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Synthesis and Electrochemical Performances of LiNi0.4Mn0.4Co0.2O2 Cathode 
Material for Lithium Rechargeable Battery 
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Layered LiNi0.4Mn0.4Co0.2O2 powder was synthesized via a solution combustion method using a glycine. The
effects of temperature in the heat treatment on the powder and its performance were studied. X-ray diffraction
patterns indicated that pure single-phase LiNi0.4Mn0.4Co0.2O2 was obtained. Charge-discharge behaviors indicated
that a sample prepared at 750

o
C for 24 hrs showed a best specific discharge capacity of 159.5 mAhg

-1
 after

the 20th cycle in the voltage between 3.0 and 4.6 V. Electrochemical impedance studies showed a decrease
in charge transfer resistance at the high state of charge.
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1. INTRODUCTION

Lithium-ion batteries have been widely used as power
sources for modern portable electronic devices, such as lap-
top computers, cellular phones, and camcorders. Among
available rechargeable batteries, lithium-ion batteries have
the highest energy density and the longest cycle life. Large-
scale lithium-ion batteries also have a great potential for
electric vehicles and stationary energy storage systems, and
they are dominating the rechargeable battery market, replac-
ing alkaline nickel-cadmium and nickel-metal hydride bat-
teries due to their excellent performance. The electrochemical
properties of cathode materials in lithium-ion batteries are
very critical for the overall battery performance. The opera-
tion of lithium-ion batteries relies on the extraction and inser-
tion of lithium ions in both cathode and anode hosts.

The lithium-ion source, however, is provided entirely by
cathode materials. A number of studies on lithium transition
metal oxides have been performed relating to electrode
materials for lithium batteries. Such studies have led to the
development of layered LiCoO2, LiNiO2, and spinel LiMn2O4

as cathode materials for lithium-ion batteries [1-3]. Among
these layered oxides, the structurally ordered LiNiO2 com-
pound is difficult to synthesize. In addition, its multi-phase
reaction occurs during electrochemical cycling leads to
structural degradation and poor cycleability [4]. Similarly,
LiMn2O4 spinels have serious problems, such as Mn dissolu-

tion and large capacity loss at elevated temperatures[5]. To
date, LiCoO2 cathode materials have been widely used in
commercial lithium-ion batteries. However, LiCoO2 com-
pounds are expensive, toxic, and environmentally harmful.
Furthermore, the specific capacity of LiCoO2 is limited to
about 145 mAhg-1. Therefore, it is necessary to develop new
cathode compounds for lithium-ion batteries that are cost-
effective and non-toxic, while having good electrochemical
performance.

Hence, iso-structural solid solutions of the general formula
LiNi1-yCoyO2 have been studied for their electrochemical
properties[6, 7]. Recently, the concept of a one-to-one, solid-
state mixture of LiNiO2 and LiMnO2, i.e., LiNi0.5Mn0.5O2,
was introduced by Makimura and Ohzuku[8], and the electro-
chemical cycling behavior of LiNi0.5Mn0.5O2 was proven to
be superior to the end members. Subsequently, Lu et al.
reported that LiNi0.5Mn0.5O2, having the same crystallo-
graphic structure as LiCoO2, LiNiO2, and LiNi0.8Co0.2O2,
exhibits excellent cycleability, with a stable specific dis-
charge capacity of 150 mAhg-1 between 2.5 and 4.3 V and a
specific discharge capacity of 160 mAhg-1 between 2.0 and
4.6 V[9]. In T2-Li2/3[Ni1/3Mn2/3]O2, the Ni and Mn atoms are
believed to be in the +2 and +4 oxidation state when Li is
extracted electrochemically from Li2/3[Ni1/3Mn2/3]O2

[10]. Lu et

al.[11] studied the electrochemical behaviors of Li[NixCo1-2x

Mnx]O2 compounds, and they proposed that the empirical
formula for layered Li[NixCo1-2xMnx]O2 compounds should
satisfy two rules, as follows. First, the sum of the cation
occupation on the 3b sites of space group R3m in the transi-
tion metal layers must equal one. Second, the sum of the cat-*Corresponding author: hskim@keri.re.kr 
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ion oxidation state must equal three. Based on these rules,
they synthesized Li[NixCo1-2xMnx]O2 (x=1/4 and 3/8) by the
“mixed hydroxide” method, and these compounds showed
good electrochemical properties.

