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KX OEHE X Kinetics of Li—ion transfer and stability at layered rock—salt cathode and electrolyte
interface| TdH V., FEIEHEMIEM « BEREREICKIT D Li A 4 U BEISIGOMEER & eI RIETIEDE
REWEDOREE T Uiz, IEWEICIE, &b N B EERMEICh B LiCo0, & AV 7z, FEAEMREIC
WA 215 280 5 LiCo0 ik a AV CTYERL U 7= AR EBARIC X D MRHT 24T\ RIS, AR ifd SO % FERERY
\CHRT ABLE D (104) EAHER L2 B Z %3 v /L LiCo0, B & -t 217 - 72,

EMEMmE AT ER T, WERL D T4 OIEWE~DBEEEICE B Lz, LiCo0, iZxt L CEEEAMED
Ir Bt & B EERIE D Al Bk & W el & L CBIR L, VL7 LEE T LiCoO AR i i Lz, Zr Wb
7B LiCo0y DFEMITITAI 10 nm £ED BRI+ HERE L7268 & . Z OHEREDS 20O EIR (MBRIRED) Mg shnr-,
ERBL T3 Zr0o fdh . MERBREIL Li-Zr-Co-0 AWML L HE S, BENLIAFT L DA v Z—TL—v
a U D EDIEMER LB Z BN, — . Al BRLHEE LiCo0, TIE, Rk OHERIMII R TH - 72,
Al B FF 2D LiCo0u ICESICEET B 72 IFWEREIZFIREEEE D LiA10,-LiCo0, FEVEMRFEN AL S 4172
EBEZ DD, B LiCo0, B L UK LiCo0, & AV TIERL L 7= B OB L — MrE & A 7 VR 4.5 V
DEFREBBETITML., BEXRILFEA L E—F U RIEIT L > TEM - BRERE TO L1 BESIEA BT Lz, Zr
T b icis LiCo0y1d, RHEFE LiCo0, < Al BR{LMHEFE LiCoO IZHE_RTHEW L — MEZ IR LTe, L — MtEDE
WIZERIBEHET (R) OEWIC L > TERMICHIA SNz, Zr BLYHE LiCo0, DRV R X, BATEEISG
DOIEHEAL =R X — (B) RN Z SRR LTz, Zr B b5 LiCo0s O R IX WA FE S H 28 L 72, LiCo0,
SOBEEMEDIRN Zr BT A RN LT AR LR E R BB D, FIFLEPCEER SN2 &0 R DI
LT\ D T ERREIBENT, Al BRI A 2 VIERE B RIRICOEE LT, P FEACE T O AL FR v pk s
LiCo0, ® RAZIFIFE—ETH V. LE LI REHERF SN T e, LiCo0, ~DBEEMEDE W Al I F A 28, B
KL ERWERETERT 5 2 &3, AL B bgE LiCo0, DZEFE LSl L BN - A 7 VEHEIZF S L Tn
HEEZLND,

HIREMR A 72 3B TIE, SrRu03(100) / Nb:SrTi0s(100) HAk Bz, S A L —H—F RO a L iEEHWT,
AU B —Hb— 3 UTEME (104) TASELHE L7z LiCo0, = B4 %3 v LM A fERL U7=, 1ERLL 7= LiCoO, e
(104) HEMTHDHZ L, FLZORILREMIVBALK 18 mn & 1 nm K THD Z & AR LT, HEHM
L LT LiZro; 8L, O M THEFTM L7z, A E—F v R EEHWT, 3.0-4.2 VEBLU3.0-4.5 V
OEERMPETHERE LIZBED., B - EfEANEICET 5 Li A Ao Bt 2 ii~7-, £7- LilEE®@mEIcE
T b— EME 2 BRI U 7=, A LiCo0, D R 1E. 3. 0-4. 2V FIE TIIWIHIY A 7 LBk &2 ([ZHN L 3. 0-4. 5
VEREBETIZ LIV A ZLVEDORENDAMIZEIR LTz, —J5  LisZr0s g8 LiCo0, D R 1%.3.0-4. 2 VI L TN3.0-4. 5
VOWTIIZEBW TS, IV A 7 LDOBIZEAL —EDEETH o7, LiZr0s #7 LiCo0, 1 L OARMETE LiCo0,
ORHEEPT (B) 138 100 Q cm® T, IHER%E TH o7z, REWEIL, B ZNSEDLZ L REOLEEE
RELHFE L, WThOEBERAICBWTHREPEEBIC L > TL— MEERKIBICSHEES N, R EEL— b
RIS T 20l & O S, BRI ENREE DS B OREEE CH D Z L EZH LN LT, KB
LiCo0x (2T, LioZrOs #78 LiCoOs IRV £ 2R LTz, H—FEShm 238 m L7z Eig R EMmIc VT TR
MR ENT-Z & T, WEBIZLA2RHEWRE N, RETO LI A LB A I = XLIKRGHNC L KT 2 L2
L& lpotz, EDOEWE, Li A 4 OB RABEE ZITER S AN =L 8 OMEIEROEWVIZERT S
ZENTRBRENT,

AT, BIC L D EIRTRARESIGSZEDO S DICHKT B THLZ &, EOKTICERT S R 0N
FEHBBO L — PRI E RSS2 LA Ln, REEEEBICHET 5 2 & T, SRR HRERS
MBI T2 BB D F 72 72 R B OB O A REME 2 R LT,

%« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 M9 ORI 572, b L<ITTEL 800 5% 1 FRH L T 723wy,
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Li-ion transfer reaction at the LiCoO; positive electrode and electrolyte interface was analyzed using
composite electrodes prepared with powder LiCoO. and (104) oriented epitaxial LiCoO. thin film
electrodes.

In the composite electrodes, Zr-oxide coated LiCoO showed higher current-rate performance and lower
charge transfer resistance (Rct) compared to uncoated and Al-oxide coated LiCoO,, while Al-oxide coating
greatly improved the cycle performance. The difference in current-rate performance was quantitatively
explained by the difference in Re. The activation energy (Ea) for the charge transfer reaction was
approximately 10 kJ mol™* lower for Zr-oxide-coated LiCoO; than the other two. The lower E, of the
former lowered the R¢and increased the current-rate performance. The Re of Zr-oxide-coated LiCoO;
decreased from the 2" to 4" cycle, while for Al-oxide-coated LiCoO; it remained almost constant during
the early cycles. This suggests that the differences in Eaand Rc: are caused by the reconstruction of the
coated surface through the early cycles, which depends on the solubility of cations of the coating oxides
into LiCoO..

In the thin film electrodes, Rc of uncoated LiCoO; increased from the early cycles when
charged/discharged at 3.0-4.2 V. When charged/discharged at 3.0-4.5 V, the R of the uncoated LiCoO;
rapidly increased from the first charge. In contrast, the Ry of LioZrOs-coated LiCoO2 remained almost
constant during the early cycles when charged/discharged either at 3.0-4.2 or at 3.0-4.5 V. The interfacial
resistances (R;) of the coated and uncoated LiCoO, were almost equal (~100  c¢m?). The surface coating
can improve the stability of the electrode/electrolyte interface while retaining the R; equivalent to that of
the uncoated LiCoO;. The Ea was lower for the coated LiCoO, compared to that for the uncoated LiCoO,.
This confirms that surface modification by coating intrinsically affects the Li-ion transfer mechanism at the
interface. The current-rate performance was significantly improved by surface coating even at high-voltage
charge/discharge at 3.0-4.5 V. The comparison of the resistance components and the current-rate
characteristics clarified that the charge transfer process is the rate-determining step of the charge/discharge

reaction.
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