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ABSTRACT

Decentralized green hydrogen production from raw seawater is frequently hindered by competitive chloride oxidation and rapid deactivation of conventional electrocatalysts. This research investigates a robust alternative using high-frequency sonolysis, revealing a pronounced frequency-dependent trend in integrated water splitting and CO2 reduction within the 523 kHz to 1.17 MHz range. The results indicate that ultrasonic irradiation enables multi-electron redox processes throughout this frequency spectrum. Notably, a marked increase in H2 evolution and CO2 reduction to value-added products occurs at 530 kHz, whereas efficiency declines significantly as the frequency nears the megahertz threshold (1.17 MHz).This observed performance at 530 kHz may be attributed to an acoustic period that facilitates more robust bubble growth and subsequent inertial collapse compared to higher frequencies, where shortened oscillation cycles limit the maximum bubble radius and the resulting energy density. This mechanism maximizes the liberation of reducing radicals (⋅H) while suppressing the bubble coalescence typically promoted by high salinity. The integration of talc as a heterogeneous nucleating agent further stabilizes the process by providing lamellar nucleation sites that lower the cavitation threshold across the complex electrolyte. Experimental results confirm that this frequency-tuned approach facilitates the simultaneous reduction of CO2​ under localized extreme conditions without the requirement for transition-metal catalysts. These findings highlight the critical role of frequency selection in optimizing Sono-chemical processes of green hydrogen production and CO2 utilization.
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BIOGRAPHY
Dr. Pankaj Sinhmar is a pioneering researcher in process intensification and sonochemistry, currently driving innovation within the Kwan Research Group at the University of Oxford’s Department of Engineering Science. Dr. Sinhmar’s expertise lies in manipulating acoustic cavitation to overcome thermodynamic barriers in chemical reactions. She has been working on extensively on designing high-frequency ultrasonic flow reactors for critical sustainability challenges, including ultrasound-assisted oxidative desulfurization for cleaner fuels, advanced wastewater treatment, and sonochemical catalyst synthesis. At Oxford, her current research focuses on integrating non-thermal localized cavitation with green chemistry pathways for carbon utilization and phase transitions, directly advancing next-generation net-zero technologies.
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