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Abstract : A precursor of lithium manganese oxide was synthesized by mixing CHs),CHOLi with Mn(CH;COO), - 4H,0
in ethanol using a sol-gel method, then heat-treated at 400 and 800°C in air 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 M LiClO4/propylene carbonate electrolyte

solution. The diffusivity of lithium ions, D*i;*, as determined by AC impedance technique was 62 % 10" cm? s,
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2.1. LiMn,0.2| &

B Aoy Z-AHS A4 LiMn0,S #4S #lsiM
glove box (Jisico Co.)wWellA (CH3),CHOLI (Aldrich Co.)
9.9 ¢S L (Hayman LTD-AR. Quality, 99.9%) 300 ml%}
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Fig. 1. Synthetic procedure of LiMn,O, powders by sol-gel method.
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2.3. A8 717]
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A(cel)E TA39.2™ PotentiostaGalvanostattEG&G  PAR
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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, (¢) LiMn,0, precursor.
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AFE 400°ColA] 12817 @A), 3 GJ2] AlEE 800
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(Inductively coupled plasma atomic emission spectrometer:
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H1E el

3.2. LiMn,0, 22t°| XRD 54

7] B97lelA 400°Cet 800°Ce] &= 247 B3
LiMn,0, BZ¢ XRD HES Fig. 39 Uepiien mlus
$18}ed Cyprus Foote MineralAl (CFM)2] XRD A= 7
Uehigch 7 ©E £E400°C, 800°C)oA B2 dt
LiMn,0,2] 739 CFM(Cyprus Foote Mineral)®} H1£8F XRD
&8 ehfglen, JCPDSUJoint Committee on Powder
Diffraction Standards)®] ¥&7k3} v15:3t XRD HE-E ek
it} 800°Ce] XRD FeoliMe] wjz Z7|7} 400°Ce] A B
o} o 23 Ao= wFo] AR} & dold o7 HHEH,
Az= 400°C 2 800°C LiMn,0,2] (111), 311) E (400)4
dzto] JCPDS #&gat 7o) IxgS I = I

AzE F 74 LiMn,0,9] A% (111) B A7t wi¢-
A JE LiMn,0, & &9d 725 /Rtde A& & F
2t B Aol EAY 95k AZE LiMn0, £
7 1wl olsld FAE EART) e @Ae] 2=(800°C
olahell M= el 7Fsdke & 4= Utk ol ExE] WY
& TAFEZE ofd o3 uhg- GukAQl E-2 whgol A

5 doltt.

3.3. LiMn,0, 222| SEM zZH&
Qukxog HAZ B =y B A Y 2 159

Table 1. XRD data of LiMn,O, heat treated at 400°C, 800°C and
JCPDS.

d value (A)

(11D (311) (400)
400°C 47538 2.4867 2.0629
800°C 47716 2.4893 2.0634
ICPDS 4.764 2487 2.0621
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Fig. 3. XRD patterns for LiMn;O; powders obtained by heating at
(a) precursor (b) CFM (Cyprus Foot Material Co.) (c) 400°C (d)
800°C.
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T T3 2AE A Z YRt A7) sk Hok B A
TollA 43S A8 Ede] ¥ SEM 3ARS Fig. 40 JERY
e 400°CellX DojR AE= 1pm o3 =79 FIF
A2 TEEHA J' 2E B 4 AT 23 800°CollA
AT A5 A Z7) B A9 oF 3um AxY Y=
718 WERHSIH. o)A 112oXe] 2E Sl osled At
o] AAs} Axrt F713 Ao wekEth SEM #E Ay
A2oA et AE7F m2olr DXl ARl Bls) m
Agt Jxb BEE veRiio

34. LiMn,O, M329| CV EM =A}

ZE ol 2R 4= EAR AMSEE LiMn0,9 37
3h3hy 5498 AR A8l 1.0M LiCIOoy/PC Asfbol A A
ekl BAL cVE ARIFY. FAKEES 0.01 mV/isec, &
A BHEE 25~45VE S w9 400°C E 800°CE FHe)
g LiMn,0, 359] ¢8HY-AF F4E Fig. 500 eRiich
ol 2xpdR|e] F4ef sFEE LiMn,0,2 A3} = EF
o] B AL 29 VAXRE A= o] 30 Velr] Z sl
Hebdlon, #hdel] sigsls 2lF AYe 2.8 vollx] As
26 VollX 2 299E Zb2 el gF olL9] Akgd)
adehe Fdute] HF7) Litole] & Akl sfjdels Akt
ale} HFRC} 2} o]RE LiMn,0,/Li AXA g]F o]Lo]
2EE 2o HaF o]%(mass transfer) £57) H2ltiE AL

