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Abstract: Layered LiNiy3CoisMny3 02 materials were synthesized using a nickelcobalt-manganese carbonate pre-

cursor obtained by chemical co-precipitation. The [ Niys Coiys Mny3] CO3 precursor and the LiNiy3 Coys Mnys O2

powders were characterized by X-ray diffraction( XRD) and scanning electron micrograph( SEM). The SEM analysis

shows that these particles possess uniform and spherical morphology. The electrochemical properties of the LiNii3-

Co13Mni302 cathode material for rechargeable lithium-ion batteries such as the galvanostatic charge discharge per-

formance and cyclic voltammetry( CV) were measured. The results show that an initial discharge capacity of 190. 29

mA *h-*g

"is obtained in the voltage range of 2. 5~ 4.6V and at a current rate of 0. 1 C at 25 ‘C. The discharge ca-

pacity increases linearly with the increase of the upper cut-off voltage limit.
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1 INTRODUCTION

Due to the high cost of LiCoO2, a commonly
used cathode material in commercial rechargeable
lithium-ion batteries, much efforts have been made
to develop cheaper cathode materials than LiCoO2,
LiNiO2 and LiMnO: have been studied extensively
as possible alternatives to LiCoO2'"*'. Stoichio-
metric LiNiO2 is known to be difficult to synthesize
and its multrphase reaction during electrochemical
cycling leads to structural degradation, and layered
LiMnO: has a significant drawback in its crystallo-
graphic transformation to spinel structure during
cycling”” . Recently, a concept of one-to-one solid
solution of LiCo0O:, LiNiO2 and LiMnO2, 1i. e.,
LiNiy3Co13Mni302, was adopted to overcome the
disadvantage of LiNiO2 and LiMnO2'*"". The lay-
ered LiNiy3 Coys Mnys Oz is an attractive cathode
material for rechargeable lithium-ion batteries in
several aspects. In this research, layered LiNiys-
Co3sMny302 was prepared using the nickelcobalt-
manganese carbonate precursor, and the electro-
chemical properties of LiNiy3Cor3sMny302 were in-
vestigated.

2 EXPERIMENTAL

LiNiy3Co13Mny302 powders were synthesized
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by mixed carbonate method, an aqueous solution of
metal nitrates was made with a cation ratio,
n(Ni) . n(Co) . n(Mn)= 1. 1:
on of [ Niy3CorsMni3] COs was achieved by slowly
dripping the nitrate solution to a NH4HCOs3 solu-

1, the precipitati-

tion with continuous stirring. The filtrated precipi-
tate was washed with de-ionized water and dried in
air, then mixed with stoichiometric amount of
Li:CO3 by balFmilling. The mixed powders were
heated at 480 C for 6 h and then calcined at 950 C

for 16 h in air.

T he thermal behavior of the precursor was ex-
amined by thermogravimetric analysis(TGA). The
powder was characterized by X-ray powder diffrac
tion measurements using a diffractometer PW 1710
with Cu K. radiation (Japan). The morphology of
sample was observed using scanning electron mi
croscopy (SEM, KYKY 2800, Japan). The elec
trochemical properties of LiNiys Coys Mnys Oz as
cathode materials were evaluated using prototype
cell on LAND-2001A battery program-control test
system, using a lithium metal foil as the anode and
1 mol/LL LiPF¢ in a 1 1 solvent of Ethylene car-
bonate (EC) and Dimethyl carbonate (DMC) as
electrolyte. The separator was made from a Cel-
gard 2400 film microporous polypropylene mem-
brane. The cells were assembled in argon gas filled
glove-box.
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The microelectrode was produced in glove-box
with the mixture of the samples and carbon black
as the working electrode in ratio of 8! 1 and with
the purelithium foil as the count-electrode. The
cyclic voltammetry curves were measured by Po-
tentiostat/ Gallanostat Model ( Perkin- Elmer 273A
EG&E).

3 RESULTS AND DISCUSSION

The thermal behavior of the [NiyzCous-
Mnuy3] COs precursor and Li2COs was examined by
thermogravimetric analysis(TGA). From the TG
and DT A results of the precursor, it reveals that
below 350 C, there is a mass loss due to the de-
composition process of the carbonate compound.
The mass loss of the specimens stops at tempera-

tures above 480 C until to 1080 C (Fig. 1).
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Fig.1 TG and DT A curves of mixture of
[ Niy3CoysMny3] COs precursor and Li2CO3

The XRD pattern of [ Niys Coys Mnys| COs
precursor obtained by co-precipitation method is
shown in Fig. 2(a). Although the XRD pattern of
precursor has a low crystallinity, it is found that
the precursor has a similar welldefined Niy3;Cous-
Mni3COs hexagonal structure (a= 4.52 A c=
15.6 A with no impurity phase, This would be
attributed to the homogeneous powder precursor,
in which Ni, Co and Mn are uniformly distributed
in an atomic scale. The powder X-ray diffraction
pattern of LiNiys Coys Mnys Oz finial sample is
shown in Fig. 2(b). The XRD pattern is well de
fined and shows the hexagonal doublets ( 006)/
(102) and (108)/(110) a clear splitting, which in-
dicate that they have a high degree of crystalliza-
tion, good hexagonal ordering and greater layered
characteristics. The integrated intensity ratio of
the (003) peak to (104) peak(R) in the XRD pat-
terns is shown to be a measure of “cation mixing”
and a value of R< 1.2 is an indication of undesira-

