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POSITIVE ACTIVE MATERIAL FOR
RECHARGEABLE LITHIUM BATTERY AND
METHOD OF PREPARING SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATION

This application [is based on application] claims priority to
and the benefit of Korvean Patent Application Nos. [00-12504]
10-2000-0012504 and [014898] 10-2001-0004898 filed in
the Korean Industrial Property Office on Mar. 13, 2000 and
Feb. 1, 2001, the [content of which is] contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a positive active material
for a rechargeable lithium battery and a method of preparing
the same, and more particularly, to a positive active material
for a rechargeable lithium battery exhibiting good electro-

chemical properties and a method of preparing the same.
(b) Description of the Related Art

Rechargeable lithium batteries use a material from or 1nto
which lithium 1ons are intercalated or deintercalated as posi-
tive and negative active materials. Rechargeable lithium bat-
teries produce electric energy by an oxidation and reduction
reaction during the intercalation and deintercalation of

lithium 10mns.

For the positive active material 1n the rechargeable lithium
battery, chalcogenide compounds 1nto or from which lithium
ions are intercalated or deintercalated are generally used.
Typical examples include [1CoO,, LiMn,O,, LiMnO.,,
Li1N10O,, or LiNi1,_ Co O,(0<X<1). L1CoO, provides good
clectrical conductivity, a high cell voltage ofabout 3.7V, good
cycle life and safety characteristics, and high discharge
capacity of 160mAh/g, and thus 1t 1s widely used. However, 1t
1s very expensive and the cost portion of L1CoO, reaches to
30% of the total manufacturing cost of the battery. Therefore,
it 1s desirable to develop a low cost positive active matenal to
replace L1CoQ.,,.

Manganese-based materials such as LiMn,O, or LiMnQO,
are easy to prepare, cost less than Li1CoQO,, are environmen-
tally friendly, and have higher cell voltage (3.9V) than that of
L1Co0,. However, the manganese-based materials have alow
capacity of about 120 mAh/g, which 1s smaller than that of
L1C00O, by 20%. Thus, with manganese-based materials it 1s
difficult to fabricate high capacity or thin batteries. LiN10O, 1s
also lower cost than L1CoQO, and has a high charge capacity,
but 1s difficult to produce. LiN1, _ Co, O, (0<X<1) also has a
larger capacity (200 mAh/g) than L1CoQ,, but a lower dis-
charge potential, inferior cycle characteristics to L1CoO,, and
poor safety characteristics.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a positive
active material for a rechargeable lithium battery exhibiting
g00d electrochemical characteristics, which 1s also 1nexpen-
SIvVe.
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2

It 1s another object to provide a positive active material for
a rechargeable lithium battery exhibiting good thermal sta-
bility.

It 1s still another object to provide a method of preparing
the positive active material.

These and other objects may be achieved by a positive
active material for a rechargeable lithium battery including at
least one compound represented by formulas 1 to 4, and a
metal oxide or composite metal oxide layer formed on the
compound.

Li,Ni,_,Mn F, (1)
Li,Ni,_Mn,S, (2)
LiNi,_,_,Mn,MO,_,F, (3)
Li,Ni;_,_Mn,M.O,_,S, (4)

(where M 1s selected from the group consisting of Co, Mg, Fe,
Sr, T1, [BP] B, P, Si, Ga, Al, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am,
Cm, Bk, Cif, Es, Fm, Md, No and Lr, and 0.95=x=1.1,
0<y=0.99, 0=7z=0.5, and 0=a=0.5).

In order to achieve the objects, the present invention pro-
vides a method of preparing the positive active material for a
rechargeable lithium battery. In the method, at least one com-
pound represented by formulas 1 to 4 1s prepared and the
compound 1s coated with a metal alkoxide solution, an
organic solution of metal salt or an aqueous solution of metal
salt. The coated compound 1s then heat-treated. The com-
pound represented by formulas 1 to 4 1s prepared by co-
precipitating a nickel salt and a manganese salt to prepare a
nickel manganese salt, mixing the nickel manganese salt with
a lithium salt, and then heat-treating the mixture. In the co-
precipitation step, a fluorine or sulfur salt may be further used.
Alternatively, a salt of metal 1s further used 1n the mixing step.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the mvention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings, wherein:

FIG. 1a 1s an SEM photograph showing a positive active
material of the present invention;

