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Abstract Li[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4 was
synthesized by a co-precipitation method. It consisted of the
parent Li[Ni0.5Co0.2Mn0.3]O2 as the core and the LiFePO4

as the coating material, with an average particle diameter of
500 nm. The LiFePO4-coated Li[Ni0.5Co0.2Mn0.3]O2

showed no large initial capacity drop in the first cycle,
which generally occurred with cathode materials bearing
inactive coating layers such as Al2O3, ZnO, and MgO.
Furthermore, it presented a remarkably improved cycle
retention rate of over 89% until 400 cycles at 50°C. We
suggest that the LiFePO4 coating technique is a very
effective tool to improve the cycle performance of Li
[Ni0.5Co0.2Mn0.3]O2 at high temperatures.
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Introduction

The commercial lithium secondary battery with high energy
density and good cyclability has been extensively studied
as a power source for portable electronics. LiCoO2 is still

used for these secondary batteries, however, it has many
problems such as high cost, environmental aspects, and low
practical capacity. The most prospecting next cathode
material for these portable devices is Li[Co1/3Ni1/3Mn1/3]
O2 and given its high energy density and good cyclability, it
can easily satisfy the need for portable devices such as
wearable PCs, PMPs, and Net-book computers [1, 2].

Nevertheless, although Li[Co1/3Ni1/3Mn1/3]O2 has a prac-
tical capacity larger than LiCoO2, exothermic decomposition
of the oxide is highly possible, releasing oxygen, and giving
a poor cycle retention rate and cell failure at high temper-
atures. It is well known that the main difficulty in developing
a large-scale battery using Li[Co1/3Ni1/3Mn1/3]O2 cathode
material with acceptable safety and cycle performance.

Many research groups have adopted coating process-
es to improve the battery performance of LiCoO2 or
Li[Co1/3Ni1/3Mn1/3]O2 materials, using inactive coating
powders such as Al2O3, ZnO, and MgO [3–7]. However,
these coating materials hinder diffusion of the lithium
ions within the coating layers, resulting in small capacity
drops and undesirable side-reactions with the electrolyte
during long cycling processes.

Recently, we successfully synthesized a new type of
Li[Ni0.5Co0.2Mn0.3]O2 material using a co-precipitation
method in order to reduce the amount of the Co ion
resulting in cost reduction. Additionally, we tried forming a
coating layer on the Li[Ni0.5Co0.2Mn0.3]O2 material using
LiFePO4 powder, allowing for facile movement of the
lithium ions in the coating layer as well as the core portion
with an electrolyte liquid, a process typically limited during
high temperature cycling.

We report herein the synthesis and improved cycle
performance of Li[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4

at high temperature, prepared by a co-precipitation method
for the lithium secondary batteries.
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Experimental

Firstly, (Ni0.5Co0.2Mn0.3)·(OH)2 was synthesized from
NiSO4·6H2O (Jinlin Jien, China), MnSO4·H2O (Chuo
Denki, Japan), and CoSO4·7H2O (Jinlin Jien, China) using
a conventional co-precipitation method [8, 9]. A stoichio-
metric amount of each material (Ni:Co:Mn=0.5:0.2:0.3)
was dissolved in purified, ion-exchanged water to prepare
an aqueous metal solution. The reaction was performed for
48 h to obtain a slurry containing a composite metal
hydroxide with uniform size. The slurry was washed and
filtered using a centrifugal separation filter such that a pH
of a filtered liquid was 9.0 or less, and the obtained
composite metal hydroxide powder was dried at 120°C for
24 h or more to generate a composite metal hydroxide.
After that, it was heated at 300°C for 12 h and mixed with
the lithium salt at a stoichiometric ratio of 1:1.1. The
mixture was calcined at 950°C for 24 h and recalcined at
500°C for 24 h in order to obtain the resulting Li
[Ni0.5Co0.2Mn0.3]O2 material.

