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Abstract : A precursor of lithium manganese oxide was synthesized by mixigp@HOLi with Mn(CH;COQ),-4H,0O

in ethanol using a sol-gel method, then heat-treated at 400 il iBOfir atmosphere. The condition of heat treatment

was determined by thermogravimetric analysis/differential thermogravimetric analysis (TGA/DTA). The characterization
of the lithium manganese oxide was done by X-ray diffraction (XRD) spectra and scanning electron microscopy
(SEM). The electrochemical characteristics of lithium manganese oxide electrode for lithium ion battery were measured
by cyclic voltammetry (CV), chronoamperometry and AC impedance method using constant charge/discharge process.
The electrochemical behaviors of the electrode have been investigated in a 1.0 MptoP¥&ne carbonate electrolyte
solution. The diffusivity of lithium ions, ©*, as determined by AC impedance technique was BF°cn? s?,
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Fig. 1. Synthetic procedure of LiMn,O, powders by sol-gel method.
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Fig. 2. TGA thermogram for the decomposition for the organic
metal complex in air; (a) Maganese acetate tetrahydrate, (b) Li
isipropoxide, (c) LiMn,O,4 precursor.
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Table 1. XRD data of LiMn,O, heat treated at 406C, 80C and
JCPDS.

d value (A)
(111) (311) (400)
400°C 4.7538 2.4867 2.0629
80C°C 47716 2.4893 2.0634
JCPDS 4.764 2.487 2.0621
I l Lo (d)
UiA A THAT
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311222 400331 333 440531 533 (c)
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Fig. 3. XRD patterns for LiMn ,0, powders obtained by heating at
(a) precursor (b) CFM (Cyprus Foot Material Co.) (c) 406C (d)
80C°C.
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Fig. 4. SEM photographs of LiMn,O, powders heat treated at (a)
400°C (b) 80CC.
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Fig. 5. Cyclic voltammogram of LiMn,O, electrode in 1.0 M LiCIO4/
PC at 0.01 mV/sec scan rate ; (a) 400 (b) 80CC. The potential
range was 2.5~4.5V.
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Fig. 7. Total Nyquist plot obtained from LiMn,0, electrode in 1 M
LiCIO 4/PC electrolytic solution at various oxidation potential. (a)
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Table 2. Values of the parameters of equivalent circuit used to construct the simulated curves presented in Fig. 7. (QHR1(QR Q3]
Oxidation R. O R O Q1 Ru Q2 Q3
Potential, V Yo, mhox 10° n Yo, mhox 103 N, Yo, mho R
3.85 78.93 16.61 10.98 0.6750 365.7 18.21 0.8532 0.1284 0.7393
4.00 80.29 15.54 95.33 0.7078 65.16 17.31 0.7927 0.2234 0.7368
4.10 81.21 14.70 84.49 0.7574 43.51 15.30 0.8064 0.6709 0.6008
4.25 80.09 14.45 66.40 0.7386 42.49 14.15 0.8417 0.2248 0.4496

4.40 80.61 16.32 14.87 0.662 31.03 14.70 0.8780 0.4230 0.5614




234 J. Korean Electrochem. Soc., Vol. 6, No. 4, 2003

59| gF olo] A18E wHeXe o 9% Rojr}.

S SIS WsATe AF §, SAHSE 4.1\l
3.5 VE WEATIHEAM uF JudrE S47 Ay 1 S
Gl Aska Aol S A dejdptele A5 A
8t olF Wkt wdE Zhe] ol=vh #EHI vhe] A5
B FYolre LiMn0, H= U2 2lF o]-o] Alel #7]
¥ Warburg 9u]el2=9] 710l Hdo] #2234 o}
A= 29 Rkl w2} PF ool A5 Hdle] Fe] ¢
T2 AT Rad’} HabH o= S7sIolrh. 3.9V ofslolA
B R e e e T o L I s =i L e
Hhgo] 79 ofupA] g, AT T A iR A
Qlsh Zigte] wA3] Fndhe Fd dAsi o HEA
PelM 4T Aulds Aol viszg A eI o
213k @4 LiCoO, ¥ LiCoNiy 0, #=& AMES a4 4
el Harsjo] et

I o rfr rok

3.6. LiMn, O, T3l &-UH H2o mE ueia M

LiMn, 0, F59] AZF Sl mE Jdads 548 =
ARl €131 1 mAenfe] HF WEZ 10 kHzolA 5 mHz A
°]Z 1.0M LIiCIO/PC €9 ZA 20, 40, 60, 80, 90 mAh/g
2 271 guds A9S sk 400C, 800CH &
A28 LiMn, O, F=2] H3¥A<2) Nyquist 4 Fig. &1
ERAQiC el 218 Z3) 1.0 M LICIOyPC 7] sl

2500
(a)
2000 o
~ 1500 30 i
E 4 .
N 1000 oﬁ:f s |
100 150
soo} °
[=]
o
0 j 1 1 1 1
2500
(b)
2000F
° 50+ ) g
& 1500F e .
vE o ::-
N 1000f of A= chd
v 50 100
S00F @
Q
&
0 & 1 1 1 1
0 500 1000 1500 2000 2500

ZRc (Q)

Fig. 8. Total Nyquist plot obtained from LiMn,O, treated at (a)
400°C (b) 80C°C electrode at various charged conditions. a: fresh b:
20 mAh/g c: 40 mAh/g d: 60 mAh/g e: 80 mAh/g f: 90 mAh/g.
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Fig. 9. Curves of voltage as a function of x in LiMn,0, for the
charge/discharge for heat treated LiMnO, :(a) 400C (b) 800°C.
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