FIG. 1b is the SEM photograph of FIG. 1a enlarged by [10]
8 times;

FIG. 2 1s a graph illustrating the low-rate charge and dis-
charge characteristics at the first cycle ol positive active mate-
rials according to an Example and Comparative Example of
the present invention;

FIG. 3 1s a graph illustrating the discharge potential at the
first cycle of positive materials according to an Example and
Comparative Example of the present invention;

FIG. 4 1s a graph 1illustrating cycle life characteristics of
positive active materials according to an Example and Com-
parative Example of the present invention;

FIG. 5 1s a graph showing an XRD (X-ray diffraction)
result of positive active materials according to an Example
and Comparative Example of the present invention;

FIG. 6 1s a graph illustrating a DSC (differential scanning,
calorimetry) result of a positive active material according to
an Example and Comparative Example of the present inven-
tion;

FIG. 7 1s a graph 1illustrating the high-rate charge and
discharge cycle characteristics at the first cycle of positive
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active materials according to an Example and Comparative
Example of the present invention; and

FIG. 8 1s a graph illustrating the charge and discharge
characteristics after 50 cycles of positive active matenals
according to an Example and Comparative Example of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

A positive active material of the present invention is a
LiN1MnQO,-based material to replace L1CoO,, which exhibaits
good electrochemical properties but 1s of high cost. The LiN-
1IMnQO,-based material of the present invention uses Ni and
Mn which 1s lower cost than Co. It has the advantages of both
L1N10,, which has high discharge capacity and 1s low cost,
and LiMnO, which exhibits high cell voltage and 1s also of
low cost. In addition, the positive active material of the
present invention has a metal oxide or composite metal oxide
layer included on a surface thereof to improve charge-dis-
charge characteristics. Accordingly, the positive active mate-
rial of the present invention has comparable electrochemical
properties to that of L1CoO,, while 1t 1s significantly lower cost
than [1CoO,. The positive active material of the present
invention can economically provide rechargeable lithium bat-
teries exhibiting good electrochemaical properties (especially
cycle life, high-rate characteristics, high discharge potential,
and thermal stability).

The positive active material of the present invention

includes at least one compound represented by formulas 1 to
4.

Li,Ni,_ Mn,F, (1)

Li,Ni,_ Mn,S, (2)

Li,Ni,_,_,MnMO,_F, (3)

LiNi,_, ,Mn MO, S

2—aa

(4)

(where M 1s selected from the group consisting of Co, Mg, Fe,
Sr, 11, B, S1, Ga, Al, Sc., Y, La, Ce, Pr, Nd, Pm, Sm, Eu, GGd, Th,
Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk,
Ci, Es, Fm, Md, No and Lr, and 0.95=x=1.1, 0<y=0.99,
0=z=0.5, and 0=a=0.5)

The metal 1n the metal oxide or composite metal oxide
layer 1s selected from Mg, Al, Co, K, Na, Ca, S1, 11, V, Sn, Ge,
(Ga, B or As. The composite metal oxide 1s formed by reacting
a metal salt or salts with the metal compound represented by
formulas 1 to 4.

It 1s preferable that the thickness of the metal oxide or
composite metal oxide layer 1s 1 to 100 nm, and preferably 1
to S0 nm. If the thickness of the oxide layer 1s less than 1 nm,
the effect obtained by coating metal oxide or composite metal
oxide onto the compound 1s not evident. Whereas, i1 the
thickness thereotf 1s more than 100 nm, the oxide layer
becomes undesirably thick so that the movement of lithium
ions 1s hindered significantly.

A method of preparing a positive active material will be
illustrated in more detail.

A nickel salt and a manganese salt are co-precipitated to
produce a nickel manganese salt. Alternatively, a fluorine salt
or a sulfur salt may be co-precipitated together with the nickel
and manganese salts. Any nickel, manganese, fluorine and
sulfur salts may be employed as long as the resultant com-
pound 1s capable of mtercalating and deintercalating lithium
ions. However, one exemplary embodiment of the nickel salt
may be nickel hydroxide, nickel nitrate or nickel acetate, and
of the manganese salt may be manganese acetate or manga-
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4

nese dioxide. The fluorine salt may be manganese fluoride or
lithium fluoride, and the sulfur salt may be manganese sulfide
or lithium sulfide.

