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AF#3C 1% [Phase Stability and Cell Properties for Lithium Manganese Oxide (U F 7 &~ > U B b O 22 E M & B
W) JEEL, UV F U AL A B IEMEYE O LiMn,04 IZB W T, iR AN & FEEREO B, MiAGK
Btt OEMEFE IR T ER, R OMHAESRE T RICOWTHRZHEREZE DO TH S, HETRDINIYE
PO ENTWD,

%—% [Introduction] TlX, VF VA~ UBLMMNIEMIEDE & L CEAbEINTZE R L, BROBEIC
ODVWTHF L TWD, VF UL T UBIEMITRETE., Ee, KaXA M Wo B2 Rb, FICRKMHR
~OERRANBIER> TOWEMETH B, —F, BERTFROBMFFER TRREE 2> T35, FICKEEBERENS
RRFREIC BT 22 E DML TNDN, FOFEMR A I = X LRREMBIH STV RN EIZ DN TR,
AMFEDOEFE - B W TR LT 5,

% — % [Phase Stability of Lithium Manganese Oxide Stored at High Temperatures] Cl&., miRATFRED Li #ALAS
LiMn,O4 D FEHIFHE, K OVILV 7 L REICE 2 2 FEBIZONTRRTN D, LiMn0, ZFE4 O Li fAALICIHS W TEH
BRFRBRZITV., R LiMn0y DEXALFEFHEEZ T2 L 2 A, LiMn0, D x = 0.8 THRAF L 72 slBHI R B
WCAREERNMET L, BREMBOTRNLETEZLRnboT, BRICTHO L7 IRBEIE, Wi ER
Mo B OVEFIRIEMENT 225, Mn I8 ZE-> T 16d A SO Mn BR—E8KIE L. 46 LT Li IC@EHBE SN A
ERBE~ENT D22 EEHALNIC L, S5, V—F UV MEHT LD, Mn REDR LD 2\, 774855 Mn
i &0 & Mn AL ~—EL L, ZHERRE S ZERbh o7z, —J, REITBWTIE, KIHECREE
O Mn FEPERSNTND I ENETIREBEITZVHLNCRY, M EBE#ERH L EEZOND, Lo T,
LiMn,0, % x = 0.8 £ THEIBIRAT L2 Bt O B R F BRI, SV 7 SO RKIBA E RNV ~OEIZ L DE
LT, L OFREER OIS Mn FAERICE 2Bt EFICE 20 THEZ 2R L,

% =% [Stability of Charged Phase and Cell Properties for LiMn, Al,O4] TiZ. LiMn,O, & HEFE 4 8 E#1% fii L 7=
LiMn,_  AlLO4 (22T~ O Li #RIZH T 2 SRR OMZEEZ X, Li RS HZEEICE 2 58, ROR
AR E O BIHAMEZERIZ OV TR TV S, 3B TH 5 LiMny,O4 & LiMn, gAly,04 18, HEFEEIOB IR A .
KRBERL, T ==V EATH T & THI, MEFILRSNGERNT, ROFBEMBIER G Zh BT ik,
FOY AL DSEVE LTARR T d D 2 & MR TE 72, LiMn0g IZB W T y=08 I THIRS T2 L oM LY 125
— 200 °C fHTICHBLSUSHAD B iLz, RIREFIEOMBEERIT 2175 &, B OSBRI S B rIik &,
Mn KR VAR E o 28 THE/ oM RS (ZFEMk) BSHEA, BHE O T/ IN L N THHZ &%
HOEMNMI LT, vy = 08 fHTIEEERFICEMEENE T T2 TH Y . TSR EIZE DT Mn KA Y
FIVBNAERL LR (BB EVEMERN) T2 LHEZS LT, S HIC400CETHRHIESES L, o Lif
J% 1% 400°C £ TIZHB TGS & > T Fd-3m #3EDMEIZ IR L 141/amd(Mn;0)~ZEAL T D02 L, y = 0.8 il
400CIZBWNT S Fd3m G Z R 5 2 L b oz, ZHUd— BAR SN Mn KEBHOMBELZEENEWNZ &
R, O Mn KEMHAOIFEIL, FEBDOSCESUIEMOER L2 EE2 N5, —FH., Mn O—¥% Al IZ&
#1U 7~ Li.Mn, sAlg,04 13 z= 0.8 fTUTIZ IV T 125 - 200 °C DFEESE, B O Mn KB A B R VA RE RS (k& F-Hi /)
TN BB SN o T, T80 5 LiMn,,ALO, 1T Al BEHIC K W ARS S IHE S, EiEm At _Eic &5
LTWAZ xR L,

