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ABSTRACT

Li rich Lij,Mn, ,04(x=0.07) spinel powders were prepared by an oxalale precipitation of wet chemical methods at
temperature lower than 600°C. The FTTR result showed that the powders prepared at 600°C had high degree of crystal
quality comparing with the spinel powders prepared by solid state reaction at 7530°C which was the lowest S}nthesif;
temperature of the solid state reaction method. The particle size of powders prepared by the oxalate precipitation at 600°C
was smaller than .2 pum and the specific surface area was 11.01 m /cr A heat treatment over 900°C formed second phase
in the precipitates, It was shown that there were phase transstions at temperatures T, Ty, and Ty. The transttions ivelved
weight loss and gain during heating and cooling. The low temperalure synthesis below 600°C avoided the second phase
formation and the prepared powders showed improved compositional and physical properties for secondary lithium
battery applications,

Key words : Wet chemical preparation, Oxalate precipitation, LijMn, O, spinel, Low femperaiure synthesis

1. M = =dE FEenE QA o8 e WEAN S £
sPgAE Lis 3% #H7FE Liy,Mny,0,600) =42
A EehE 2aihguel oralae FAHOE Lihivm  spinelS AHEeA U AoldAE L 4y Arshd
o]2}4R] cathode® Lij.Mny 0,x=0.07) spinel £2E  LiMny M,0,M: Co, Ni, Fe 52| =498 25 ¢
Faatgom, AR 2 BY 53¢ gid) A7t FEAA ARSI Ee AmEel* o FolAxn
v}, Li olRFAALE cathode?] 2A17L & geizl ulel  9lt]. Yoshio 7€ Liol 232 F7HE Li Mny,
7] B ApeA] FRPE S capacity, mAb/E)Y] A Que() 20| H1E 274K initial capacity)$] e
2, ol =4 F LiMn0, 2= ] AR Ard glont ubE A e 28k} =4 (capacity fading)y

mEéFNFF‘L

= ZbAA] AR L o] o)Fer o8 TxA ZoiEE AAZ RS TF G 372 L9 37t
J2] Bekr e 7|91gic), wigha] ol mWE A A7) x=0.1599 Li;, Mn,,040<x<0.15)21 2304
%t cathodes] 7295t -8 9 Jahn-Teller E52] A 278 Zhie gl g ddAle] Hoa
o ¢85l tetragonal distortion F¢] WHE AREA] W Al whE f2Rg] &40 Eolci= AFE B5]

—608—



Oxalate 22

of e 288 14 Raske] S5l get x
Aozt weallEle, Liy, M, 0,x=0)7} Yubz]el 24
T 253 750°C o1l LiMnO;, A0, 2
Lijy Mng, 0,2 o8-8 Bt o]z sl 4He|E wx]
st e L 23 Liy, My, 0,(x>0) spinele
71 88 Ak 750°C o) el HERE ) LiMinO,
spinet2 WELY, AoA) Refshz L @& 12 F
7Rt & Awe)rt sl #e s00°cellA] A Alge
Bl wdas 3o e dREy

Yol AL F lxEEe] £ %‘Q‘% F%HA L
ol2e] FADT} FolA Fdes 29EY 5 2
W S4e| et Axs gRHEIn ™ oeba Li
o2 #]2] cathode23 -F-E517] Ssle G 44
= A3 Avde] AHE HE AL -600°C olahells] &
A3 oE 9 - #ET L), Mny, Oy(x>0) spinel 22L&
Fasle o] FoFRohe a8y AN} Lk
Mnel AEled) ¢, e da 9 %f&ﬁkﬂ 71gdE=
AR S o} G A Eaot &
Hell ez ¥hgade] Rite] H|EHAe] Higske
el 9AE Heil® Eal 9o

_gjqﬂ.?ﬂ-z-l 1= ‘Q,J‘MO Jﬂ— Dlﬂ‘:];j )\}\Ec] _g_m-?o
Efel=E, 7144 Bilel B AXE 2R
= AT g, 99 2L B SR
Fo] o)A pAPAWMETE 7Y - gZE Bo)
g ¢ v Y ALl delatozo] Fhado] do
HogH Yol e g el £ e Al
2de] 59 e aomwf- 59 o] sk &
Aets FRAHE =7 A (precipitaton, =49t
(evaporation)¥ 2.2 1w ThA] ALE-918 3 FF) o}

gzl

k)

