Ionic liquid-based Lithium Secondary Batteries for Space Use and Its Future Design

Masaki Yamagata
Faculty of Chemistry, Materials and Bioengineering, Kansai University,
3-3-35 Yamate-cho, Suita, Osaka, 564-8680, Japan

E-mail: yamagata@kansai-u.ac.jp

Abstract:

The global lithium-ion battery (LIB) market has rapidly grown since they first appeared in 1991, spurred
in part by the development of portable electronics. Compared with conventional aqueous electrolyte-base secondary
batteries, LIBs offer high energy density, high operation voltage, wide operation temperature, and long cycle life
without memory effect. In recent times, LIBs have also attracted much attention because of their potential use in
electric and hybrid electric vehicles, as well as renewable and CO;-neutral primary energy sources, which will
ensure continued demand for advanced LIBs in the near future. LIBs are also promising for space applications
where energy storage devices with high specific energies are desired. In general, batteries for space applications
should be designed with careful consideration of an ultra-high vacuum environment and the violent vibration during
lift-off. Thus, because of the use of liquidus and volatile electrolytes, which can cause serious problems such as
electrolyte leakage, expansion of the cells, and deterioration of cell performance, the cells usually require
reinforcement with a rigid anti-vacuum exterior or resin mold.

Room temperature ionic liquids have attracted growing interest as next-generation electrolytes for energy
storage devices including LIBs, because of their advantageous properties such as electrochemical stability, wide
liquidus temperature range, and acceptable ionic conductivity. With regard to safety, the application of ionic liquids
in LIBs exploits their lower flammability and non-volatility. Such advantages should also be beneficial for LIBs in
aerospace applications as well as electronics, vehicle and home energy management systems.

Here, a prototype lithium-ion battery with a bis(fluorosulfonyl)imide (FSI)-based ionic liquid electrolyte
was developed. The prototype was mounted on a demonstration module of the “Hodoyoshi-3” microsatellite, which
was successfully launched on June 20, 2014. Qualification tests for space application, including radiation tolerance
and vacuum tests, revealed negligible degradation of the ionic liquid-based lithium-ion battery (IL-LIB) cell.
According to the flight data, the IL-LIB cell can exist stably in an ultra-high vacuum environment despite its thin
and flexible pouch casing without any rigid anti-vacuum reinforcements. Furthermore, the power unit showed the
same charge—discharge performance as that predicted by the charge—discharge behavior of an identical cell on the
ground, suggesting that the IL-LIB cell maintains performance in high vacuum a microgravity environment. These
results prove that LIB cells with FSI-based ionic liquids can be used as a power source for space applications.

The advantages of the stable charge-discharge behavior provided by FSI-based ionic liquids for lithium
ion batteries are also discussed based on a double-layer-based interface (not a solid electrolyte interface (SEI)),

which is proposed to stabilize the surface of graphite negative electrodes.
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THWEY F o aq A BIOR AL, % Capacity 1.0 Ah
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Figure 5. Operation temperature dependence of discharge capacity retention of the test cells for LIFSI/EMImFSI
(@) and LiTFSI/EMImFSI () in which (a) 0.43 and (b) 1.46 mol dm lithium salts are dissolved, and
LiPF¢/EC+DMC (V) at a charge—discharge rate of 1.0/1.0 C, except for at the first cycle (0.1/0.1 C). The test
cells were cycled at 0°C after 10 cycles operation at 25°C.
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