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oReport summary (English)

Principal investigator: Tokyo Metropolitan University professor Kiyoshi Kanamura
R & D title: Development of rechargeable Li metal battery, Special unit for Lithium
metal anode research, Accelerating and promoting team for practical application

1. Purpose of R & D

An introduction of natural energy and electric vehicles are strongly required to reduce
CO:.. Both applications need high performance rechargeable batteries which should have high energy
density. Therefore, various next generation batteries have been developed to realize high energy
density. In some next generation batteries, Li metal anode has been used. The study on LI metal has
been conducted more than 30 years. Unfortunately, it has not been realized. Therefore, in ALCA-
SPRING, researchers who investigate Li metal collaborate in the special team. A rechargeable Li
metal battery was realized in this team. The target energy density of Li metal battery was set to be
500 W h kg!. The target of Li metal battery is a reduction of CO, from battery production process
and minimization of space and weight of battery, leading to higher utilization of battery in next
generation society.

2. Outline of R & D
(1) Contents:

A scientific base of Li metal anode was established. A basic design of cell and suitable
materials were found to utilize Li metal anode. Especially, a mechanism of Li metal dendrite
formation, kinetics and thermodynamics of chemical reaction of Li metal with electrolytes,
development of new electrolyte and separator were studied. In addition, the interfacial control
between separator and Li metal was also conducted. Finally, the laminated cell was prepared and
tested based on these studies.

(2) Achievements:

The commercialization of Li metal battery has not been realized yet, but the new
electrolyte and separator developed in this project solved some problems of Li metal anode. In
addition, Li metal foil with lower overpotential during its discharge and charge was prepared by
using melted Li metal. The laminated cell was prepared by using these new materials to confirm 500
W h kg™! energy density for practical cells. Specifically, the electrolyte reduction by Li metal was
suppressed by using highly concentrated electrolyte. The new separator provided highly uniform
current distribution in cells. The initially expected problems were solved by these researches. The
rechargeable Li metal battery prepared in this team exhibited more than 200 cycles with 95 %
discharge capacity retention.

(3) Future developments:

The clear designing direction for highly reversible dissolution and deposition of Li metal
was obtained. New better electrolyte systems can be developed based on design direction. The study
should be continued to realize non-reactive electrolyte with Li metal. Li foil was prepared in this
team by using several methods. In the next step, crystal size and crystal orientation of Li metal foil
should be precisely controlled to improve the cycleability of Li metal. The melted Li metal is one
important possibility. This research should be also continued. The research on separator is still
needed to improve stability of Li metal. The thickness and pore size are very important parameter for
the separator. In addition, the surface modification of the separator should be involved in this study
to control the interface between Li metal and separator. This is the most important technology to
realize Li metal anode for high cycle performance of cell, more than 500 cycles. The next step for
separator research is the preparation of new solid electrolyte consisting of new separator prepared in
this research and gel or polymer electrolyte. These composite separators can diminish the chemical
reaction between Li metal and electrolyte in physically. The calendar life, cycle life and safety are
also important for practical cells. The next research should include these points to realize material
and cell designs for rechargeable Li metal battery with high energy density, 500 W hkg™!, and long
cycle life, more than 500 cycles.