% i

2} o) 7 whe® A "ok B epdas &
HE8E 2oy F oxalate FAEL AL
600°C ofste] 2ol Thde] Lii Mny,0,(x=0.07)

spmels F43I3c AH O 2 oxalate FAl 2T &
WA RN FE oxalae?] pHY| wE 43
= 2ol ol8she Aotk Zeh Li, M oxalatels
T8 ® pH AR F2 AMEE NHOH 899
A B st AwE E57] R HAEL A7)7) o
HenE, EdYE B AgE Oe gage Ay
atod FAStCh ©1218h oxalate dE1e] FAH G o] 8
FAEgUe E2 gQuizel malEayo sy Ligyy,
M, .0,(x=0.07) spinel +F'4L AzsHom Lo o}
& Wirlsa BEEYE vladgn,

obFH7E Li o)A R cathode oM g3
HTEA] B oxalate FFYL AME5lo] 600°C o]5ke]
A2l Li & 949 1y, Mn, ,0,(x=0.07) spmel
= T F Ren, ol2id FHslek e B9

ol&3t Lial¥ LiMn,Qy spinele] 42)3Hd3)

Y

2k 24 639

rq-r
4

a2 Lip, Mn, Oyx>0) spmel A7} A7)
o HRATE 8 A% 724 - 248 E749 5
2 B I2 2% 29 B4 A 5 L oA
AR gas FxAREL AFTT = UL Hem
AT,

2, aEUHY

2. Oxalate T 2|5t 2astd

Oxalate FE 2] AL "*01 Liy My Oq(x=0.07)
spmets P57 28 TAHEE Fig 19 UERigE
el HP3 fs9 %HH-J AEE 28 Lizk Mo
nittate$} acetate & " LE-Z(C,HOH), oFAE
(CH,COCHy), “Ie<=2813(HOCH,CH,0H) 2o Z}zh
=0l HAA oxalic acid(H,C,0,) G4 T S5
& Abgete H9ik A4 Az 989 A §
RS WEAA WL drien, oo 3 HEP &
g 7AW vhe F R ddEe) B dns) g
o] =25 fel] A

Li acetate{LiCH,CO.)%F Mn acetate(Mn{CH,CO,),YS
olgallFe=e] SalAA Z2b | molf £ BN vk o)

% o) E_Q_DTI_E A}ﬂ-ﬁ}'ﬂotﬁi "O-E].ﬁ}:: )B]H]E E‘EL '
kB o] ST Oxalate TS AL d7] 9

-
k-4

3, ot el 854171 oxalic acid £M(1 mol/ £ ) &

dhebaa], 8 95898 AME rlekd RS &

L. acetate, Mn acelate Ethylene Glycol

Mix and Stir (Room Temp.)

I
Add the Mixed Sofution
to Oxalic Acid Dissolved 1in Acetone

[

Mix and Stir (807, 12hr)
|
Precimtation
|
Filtering, Washing
I
Drying
I
Heat Treatment

LiMnzCy Pawder

Fig. 1. Flow diagram for the oxalate precipitaton of
L1y -Mny ,0,(x=0.07) powder.

A 36 A A 7 F5(1999)



700 oflg - FME

=i}, ol oxalic acids 217} AEaE Ekel )
2] moleE. ZEEAET ML EE 0rcHer 4HY &
7l AL mabspaA 1247 SRlEET o
7) 5o A FAAEL oFsl ol EC R AFF]e
o 150°Cell A Esle] B doith Axd Eoe
1000°CHA] 2 E BAslgen Zh LA 308
/A 3 Z2HEHch

2.2, HERHHO| 2Ift EabEh

abgkgm e YikEo 7 OHF WEe AMESlE
ABR 1,005 MnO,E ARSI ahefdela] B
A 3l ARl AEE dukdel PHer gy
A 750°Cr 2EER ISATE A1 2R, 800°C o)
2 Tgoe] g g Fasl] fEk B 750°CH
A dAER EHE oA rifdela] B4 EFSh

