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trodes of lithium ion secondary batteries by using two—dimensional X-ray absorption spectroscopy.
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Fig. 2 (Color online) Composite electrodes of lithium ion seconda-
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composite electrode used in this work.
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Fig. 4 Equivalent circuit for the electrode reaction in a composite electrode of lithium ion secondary batteries. R, ;
resistance for ionic conduction of liquid electrolyte in composite electrode, R, ; resistance for electronic conduc-
tion in composite electrode, Rcr ; resistance for charge transfer at electrode active material, Cay ; chemical
capacitance of electrode active material accompanied by charge/discharge reaction.

294 © &K July 2020 Vol.33 No.4



FiE 1 BB CTH o SIBERST /X MEBEFL - —FAME

»E I W =z

:0.3mol L’

700
600
500
400 B
300
200
100

BABIHER NS DIERE / um

100 min_ 111 min
(RREHRET)

Omin  20min 60 min

:1.0mol L"!
700

600 |
500 |
400 |
300 | B
200 | §
100 | (o

BABIHEDA S DFERE / pm

69 min

(RERT)

Omin  20min 40 min 60 min

HRE:2.0mol L
700 +
600 |
500 |
400 |
300 |
200 f
100 +

BIBIRELA S DEEEE/ pm

4. &
AR, BP0 T 7Yy T Ok, BEDE
BROFHHERORRBICHEY, HRE 2RI L 2SR/ IhR

JROEE % e KB AW RE & 7 D 0B %, Fiz, AT
BN L@l « SRRSO koA A—v v 7 X
WIR 3 HEtH D & SIS, H7e B SRS Tl <,
BROFEXHAGDOR GBI EE L 72> TETY
bo CNHOFHINZ L0, WAL ESILT UG 7/200
TIEBONED - ERAH LMD, HBEMBRIEAND
HRLBBICHEA TETWS, HIRRTIE, RS HO A
TF=VD%H L FZYTRNOHEBMTH LD, SHRIBICH
WOFTHLAEE D, T b &EHIT, FlIXEREYE
EToOBEMBERIGEE, RKIETS59 7Ry 7 ADE FH
DNEIN TV EERMRISOFHEED L0 FEM R RIC D
BWDHZ ENMRESN S, Kfadd, BEHEEFIRE L 72k
BEEHO—BOFRRE &, SHBROEEMPAFEO—IITLh
FFEWTH 5,

B

AR TR L 72HEO—IBI3, B robF— « BRI
R ahAZEREAE (NEDO) #opAl it 58 ML (et ZaA Hefiy
PAZFE (RISING) OO L LHOLN/=LDTH S,
F/o, RERICHz-> T, FERFNAREER, A
RFENK, mEREERAIE v 2 — B HER (R AR
T eI, RIFERK, FHER, SFHET
7a 6 CICHAERFRABE LA IERI O R 2R RIC %
R ZWHNETACVT, S CICEHOBERT S,

BEH

34 min
(EEBHKT)

0 min 8 min 16 min 25 min

Fig. 5 (Color online) Two-dimensional map of charging state in
LiCoO, composite electrode under charging investigated by
using operando two—dimensional X-ray absorption spec-
troscopy. LiPFs concentration; (a) 0.3 mol-L-!, (b) 1.0
mol-L~!, and (¢) 2.0 mol-L-1,

VIEFFHIIC L THIDTHE LN/ DTH D, BEHEEF
AL KBl OERHES R I HFFAITHSEEXL LD, &
FIERIC B 5 4 A/ (RE1L, BRROBHITLIBAA,
HHANZ S ENAHIEWESLEEIHF, OB,
FNHO 7T s X7 U REEICHR KA 5. HEICH
MAMETE HEMEEEREZRGT - FRT 21T, Thb
Tl b dH C EDBLE LR LD, AR TRNMLI-E Dk
REELEBEHNL, C ORI FHIME A5 2 5 b D
ThO, &k, K OFEMET, BrFEIns,

1) V. Etacheri, R. Marom, R. Elazari, G. Salitra and D.
Aurbach: Energy Environ. Sci. 4, 3243 (2011).

2) K. Kang, Y. S. Meng, J. Breger, C. P. Grey and G. Ceder:
Science 311, 977 (2006).

3) J. Fergus: J. Power Sources 195, 939 (2010).

4) T. Nakamura, T. Watanabe, K. Amezawa, H. Tanida, K.
Ohara, Y. Uchimoto and Z. Ogumi: Solid State Ionics 262, 66
(2014).

5) T. Nakamura, T. Watanabe, Y. Kimura, K. Amezawa, K.
Nitta, H. Tanida, K. Ohara, Y. Uchimoto and Z. Ogumi: J.
Phys. Chem. C 121, 2118 (2017).

6) T.Nakamura, K. Chiba, M. Fakkao, Y. Kimura, K. Nitta, Y.
Terada, Y. Uchimoto and K. Amezawa: Batteries& Super-
caps 2, 1 (2019).

7) M. Katayama, K. Sumiwaka, R. Miyahara, H. Yamashige,
H. Arai, Y. Uchimoto, T. Ohta, Y. Inada and Z. Ogumi: J.
Power Sources 269, 994 (2014).

8) K. Dokko, N. Nakata and K. Kanamura: J. Power Sources
189, 783 (2009).

9) J. Newman and E. K. Thomas—Alyea: Electrochemical Sys-
tems, 3rd Ed., John Wiley & Sons Inc. 517 (2004).

10) L. O. Valoen and J. N. Reimers: J. Electrochem. Soc. 152,
A882 (2005).

gt July 2020 Vol.33 No.4 295



mEEE

R RF LT ERIFEMZET %%
E-mail: koji.amezawa.b3@tohoku.ac.jp
BEM B A A=V X, BRI

[B&EE]

19944, HUHUK S LB 98 BHE A1 R
BET, 19984, m#EiKFEEL (L),
19944F-20074F, HUHEL K AR « BREEEHF
FERHBIF « Bh ¥, 2007420124, BRILK

EEIR

AHEBEX

RIEXRZZSTYERZEHER B
E-mail: yuta.kimura.b2@tohoku.ac.jp
B BRA A=V X, MEEBES
[REEE]

20154F, HALKFBRERHDHZERHE LR
BEUREE T, W GRERY) I,
20154E-20164F, ALK % TAY LRI
FERTRE B MG 98 B 20164F X V) 3,

FEEREUTIER « HEBIZ, 20124E 5D

Blkgko

FHRT)

AKX ZTMERSHRR EHR

E — mail: takashi.nakamura.e3 @ tohoku.
ac.jp

B BRMA A= X, BHRESEFE
[B%EE]

20104F, HALKF L0 B 3R 4
W ERE T, ML (L9 B, 20104-
20124F, HERERBILKRA 2tt, 20124
20194F, SALK:% T E B BFJERT -
Bi#, 20194 & 0 B,

Tracking battery reactions using synchrotron
radiation

—Operando measurements using time— and
space—resolved XAFS—
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Yuta KIMURA

Abstract Advanced analytical techniques using synchrotron radiation are now indispensable tools in the
field of battery research. In particular, time-resolved operando measurements recently become
one of popular research trends to investigate battery reactions. In this paper, our recent resear-
ches on time— and space-resolved operando observation of two—dimensional reaction distribution
in lithium—-ion secondary battery composite cathodes by applying synchrotron X-ray absorption
spectroscopy are reviewed.
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