LITHIUM FLOW BATTERIES WITH AQUEOUS AN NON-AQUOES ELECTROLYTE ABSTRACT
The research field of flow batteries has been explored for more than one century, from low-power zinc-bromine cells in the 1880s to megawatt vanadium redox flow batteries (RFB) in the recent 2020s. Despite the large amount of research and breakthroughs in RFBs, the research in the niche field of Lithium (Li) Seawater Flow Batteries (LSWFB) remains limited. The first chapter of this dissertation describes the structure of Li-RFBs and two of three different types of Li-RFB: Li and Li-seawater. It also presents the findings related to the lithium-seawater battery on gliders conducted by R. E. Davis and J. T. Sherman. The next two chapters focus on the mathematical modeling of LSWFB. First, we develop a relatively simple phenomenological model for LSWFB based on the balance equation between the amount of oxygen consumed and the oxygen provided in the cathode. Although simple, this model provides a good estimate of the critical flow velocity of seawater below which the battery cannot operate. The second model describes the seawater flow, ion and oxygen transport in the cathode using a physics based, continuum approach based on the transport theory in diluted electrolytes. The model takes into consideration the different electrochemical reactions at the cathode and is given in terms of a set partial differential equations that is solved numerically to predict the discharge characteristics of the cell under different flow rates and loads. x The experimental part of this dissertation focusses on developing a prototype for a lithium seawater flow battery. Details about the construction of the battery are also provided. The prototype is tested in both tap and seawater and we show that the battery can continuously operate for weeks or even months without excessive degradation.
