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ABSTRACT

LiMn; 92C000042F LiNij,Coy0.& Trstst Aol o3t A3, 1RES A
71348 EAE ZAEIHT £ 3025 dHId FHE LiMnioCoonsOs - X
wt.%LiNio7C0030; (x=9, 23, 33, 41 and 47) EEE H 3o H7|3etd B xAbsid.
x=33 Z49 AFe] 74 & Z7|HAE$F(132.0mAh/g at 0.1C)¢ YERARTE x=9Z 4 ¢
AL vad 2 27P3A&3(109.9mAg at 0.1C)% L3 o] 54 YehlUo
Aol Fo] g EFE AF WHLHF FaEe FE LiNipsCoo30:2] E slell 7]A g}
I AZdEy. 2984 LiNisCoos0:8] H3E  LiMmeCoosOsZH-E  £3lE€  Mno)
LiNio7C0030:& E &4 (coating)2. 24 o}7|=& Aoz Aztgr]).

FRIIEL0 : a simplified combustion method (G338 A 4AH), mixture electrodes
LiMng2Co00s01 - x  wt.%LiNip7Co0302 (LiMmoCoo00Os - X
wt.%LiNio7C00302 EFE A ), first discharge capacity (X714 &)

LiCoO2 “® and LiNiO; "' have been
investigated in order to apply them as

1. Introduction

Transition metal oxides such as LiMn204 '®,  positive electrode (cathode) materials for
lithium secondary batteries. LiMn204 is

1 Corresponding author:songmy@chonbuk.ac.kr very cheap and does not bring about
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cycle
performance is not good. LiCoQO: has large
diffusivity and high operating voltage, and
can be

environmental pollution, but its

easily prepared. It has a
disadvantage, however, in that it contains
namely, cobalt.
a very promising cathode

an expensive element,
LiNiO; is
material since it has a large discharge
capacitym and is relatively excellent in
terms of economics and environmental
pollution. On the other hand, its
preparation is very difficult compared with
that for LiCoO; and LiMn20O4 In order to
overcome the drawbacks of LiNiO2 and
LiCoO», solid solutions LiNil-yCoyQO; have
been studied.

The  previous studied the
electrochemical properties of each of these
transition metal oxides, but there is no research
on the electrochemical properties of the
mixtures of these transition metal oxides.
LiMn20s and LiNiQ» intercalate  and
deintercalate Li ions under similar conditions.

In our previous work, we showed that the
electrochemical properties of LiMng:CoosQOa
prepared by a simplified combustion method
were good 2. In this work, LiMn1e:CooeOs and
LiNi1-yCoyO2 are synthesized by a simplified
combustion method in which the preheating
step is omitted, and their electrochemical
properties are investigated. In addition,
electrodes of mixtures of LiMmoCopoeOs and
LiNip7Coo30,, having the best electrochemical
properties among LiNii-yCoyO;, are also
prepared and their electrochemical properties are
examined.

works

2. Experimental

Starting materials for LiMni»CoosOs were
LiINOz, Mn(NO3); - 4H0, Co(NOs): - 6H20 and
NH,CONH, (urea) with purities 98%. The
starting materials in wanted compositions was
mixed homogeneously by a magnetic stirrer.
The mixed sample was in light reddish brown
color. This mixed sample was calcined twice at
750C for 24h in air in 0.6 mole ratio of urea to
nitrate by heating in a rate of 100C/h and by
cooling in a rate of 100T/h.

Starting materials for LiNi-yCo,0z were
LiNQs;, Ni(NQs)z - 6H20, Co(NOs); - 6H20 and
NHCONH; (urea) with purities 98%. The
starting materials in wanted compositions were
mixed homogeneously by a magnetic stirrer.
The mixed samples were in light reddish green
color. These mixed samples were calcined at
750-900C for 3-24h in air in different mole
ratios of urea to nitrate (0.6-4.8). Mixtures with
the compositions LiMmeCooeOs - X
wt.%LiNip7Co0302 (x=9, 23, 33, 41 and 47) were
prepared by using SPEX mill. The volume of
vial was 20m¢ and ZrO:; balls (¢ = 3mm) were
used. The phase identification of the prepared
samples was carried out by X-ray diffraction
(XRD, Rigaku III/A type) analysis using CuK e
radiation. The morphologies of the samples
were observed using a scanning electron
microscope  (SEM)
scanning electron microscope (FE-SEM). The
surface of mixture electrodes was also analyzed
by electron probe microanalysis (EPMA). To
measure the electrochemical properties, the
electrochemical cells consisted of the prepared
sample as a positive electrode, Li metal as a
negative electrode, and an electrolyte of 1M
LiPFs in a 11 (volume ratio) mixture of
ethylene carbonate (EC) and diethyl carbonate
(DEC). A Whatman glass was used as a