2e] FEAEE =9 5 2 25l A 18AEF 54
F 2yl

He

s

23 2UsY 24

Hufef = Lid) Mno] acetate 2902 FAEE
E47](AA, Shipadean 64013 AMSsled Ligt vne] oF
£ Agrsigom, A4 T Feld o] oisiAz Lisgh
Mng] Rl igh AA B4E mefsie] FHASE A
Atefsict, =g 7pzhe) dhdoe R dojF £l sl
E FE dab A ZEgel] 590 3 AAE AN
Flo] Livin ¥1E ZAstsdch AA2Ts 24 - =3¢
ZAFTE - 2 W7 £% 10°C/minE  Thermal
Gravimetric-Differential Themmal Analyser. TG-DTA(TA
SDT 29600F o]&sle] 2o WE Fafrkas -5
A1 g ARele] tist 42 97, 27 dAE]
2 XA BB EAXRD, Rigaku DYMAX-2000, Co-Ko,
sean speed 47/min)?} FIIR(Shimadzn 87008 ARE-31
asldr), SEMIEOL, JSM-34100 2 Bate] Balad
PAel tisl FRelder, THSAEA 7] (Micromefrics.
ASAP 201002 4185} BET(Brunauer, Emmett, Teller)
How BgE Boe] BliEEs sgeiaich

3 dut o g

3.1. Oxalate &0l 2|8t SAZUEY

Lo Win®| A B d&eae] 23S (precipitae)S]
oxalateZ EF 7lE} = g3o] 0] - B &
FZF, pH 29 NH,0H 59 &t E3)=71 =7
ool eulEe] grjub pH AFAZE JAELS 9L
o gozz Aguweld At EdEL F& Li
Z} Mn acetatetl] et Sl JHAZEL. oxalic

7. 58] 7]

Lo

aciddl theh o2 opES d=Eskd Algalgr], <t
A3l oxalate AP} o], b DATge] g
LS Melsle] e Aoz Z24el 84 L Mo
9] d& HA7pg A3 o1E% Li 2 Mn oxalate®] &
%7 ot ShAF 2zle] douR] g wekd A
B3 Liy,Mny, O(x=007) spinel 2304 717 Bag
FHak] falie Lo 2 Mo oxalae®] A7 240)
gdEolth Aa B 23 2 A4 M2 &
AEe] F 06% FHEEE 7o) REe] FA sk
L& 74% #pope] v Bhe gk Al g
|4 Fofl Holdsith u=be mdkE Lio] I st
H 249 spneld PEr] Palde ARFE THG
ko] Li-acetate 7171 22319}

FAemql gorcelld 2o FAEL E BEAe
Fom dAgEs ol g e geE W
FEE FOE Q18 Avle] oFE W=[E] ¥E 150°C
o4 1247 ESE A B4 BuS AMEEd TG-
DTA 248 F180 R 2@ o=T A48 1G-
DTA AFAE TG F3= oxalated] ESI=E <13
300°C-300°C7)A) ) FET FRAS Holal glom,
T ool 22 dnkel FERdal vlehdar
2tk DTA s 300°C F2RE FET SESrt
dojus 500°Cel dH st F4vh-go] o gl
22 Redfy gtk o)2g A oxalaed] oA
Z A spinele] RS Bl glow Mg B

1200

- 100

)
DTA (¥}

-100

< -20.0

. L
200 400 60
Temperature (T}

jLLX

DTA (&)

-10.0

-Z0.0

0 a0 60 80
Temperature (T}
Fig. 2. TG-DTA curves of the powders prepared by (a)
axalate precipitation and (b) solid stale reaction.



Oxalate 2L o183 LI LiMn,Q, spinele] S48 a) Ha B4

Tl o9 FPdueRE o7 ©1EE 600°C o3
A Edge] RN S-S ReFA Sirh TG-DTAY

{a)

[m *MnCh
I ¥ MnC.Qy

“LW-J e 3?1222

3 3LL 811
3 e g ot et “‘"—«m"" | 600T

I
funis] \\W -
bt bt e A 00T
Mo o et gt ™
bt o bt e 200T
[ N’\.,,,\J J’M 1 i
g -4-»--J\,\,w-...\fw\.h,/..,,_‘,v,w~l b s,
et i
1 1 1 1
20 30 40 50
28

(b}

jna s * Mnh

1
M \uw..ﬂwwk, 0T
P NP WO L ] 60T
AT
RT.

26
Fig. 3. XRD patterns of the powders treated at various
temperatures; (a) Oxalate precipitation and (b} solid
state reaction. (The Miller mdices 1cpresent spinel
phase).

