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ARIE+Fm3CiE Studies on Electrode Materials for High Energy Density Secondary Batteries: Sodium lon Batteries and
Lithium Air Batteries] 8L, F F U 7 Ao F 2 EH(SIBS)DEMRI T 5 BEAFEE O, KO, UF 7L
2243 B (LABS) D ZE KA L HEAR DAk & BRALFREDOFTMA L L O b D TH Y, WEE TR INAENDS
WL STV D,

% —= [General introduction] TIE, BLRDO U F U LA A EH(LIBS) DR Z R, Z OFREEMRZ 1T D R
A N LIBS [Z2W TR TW 5. FEMOREEBTLL, ZOHThH, EFEIKAIEN THH SIBs & BRI
BTN —EELGT D LABs PEEREMARTHD Z L AR~ BT, AMFROBRLE, FRE BHETHRE
IZ2OWTRIIR LTV 5.

% % [Mechanism of electrochemical sodium deposition/dissolution on sodium electrode | Ti%, SIBsi|Z & > THE
R BNEAEE, Bo, BRSO O RS L THEA S 28R MY U LAOBEXLFRIEAE - ST
WTRIR LTV D, HFBEEEZ AWz in situ JEIZ L D, R - ST A =X EH 6L, &8 )Y
LDy —m R e ORE AR T HTIRE OB AT, @R MY U AR T L@ T
Y REABENZ EEZPA LML, BINAZ I k0 ERREIC R REEA RS 5 2 T@ET M) U LD
BT N RE D HIHI T 2. 2 FIREME A2 e L7z,

% =% [Electrochemical properties of Sn-Co anode for sodium ion batteries| Tid, SIBs DML L THETHD
Sn-Co #EHTHEH L, ZDHA 7 VEESEE HIIZ, Flix ORER 2 V7o Az (ER U B R 4 T
L7z, EROEERTHDLRY 7 (b =15 (PVAF)TlE, BV A 7V TEENPKIBIZHDTH—HT, RV
77 UNBRPAA)E 721 A F kL r—2F b U 7 A(CMC) & W2 A ICITRFEZR B 400 mAh/g DL &R B 27 E
LTHEEN T2 Z L 2 BT Lz, WHREIC K DA DEIZL Y, ZAb60EERIT PVAF X0 554571539
WZ ERHA LM E TR ol Fin, FEBEMEEIC X D insitu JIEIC X D IARIAEROBIE OFEE, PVAF & A ioE
MR CIIAREIZ LV 22 fFIZIEET 5 — 75 T PAA LT CMC & W2 AR Cik 1.4 RISl &, B2, FEERE
WITNHET A Z EEH LM LT, 2D OFERN G, U efEEK OB RIFRESLFREE S5 720D
HHER T 7/ 8 —THDHZ xR,

#IUE [Pt-Ru electrocatalysts for air electrodes of lithium air secondary batteries: Optimization of Pt/Ru composition
ratio] TIE, FEEEITTIEEZ HWTERK L7z PtRUgy IREE A N T LABs O A Z VEHE R SWE LT-. RUINIIEZ
Hod~ 2 & CRMERL T AL S, @maoBdRER SN 2 R AL, FTYH, PtgRug OFAS 2 nm R ORL
BRTER LM E 7o 572, ARfRE% LABs DZEXIE A L7 fE R, 8 A 7 LI Th 805 mAh/g & Hhiry K
ERMEREERL, BELICHEEYTA ZVNAERTHLZEDNHLNERoT.

