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Figure 3. The charging mechanism of Li/Polyaniline battery.

capacity is almost not changed with cycling. After one or 
two cycles, the capacity becomes stable and constant. It is 
in good agreement with the results of voltammetric ex
periments. Discharge testing of the Li/polyaniline cells 
which are consisted of different molecular weight pol
yaniline was performed. As shown in Figure 2, discharge 
characteristics of the battery were greatly influenced by the 
molecular weight. In the cases where LMW-PANI and 
IMW-PANI are used, the discharge capacities are about 17 
mAh/g and 34 mAh/g, respectively. The theoretical capacity 
of polyaniline salt is 95.2 mAh/g. Therefore, the efficiency 
of these batteries are 18% and 36%, respectively.

The original polyaniline film is a non-conducting material. 
Due to poor conductivity for this polyaniline film, we treat
ed the polyaniline film with Li ionic salt solution. Then it is 
easily changed to the conducting material. In the case of the 
polyaniline film which is a non-conducting material or a 
conducting material treated with acid s이ution (HC1), the 

cell current and the utilization of this polyaniline film were 
considerably lower. But the polyaniline film was gradually 
activated by doping with Li salt and the conductivity of 
cathode film is increased up to -4).5 S/cm. When these 
films are used as a cathode in lithium secondary battery, un
doped benzenoid ring is changed to doped form with proton 
during charge process. And the counter ion and Li ion in 
electrolyte move to electrode for electroneutralization. 
Discharge process is occurred to reverse direction. This is 
the charge and discharge mechanism and showed the charg
ing mechanism in Figure 3.

In comparison with other lithium secondary batteries us
ing inorganic intercalation compounds as cathode materials, 
there are advantages and disadvantages of the Li/polyaniline 
battery. The advantage is that capacity decay of this battery 
is very smaller than that of Li/inorganic compound battery. 
And the initial capacity decay for cycling proceeding is not 
found because of the electrolyte salt doping for cathode ma
terials. The disadvantage is that the capacity of Li/pol
yaniline battery is smaller than that of Li/inorganic com
pound battery. But this problem can be improved by using 
other polymer (and/or copolymer) in the future. Therefore, 
it is possible to make the battery that have a good re
chargeable and reversible characteristics.
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Lithium ions are intercalated/deintercalated in spinel 
LiMn2O4 during the electrochemical reaction. Normally in 
spinel LiMn2O4, Li ions are residing in tetrahedral (8a) sites, 
the Mn ions in octahedral (16d) sites, and O2~ ions in oc
tahedral (32e) sites. These former ions fom a cubic close- 
packed array. Tetrahedral (8a) sites share face with vacant 
octahedral sites (16c), so that they form three-dimensional 
vacant channels.1 Li+ ions can intercalate/deintercalate by 
these channels. Thackeray et al. first reported that lithium 

ions can reversibly intercalate/deintercalate from LiMn2O4 
by electrochemical reaction between 3 V and 4.1 V.1,2 In 
LiJtMn2O4, structural transformation occurs during the elec- 
tro아】emical reaction. When 0<x<l, LixMn2O4 remains a 
cubic spinel structure at near 4 V, whereas when l<x<2, 
phase transition occurs from cubic symmetry to tetragonal 
symmetry at near 3 V.3,4 Spinel LiMn2O4 shows different 
electrochemical properties depending on starting materials, 
annealing temperature, annealing time, cooling rate etc.5,6
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Several research groups have investigated the substitution of 
other transition metals for Mn to make (M=A1,
Ti, Cr, Fe, Co, Ni, Zn, Ge, Ta …).7, The partial sub
stitution of transition metal for Mn and nonstoichiometry in 
LiMn2O4 induce the suppression of Jahn-Teller distortion, 
which causes the rapid fading of capacity when LixMn2O4 
electrodes are deeply discharged in the range of l<x<2 
(around 3.5 V, Mnin>Mn!V). Capacity fading can be ex
plained by the appearance of biphase and the distortion of 
local structure. Guohua et al. reported cycling performance 
improved by substitution of Co, Cr, Ni for Mn? These tran
sition metal substitutions are considered to stabilize the oc
tahedral sites in spinel structure, so that cycling per
formance improved. Substituted spinel LiMyMn2 yO4 shows 
different structures and electrochemical properties with tran
sition metal species (M) and substitution content (y).