and a field emission
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Fig. 1. Experimental procedure for the LiMn1.92C00.0804, LiNil-yCoyO2 and LiMn1.92C00.0804 -

xwt.%LiNi0.7C00.302 electrodes.
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separator. The cells were assembled in an
argon-filled dry box. To fabricate the positive
electrode, active material, acetylene black and
polyvinylidene fluoride (PVDF) binder with
N-methyl-2-pyrrolidone (NMP) were mixed in
a weight ratio 85:10:5 on Al foil. By introducing
the Li metal, the Whatman glass-fiber, the
positive electrode and the electrolyte, the cell
was assembled. All the electrochemical tests
were performed at room temperature with a
battery charge-discharge cycle tester at 0.1 and
0.5C in a potential range from 3.0 to 44V. Fig.
1 summarizes the experimental procedure.

3. Results and Discussion

Fig. 2 shows XRD patterns of LiMn ¢CooO4
synthesized with a simplified combustion
method by calcining at 750C for 24h and 48h.
The sample calcined for 24h contained a small
amount of Mnx03 and a phase with spinel
structure. The sample calcined for 48h has only
the phase with spinel structure.

Fig. 3 shows SEM and FE-SEM photographs
of LiMn; o2CoosO4 synthesized with a simplified

intensity
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Fig. 2. XRD patterns of LiMn, 9;Co90sOs synthesized
by a simplified combustion method for

different calcination times

48h. SEM photograph shows that the smaller
spherical particles with sizes 100~200mm cluster
around the larger spherical particles with sizes
1-2m. FE-SEM photograph shows that the
larger particles (1-2¢m) form by clustering of
the smhe variations of discharge capacity at
0.1aller particles (100~200nm).

Fig. 4 shows tC with the number of cycles n
for LiMnmoCoomsQs synthesized with a

Fig. 3. SEM and FE-SEM photographs of LiMn;¢:ConsOs synthesized with a simplified combustion method
by calcining at 750°C for 48h ; (a} SEM, (b} FE-SEM

combustion method by calcining at 750C for

simplified combustion method by calcining at
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Fig. 4 Variation of discharge capacity with the number

of cycles for LiMn; 2Co090sOs synthesized
with a simplified combustion method by calcining
at 750°C for 48h

70T for 48h. LiMn92CopOs has a relatively
large first discharge capacity at 01C of
120.3mAh/g and the discharge capacities at 6~
10th cycle are all 117.6mAh/g, indicating an
excellent cycling performance.

In order to find the optimum conditions for
LiNigsCo0.102
varying the mole ratio of urea to nitrate (0.6,
1.2, 36, 48 and 96), synthesizing time (3, 6, 12
and 24h) and synthesizing temperature (750,
800, 850 and 9007C).

From the results of XRD (R-factor and
intensity ratio 1003/I1104) and SEM, the optimum
condition for synthesizing LiNipgCo01O2 by a
simplified combustion method, is the
calcinations at 800C for 12h in air in 36 mole
ratio of urea to nitrate.

Fig. 5 gives the XRD patterns for
LiNi;~,CoyO2 (y=0.1, 0.3 and 0.5) synthesized by
a simplified combustion method at 800C for 12h
in air in 3.6 mole ratio of urea/nitrate. All the

synthesis, is synthesized by

fos

24

0
2 (degree)

Fig. 5. XRD patterns for LiNi;-,Co,O; (y=0.1, 0.3
and 0.5) synthesized by a simplified
combustion method at 800°C for 12h.

samples revealed the formation of the phase
with R3m structure. The intensities of the
peaks decrease as the value of y increases.

Fig. 6 gives the SEM photographs of the
LiNi1-,CoyO» (y=0.1, 0.3 and 0.5) synthesized at
800C for 12h in- 3.6 mole ratio of urea/nitrate.
The particle size decreases as the value of y
increases. The particles with y=0.3 are in the
shape of sphere with the most homogeneous
particle size.

