Li-N-H Speciation in Molten LiCl-KCl-CsCl Eutectic with Operando Gas Analysis
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Ammonia is one of the most produced chemicals globally, and its demand continues to rise to sustain economic and population growth. Currently, ammonia is predominantly synthesized via the Haber-Bosch process, which accounts for 1.8% of global CO₂ emissions and 2% of global energy consumption, necessitating the development of alternative synthesis methods that operate using milder conditions. This work investigates nitrogen reduction reaction in a molten chloride electrolyte and aims to further the understanding of reaction pathways for a more sustainable method of ammonia production, which is less energy intensive and doesn’t require the high pressures needed for conventional ammonia synthesis. 

The molten ternary eutectic (LiCl:KCl:CsCl, 57.5:13.3:29.2 mol%) electrolyte is used in this work enhances reaction kinetics through its high ionic conductivity and a wide electrochemical window,1 allowing for the analysis of the redox active species over a broad potential range while also suppressing the undesirable hydrogen evolution reaction and providing a stabilizing environment for nitrogen containing intermediates. These properties make this a suitable system to study the electrochemically driven Li-N-H speciation.

A custom-designed cell was assembled, comprising a 3D-printed alumina crucible, porous Ni foam gas diffusion electrodes and an Ag/AgCl reference electrode. Electrochemical analysis  was carried out and signature redox peaks observed in the cyclic voltammograms were attributed to the electrochemically driven Li-N-H speciation.2,3 A key aspect of this work is the integration of operando gas analysis. The gas outlet of the furnace setup was connected to an online infrared (IR) gas cell, enabling real-time, continuous detection of the gaseous products. This electrochemical approach with operando analytical detection provides insights on reaction pathways is expected to provide insight on the Li-H-N speciation in molten chloride melts, laying down the groundwork for studies on electrochemical ammonia synthesis.
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