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Synthesis and characterization of LiNio.4s Coo.10 Mno.4s Q2 cathode
for lithium ion batteries
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Abstract: LiNio.ss Coo.10Mno.4s Q2 was prepared from Li>CO3 and a triple oxide of nickel, cobalt and manganese at

950 C in air. The structure and characteristics of LiNio.4s Coo.10Mno.4s02 were determined by XRD, SEM and elec

trochemical measurements. The compound LiNio.4s Coo.10 M no.ss O2 has layered structure with hexagonal lattice. The

individual particles are agglomeration of many little primary particles whose size ranges from 100 mm to 200 nm. The

LiNio.45Co0.10Mno.4502 cathode has excellent electrochemical performances with large reversible specific capacity of

142.5 mA * h/g between 4.25V, and good capacity retention of 83.20% after 450 charge/ discharge cycles. Capaci-

ty of the battery increases with enhancement of charge voltage limit, and a specific discharge capacity of 175.2 mA *

h/ g is obtained when the charge voltage limit is fixed at 4.45 V.
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1 INTRODUCTION

Advanced rechargeable lithium ion batteries
are attractive for use in consumer electronic and
electric vehicle (EV) application because of a fa-
vorable combination of voltage, energy density,
cycling performance, and have been developed rap-
idly worldwide during the past decade'" 7. LiCoO>
has been widely used as a cathode material in com-
mercial lithium ion battery because it is reasonable
easy to synthesize and shows a stable discharge ca-

U1 But due to its high cost and toxicity, an

pacity
intensive research for new cathode materials have
been underway in recent years' . LiNiO. and
LiMnO2 have been extensively studied as possible
alternatives to LiC002'®”. However, both
LiNiO2 and LiMnO2 have problems for practical
applications.

A layered LiNiosMno sO2 material prepared by
co-precipitation method showed promising capacity
of around 150 mA * h/g in the voltage range of 2.5
—4.3VI%,
charge capacity and electrical conductivity by do-
ping Al, Ti, and Co in LiNios Mnos O2. Among

those materials, Co doping increased electrical con

Kang et al''” reported increased dis-

ductivity most successfully. LiNi.Co,Mni- .-, 02 is

a prospective cathode material due to its low cost
and large capacity. Intensive research is conducted
on the compounds of LiNiy3Coy3Mny302 and
LiNi. Coo.0sM no.os- x 02, and many development has
been achieved' '™

In this work, a LiNi.CoyMni- .- ,O2 compound
with new composition of LiNio.4s Coo.10 Mno.ss O2
was synthesized by solid-state reaction method,
and its structure and electrochemical properties
were investigated in detail.

2 EXPERIMENTAL

LiNio.4s Coo.10 Mno4s O was prepared from
Li2COs and a triple oxide of nickel, cobalt, and
manganese (Ni: Co: Mn= 0.45: 0.10: 0.45,
Changsha Xinneng Material Co. Ltd). The raw
materials were ball milled and well mixed, then
roasted at 950 'C for 24 h in air. The product was
ground into powder using a mortar and pestle.
Powder X-ray diffraction ( XRD)

were made with a Rigaku diffractometer equipped

measurements

with Cu K4 radiation and a diffracted-beam mono-
chromator. Scanning electron microscopy (SEM)
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images were obtained with a Hitachi S530 spec
trometer.

The LiNio4s Coo.1o Mno4s O2 compound was
mixed with acetylene black as electric conductor
and poly (vinylidene difluoride ) (PVDF) as bind-
er. The LiNio.4s Coo.10 Mno.4s O2 cathode was pre
pared by spreading the above mixture on aluminum
foil. The preparation of carbon electrode was the
same as that of LiNio.45Coo.10Mno 4502 electrode ex-
cept graphite as active material and copper foil as
current collector. The electrolyte was 1 mol/L
LiPFs in a 1. 1 mixture of ethylene carbonate( EC)
and dimethyl carbonate (DMC). Prototype pris-
matic batteries of 053048 size were prepared by as-
sembling the LiNio.4s Coo.10 Mno.4s O2 cathodes, car-
bon anodes, electrolyte and Celgard 2300 mem-
The charge/

discharge characteristics and cycling performance

brane into stainless-steel cases.
of prototype batteries were investigated. The pro-
totype batteries were charged in a CC/CV ( con-
stant current/ constant voltage) pattern, by which
the batteries were charged to a fixed voltage at a
constant current density, and followed by the volt-
age held at the fixed voltage until the current den-
sity decreased to SmA/g for LiNio 45 Coo.10M no. 45~
O2. Then the batteries were discharged at a con-
stant current density to 2. 75 V.

