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ABSTRACT

Provided is a metal oxide for a cathode active material of a
lithium secondary battery capable of having improved struc-
tural and thermal stability, high efficiency, high capacity, and
excellent cycle property and life span property, the metal
oxide represented by the following Chemical Formula 1:

Li,Ni,Co,M,0,

ar VoYt

[Chemical Formula 1]

(in Chemical Formula 1, M is any one selected from alu-

minum, magnesium, titanium, gallium and indium, and
a, X, y and z satisfy 1.01=a=<1.05, 0.7=x=0.9, 0<y=0.17,
0.02<7<0.16, and x+y+z=1, respectively).
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LAYERED LITHIUM NICKEL OXIDE,
PROCESS FOR PRODUCING THE SAME AND
LITHIUM SECONDARY CELL EMPLOYING
IT

TECHNICAL FIELD

[0001] The present invention relates to a lithium metal
oxide for a cathode active material of a lithium secondary
battery.

BACKGROUND

[0002] As portability of electronic products becomes
important, a lithium secondary battery has been widely used
as a power of electronic devices having a small size, such as
notebook PC, PDA, mobile phone, video camera, and the like,
and due to properties of high capacity, high output, long-term
life span, and the like, an application range thereof has been
extended. However, the lithium secondary battery has a dif-
ficulty in being used for a long-term due to limitation of the
existing electrode materials used in the lithium secondary
battery. In order to overcome the above-described problem,
various researches have been conducted, and in particular,
development of a new cathode active material has been vari-
ously researched.

[0003] A representative material of the cathode active
material of the lithium secondary battery is lithium cobalt
oxide (LiCoO,), and as substitutes thereof, lithium nickel
oxide (LiNiO,), lithium manganese oxide (LiMnO,), or
lithium nickel cobalt manganese oxide (LiNi,_, ,Co,Mn O,),
each having a layered structure, lithium manganese oxide
(LiMn,0,) having a spinel structure, lithium iron phosphate
oxide (LiFePO,) having an olivine structure, and the like,
have been actively researched.

[0004] Since a lithium cobalt oxide (LiCoO,)-based active
material has problems such as high raw material cost, and low
thermal stability of cobalt, it is difficult to secure cost, capac-
ity, or stability required in medium- and large-sized electric
vehicle market such as hybrid electric vehicle (HEV) and
electric vehicle (EV).

[0005] Inorder to substitute the lithium cobalt oxide active
material, a manganese-based spinel or an olivine structure
using iron have come to the front. However, a cathode active
material having a spinel structure using manganese has sig-
nificantly deteriorated capacity due to elution of manganese
at high temperature and has a capacity relatively smaller than
that of LiCo0O,. In addition, the olivine-based cathode active
material has advantages such as raw material cost reduction
and high thermal stability due to the use of iron; however,
problems such as low driving voltage and low electric con-
ductivity.

[0006] Patent document 1 (Korean Patent Laid-Open Pub-
lication No. KR 10-2010-0042145) discloses a cathode active
material for a lithium secondary battery containing a lithium
transition metal composite oxide, wherein the cathode active
material contains manganese, and halogen element or sulfur
to improve life span properties and charge and discharge
properties of the lithium secondary battery; however, due to
dispersion, structural and thermal stability are still deterio-
rated and electrochemical properties such as capacity dete-
rioration, and the like, are poor.

[0007] Meanwhile, the cathode active material using nickel
only is appropriate for a battery for high capacity and high
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voltage but has capacity deterioration occurred due to cation
mixing and structural instability and weak thermal stability.
[0008] As a nickel-based cathode active material, a com-
position having LiNi; Co O, (x<0.2) is a representative
example, and since cost of cobalt with respect to nickel is
high, the cathode active material has a relatively high cost as
compared to an LiNiO, material not containing cobalt, but is
easy to be prepared. Nonetheless, LiNi, ,Co,O, (x<0.2) cath-
ode material still has a problem during charge/discharge pro-
cess, which is because a basic structural stability of the
LiNiO, typed cathode material is deteriorated.

RELATED ART DOCUMENT

[0009] (Patent Document 1) Korean Patent [Laid-Open Pub-
lication No. KR 10-2010-0042145 (Apr. 23, 2010)

SUMMARY

[0010] An embodiment of the present invention is directed
to providing a metal oxide for a cathode active material of a
lithium secondary battery capable of having a regular crys-
talline structure to be easily synthesized and having a stabi-
lized crystalline structure in a charged state to remarkably
improve thermal and structural stability and express electro-
chemical properties such as high capacity and high efficiency,
a method for preparing the same, and a lithium secondary
battery containing the same.

[0011] In one general aspect, a metal oxide for a cathode
active material of a lithium secondary battery is represented
by the following Chemical Formula 1:

Li,Ni,Co,M,0,

[0012] (in Chemical Formula 1, M is any one selected from
aluminum, magnesium, titanium, gallium and indium, and a,
X, v and z satisfy 1.01=a<1.05, 0.7=x<0.9, 0O<y=0.17,
0.02<7<0.16, and x+y+z=1, respectively).