The mixed hydroxide method, however, is more compli-
cated than conventional solid-state reaction methods. There-
fore, in this paper, we report on LiNi0.4Mn0.4Co0.2O2 com-
pounds that were prepared using a glycine-assisted combus-
tion solution method. Both the preparation method and the
electrochemical properties of the developed compounds
were discussed.

2. EXPERIMENTAL

Crystalline powders of LiNi0.4Mn0.4Co0.2O2 were synthe-
sized via a combustion method. Stoichiometric amounts of
aqueous solutions of nitrates of lithium, nickel, manganese,
and cobalt (Aldrich) were thoroughly ground in an agate
mortar, dissolved in distilled water, and mixed with an aque-
ous solution of glycine. The glycine acted as a fuel for the
spontaneous combustion of the mixed solution at elevated
temperatures. The precursor solution was heated at 100 oC
for 1 hr to obtain a viscous solution. The viscous solution
was dried at 120 oC for 12 hrs; then, it was further heated to
300 oC and 600 oC for 3 hrs, and 750 oC for 3, 12, and 24 hrs.

Thermal decomposition behavior of the precursor LiNi0.4

Mn0.4Co0.2O2 was examined by thermo gravimetric analysis
(TGA) in air using a Perkin Elmer TGA7 analyzer at a heat-
ing rate of 10 min-1. The typical weight of the sample was
around 5 mg. The phase purity of the products was verified
using a Philips X-ray diffractometer. The diffractograms
were recorded using nickel-filtered Cukα radiation at room
temperature in the 2θ range of 10 - 80 o with a scan rate of
0.02 os-1.

Cyclic voltammetric studies were carried out using lithium
metal foil to serve as the counter and reference electrodes,
with LiNi0.4Mn0.4Co0.2O2 as the working electrode. Cyclic
voltammograms were run on an IM6 electrochemical instru-
ment at a scan rate of 100 Vsec-1 between 3.0 to 4.8 V, and 1
M solution of LiPF6 in EC/DEC (1:1) was used as electro-
lyte. The impedance spectra were recorded with 2016 coin
cells on an IM6 electrochemical instrument setup between 1
MHz and 1 kHz. The cells were galvanostatically charged to
various states of charge prior to recording the impedances
plots. 

Positive electrodes were prepared using a slurry of 85 %
active material, 5 % super-P carbon, and 10 % PVdF binder
in NMP (N-methyl-2-pyrrolidone). The slurry was coated on
an aluminum foil and dried at 110 oC for 3 - 4 hrs in an oven.
Then, the dried electrode was roll-pressed and punched out
using a punching machine. The thickness of the electrodes
was around 60 - 70 µm. The electrochemical cells were
assembled in standard 2016 coin cell hardware. A lithium

metal foil and LiNi0.4Mn0.4Co0.2O2 were used for both the
anode and the cathode. Initially, the cells were cycled at a
0.1C rate between 3.0 and 4.6 V in a multi-channel battery
life cycle tester (MACCOR 4000) to evaluate the perfor-
mance of the LiNi0.4Mn0.4Co0.2O2 powders.

3. RESULTS AND DISCUSSION 

The thermogram pattern of the dried precursor sample of
LiNi0.4Mn0.4Co0.2O2 heated from 30 to 800 oC is shown in Fig.
1. The precursor curves exhibit three steps with weight loss.
The first step, which was observed between 30 and 100 oC ,
showed a 7 % weight loss. This weight loss was due to the
removal of absorbed water molecules. The second step,
which was observed between 100 oC and 350 oC, showed a 4
% weight loss. This weight loss was due to the burning of the
nitrate salts and fuels present in the precursors [12]. The final
step, which was observed at around 475 oC, showed a weight
loss of 9 %. This was when the active reaction took place,
and the precursors tended to form the compound. However,
the formation of the compound was completed at around
750 oC with an unavoidable further heat loss of 1 - 2 %.
Hence, a total of approximately 21-22 % heat loss was inev-
itable in the process of synthesizing the final product during
the combustion process. This type of thermal behavior has
been observed invariably with respect to the precursors
employed in the present study towards the synthesis of the
LiNi0.4Mn0.4Co0.2O2 compound [13]. Thus, it may be con-
cluded from the observed TGA pattern that the formation
temperature of a LiNi0.4Mn0.4Co0.2O2 compound could be as
low as 600 oC; however, a higher degree of crystallinity
would require a temperature as high as 750 oC for the final
product. The effect of heating time in enhancing the degree
of crystallinity is further substantiated from X-ray diffraction
(XRD) analysis results. 