O Li oxalate
® Mn oxalale
* Spinel

600T

/"l
\J\*/AOOTJ

.
-
%/\NM(/\ W\m ot

1

1200
1/m

800 400

2000

701

=4 2z dx2]s XRD A3 FHz @)= TG-
DTA ZHE #F ¥gsira St & §0°CelM AT
i XRD Ade FUEAA] FAER AdE o
FAERA peakEE7 15 44 W2 20014 Ve
o} Bol7, hFEEY i MnY oxalaes HAEAZ
XRDA S 2= vehdx| ghont 9B Mn oxalate= EA
glulo] kgl peak7} Holi T 200°CeA] EAE|E
2ol o)n] spineldF peakEo] RolX glew
400°CAM & 28 Mn,0; peak™ Bold 3t o g%
o] so0'cellAl dAld ETelMe Y42 spinel
peakE T VEldCE Fig 4aps AAE @zt fndE
da]agk ke FTIR Zxpolo), AAEGRCCS] Ed=
vl de] vhre] Z29FY (shorl range ordery2 deld
I & FIIRG 540 % 98] XRD Aafeflal el
ol Lioxalate(Li,C,002 Mn oxalate(MnCy0y) 7T
A= S FoAFE glon, oA IFAHAN T
H oo {7 R e B39 ESE Helvh
00°CE EAEE BgejAE 7EkeFE Liw Moo
oxalate WEEo] FHA glom, o] 37| Al
£ spinel peak’t 613, 505 o' 2ol Ye w=E
Hagla ok 400°C, e00'cE FRlEe akel i)
2] LiMnyO,(Ls 352 2 spinel E44 zhH= =
(625, 520 cn'yETro] Heolx 3t} tHEL] spinel T
Folse} v R LiMn Ol 7 719 54 ds
(~630 cm(Li-O #FE)y ¥ ~525 em'(Mn-O A7 L

4 13 carbonate
¥ Spmel

(b)

,ﬂRfo\
N e

P, RT.

!

600T

~
A A

1600 1200
1/cn

500 400

Fig. 4. FTIR transmittance spectra of the powders treated at various temperatures: (a) Oxulate precipitation and (b} solid state

reactlion

A 36 A A 7 E(1999)



702 aluhe. .

B Li-0 %E’i}%.u?} Mn-O A TEEe] ¢ Z8g
vkhe AELe] 5235 o’ WEo)A E4) o =) o™
olde) ATE 7ETI Y LEE PATS
Li -2 A thest 2ok
2LiCH,CO; + AMn(CH;COy); + 3H,C,04 > 2L * My,
(CyOu)syippt) + 2yMnCy04(ppt) + volatile products(at
T=80°C, vy : unknown value)
2Li * Mn, (Cy03)y + 2yMnCy0, + 40, >2LiMn, 0y
+ yMnyOh + (12-v)C0; + yCO(at 80°C<T<400°C)
LiMng Q. + yMn,0y =+ 2L1Mn, 04 + y/20, (at
AD0°C<T<600°C).
ole} o] W S=REles] Balek Eigol ol
RSB R Fig 2peld 231 4R HE DTA %d
o] dojzltka «HzFct,

3.2 TAFER Mo of8t 22bsty

oA o] I FA7RE Lip, Mg, 0,(x=0.07) spinel
A% A Elch MAE LiCo,.2k MO, A5
sAdEg e Al Livn0, spmeld T-dEl7] H2l
A ThEe] dhgo] AE]sjefsiv),

