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oReport summary (English)

Principal investigator: Specially Appointed Professor, Masayoshi Watanabe (Institute of
Advanced Sciences, Yokohama National University)
R & D title: Study of Next Generation High Performance Li-S Battery

1. Purpose of R & D

In order to realize “Zero Emission Society”, utilization of renewable energy at the maximum is
essential, which accelerates the research on next generation batteries. Li-S battery is one of the most
promising candidates as the next generation battery, because of its high theoretical capacity, cheapness,
and availability by desulfurization of crude oil. However, dissolution of the discharge intermediates
of sulfur, Li>Sy, into electrolyte and poor reversibility of lithium anode have been bottlenecks of its
practical applications. This study has aimed at developing the cathode-insoluble Li-S batteries.

2. Outline of R & D

(1) Contents: We have focused on the following two Li-S battery systems in this research. At the same
time, emerging analytical issues have been properly extracted and the results have been fed back to
the battery research groups.

I. Li | Li2Sx-insoluble electrolyte | S (molecular) Cell System: Target: Energy density = 350 Wh/kg
Regarding this battery system, anode-free S cell (use of a Cu current collector as the anode) has also
been developed by using Li>S cathode in cooperation with LIBTEC.

II. Li | Li2Sx-insoluble electrolyte | S (encapsulated into micropores of activated-C)

Target: Energy density = 350 Wh/kg

(2) Achievements: Regarding the cell I, sulfolane (SL)-based concentrated solutions including binary
Li salts are found to be LirSx-insoluble as well as to exhibit excellent lithium anode reversibility.
Further, the addition of titanium black as the S-cathode enhanced the wettability toward the electrolyte
and also accelerated the mass transport inside the cathode. The resulting Li-S cells exhibited a higher
energy density than 350 Wh/kg. Li»S/C composites were precisely synthesized, and the anode-free
cells are fabricated, which could repeatedly charge/discharge for 100 times.

As for the cell 11, C-materials having only micropores (< 2 nm) were properly chosen and suitably
activated so as to incorporate 60-70 wt% of S into the micropores, which have enabled high energy
density (>350 Wh/kg) Li-S cells. Further, the allowance of the electrolyte section in the cell II could
be widened compared with the cell I, which indicates a potential to increase the rate-capability.
Regarding the thermal stability, both cell I and IT exhibited no exotherms originating from the cathode
and did only when molten Li contacted with the cathode.

Emerging fundamental issues during the research, such as Li»Sy solubility and Li*-transport property

of the electrolytes, the Li-anode reversibility, and the suitable cathode structure, were analytically and
computationally studied and fed back to the battery research groups. Control of the donor number of
the electrolytes took a definite role for the solubility, and a way to achieve favorable Li*-transport
property has been explored. Especially, it was found that the structural changes in the Li salt solvation
due to the salt concentration increase greatly enhanced the reduction potential of the anion, and a
suitable selection of the anion promoted its selective reduction, leading to the formation of inorganic-
rich SEI and prohibition of the SL decomposition, which was confirmed by experiments and DFT-MD
simulation. Large granular and dense deposits were formed through the SEI, and the
deposition/dissolution Coulombic efficiency reached >99 %. For the fabrication of the S-cathode, the
escape from inhomogeneous proceeding of discharge reactions from the electrolyte side, which
induces the clogging of the cathode due to the expansion of the discharge products, found to be
indispensable by X-ray CT and macro-scale simulations.
(3) Future developments: Utilization of the LirSx-insoluble electrolytes and the micro-pore-
encapsulated S cathode in this study made it possible to achieve a 7Ah-class pouch cells having an
energy density higher than 350 Wh/kg. This performance is located on the upper-bound of Li-S cell
performance in the world, where a trade-off relationship is found between the energy density, cell
capacity and the cycle number, rate-perforamce. Urgent issues are improvements of cyclability
(mainly Li-anode issue) and rate-capability (mainly electrolyte and cathode issue).



