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ABSTRACT

As the demand for larger batteries increases, the development of safe and high energy density secondary
batteries is required. The prime candidate is an all-solid-state battery using a sulfide-based solid electrolyte.
This paper outlines the basic contents of R&D of all-solid-state batteries, such as classification of all-solid-state
batteries, structure of bulk-type all-solid-state batteries, conductivity measurements of solid electrolytes, and
calculation of theoretical capacity of electrode active materials. In addition, the research trends of all-solid-
state lithium-ion batteries, which are currently the mainstream, and all-solid-state lithium-sulfur batteries,

which are expected as next-generation high-capacity all-solid-state batteries, are introduced.

1 FU®HIC avoilBEHEAET S, TNIZ—2DOBEBMTA~—
F7A R EERERTAIENTELEBIETH S,
UF A4 F EMIE, v VKEBRBIZHEN BWORIEANDFEEN G HI2ONT, %4

T2HU ORI ANVF—FELZALTBY, ET BT ANV F —HE LR “REMORIEI KD T
PO/ REALICEML C& 72 T2, BVEE 5.

NHBRRKOREETH Y, = v r VKFEEBOIEES) SRR, BB EOMER, BAREME
PI2VREETHLDITHL, VF 7 A4+ VElIZ OMH, BMIERR L TENZFNGHTE 5,

Copyright © 2020 The Authors. Published by Hosokawa Micron Corporation. This is an open access article under 9
BY the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/).


https://doi.org/10.24611/micromeritics.2021006

%‘Z? The Micromeritics No.64 (2021) 9-17

BAEWE E LT, kD) F 7 a4 4+ V&I
ST L IEBIEYE K A BIEYE & v 5
DOV FKEDEFK TH S, HERDY F 7 L4 F
VB ST 2 BETEYE & Vv 7R
", @Rk Fo a4+ B, F ek
LIB EIFENAZ L H D, IEMICHEZ VAT
Mix AR 77 AmE S, ERICERSCRE L
A2 BT R F 7 2225 Bl E v, 72,
FRUT LA EWHA G & LTHY L 2R
HiEEFEER T v 7 AEBHTH S,

BAEME L LCiE, mibh, M1, KFELw,
Nar ALY, R <=7 ke RREEEARE S
TWwb, ZhZh, bRl 4 E A it AL A
LFEREMZ: & IR &SN 5,

BLOIRIZOVWTIE, HEZRE L TERST 5
MR AR L, B ARBIRAR £ 723 BERE R S
T BNV B AFEKEBICOFTE B, PRI 4
REMIE, H— FOPIINETEL LI RKRESD
TREBEMTH D, AY— T+ v EDO/NIETHE
wrH ORI EFERER S, BRABE, EEAER
HoRMoLEERE LTid, —BEIICHERE
HOEFEEREMSHE SN TS, ZOBERIER
OEFEEME NV 7 B EEARED (Bulk-type all-
solid-state batteries) & 5%,

AETIE, BEREER OS2 ®]) EREEERO
SLRE & WFZEB IOV TRER T %o

2 2EFEMOER

BUE, FEAMBICER D EWEFREREBRIX, U F 74
A &M & FARO EABEYE % v 5 4R Y
FILALF VEBMTH D, IEMEWEE LT, =
7NV MY F 7 A (LiCo0,) 7% EDJFIRD BRI
At ABIEWREIIESE (79774 b)) K
MTHb, Si%Ink &DEERMER Li,Ti0,, %
E DMLY RAEL D BBIEYH & LT RETH
%o

X 1 121X IEMRIC LiCoO, @ & 9 ZJ@IREILY, &
HRAZ HLER % P 72 i & — M 70 TSRS 1 o> 42 A
WOBKAK 2R, SEEERTIE, VF7a(44
VM E MR IR E L ARG E oM T 5
TAA T U ERBHIEL T L THRE, NEEITI
ORI & 0 FAEMRE %/ L B E »

10

Positive Electrode Material
. (LiCoO,, Li(Ni,Co,Mn,Al)O, etc.)
Solid Electrolyte
s Charge -
e (e ) e

= P S
= (Lit)m () mp

Lii Li*

Negative Electrode Material
(Graphite etc.)

Discharge

Charge
=g

Discharge

1 2EFYF 7 LAEBOBE L ERERBOEXR

Fig. 1 Schematics of structure and charge/discharge
mechanism of all-solid-state lithium secondary
battery.
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Fig.2 Picture and schematic of pellet for ionic
conductivity measurement.
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Table 1 lonic conductivity of typical sulfide-based and oxide-based solid electrolytes.
Composition Conductivity @25°C (S cm ') Category Reference
Ligs4Si; 74P 44S117Cly 5 25%10° Crystal [
Li,(GeP,S,, (LGPS) 12X 10° Crystal 2]
LiPS;ClI (Argyrodite) 13 % 10° Crystal [3]
70Li,S-30P,S; (Li,P5S)) 17 X 10° Glass-ceramic [4]
63L1,S-27P,S;-10LiBr 8.4 % 10° Glass-ceramic [5]
54Li,PS,-46Lil 1.8 x 10° Glass [6]
50Li,S-17P,Ss-33LiBH, 1.6 X 10° Glass [7]
75L1,S-25P,S; (LisPS,) 1.1 x 10" Glass [8]
Liys,La, s, TiO, o, (LLT) 1.4 % 10° Crystal [9]
Li, sAl,5Ti, ,(PO,); (LATP) 13 x10° Crystal [10]
Li,La,Zr,0,, (LLZ) 3.0 % 10" Crystal [11]
90Li;BO;-10Li,SO, 94 %X 10° Glass-ceramic [12]
33Li,B0;-33Li,80,-33Li,CO; 1.8 X 10° Glass-ceramic [13]
Li; sPO; sN, ., (LiPON) 23x10° Glass (film) [14]
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Fig. 3 Granulation and miniaturization of sulfide-based solid electrolyte (Li;PS, glass) particles.
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Conventional composite electrode

\ &
LiNi1/3Mn1/3C01/3O2 =NMC

Local stress is generated at the contact part
between the positive electrode active mate-
rial (oxide) particles, and the positive electrode
active material particles are crushed.

Homogeneous composite elec

trode

Homogeneous dispersion of solid electrolyte
reduces damage to positive electrode active
material particles.
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Fig. 4 Cross-sectional SEM images of the positive electrode layer. The cells were constructed with (left) 16 pm solid
electrolyte and (right) 4 pm solid electrolyte, respectively.
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Fig. 5 Charge-discharge curves of all-solid-state cell
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Electrode reaction :
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Fig. 6 Positive electrode reaction of all-solid-state lithium-

sulfur battery, model diagram of sulfur-carbon
composite, charge/discharge life characteristics of
the prepared all-solid-state lithium-sulfur battery.
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