Protic imidazole ionic liquids as anti-corrosive additives to electrolytes of negative electrode in nickel-metal hydride batteries
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Chemical energy sources are an ever-evolving field, where new solutions and improvements are always sought out. Various solutions are continuously researched in order to improve such properties like capacity, energy density and expected lifetime. Among the commonly used electrochemical energy sources are the nickel-metal hydride electrochemical cells (Ni-MH). They make up a significant portion of the energy storage system market, next to lithium-ion and lead-acid batteries. One of the strategies involved in improving the parameters of Ni-MH cells is inhibiting the corrosion of hydrogen-absorbing alloys that make up their negative electrodes[1]. Such results can be achieved by eg. addition of ionic liquids to the standard alkaline electrolyte[2-3]. One of the most commonly used and thoroughly researched ionic liquids are imidazole ionic liquids. Among them, a certain group exists that has a hydrogen atom directly attached in place of one of the substituents. Due to this structural characteristic, they exhibit properties differentiating them from “standard” imidazole ionic liquids[4]. In the conducted research it was hypothesized that the hydrogen atom present on the ionic liquid cation could improve the kinetics and capacity characteristics of metal-hydride half-cells while retaining the inhibitive properties regarding corrosive processes. Electrochemical impedance spectroscopy and potentiodynamic polarization techniques were employed in order to characterize the corrosion properties of studied systems. Galvanostatic cycling with potential limitation has been used to determine the single-cycle capacity of half-cells in given electrolyte environments. During the discharge of the half-cells, operando electrochemical impedance spectroscopy has been employed to obtain information about processes occuring on the surface of the electrodes in working conditions. It was found that, compared to aprotic ionic liquids, the systems with lowest ionic liquid concentration exhibited greater single-cycle capacity while retaining similar corrosive properties, while at higher concentrations the recorded corrosion current increased.
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FIGURE 1. Comparison between values of corrosion current density and specific capacity for hydrogen-absorbing alloy (LaMmNi4.1Al0.3Mn0.4Co0.45) samples in various electrolytes.
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