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Abstract

Synthesis and characterization of LiRib;_,«Mn,O, (1/3< x < 1/2) electrode powders prepared by a sol-gel method were investigated.
The synthesized LiNCo,_»Mn,O, materials with single phase af8m layered structure were confirmed from X-ray diffraction analy-
sis. The particle size distribution of the materials synthesized by the sol-gel process is quite uniform. Increasirajutaén the syn-
thesized LiNiCo;_»Mn,O, powder leads to decrease its particle size and increase its cation mixing. The average particle size for the
LiNi .375C 0. 2sMng 3750, powder was found to be an order of 0.3—@m. The best specific capacity of 192 mAh'gwas obtained for
the LiNig 375C 00 25MnNg 3740, electrode with good capacity retention among the synthesized materials cycled at 0.1C in the potential be-
tween 3.0 and 4.5V at room temperature. Although structural parameters of thg 1 .sMng 3750, powder are similar to those of the
LiNi 13Co13Mn1,30, powder, its specific capacity is higher due to the increase of the stoichiometry of active site Ni. The increase of Ni and
Mn content could reduce cost of the materials. It was found that the cell performance of th@diNiMn,O, electrode drops dramatically
and its cation mixing increases while th@alue is higher than 0.4.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cation mixing and enhance its structural stability by prevent-
ing phase transformation from layer to spinel and also im-
Layered LiNIG and their derivatives are promising cath- prove its electrical conductivitf@]. However, increasing the
ode material for lithium-ion batteries due to their high the- contentof Cointhe LiNiCo;_2MnxO2 electrode leads toin-
oretical capacity and low co$i—3]. However, the major  crease its cost and reduce its specific capacity. On other hand,
problem associated with these electrodes is difficult to pre- the electrochemical inactive Mn in the LifE0;_oxMnxO>
pare a stoichiometric LiNi@powders without cation mixing.  electrode also contributes for its structural stability and re-
Various approaches such as partial replacement of nickel byduces its production cost. Ohzuku et al. and Hwang et al. have
transition metals, changing preparation methods and condi-reported the specific capacity of around 150-200 mAh g
tions were adopted to improve its performance. The most for the LiNij;3C01/3Mn1/30, materials with a single phase
appropriate and successful methodology is to improve the and layered structur®,6]. Dahn and co-workers have syn-
structural stability of LiINiQ electrode by partial replace- thesized LiNiCo;_2«MnxO; electrode materials by a ‘mixed
ment of Ni by Co and Mn iong3-11] A solution of hydroxide’ method and they found that the cation mixing in-
LiNixCo1—2xMnyO, can be formed by the substitution of creases with the increase of Ni content in the synthesized
Ni ions by Co and Mn ions in LiNi@. The introduction materials[7,8]. The increase of low cost metals of Ni in
of Co in the LiNikCo1_2«MnyO5 electrode can eliminate its  LiNixCo1_2xMnyO> electrode could avoid electrolyte de-
composition at the end of the charge potential and improve
* Corresponding author. Tel.: +886 2 27376624; fax: +886 2 27376644, 1tS Initial specific capacity5,11]. Furthermore, the increase
E-mail addresshjh@ch.ntust.edu.tw (B.-J. Hwang). of Mn can enhance its structural stability and reduce its
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production cost. However, the slightly higher content of LiNixCo_2xMnyxO, (1/3<x<1/2) as a cathode and the
cobalt (0.1< x < 0.3) is necessary to achieve better cycle life, lithium (FMC) metal foil as an anode. A mixture of ethylene
but the production cost increases with the increase of Cocarbonate (EC): diethyl carbonate (DEC) (1:1) solvent con-
