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Development of High-Performance Sodium-Ion Batteries Using Concentrated Electrolytes
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Sodium-ion batteries are attracting increasing attention an inexpensive yet high-performance
rechargeable battery. A myriad of positive and negative electrode materials have so far been
reported for sodium-ion batteries and, interestingly, some of them exhibit superior performance
(e.g., voltage and capacity) than state-of-the-art electrodes for lithium-ion batteries. On the
other hand, there are only a few studies on liquid electrolyte design for sodium-ion batteries. In
particular, higher reduction stability is required to achieve prolonged charge-discharge cycling
ofhard carbon anodes without such side reactions as reductive decomposition of the electrolyte.
Recently, we have proposed a salt-concentrating strategy to stabilize an electrolyte for lithium-
ion batteries. In the present study, we have developed sodium-based superconcentrated
electrolytes for sodium-ion batteries.

First, a suitable combination of sodium salts and organic solvents was explored from the
viewpoints of liquid phase stability (salt solubility) and ionic conductivity. We found that
the solubility of sodium salts was generally lower than that of lithium salts. This is because
the solvation energy of sodium ion is lower than lithium ion, because sodium ion has larger
ionic radius. Hence, the choice of organic solvents with high solvation ability is required
to obtain superconcentrated electrolytes (salt:solvent molar ratio of 1:2). In this regard,
1,2-dimethoxyethane (DME) with two cation-coordination sites is one of the suitable organic
solvents. As for sodium salt, we selected NaN(SO2F)2 (NaFSA), which showed high solubility
and high ionic conductivity at high concentration.

The obtained superconcentrated electrolyte of >33 mol% NaFSA/DME showed high
reduction stability even against sodium metal with high reduction power. Applying to sodium-
ion batteries, we found that the superconcentrated NaFSA/DME electrolyte enabled excellent
charge-discharge cycling (sodium-ion intercalation/deintercalation) of hard carbon anode with
minimized reductive decomposition of the electrolyte. This work provides a new design strategy

for electrolyte materials for long-life sodium-ion batteries.
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