This work is intented to explain the reason for the capa
city fading of the LiMn2O4 on cycling comparing it with the 
substituted spinel. In this paper, we report on the results of 
X-ray diffraction, phase transition during the electrochemi
cal reaction , and the cyclic voltammetry of LiFeyMn2^>,04 
(y=0.0, 0.25, 0.5) in which Mn3+ ion was substituted for 
Fe" ion.

Experimental

LiMn2O4 compound was prepared by solid state reaction 
of LiOH and manganese dioxide, in a 1: 2 molar ratio. To 
make LiFeyMn2 yO4, Fe2O3 was used as iron source. The 
starting materials were calcined at 400 °C in air for 10 hrs 
after mixing. The samples were reground and annealed at 
750 °C for 48 hrs with intermediate grinding. Samples were 
slowly cooled at a cooling rate of 1 °C/min. The phase iden
tification and the evaluation of lattice parameters for the 
resulting samples were carried out by X-ray diffraction 
analysis using Cu-Ka radiation (MAC-Science Co. Ltd.). To 
investigate the electrochemical properties of the LiFevMn2 yO4 
(0<y<0.5), an electrochemical cell was consisted of Li- 
FevMn2 VO4 as positive electrode, Li metal as negative elec
trode, and IM LiPF6 which dissolved in a 2:1 (volume ra
tio) mixture of ethylene carbonate (EC) and dimethyl car
bonate (DMC) as electrolyte. The glass-filter was used as a 
separator. The cathode was mixture of 89% (wt.%) active 
material, 10% acetylene black, and 1% polytetrafluoro
ethylene (PTFE) binder. The cells were assembled in argon 
filled dry box. All the electrochemical tests were perfonned 
at room temperature and measured with a potentiostatic sys
tem and galvanostatic system (Mac-Pile system, Bio-Logic 
Co. Ltd)

Results and Discussion

The X-ray diffraction patterns of the prepared samples 
could be indexed with the spinel having a space group Fd 
3m. The lattice parameters of each sample are shown in Fig
ure 1. As shown in the Figure 1, the lattice parameters 
slightly increased as iron is substituted in LiFeyMn2_yO4. 
The radius of Fe" is similar to that of Mn”, so the lattice 
parameters of iron substituted manganese oxides are not var
ied significantly. The variation of lattice parameters is not 
observed in the range of y=0.0-0.25.

The electrochemical reaction of Li/LiFeyMn2_yO4 is car
ried out in the voltage range of 3.543 V. Pistoia et al. re
ported that lithium ion can be deintercalated to 0<x<0.2 in 
the first charge process of Li/LixMn2O4 cell, and can be in
tercalated up to x=0.8-0.9 in the first discharge process.9 Fig
ure 2 shows the variation of Li ion content(x) in the charge/ 
discharge curve of Li/LiFeyMn2^yO4 at constant current 265 
|iA/cm2. In LiMn2O4 (y=0), 0.8 Li+ ion was deintercalated 
in first charge and 0.6 Li+ ion was intercalated in fir아 

discharge so 0.2 Li+ ion is lost irreversibly. As shown in 
Figure 2, two voltage plateaus ranges in LiMn2O4 (y=0) 
were observed at 4.0 and 4.15 V, respectively. These results 
coincide with those of previous report.9 The two plateaus in
dicate that biphase is foimed during an electrochemical reac
tion. Xia et al. reported at average composition range of 0.1 
<x<0.45 in LixMn2O4 for first charge biphase (cubic a = 
8.154 A and %=8.072 A) exsists, and single phase reaction 
(cubic %=8.163 A to 8.247 A) occurs in the range of 0.45 < 
x<1.0.10

