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Strategic International Collaborative Research Program (SICORP)
Japan—V4 Joint Research Program
Executive Summary of Final Report

1. Project title : ['Structure-Function Relationship of Advanced Nanooxides for Energy

Storage Devices |

2. Research period : November 2015 ~ March 2019

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Hisao Suzuki Prof. Shizuoka University | Summary and
preparation of
core-shell
particles
Co-PI Takashi Shirai Associate | Nagoya Institute of | Development
Prof. Technology of novel anode
materials
Co-PI Sadatsugu Associate | National Institute Development
Takayama Prof. for Fusion Science | of novel
sintering
method
Collaborator | Naonori Associate | Shizuoka University | Nanostructure
Sakamoto Prof. analyses of
core-shell
particles
Collaborator | Jeevan Kumar Post Shizuoka University | Development
Padarti Doctoral of solid
Fellow electrolyte thick
films from core-
shell particles
and
measurement
of the
electrochemical
properties
Collaborator | Mamoru Senna | Honorable | Shizuoka University | Information
Visiting exchange
Professor among V4
research
groups
Total number of participants throughout the research period: 6
Slovakia-side
Name Title Affiliation Role in the
research
project
Pl Vladimir Sepelak | Prof. Slovak Academy of | Summary and
Sciences preparation of
novel anode
materials
Co-PI M. Fabian Prof. Slovak Academy of | Preparation
Sciences and analyses
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of novel anode
materials
Total number of participants throughout the research period: 2
Czech-side
Name Title Affiliation Role in the
research
project
Pl Ladislav Kavan Prof. J. Heyrovsky Summary and
Institute of Physical | electrochemical
Chemistry measurements
Total number of participants throughout the research period: 1
Poland-side
Name Title Affiliation Role in the
research
project
Pl Dariusz Oleszak | Prof. Warsaw University Summary and
of Technology preparation of
powders by
solid state
method, and
their sintering
Total number of participants throughout the research period: 1

4. Summary of the international joint research

The purpose of this international joint research is to develop the basic science and the
key technology for the high performance next generation all solid type Li-ion secondary
batteries (ASLIB) which will give us the breakthrough for the global warming measures. In
this international joint research, each research team made effort to collaborate with each
other through the speciality of each research team for the development of the next generation
ASLIB. As aresult, we have developed oxide electrolyte fine powders and core-shell particles
of cathode materials and solid electrolyte at lower temperatures, leading to lower the
interfacial resistance for the Li-ion conductivity between cathode layer and solid electrolyte
layer. By using these powders with unique nanostructures, we Japan team have developed
two types of prototype ASLIB of Ag/(LNMC+25 vol.%LLZTO)+LLZTO//LLZTO/Ag (Ceramic
type ASLIB) and Al/LCO/LI-PAA-LLZO//LTO/AI cell (sinterless composite film type), both
exhibited excellent batteries properties in the world.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

As for the scientific papers, we published papers related low-temperature powder
formation and the properties of the LLZO or LTO, as well as the papers described on the
evaluation of the cathode or anode materials. Based on these results, Japan team developed
the prototype ASLIB and evaluated the electrochemical properties of the ASLIB. Furthermore,
we prepared core-shell particles of commercial LINMC cathode and solid electrolyte of LLZO
by nano-coating the LLZO thin layers on the core LINMC to reduce the interfacial resistance
for Li-ion in the cathode layer. As a result, we successfully lowered the interfacial resistance
and the resultant ASLIB using this cathode layer on the LLZO ceramics showed highest
batteries properties compared with the other oxide type ASLIB in the world. However, the
cycle properties of this prototype ASLIB suddenly degraded at around 15 cycles because of
the large volume change accompanied with the intercalation of the Li-ion during charge-
discharge cycle. If we can find the processing or additives which suppress the catastrophic
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degradation of the cycle properties, then the implemented activities of the joint research will
be noticeable.

5-2 Synergistic effects of the joint research

Besides the publication of the scientific papers related to the batteries, the most interesting
achievement in this international joint research was the development of the high performance
ASLIB, although the cycle properties of this ASLIB was not so good. In addition, novel
cathode and anode materials with core-shell structures have been prepared in this research.
If the further research progressed to overcome the bad cycle properties, then the next
generation ASLIB will be successfully developed to contribute the future severe global
warming.

5-3 Scientific, industrial or societal impacts/effects of the outputs

In this international joint research, the objective did not perfectly cleared, basic result
leading to the development of the next generation ASLIB have been obtained. In addition,
the trigger for the breakthrough was already obtained. If we can find the good plasticizer for
the sinterless composite electrolyte film which soften the composite film, cycle properties of
the ASLIB from such electrolyte film will show the very good cycle properties, leading to the
powerful tool to overcome the global warming. Therefore, the synergistic effects of the joint
research should be properly appreciated.
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