Fig. 7 shows the variations of discharge
capacities at 0.5C and 0.1C with the number of
cycles for the LiNij-yCo,O: (y=0.1, 0.3 and 0.5)
synthesized by a simplified combustion method
at 800C for 12h in air in 36 mole ratio of
urea/nitrate. The first discharge capacities at
05C are 845 (y=0.1), 196.2 (y=0.3) and 1345
(y=05) mAh/g. The sample with y=0.3 has the
largest first discharge capacity and relatively
good cycling performance. The sample with
y=0.3 shows the first discharge capacity at 0.1C
of 18lmAh/g, but its cycling performance is

& ¥ AoUXIEE =28 H152 M1S 20044 33



Fig. 6. SEM photographs of LiNij,Co,0: (y=0.1,
0.3 and 0.5) synthesized by a simplified
combustion method at 800°C for 12h : (a)
y=0.1, (b) yv=0.3 and (c) y=0.5.

worse than that at 0.5C.

Fig. 8 shows XRD patterns of LiMn; 2Co0e04
- x wt.%LiNio7Co030: (x=9, 23, 33, 41 and 47)
after milling for 30min. As the value of x
increases, the peak of R3m structure for
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Fig. 7. Variations of discharge capacities with the
number of cycles for LiNil-yCoyO2 (y=0.1,
0.3 and 0.5) synthesized by a simplified
combustion method.

LiNio7Co0302 phase becomes stronger.

Fig. 9 show s SEM photographs for
LiMn1.92Co0.0804 - x wt.%6LiNio7Co030: (x=9,
23, 33, 41 and 47) after milling for 30min. In the
mixture with x=9 the particles were strongly
clustered. In the mixtures with x=23, 41 and 47
the particles were less clustered than in the
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Fig. 8. XRD patterns of LiMn) 9Co00sOs - x
wt.%LiNio 7C0030; (x=9, 23, 33, 41 and
47) synthesized by a simplified combustion
method after milling for 30min.
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Fig. 9. SEM photographs for LiMn1.92Co0.0804 - x
wt9%LiNio7Coo30; (=9, 23, 33, 41 and 47)
synthesized by a simplified combustion method
after milling for 30min ; (a) x=9, (b) x=23, (¢) |
x=33, (d) x=41 and (e) x=47.

mixture with x=9. The mixture with x=33
exhibits relatively homogeneous mixing.

Fig. 10 shows the variations of discharge
capacity at 0.1C with the number of cycles for
LiMn; gCooe0s + x wt.2%LiNip7Cooz0r (x=9, 23,
33, 41 and 47) after milling for 30min. The first
discharge capacities of the mixtures are 109.9,
102.3, 132.0, 107.7 and 103.1mAh/g, showing the
largest first discharge capacity of the mixture
with x=33. The cycling performance of the
mixtures with x=9 and 23 is relatively good
compared with that of the mixtures with x=33,
41 and 47. The discharge capacity at the 10th
cycle decreases as the value of X increases.

Fig. 11 shows the variations of voltage vs.
discharge capacity curves at 01C with the
number of cycles for LiMmoConwQs + 33
wt.2%LiNip7Coo20: after milling for 30min. At
the first cycle, two voltage plateaus (1 and I
regions) appear and the wvoltage decreases
gradually (I region) as the voltage decreases.
At the second cycle, the length of the higher
plateau (region 1) decreases and the lengths of
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Fig. 10 Variations of discharge capacities at 0.1C
with the number of cycles for LiMn; ,Cog0s04
- x wt.%LiNig7C0030; (x=9, 23, 33, 41 and 47)
synthesized by a simplified combustion method
after milling for 30min.

the lower plateau (region ) and of the region
I remain nearly constant. At the fifth cycle,
the lengths of the higher plateau (region 1)
and the lower plateau (region II) decrease a
little and the length of the region Il decreases
in a quite large amount. At the tenth cycle, the
lengths of the higher and the lower plateau (1
and Oregions) rernain almost constant, but the
length of the region Il decrease in a large
amount. LiMnz-yCoyO4 is known to have two
voltage plateau in the charge-discharge voltage
range of 35~4.3V and LiNi;—yCo,/Oz is known
not to have clear voltage plateau in the
charge-discharge voltage range of 28~43V. In
the voltage vs. discharge capacity curve of
LiMnz-yCoyOs  (0<y<008), the voltage
decreases very rapidly under about 3.7V
because intercalation a very small amount of
Li+ contributes to the discharge capacity. The
above result shows that the discharge capacity
decreases mainly under about 3.8V. Therefore,

5

Fig. 11. Variations of voltage vs. discharge capacity
curves at 0.1C with the number of cycles
for LiMn 92C000804-33 wt.% LiNio7C00302
synthesized by a simplified combustion method
after milling for 30min.

it is considered that the discharge capacity
fading results mainly from the degradation of
LiNio7C0030s.