Li,CO5 + 4MNO, — ZLiMn,0, + CO; + 1/20,

Fig. 2002 TG-DTA H3= 480°Cel 720°C F-2¢
A F Ferlhsl FEYRS-E Heolx gler, Tig 4(h)
¢l FIIRE) Az} vlas] KRB 480°C #24) & 3=
W F2 L carbonate ¢ CO, 28] 28 Ao
o G0rCelA olm CO.8 K ghgeo] fEFHER
THC Fola] WS FEUAE A AlAE 0k
& 00l «% d3=E oA IR A JM]H *L%
o A = AAMEE Mo AHEE MESS L
carbonate®} spinel =B HA 4 a7 J ] H
vl XRD #AE8Y dFg be vIEE dRel 9
Foz B FYNES HelFw A gal)
400°C Fzoll A 3R T o)u] spinel®] &S peaks
Eo] Kol7] A&, s0Celd Mn,058) spinel¥to|
A=, 750°C EA2E EdelE spnel THEATH|
bt 2} R Ap)e] 750°CellA fdE Ege
FITR A= oxalate 37359 600°CoTA F85 L2
A3 Fig. 4@)¢ Fl2d o HA=d F2AYd LiMnO,
spinel?] B-4991 5 spinel WE F w2 FEGEl ~
525 cm’ W=oA] B4 ) & 23478 AR wEE]

X BE 9o BEEt FAYS o ¢ 2rh o
FIR Z3vrs I&sia o83 w47k gea] 2
T ers dulkmlez dul 750°CRT ook sHvh

33 gy = 54

Fig. 52 Zt4e] Wle= 38 R Tecd €

agdakEA

A E

Aelgh . 24T XRD dA4E
Aze] donyez AL FHARdr@el T, AR
600°Cs} 750°C o]7dell*] FY% oxalate HAEL 2L
/\L@a—mm HE FEA 8234 AC‘]?J\F—. T ehs
& goka Fike] EFEde) 59 F ST AA £
'ﬁzﬂaﬂ} Li . Mn, 0,(:=0.07101 FF3ten], o= A7)
e vl xele] FoAel digk ATEt d=has=8.234 ©|
E O x=007 ARel didheks LA, Fe.
S(ays oxalate AFELE FAJE BT Ui Fe=
Li; oMy, Ou(x=0.07) 2722 cubic spmel®| 900°C o4
o] dRlglell Avde] Ads|T e AT, g
Ao} A3l Fig. Sbys 2 24904 800°CHE A
24bo] AAEE BeiFT 9l Pstoia 572 x>00]-dl
A oA whdAe] cubie spmel Bde] FETE B
JEkE glem) ol#g thdmuluphase}s] E3Ho] x ¥
FAY EESE PG dfe] YUEE HolFITL o
o] EAAE LiMn,Q, spineldl] LINOLS #H7l=led 600°C
ol Al FlEgro g x>090 TUAF spinelE TSI
the dA7dx7h s glonz oj=g A2dg oAs] 2
FAe 800°C olFhe] AHedtge] FelEti: Fofs
o = 2ot oldel Axes 150°C olElME BEvks-
o] B&HEI g0'C o delME Al Yol FARER

fEFogr pAFAdEHo ZE 0] 234F Telile)

RolFa glel,

¥ Secund phase (a)

_|1000°T

e W'_ q_ua'l;}_.,_\_ﬂ_w..ww B0T
] a1 511
o i O i 70T
1
20

¥ Second ohiase (b)

| i

- . f e 1000
‘l;k__,L i A hgd DOOT
= I AL | mooe
Lt WLl o N0 g sil
R L L B
20 30 40 50
20

Fig. 5. XRD pauwems ol the powders lreated at various
temperatures, {(a) Oxalate precipitation and (b) solid
slate reaction. (The Miller indices represent spinel
phase).



I

Ozalae FAHL o83 Lislek LiMn.0, spmeld] Saldiadal o =iy 703

LipyMny Os(x>0) spinelS THE7] o]EgL Holzr),

LiMn-OA Y] Z23daA] 2oz BzhA] cubic
spinele BB AR TRE off] AEBe] @l J o)
2 Aol 18T A 2E Fa ERECM AE =
=Y OE AAES WEs 9o, o|HE o) i T
AHPY. AMERIE. EEE ] L, WIS E g 249 mlx }
@ wglel 7k ohg 52 o] AlAlskE A
At Fig 504 111, 222 peakell= H&E7} %J,_L
311, 400, 331, 511 peaka“"ﬂ‘?} 22 dode dua
Hot A48 A2y v7F9H9] tetragonal Hdefect
spinel e 5 4]