Fig. 1. Thermo gravimetric analysis curve of LiNi0.4Mn0.4Co0.2O2

precursor.
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X-ray diffraction analysis was carried out on the synthe-
sized product at various preparation stages of the LiNi0.4

Mn0.4Co0.2O2 compound to monitor the phase purity and
structure. Figure 2 shows the X-ray diffraction patterns for
samples heated at 300 oC and 600 oC for 3 hrs and at 750 oC
for 3, 12, and 24 hrs, respectively. The XRD patterns in Fig.
2 show that the powders are iso-structural with α-NaFeO2,
space group R3m, in which the transition metal atoms Ni,
Mn, and Co are randomly distributed on the 3b sites, Li
atoms are on the 3a sites, and O atoms are on 6c sites,
respectively. It can be seen from Fig. 2 that a completely
amorphous structure is obtained for the precursor powder
heated at 300 oC. The XRD pattern for the sample heated at
600 oC showed that peaks was not clear and a crystallization
process was not sufficient at this temperature. The same
materials heated at 750 oC for 3 hrs are well crystallized into
phase-pure LiNi0.4Mn0.4Co0.2O2 powders without any devel-
opment of minor impurity phases. Therefore, it is understood
that a minimum temperature of 750 oC is required for the
formation of a single-phase product. For the sample heated
at 750 oC for 3 hrs, the XRD pattern was well defined and
showed hexagonal doublets (006)/(102) and (108)/(110)
with a clear splitting, which indicated that the samples had a
high degree of crystallinity, good hexagonal ordering, and
typical layered characteristics [14]. Based on the above results,
it can be concluded that the minimum temperature required

for complete hexagonal ordering is 750 oC.
After the optimal heating temperature was identified as

750 oC, the influence of heating times of 3, 12, and 24 hrs
was studied. As the heating time increased, the diffraction
peaks became sharper and higher due to an increase in the
crystallinity of the product. The variation of lattice parame-
ters, such as a, c, c/a, R-factor, I(003)/I(104), and unit cell
volume of the LiNi0.4Mn0.4Co0.2O2 samples with respect to
heating times are summarized in Table 1. A relatively large
increase in the I(003)/I(104) ratio is observed for the sample
heated at 750 oC for 24 hrs. When the heating time was
increased from 3 to 24 hrs, the intensity ratio (003/104)
increased from 0.750 to 1.347, and the intensities of (003)
reflections were higher than those of corresponding (104)
reflections, which indicate that these samples had good cat-
ion ordering [15, 16]. According to Reimers et al.[17], the R-fac-
tor, defined as the ratio of the intensities of the hexagonal
characteristics doublet peaks (006) and (102) to the (101)
peak, is an indicator of hexagonal ordering. By this defini-
tion, lower R-factor values means good hexagonal ordering.
It was not possible to calculate the intensities of the sample
heated at 600 oC. However, it can be seen that, as the heating
time was increased for a constant temperature of 750 oC, i.e.,
3, 12, and 24 hrs, the R-factor values decreased from 0.75 to
0.60. The low values for the R-factor showed that the sample
heated at 750 oC for 24 hrs possessed good hexagonal order-
ing, and hence, it had better cycling performance. Further-
more, the unit cell volume observed for the LiNi0.4Mn0.4

Co0.2O2 sample heated at 750 oC for 24 hrs is smaller than the
unit cell volumes of the samples heated at 750 oC for 3 and
12 hrs.

Dahn et al.[18] reported that a material with more layered
characteristics would have a lower cell volume. Hence, the
lithium intercalation/deintercalation properties mainly depend
on the ordering of the 3a lithium occupancy sites and the 3b
transition metal ion sites. The XRD pattern of LiNi0.4Mn0.4

Co0.2O2 exhibits notable similarities to that of LiNi0.8Co0.2O2 
[19],

as shown in Fig. 3. The lattice parameters of the LiNi0.8Co0.2O2

sample heated at 750 oC for 24 hrs has the largest lattice con-
stant and unit cell volume, i.e., a = 2.862 Å, c = 14.210 Å and
100.77 Å. In addition, LiCoO2 has the smallest lattice constant
and unit cell volume, i.e., a = 2.8275 Å, c = 14.0825 Å and
97.47 Å. And the unit cell volume of LiNi0.4Mn0.4Co0.2O2 is
99.97 Å, which is observed in between LiCoO2 and
LiNi0.8Co0.2O2. Similar results have been observed by a solid-

Fig. 2. X-ray diffraction patterns of LiNi0.4Mn0.4Co0.2O2 obtained at
(a) 300 oC, (b) 600 oC, (c) 750 oC  (3hrs), (d) 750  (12 hrs), and (e)
750 oC (24 hrs).

