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Abstract

The purpose of this research is to study a new synthesis of LiCr,Nip5_,MnysO, (x=0, 0.05 and 0.1) using a co-precipitation method for lithium
secondary batteries. Investigations are made of the morphology, cyclic voltammetry and charge—discharge cycling of LiCr,Nips5_,Mngs0,/Li
cells. The particle size of LiNipsMnysO, has a narrow distribution range from 200 to 300 nm. The peak current of LiCr osNig4sMngsO, and
LiCry1Nip4Mng 5O, in the 2.7 and 2.9V regions increases with increasing addition of Cr in LiCr,Nigs_,Mng50,. The discharge capacity of the
LiNipsMn, 5O, electrode is 185 and 150 mAh g’l at 1 and 15 cycles, respectively. The fading in capacity of Cr-doped LiNigsMng 50, is less
than that of LiNijsMny 50, during cycling. LiCr,Niys_,Mng 50, cathodes with 1 M LiPFg in an ethyl carbonate—dimethyl carbonate (EC-DMC)

electrolyte exhibit good cycling performance.
© 2005 Published by Elsevier B.V.
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1. Introduction

The Li-ion battery is a suitable power source for a wide range
of applications, such as microelectronics, electric vehicle bat-
teries and load-levelling batteries. Using LiCoO; as a cathode
material in commercial Li-ion batteries incurs the disadvan-
tages of high cost, toxicity and insufficient capacity. There have
been many attempts replace LiCoO,, namely through the use
of LiNiO; [1,2], LiMnO; [3,4] or Co-Ni [5,6] and Mn—-Co—-Ni
[7,8] mixed oxides. LiNiO; and LiMnO, are attractive cathode
materials because of their relatively low cost and high capacity.
On the other hand, these two oxides are difficult to synthesize,
have poor cycle at high voltage (4.3 V versus Li*/Li) [9], and
suffer Jahn-teller distortion of the MnOg octahedra that leads to
eventual degradation of electrode performance [8]. Ohzuku et
al. [10] reported LiNij;3CO1,3Mn1,30, with excellent cycling
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properties and high discharge capacity (about 160 mAhg™!),
but this material includes Co that is expensive and toxic.

Recently, LiNig5sMngs50; similar to a solid-state mixture
of LiNiO, and LiMnO; was reported by Ohzuku et al. [10].
The material has a hexagonal O3 structure similar to that of
a-NaFeO, (R3m) and also a suitable conduction pathway that
is composed of an alternating-layer arrangement for Li* ions
during the charge—discharge process [11]. Spahr et al. [12]
demonstrated that this material could be synthesized as single-
phase LiMn,Ni;_,O, by using a co-precipitation method; the
initial capacity was about 170 mAhg~!.

In the co-precipitation method, most of the pure-phase
LiNigsMng 50, is synthesized by using the hydroxide method.
In general, cathode materials synthesized by the co-precipitation
method have uniform particles and high capacity. The appli-
cation of Cr-doped lithium manganese materials, such as
LiCr,Mn;_,04 and LiCr,Mn;_,0O, cathodes has been exam-
ined in liquid electrolytes [13,14].

In this study, nanosized LiCr,Nips5—,Mng 50, has been pre-
pared by a co-precipitation method with K,COj3 as the precip-
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itation agent and has been applied as a cathode material for Li
secondary batteries.

2. Experimental

LiNigsMng 50>, LiCrggsNig4sMnO, and LiCrg Nigg
Mng 50, were synthesized by the co-precipitation method. The
precipitation agent was K,CO3 (Aldrich). A stoichiometric
amount of Mn(SO4)-H,O (>98%, Aldrich) and Ni(SO4)-6H,O
(>98%, Aldrich) was dissolved in distilled water, and the
required amount of K,COj3 was also dissolved in distilled solu-
tion. Into the solution of the precipitation agent (2mol L™!),
a solution of Mn and Ni sulfates (2 M) was added and stirred
for about 1 h. The metal oxalate precipitates were washed with
distilled water for several times to remove SO42~ and K*. A
2 M solution of LiOH-H;O (>98%, Aldrich) or LIOH-H,O and
CrCl3-6H;0 (>98%, Aldrich) in the stoichiometric ratio was
added into a continuously agitated solution of the precipitate.
The resultant solution was dried with a rotary evaporator at
40 °C to obtain the precursor that was preheated at 550 °C for
5h and then calcined at 900 °C for 12 h. The thermal decompo-
sition behaviour of each precursor was examined by themor-
gravimetric analysis (TGA) and differential thermal analysis
(DTA) (TG-DTA, G-DTA16 and SETARAM). The structure
of the sample was characterized by X-ray diffraction (D5005,
Siemens) with Cu Ka radiation. The particle morphology was
observed using a field emission scanning electron microscope
(FE-SEM XL30SLEF, Philips).