[3-8]. Itis of great importance to optimize the cobalt content taining 1 M LiPFs was used as an electrolyte. The polypropy-
in the LiNixCo1_>xMnyO, material to improve its electro- lene membrane was soaked in an electrolyte for 24 h prior to
chemical performance and reduce its cost simultaneously. use. The coin cellwas assembled in an argon-filled dry box in
In order to improve their electrochemical properties and which the moisture and oxygen contents were maintained less
reduce their cost, an attempt to optimize the cobalt contentinthan 1 ppm. The charge and discharge measurements were
the LiNixCo1_2xMnyO2 (1/3< x < 1/2) powders synthesized performed at 0.1C in the potential range of 3.0-4.5V at room
by a sol—gel process was performed. The structural proper-temperature.
ties, morphology and electrochemical properties of the syn-
thesized LiNiCo;_oxMnyO> powders were investigated in
the present work. The results were also compared with that3, Results and discussion
of the LiNiy/3C01/3Mny;30, electrode.
X-ray diffraction patterns of the LINCo;_2xMnyO;
(1/3<x < 1/2) powders synthesized by treating the precur-
2. Experimental sor at 900C for 12h are shown irFig. 1 The powders
with a single phase and layered structure were confirmed
Layered LiNkCo1—MnxO2 (1/3<x<1/2) powders  from the XRD analysis. All the diffraction peaks were in-
were synthesized by a sol-gel method using citric acid as adexed based on the hexagonal structurdaFeQ, with a
chelating agent. A stoichiometric amount of lithium acetate, space group oR3m in which the transition metal ions are
manganese acetate, and nickel acetate and cobalt nitrate wereurrounded by six oxygen atorfgj. In the XRD pattern, the
chosen as starting materials to prepare the precursor. All theextra peaks around 20-2&re corresponding to the Vaseline.
salts were dissolved in an appropriate quantity of distilled The lattice parameters (@ndc) and the peak intensity ra-
water and citric acid was added drop-wise with continuous tjo of l(003y!(104)Were determinedlable 1summarizes the
stirring. After dissolution of all salts, the temperature of so- calculated lattice parameter#a, and integrated intensity ra-
lution was raised to 80-9@ and continued stirring till the  tio. FromTable 1, the lattice parameters suchass 2.873A,
clear viscous gel was formed. The gel was vacuum dried atc= 14_29,&, lo3yl(104)=1.37 anct/a=4.97 were obtained
120°C for 2 h to obtain the precursor powder. The precursor forx=0.375. The slightincrease in the lattice parameters with
powder was decomposed at 48Din oxygen stream for 4h  anincrease in thevalue is due to the difference in the size of
and ground to fine powder and calcined at 9GGor 12 h un- the NP* and CG* [4,8,12] The value ol 003yl 04)is used
der oxygen flowing condition. The heating and cooling rate to measure the degree of the cation mixing in the layered
was maintained as“ per minute. compounds. Smaller thiyosyl(104) value, the higher the
The synthesized LINCo1_2xMnyO2 (1/3< x < 1/2) elec- disordering. o3yl (104)value is less than 1.2, it means that
trode powders were characterized by X-ray diffraction (Rik- undesirable cation mixing takes plai8. The loosyl(oa)
agu diffractometer, Rotaflex) using Cuadiation in the 2 value of 1.36 and 1.37 for the LilNgCoysMn130, and
range of 10—80with a scan rate of 2per minute. The surface LN 0.375C0p.25Mng 3760» Materials, respectively, indicating
morphology and particle size distribution of the synthesized no undesirable cation mixing is observed in these two sam-
powders were examined by scanning electron microscopy ples. However, the cation mixing is found if the cobalt content
(SEM) (JEOL, JSM 6500). Samples were prepared by gold
sputtering on the surface of the Lijo;_2xMnxO2 pow-