FEIE [Summary] CTHEIARGRLZRBRIEL TV 5,

INEET DI, KLV F U L~ 0 B OERRFRIC BT 2 BRI R THREIC OV T, B
ENGXDHBLEZOAN=ALER LN Ui, RERITZY F 7 L~ 0 BC O @i AEH G HEEH A H
RER LD EEZLND,

8% - FSCEBIE, FA3C 2000 52 & 3630300 554 1B T 54, b LIFHEI 800 5F 4 1R L T &y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

R CEE X, R LRIV —F IRV (T2R2)ICTA U F— Ry MARSNET DT, AR AJRERFEIHONAE TIER L TZE WY,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(FHERER)

Doctoral Program

m X EE

THESIS SUMMARY

B o o HREFAL (R« L o
== b,
Department of %E EEJ%“:% iﬁr ﬁ Academic Degree Requested Doctor of ( €L )
AR , fBEHE () : e ,
e 2 b
Student’s Name TG 5 Academic Advisor(main) HE TR

fBEEE F) :
Academic Advisor(sub)

T e

S (3L 300 GERRFE)
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Lithium ion batteries show the highest energy density among the practical secondary batteries. LiMn,0O, is one of the most
promising cathode materials for large-scale batteries, because of its high voltage, high safety, and low cost characteristics.
However, it is well known that cell performance gradually fades with the dissolution of manganese ions at high temperatures.
Especially, the deterioration mechanism, which depends on the storage SOC, and its mechanism for the improvement by
manganese substitutions have not been understood. Therefore, the purpose of this thesis is to reveal the relationship between
the phase stability and cell properties of lithium manganese oxide.

In Chapter 2, the capacity degradation of the LiMn,0,4 cathode during high-temperature storage was investigated for various
lithium contents. The capacity recovery rate was determined after the storage test, and the phases and valence state of
manganese ions were investigated by X-ray diffraction and X-ray absorption fine structure analyses. The storage
characteristics depend on the state of charge (SOC); a significantly low recovery rate was found for the shallow SOC region
of LiMn,0,4. The phase changes determined after the deterioration were as follows. (i) The lattice parameters decrease with
an increase in manganese valence, caused by the formation of defects at the 164 site due to manganese dissolution. (ii) A new
phase forms as a second phase. This phase has higher manganese valence and a larger amount of manganese vacancies.

In Chapter 3, the phase stability of LiMn,O4 and LiMn, 3Al;,O04 was investigated to clarify the effects of the lithium
contents and substitution of aluminum. Thermal stability and crystal structures were measured by differential thermal
analysis (DTA) and high-temperature X-ray diffraction (XRD). DTA data indicated that the exothermic reaction was
observed for Lig7oMn,04 at around 125 - 200 °C. High-temperature XRD indicated that both the lattice expansion caused by
thermal expansion and the lattice shrinkage caused by the formation of deficient spinel structures were observed at this
temperature range. These phenomena were not found for Ligg,Mn; gAlg,04, which might be due to the effect of aluminum
substitution. The low durability of Liy790Mn,0y, is related to the low phase stability at the specific lithium contents.

These results would help in the development of large-scale batteries, and in the study of the phase stability for other cathode
active materials as one of the evaluation methods.
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