The nickel manganese salt 1s mixed with a lithium salt. The
lithium salt may be lithtum nitrate, lithium acetate or lithium
hydroxide, but 1t 1s not limited thereto. Alternatively, an addi-
tional metal salt may be added to the mixture. The metal may
be Co, Mg, Fe, Sr, T1, B, 81, Ga, Al, Sc, Y, or a metal from the
lanthanide or actinide series. The lanthanide series includes
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and
Lu, and the actinide series includes Ac, Th, Pa, U, Np, Pu, Am,
Cm, Bk, Cf, Es, Fm, Md, No and [Lw] Lr. One exemplary
form of the metal salt may be an oxide, a nitrate, an acetate or
a hydroxide of the metal. The mixing step may be a dry
mixing process, or a wet mixing process using an organic
solvent as the mixing medium. The organic solvent may be an
alcohol such as ethanol, or acetone.

In the above preparation, a compound represented by one
of formulas 1 to 4 1s obtained.

The mixture 1s heat-treated (first heat-treatment) 1 a
stream of air to prepare a compound represented by one of
formulas 1 to 4. The heat-treating step 1s performed at 200 to
900° C. for 1 to 20 hours in the presence of oxygen. If the
heat-treating step 1s performed at less than 200° C., the
lithium salts do not react completely with the metal salts. If
the heat-treating step 1s performed above 900° C., L1 1s par-
tially evaporated resulting in the formation of a lithium-defi-
cient compound. If the heat-treating [it] is performed for less
than 1 hour, the desired crystalline material 1s not formed. IT
the heat-treating 1s performed for a period longer than 20
hours, an overly crystallized product i1s obtaimned or Li 1s
partially evaporated thereby causing an unstable structure.

Subsequently, the resulting compounds are coated with a
metal alkoxide solution, an organic solution of metal salt, or
an aqueous solution of metal salt. The coating process may be
performed by a sputtering method, a chemical vapor deposi-
tion (CVD) method, an impregnation method such as dip
coating, or by using any other general-purpose coating tech-
nique. Any other coating techniques, 1f available and appli-
cable, may be as effective as the methods described herein. A
common method of coating 1s dip coating the powder 1n the
solution.

The metal 1n the metal alkoxide solution, the organic solu-
tion of metal salt, or an aqueous solution of metal salt may be
any metal that 1s capable of dissolving 1n alcohol, organic
solvents or water. One exemplary embodiment of the metal
may be Mg, Al, Co, K, Na, Ca, S1, T1, V, Sn, Ge, Ga, B or As.
A preferable metal 1s Al.

The metal alkoxide solution 1s prepared by the reaction of
an alcohol with metal o1 0.1 to 20% by weight, and preferably
0.1 to 10% by weight of the alcohol. Alternatively, the metal-
alkoxide 1s prepared by dissolving metal alkoxide. The alco-
hol may be methanol, ethanol, or 1sopropanol. The organic
solution of metal salt 1s prepared by mixing organic solvent
with metal salt o1 0.1 to 20% by weight, and preferably 0.1 to
10% by weight of the organic solvent. Useful organic solvent
1s hexane, chloroform, tetrahydrofuran, ether, methylene
chloride or acetone. The metal aqueous solution 1s prepared
by mixing water with metal or metal oxide 01 0.1 to to 20% by
weight, and preferably 0.1 to 10% by weight of water.

One exemplary embodiment of the metal alkoxide solution
1s tetraorthosilicate purchased from Aldrich, Co., or tetra-
cthylorthosilicate obtained from a mixture of silicate and
cthanol. One exemplary embodiment of the metal aqueous
solution 1s vanadium oxide or ammonium vanadate.

When the metal 1s less than 0.1% by weight of alcohol,
organic solvent or water, the effect obtained by coating the
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solution onto the powder 1s not evident. In contrast, when
metal 1s more than 20% by weight of water or alcohol, the
resultant coating layer becomes undesirably thick.

The coated compound 1s dried under ambient atmosphere
followed by a heat-treatment (second heat-treatment). The
heat-treating step 1s carried out at 100 to 800° C. for 5 to 20
hours. If the heat-treating temperature 1s lower than 100° C.,
an oxide layer 1s not formed on the surface, whereas, 11 the
heat-treating temperature 1s above 800° C., the metal oxide or
metal salt 1s diffused into the crystalline structure. If the
heat-treating step 1s carried out for more than 20 hours, simi-
lar problems may occur.

