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Thesis Summary (approx.2000 Japanese Characters )

AR G@m 31X T Pulsed arc plasma deposition synthesis and electrochemical properties of
heterostructured materials for lithium batteries] L@EL, RFEMENG/2B Y F U7 LABMBEHLOE
i & BRALFREBGIZOWVTHERFETEINIZ DO THY, HELOHEHRINTND.

#—% lntroduction] Tix, Y F v LAFEHMEMEHI BT 2D SAF R H 0 H A PR & Hl1H oo &
SMEZMD L, VAT — 27 7T AU (APD) {EIC K 27 /VEME AL & BUGENT O Y% 172
RLTED AT, RWEOEE, BT OV TR~

% % [Experimental] Ti%, /LA APD E&# HWeE T VEMOIERIGIEE, /3tiE & BMEE
BT & 2 S E T 6 & OVl <UL PR RN O FIEIC DWW TRER L7z,

e —

% =% [Effect of surface chemical bonding states on lithium intercalation properties of
surface-modified lithium cobalt oxide] TIE, WA EMIEWE & R EEMME CRA S D5
M E DN BRI FRMEIC G 2 2 IOV TRl Lz, EIREERIERE W B LA R 23 nm &
i 5 &, MEMENLZELINEEEITE D0, KISHEEFIIZIZE > TR, RIFRETI,
JERAE R 1iCoOs IEIZ 72 5 APD A a5 C ZrOox ZfEfi 25 Z & C, AmOfEAaRiEEZ 2 b ¢
BT NVEMAER L, EENMFEREREOY A 7 VR L BRSO RS 2 ~7=. LiCoO2 &
ZrO2-x & OFNALFEFEEDIER SN DA, ZrOsx X INEIRE CHMEMIEKL Y & OKSIZ LD,
A T HEMEDN O EMIEN T I L, RMEA LiCoO2 & Ml U CTHENI-FEILE T 1 7 ik
FFREZR LTI, —F, B LTz ZrOxx 33V 7 L [RBROFEEIRIEE AT 556 TlX, AESh s R m
JEIIA A BEMEELEMEICZ LS, A 7 AMERROM RIZFEO bk oTc. ZHUHDRERNG,
IERRIEE R — OME 2 & L2581 B8 0 ThH, Rimicks i 25k A RaeIC L v EMAR m
FOSHZEAL L, FRMERSDLEMICEET L 2P LN L.

%I [Structure and electrochemical properties of silicon-type anode films fabricated by pulsed
arc plasma deposition] TiX, /LA APD #:% Si AMESIRARRICERE L, i & FElER I
WCRLR L7z, St BRRIXFEEREORIEZALIZ K 20 A 2 VB bl 5729, T/ %A XM~

N w7 AR B EAELSID DY, MEHFN O AR — M) b itEE & SRR RS O BRI 52> T
V. ARBFETIE, 2V A APD EIZ KD SiREMmMEIO T 2 iEER A G L, S & BRI
G, BN A 7 NVEEEE ISR EMNL S5 58EHE2GZE2HEME L. 7ULR
APD {ETHMLTZEL 10 nm @D Si R A A 26 72 5 72 Si lEEMRIE, #IRI A% & 4531 mAh gsi™!
EENT-FRMEIEEZ R LT b DD, YA IV TERENBEEICHD L, STk S nienoiz.
T A X 81 & Li-Si-0 2 ¥ = om o CEA LS ST G REm TIE, 400 %4 7 VLl I
5T 2500 mAh gsi ! OFRME R ELZ L, FEMEFFEAIRE M ELZ. A 7 VPR ERIC#E
A F L EEMEY N v 7 ARSI D Z LT, FER O AR BRI R LS Il S vz &
BZTWD., ZRHORERND, HEMH~ MY v 7 AN nm BED Si #8—12h#SE5 2 L T,
AT A 7 VL TEMITHEAL D AMREEL & 70 2 FTREMEZ R L7z,

BRETIE, RRSLERIE L. 7L APD {ECTH— TR E I S V7o 8k 2 7o BAEM B il D A
{EFBGRNT G, U F U AEMBWMEL O SRR LI 31T D EARA R i i 48 o> 8 2 & BRI
O T D EEBIZ, SBROFIBIGIZEDS BB O W REMEZ f2/R L7z,

% : FRSCEEIE, FI3C 2000 T2 & FE3C 300 552 1 ETORET 50 b L<IFHEI800 752 1B L T E S0,
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Thesis Summary (approx.300 English Words )

Interfacial phenomena between electrode and electrolyte materials have attracted much
attention for the development of lithium battery electrodes with high energy density and high
cycle stability. Reaction analyses using a well-defined heterointerface is crucial for
identifying key parameters which determine the electrode properties. This thesis focused on
pulsed arc plasma deposition (APD) as a novel approach to achieve the well-defined
heterointerface owing to its highly energetic deposition species. Model electrodes of a
Zr0,-, modified LiCoO» cathode and a Si-based composite anode were synthesized by pulsed
APD, and their interfacial structures and electrochemical reactions were analyzed by X-ray
photoemission  spectroscopy  (XPS), electron microscopies and electrochemical
charge-discharge. The chemical bonding states at the ZrO,-/LiCoO> interface were
successfully controlled by changing oxygen pressures during the deposition. The capacity
retention of the ZrO,-,/LiCoQO; interface operated under high voltages significantly changed
with the chemical bonding state. Ex situ XPS analyses clarified that the reactivity of ZrO»—«
with organic electrolyte species changed by the initial chemical bonding state, which could
determine the ionic conductivity and the electrochemical stability of the interphase formed on
the LiCoO; surface. A Li—Si—-O—C composite film fabricated by pulsed APD had
highly-dispersed nanosized domains of Si, Li4Si0O4, Si0>-, and Li>COs. The composite film
anode exhibited the reversible charge-discharge capacities of over 2500 mAh gs; ! during 400
cycles. No significant change in the morphology was observed for the cycled film. The
heterointerfaces in the composite electrodes could play a role in suppressing structural
degradation of the Si active material during the lithiation/delithiation process. These
research achievements demonstrate the importance of the interfacial structures to design

high-energy density and highly stable electrodes for lithium batteries.
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