Joodoboooobodoogn

U}

Development of Lithium Sulfide for Solid Electrolyte

oot ooy odooo oo

Yutaka KINOSE, Yasuyuki TANAKA and Masahiro YAMAMOTO

10404dd

000000000000 LIODOO0O0O0Ooooooo
0000000 LiAsFeODOODOODOODODODO
gboooooboobobooboooboobobooboooo
OLOOOOO0O0OO0OO0OO0O0QOOOOOOOO0O00000
gbooooboobooboooboooboobn

gboboooooboboooboboobobobon
gooooboooboooboooboboooooooooon
gooobooboobobooooboboooooon
oooooooOoOoOoOoOoo LiOOoOooOoooOooog
00000000o0ooooooooLIcoooooo
gooooobooboboboooooobooboonog
gooboooobbooooboopbDADOOODOO
gooooboooog

RITOVFILLA>

ZRBHOHER WiEeHE

Liq€ > DRIR IS £

IEf8 B8
U118 B ERRE

13 v ls =8N - ° 13 _L/

(RREER) | °F

/A T
uzmmncsy wisu
IXNX-—BE2R

B+ HRNIH—

#¥110um

Fig. 1 Conceptual diagram of lithium metal anode
covered by inorganic electrolyte layer.
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Fig. 2 Diagram of constitution of all-solid-state
lithium-ion battery.
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Table 1 Chemical analysis of lithium hydroxide

monohydrate.

Property Analysis
Purity /% 99.99
SiO, /ppm 7.3

Ca /ppm 7.1

Al /ppm 2.2

Na / ppm 2

K /ppm 3
Mg / ppm 0.06

Sr /ppm 0.1

Fe /ppm ND

Zn /ppm 04
Mn /ppm ND

Ni /ppm ND

Cu /ppm ND

Y /ppm ND

Ce /ppm ND

Yb /ppm ND

ND:<0.04
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Fig. 3 Outline of experimental device.
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Fig. 4 Manufacturing process of lithium sulfide.
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Table 2 Reaction conditions.

Condition 1 2
Temp.O reaction 10/ 0 120 120
Ar gas flow rate/L min? 2 05
H,0O in solution after reaction 1/ wt% 0.3 3
Temp.O reaction 200/ O 160 160

Table 3 Characteristics of lithium sulfide obtained under each condition.

Condition 1 2

SiO, /ppm 3 3

Ca /ppm 10 10

Al /ppm 6 6

Mean particle size /um 70 40
Particle shape Cubic Uncertain

Condition 1

19.8kYV X506  60.9sm

Condition 2

Fig. 5 SEM photographs of lithium sulfide.
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Table 4 Reaction conditions.

Condition 3 4 5 6
Temp.O reaction 1/ 0 120 170 120 120
Ar gas flow rate/L min? 2 2 2 2
Temp.O reaction 20/ O 170 170 150 180
TimeO reaction2/h 2 2 5 5

407261 18.060kV

Condition 3

Condition 4

Fig. 6 SEM photographs of lithium sulfide.

Condition 5
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Condition 6

Fig. 7 SEM photographs of lithium sulfide.
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Table 5 Reaction conditions.

Condition 7 8
Temp.O reaction 1/ O 120 120
Ar gas flow rate /L min? 2 2
Temp.O reaction 200/ O 180 180
TimeD reaction2/h 5 20
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Condition 7

Condition 8

Fig. 8 SEM photographs of lithium sulfide.
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Fig. 9 Comparison of sulfuric oxides content of lithium
sulfides.

Al BO products on the marketO CO obtained.
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Table 6 Content of impurities of lithium sulfide.

Element Analysis Element Analysis
Al 0.001 Na 0.003
Ba 00 0.001 Ni 0 0.001
Ca 0.003 Pb 0 0.003
Cd 0 0.001 Sb 0 0.001
Co 0 0.001 Si 0.001
Cr 0 0.001 Sn 0 0.003
Cu [J0.001 Sr J 0.001
Fe 00 0.001 Ti 0 0.001
K 0] 0.002 \Y4 0 0.001
Mg 0 0.001 Zn 0 0.001
Mn ] 0.001 Zr J 0.001
unit: wt %
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Table 7 Reaction conditions.

Condition 9 10
Temp.O reaction 10/ O 120 120
Ar gas flow rate/L min? 2 2
Temp.O reaction 2y O 160 180
TimeO reaction2[¥/ h 10 5

Table 8 Electrochemical properties of solid electrolyte.

Lithium sulfide used Condition 9 Condition 10 Maker product
Conductivity /103s0 1 115 114 0.44
Current flowed /p A 0.20 0.22 0.83
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