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ko3 of 2lE o]&o] intercalation® o] AFW FEE o]F 1 g+ LiuMn,0,(0.2 < x < 2.0)
o] 724 EAL X-4 3EEAF Li/IM LICIO, propylene carbonate solution/LiMn.O, A
A4 o]Se FEA SAe o7 Hrishaetd E4¢ dFsdch LiMn0 g Hrlshed =
tEELEEER %%54 qgpe Axol A, AW 4% AT FRAe| she] AT
stk A2 F LiMnOd 79 48 MO, F22 4ol H2ow old ARS a,
7} 8.2550) 4] 8.031 Agi 2259k Li,Mn,0,9) =4 H37t 0.2<x <0.6% o A
8.255 A ¢ ©reldg vhebllo} 3.9~3.7 Vel el P g vhepdch

Abstract Specific structural properties of Li intercalation reaction into the spinel-



ot MnO, F 2o ot & 22t 2§ LiMnO, g4 B¢ 47 601

relatedmanganese dioxide, Li,Mn,0, (0.2<x<2.0), are investigated by X-ray diffractional

and electrochemical studies of Li/1M LiClO,- propylene carbonate solution/Li,Mn,O, cell.

The effect of the chemical composition and the reaction temperature on electrochemical pa-

rameter of Li,Mn,O, are studied by the phenomena of phase-transition, analysis of crystal

lattice, fine structure, and thermal analysis. Treatment of the spinel Li,Mn,0O, with aque-

ous acid was found to result in conversion of Li,Mn,0, to nearly pure MnO,, as evidenced

by a reduction in the lattice constant a. from 8.255 to 8.031 A. At a composition range of

0.2<x<0.6 in Li,Mn,0, the reduction proceeded in a homogeneous phase, which was char-

acterized by a constant voltage of 3.9~3.7 V together with a lattice constant of 8.255 A.
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Fig. 1. Schematic of experimental procedure
for Li.Mn,0, synthesis and conversion by A-
MnO..
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Fig. 2. X-ray diffraction patterns of MnQO,

heat treated at various temperature in air.
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Table 1

Changes of structure of MnO, after heat treatment

Temperature 25 350 450 550

C)

650 750 850 950

Structure of #-MnO, £-MnO, A-MnO,
type

e-MnO, &-MnO,; &-MnO, ¢-MnQO, y-MnO,
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Fig. 3. Schematic diagram of LiMn,O;

having a cubic spinel structure with a space
group Fd3m [13].
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Table 2

Evolution of the structure of the lattice as
LiMn,O, at 7507C,
850°C and 950°C for 48 hr.

a function of X In

Temper- X Structure Lattice
ature type constant
(A)
750C 0.2~0.4 Cubic a=8.226
0.6~0.8 Cubic a=8.235
1.0~1.2  Cubic a=28.239

1.4~2.0 Tetragonal a=5.75

c=9.145

850°C 0.2~0.4 Cubic a=238.226
0.6~0.8 Cubic a=238.228

1.0~1.2 Cubic a=238.239

14~2.0 Tetragonal a=86.129

c=9.489

950C 0.2~0.4 Cubic a=28.224
0.6~0.8 Cubic a=28.227

1.0~1.2 Cubic a=8.230

1.4~2.0 Tetragonal a=5.963

¢=9.10
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MnO,(cubic Fd3m, a.=8.029 A)=} 3}
Az 2+g a7} Table 3o 49} 3ol 77k
A E 8255~8.2573 A 2 HE 6.071~
8.0235 Aoz ZaHe AMHE & F UR
o] Lattice®] Fof| 2§ 7o 2 o 4 3l
o}, oleigt HA2 AA A=A §84] Lioj
ol A== THE el

10 y— —‘§‘
e :
&0+ A
£ ol
s °® —a—750°C
E —»—850°C
E %7 —a—950°C
24
[} T T T T
aD os 0 15 20
xof LiM,0,

Fig. 4. The ratios of peak intensity of (311)
vs. Li,Mn,0, Composite (750, 850, 950°C for
48 hr).

2
+
§

inensity(%)
g

8
&
3
&
8

Fig. 5. The ratios of peak intensity of (400)
vs. Li,Mn,0, composite (750, 850, 950°C for
48 hr).
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Table 3

Evolution of the structure of the lattice as a function of LiMn.O, at 850°C for 48 hr. in

untreatment and acid treatment

X Untreatmet

Acid treatment

Structure type

Lattice constant( A ) Structure type

Lattice constant (A)

0.2 Cubic a=28.225 Cubic a=28.021
0.4 Cubic a=8.226 Cubic a="7.867
0.6 Cubic a=2_8.228 Cubic a=16.642
0.8 Cubic a=28.229 Cubic a=6.071
1.0 Cubic a=8.239 Cubic a=8.0215
1.2 Cubic a=28.2573 Cubic a=8.0235
1.4~2.0  Tetragonal a=5.963 Tetragonal a=5.265
c=9.10 c=9.735
s [ I
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n ol @1 | : ol
a0 30 % C v g 3
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® ” - 38 andie (a0 " acid treatment of LiMn,O,.
e i i o
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P 43 4 N=E f-MnOs} - MnO.Z 4
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ﬂlo 20 «0 () L1} 70 a0 _g_oé EZ]E_E‘ E'MnOz ‘?‘_{7}' 1% OPzéﬁé 7

Fig. 6. X -ray diffraction patterns of (a) A-
MnQ, resulting from pH 2 acid treatment of
(b) LiangO4 and (C) LizMngO,p
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Fig. 8. Voltage curves of LiMn,O, at 25C
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