A composite cathode slurry was prepared by mixing a given
LiCryNig5-xMngsO> (x=0, 0.05 and 0.1) powder with car-
bon black (super-P, MMM Carbon) and polyvinylidenefluo-
ride (PVDF, Aldrich) in N-methylpyrrolidinone (NMP, Aldrich)
solution. The electrode composite was 70:15:15 wt.% mixture
of active material, electrical conductor and binder, respectively.
The slurry mixture was ball-milled using a planetary miller at
250 rpm for 30 min. The composite film was prepared by coating
this slurry on to an Al foil current-collector.

After evaporating the solvent, the composite film was
vacuum-dried at 100 °C for 24 h. The electrochemical behaviour
of the composite film was investigated in three-electrode
cells with 1 M LiPFg in ethyl carbonate—dimethyl carbonate
(EC-DMC) (Cheil industries). The composite films were used
as working electrodes. Pure lithium metal was used for both the
counter and the reference electrodes. Cyclic voltammetry was
carried out between 2.5 and 4.6 V versus Li/Li* at a scan rate
of 0.1mV s~!. The components of each charge—discharge test
cell were stacked in a 2032 coin-type cell (Hohsen) with a single
Li foil as the counter and the reference electrodes. The size of
each cell was 1 cm?. The current for charge—discharge cycling
was the 0.1C rate between 2.6 and 4.5V versus Li/Li* using a
battery cycler. All the preparation and testing of the cells were
conducted in an argon-filled glove box.

3. Results and discussion

The TGA and DTA results for the precursors of LiNig s
Mng50,, are shown in Fig. 1. The first weight loss before
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Fig. 1. TG-DTA curves for LiNig5Mngs50;, precursor prepared by co-
precipitation method.

180°C is due to the loss of absorbed water in the mixed pre-
cursors of NiCO3-xH,O and MnCOj3-xH,0O. There is a fur-
ther weight loss between 180 and 400 °C that is attributable
to the decomposition of nickel carbonate [15]. Finally, weight
loss between 400 and 700 °C is due to the decomposition of
MnCOs3 [16]. The TGA and DTA curves for the precursors
of LiCl’o.osNio_45Mn02 and LiCro,lNio,4Mn0.5Oz yield similar
results.

The XRD patterns for LiCryNigs5-_MngsO2 (x=0, 0.05
and 0.1) powders prepared by co-precipitation are pre-
sented in Fig. 2. According to the JCPDS reference, the
LiCr,Nig5_xMng 50, peaks at (003), (101) and (1 04) corre-
spond to the typical a-NaFeO, (R3m) layered structure [10].
The intensity ratio of the (104) peak to the (003) peak is
about 0.5. Impurity phases are not present in LiNig5Mng 50>,
LiCr(),()5Ni().45Mno.502 and LiCro.lNi0.4Mn0.502 powders.

The morphology of LiNigsMng 50, LiCrgg5Nig.45MnO>
and LiCry Nip4Mng 50, powders is shown in Fig. 3. The
LiCryNig5-xMng 50, powder has a uniform distribution with
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Fig. 2. XRD patterns of LiCr,Nig 5-,Mng 50, powders calcined at 900 °C for
12hin air.
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Fig. 3. Scanning electron micrographs of LiCr,Nips5_xMngsO, powders calcined at 900°C for 12h in air: (a) LiNig5Mng50;, (b) LiNig5Mng502, (c)

LiCrg 95Nig45Mng 50, and (d) LiCrg ;Nig4Mng 50;.

fine particles. The particle size of LiNigs5Mngs0> covers a
narrow distribution range from 200 to 300nm. The growth
and shape change of the powders occurs as the content of
Cr in LiCryNi;_,Mng 50, (x=0, 0.05 and 0.1) increases. The
spherical shape of the LiNiysMng 50, powder becomes octa-
hedral with increasing Cr content. This change in shape is
due to the variation in surface energy. The particle size of
LiCryNij_yMnps50; (x=05 and 0.1) is lager than that of
LiNipsMng 50, because the surface energy of its crystals is
higher [17,18].

The cyclic voltammogram for LiCr,Nig 5,Mng 50,/Li cells
on the first cycle is given in Fig. 4. The cyclic voltammogram for
the LiNip 5Mng 50-/Li cell has an oxidation peak in the 3.9V
region and a reduction peak in the 3.7 V region. The absence of
a peak around 3V suggests that manganese does not remain in
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Fig. 4. Cyclic voltammograms for LiCr,Nig 5-,Mng 50,/Li cells as a function
of addition ratio of Cr at a scan rate of 0.1 mVs~!.

the Mn* state. These peaks can be assigned to a Ni%*/Ni** elec-
trochemical process [13,19,20]. The development of the peaks
appears to be slow. These observations on LiNigsMng50,/Li
cell are similar to these reported by Wu et al. [21]. On the
other hand, the cyclic voltammograms of LiCr o5 Nig.45Mng 502
and LiCrg.1Nig4Mng 50, have oxidation peaks in the 2.9, 3.9
and 4.4V regions and reduction peaks in the 2.7 and 3.6V
regions. The peaks below 3V correspond to the redox cou-
ple Cr3*/Cr** [14,22]. The peak currents in the 2.7 and 2.9V
regions increase with increasing addition of Cr in LiCrNig 5_y
Mn0,502.

