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Spinel Type Lithium Manganese Oxide as a Cathode

Material for Lithium Secondary Battery
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Spinel type lithium manganese oxide LiMnOs has been investigated as a cathode material

for advanced lithium secondary battery. The crystal structure and charge-discharge properties of
LiMn;O4 and LiM;Mn: ,O; (M: substituted metals) are discussed.
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Fig.1(b) Diffusion path of lithium ion through
8a-16¢-8a in spinel structure.
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Table 1 Coornates of equivalent positions analysis.

(0. 0. 0; 0. 0.5, 0.5: 0.5. 0. 0.5: 0.5, 0.5, M+

Li 8u (0. 0. 0: 0.25. 0.25. 0.25)

Mn 16d (0.625. 0.625, 0.625: 0.625. 0.875, 0.875)
(0.875. 0.625. 0.875; 0.875, 0.875. 0.625)

O 32e (u. woouw, 025 —uw, 0.25-u. 025 -}

(. u. —u: 0.25-u, 0.25 +u. 0.25 +10)
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16¢ (0.125. 0.125, 0.125; 0.125. 0.375. 0.375)
(0.375. 0.125, 0.375: 0.375, 0.375. 0.125)
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Fig.2 Charge-discharge curves of Li/Li,Mn->Oy cell.
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Fig.3 Open circuit voltages of Li/Li,Mn,0, cell.
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Fig.5 Charge-discharge curves of Li/Li:Mn;Os cell at

several cycles.
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Table 2 Binding energy of MO»

AH 4iss =497(kJ mol 1)

AGY AHY AH p Epg
(kJmol H (kJmol ') (kImol V) (kImol 1)
TiO»(anatase) —883 —941 469 1907
TiO:(rutile) —891 —946 469 1912
vVO,» —661 ~715 515 1727
CrOV —544 —598 397 1492
Mo0,? -531 -590 665 1752
MnO,! —464 ~519 280 1296
Co0O2 —444* (—494)** 427 (1418)**
NiO: —406* (—452)** 431 (1380)**

* evaluated from open circuit voitage data

** assumed value

1) 1. Barin, Thermodynamic Data of Pure Substances
2) JANAF Thermochemical Tables

Table 3 Estimated binding energy of MO1s, MO2, MOy 35
(M =Ti, V, Cr, Mn).

Epg{k} mol 1)
MO s MO MO 75(5M201s) '
Ti 1602 1912 1757
v 1497 1727 1612
Cr 1340 1492 1416
Mn 1133 1296 1215
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Table 4 Rietveld analysis data of LiCr,Mn, O, (y=0,

119, 176, 1/3) in Fd 3m.
LiMn. Oy a  8.2466(1)A Rup S5.44% (S 1.1102)
Atom Sile  Oceupancy (v ) Un(AY  UiAY) B. (A%
11 &a 1 [ 0.012(2y 0 4,943
M l6d 1 0.625 O0100¢6) 0 0.788
O 32¢ 1 0.3880(1) 0.019145)  0.0037(5) 1.515
LiCrioMnimQOs « 8239143 A Rap 4.51% (S 1.1349)
Atom Sile  Occupancy x( v 23 Un(AY) Up(AY B A
i & | 0 G0y o 765
M i6d 1 0.625 0.0071(4) o 0.561
O 32¢ 1 Q3RTET(R) 0.0139(3)  0.0035(3) 1.098
LiCrueMnosQs o 8236433 A Rup 5.27% (S 1.0706)
Atom Site Occupancy xt v 2) Un(A?) UntAy Bt AY)
1.i Ka 1 0 0.01142) o 0.890
M i6d £.625 GO08XSY O 0.788
O 32 1 0.38787(8) 1L.0148(3)  0.0032(3) 1.170
LiCraMne:O o 8.22506(3) A Rup 4.39% (S 1.OS6M0)
Atom Site Occupaney x( ¥ 2) Un(A®) Un(AY B.tAY)
1i &a i 0 00112y 0 1.892
M 16d 1 0.625 G.00(6) [ .502
O 32 1 0.38784(6) 0.0120(2)  0.0027(2) 0.946
Uy Un Un, Uy Upn Un
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E)

Li(s), Mn(s), Ox(g) [876K]

aHggrsk

Li;COs(s), Mn;05(s) {876K]

AH,

D

LiMn,04(s) [876K]

Measured heat

Li;COs(s), MnCOs(s) [298K]

Fig.14 Born-Haber cycle to evaluate the standard
enthalpy of formation for LiMn;Os.