In Li/LiFe()25M1H 75O4 cell, 0.6 Li+ ion was reacted re- 
versi비y, therefore irreversible loss of lithium in first cycle 
is similar to that of Li/LiMn2O4 cell. The plateau observed 
at 4.15 V disappeared in y=0.25. In Li/LiF% 5M1I15O4 cell, 
the plateau is not shown in V vs. x curve. This means that 
the biphase region disappeared as the Fe content increases. 
Above results imply that cubic symmetry of the spinel host 
structure is maintained during charge/discharge cycle. The 
substituted Fe가 restrains the unstable biphase coexisting, 
and does not induce Jahn-Teller distortion. The one electron
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Figure 1. The variation of lattice parameters (A) in LiFeyMn2-yO4 
(y=0.0, 0.25, 0.5).
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Figure 2. The variation of Li ion content in the first charge and 
discharge curves of Li/LiFeyMn2_>,O4 (y=0.0, 0.25, 0.5) cell.
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Figure 3. Cyclic voltammogram of Li/LiFeyMn2_jO4 (y=0.0, 
0.25, 0.5) cell.

of Mn3+ eg)诅 the eg orbital is repulsing 2O2 ions 
along the z-axis and then Jahn-Teller distortion occurrs in 
spinel LiMn2O4. If high spin (fj e；) of Fes+ which does 
not induce Jahn-Teller distortion is substituted for Mn3+, to
tal Jahn-Teller distortion of the host structure may be reduc
ed. Therefore, the cubic structure will be stabilized by Fe3+ 
substitution.

The phase transition of cathode material due to lithium 
intercalation/deintercalation was investigated by cyclic vol
tammetry. The cyclic voltammogram is acquired 10 mV/h 
scan rate in the voltage range of 3.5-4.3 V. The cyclic vol
tammogram for Li/LiFeyMn2_yO4 is given in Figure 3. In 
LiMn2O4, the oxidation peaks are located near 4.0 and 4.15 
V, respectively. The electrochemical peaks become much 
broader and put together as Fe content increases. The 

results of CV curve are shown for both oxidation and reduc
tion process in Li/LiMn2O4 cell biphase gradually becomes 
single phase as Fe is substituted for Mn. Therefore, the sub
stitution of Fe in LiMn2O4 may enhance the cycling per
formance of lithium manganese oxides.
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Spinel LiMn2O4 is the most attractive cathode material for 
the rechargeable lithium batteries due to good performances 
such as high specific energy and high voltage (~4 V) and 
its economical and environmental advantages compared to 
other cathode materials. When lithium content is 0<x<l in 
LiZ/Li^MnzQi cells, the cells discharge at -4 V for lithium, 
whereas when 1 <x<2, the cells discharge at ~3 V.1~3 
LiMn2O4 which is prepared at 300-400 °C shows a good per
formance at 3 V than at 4 V.4 At 700-900 °C, it 아lows bett
er at 4 V than at 3 V.5,6 But the capacity of LiMn2O4 is de
creased more rapidly as the charge/discharge cycles are re
peated in LixMn2O4(0<x< 1) than that of LiCoO2, which is 
competitive cathode material.7

Tarascon et al. reported that the cations of valence 2 or 3 
substituted LiMyMn2_yO4 reduced the capacity of the cells at 
4.1 V, but did not affect their cycling performance.8 Anoth
er researcher reported that the cobalt-doped LiCoiMn2_xO4 
improved cycling behavior.9

For a long time, it was impossible to charge LiMn2O4 at 
high voltage (-4.4 V) due to oxidation of electrolytes. 
However, recent discovery of a high voltage oxidation-resis
tant electrolyte, ethylene carbonate(EC)-propylene carbonate 
(PC)-dimethyl carbonate(DMC)-lithium hexafluoro phos
phate (LiPF6) opened a way to study high voltage per
formance.1011 This work report the performance of Cr sub
stituted spinel manganese oxide in a range of 3.4-5.2 V.