%A [Highly-ordered mesoporous carbon support materials for air electrode of lithium air secondary batteries | Tl
T A= —OMILIRAIFNCELS Lo h— R 2R E L THY, BEARD DY A AR OTIREFIET 2 2
LI L o TESILFREO M LA RA T, HAIMED — AR 244K E LT, ML 2 Roticlidsl L7z CMK-3 & 3Kk
LRSI L7z —R L7 U (CR) Z MWy, I3 AR R C R L7z PtoRuge A FIV /2. PtoRUg/CMK-3 &
' PtgRUgo/CR DA ER BT ZF 24 103, 1000 mAh/g TH Y, KEENALNZ. UL, CROLER
R 1135 m¥g & CMK-3(361 mYQ)lZtbNTRE <, CR DIREARYITHY A AL W=D EMELTWS, £
72, PtoRUg/CR & W2 D T S BEBEN NS, A 7 VRENRRIFTH D Z L 2B BT L.

HAE [Summary] TlE, AimXaBRiEL W5,

INEET DT, KFmLiE SIBs & LABs D&M K& OB E DA, Wi, BAILFFRIEC S W TRRL, &
BHANBEA R LIBs E LTHNTHDLZ EICER LTS, ApHIT SIBs & LABs OB EHEE & 72 28
DODREZRTHEDTHD.

%« FRSCEE BRI, FI3L 2000 72 & 9532 300 354 1 M9 ORI 57, b L<ITITEL 800 5% 1 FRE L T 723wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Sodium-ion batteries (SIBs) and lithium air batteries (LABs) are very promising as post-lithium-ion
batteries.  Therefore, they have issues with their electrochemical properties which need further
improvement in order to put into practical use. In chapter 2, electrochemical sodium
deposition/dissolution behaviors in propylene carbonate-based electrolyte solution were observed by means
of in situ light microscopy. First, granular sodium was deposited at pits in a sodium electrode in the
cathodic process. Then, the sodium particles grew linearly from the electrode surface, becoming
needle-like in shape. In the subsequent anodic process, the sodium dissolved near the base of the needles
on the sodium electrode and the so-called “dead sodium” broke away from the electrode. As an overall
result, we found that sodium has unsatisfactory irreversibility as the counter electrode for evaluating the
electrode materials of SIBs. In chapter 3, electrochemical properties of Sn-Co anode materials with
various kinds of binders [polyvinylidene difluoride (PVdF), polyacrylic acid (PAA), sodium polyacrylate
(PAANa), sodium carboxymethyl cellulose (CMC), and polyimide (PI)] for SIBs were investigated to
examine the correlation between cycle performance and the properties of electrode with binder. Sn-Co
electrodes with PAA or CMC binders exhibited better cycle properties than with PVVdF, PAANa or PI.  To
examine the correlation between the binders and electrode expansion rate, cross-sectional views of cells
with various kinds of binders were observed by using light microscopy during the first cycle. The
electrodes with PAA or CMC as binder showed slight changes in volume of about 140% after sodium ion
insertion, and well shrunk to about 125 %. The electrochemical properties of Sn-Co electrodes were
improved by employing suitable binders such as PAA or CMC. In chapter 4, to improve the cyclability,
Pti00.xRUx/carbon electrocatalysts with wide composition range of 0 < x < 100 was synthesized by the soft
liquid process, and the electrochemical properties of the LAB cells loaded with the electrocatalysts into air
electrodes was examined. The cell for the x = 90 shows the highest average discharge voltage of 2.58 V,
and the cell showed comparatively better cycle stability with discharge capacity of over 800 mAh/g at the
8th cycle. As a result, the x = 90 sample was confirmed to be the optimized composition as the
electrocatalyst for the air electrode. In chapter 5, to improve the cycle properties, the electrochemical
properties of the LAB cells incorporating CMK-3 or carbon replica (CR) as highly-ordered mesoporous
carbon support materials were examined. The specific surface area and total pore volume of the CR was
found to be an order of magnitude larger than that CMK-3. The LAB cell incorporating PtjoRugg
electrocatalyst/CR exhibited a larger first capacity of more than 1000 mAh/g and a better cyclability (843
mAh/g up to 8 cycles) than the ones incorporating Pt;oRuge/CMK-3. These superior properties with CR
were due to higher surface area and larger total pore volume than CMK-3. Consequently, CR is suitable
as a carbon support material.
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