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Reaction Mechanism of new sulfide All-solid-state Lithium Secondary
Battery by measuring XAFS
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All-solid-state lithium secondary battery using sulfide electrolyte is one of candidate for next-generation
energy storage devices. Amorphous MS;z (M: Ti, Mo) electrode active materials show high capacity for
cathodes. The cells with amorphous TiSs (a-TiS3) electrodes showed the reversible capacity of about 550
mAh g-1 for 10 cycles. In order to investigate electronic structure during charge-discharge reaction, soft
X-ray absorption spectroscopy of charged-discharged cathode materials were performed.

Keywords: Battery, S K-XANES, Energy storage

TR LFFEER :

I, =X —MEEICRT 5006 F
DLz, mxAF—lrEA, EXBEEH
Mie & o ZkEM! Eaﬁ%iofwéo:
NoOMRBEITK L, ZREMIZIT ST R LF
— B ;b‘ﬁ‘éﬁ K= & ]\ B L
LGl HPERENER S, BIEZ LD
H&IZR LT ) 7’”7A4’ A ZIRBMN A
ﬁﬁéhfwé UL, VFULALA T
REMDOEME I AEERED DBV LI
fkw\%k%ﬂﬁm&wotﬁ@ﬁ%ﬁm
TWb,

BEERY F U LA A ZIREMITEREIZ
(LN 22 E 72 IR E R R E 2 - W T\ b
728, KRR & WV o T EN D 72 <
WO DH LY F LA A4 R
E e L CTHEREEZEDTWS, AT, kidk
MR EE WS 2 &0, EIREME O
AL EN T8 m BN B R E VD
NHENI Ay NHFIET 5,

LU, BEEREBEREIZITO < DD OFEN
FAET D, ZD 1oL LTETLNDLDN,
EBRE ORI A-[F 1, 5 WVILERE-ERE Y
ERL RSB T DA A MR A S C
EThDH, £ZT, HHINTWD DAL
MERERE Th D,

A RERERE IO, B E
FATeBRICIET D Z & TR N D72 720 |
LR B WVEERZ R T I ENRMLNTEY
B SEFECIX A EMRIRIZILT 214 48
ﬁi%wﬁ@ig%%iéhfkwm FH
e END L, BWAMEOH D EmEER
%m%mﬁﬁﬂ@ﬁ%%kw%nfméo

Wi b 2 EARILSSHEE R RO H DR %
<\é%ﬁéﬁEEM®%ﬁ%§m#ékw

(G HERE DN R E N D, AAFFE Tl
ER B EMAENCH D Amorphous TiSz @
XAFS i 217, BOSET V& E LT,

EB
1) Amorphous TiSzD &k,



ENLIOTIS(E LA b ,99.9%) &
S(99.98%,Aldrich) 370 rpm, 40 hd 5T 2
V> /4% Z & TAmorphous TiSsz 57,

2) Amorphous TiSs?® XASHIE

Amorphous TiSsD FERLEIZLE D BT - JRIFT
HE LI OWTHRET L, RUSHERE O &
S K-edge XAFSHENTIC L 0 it L7z, SEBRIT
SRR R EFSRYE v X —IZ TYT - 72,

fER, BEIV, BE:
Amorphous TiSs O F& Fi e I E #E R 4 LT D
XIZRT,

Li/Tis,
30 1 2 3
T T ] 3.5
> 251 Crystalline 13 >
£ |TiSg 5
= {256
g morphous | =
< 15 ; ) S
g 153
= [}
Sosf 11 °

000 200 300 400 500 600
Capacity / mAh ¢!

