©
2020 2022

Diversification of Solid Electrolyte Material Synthesis and Application to
All-Solid-State Lithium Sulfur Batteries

Kota, Suzuki

3,300,000

LiloMP2S12(M=Si, Ge, Sn, P)
59 Li10GeP2S12

The mass synthesis of LilOMP2S12 (M=Si, Ge, Sn, P) solid electrolytes was
investigated, and conditions were established to obtain high-quality Li10GeP2S12 crystalline phases
of about 5 g in a single synthesis by a thermal treatment process under argon gas flow. It was also
verified that the dissolution and deposition process of Lil0GeP2S12 material. As a result, it was
found that several issues need to be solved to make the requirements compatible with existing
battery fabrication processes. The construction of a high energy density cathode with increased
sulfur content in a cathode composite consisting of sulfur-carbon-solid electrolyte was
demonstrated. The effects of carbon and solid electrolyte particle sizes used in the composite and
various additives on battery performance were also examined. Optimization of the variable parameters

improved the utilization of sulfur-active material and enhanced the cycle characteristics.



(1,672 mAh/qg) 1
(Electrochem. Commun. 5, 701, 2003)

10—-100 nm
(CR) (J. Power
Sources 330, 120, 2016)
(ACS Applied Energy Materials 1, 2373-2377, (2018). )

LiinGeP2S12 500 mg
1 2
5
Ge LiioGeP2Si12
(>10
a )
U] ()
(CR)
3
()
(i)
(iii)
Li1oGeP2S12
X
In—Li
Li1oGeP2S12
5¢g LiioGeP2Si12
LiioGeP2Si2 Liio+kGe1+kP2«kS12 k 0.05
0.50
(D
X

STEM/EDX
nm



LiioGeP2S12

Li1oGeP2S12

x in Liy,Ge,,P,S,
0.7 065 06 055 05

10 18 T T T T
O Vacuum process
181 O Ar flow process
Ge Li-M-P-S o=
£ 20+
LizoGeP2S12 g 20 8
® 8 5
) b 22F &
LiioGeP2S12 5 o8 g 8
3 n g B
Li-M-P-S(M = Ge, Si, Sn, P) M -2.4 - : A
= Ge, Sn, Sn-Si Li10GeP2S12
26 1 | 1 | L | 1 |
0.0 0.2 0.4 0.6
6 in Lijg,5Ge1.5P2.5512
M=Si 1 Li1oGeP2S12
LiioGeP2S12
Li1oGeP2S12
LiioGeP2S12 (DME, THF, MeOH)
10wt%
24
DME THF
X LiioGeP2S12
103 S/cm
LiioGeP2S12 DME THF
MeOH
X Li1oGeP2S12
Li1oGeP2S12 MeOH
Li1oGeP2S12 MeOH
3wit%
-3 *: Li,GeS
o=17x10"Slem . A 5~4
(200°C) X After sintering % POy
Li1oGeP2S12 =
5
LiioGeP2Si12 g
550 OC 8h Li4GES4 <: After dry|ng
Voo 2 iy,
MeOH PSs- OH g
_ £
. PO4? o =2.4x10° S/cm
PS4 Before
2h
LiioGeP2S12
( 2) 20/°
Li1oGeP2S12 102 S/cm 2
LiioGeP2Si12 X

Li1oGeP2S12

2h

550°C



CR 4:1 155°C
12 CR S-CR
80wt.%
CR
S-CR S 75wt.
S-CR
LiioGeP2Si12 S:CR: LiwGeP2S12
40:10:75
X Li1oGeP2S12
700 mAh/g
10 940 Ah/g
(1,672 mAh/g) 55
CR  LiwGeP2S12
10p CR
7 pm CR ( 3
LiioGeP2Si12 CR  Li1GeP2S12
1,250 mAh/g 4
1,450 mAh/g 464 mAh/g
(ACS Applied Energy Materials, 1, 2373-2377 (2018): 135
mAh/qg) 3
350 mAh/g
10F 100 10F 100
,(f) Before & EE) | After i &
X c S 3
< 8 80 3 T 8fF —-80 £
< 5 2 1.5
2 6| 60 5 2 6 —60 o
@ a 5 L 4 B
i=] @ S o
8 4r 40 z T 4 —40 £
& 2 20 2 8 2 —20 ¥
a = a | 4
0 0 ot ; £0
0.1 1 10 100 1000 0.1 1 10 100 1000
Particle diameter d /um Particle diameter d /um
3 CR
VGCF Lil
(<10wt.%) ( 4
VGCF(4wt.%) Lil(6wt.%)

900 mAh/g 30



Discharge capacity C/ mAh gg, "

1500

1000

500

—0— S-CR

—/— S-CR + VGCF

— 1+ S-CR + Lil

—/~— S-CR + Lil + VGCF

5 10 15 20 25

Cycle number
CR  LiwGeP2S12

30



3 3 0 0

Hayashi Daiki Suzuki Kota Hori Satoshi Yamada Yuto Hirayama Masaaki Kanno Ryoji

473

Synthesis of Li10GeP2S12-type lithium superionic conductors under Ar gas flow

2020

Journal of Power Sources

228524 228524

DOl
10.1016/j - jpowsour .2020.228524

Suzuki Kota Yageta Ayumu lkeda Yuki Mashimo Naohiro Hori Satoshi Hirayama Masaaki Kanno 49

Ryoji

Precipitation of the Lithium Superionic Conductor Lil0GeP2S12 by a Liquid-phase Process 2020

Chemistry Letters 1379 1381
DOl

10.1246/cl.200509

Kota Suzuki, Jinan Cui, Jiang Peilu, Hanseul Kim, Yumi Yamaguchi, Satoshi Hori, Masaaki

Hirayama, and Ryoji Kanno

Sulfur-rich composite cathodes using carbon replica frameworks for all-solid-state lithium- 2023

sulfur batteries

Journal of the Ceramic Society of Japan

DOl

11 5 3

172

2021




43

2021
11
2021
Cui Jinan, ,
88
2021
88

2021




CUl Jinan, , , ’ »

10 CSJ 2020

2020

46

2020

Jinan Cui, Kota Suzuki, Satoshi Hori, Masaaki Hirayama, Ryoji Kanno,

High Energy Density Cathode Composite for All-Solid-State Lithium-Sulfur Battery

PRIME2020

2020

(€))

2023




Peilu Jiang, Jinan Cui, Subin Song, Huangkai Zhou, Yumi Yamaguchi, Kota Suzuki, Ryoji Kanno, Masaaki Hirayama

A Mixed-Conductive Li2S-Based Cathode Composite by a Liquid-Phase Process for All-Solid-State Lithium-Sulfur Battery

17th Asian Conference on Solid State lonics (ACSSI-2022)

2022

Peilu Jiang, Jinan Cui, Subin Song, Huangkai Zhou, Yumi Yamaguchi, Kota Suzuki, Ryoji Kanno, Masaaki Hirayama

A Mixed-Conductive Li2S-Based Cathode Composite by a Liquid-Phase Process for All-Solid-State Lithium-Sulfur Battery

2nd Energy & Informatics International Forum

2022

http://www.kannosuzuki.assb.iir.titech.ac.jp
http://www.assb.iir.titech.ac.jp/

http://www.kanno.echem.titech.ac.jp/