The discharge capacities of LiMn;eCoosO4 in
the mixtures with x=9, 23, 33, 41 and 47 are
calculated to be 109.1, 923, 800, 706 and
632mAh/g on the basis of the discharge
capacity of LiMm»CooeOs of about 120mAh/g
at 0.1C. Fig. 9 shows that the discharge
capacities at (.1C of the mixtures with x=9, 23,
33, 41 and 47 at the 10th cycle are 103.2, 90.7,
86.3, 670 and 63.7mAh/g, respectively. These
values of discharge capacities are very similar
to the calculated values of the discharge
capacities of LiMn1gCooO4 in the mixtures.

Fig. 11 shows the length of the region I,
which is related to the discharge capacity of
LiNip7Co030s, decreases rapidly as the number
of cycles increases. These two points shows
that LiMni5CooOa contributes mainly to the
discharge capacities of the mixtures and large
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Fig. 12. EPMA results of the electrode surfaces of
the LiMnl_ng00_0304 - X WleoLlNlo7C00302
mixtures after 10 charge-discharge cycles at 0.1C.

part of LiNio7Coo302 is degraded.

Fig. 12 shows the EPMA results of the
electrode surfaces of the LiMmgCoowQOs - x
wt. 2%6LiNig7Co0302 after 10
charge-discharge cycles at 0.1C. The atomic

mixtures

percentage of Ni does not increase
proportionally as the value of x increases. The
atomic percentage of Mn is high and remains
almost constant.

It is considered that, LiNio7Coo30: is coated
with Mn and the quantity of the coated Mn
increases as the number of cycles increases.
The increase in the atomic percentage of Ni is
not proportional to the value of x (Fig. 12). The
coated Mn is considered to prevent Li ions from
intercalation into  LiNig7Co030; or
deintercalation from LiNig7Cop302.

Fig. 13 shows the variations of discharge
capacity at 0.5C with the number of cycles n

for LiMm eCoo0sOs — x wt.2LiNig7Co030z (x=9,

from
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Fig. 13. Variations of discharge capacities with the
number of cycles at 0.5C for LiMn, 5,Co9 0504
- x wt.%LiNig7Co0p30; (x=9, 23, 33, 41 and
47) synthesized by a simplified combustion
method after milling for 30min.

23, 33, 41 and 47) after milling for 30min. The
first discharge capacities of the mixtures with
x=9, 23, 33, 41 and 47 are 956, 71.4, 1133, 75.1
and 87.5mAbh/g, respectively. The mixtures with
23, 33, 41 and 47 show rapid decreases in the
discharge capacity between n=1 and n=11, and
then the discharge capacities remain nearly
constant form n=12. The mixture with x=9 has
smaller first discharge capacity than the
mixture with x=33, but it shows the best
cycling performance.
4. Conclusions

LiMn; o2Co060s synthesized by a simplified
combustion method by calcining at 750C for
48h has relatively large discharge capacity
(1203 mAh/g at 0.1C) and excellent cycling
performance. LiNii—yCoyOr (y=0.1, 0.3 and 05)
were synthesized by mixing in the mole ratio of
urea/nitrate 3.6 and calcining at 800C for 12h
which are optimum conditions for synthesis.

£4 ¥ HNUXIEE =28 153 HM1E 20044 33
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LiNio7Co0302 had the largest first discharge
capacity 156.2mAh/g at 05C and the best
cycling performance.

Mixtures LiMmgCooeQs - x  wt%
LiNig7Co0302 (x=9, 23, 33, 41 and 47) are
prepared by milling for 30min and their
electrochemical properties are investigated. The
electrode with x=33 had the largest discharge
capacity (132.0mAh/g). The electrode with x=9
had a relatively large first discharge capacity
(1099mAh/g at 01C) and good cycling
performance. The decrease in the discharge
capacity of the mixture electrodes with cycling
is considered to result mainly from the
degradation of LiNio7Coo30z, caused probably by
coating of LiNio7Co0302 with Mn dissolved from
LiMn1 92Co0.0804.
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