A cathode material was prepared using the obtained
Li[Ni0.5Co0.2Mn0.3]O2 as the coated material and an
olivine LiFePO4, with an average particle diameter D50
of 500 nm, as the coating material. Pure LiFePO4 material
was synthesized from Li2CO3 (Sigma-Aldrich, USA),
FeC2O4·2H2O (Aldrich, USA), and (NH4)2HPO4 (Sigma-
Aldrich, USA) using a solid-state method. A stoichiomet-
ric amount of each materials was ground and calcined at
400°C for 1.5 h and then at 660°C for 2.5 h in an Ar
atmosphere using a tubular furnace. Next, optimum
content (1.5 wt.%) of the LiFePO4 corresponding to a
coating material were thoroughly mixed with the compos-
ite metal oxides using a dry coating system (NOB-130,
Hosokawa micron Ltd., Japan). The mixture was treated
with a rotation rate of 2,700 rpm for 3 min and heated at
500°C for 4 h to prepare a core-shell type cathode
material. Particle morphology and size distribution of the
resulting compound were observed using a scanning
electron microscope (SEM, HP-8564E, USA) and particle
size analysis system (Mastersizer 2000E, Malvern Instru-
ment, UK), respectively.

Electrochemical characterizations were performed using
a CR2032 coin cell for electrochemical analysis and an
aluminum pouch type cell for long-term cycling, respec-
tively. For the coin type cell, the cathode was fabricated
with 20 mg of accurately weighed active material and
12 mg of conductive binder (8 mg of teflonized acetylene
black and 4 mg of graphite). It was pressed on 200 mm2

stainless steel mesh used as the current collector under a
pressure of 300 kg/cm2 and dried at 130°C for 5 h in an
oven. For the pouch type cell, the slurry was prepared by
mixing a cathode-active material in an N-methyl pyrroli-
done solution, into which teflonized acetylene black as a

conductive material and polyvinylidene fluoride as a binder
were dissolved. The mass ratio between the cathode material,
conductive material, and binder material was 92:4:4. The test
cell was made of a cathode and a lithium metal (or graphite)
anode separated by a porous polypropylene film (Celgard
3401). The electrolyte used was a mixture of 1.2 M LiPF6-
ethylene carbonate/diethyl carbonate (1:3 by vol., Techno
Semichem Co., Ltd, Korea). The charge and discharge
current density was 0.2 C with a cut-off voltage of 2.5 to
4.3 V at room (25°C) and high (50°C) temperatures.

Results and discussion

The parent Li[Ni0.5Co0.2Mn0.3]O2 material in this study
showed a XRD pattern of a hexagonal structure with a
space group R3m as shown in Fig. 1. It was confirmed that
Li[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4 also presented
a well-developed XRD pattern of a hexagonal structure
without any distinct peaks, which may be due to the low
amount (1.5 wt.%) of coating material has been taken and
the coated material does not induce any impurities. The
lattice constants of the parent Li[Ni0.5Co0.2Mn0.3]O2

material were: a=2.8721Å and c=14.2576Å. These
values were similar to those previously reported [10]. Li
[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4 showed slight-
ly different values (a=2.8712Å and c=14.2596Å) to
those of the parent Li[Ni0.5Co0.2Mn0.3]O2. Although there
is a small decrease in the a-axis, they show no remarkable
difference in the lattice constants between two materials.

Figure 2 shows the scanning electron microscopy image
of the Li[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4. This
material presented a typical particle morphology synthe-
sized by a co-precipitation method that showed a perfect
spherical type with a narrow particle distribution. The
average particle size of the Li[Ni0.5Co0.2Mn0.3]O2 material
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Fig. 1 XRD patterns of (a) parent Li[Ni0.5Co0.2Mn0.3]O2 and (b) Li
[Ni0.5Co0.2Mn0.3]O2 coated with 1.5 wt.% LiFePO4
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was 10μm with a primary particle size of 500–800 nm.
Figure 2b shows the cross-sectional mapping of Li
[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4. The LiFePO4

material used in the coating process had a small particle
size of 500 nm with an even particle morphology, providing
it with a high surface area for improvement of coating
efficiency. Figure 2c–f present the distribution of the
constituent metal ions in the core-shell Li[Ni0.5Co0.2Mn0.3]
O2 coated with LiFePO4. All metal ions (Ni, Co, Mn, and
Fe) were uniformly distributed in the all range of particles
and were well coated by the LiFePO4.