As a result of the heat-treatment, the metal alkoxide solu-
tion, metal salt organic solution, or metal salt aqueous solu-
tion 1s converted 1nto metal oxide or composite metal oxide.
In this way, a metal oxide or composite metal oxide-coated
active material 1s prepared. The metal oxide formed on the
surface of the compound may be derived from a single metal
alkoxide solution, metal salt organic solution or metal salt
aqueous solution, while the composite metal oxide formed on
the surface of the compound may be derived from a composite
material including cobalt, nickel, nickel-manganese or man-
ganese salt and metal alkoxide solution, metal salt organic
solution or metal salt aqueous solution. For example, LiCoQO,
can be coated with aluminum alkoxide sol and then this
alkoxide-coated L1CoO, can be heat-treated to produce a
positive active material coated with a composite metal oxide
of cobalt and aluminum (Co—Al—O) and/or aluminum
oxide (Al,O;). The heating step 1s preferably performed
under dry air or oxygen to obtain a uniform crystalline active
material. The positive active matenal of the present invention
obtained from the above procedure has a spherical form, and
exhibits a comparable or greater discharge capacity than
L1Co0,. Furthermore, the cost for producing L1CoQO, 1s high
because expensive Co,0, 1s used for a starting material (the
cost of Co;,0, accounts for 70% or more of the production
cost of L1C00Q,), but the positive active material of the present
invention 1s produced with low cost nickel salt and manga-
nese salt so that the production cost 1s significantly reduced.
The positive active material of the present invention has a
metal oxide or composite metal oxide layer, which results in
the prevention of voltage fading near the ends of discharge.
Accordingly, the positive active material of the present inven-
tion has a significant cost merit over the popular L1CoQO,, for
a rechargeable lithium battery without sacrificing the high
capacity of L1CoOQ.,,.

The following examples further illustrate the present
ivention.

Example 1

Nickel hydroxide and manganese hydroxide were co-pre-
cipitated 1 a 9:1 mole ratio to prepare a nickel-manganese
oxyvhydroxide. L1OH was mixed with the nickel-manganese
[oxyhydrbxide] oxvhydroxide and they were mixed in a mor-
tar.

The mixture was heat-treated (first heat-treatment) at 700°
C. for 20 hours while dry air was blowing on it to prepare
LiN1, ;Mn, ; O, powder. The size and shape of particles of
LiN1, ;Mn, ,O, were confirmed by SEM and the structure

thereol was confirmed by XRD.

The LiNi, ,Mn, ,;O, powder was dipped into a 5% Al-
1sopropoxide solution and shaken for about 10 minutes to coat
uniformly on the LiN1, ;Mn, O, powder with the Al-1sopro-
poxide solution. The coated powder was dried for about 2
hours under ambient atmosphere.
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The dried LiNi, ;Mn, ;O,powder was heat-treated (sec-
ond heat-treatment) at 300° C. for 10 hours while dry air was

blown on 1t. The resultant positive active material was Al,O;-
coated LiNi, ;Mn, ,0O,.

Example 2

A positive active material was prepared by the same pro-
cedure as 1n Example 1 except that nickel hydroxide was
mixed with manganese hydroxide in a mole ratio of 7:3, a
10% Al-1sopropoxide solution was used, the first heat-treat-
ing step was performed at 750° C. for 12 hours and the second
heat-treating step was performed at 500° C. for 10 hours.

Example 3

A positive active material was prepared by the same pro-
cedure as 1 Example 1 except that nickel hydroxide was
mixed with manganese hydroxide 1n the mole ratio of 7:3, a
10% Al-1sopropoxide solution was used, the first heat-treat-
ing step was performed at 700° C. for 12 hours and the second
heat-treating step was performed at 500° C. for 10 hours.

Example 4

A positive active material was prepared by the same pro-
cedure as 1n Example 1 except that nickel hydroxide was
mixed with manganese hydroxide 1n the mole ratio of 5:3, a
1.0% Al-1sopropoxide solution was used, the first heat-treat-
ing step was performed at 650° C. for 12 hours and the second
heat-treating step was performed at 700° C. for 10 hours.

Example 5

A positive active material was prepared by the same pro-
cedure as 1n Example 1 except that nickel hydroxide was
mixed with manganese hydroxide 1n the mole ratio of 1:9, a
1.0% Al-1sopropoxide solution was used, and the first heat-
treating step was performed at 750° C. for 20 hours.

