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ABSTRACT

LiCo Mn, O, samples were synthesized by calcining a mixture of LiOH - H,0, MnO, (CMD) and CoCO; calcining at 400°C for 10
h and then calcining twice at 750°C for 24 h in air with intermediate grinding. All the synthesized samples exhibited XRD pat-
terns for the cubic spinel phase with a space group Fd3m. The electrochemical cells were charged and discharged for 30 cycles at
a current density 600 uA/cm® between 3.5 and 4.3 V. As the value of y increases, the size of particles becomes more homoge-
neous. The first discharge capacity decreases as the value of y increases, its value for y=0.00 being 92.8 mAh/g. The LiMn,O,
exhibits much better cycling performance than that reported earlier. The cycling performance increases as the value of y
increases. The efficiency of discharge capacity is 98.9% for y=0.30. The larger lattice parameter for the smaller value of y is
related to the larger discharge capacity. The more quantity of the intercalated and the deintercalated Li in the sample with the
larger discharge capacity brings about the larger capacity fading rate.
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1. Introduction

he transition metal oxides such as LiCoO,,"” 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 con-
tains an expensive element Co. LiNiO, has a large dis-
charge capacity'® and is relatively excellent from the view
points of economics and environment. However, its prepa-
ration is very difficult as compared with LiCoO, and
LiMn,0O,. LiMn,0O, is very cheap and does not bring about
environmental pollution, but its cycling performance is
not good.

In our previous work,' the variation of the electrochemi-
cal properties of LiMn,O, with the calcining temperature
was investigated. The LiMn,0, sample calcined at 750°C
exhibited a relatively large discharge capacity and a quite
good cycling performance. )

In this work, in order to improve the cycling performance
of LiMn,O,, a part of Mn is replaced by Co in LiMn,O,.
LiCo Mn, O, samples were prepared by a solid-state reac-
tion method involving calcining at 750°C. Then their electro-
chemical properties are examined.
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2. Experimental

LiMn,O, compound was synthesized by the solid-state
reaction method. A mixture of LIOH-H,0 and MnO, (CMD)
with a 1:2 molar ratio were mixed in a mortar filled with
ethanol. Excess LiOH-H,O was added in order to compen-
sate the quantity of evaporated Li during preparation. The
mixture was calcined at 400°C for 10 h and then calcined
twice at 750°C for 24 h in air with intermediate grinding.
The heating rate was 100°C/h and the cooling rate was 50°C/
h. After adding appropriate amounts of CoCO, to LiOH-
H,0 and MnO,, LiCo Mn, O, (y=0.08, 0.15, 0.22, and 0.30)
were also synthesized at 750°C by the above same process.
The phase identification of the prepared samples was car-
ried out by X-Ray Diffraction (XRD, Rigaku III/A type) anal-
ysis using CuKo radiation. The morphologies of the samples
were observed using a Scanning Electron Microscope
(SEM). To measure the electrochemical properties, the elec-
trochemical cells consisted of the prepared sample as a posi-
tive electrode, Li metal as a negative electrode, and an
electrolyte of 1 M LiPF, in a 1: 1 (volume ratio) mixture of
Ethylene Carbonate (EC) and Dimethly Carbonate (DMC).
A Whatman glass-fiber was used as a separator. The cells
were assembled in an argon-filled dry box. To fabricate the
positive electrode, active material, acetylene black, and
Polytetrafluoroethylene (PTFE) binder were mixed in a
weight ratio 100 : 10 : 1 in an agate mortar. By introducing
Li metal, the Whatman glass-fiber, the positive electrode,
and the electrolyte, the cell was assembled. All the electro-
chemical tests were performed at room temperature with a
battery charge-discharge cycle tester in a potential range
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Fig. 1. Schematic diagram of experimental procedure by the
solid-state reaction method.
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Fig. 2. XRD patterns of LiCoMn, O, synthesized by the
solid-state reaction method.

from 3.5 to 4.3 V at a current density 600 pA/em?® Fig. 1
summarizes the experimental procedure.

3. Results and Discussion

Fig. 2 shows XRD patterns of the LiCoMn, O, (y=0.00,
0.08, 0.15, 0.22, and 0.30) samples calcined at 750°C for
48 h. All the samples exhibit similar patterns. They were
identified as the cubic spinel phase having a space group
Fd3m. There is no trend in the sharpness of the peaks,
showing that all the samples have similar crystallinities. As
the value of y increases, the diffraction angle 26 of the peaks
becomes larger.

The lattice parameter of each sample was obtained by
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Fig. 3. Variations of the lattice parameter with y in LiCo,
Mn, O, synthesized by the solid-state reaction method.

using the nelson-riley function and the least-squares
method and is given in Fig. 3. It decreases as the value of y
increases. This is probably because the radius of Co® is
smaller than that of Mn*. The lattice parameter a (8.201 A)
for the LiMn,O, is smaller than that (8.237 A) reported by
Banov et al.,'” who prepared it by a multi-step reaction.

Fig. 4 shows SEM microstructures of the LiCoyMn2_y04
samples. The sample for y=0.00 consists of relatively large
particles and small particles. The size of the large particles
tends to decrease. As the value of y increases, the size of
particles becomes more homogeneous. The sample with
y=0.30 has small particles with relatively homogeneous
size.

