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oReport summary (English)

Principal investigator: Masahiro Tatsumisago, President of Osaka Metropolitan
University

R & D title: Development of All-Solid-State Lithium Secondary Batteries Using
Inorganic Solid Electrolytes (Sulfide-Type All-Solid-State Battery Team)

1. Purpose of R & D (Sulfide subteam)

The development of safe and reliable energy storage devices and the replacement of gasoline-
powered vehicles with electric vehicles will be effective in realizing a low-carbon society. Since all-
solid-state batteries do not use flammable electrolyte, they are highly anticipated as a safe battery with
no risk of leakage. The goal of this project is to develop high-performance solid electrolytes, positive
and negative electrode materials, and elemental technologies useful for producing all-solid-state
batteries. The most significant challenge is how to contact "solid" battery materials together. It is
important not only to present research results at conferences and in papers, but also to bridge the gap
to manufacturing companies.

2. Outline of R & D (Sulfide subteam)

(1) Contents:

The first five years research focused on the development of all-solid-state lithium-ion batteries. In
addition to researchers in materials chemistry, who have been leading the world's all-solid-state battery
R&D, researchers in powder and sheet processes and specialists in structural analysis were involved
in the team research. In the latter five years, the team further shifted its focus to research on all-solid-
state lithium-sulfur batteries, which are expected to be the next generation of high energy density
batteries. The issues to be addressed are higher output and longer life of the sulfur-based positive
electrode and metallic lithium negative electrode. We conducted the research on the development of
reduction-resistant solid electrolytes and interface stabilization to master metallic lithium, the
development of sulfur-based materials that increase conductivity of insulating sulfur, the development
of various material synthesis processes that enable mass production, and the trial manufacture of sheet-
type all-solid-state batteries.

(2) Achievements:

We have created new technologies that had never existed before, such as development of sulfide-
based solid electrolytes with the highest conductivity, development of liquid-phase synthesis processes
for solid electrolytes, development of electrode-electrolyte composite particles in a dry process,
stabilization of the high-potential electrode active material-solid electrolyte interface, development of
thin-layer technology for solid electrolytes. The energy density of sheet-type all-solid-state batteries,
which were difficult to construct and operate in the early stages of R&D, has been increased. Material
information of developed solid electrolyte exploration was accumulated as a database, and a basis for
future collaboration between computational science and new material exploration was established.

The all-solid-state lithium-sulfur battery now operate at several times higher current density than
that of our initial battery by clarifying the short-circuit mechanism caused by lithium dendrite through
stabilizing the interface by reduction-resistant solid electrolytes and setting appropriate constraint
pressure. Operation at high current densities at practical levels (60°C, 10 C rate) was also demonstrated
for positive composite electrodes.

(3) Future developments:

All-solid-state batteries using electrode active materials for conventional lithium-ion batteries were
advanced in collaboration with LIBTEC, a technology research association, and transferred to the
NEDO SOLiID-EV project. All-solid-state lithium-ion batteries are being developed by automobile
manufacturers with the aim of realizing full-scale commercialization of electric vehicles equipped with
all-solid-state batteries.



1. Purpose of R & D (Oxide subteam)
Lithium-ion batteries have contributed to spread of mobile devices and establishment of an
information society, and they are expected to realize a low-carbon society through efficient use of
energy. However, much longer lifespan and higher safety are required for the batteries that electrify
vehicles and store renewable energy.  Solid state batteries are anticipated to meet these
requirements, because solid electrolytes do not have diffusive species that cause side reactions
leading to deterioration, and they are non-flammable. Especially, solid-state batteries with oxide
electrolytes are strongly required due to their relatively high chemical stability.

2. Outline of R & D (Oxide subteam)

(1) Contents:

Two approaches for realizing oxide-based solid-state batteries in the beginning of the projects were
providing scalability to thin-film batteries, which were already operatable at room temperature, and
lowering internal resistance of bulk-type batteries assembled by sintering process. We also started
development of active materials that show small volume change during electrode reaction and in-situ
characterization techniques. We have developed a flux method as the scalable process by FY2018
and by assigned new researchers specialized in process and exploration of new solid electrolytes to
realize bulk-type batteries by the end of this project

(2) Achievements:

In the development of solid-state batteries with LISICON-type solid electrolytes, we have found that
the solid electrolytes do not react with cathode materials with layered structure in the sintering
temperatures. We have succeeded in employing graphite and silicon anodes in the solid-state
batteries. Introducing garnet-type solid electrolytes for enhancing ionic conductivities has made the
batteries operatable at room temperature. In the development of solid-state batteries with garnet-type
solid electrolytes, we have lowered the sintering temperature of the electrolytes by introducing Bi or
reducing particle size, which enables room-temperature operation of the solid-state batteries. We
have also established exploration procedure of novel solid electrolytes based on materials
informatics and developed CT-XANES that visualizes spatial distribution of electrode reactions in
solid-state batteries in operando.

(3) Future developments:

We have established basic designs of oxide-based solid-state batteries that are operatable at room
temperature in this project. Further improvements in the battery performance are necessary for the
social implementation, which will be achieved by optimization of the battery design and
development novel solid electrolytes.



