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Ammonia is an important industrial chemical that is used predominantly for producing 

nitrogen-containing fertilizers as well as other nitrogen-containing compounds such as nitric acid, 

polymers, and pharmaceuticals. It is also being considered as an energy-dense, carbon-free energy 

carrier. Today, ammonia (NH3) is produced via the Haber-Bosch process, in which air, water, and 

fossil fuels are used to make nitrogen and hydrogen, which are then reacted at elevated 

temperatures and pressures to produce NH3. The use of fossil fuels as a source of hydrogen and 

energy leads to significant CO2 emissions. In addition, due to the harsh operating conditions 

necessary, the process is very centralized and capitally intensive, which makes expanding 

ammonia production capacity, particularly in a distributed manner, difficult. 

Electrochemical methods, i.e. those which utilize electricity as a driving force for chemical 

reactions, have been proposed as alternatives to the Haber-Bosch process for producing ammonia 

renewably and in a distributed manner from air, water, and renewable electricity at ambient 

conditions. However, the rates and selectivities toward NH3 in these systems are often low due to 

competing reactions. Processes for reducing nitrogen in air via reactions involving lithium metal 

have been reported to have some of the highest yields of ammonia, though they often require 

several reaction steps as well as elevated temperatures and pressures. 

In this thesis, we investigated the use of a lithium-mediated approach for reducing nitrogen 

to produce NH3 continuously at ambient conditions. We developed a setup for reproducibly 

producing NH3 using the chemistry and studied the impacts of changing operating conditions on 

the yields of ammonia. In addition, the composition of the electrolyte used was varied to 

understand its impact on reactions involving lithium metal. The results of these experiments were 

used to develop a detailed coupled kinetic-transport model for ammonia production via the lithium-

mediated approach. We found that the rate of diffusion of nitrogen through various phases in the 

bulk electrolyte and on the electrode surface defines ammonia production rates and selectivities. 

To overcome diffusion limitations in the bulk electrolyte, we developed solvent-agnostic gas 

diffusion electrodes. By using these electrodes, we obtained the highest reported ammonia 

production rate and some of the highest selectivities toward ammonia reported to date. In addition, 

we were able to demonstrate overall production of NH3 from water and nitrogen by using a series 

of electrochemical reactors. A detailed technoeconomic model for a general, large-scale 

electrochemical NH3 production process was developed, which was then used to specifically 

analyze the lithium-mediated process. In total, the work presented in this thesis demonstrates that 

lithium-mediated nitrogen reduction can be used for NH3 production, though significant 

improvements in NH3 production efficiency are necessary for the process to be economically 

viable at large scales. We believe the tools and findings developed in this work are useful for both 

electrochemical ammonia synthesis and other synthetically relevant electrochemical reactions. 
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