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Abstract: A new lithium ion battery cathode material , composite oxide LiNi,Co, Mn, ., ., 0, , was synthesized . The
structure and physical properties of the material, including composition, distribution of size , density and specific surface

area, were discussed. The characteristic of charge and discharge , reversible specific capacity and cycle property were also

studied. The relationship between the structure and properties of the composite oxides was explored. The results show

that the composite oxide with a reasonable composition is beneficial to the improve ment and enhance ment of the proper

ties .
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1 INTRODUCTION

Lithium ion battery is a new generation of
recharge battery following Cd Ni and Nr H, batter
ies!!!. For the improve ment of output voltage , specif-
ic energy and cycle properties of lithium ion battery,
one of the hot spots in research is to develop the cath-
ode-e mbedding material with high voltage, capacity
and good reversibility . The cathode materials that
were studied mostly include three kinds of rich lithi-

um transition metal oxides LiCoO,, LiNiO,, and
Li Mn, 04[2] . Among them , the preparation process of
LiCoO, is comparatively simple , its property is stable
and LiCoO, has been com mercially produced. But Li-
CoO, has disadvantages of high price and pollution[3].
LiNiO; has a stratiform structure , the sequence of cu-
bic close- packing is made up by oxygen atom'*!. The
locations of 3 (a) and 3 (b) in the octahedron of cu-
bic close- packing are occupied by nickel and lithium .
(31 influence the elec-
troche mical properties of LiNiO,, which makes the

Any dislocations in the structure

preparation very onerous, and the commercial appli-
cation of LiNiO, was also affected. Among the three
kinds of oxides, LiMnO, is the cheapest and has the
lowest pollution, but it has the disadvantages of lower
specific capacity and polyphase products[6] .

In order to lower the production cost, reduce the
pollution and improve the cycle properties of lithium
ion battery cathode material, this kind of composite

101 "such as Li Co, . -

oxide has been Synthesized[7~ v
Niyoz , LiCoxNiy Fe; . .. yoz and so forth. Based on
, 20,
was synthesized , its structure and properties are stud-
ied and the comparisons with LiNiO, are carried out

this consideration, the material LiNinoZ Mn, _

in this paper.
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2 EXPERI MENTAL

The analytically pure LiOH, Ni( OH),, MnO,,
Co; Oy were mixed and pressed with mass fractions of
Li, Ni, Mnand Coof1.1:0.8:0.1:0.1,1.1:0.7:
0.220.1,1.1:0.6:0.2:0.2and1.1:0.6:0.3:0.1
respectively.  And then the composite oxide,
LiNi Co,Mn, ., ,0,, was synthesized with synthe-
sis te mperature of 650 ~ 750 C, synthesis time of 12
~17h and under at mosphere of oxygen.

The compound composition was determined by
atomic absorption spectrum. The characteristic of
charge and discharge of LiNi Co,Mn, , , O, was
measured by DC5 battery electroche mistry measure-
ment. The determination of cycle voltammogram
curve was completed by BG & GPARC273 A potential-
stat . The structure of LiNi Co,Mn,_ . ,0, was de-
termined by Japan Rigaku D/ MAX 3B X ray diffrac-
tometer. The distribution of the particle size was
measured by 1AS-4 image particle-size analyzer .

3 RESULTS AND DISCUSSION

The physical properties of LiNi Co,Mn, -
O, , including compound composition, distribution of
particle size , density and specific surface area, were
studied. The compound electroche mical properties,
charge and discharge curves, specific capacity , cycle
voltam mogram curves and so on, were also compared
and discussed. The structure of the compound was

studied by X ray diffractometery .

3.1 Composition of compounds
The compositions of synthetic composited oxide
LiNi Co,Mn; . ,_ ,O0(0<y<1,0<2z<1), deter-
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mined by atomic absorption spectrum, were
Li; 1 Nig 39 Cog g9 Mng 19O, , Lig g9 Nig 69 Cop 290 Mng g9
0, , Lij 95 Nig 69Co0y » Mng 19O, and Lig 99 Nij 59 Cop 59°
Mng ;4 0, , respectively .
.1:0.8:0.1:0.1
3.2 Distribution of size iiggg%gé
The particle size distribution of composite com- - eX—X-1.1'0.6:0.3:0.1
pounds Lll 01 NIO 80 COO 09 Mno_lo 02 and Lio_gg NIO 69 S l' {b)
Coy 290 Mny 49O, was determined. The average particle
size of the two was 0.5 ~ 0.6 pm, which meets the
require ment of the battery material .
3.3 Density and specific surface area a2l
The bulk and tap density and the specific surface -
area of compounds were examined. The results are 10 1 2 3 i
shown in Table 1 . Time/h
Table 1 Density and specific surface area Fig.1 Charge and discharge curves of
of compounds LiNi, Co,Mn, _,_ .0, and LiNiO,
Bulk Tap Specific (a) —Charge ; (b) —Discharge
Compound density density surface area
/(geem™?) /(geem )  /(mPeg ') LiNiO, was determined and the results are 164, 165,
Li Ni _ ehe -1 . . .
Cl(; 01 I\ilorixo o | 48 2 51 0 .60 156 @A heg ", reSpectlvely.. The reversible specific
0.09 %0 .10 ~2 capacity of the two composite compounds are en-
162991310;9' o 1 49 253 058 hanced from 156 mA‘h'g'1 tol164 ~165 mA‘h'g'1
020 70 092 as compared with LiNiO, ; the electroche mical prop-
LiNi O, 1 .47 2.52 0.62