[0013] In the metal oxide for a cathode active material of a
lithium secondary battery represented by Chemical Formula
1 above, nickel and cobalt may be selected as a transition
metal, and any one metal selected from aluminum, magne-
sium, titanium, gallium and indium may be selected as a
Group 3A metal, and due to addition of the metals, the metal
functions as an axis in a structure, thereby not causing a
structural change even though an excessive content of lithium
is desorbed at the time of charge and discharge. Therefore,
due to doping of the transition metal and the Group 3 A metal,
electrochemical properties such as high capacity and high
efficiency may be expressed and structural stability may be
maximized, thereby increasing cycle property and life span
property. It is more preferred that aluminum is selected as the
Group 3A metal. Aluminum shows electrochemical inert
state in a structure and may maximize structural stability by
strong bond between aluminum and oxygen, thereby improv-
ing electrochemical properties such as high capacity and high
efficiency, cycle property, and life span property at the time of
charge and discharge.

[0014] In the metal oxide for a cathode active material of a
lithium secondary battery according to an embodiment of the
present invention, structural stability may be improved by
doping Li—Co—Ni-based composite precursor oxide with
Group 3A metal, wherein a molar ratio of the content thereof
is 0.02 to 0.16 mol %, preferably 0.02 to 0.13 mol %, and
more preferably, 0.02 to 0.09 mol % to provide high capacity
and high efficiency depending on charge and discharge.

[Chemical Formula 1]
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[0015] Inthe metal oxide for a cathode active material of a
lithium secondary battery according to an embodiment of the
present invention, concentration gradient of M being Group
3 A metal may be decreased from a surface of a particle toward
a center thereof. Concentration of M in the metal oxide may
be high on the surface thereof to increase reactivity on the
surface and to decrease volume expansion, thereby maintain-
ing structural stability and preventing capacity and life span at
high efficiency from being deteriorated. In addition, thermal
stability may be increased due to binding force of Al—O
stronger than that of Ni—O.

[0016] A crystalline structure of the metal oxide for a cath-
ode active material of a lithium secondary battery according
to an embodiment of the present invention is a rhombohedral
structure, thereby expressing excellent charge and discharge
cycle stability. That is, the cathode active material may have
an R-3m rhombohedral structure by limiting molar ratio of
lithium, nickel, cobalt and Group 3A element in chemical
structural formula represented by Chemical Formula 1 above.

[0017] In Chemical Formula 1, a showing a content of
lithium is preferred to be 1, and in a case where a is less than
1, the desired capacity of the material may be decreased and
formation of Ni** in the lithium layer may be increased.
Further, ina case where ais 1.1 or more, impurities may occur
due to residual lithium salt.

[0018] Nickel has a content 0f 0.7 to 0.9 to implement high
capacity, and in a case where a content of nickel is more than
0.9, structural stability and thermal stability may be deterio-
rated. In addition, cobalt is an element that is helpful in
forming R-3m rhombohedral structure, wherein the cobalt
has a content less than 0.17, which is economical in view of a
preparation cost.

[0019] In the present invention, the content of Group 3A
element is 0.02 to 0.16 showing electrochemically inert state
in a structure, wherein in a case where the content thereof is
more than the range, the material capacity is decreased, such
that properties may be deteriorated, and therefore, the content
of Group 3 A element is preferably 0.02 to 0.13, more prefer-
ably, 0.02 to 0.09.

[0020] Inanother general aspect, a method for preparing a
metal oxide for a cathode active material of a lithium second-
ary battery includes: preparing an aqueous solution by dis-
solving acetate containing at least any one metal selected
from aluminum, magnesium, titanium, indium, and gallium
in an organic solvent; preparing a metal oxide precursor
mixed solution by adding a metal salt containing nickel and
cobalt to the aqueous solution; obtaining a solid dried mate-
rial by removing a solvent of the mixed solution; and mixing
and pulverizing the solid dried material and lithium precursor
and performing a heat treatment.

[0021] In the method for preparing a metal oxide for a
cathode active material of a lithium secondary battery accord-
ing to an embodiment of the present invention, the reason of
using the acetate of Group 3A metal at the time of preparing
an aqueous solution is that mixing with the organic solvent
enables to be easy to increase dispersibility and an organic
solvent having low boiling point enables to be selected to
easily remove the solvent, and eventually, due to the dispers-
ibility and easiness to remove the solvent, structural stability
of the cathode active material may be increased, and thus,
electric properties may be improved. Here, the organic sol-
vent is not limited, but ethanol is preferably used as the
organic solvent.
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[0022] The acetate of Group 3A metal is not limited, but
may be any one or two or more mixtures selected from alu-
minum acetate, indium acetate hydrate, and gallium acetate.
[0023] The solvent of the mixed solution may be removed
by any one process of a drying process and a solvent extract-
ing process.