Figure 3 shows the results of the electrochemical
characterization of the cells of the Li/parent and the Li
[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4. The test con-
ditions were a current density of 0.4 mA/cm2 (0.2 C)
between 2.5 and 4.3 V at room temperature. The Li/parent
Li[Ni0.5Co0.2Mn0.3]O2 cell exhibited typical electrochemi-
cal behavior with a monotonous voltage plateau in the first
charge/discharge process. This cell showed a high initial
charge capacity of more than 181 mAh/g; however, it
presented a reduced discharge capacity of 163 mAh/g. It is

Fig. 2 a SEM image of
Li[Ni0.5Co0.2Mn0.3]O2 coated
with 1.5 wt.% LiFePO4,
b intersection of core-shell type
of coated material, c mapping of
Co, d mapping of Ni, e mapping
of Mn, and f mapping of Fe

Fig. 3 Initial charge/discharge curves of Li/ (a) parent Li[Ni0.5Co0.2Mn0.3]
O2, (b) 1.5 wt% LiFePO4-coated cells at 25°C, (c) parent Li
[Ni0.5Co0.2Mn0.3]O2, and (d) 1.5 wt% LiFePO4-coated cells at 50°C.
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well known that the irreversible capacity in the first charge/
discharge process results from structural changes of the
materials and decomposition of the electrolytes at high
potential [11, 12]. Conversely, the Li/Li[Ni0.5Co0.2Mn0.3]O2

cell coated with LiFePO4 as shown in Fig. 3(b) presents no
capacity drop as shown in previous reports [3–7] and still
exhibits a high discharge capacity of 163 mAh/g in the first
discharge process. It is the suggestion of the authors that a
high initial discharge capacity of the coated material resulted
from the uniform LiFePO4 coating layer that allows for facile
immigration of the lithium ions from the anode material as
LiFePO4 is an electrically active material against inactive
coating materials such as Al2O3, ZnO, and MnO [3–7].

Figure 4 presents the results of the cycle character-
izations of the parent and coated Li[Ni0.5Co0.2Mn0.3]O2

cells at room (25°C) and high temperature (50°C). The
charge/discharge current density was 0.4 mAh/g with a cut-
off voltage of 2.5 to 4.2 V. As described before, it is well
known that the Li[Co1/3Ni1/3Mn1/3]O2 system has serious
problems regarding cycle retention rate and thermal stability
in high-temperature environments. We suggest that high-
temperature battery performance is a very important factor to
succeed in the market of various portable devices and electric
vehicles that utilize the Li[Ni-Co-Mn]O2 system. As shown in
Fig. 4(c), parent Li[Ni0.5Co0.2Mn0.3]O2 cell at high temper-
ature shows a very severe capacity loss until 250 cycles;
furthermore, the capacity decline is accelerated after this point
and the cycle retention after 250 cycles is only 82% at 50°C.
However, the Li[Ni0.5Co0.2Mn0.3]O2 coated with LiFePO4

cell presents excellent cycle behavior until 400 cycles with a

retention rate over 89% under the same test conditions. The
authors estimate that the difference in cycle retention after
400 cycles is over 15%, although it is not an exact value
because of the cell failure of parent Li[Ni0.5Co0.2Mn0.3]O2

cell after the 250th cycle. Conversely, it suggests that the
LiFePO4 coating for the Li[Ni0.5Co0.2Mn0.3]O2 material is
one of the very effective tools to improve cell stability in
long-term cycling. Moreover, the enhancement of the thermal
and cell stability of the Li[Ni0.5Co0.2Mn0.3]O2 cell coated
with LiFePO4 was found to be remarkable and will be
reported elsewhere in the near future.

Conclusions

Parent Li[Ni0.5Co0.2Mn0.3]O2 and LiFePO4-coated
Li[Ni0.5Co0.2Mn0.3]O2 materials were synthesized by
a co-precipitation method. The LiFePO4-coated Li
[Ni0.5Co0.2Mn0.3]O2 showed a high initial discharge capac-
ity over 163 mAh/g in the first cycle without capacity drop
at room temperature. Furthermore, it presented a remark-
ably improved cycle retention rate over 89% until 400
cycles at high temperature (50°C). We concluded that the
LiFePO4 coating technique is a very effective tool for
improving cycling performance of Li[Ni0.5Co0.2Mn0.3]O2 at
high temperature environment.
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