Example 6

A positive active material was prepared by the same pro-
cedure as 1n Example 1 except that nickel hydroxide was
mixed with manganese hydroxide 1n the mole ratio of 5:5, a
5.0% Al-1sopropoxide solution was used, the first heat-treat-
ing step was performed at 650° C. for 12 hours, and the
second heat-treating step was performed at 700° C. for 10
hours.

Example 7

A positive active material was prepared by the same pro-
cedure as 1n Example 1 except that nickel hydroxide was
mixed with manganese hydroxide 1n the mole ratio of 7:3, a
5.0% Mg-methoxide solution was used, the first heat-treating
step was performed at 750° C. for 12 hours, and the second
heat-treating step was performed at 750° C. for 10 hours.

Comparative Example 1

A positive active material was prepared by the same pro-
cedure as 1 Example 2 except that the coating with the
Al-1sopropoxide solution was not carried out.

Each of the positive active matenals according to
Examples 1 to 7 and Comparative Example 1 were individu-
ally mixed with a Super P conductive carbon powder, and a
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polyvinylidene fluoride binder (94/3/3 weight ratio) in N-me-
thyl pyrrolidone to prepare a slurry. The slurry was coated on
an Al-foil current collector to produce a positive electrode.
Using the positive electrode and a lithium metal reference/
counter electrode, a 2016-type coin cell was fabricated. A 1M
L1PF . solution of ethylene carbonate and dimethyl carbonate
(1/1 volume ratio) was used for an electrolyte. A microporous
polyethylene film was used for a separator.

The SEM photograph of the positive active material

according to Example 2 1s shown in FIG. 1a. FIG. 1b1s a view
of FIG. 1a expanded [10] & times. As shown in FIGS. 1a and

1b, the positive active material according to Example 2 has a
substantially spherical form and uniform shape with various
particle sizes giving an increased packing density of the posi-
tive active material 1n the positive electrode, thereby giving
improved capacity.

To evaluate the effects of the metal oxide layer on the
charge and discharge characteristics, initial charge character-
istics of the cells according to Example 2 and Comparative
Example 1 were evaluated. The 1nitial charge and discharge
characteristics were measured at a 0.1C rate between 4.3V
and 2.75V. The results are presented 1n FIG. 2. As shown 1n
FIG. 2, the discharge potential and discharge capacity of the
cell of Example 2(a) are higher than those of Comparative
Example 1(b). These improvements are deemed to be owing
to the modification of the surface structure, 1.e., the metal
oxide layer on the surface of the positive active matenial. In
addition, the total area under the voltage curve for the dis-
charge (total usable energy) of the cell of Example 1 1n FIG.
2 1s larger than that of Comparative Example 1, showing
higher available energy for the cell of Example 1 than that of
Comparative Example 1.

In order to show the advantageous etffect of the metal oxide
layer on the first discharge potential clearly, the discharge
potentials shown in FIG. 2 are re-plotted against relative
(percentage) specific discharge capacity in FIG. 3. It 1s evi-
dent from FIG. 3 that the discharge potentials at approxi-
mately 93 to 98% specific discharge capacity of Example 2(a)
1s significantly higher than those of Comparative Example
1(b), and as large as about 0.1V (about 3%) at a certain point.

The cycle lhife characteristics of the cells according to
Example 2 and Comparative Example 1 are presented in FIG.
4. As shown 1n FIG. 4, the cycle life characteristics of the cell
according to Example 2(a) 1s slightly better than that of Com-
parative Example 1(b).

The structural characteristic of the positive active material
according to Example 3 was confirmed by XRD and the result
1s shown 1n FIG. 5.