[13, 14]

ble cation mixing . The ratio of the intensity

of the (003) peak to (104) peak of the LiNiy3Cos-
Mni302 sample reported here was calculated to be
R=1.42, well above the values reported of unde-
sirable cation mixing. The lattice parameters of
LiNiy3CousMnis O are: a= 2. 866 A c= 14.262
A and match with the values observed by Shaju et
al'¥ and Yabuuchi et al'™ (a= 2.867 A and c=
14.246 A, and the /a ratio is 4.976. The high
value of ¢/a means that the de intercalation/
intercalation of Li" is more flexible.
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Fig.2 XRD pattern of [ Niy3zCoysMny3]COs
precursor(a) and LiNiy3CorsMny302
final sample(b)

The SEM images of precursor and final pow-
ders is shown in Fig. 3. It can be seen that particles
in Niys CoysMni3 COs precursors and the LiNiys-
Cou3sMny302 powders possess spherical morpholo-
gy. However, the size of LiNiy3Coy3sMni302 par
ticles is more uniform and in the range of 1 =2 Hm.

Fig. 4 shows the charge and discharge curves
for the Li/ LiNiys Coiys Mnys Oz cell at a current
rate of 0. 1 C in voltage window 2.5~ 4. 6 V at
room temperature. As seen in Fig. 4, the initial
discharged capacity of 190. 29 mA * h * g~

tained. On starting the current, the voltage sud-

is ob-

denly increases to about 4 V and then slowly de
creases to 3. 75 V and stays along an almost hori
zontal line at 3. 75V, until the charge capacity rea-
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Fig.3 SEM images of [ Niy3CoysMny3] COs
precursor(a) and LiNiy3CorsMny302
final sample(b)

=

VLItV

(ve 1
AWV L

3 v
1

| L =
0 50 100 150 200 250
Specific capacity/(mA-+h-g1)

y== gt
= — 2nd

Fig. 4 Charge and discharge curves (at 0.1 C) of
LiNiy3Coy3sMny302 powder at 25 C

ches about 95 mA * h * ¢”'. The slope in the volt-
age versus capacity curves increase at 95 mA ¢ h *
¢~ " and voltage curves linearly increase until volt-
age reaches 4. 6 V, similar to that observed by
Y abuuchi and Ohzuku'”" . The irreversible capacity

observed in the first cycle is about 40 mA * h *
-1
g .

Fig. 5 shows the specific discharge capacity vs
number of cycle for Li/ LiNiy3CorsMny30:2 cell at
25 C at a constant current density of 0. 1 mA/cm’
in the different voltage range of 2.574.3, 2.5~
4.4, 2.574.5and 2.574.6 V. The specific dis-
charge capacity increases linearly with the increase
of the upper cut-off voltage limit, the discharge ca-
pacities of LiNiy3Coy3sMny302  electrode are
190. 29, 172.25,164.27 and 156. 12mA * h* g ',
respectively, with good cycleability. The discharge
capacities remain at 158. 73, 153. 59, 149. 35 and
146.86 mA * h * g ' after 20 cycles, which are
83.42%, 89.17%, 90.92% and 94.07% of initial
capacities, respectively.

Fig. 6 shows the cyclic voltammetry curve of
the Li/ LiNii3CorsMni302 cell between 2. 8 V and
4.6V at a scan rate of 0.05mV/s at
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Fig. 5 Discharge capacity vs number of
cycle for Li/ LiNiy3Coy3sMniy302 cell at
0.1 C in different voltage range at 25 C
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Fig. 6 Cyclic voltammetry curve of
Li/ LiNiy3Coy3zMni302 cell between

2.5V and 4.6 V at scan rate of 0.05mV/s
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temperature. As can been seen from Fig. 6, the
main oxidation peak is observed at 3.9V, while
the reduction peak appears at 3.7V, correspond-

. 2+ /4
ing to Ni™™ ™™

. The material has a couple of redox
peak representing the de-intercalation of Li* from
the initial structure that is observed in a narrow
potential range. This implies that the extraction of
Li" occurs easily from an ordered and stabilized

layered structure of LiNiy3Co13Mni302.
4 CONCLUSIONS

The layered LiNiy3 CorsMnis Oz was synthe
sized using a nickelcobalt-manganese carbonate
precursor and characterized by means of XRD,
SEM, galvanostatic charge-discharge performance
and cyclic voltammetry( CV). The lattice parame-
ters obtained are: a= 2. 866 A and c= 14.262 A
The nicely split (006)/(102) and ( 108)/( 110)
peak in the XRD patterns reveal the layered struc
ture of the compound. The initial discharge capaci-
ty of 190. 29 mA * h * g~ ' was obtained in the
range of 2.574.6V and at a current rate of 0. 1 C
at 25 C, and the discharge capacity increases line-
arly with the increase of the upper cut-off voltage
limit. Cyclic voltammetry shows the major redox
process at 3. 7~ 3. 9V corresponding to Ni’*'*" .
The results indicate that the layered LiNiys-
Cor3sMni302 is an attractive cathode material for
rechargeable lithium-ion batteries.
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