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

1. Project title : Development of Solid State Lithium-sulfur Battery using a New

Inorganic/Organic Composite Electrolyte Membrane for Industrialization |

2. Research period : April 1 2019 ~ March 31 2023
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Kiyoshi Professor | Tokyo Metropolitan Research
Kanamura University Supervisor
Co-PI Hirokazu Assistant | Tokyo Metropolitan Anode design
Munakata Professor | University
Collaborator | Yuma Shimbori Student Tokyo Metropolitan Anode design
University
Collaborator Kazuaki Sawada | Student Tokyo Metropolitan Electrolyte
University design
Collaborator | Junya Takeyoshi | Student Tokyo Metropolitan Anode design
University
Collaborator | Hiroto Takamiya | Student Tokyo Metropolitan Anode design
University
Total number of participants throughout the research period: 7
Partner-side
Name Title Affiliation Role in the
research
project
PI Yongcheng JIN Professor | Ocean University of | Research
China Supervisor
Collaborator Jun MA Associate | Qingdao institute of Electrolyte &
professor | Bio-energy and cathode design
Process, CAS
Collaborator Zengqi ZHANG Assistant | Qingdao institute of Electrolyte &
Professor | Bio-energy and cathode design
Process, CAS
Collaborator Jingwen ZHAO Associate | Qingdao institute of Electrolyte &
professor | Bio-energy and cathode design
Process, CAS
Collaborator Qinyou AN Associate | Wuhan University of | Electrolyte &
professor | Technology cathode design

Total number of participants throughout the research period:

6

4. Summary of the international joint research

The Japan-China international joint research was carried out to develop practical
all-solid-state lithium-sulfur batteries based on technology of each party for material
synthesis, battery design and so on. The advantages and problems of the cell components
developed by this cooperation were clarified by constructing prototypes all-solid-state
lithium-sulfur batteries. Consequently, we have successfully developed the lithium-sulfur
battery based on composite type solid electrolyte. This prototype cell delivered an energy
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density of ~350 Wh kg%, which is beyond those of lithium-ion batteries. This battery showed
a capacity retention of 85% or more even after 1000 cycles. The active exchanges of
Japanese and Chinese researchers, particularly focusing on young researchers including
students were carried out. An international cooperation platform has been successfully
launched via intimate online meetings although the face-to-face interactions have been
restricted as well as the materials supply to each other due to the pandemic of COVID-19.

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

The research and development on (1) new inorganic-organic composite electrolytes
based on electrode/electrolyte interface design, (2) lithium metal anode suitable for
all-solid-state batteries, and (3) sulfur cathode with high reversibility were carried out. The
Chinese group was mainly in charge of (1) and (3), and the Japanese research group was
mainly in charge of (2). For research topic (1), the Chinese side found that a composite
electrolyte consisting of solid electrolyte particles and a polymer electrolyte had high Li*
conductivity, but the formation of its thin membrane was difficult due to poor mechanical
stability. This problem was effectively solved by application of a three-dimensionally ordered
microporous polyimide membrane developed by Japanese side, which is one of synergistic
effects of this joint research. For research topic (2), we applied structured current collectors
to suppress the volume changes of lithium metal anode in all-solid-state lithium sulfur
batteries during the charge-discharge processes. Although the structured current collectors
worked effectively, the further improvement to suppress the deposition of dendritic lithium
metal was needed. Therefore, we conducted the research on an artificial surface layer on
lithium metal anode for the more precise control of lithium deposition morphology. The
nucleation of lithium deposition was regulated by a thin polymer coating layer, suppressing
the expansion of lithium metal anode during the dissolution-deposition cycles. For the
research topic (3), we conducted the direct formation of sulfur cathode on the electrolyte
membrane to improve their interfacial contact. It was found that the electronic conductivity of
carbon materials used in the cathode played an important role, and the significant
improvement of cathode performance was achieved by applying carbon nanotubes. 10 Ah
class all-solid-state lithium sulfur prototype cells were prepared based on the developed cell
components and cell design. The energy density of these cells were 350 Wh kg and their
capacity retention of 85% or more even after 1000 cycles.

5-2 Synergistic effects of the joint research

The exchange of young researchers including students was particularly focused to
extend this joint research to a future Japan-China research exchange platform in the field of
next-generation batteries. We held short meetings when participating in international
academic conferences in addition to regular meetings for the active exchanges at the initial
period of the joint research. Successfully we are keeping a good cooperation even after
face-to-face interaction became difficult due to the pandemic of COVID-19. The specialized
perspectives and approach relating actual battery production of Chinese side well stimulated
young researchers in Japan, and vice versa of Japanese accurate material design and
analysis.

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

Until now, there has been few international joint research focusing on practical battery
development. Therefore, it is expected that the cooperative platform developed through this
joint research will work as a basis for the further cooperation between Japan and China
responsible for the development of next-generation batteries.



SICORP #& 7#5E (&4 - Jin )

[E BRI FIMFITICI 1T D FE R U X |
1. WRXERE

*JFE R SC (FHFAFZE T — & & ORGS0 RBRAEL - 3214

s BBV FERME EF 24

1. S. Tan, Y. Dai, Y. Jiang, Q. Wei, G. Zhang, F. Xiong, X. Zhu, Z.-Y. Hu, L. Zhou, Y. Jin, K.
Kanamura, Q. An, L. Mai, “Revealing the Origin of Highly Efficient Polysulfide Anchoring and
Transformation on Anion-Substituted Vanadium Nitride Host”, Adv. Funct. Mater., 2020,
2008034 DOI: 10.1002/adfm.202008034

2. Z. Zhang, B. Zhao, S. Zhang, J. Zhang, P. Han, X. Wang, F. Ma, D. Sun, Y. Jin, K.
Kanamura, G. Cui, “A mixed electron/ion conducting interlayer enabling ultra-stable cycle
performance for solid state lithium sulfur batteries”, J. Power Sources, 2021, 487, 229428
DOI: 10.1016/j.jpowsour.2020.229428

- AP L FERME - B O

*JRFERR S (FRFAWTTET — L2 & 720 BARWIE T — 20w 30) - R - 710
- BHAD BRI FHOE
- AL R FHO

* FOMOEEY) FHFURFIET — A L O B/ L) 5F05 3o ¢

k FOMOEEY) FHFARFFETF — L %2 S F 20 A AT — L OG0, EER D) - %
Ffhgr : B oM

2. FRFR

* OEARE (FHFIMZET — A & OEL I ER)
TR G0 (O BIRFFRER - 01F)

* OEHFER (FRFWTIET — L 25 720 BAMBIET — L DFER)
FERMIL G5 M (O BRAFER - 0 1)

kIR A K =R (RPN T — & & OEL4, 3 FR)
RFM  FHoM

kR AZ—FgFR (FHFMIFETF — L% G E R0 HARABFET — LA DHEK)
FEFRAE  FH O

3. LI Y— I vav Tl EBIF— - VURTTLEORME
L

4. MARMDER (FERFER)

201948 H19 H~20 H : ¥ v 27 A7 I—7 17, Chinese Academy of Sciences,
Qingdao, China

- 2020 4F 12 H 23 H : HFEtESSE. Online

- 2021 45 H 14 H : HF7EEH S, Online

5. RFEFHiRE



SICORP #& 7#5E (&4 - Jin )

WFFEIIE AR IR 0 1

6. ZH - FHBESE
2L

7. FDfh
L



