH4) and carbon dioxide (CO2), into valuable synthesis gas (H₂ and CO) (CH4 + CO2 ↔ 2CO + 2H2, ΔH298 = +247.3 kJ/mol). However, its conventional implementation using thermal catalytic methodology relies primarily on high operating temperatures (700–900 °C). This conventional method results in substantial energy consumption, complex heat management, and accelerated catalyst deactivation due to carbon deposition on the catalyst surface. In this work, a non-thermal plasma (NTP)–assisted DRM process is investigated as a low-temperature (<300 °C) alternative to conventional thermal catalytic reforming. The unique nonequilibrium nature of NTP enables selective energy transfer to reactant molecules through energetic electrons (1-10 eV), thereby promoting methane activation (~4.54 eV) under conditions where purely thermal processes are kinetically limited. A dielectric barrier discharge (DBD) reactor was integrated with transition-metal (Ni, Cu, and Fe) based MgAl₂O₄ supported catalysts to exploit plasma–catalyst synergy for enhanced reforming performance. The influence of key operating parameters, including plasma input power, feed ratio, and gas residence time, on CH4 and CO2 conversion, hydrogen yield, and product selectivity was systematically examined. Compared with plasma-only and catalyst-only configurations, the combined plasma–catalyst system exhibited markedly improved methane conversion and syngas selectivity, demonstrating a strong synergistic interaction between the plasma phase and catalytic surface.
The mechanistic product distribution analysis indicates that high-energy electrons facilitate initial C–H and C-O bond scission and accelerate activation, thereby enhancing surface reforming pathways at low temperatures. This generates reactive species, such as •CH₃, •H, •CO, and •O radicals. Simultaneously, the catalyst surface promotes selective syngas formation while suppressing the formation of undesired C₂⁺ hydrocarbons. The generation of oxygen further plays a critical role in mitigating carbon deposition by oxidizing surface carbon species and regenerating active catalytic sites, resulting in improved catalyst stability and sustained performance. Overall, the results demonstrate that NTP-assisted DRM enables efficient methane conversion and syngas production at significantly reduced temperatures compared to conventional DRM, while simultaneously alleviating carbon fouling. These findings highlight the potential of plasma-assisted catalysis as a sustainable and electrified hydrogen production technology, offering new opportunities for low-temperature reforming, process intensification, and making the output suitable for downstream processes such as Fischer-Tropsch synthesis.
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Dr. Abhinav Bajpai is currently a Research Associate in the Faculty of Science and Engineering at Curtin University, Perth, Western Australia, with a strong background in non-thermal plasma catalysis, hydrogen storage, low-pressure ammonia synthesis, and chemical reaction engineering. Before get this position, Dr. Bajpai completed PhD degree from Indian Institute of Technology, Patna, India in Chemical and Biochemical Engineering. His PhD research focused on developing innovative non-thermal plasma-assisted catalytic processes for gas conversion, hydrogen generation, and sustainable energy production. Through these contributions, Dr. Bajpai aims to deliver scalable, energy-efficient solutions that contribute to the global transition toward carbon-neutral and sustainable technologies by combining experimental studies with reaction engineering principles.
He has an extensive academic and research background supported by peer-reviewed publications, patents, and 5 years of teaching experience at leading institutions in India. Alongside his research achievements, Dr. Bajpai has trained and mentored students in core chemical engineering disciplines, highlighting his commitment to both knowledge creation and knowledge transfer. 
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