2 Aol vzt Eg)

A2 28 7

#<l
tewagonale] WAL TR Fg 62 L7 600°C
(oxalale ZHH ¥ 750°CRATIW A S5 B
T2 Wrtegel] Y& TG-DTA 2742, 247 )
] T R e R PAE B BT 4 ule] B
& g Houk 5 224 180°C BodA 9a B
349 ZWT ot A FERSE, op) 22t
933°C(Fig. 6(a)#t 940°C(Fig. 6(byell+ F2 3 23
(T2 ®olnf ol Aghel T peakS VEhlm 9
Wb 212 00} sSCol Bedael Al
(Tt ofef <28 WY peakE B2t} TGS o] &8t
(a)02f 1 a2

100 _
- £
X wr 2

<

&
&l g

g‘[ -

n W0 @6 60 8w
Temperature(C)

{b) 102 J o1

¥
o ~
£ £
g =
- 5

a 200 400 600 a0
‘Temperature{T)

Fig. 6. TG-DTA curves of powders prepared at (a) 600°C by
oxalate precipitation and (b) 750°C by solid slate
reaclion.

Gao §° 2] 9] olapA o]a-]a
ek Ae Abgel sl o ==
tetragonal®| #49-& vejln, LMM H o] g3 Aw
8] Z7l= ol E ylkoe) 7]—°ﬁ/‘](cublc‘i)tetlaﬂon‘ﬂ)?:!%
el glvk 2E T, T,ol4e] Hole $ewt ¥t
A FE U peakE HolH, ol A A4

ol €agl HMoJ1akde], first order wansition)='" Qb
40 Foigel TolS) Holshe sl v, 2849
=TT Al Ty ?«101 ool S5l 3
$E71 e e, 429 103 S18E A
2] AR EE tetragonal 2] WAde] o8 @Ak
E98. T, TS AelAerl MR T18E 2einA B
B ATk Oxalate AFAE @] agykgom oo B
ol = R (10°C/ming 2lsEEr)eke] e 3 o)

rlr

AHE we] BAPYA D08 Yosl g
AEFEA spineto] F4D 5 9182 weizT)
23 ZaeE sAEY Efe= Cﬂi("%ﬁl*“) el
Z Wt A gAY b 2o R &
Aol B Fer e bk 1;] =3l @ﬂug,ﬂ—r} A]7ka]
AP T Ty Hole] B4 Sslern A8

th‘,

J_{gi

Fig. 7. SEM micrographs of powders prepared at {a) §00°C
by oxalate precipilation and (h) 750°C by solid state
1eaction

A 36 @ A 7 EZ01999)



2, AT=Ty T/t B8 A% oxalate A0 2}
gre] o wAsh gAste = il F
b Hok 28 Wksge WE Ty T, T, #oE £

AAFAEL FA] FEvlFeith

Tig. 72 77} 600°Cloxalate F3), 750°CRLFEN2
2 9L godak B9 5EM AMeR T
submicron 719 120945 Eo|3l 3101} oxalate
Aol 75 02 pm oleke] ) vAg 9HEE THE
o 4= glv). e B gk BET HIEHE 5% 4
A= 1101 mYgloxalate HA), 207 myg - E =
oxalate AT T Egto] A B HlE]
5] o)ake] BIEWAL BHo SEM ARlY S
He] 2w glon, ditHoz 12 mYg o8¢ AAF
2 2ol HEHAY o, A Li;CO, Thaldl
LINO,E AHsle] vlwd A9l 600~-700°CellA 4=
Bajo] ZH= ik 3~4 m'fg AR IR s

HE 453 =2 A2 el 3ok
4 4 =

25818 FA4EE s oxalate FHHS ARESH
o] Lio] 2% Li;, Mn, ,O04x=007) spmelS 51
on AR Bleele] ohee e ZEL 9
T At

Lis+ Mn2l acetateZ 2AZE &l 2847
2alL gxalic acdS oPHES £8]A17] Ao WhgA
A oxalate FeEe FABZ Ager, oHE AAEL
600°C o]3HlA oxalaw®] Hal9: 37 spinel2 T4+
Atk gOCHA do Buke paEhge] HARES]
750°Cel A e B Wig) gl SErt E3ken
nl4Eea s olge] =L UEAHE Fle R

