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ABSTRACT

LiMn,O, compounds were synthesized by calcining a mixture of LiOH and MnO,(CMD) at 400°C for 10 h and then calcining again
at 650°C to 900°C for 48 h in air with intermediate grinding. All the synthesized samples exhibited XRD patterns for the cubic spinel
phase with a space group Fd3m. The lattice parameter increased gradually as the sintering temperature rose. The electrochemical
cells were charged and discharged for 20 cycles at a current density 300 pA/ecm?® between 3.5V and 4.3 V. The voltage vs. discharge
capacity curves for all the samples showed two plateaus. The LiMn,O, sample calcined at 900°C had the largest first discharge capac-
ity. This sample exhibited the best crystallinity, had relatively large lattice parameter and had relatively large particles with rela-
tively homogeneous size. All the samples showed good cycling performances. Among all the samples, the LiMn,O, calcined at 850°C
had relatively large first discharge capacity and very good cycling performance. The addition of excess LiOH and the mixing in etha-
nol considered to help the formation of the more LiMn,O, phase per unit weight sample and the more stable LiMn,O, phase. These
led to the larger discharge capacities and the better cycling performances. The cyclic voltammograms for the second cycle of the
LiMn,O, samples showed the oxidation and reduction peaks around 4.05V and 4.18 V and around 4.08 V and 3.94 V, respectively.
The larger first discharge capacity of the sample calcined at the higher temperature is related to the larger lattice parameter.
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1. Introduction

he transition metal oxides such as LiC0O,,"* LiNiO,"”

and LiMn,0,*'” have been investigated in order to
apply them to the cathode materials of lithium secondary
battery. LiCoO, has large diffusivity and high operating
voltage and it can be easily prepared. However, it contains
an expensive element Co. LiNiO, has a large discharge
capacity'” and is relatively excellent from the view points of
economics and environment. However, its preparation is
very difficult as compared with LiCoO, and LiMn,O,.
LiMn,O, does not have a good cycling performance. How-
ever, it is very cheap and does not bring about environmen-
tal pollution.

Usually, LiMn,O, is synthesized using a solid-state reac-
tion which used mechanical mixing followed by high-tem-
perature sintering. LiMn,0, compounds are made from
stoichiometric amounts of Li salts such as LiOH, LiNO,,
Li,CO,, mixed with manganese oxides|Chemical Manga-
nese Dioxides(CMD) or Electrochemical Manganese Diox-
ides(EMD)].’*'® The starting materials and synthesis tem-
perature have effects on the electrochemical characteristics
of LiMn,0O,. By optimizing the LiMn,O, synthesis, its elec-
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trochemical and cycling behavior can be improved. Guyo-
mard et al.'*' prepared the spinel manganese oxide by
sintering a stoichiometric mixture of Li,CO, and MnO, at
800°C in air. The LiMn,O, compounds (particle size 1 to
2 um) were prepared by three consecutive annealings at
800°C for 24 h. Manev et al.'® also prepared LiMn,0, by sin-
tering a mixture of MnO, (CMD) and LiNO, for 48 h in the
temperature range between 450°C and 900°C. The results of
the long-term cycling of LiMn,O, synthesized at different
temperatures showed the good cycling performance for the
samples synthesized at 650°C and 750°C. These reports sug-
gest that the electrochemical characteristics are sensitive to
the microstructure of electrode material, which varies with
the synthesis condition.

In this work, we synthesized LiMn,0O, samples by a solid-
state reaction of LiOH with MnO, (CMD) at various temper-
atures from 650°C up to 900°C and then examined their
electrochemical properties.