The effect of the metal oxide layer on the thermal stability
was confirmed by DSC (differential scanning calorimetry).
After cells according to Example 2, Comparative Example 1
and L1N1, ,Co, ,Sr, 50,0, (Honjo, Co.) were chargedto 4.3V,
DSC measurements were carried out and the results are pre-
sented 1 FIG. 6 (Example 2: a; Comparative Example 1: b;
LiN1, sCoq 515 60-05: €). FIG. 6 demonstrates that the cell of
Example 2(a) showed smallest exothermic peak, whereas
those of  Comparative Example 1(b) and
LiN1, ,Co, ,Sr;, 00,0, (¢) each showed a larger exothermic
peak than that of Example 2. When the cell i1s charged, the
manganese active material 1s converted into unstable Li1,__
NiMn,O,. The bond between metal and oxygen (MnQO) of
this compound 1s easily broken releasing oxygen. The
released oxygen reacts with other cell components such as the
clectrolyte at elevated temperature producing heat, and the
produced heat causes the exothermic DSC peak. A smaller
exothermic peak area means that the reactivity of the positive
active material with the electrolyte 1s smaller. The observa-
tion that the active material according to Example 2 shows a
small exothermic peak means that 1t has an excellent stability.
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Finally, the effect of the metal oxide layer on the high rate
(1C) charge and discharge characteristics were evaluated by
measuring the charge and discharge voltage curves at the first
cycle and the fiftieth cycles of the cells according to Example
2 and Comparative Example 1, respectively. The results are
presented 1. FIGS. 7 and 8. In FIGS. 7 and 8, “a” denotes
Example 2 and “b” denotes Comparative example 1. It 1s
evident from FIGS. 7 and 8 that the charge and discharge
potentials at the first as well as fiftieth cycles of the cell of
Example 1 are higher than those of Comparative Example 1.

The positive active material of the present invention have
much reduced raw maternial cost and therefore can be pro-
duced at a reduced cost in comparison with popular Li1CoO,
while 1t exhibits good electrochemaical properties. Therelore,
a high cost L1iCoO, may be replace by the positive active
materials of the present invention. It 1s also expected that a
battery using the positive active material of the present inven-
tion will exhibit improved energy (Wh), cycle life, and ther-
mal stability which 1s closely related to the battery safety.

While the present invention has been described in detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and substi-
tutions can be made thereto without departing from the spirit
and scope of the present invention as set forth in the appended
claims.

What 1s claimed 1s:

1. A positive active material for a rechargeable lithium
battery comprising:

a plurality of active material particles, each [particle] of the

active material particles comprising at least one com-

pound selected from the group consisting of compounds
of [the] formulas [1 to 4] 1 ard 2;

[l

Li,Ni,_,Mn_F, (1)
Li,Ni,_,Mn,S, (2)
[LiNi;_,_,MnM,O, F, (3)]
[LiNi;_,_,MnM,0, S, (4)]

where [M is selected from the group consisting of Co, Mg, Fe,
Sr, T1, B, S1, Ga, Al, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Fu, Gd, Th,
Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk,
Cf, Es, Fm, Md, No and Lr, and] 0.95=x=1.1, and
0<y=0.99], 0=2z=0.5, and 0=a=0.5]; and a metal oxide or
composite metal oxide layer generally-spherically coating
cach of the active material particles.

2. The positive active material for [a] the rechargeable
lithium battery of claim 1 wherein a metal 1n the metal oxide
or composite metal oxide 1s selected from the group consist-
ing of Mg, Al, Co, K, Na, Ca, S1, 11, V, Sn, Ge, Ga, B and As.

3. The positive active material for [a] t2e rechargeable
lithium battery of claim 1 wherein a thickness of the layer 1s
1 to 100 nm.

4. The positive active material for the rechargeable lithium
battery of claim 1, wherein the composite metal oxide com-
prises a metal of a metal alkoxide or a metal salt and a metal
of the compound selected from the group consisting of formu-
las I and 2.

5. A positive active material for a rvechargeable lithium
battery comprising:

a plurality of active material particles, each of the active
material particles comprising at least one compound
selected from the group consisting of compounds of for-
mulas 3 and 4;

Li Ni;_, Mn MO, F,

(3)

LI‘xNIlf—y—ZMH_}MEOE—aSa (4)

where M is selected from the group consisting of Co, Mg, Fe,
Sr. 11, B, Si, Ga, Al, Sc, Y La, Ce, Pr Nd, Pm, Sm, Fu, Gd, Th,
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Dy, Ho, kv, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, ({,
Es, Fm, Md, No and Lv, and 0.95=x=1.1, 0<y=0.99,
0=z=0.5, and 0=a=0.5; and a metal oxide or composite
metal oxide layer generally-sphevically coating each of the
active material particles, and
wherein a thickness of the metal oxide or composite metal
oxide layer is 1 to 100 nm, and

5

10

wherein the composite metal oxide comprises a metal of a
metal alkoxide or a metal salt and a metal of the com-

pound selected from the group consisting of formulas 3
and 4.
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