AH,: Heat content of starting materials (298 K-876 K).

AH>»: The enthalpy of formation for starting materials (876 K).
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Fig.15 The standard enthalpy of formation at 876 K

for LiM;Mn; ,04(M =Mn, Li, Mg, Cr. Co, Ni).
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Fig.16 TG-DTA curves for (a) LiMnyO4 and (b)
LiCousMn1160s.
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Table 5 Starting temperature at which mass loss observed

in TG curves and endothermic peaks emerged

in DTA curves.

Sample TGA (on heating) DTA (on heating)
P WEERL  gea Weight L’éak SZZk

LiMnO4 1087 K 1205 K 1201 K 1328 K
LiCosMny1604 1025 K 1205 K 1198 K —
LiCrysMn; 1604 116 K 1211 K 1213 K —
LiMgieMni1sOs 995K 1194 K 1199 K -—
LiNiysMnyi604 1038 K 1177 K 1165 K —

F72, Co, NIBBLAAYAMIBOTIZBEREOHINIC
PEOERLT Y 5V E— OMIHEILEA L 745, M =Cr, Mg
DFHEE, FIIERICLDERT Y V- O
L7z M=LIllBWTEBRIZLBER T 1 E—D
KEZELIR O D72,

3.3.2 LiMMn,_,0, DE5IRESSE)

Fig.16(a)iZLiMn;04, (b)IZLiCo1sMn1,60s DZER
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2EBOERERLFRONS, TG RO 1 BREoERRD
WRONRETIEDTA IR B R S L a0 7078,
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720 LiMnoOs 2 DWW TIIRIREFO DTA H#RIZ 1328 K 7
WIRRE — AR ORI, Tk A TG #3285
FILER OB o7, TOFKERIZDWTIE, Thackeray
LOEmE LR E —FHL T b,

LiCousMny1s04 1212, DTA BEICIZ1 >O¥— 7 LR
Lhkiror, TORBHEICEV TIZLIMsMny 1604
(M =Cr, Mg, Ni) {22V T LiCoisMnie0s & FHED
TG-DTA #i# & %2 o 77y TG-DTA BBIZELS RO -R
FE% Table 517K,

—7%, Fig.17(a) LiMn204, (b) LiCriysMni1cQs, (c)
LiCousMn 160 DERX BIZ2o0 T, 973 KIZBW(4
TORBTACRVEBELHEL T, JAIHLT
1123 K THXLiMn20s, LiCorsMn1160s DA Tid LiaMnOs
DK E LCBRz, $75, 1253 K TRTNTORE
TLi;MnO; 2544 & L TN, LiMnyOq, LiCoisMn 1604
122V, 1123 K £9 LioMnOs DSB8 o e &
7o, BRPOERITEHLALEHETIE, e LT
LisMnOs; HDOABIC LiMn,O4 DH 513 MnsOs  (Hausmannite)
H, LiCrisMni160438 L TLiCo1sMny1604 DB AL
MMn; ;04 M =Cr, Co) HPHFET LI LA REIN,
BrERL ) BEL > MMny O HOMKIE, Cros
122=02, CoDHEB/E=04TH-7,
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Fig.17 In-situ high-temperature powder XRD patterns

of (a) LiMn204, (b) LiCo1sMn1604 and (c)
LiCrysMn 1604 recorded from room temperature
(RT) to 1253 K.
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Fig.18 Relationship between decomposition temperature
and the enthalpy of formation for LiMysMn 604
(M =Mn. Mg, Cr. Co, Ni).
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Table 6 Single phase region of LiMsMni160s s (M =
Mn, Cr, Co, Ni) at 1023 K.

LiMysMni1604 5

M =Mn 0<§<0.018
M =Cr 0< §<0.046
M =Co 0< §<0.040
M =Ni 0< §<0.033
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