Table 1.  Lattice parameters of the LiNi0.4Mn0.4Co0.2O2 powders

Temperature / time a(Å) c(Å) c/a ratio I003/I104 R-factor [I006+I102/I101] Unit cell volume (Å)

600 (3h) 2.879 14.231 4.943 0.750 - 102.031

750 (3h) 2.870 14.148 4.946 1.085 0.75 100.803

750 (12h) 2.854 14.176 4.869 1.342 0.71 100.658

750 (24h) 2.877 14.059 4.967 1.347 0.60 099.879
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state method[20]. 
Figures 4(a) and 4(b) show the cyclic voltammogram of

LiNi0.4Mn0.4Co0.2O2 synthesized at 750 oC for 24 hrs in 1M

LiPF6 in EC/DEC (1:1). The electrochemical performance
was studied using cyclic voltammetry in the potential range
from 3.0 to 4.2 V and 4.8 V vs. Li/Li+, with Li metal as the
reference and counter electrodes. The scan rates were 200
mVsec-1 and 100 mVsec-1, respectively. Figure 4(a) shows
that an anodic peak of Li+ deintercalation appeared at 4.0 V
in a broad potential range, and an relatively lots of lithium
was extracted at the cathodic peak in a broad potential range
of about 3.4 V. Cyclic curves on the first cycle differed from
those on the second cycles with respect to a voltage range
from 3.0 to 4.2 V, in which oxidation-reduction reactions
occurred. This was due to the large irreversible loss of capac-
ity at the first cycle[21]. Moreover, the large deintercalation
currents seen in the cyclic voltammogram agreed with the
first cycling capacities[22]. The cyclic voltammogram of the
LiNi0.4Mn0.4Co0.2O2 systems (Fig. 4(b)) showed an oxidation
broad peak potential at 4.1V with a prominent shoulder at
4.0 V corresponding to the redox of Co3+ to Co4+ [23, 24]. In
addition, the oxidation and reduction broad peak at 4.6 and
3.6 V was attributable to the redox of Ni2+ to Ni4+ and the
reduction potential of Mn4+ to Mn3+ at 3.2 V vs. Li. These
peaks illustrate well the reversibility of this material upon the
deintercalation and intercalation of lithium ions over the
potential range 3.0 ~ 4.8 V versus the Li/Li+ reference elec-
trode. These results are in agreement with those of Lu et

al.[25], although they used Li2/3[CoxNi1/3-x/2Mn2/3-x/2]O2 with
x=0, 1/12, 1/8, 1/6, and 1/4 measured between voltages of
2.5 and 4.2 V. The voltammograms in Fig. 4 (a) and (b) sug-
gest that the LiNi0.4Mn0.4Co0.2O2 prepared in the present
study exhibits electrochemical activity. 

Generally, electrochemical impedance studies have led to
a better understanding of many aspects of lithium cells, includ-
ing insight into failure mechanisms [26], self-discharges [27] lith-
ium-cycling efficiencies [28], interfacial phenomena between
electrodes and electrolytes [29], and lithium cation diffusions
in electrodes and electrolytes [30]. Even so, cathodes have
received relatively little attention, perhaps because problems
related to lithium anodes are the main concern for commer-
cialization of rechargeable lithium batteries. However, with
advancements in lithium and lithium-ion battery technology,
attention is shifting gradually to cathodes and their related
problems. One of the major factors affecting the capacity
fade and voltage drop during discharge in the lithium battery
is the impedance rise in the materials during continuous
cycling [31]. Electrochemical impedance measurements were
recorded for both as-assembled and fully-charged states.
Figure 5 showed a comparison of the Nyquist plot for the Li/
LiNi0.4Mn0.4Co0.2O2 before and after the first cycle. The
Nyquist plots were measured at the same potential of 3.2 V
and the same electrode after 1st cycle. The high-frequency
semicircle in the spectrum of the fresh electrode is much
higher than that of the cycled electrode[32]. Figure 6 shows
the impedance spectra of Li/LiNi0.4Mn0.4Co0.2O2 cells at

Fig. 3. X-ray diffraction patterns of (a) LiNi0.4Mn0.4Co0.2O2, (b)
LiNi0.8Co0.2O2, and (c) LiCoO2.