2. Experimental

LiMn,0O, compound was synthesized by the solid-state
reaction. LIOH and MnO, (CMD) with a 1.1:2 molar ratio
were mixed in a mortar filled with ethanol. Excess LiOH
was added in order to compensate the quantity of evapo-
rated Li during preparation. The mixture was calcined at
400°C for 10 h and then calcined again at 650, 700, 750, 800,
850 or 900°C for 48 h in air with intermediate grinding. The
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samples were slowly cooled at a cooling rate of 1°C/min. The
phase identification of the prepared samples was carried
out by X-Ray Diffraction (XRD, Rigaku III/A type) analysis
using Cu Ko radiation. The morphologies of the samples
were observed using a Scanning Electron Microscope(SEM).
To measure the electrochemical properties, the electrochem-
ical cells consisted of the prepared sample as a positive elec-
trode, Li metal as a negative electrode and an electrolyte of
1 M LiPF6 in a 2:1 (volume ratio) mixture of Ethylene Car-
bonate(EC) and Dimethyl Carbonate(DMC). A Whatman
glass-fiber was used as a seperator. The cells were assem-
bled in an argon-filled dry box. To fabricate the positive elec-
trode, 89 wt% active material, 10 wt% acetylene black and
1 wt% Polytetrafluoroethylene(PTFE) binder were mixed in
an agate mortar. By introducing Li metal, the Whatman
glass-fiber, the positive electrode and the electrolyte, the
cell was assembled. All the electrochemical tests were per-
formed at room temperature with a battery charge-dis-
charge cycle tester (WonATec WBCS 3000) at a current
density 300 uA/cm?® in a potential range from 3.5 V to 4.3 V.
Fig. 1 summarizes the experimental procedure.

LiOH, MnO,
!

Grinding, Pelleting

!

Primary Calcination 400°C, 10 h

!

Seconary Calcination
650C ~900C 48h

l

LiMn,0, characterization
(XRD, SEM)

!

Cell fabrication(in glove box with Ar filled)

!

Cell test
(Charge-discharge test, Cyclic voltmetry)

Fig. 1. Experimental procedure.
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Fig. 2. XRD patterns of the LiMn,O, samples calcined between
650°C and 900°C.

Table 1. Lattice Parameters of the LiMn,0, Samples Calcined
at Different Temperatures

Secondary calcination temperature Lattice parameter(A)

650°C 8.18386
700°C 8.19244
750°C 8.19983
800°C 8.21443
850°C 8.21443
900°C 8.21643

3. Results and Discussions

Fig. 2 shows XRD patterns of the LiMn,0, calcined for 48
h between 650°C and 900°C. All the samples exhibit similar
patterns. They were identified as the cubic spinel phase
having a space group Fd3m. As the calcining temperature
rises, the peaks become sharper. The sample calcined at
850°C and 900°C exhibited the sharpest peaks, showing that
it has the best crystallinity.

The lattice parameter of each sample was obtained by the
least-squares method. Table 1 gives the lattice parameters
of the LiMn,0, samples calcined at different temperatures.
It increases gradually as the sintering temperature rises.
The lattice parameters of LiMn,O, calcined at 650°C and
900°C were a,=8.18 and 8.22 A, respectively.

Fig. 3 shows SEM microstructures of the LiMn,O0, sam-
ples calcined at 850°C to 900°C. The samples calcined at
650-750°C consist of very small particles and large ones. As
the temperature increases, the particles grow and their
sizes become more homogeneous. The samples calcined at
850°C and 900°C have relatively large particles with rela-
tively homogeneous size.

Fig. 4 shows the voltage vs. discharge capacity curves at a
current density 300 uA/cm?® in a potential range from 3.5V
to 4.3V for the first cycle of the LiMn,O, samples calcined
between 650°C and 900°C. The discharge capacity of the
sample calcined at 900°C is larger than those of the other
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Fig. 3. SEM microstructures of the LiMn,O, samples calcined at (a) 650°C, (b) 700°C, (c) 750°C, (d) 800°C, (e) 850°C and

(& 900°C.
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Fig. 4. Voltage vs. discharge capacity curves for the first
cycle of the LiMn,O, samples calcined between 650°C
and 900°C.

samples. The discharge curves of all the samples showed
two plateaus.

