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Motivation & Objective Molten Sodium Battery Test Cell

* Molten sodium batteries offer great promise as a safe, low cost and scalable solution to grid scale energy storage. Newly developed Ak
low temperature catholytes promise to lower the operational range near the melting point of sodium metal (97.8 °C). These
catholytes are composed of Nal with a corresponding Lewis acid compound (MX; = AICI;, AIBr; or GaCl;). The effect the
corresponding Lewis acid has on the electrochemical kinetics and speciation is not well known. Hard Soft Acid Base (HSAB) theory
can be used to make some predictions, but understanding is limited. To better understand these systems, electrochemical simulations

are performed with a model that accounts for both the chemical speciation and the iodide oxidation kinetics.  NaSICON “’é‘;':ﬁ;‘,j:t
o . . . . o . o . Reversible battery reactions:
* Objective: Probe effect of different Lewis acids on the electrochemical kinetics and chemical speciation of the resulting catholyte. Anode: Na* + e- = Na

: : : : : : : : : Cathode: 3" = I + 2e
* Modeling and simulations of electrochemical behavior enables detailed understanding of fundamental differences between different o 2013; 260 SE0.578

Lewis acid base compositions. [Percival, S. |.; Lee, R.Y.; Small, L. |, |. Electrochem. Soc. 2021, 168, 12651 1] Percival, et al. J. Electrochem. Soc., 2018, 165, A3531.
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3. Simulation Chem/Electrochem Model 4. Speciation vs. Kinetics
L . 1.0 . - -
Modeling is a powe.rful ted‘\fuq.ue that can be used to extract b<.>th rate constants and . ~— Experimenta Simulated CVs using our model match experimental CVs
chemical equilibrium constants from electrochemical data. & N : : .
= Electron Transfer (ET) kinetics determined including:
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Various constants used in model were largely kept constant between Lewis acids s, 10! | AlBr; (despite the highest ET kinetics) shows a speciation profile
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Summary

* Using a model that accounts for the electrochemical steps and various chemical equilibria between species, electrochemical simulations were performed to
match observed electrochemical behavior of different Lewis acid-base molten salts.

* Revealed: positive shift in E,;, with softer Lewis acid (GaCl;), AlBr; system had the highest ET kinetics but lowest available reactant and ultimately, speciation can
matter more to an applied electrochemical system than fast kinetics alone.

* Future work will investigate how changing compositions will effect the speciation and kinetics with the goal to optimize the molten salt catholyte
electrochemical behavior in a working battery.
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