ders. SEM images were obtained at an accelerating voltage g j; g §
of 15kV with a magnification 10,000. j_ 5 T g 5E8Z _.s

Cathode films were prepared by mixing of active mate- _ = A<=
rial, carbon black, KS6 graphite and polyvinylidene fluoride 3 | | X =0.45
(PVdF) as a binder, respectively, in the ratio of 85:3.5:1.5:10 ‘E 1 1 l x=04
(w/w) andN-methyl pyrrolidinone (NMP) was used as a sol- 'é - -
vent. Slurry was obtained after mixing of carbon black, active g | L _ Xx=0.375
material, PVdF binder with NMP solvent and stirring. The = - _
resulting slurry was cast on Al foil using a doctor blade. The i - W8
coated Al foil was dried at 120C for 2 h to evaporate the '[ . T JCPDS
NMP solvent. The coated foil was roll-pressed and punched ' T — 5 L

10 20 30 40 50 60 70 80

to a circular disk. The electrode films were preserved in argon
filled dry box (Unilab, MBrun).

Electrochemical measurements were performed on arig. 1. X-ray diffraction patterns fox=1/3, 0.375, 0.4, 0.45, 0.5 in
coin type cell. The coin cell was assembled with LiNixCo; 2MnyO;.

20 (degree)
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Table 1

Structural parameters of the LifdGo;_»Mn,O, system

LiNi xCop_2Mn,Os a(A) c(A) c/a loo3/l104 (Observed) loo4/l104 (calculated)
x=0.333 (1/3) 2.866 14.27 4.98 1.36 1.393

x=0.375 2.873 14.29 497 1.37 1.382

x=0.4 2.876 14.293 4.97 1.20 1.381

x=0.45 2.885 14.296 4.96 1.26 1.376

x=0.5 2.897 14.321 4.94 1.14 1.364

in the synthesized materials is less than 0.2. The structuraltribution of the synthesized powders are expected to facilitate
parameters of the LiNi375Cap.25Mng 37502 compound are  the fast lithium kinetics, resulting in high specific capacity
similar to those of the LiNizCo1/3Mn1,30, one. and good cyclability3,13].

The surface morphology of the LiNTo;_2xMnyO» elec- The discharge  capacity  behavior of the
trode powders fok=0.375 and 1/3 is shown iRig. 2a and LiNixCop—oxMnyOy  (1/3<x<1/2) electrode at the
b, respectively. It can be seen from SEM micrographs clearly first cycle is shown inFig. 3. The discharge capacity of
that the crystallinity of the synthesized powders is quite good 192 and 188 mAhg! were obtained fox=0.375 and 1/3,
and their crystal faces are well-developed. The particle sizerespectively. The initial specific capacity af=0.375 is
distribution (PSD) of the synthesized powders is more uni- slightly higher than that ok=1/3. This is contributed from
form than that of the powders synthesized by a solid-state pro-that the content of Ni with lower redox potential increases
cess. Itindicates that cathode powders with good crystallinity with an increase in th& value. The charge and discharge
and uniform PSD can be synthesized by a sol—gel processcurves for the LiN{Co;_2xMnxO» (x=0.375) electrode are
Decreasing the Co content or increasing the Mn content leadsshown inFig. 4. It was found that the smooth charge and dis-
to decrease the particle size of the synthesized materials. Itcharge curves of the electrode, suggesting that the electrode

is consistent with our previous repdB]. The average di-  structure is stable and also provides a favorable network
ameter of the particle size for the LigNi75C0p.25Mng 37502 for faster lithium kinetics. The layered compounds exhibit
powders was found to be an order of 0.340m which is
slightly less than that of the LiNjzCo1/3Mn1;302 powder. 48
The well-defined crystal faces and uniform particle size dis- 4.6
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Fig. 3. Discharge curves fox=1/3, 0.375, 0.4, 0.45 and 0.5 in
LiNi xCo1_2xMnxO> at the first cycle.
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Fig. 2. Surface morphology forx=0.375 (a) andx=1/3 (b) in
LiNi xC0o1_2xMnyO>. Fig. 4. Charge and discharge curvesxer0.375 in LiNkCo;—2xMnxO.
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highest initial specific capacity (192 mAhg) were obtained
forx=0.375inthe LiNiCo;_2>xMnxO2 system at0.1C rate in
Fig. 5. Cyclability for x=1/3, 0.375, 0.4, 045 and 05 in the potential range of 3.0-4.5V. The structural parameters of
LiNi xCo1_2MnyO5. the LiNig 375C0g 25Mng 37502 powder are similar to those of

. the LiNi1/3C01/3Mn1/302 one but the electrochemical perfor-

a double plateau at 4.0V which suggests the occurrence o of the LiNg 376C.00 25Mo 37605 electrode is slightly

of the phase transformation (layered to spinel structure) Y
better than that of LiNi3Co1/3Mn1/30; electrode. Thus, the
[14]. The absence of the double plateau at around 4.0V . INV3CO/3MN3/502 )

. " . increase of low cost Ni and Mn in the LiNCo;—_2xMnyO2
ponﬁrms thg structgral ;tablllty of the synthe&;ed powders system can reduce its production cost.
is good during cyclingFig. 5 shows the cyclability of the
electrode at variousin the synthesized LINCo0;_2MnyO»
powders. Trl1e dischar.ge capacities of.188, 192, 135, 190 andAcknowIedgements
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