The initial discharge curves of LiCr,Nig5-,Mng 50, cath-
odes in 1M LiPF¢/EC-DMC at room temperature are pre-
sented in Fig. 5. Cycling was carried out between 4.5 and

5.0
4.5 |
20|
s
T 35
g‘ LiNi, Mn O,
Gl
> 3.0
LiCr. Ni_Mn_0O."
L 01 04 0572 = =
25 LiCr, . Ni, . Mn, O,
2.0 " 1 n 1 " 1 n 1 i
0 40 80 120 160 200
Capacity(mAh/g)

Fig. 5. Initial curves for LiCrNips5-,MngsOy/Li cells with 1M
LiPF¢/EC-DMC at 0.1C rate.
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Fig. 6. Discharge capacity of LiCr,Nigs—,Mng50,/Li cells as a function of
addition ratio of Cr on cycling at room temperature.

2.6V at a current rate of 0.1C. The initial open-circuit volt-
age of LiCr,Nips5_,Mngs50,/Li cells is 3.1 V. On the first
discharge of the LiNigsMngs502/Li cell, a voltage plateau
appears around 3.8 V. The profile of discharge curve appears
to be typical in LiNigs5Mnys0O,. The first discharge capac-
ity of the LiNip5Mngs50; electrode is 185 mAh g_l, based
on active material, and the utilization of LiNipsMnysO; is
66%. The discharge curves of LiCrgosNig45Mngs50; and
LiCrg 1 Nig4Mng 50, cathodes display two voltage plateaus.
The voltage plateau around 2.7V increases with increas-
ing addition of Cr in LiCr,Nip5-x+Mngs50, and this cor-
responds to the cyclic voltammetric results obtained for
LiCrNig5_xMngsO2/Li cells. The first discharge capacity
of the LiCrg5Nig45Mng 50, and LiCrg 1Nig4Mngs0; elec-
trodes is 135 and 110mAhg~!, respectively. These data
imply that the capacity of LiCrNigs5_,MngsO, decreases
with increasing of addition of Cr due to the redox couple
Cr3*/Cr*,

The discharge capacity of LiCrNips5—,Mngs502/Li cells
in 1M LiPFg in EC-DMC is a given in Fig. 6 as a function
of the addition ratio of Cr during charge—discharge cycling
at room temperature. Cycling was conducted between 4.5
and 2.6V at a current rate of 0.1C. The discharge capacity
of the LiNipsMngs50, electrode is 185 and 150 mAh g’1
on cycles 1 and 15 at room temperature, respectively. Thus,
LiNig5Mng 50, provides a high capacity cathode material
for Li secondary batteries. After the 5th cycle, the discharge
capacity of LiNigsMngsO, decreases slowly. The discharge
capacities of LiCrg s5Nig45Mng 50, and LiCrg Nig4Mng 502
are smaller than that of LiNigsMngsO, as a function of
addition ratio of Cr. The capacity of LiCrgos5Nig.45Mng 502
is higher than that of LiCrp1NigaMnpsO> until the 15th
cycle. The fading in capacity of Cr-doped LiNigsMngs0>
is less than that of LiNips5Mngs50, during cycling; the
charge—discharge efficiency is above 98% after the 2nd cycle.
Further work is in progress to optimize the performance of
LiCryNig5_xMng 50, cathodes in liquid electrolyte. From these
findings, it is conducted that LiCr,Nig5_,Mng 50, prepared

by a co-precipitation method in
electrolyte exhibits good capacity and
cycling.

IM LiPFg+EC-DMC
stability with

4. Conclusions

LiCr,Nip 5_+Mng 50, powder has a uniform distribution with
fine particles. The particle size of LiNigsMng 50O, show a nar-
row distribution of range from 200 to 300 nm. Cyclic voltam-
mograms of LiCrgos5Nig45Mng 502 and LiCrg 1 Nig4Mng 50,
reveal oxidation peaks in the 2.9, 3.9 and 4.4V regions and
reduction peaks in the 2.7 and 3.6 V regions. The peak cur-
rent of LiCr().05Ni0.45Mn0,502 and LiCI‘o.lNioAMno.st in
the 2.7 and 2.9V regions increases with increasing addi-
tion ratio of Cr in LiCryNigs5_,Mngs50;. On the first dis-
charge of a LiNigsMng50,/Li cell, a voltage plateau appears
at around 3.8V. By contrast, LiCryosNig45MngsO> and
LiCrg 1 Nig4Mng 50, cathodes give two voltage plateaus. The
discharge capacity of the LiNig 5sMng 50, electrode is 185 and
150mAhg~" at cycles 1 and 15, respectively. The discharge
capacities of LiCrg 5Nig45Mngs0O2 and LiCrg 1Nig4Mngy 50>
were smaller than that of LiNig5Mng 50, as a function of Cr
addition. The fading in capacity of Cr-doped LiNigsMng 50,
is less than that of LiNips5Mng 50, during charge—discharge
cycling. It is conducted that LiCr,Nigs_MngsO> can be used
for high-capacity materials, such as cathode materials for Li
secondary batteries.
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