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Li-excess cathode materials are expected to be next generation cathode materials for lithium-ion batteries
because of their high theoretical energy density. However, the capacity loss due to oxygen loss during
charging/discharging is a major problem for the practical application, and thus it is necessary to design the
cathode material without the oxygen loss. In this study, the electronic structure change of oxygen in Nb
doped LiMnOs after charge/discharge cycling was analyzed by X-ray absorption spectroscopy for O K-edge.
Although the electronic structure of the oxygen changed significantly at the first charge, the electronic
structure of the oxygen was found to be stable in the subsequent cycles.

Keywords: lithium ion battery, lithium-excess cathode, soft X-ray absorption spectroscopy

TR LR ER

UF 7 A A ZREM (lithium-ion rechargeable battery: LIB) X/ — kXY 3 A~<w— K7 %
VR MNUTKEDEBENZMHET D L RRRICALEHEINTRBY, EXEEHE (EV) 77
TA AT Yy RE (PHV) O LB EATWD =0, HEEA OS2 IR L Tnd,
ZOEOHERLTF VT —EEOR ERRDOLENTWND Z EIFE ) ETH RV, Bk, LIBTHW
HILTW D IEMEYEIL, LiMeO2 (MelZHAEEBR SRV ILEN S DEAEITTER) (LEMTH D03,
FTOTRX—FEL, Hin L, /KA TH, 300 mAhIZED 2V, LA LR S, LidRER ok
D—>TH HLiaMeOsiZ, DL &M O LN THAEERSG A, FEHMAYIZIZ500 mAh/QIZIE D &
ENBROLNDTZO, WHROEMMEE LTHIff ST, L L, ZOMEHZIX, Lizsl Xk
T EDLEHRMPET D, ETEAOCEOME N EIT I, FEFITIEME R — M OEERE N ER L,
EBRRRO N RES SR T LW =RIERD 5,

RERZ2LIERIZZAMEL DO —D>Toh % LiaMnOsiL, EFEAEM O IEMm & L THW SR, 270 m
ANGREEDFRNEREZRD ., 1ITHD 7 —1 VR ZHERF L-O-D100[RNZ J 5 BAF 7Y 4 7 VR
R ZERRESNTWD[L], Fx D7 —T7TiE, —#HDOLi2MnOs, K OLi2(NixMn1x)O03 D i
MFZEIZ L0 FERICY A FIF o 7B R EA TS &L LIOREBEILE A 03 820 2T
S AL, EORICHEWVEEDZEINT 5 Z &AM L TWA[2], [8]l, EIZLi2MnO3D>Mn % Nb{Z i #i
L 72 Li2(NbxMn1x) O3l Z W Tl B O BRSNS X 0 BMiZe NaCPRI ST 5 db s & 72 v L. #iE]
FE7E C300 mAhgLL LD EEEZ /R L7214, 10ROV A 7 L TlEd 50, O/, NaCllloEdE, +
L CEOIEWEEIIC IZIF100%HERF S D 2 & & R L72[4] g0 RkIN, fEEo Lz 45




£R=C 3

WFITIZ DWW TIE[BNZEE L VY, NaCRAEIE I8 TIE, LizMnOs=fth D Liz(NixMn1x)Osz, LizTiOs7g &£
RGNS —Lia—MEE—LIGAERCERE —MEE—0 —JafEfiE L B0 | —BERE—LI
GHERGRE—OLXAEEREME, HLIAERREIC, KoM hiiiELRoThh, &RkE
NHIEEIENZLINRT 5 2 ERZFOBENHERFF SN DO RERERO—DOTHD EEZTND, Ih
5O Z EiE, LizMnOsD X U [ZLi2(NixMn1x)0s % Wi, SR A2 BT 52 LIcL - T, &
IFEREREEHND Z EICL o T, HiEEHER Y 2 e BEIRDARRTRERERER

BRH LS Z L2 sE 5, ZORFFEREIZBO T, 2 DOLi2(NixMn1x)03? & L B SR IZ 3
2 B REE AL 2 X Z2 W= XAFSHITIC L R 2, BAEEDLZEMEIC W TR Lo,
Z LA O EMGHEREEZ A LT A EEHNE T D, AFFEICE > TH LD LB EI R
BLi2(NixMn1x)Os D & T4 O fF # & ERALFRHE L SO Cilind 5 2 & C, Bl Bt ok
FMEREL e B LIRS D,

EBR

Li2(NbogsMno.15)03: 7 & F L > 7 F » 7 : polyvinylidene fluoride =8 : 1 : 1wt TIRA L7=b D%
1EM, Li4JE % £, 1 M LiPFe/ ethylene carbonate and ethyl methyl carbonate (3:7 vol%) % FEfifik & L
THW, e 2 ER L7, 10 mAQO BN, 2.0-4.8VD T v~ N4 7 EEDOFRME T CER
FES A I N EAToTo, RRE YA 7%, T a—TRy 7 AR TRAVERIK L, EMmERY
HL7z, Bz hT7 277 =Xy vA~EH AL, LafiRFSRE ¥ —BL-1LICfE L7z, O
K-edge D = 1 /L F —HEIRIZ DU THER Ay a0 OGN EVE IS TIT 2 72,

R, BXO, &%
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Fig. 1. Cyclic performance of LizNbg.15Mno gsO3 with a current density of 10 mA -g* in a half cell.
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Fig. 2. XAS spectra of O K-edge in LizNbo.1sMno.esO3 before and after change/discharge cycling.
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