Fig. 5 shows the variations of discharge capacities for
LiMn,O, sintered at different temperatures with the num-
ber of discharge cycle. The cells were cycled for 20 cycles at a
current density 300 pA/em® between 3.5V and 4.3 V. The
LiMn,O, calcined at 900°C has the largest first discharge
capacity 102.7 mAh/g, which is a larger value than that
reported earlier.” All the samples except that calcined at
900°C show good cycling performances. The LiMn,0, sam-
ple calcined at 850°C has the first discharge capacity 96.2
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Fig. 5. Variations of discharge capacities with cycle number
for the LiMn,O, samples calcined between 650°C and
900°C.

mAh/g and the discharge capacity at the 20™ cycle 93.5
mAh/g, showing the maintenance of 97.2% of the first dis-
charge capacity. In this work excess LiOH was added in
order to compensate the quantity of the evaporated Li dur-
ing preparation. The mixture were mixed in a mortar filled
with ethanol in order to get a homogeneous mixing. It is
considered that these helped the formation of the more
1iMn,O, phase per unit weight of sample and the more sta-
ble LiMn,0, phase. These led to larger discharge capacities
and better cycling performances than those reported earlier.

Fig. 6 shows cyclic voltammograms for the second charge-
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Fig. 6. Cyclic voltammograms for the second cycle of the
LiMn,O, samples sintered between 650°C and 900°C.
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Fig. 7. Variations, with calcining temperature, of lattice
parameter, the first discharge capacity and capacity
fading rate.

discharge cycles of the LiMn,O, samples calcined between
650°C and 900°C in the potential range from 3.5V to 4.3 V.
The oxidation and reduction peaks are located around 4.05
V and 4.18 V and around 4.08 V and 3.94 V, respectively,
showing that oxidation and reduction proceed in two stages.
The potentials for the oxidation in the cyclic voltammogram
agree well with the plateau potentials of the V vs. x curve in
Fig. 4.

The LiMn,O, calcined at 900°C has the largest first dis-
charge capacity. This sample shows the best crystallinity,
has the largest lattice parameter and has relatively large
particles with relatively homogeneous size. These are con-
sidered to be related with the largest first discharge capac-
ity. Amonhg all the samples, the LiMn,0, sample calcined at
850°C has a relatively large first discharge capacity and a
very good cycling performance.

Fig. 7 gives the variations, with calcining temperature, of
lattice parameter, the first discharge capacity and capacity
fading rate. The capacity fading rate, i.e. the decrease in the
discharge capacity per no. of cycle, is obtained from the first
to the twentieth cycle. The lattice parameter and the first
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discharge capacity decrease as the value of calcining tem-
perature rises. The capacity fading rate increases, except at
850°C, as the calcining temperature rises. This shows that
the sample with a larger lattice parameter has the larger
first discharge capacity, suggesting that the spinel structure
with a larger lattice parameter intercalates and deinterca-
lates the more Li ions. The larger first discharge capacity is
related to the wider range of the value of x Li Mn,O,. The
larger range of the value of x will cause the larger expansion
and contraction of the spinel phase LiMn,O, due to the
intercalation and deintercalation. This will make the unit
cell the more strained and distorted. With cycling, the more
interstitial sites and thus the spinel structure will be
destroyed. This decreases the larger fraction of the spinel
phase, leading to the more capacity fading with cycling.

4. Conclusions

All the synthesized samples exhibited XRD patterns for
the cubic spinel phase with a space group Fd3m. The lattice
parameter increased gradually as the sintering tempera-
ture rose. The electrochemical cells were charged and dis-
charged for 20 cycles at a current density 300 pA/ecm?
between 3.5 V and 4.3 V. The voltage vs. discharge capacity
curves for all the samples showed two plateaus. The
LiMn,O, sample calcined at 900°C had the largest first dis-
charge capacity. This sample exhibited the best crystallin-
ity, had a relatively large lattice parameter and had relati-
vely large particles with relatively homogeneous size. All
the samples showed good cycling performances. Among all
the samples, the LiMn,O, calcined at 850°C had relatively
large first discharge capacity and a very good cycling perfor-
mance. The addition of excess LiOH and the mixing in etha-
nol considered to help the formation of the more LiMn,0,
phase per unit weight sample and the more stable LiMn,0,
phase. These led to the larger discharge capacities and the
better cycling performances. The cyclic voltammograms for
the second cycle of the LiMn,O, samples showed the oxida-
tion and reduction peaks around 4.05V and 4.18V and
around 4.08 V and 3.94 V, respectively. The larger first dis-
charge capacity of the sample calcined at the higher temper-
ature is related to the larger lattice parameter.
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