Fig. 1 Wi b EREE 2 HO 2B D TiSs &

Fiix D Fe Ji5 7B R

EAREITK 550mAh gt TH Y, Lit K
3mol S5 L= Z ERNbhnoiz, Z Ok EMN
o Li* 23 3mol 43 TiSs & I3 HDLELTFD L D
RGBT T VMR R I NS, TOET IV
DM % DL O XAFS fEHTIC X 0 MdiE L7,

P

S giae i

TiS, + 2Li* — Li,TiS,

Li,TiS, + Li* & Li,TiS,

Fig. 2 TiSs O KL £ 7 /L

S K-edge,XANES A7 /L% Fig. 312”7,
ZORERNS 1V A 7 NVRIIT e ORFEICIX
FERICRDLRNI ENbhroi, 2 mol
discharge PARE O BUE RN BB E DO K & 72
TALHED Z EBbhoTz, ZIUXFEHER
ReEb—HT5H, =27 by TORD DL
(S-S) ¥#EA DWW N TR END, Fiz,
discharge % @ &"— 7 JEIR D3 pristine D & D &
R ERELIE/L, ZOZENDL S QN
redox |IZ% 5 L CWAH Z ERbhoTz,

£R=C 3

pristine

—— 1mal discharge
—— 2mal discharge
full discharge

2468 2472 2476 2480 2484

—_ k%] (45}
T T T

Normalized absorbance f a.u

[==]
L)

Energy / eV

. 3.0

5 — after discharge
@ —— 1mol charge
q) 254%L —— 2mnl charge
b full charge
G 20} :
=

e

5 ) \_?
o 15¢ /

@
210}
N
@

EO05}

=}
z

<
=1
.

24|68 24‘?2 24l?6 2450 24|84
Energy / eV
Fig. 3 (R)EifER L O(F)RERMRED TiSs
EARIZE 1T 5D S K-edge XANES

S K-edge EXAFS O @Ej£4# 1% B4 % Fig. 4 12
KT, ZOT—ZDOFEEHEOEY—7 DR
FF—MNZ S-S ICERNTLHIE—, mTx
XN S-TICER T 2 B — 7 DMFEET D
. FEEEDVNE W DICE R, 1 DO —Y
IZRA D, Flo. WHERICK E e DL
TR S, ZHUTFRAERR & —8T 5,

Fe BRI E D> & 210 B AR 1 SO 73
H7r%, S K-edge XANES 75 R IZ(S—
S)? 3L - full FLEIRFD AT FILR K E <
AL L= Z &b, HEEDORKE 2B TH
SN 5, SK-edge EXAFS Tl HERFIC S-S #&
BADOREBREEDOHENNDEL D Z ENTH S
iz, ZThoOfEEN G, 2 mol discharge %
TIE TiSs 12 LitSA v Z—HhL—3a 15
SGMAHEFT4 % 23, full discharge T Ti 23—
RS redox TAKIGMNIEZ 5 Z LR THIES
5,



—— pnistine

—— 1mol discharge
——2mol discharge
full discharge

0 \b’%
0 1 2 3 4 5 <]
R/IA
41 — after discharge
—— 1mol charge
—— 2mol charge
3L full charge
—
w2

W

0 ‘Il 2 é ﬁi- 5 <]
RIA
Fig. 4 (b)EERES L O(F)EEBEED TiSs
IR T D S K-edge EXAFS #2844k

X #R

[1] A. Sakuda, A. Hayashi, M.Tatsumisago, Sci.
Rep., 3, 2261 (2013).

[2] N. Kamaya, K. Homma, Y. Yamakawa, M.
Hirayama, R. Kanno, M. Yonemura, T.
Kamiyama, Y. Kato, S. Hama, K. Kawamoto, A.
Mitsui, Nature Materials, 10, 682 (2011).

X - FRERE (TE)

[1] T. Matsuyama, M. Deguchi, K. Mitsuhara, T.
Ohta, T. Mori, Y. Orikasa, Y. Uchimoto, Y.
Kowada, A. Hayashi, M. Tatsumidago, J. Power
Sources, 313, 104 (2016).

[2] BF B, Hn E& R F, KHE £,
FAE AL, T /IR, R BN, R
=2, K RE, REW BjiL % 56 [IE]
P, 1F13

[3] #alh 40k, HDo =241, HFE =, KH
B, & 9, 18 A5, NAR B, N
i #2, M R, RE 854, & 56 (6

R HE, 1F09

£R=C 3