Fig. 4. Cyclic voltammograms of Li/LiNi0.4Mn0.4Co0.2O2 between
3.0 ~ 4.2 V (a) and 3.0 ~ 4.8 V (b) at a scan rate of 0.2 and 0.1 V/s at
room temperature.
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state-of-charge (SOC) values of 0 %, 25 %, 50 %, 75 %, and
100 %. A semicircle in the high-frequency region and a
spike in the low-frequency region characterized each imped-
ance spectrum. The semicircle was attributed to the presence
of a passivation film on the oxide surface [33, 34]. The low-fre-
quency spike was the arc of an incomplete semicircle, which
was attributed to the charge-transfer resistance of the electro-

chemical reaction. It can be seen from Fig. 6 that the charge
transfer resistance decreased with increasing a charge volt-
age, which indicates that the LiNi0.4Mn0.4Co0.2O2 materials
became more conductive at a highly charged state. In a fully
charged state (SOC 100 %), the LiNi0.4Mn0.4Co0.2O2 material
showed the lowest Rct values (85 Ohms). At high charging
voltages, the LiNi0.4Mn0.4Co0.2O2 materials turned into good
conductors, and it could impact on the high drain capability
of the systems [35]. And the delithiation processes were
accompanied by changes in the volume of the cathode and
thickness of its surface layer[36]. 

Figure 7 showed the charge-discharge behaviors of LiNi0.4

Mn0.4Co0.2O2 materials heated at 750 oC for 3 hrs. The sam-
ples were charged/dicharged galvanostatically at a 0.1C rate
between 3.0 and 4.2 V. A Li/LiNi0.4Mn0.4Co0.2O2 cell initially
delivers the charge and discharge capacities of 185.1 and
120.3 mAhg-1 at a current density of 0.2 mAcm-2. The large
first cycle irreversibility of the same materials is reflected in
the cyclic voltammograms (Fig. 7). Lee et al. have presented
a Rietveld refinement analysis of the neutron diffraction data
for a LiNi0.8Co0.2O2 compound. Their analysis makes clear
that extra nickel ions occupying the lithium 3a site are the
main cause for the capacity loss in the first cycling. The ionic
radius of Ni2+ is 0.69 Å and is close to that of Li+ (0.76 Å).
Therefore, a small amount of Ni may occupy the 3a Li sites.
If this occurs, the same amount of displaced Li atoms will

Fig. 5. Comparison between the Nyquist plots of as assembled and
after the 1st cycle completed Li/LiNi0.4Mn0.4Co0.2O2 cell at 3.2V. (a)
as-assembled cell and (b) after the 1st cycle.

Fig. 6. Nyquist plots of the Li/LiNi0.4Mn0.4Co0.2O2 cell recorded at
different state of charge such as (a) 0 % , (b) 25 %, (c) 50 %, (d) 75
%, and (e) 100 % SOC.

Fig. 7. Charge-discharge profile of Li/LiNi0.4Mn0.4Co0.2O2 cell cycled
between 3.0 and 4.2 V at a current density of 0.2 mAcm-2.

Table 2.  Electrochemical properties of Li/LiNi0.4Mn0.4Co0.2O2 cells with a cutoff voltage of 4.2 V for sample heated at different hours

Heating
time (hrs)

1st cycle (mAhg-1) 20th cycle (mAhg-1)

Charge
capacity

Discharge
capacity

Irreversible
capacity

Charge
capacity

Discharge
capacity

Irreversible
capacity

3 185.1 120.3 64.8 93.6 89.9 3.7

12 185.3 134.1 51.3 115.4 112.8 2.6

24 196.4 141.7 54.7 131.9 128.9 3.0
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occupy the 3b Ni site. In addition, once a certain irreversible
capacity is obtained in the first cycle, further intercalation /
deintercalation of lithium ions occurs only at the lithium site
excluding the vacant sites around the extra nickel ions.
Hence, a good reversibility is maintained after the first

cycling [38]. The effects of charging cutoff voltages were
studied for the samples heated at 750 oC for 3, 12, and 24
hrs. Variations in the discharge capacity with respect to cut-
off voltage and heating time for the compound LiNi0.4

Mn0.4Co0.2O2 are shown in Fig. 8 (a), (b) and (c). 