3 RESULTS AND DISCUSSION

3.1 Synthesis and structure characterization of
LiNio. 45 Coo. 10 M1y, 45 Oz

LiNio.45Co00.10M no.4s02 was synthesized by sol-
id state reaction of Li»COs with a triple oxide of
nickel, cobalt and manganese at 950 C in air. The
XRD pattern of the compound LiNio. 45 Coo.10M no. 45~
02 shown in Fig. 1 is similar to that of LiCoO:
(axNaFeO: type, space group R3m) and can be in-
dexed as hexagonal lattice. The transition metal
atoms (M= Ni, Co, Mn) are supposed to be ran-
domly distributed on the 3b sites, whereas the lith-
ium atoms occupy the 3a sites and O atoms occupy
the 6c¢ sites. A partial interchange of occupancy of
Li and transition metal atoms among the sites (1. e.
Li on 3b and M on 3a sites) would give rise to dis-
ordering in the structure called ‘ cation mixing’.
The integrated intensity ratio of the (003) to (104)
lines (R) in the XRD patterns was shown to be a

51 As shown in

measure of the cation mixing
Fig. 1, the (003) peak is higher and narrower than
(104) peak. The ratio of integrated intensities of
the (003) to (104) lines is only 0. 938, well below
the values (R> 1.2) reported for compounds like
Li(Nii- « Cox) Oz and LiNiO2, which indicates obvi-
ous cation mixing in the microstructure of the
LiNio.4s Coo.10Mno.4s02 as prepared' ™ '

Fig.2 shows the scanning electron micro-
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Fig. 1 XRD pattern of LiNio.45sCoo.10M no.4502

Fig.2 SEM micrographs of LiNio. 45 Coo. 10Mno.45 Oz
(a) —Lower magnification;
(b) —Higher magnification

graphs for the LiNio.45Coo.10Mno.4s02 pow ders. The
sample consists of cornered and uneven particles
with rough surfaces and an average particle size of
about 30 Hm. There are some tiny particles clung
to the large ones. As shown in Fig. 2(b), the indi-
vidual particles are composed of many little prima-
ry particles whose size ranges from 100 nm to 200
nm. The primary particles reunite each other and
form secondary agglomeration, and many narrow
cracks are observed among the primary particles.

3.2 Electrochemical characteristics of Lirion bat
tery with LiNio. 4s Coo. 10 Mno. 4s Q2 cathode
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Electrochemical characteristics of the battery
with LiNio 45 Coo.10Mno.45 02> cathode have been eval-
uated. Laid for 24 h after being assembled, the
battery has an open circuit voltage of 0.126 V.
Fig. 3(a) shows the initial charge-discharge voltage
profiles for the battery at a current density of
30 mA/g for LiNio.4s Coo.10 Mno.ss O2. On starting
the current, the voltage of the cell suddenly rises
to 3.0V, then slowly increases to 4. 20 V. The
battery shows an initial discharge capacity of
135. 1 mA < h/ g for LiNio.4s Coo.10M no.4502 with in-
itial coulumbic efficiency of 83. 68% . After several
charge/ discharge cycles, the capacity of the batter-
y increases slowly and a reversible capacity of
142.5 mA * h/ g for LiNio4s Coo.10 Mno.as O2 is ob-
served in the voltage of 2. 7574.25 V.
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Fig. 3 Initial charge/ discharge characteristics
of Lirion battery with LiNio.45s Coo.10Mno.45 02
cathode

(a) —Voltage vs capacity profiles;

(b) —Differential capacity vs voltage profiles

To illustrate the process more clearly, the re-
lationship between differential capacity ( dC/dV')
and voltage are given in Fig. 3(b). It shows two

differential capacity peaks for the charge process

with the first sharp and intense peak centered at
3.816 V and the second peak at 4. 156 V. Howev-
er, thereis only a low intensity and broad differen-
tial capacity peak at 3. 682 V for the discharge
process. It can be observed that the discharge dif-
ferential capacity peak shifts obviously to lower
voltage from the two charge differential capacity
peaks. This is caused by the polarization and low
electronic conductivity of electrode materials and
electrolyte.

