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Low-temperature operation represents one of the main challenges for lithium-ion batteries 

because the ion transport properties of conventional carbonate-based electrolytes drastically 

deteriorate below room temperature, resulting in poor electrochemical performance and reduced 

power capability1. Ionic liquids, owing to their intrinsic non-flammability, negligible volatility and 

wide electrochemical stability window, have emerged as promising electrolyte components for 

improving both the safety and low-temperature operation of lithium batteries. 

In the present work, ionic liquid electrolytes based on pyrrolidinium, imidazolium and 

tetraalkylammonium cations combined with FSI anion were investigated for low-temperature lithium 

battery applications2. The electrolyte formulations were characterized in terms of ionic conductivity, 

thermal properties and electrochemical stability, while their compatibility with high-voltage 

Li/NMC622 cells was evaluated by cyclic voltammetry and galvanostatic charge/discharge tests over 

a temperature range extending from 20 °C down to -20 °C. Particular care was devoted towards the 

relationship between electrolyte chemistry, ion transport and electrochemical performance at low 

temperatures. The obtained results highlight the beneficial role of FSI-based ionic liquid electrolytes 

in enhancing low-temperature lithium-ion transport while maintaining high electrochemical stability. 

The influence of the cation structure on transport properties and cell performance is discussed, and 

the most promising electrolyte formulations for sub-zero operation are identified.  
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