The results show that there is no obvious differ
ence in bulk density , tap density , specific surface area
between the composite oxides and LiNiO, . The above
indexes all meet the require ment of the battery mate-
rial .

3 .4 Electrochemical properties of compounds

The electroche mical properties of the compounds
were represented mainly in the curves of charge and
discharge, reversible specific capacity and the cycle
voltam mogram curves .
3.4.1 Curves of charge and discharge

The charge and discharge curves of the four com-
pounds and LiNiO, are shown in Fig.l . From Fig .1
it can be seen that the charge capacity of the com-
pounds is near that of LiNiO, ; the discharge platform
of Lij o1 Nig g0 Cog g9 Mng 19 O, and Liy g9 Nig 69 COg 20~
Mng g9 O, is increased; the discharge is smooth and
discharge capacity is enhanced. The discharge voltage
of Lig o8 Nig 60 C0g 20 Mng 19 O, and Lig g9 Nig 59 Cop 29°
Mny 14O, is lower and discharge velocity is rapid, but
the electroche mical properties are not perfect . The re-
sults above prove that the electroche mical properties
of the compound are affected by chemical compo
nents , and the properties of composite compound are
also affected by the content of each substances .
3.4.2

The reversible specific capacity of Li; o; Nij g¢
Cop 0o Mng 190, ,

Reversible specific capacity

Lig 99 Nig 69 C0g 290 Mng 99O,  and

erties are also improved .
3.4.3

The cycle voltammogram curves of compounds
Li; o1 Nig 30 Cog g0 Mg 19 O, , Lig g9 Nig 69 Cop .2 Mng g9
O, and LiNiO, was determined. It is found that the
cycle voltammogram curves of the two compounds
and LiNiO, were similar to each other, which indi-

Cycle voltam mogram curves

cates that the mechanism of charge and discharge is
identical , lithium ion is e mbedded in and out in the
locations of octahedron and tetrahedron respectively .

3.5 Structure of LiNinoZ Mn, y- .0

The XRD curves of Li; o; Niy go Cop g9 Mng 19 O,
and Lij g9 Niy 69 Cop 29 Mng g9 O, are shown in Fig.2,
compared with that of LiNiO, in Fig .3 . Peak (003)
of the two composite compounds are decreased in in-
tensity, the feature peak (120) appears near peak
(104) , but its intensity is weaker. The results indi-
cate that the crystal lattice parameters of Liy g9 Nij 69
Cog 5o Mg 9O, are: a =2 .880 Aand c=14.168 A.
The two composite compounds are solid solutions of
LiNiO,, LiCoO, and LiMnO, .

To keep balance of valence, cobalt and man-
ganese are all in high valence , the average valence of
Li; ¢ Nig 39Cog g9 Mng ; O, is 3 .38 , and that of Lij g9
Nig 49 Cog 29 Mng g9 O, is 3 .35 by valence analysis .
The high valence of cobalt and manganese would be
beneficial to the e mbedding in and out of lithium ion,
so that the discharge platforms of the two composite
compounds have been enhanced and the reversible
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cific surface area) are similar to each other.
(a) 104 2) In the composite compounds, the discharge
platforms of Li; o; Nig g9 Cop g9~ Mng ; O, and Lig g9
Niy 69 Cop 290 Mng g9 O, are enhanced. Reversible spe-
003 cific capacity is improved. The cycle voltammogram

(b}
164
003 018
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W 1 J\-J\—
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28/
Fig.2 XRD curves of compounds
(a) —Lij o Nig 590C0p .09 Mg 140, 3
(b) —Lig 99 Nig 69 COp 590 M1 g9 O,
104
018
403 006 10
H h 120
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Fig.3 XRD curves of LiNiO,

discharge capacity has been improved.
4 CONCLTUSIONS

1) The physical properties of Li; o Nig g9 Cop g9-
Mn0_10 02 , LIO 99 NIO 69 COO 20 Ml’lo_og 02 and LiNi 02

(such as distribution of particle size , density and spe

curves of the two compounds are similar to that of
LiNiO,, which shows that the mechanism of charge
and discharge is the same .

3) The structure analysis indicates that compos-
ite oxides belong to hexagonal system. Cobalt and
manganese in the compounds exist in high valence,
which conforms to the results of electroche mical de-
ter mination .
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