T he dependence of capacity on the charge volt-
age limit for the Lrion battery with LiNio.45Coo. 10~
Mno 45 O2 cathode is determined. The Lithium ion
battery was charged to 4.20 V at a constant cur-
rent density of 30 mA/g LiNio.4s Coo.10Mno.4502 and
followed with a constant voltage of 4. 20 V until
the charge current density decreased to 5 mA/g
LiNio.4s Coo.10 Mno.4s Oz,
charged repeatedly in the same patterns except the
charge voltage limit is fixed at 4. 25, 4. 30, 4. 35,
4.40 and 4. 45V, respectively. The voltage pro-

then the battery was

files and the dependence of charge capacity on the
charge voltage limit are shown in Fig. 4. When the
charge voltage limit is enhanced, the charge capacr
ty of the battery increases obviously, with 135. 3
mA * h/g for 4.20V and 189.4 mA * h/g for 4. 45
V, respectively. Having been charged to 4.45V,
the battery is discharged at a current density of 30
mA/g for LiNio.4s Coo.10 Mno.4s O2 to 2. 75V and a
specific discharge capacity of 175.2 mA * h/g for
LiNio.45 Coo.10 M no.as O2 with a new irreversible ca
pacity of 14.2 mA * h/g is observed. This part of
capacity loss may be due to some irreversible reac
tion of the electrolyte with electrodes at high volt-
age.

The ratecapability of battery with LiNio 4s-
Co0.10Mno.45 02 electrode was examined and the re-
sults are shown in Fig. 5. The cell was charged to
4.25 V at a constant current density of 75 mA/g
LiNio.45 Coo.10Mno.4s02 and followed with a constant
voltage of 4. 25 V until the charge current density
decreased to SmA/g, then discharged at a constant
current density of 15~ 150mA/g corresponding to
0. 1 = 1 C rate. The discharge capacity of the
LiNio.4s Coo.10 Mno.as O2 cathode at 0. 1 C rate (15
mA/g) is 142. 7mA ¢ h/g. When the cell is dis-
charged at 1C rate, 89.25% capacity is observed.
Fig.5(b) shows dC/dV vs voltage profiles at dif-
ferent discharge current rates for the battery with
LiNio.45 Coo.10 M no.4s O2 cathode. With the increase
of discharge current rate, the differential capacity
peak shifts to lower voltage and its intensity de-
creases. It is resulted from the larger polarization
and resistance when the battery is discharged at
higher current density.

Fig. 6 shows cycling characteristics of the lith-
ium ion battery charged / discharged in the voltage
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Fig. 4 Relationship between capacity and charge voltage limit for Lrion battery with
LiN1o.45Co0.10M no.45 02 cathode

(a) —Charge/ discharge profiles; (b) —Charge capacity vs voltage profiles
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Fig. 5 Characteristics of Lrion battery with LiNio 45 Coo.10Mno.4sO2 cathode at
different discharge current rates
(a) —Voltage vs capacity profiles; (b) —Differential capacity vs voltage profiles
120 LiNio.4s Coo.10Mno.4s02) . The discharge capacity of
the battery increases a little during the early sever
100 al cycles, then decreases slowly and remains
RS 83.20% of the initial capacity after 450 charge/
E 20} discharge cycles, which indicates that the battery
E with LiNio 45 Coo.10 M no.as O2 cathode has excellent
g 60 cycling performance.
g
& 40} 4 CONCLUSIONS
@)
20} 1) Layered structure LiNig s Coo.10 Mno.4s O
was synthesized from LixCO; and a triple oxide of
0 1(’)0 200 4360 4(')0 500 nickel, cobalt and manganese by solid state reac
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Fig. 6 Cycling performance of Lrion battery
with LiNio. 4sCoo.10M no.4s O2 cathode

range of 2. 75 = 4. 25V at 0. 5 C rate (75 mA/g

tion method. The LiNio 45 Coo.10 Mno.4s O2 sample
consists of cornered and uneven particles with an
average particle size of around 30 Hm. The individ-
ual particles are agglomeration of many little pri-
mary particles which range from 100 nm to 200
nm.



Vol 15 Ne5

Synthesis and characterization of LiNio.45s Coo.10Mno.4sO2 cathode

* 1189 -

2) The LiNio.45 Coo.10 Mno.4s O2 in practical Lt
ion batteries shows an initial discharge capacity of
135. 1 mA * h/g with initial coulumbic efficiency of
83. 68% in the voltage range of 2.7574.20V. Ca-
pacity of the battery increases with enhancement of
charge voltage limit, and a specific discharge ca-
pacity of 175. 2 mA * h/g is obtained when the
charge voltage limit is fixed at 4.45 V.

3) The LiNio.4s Coo.10 M no.4s 02 cathode has ex-
cellent electrochemical performances with large re-
versible specific capacity of 142. 5 mA * h/g be
tween 2. 75V and 4. 25V, and good capacity reten-
tion of 83.20% after 450 charge/ discharge cycles,
w hich indicates LiNio 45 Coo.10Mno.4sO2 is a promis-
ing alternative material to LiCoO: for cathode of
lithium ion batteries.
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