Table 3. Electrochemical properties of Li/LiNi0.4Mn0.4Co0.2O2 cells with a cutoff voltage of 4.4 V for sample heated at different hours

Heating
time (hrs)

1st cycle (mAhg-1) 20th cycle (mAhg-1)

Charge
capacity

Discharge
capacity

Irreversible
capacity

Charge
capacity

Discharge
capacity

Irreversible
capacity

3 180.8 132.7 48.1 124.6 123.1 1.5

12 185.8 148.5 37.2 140.4 136.1 4.3

24 186.3 166.3 20.1 156.6 147.1 9.4

Table 4. Electrochemical properties of Li/LiNi0.4Mn0.4Co0.2O2 cells with a cutoff voltage of 4.6 V for sample heated at different hours

Heating time (hrs)
1st cycle CC (mAhg-1) 20th cycle (mAhg-1)

Charge
capacity

Discharge
capacity

Irreversible
capacity

Charge
capacity

Discharge
capacity

Irreversible
capacity

3 183.9 141.6 42.3 137.2 130.2 7.0

12 187.5 165.0 22.5 160.8 154.1 6.6

24 195.4 181.4 14.0 165.5 159.5 6.0

Fig. 8. Specific discharge capacity obtained the1st and 20th cycles with cutoff voltage for Li/LiNi0.4Mn0.4Co0.2O2 cells.
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Electrochemical properties of the LiNi0.4Mn0.4Co0.2O2 sam-
ples prepared at 750 oC with different charging cutoff volt-
ages were given in Tables 2, 3, and 4, respectively. After the
sample prepared at 750 oC for 12 hrs was cycled for 20
cycles at cutoff voltages of 4.2, 4.4, and 4.6 V, the sample
exhibited specific discharge capacities of 112.8, 136.1, and
154.1 mAhg-1 and irreversible capacities of 2.6, 4.3, and 6.6
mAhg-1, respectively. However, the decrease in the specific
discharge capacities for samples prepared at 750 oC for 3 hrs
and 12 hrs, with respect to charge cutoff voltages of 4.2, 4.4,
and 4.6 V, is mainly attributed to a lack of hexagonal order-
ing, i.e., a lack of ordering in lithium ion and transition metal
ions sites and lower crystallinity [37]. Generally, due to the
formation of this oxide, high temperature and long heating
times are required to form a well-ordered LiNi0.4Mn0.4

Co0.2O2 phase. Therefore, samples prepared at 750 oC for 3
and 12 hrs showed lower discharge capacities than those of
the samples heated longer (24 hrs) at the same temperature.
It can be seen from Tables 2, 3, and 4 that good capacity
retention was obtained after 20 cycles for all samples pre-
pared at 750 oC for 24 hrs: the discharge capacities of the
samples were 128.9, 147.2, and 159.5 mAhg-1 with cutoff
voltages of 4.2, 4.4, and 4.6 V, respectively. These results are
in agreement with those of MacNeil et al.[39]; however,
LiNixCo1-2xMnxO2 (x=0.0125 to 0.45) showed a discharge
capacity of 120 mAhg-1 at a cutoff voltage of 4.2 V com-
pared to a discharge capacity of 145 mAhg-1 at a higher cut-
off voltage of 4.4 V, and the study also reported that most of
the discharge capacity was attained below 3.8 V, as the
nickel content was increased. 

4. CONCLUSIONS

Single-phase electro-active LiNi0.4Mn0.4Co0.2O2 compounds
were prepared via the combustion process, using glycine as a
fuel agent at low temperature. Cyclic voltammetry studies
showed that large and broad peaks around 4.1 V were related
to the redox couple Co3+ to Co4+, while small broad peaks
around 4.6 V corresponded to the redox couple Ni2+ to Ni4+.
Electrochemical impedance studies performed at different
states of charging voltages showed a decrease in the charge
transfer resistance as the lithium was removed from the
LiNi0.4Mn0.4Co0.2O2 materials. The charge-discharge behav-
iors of the systems were studied between 3.0 and 4.2 V and
between 4.4 and 4.6 V at room temperature. The LiNi0.4

Mn0.4Co0.2O2 prepared at 750 oC for 24 hrs delivered dis-
charge capacities of 181.4 and 159.5 mAhg-1 after the 1st
and 20th cycles in the voltage region between 3.0 and 4.6 V.
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