& %= ggrh Lie] 23 24 x=0.070A 23EA
F93} oxalate BRE-LL- 7}7F 800°C, 900°C 1Y €
Az)si Apdel viebton) Ade] g4l ARE 7)
ARG AJRO|(T,, Tp, To)e A RACH W24 oxalate
AAL o183l Apde] LAstA ¥z 9EY 4
A ke Ao Li o)AlAA] cathode® 5841
a7EE =2 NEEAS v g 247, B A

El
H E.2do [u] = 'l:i]:fko =] ‘16’_-}‘

it

)

bt

#HAlel 2

R e L B e i i s B R e i
B 97-03-00-05-01-3) A el 2)3e] FalsIglen o

YA

ogs- - ZAZ

A =3

2

13.

14.

15,

REFERENCES

. G. Pistola. A. Antonini and D). Zane, “Synthesis of
LiMnO, and Tts Characterization as a Cathode for
Rechargeable Li Cells.” Sofud State Ionics, 78. 115-122
(1995).

. Y. Xia and M Yoshio, “An Investigation of Lathium Ton
Tnsertion into Spinel Structure Li-Mn-0 Compounds,” J.
Electrochem. Soc., 143(3). 825-833 (19946).

. Y. Gao and T R. Dahn, “The High Temperature Phase
Duagram of LijMng, Oy and Tis Implicatons.” 7.
Electrochen Soc., 143(6), 1783-1788 (1996).

. W. Lis, K. Kowal and G. C. Farrington, “Electrochemical
Characteristics of Spinel Phase LiMn,(-Based Cathode
Materrals  Preparcd by the Pechuni Process,” .
Electrochem Soc., 143(11), 3590-3594 (1996).

. L. Guohua, H. Tkuta, T. Uchida and M. Wakihara, “The
Spmel Phase LiMMny 0:(M=Co, Cr, N as the
Cathode  for Rechargeable Lithmm  Bateres,” 1.
Electrochem. Soc., 143(1), 178-182 {1996)

. P Barbonx, J. M, Tarascon and E K. Shokoohi, “The
Use of Acetale Precursors for the Low-Temperalure
Synthesis of LiMnyOy and LiCoQ, Intercalation
Compounds.” J Solid State Chem , 94. 185-196 (1991).
D. Guyomard and I. M. Tamscon, “The Cabon/
Li,, Mn,Q, System,” Solid State fonics, 69, 222-237
(1994}

. T Takohashr and K. Kuwabara. “B'-AlQ; Synthesis
fiom m-Aly0h." 7 Appl. Electrochem., 10. 291-297 (1980).

.T. T. Fang and H. B. Lin, “Factors Affecting the
Prepatation of Barium Titanyl Oxalate Tetrahydrate,” J.
Am. Ceramn Soc., 72(10), 1899-1906 (1989).

. R. C. Weast, Handbhook of Chemistry and Physics, 70th
Ed. pp. BL01-B102, CRC Press. 1983

. §8.7J. Wen, T. ] Richardson, L. Ma, K. A. Striebel, P. N.

Ross and E. J. Caims, “FTIR Spectroscopy of Metal

Oxide Insertion Electrodes,” J. Electrachem. Soc.,

143(8), L136-L138 (1996).

N. Kumagai, T. Fujiwara, K. Tanno and T. Horiba,

“Physical and Elecirochemical Characterization of

Quaternary Li-Mn-V-O Spinel as Posiive Materials for

Rechargeable Lithwm Bawenes.” £ Electrochem. Soc..

143(3), 1007-1013 (1996).

Y. Gao and J. R. Dahn, “Synthesis and Characterizaton

of Lijs,Mny O, for Li-ion Battery Applications,” J.

Electrachem. Soc., 143(1), 100-114 (1996}

M. M. Thackeray, "Manganese Oxides for Lithium

Batterics,” Progress in Batteries & Baitery Materials.

14, 1-86 (1995).

R. A. Swalin, Thermocdynamics of Solids, 2nd Ed., pp.

88-140, John Wiley & Sons. Inc., New York, 1972,