Fig. 5 shows the variations of the voltage vs. discharge
capacity curves in a potential range from 3.5 to 4.3V at a
current density 600 uA/cm®.

All the samples do not show distinct voltage plateaus. As
the value of y increases, the voltage plateaus become more
ambiguous. The discharge capacities of all the samples
decrease as the number of cycle increases. The decreasing
rate of discharge capacity according to the number of cycle
becomes smaller as the value of y increases. Its value for the
samples with y=0.30 is extremely small.

Fig. 6 shows the variation of voltage vs. the first discharge
capacity curves with the value of y in LiCoMn, O, synthe-
sized by the solid-state reaction method. As the value of y
increases, the discharge capacity decreases.

Fig. 7 shows the variations of discharge capacity with the
number of cycle for LiCoMn, O, synthesized by the solid-
state reaction method. That for LiMn,O, in ref. 12 is also
given. The cells were cycled for 30 cycles at a current den-
sity 600 pA/cm?® between 3.5 and 4.3 V. The first discharge
capacity decreases as the value of y increases, its value for
y=0.00 being 92.8 mAbh/g. The LiMn,O, exhibits much better
cycling performance (even at a higher current density) than
that reported earlier at a current density 265 pA/em®'™
Excess LiOH-H,0 was added in order to compensate the
quantity of the evaporated Li during preparation. The mix-
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Fig. 4. SEM photographs of LiCoMn, O, (a) y=0.00, (b} y=0.08, (c) y=0.15, (d} y=0.22, and (e) y=0.30 synthesized by the solid-
state reaction method.

43 r T — T 4.3 T T T T
— n=1 —a =
4.2 = ng . 4.21 - gzé i
—a— N= —— N
4.1 =0 4.1 - 2=§8 ]
— e —— = - Py - = -
s 4.0 s 4.0 -0
o 3.91 4 o 3.91 1
(= o >
S 3.87 ? i & 381 1
2 37 1 3 a7 ]
3.6 1 b 3.6 b
3.57 (a) 4 357 (b) 1
3.4 T y v T 3.4 T T T T
0 20 40 60 80 100 0 20 40 60 80 100
Discharge capacity (mAh/g) Discharge capacity (mAh/g)
43+—Fr——T—F——T—7 43— 43—
i —- n=1 B 4 —=— n=1 B ] —— n=1 B
42 e ng 4.2 - gzg 4.2 - 2=§
L —— nN= 4 4 ——n= 4 ] —a N= ]
y TEB] e a2} N T
S 497 =01 5407 =001 5407 e =204
4] 3.9 1 @ 3.94 1 i) 3.9 1 1
o =) o
Z 3.8 ] S 3.81 1 £ 3.8 1
£ 37 1 2374 | {1 $S37 1
3.6 b 3.6 g 3.6 ]
359 (¢) 1 357 (d) 1 357 (e) 1
344+ 3.4 T T 3.4 +r—F—F"—1—r 1T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Discharge capacity (mAh/g) Discharge capacity (mAh/g) Discharge capacity (mAh/g)

Fig. 5. Variations of voltage vs. discharge capacity curves with the number of cycle for LiCo,Mn, O, [(a) y=0.00, (b) y=0.08,
(c) y=0.15, (d) y=0.22, and (e) y=0.30] synthesized by the solid-state reaction method.

ture were mixed in a mortar filled with ethanol in order to than those reported earlier. As the value of y increases, the
get a homogeneous mixing. It is considered that these cycling performance increases. Their efficiencies of dis-
helped the formation of the more LiMn,O, phase per unit charge capacity are 93.4% for y=0.00, 94.8% for y=0.08,
weight of sample and the more stable LiMn,O, phase, lead- 96.1% for 0.15, 96.7% for y=0.22 and 98.9% for y=0.30.

ing to larger discharge capacities and better performances Fig. 8 gives the variations, with y in LiCo Mn, O,, of lat-
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Fig. 6. Variations voltage vs. the first discharge capacity
curves with the value y in LiCo Mn, O, synthesized
by the solid-state reaction method.
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Fig. 7. Variations of discharge capacity with the number of
cycle for LiCo,Mn, O, (y=0.00, 0.08, 0.15, 0.22, 0.30)
synthesized by the solid-state reaction method.
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Fig. 8. Variations, with y in LiCoyMnQ_yO4, of lattice parameter,
the first discharge capacity and capacity fading rate.

tice 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
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to the thirtieth cycle. The lattice parameter, the first dis-
charge capacity and the capacity fading rate decrease as the
value of y increases. 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 deintercalates 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 contrac-
tion of the spinel phase LiMn,0O, 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 elec-
trochemical cells were charged and discharged for 30 cycles
at a current density 600 uA/em” between 3.5 and 4.3 V. As
the value of y increases, the size of particles becomes more
homogeneous. The first discharge capacity decreases as the
value of y increases, its value for y=0.00 being 92.8 mAh/g.
The LiMn,O, exhibits much better cycling performance
than that reported earlier. The cycling performance
increases as the value of y increases. The efficiency of dis-
charge capacity is 98.9% for y=0.30. The larger lattice
parameter for the smaller value of y is related to the larger
discharge capacity. The more quantity of the intercalated
and the deintercalated Li in the sample with the larger dis-
charge capacity brings about the larger capacity fading rate.
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