Fig. 4. SEM photographs of LiMn,0, powders heat treated at (a)
400°C (b) 800°C.
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Fig. 69l 400°C & 800°Cel* EXJ2]gt LiMn,0, 3L A}
B3f] FAREE 1 mVisec, 2.5~4.5 Vo] A ALA, 208] 4=
S W] SFHAG-AF 4L Uit g4 259
ARl FAEE F wi2H Aslulyl A vYehga Seurt
34 VoA ZA Yehd 2L F ol2o] A=Z g AE o
A= 2o Aols whgo] - =glths Ag ouizh}. =
IE RS axe A5 FAV) golor 8ok A
S & 3otk 400°CelA A LiMn0, B39 75, 10
ke A3 89 7T 28T o)Fole Y 949 &
A& UL, 800°ColN EA2E LiMn,0, AZelxe
A WA g dF3 AL Jepigith o] XY A
800°CY] LiMn,08=2d0o] 400°Co)] ®la) AT EAo] 4=
S & den, HF) S A3 S 2w &
A7t age & 5 Aok
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[

a b ¢
- Jo1ma
&
2
P
=
o
(@)
2.8 3.0 35 4.0 4.5
Potential (V) vs. Li/Li~
- Jo1ma
=
g
S
=
9
()
2.8 3.0 3.5 4.0 4.5

Potential (V) vs. LVLi"~

Fig. 5. Cyclic voltammogram of LiMn,O, electrode in 1.0 M LiClO,/
PC at 0.01 mV/sec scan rate ; (a) 400°C (b) 800°C. The potential
range was 2.5~4.5 V.,
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Fig. 6. Cyclic voltammogram of LiMn,0, electrode in 1.0 M LiClOy/
PC at 1 mV/sec scan rate; (a) 400°C (b) 800°C. The potential range
was 2.5~4.5V,

AN ARS 3087 24, 1087 FA JHE FAXNA
A7} BR Aol =2 W ANE AT A A9
el Ao 4.0 VollA Vet o] 43 A= 0.01 mV/sec
o] ZAEE e Ao £IHL AR T4 Adet X8 =
AT A 2 AR JEREH o)|AL £BHG-HF FA
o] 40 VoA 27he) BeE)rt yehde A dAskE 54E
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Fig. 7. Total Nyquist plot obtained from LiMn;O; electrode in 1M
LiCIO,/PC electrolytic solution at various oxidation potential. (a)
385V (b) 400V (c) 410V (d) 425V (e) 440V (f) 4.20 V. The
frequency range is 100 kHz~1 mHz.

3.5. LiMn,0, M=e| At} £l Fejofl w2 ujHs S4

Fig. 59) &3AH3tARF FAMY 2shakd ket duled
2 EXslo] v)aE Y5l ks 39l AKS WsATIEA
2 uss =339} 1.0M LiCIO/PC X3]d8d &
A LiMn,O, A=<] g)Eoleo] & 4157 A, & x4 7}
2R 8t Nyquist ZAME 2 Fal HolollA el
= ol(are) AT AFuG FholM Yehte 71€013 4
HM(inclined line)e] ATAA AP o7 FE=o] UERsith Fig.
78 LiMn,O, A=l 3.9 VoAl 42 V7ERIS] AL (Li & A9
Hkg) S 7REIEEA 1.0 M LiCIO/PC Fafd &ollA i
JAugAE ZAsle] AL Nyquist 4SS HERIT. 39V
2 4.1V AMRAGeE 1 Fug GHe] he] ok 4
3 FsAE] 7t BEE AFuE oo rigold Fdo] 4
el o]AL AslE Arte] HE HFH(contact resistor)T
A AT AW A3t olF A F(charge transfer
resistance)®] €3 Aoz WEH R AR FAdMe]
AT 39V oBlIME 413} ¥kge] AR a2 v
Sk 1eit 3.9V oPelE LiMnO, A3l 413t kgl
o3 AklE AT /REE Adexe vkgell g wle] okt
UEREo1} 20 mHz~100 kHzS) F3<r H9lolA e Warburg 9
s Jehdx| sttt AFsl 99 £ B olge A3t
2 AZ mwd fFoleo FH(adsorption) T F3F
(accumulation)? BEH A2 MsE oA olE] il

Table 2. Values of the parameters of equivalent circuit used to construct the simulated curves presented in Fig. 7. R (Qi[Ry(Q:[R,Q3DD)
Oxidz?tion R.Q R, O Q1 Ry, Q2 Q3
Potential, V Y,, mho x 10® n, Y,, mho x 107 n, Yo, mho m
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 05.33 0.7078 65.16 17.31 0.7927 0.2234 0.7368
4.10 81.21 14.70 84.49 0.7574 4351 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
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3.6. LiMn,0, T=9] &-WH Mol E uHA §Y

LiMn,0, A=9) AAF e wE d9is E4s =
AR 98 1 mA/em®e) AF 252 10kHzolA 5mHz A
°]2 1.0M LiCIO/PC & Z0l4] 20, 40, 60, 80, 90 mAh/g
2 2R3 Yuda A3S ST 400°C, 800°ColA &E
A)gh LiMn,0, AF2) A& 22] Nyquist 4& Fig. 8l U
ERQlc). does AF As 1.0 M LiCloy/PC 7] sz}

(a)

™~
&
[
<S
T
(1

—
7]
[
[
T

@ N S0+ a -‘
: ¢
Pl e §
Nn ° 0-'(;‘} ~

A, 1

106 150

e

N
o]
[
@
T

wn
(1

T
~

(2]

[
<
@
<

L]
=
:

%
”
o

| Ohe

1 L 1
0 500 1000 1500 2000 2300
ZRc (Q)

Fig. 8. Total Nyquist plot obtained from LiMn,O, treated at (a)
400°C (b) 800°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 Li; ,Mn;0Q4 for the
charge/discharge for heat treated LiMn,0, :(a) 400°C (b) 800°C.
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