[0024] Here, the drying process may be performed at room
temperature to 200° C. under a condition of vacuum or a
normal pressure.

[0025] The solid dried material may have a particle size of
3 to 10 pm. When the solid dried material has a particle size
out of the range, it is not preferred since density of a pole plate
is decreased or a specific surface area is decreased.

[0026] In the method for preparing a metal oxide for a
cathode active material of a lithium secondary battery accord-
ing to an embodiment of the present invention, it is preferred
to perform the heat treatment process at 400 to 500° C. for 3
to 7 hours and at 700 to 900° C. for 10 to 24 hours, thereby
increasing a mixing reaction rate of a raw material containing
a metal precursor and developing a crystalline structure of a
layered structure.

[0027] Here, it is preferred to perform the heat treatment
process under an oxygen atmosphere, thereby suppressing
Ni** ion from being generated.

[0028] In addition, it is preferred to add an excessive con-
tent of lithium in a content of 1.01 to 1.05 mole with respect
to the metal as compensation for lithium lost in the heat
treatment process.

[0029] The metal oxide finally obtained by the method may
include a composition represented by the following Chemical
Formula 1:

Li,Ni,CO,M.O,

[0030] (in Chemical Formula 1, M is any one selected from
aluminum, magnesium, titanium, gallium and indium, and a,
X, v and z satisfy 1.01=a<1.05, 0.7=x<0.9, 0O<y=0.17,
0.02<7<0.16, and x+y+z=1, respectively).

[0031] In another general aspect, a lithium secondary bat-
tery contains the metal oxide for a cathode active material of
a lithium secondary battery as described above.

[Chemical Formula 1]

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 shows XRD of a cathode active material
(Li; o5Nig 5, Cug Al 560,) according to Example 1 of the
present invention;

[0033] FIG. 2 shows XRD of a cathode active material
(Li; o5Nig ,,Cug Al ;50,) according to Example 2 of the
present invention;

[0034] FIG. 3 shows XRD of a cathode active material
(Li; 95Nig 56Cuq ;O,) according to Comparative Example in
which an aluminum doping is not performed;

[0035] FIGS. 4 to 6 show SEM of each cathode active
material of Example 1 and 2, and Comparative Example;
[0036] FIGS. 7 to 10 show results obtained by measuring
EDAX of'the cathode active material according to Example 1
of the present invention;

[0037] FIGS. 11 to 14 show results obtained by measuring
EDAX of the cathode active material according to Example 2
of the present invention;

[0038] FIG. 15 shows charge and discharge capacity prop-
erty depending on a change of discharge rate with respect to
a predetermined charge rate of Examples according to the
present invention and Comparative Example;
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[0039] FIG. 16 shows charge and discharge capacity prop-
erty depending on a change of charge rate with respect to a
predetermined discharge rate of Examples according to the
present invention and Comparative Example;

[0040] FIG. 17 shows life span properties at 60 of
Examples according to the present invention and Compara-
tive Example;

[0041] FIGS. 18 to 21 shows impedance measured depend-
ing on life span of Examples according to the present inven-
tion and Comparative Example; and

[0042] FIG. 22 shows results obtained by measuring difter-
ential scanning calorimetry (DSC) of Examples according to
the present invention and Comparative Example.

DETAILED DESCRIPTION OF EMBODIMENTS

[0043] Hereinafter, the present invention will be more
appreciated by the following examples, which are given by
way of illustration but are not intended to limit the protective
scope defined by the attached claims of the present invention.

Example 1

[0044] 2 g of Ni, ¢5Cu,, ;,(OH), as a precursor compound
as added to a mixed solution prepared by dissolving 0.4 g of
aluminum acetate into 30 ml of ethanol and mixed with
together at 200 rpm for 1 hour, then the solvent was evapo-
rated using a hot plate to obtain a powder, and the powder was
vacuum-dried at 100° C.

[0045] The obtained powder and LiOH.H,O satisfying a
molar ratio of Li/(Ni+Co+Al)=1.03 were pulverized in amor-
tar and mixed with together. A heat treatment process was
continuously performed on the mixture at 450° C. for 5 hours
and at 750° C. for 18 hours under an oxygen atmosphere.

Example 2

[0046] Example 2 was performed as the same as Example 1
above except that 0.6 g of aluminum acetate was dissolved
into 30 ml of ethanol.

Comparative Example 1

[0047] Ni, 35Coy ;;(OH), as a precursor compound and
LiOH.H,O satistying a molar ratio of Li/(Ni+Co+Al)=1.03
were pulverized in a mortar and mixed with together. A heat
treatment process was continuously performed on the mix-
ture at 450° C. for 5 hours and at 750° C. for 18 hours under
an oxygen atmosphere.

[0048] FIGS. 1 to 3 show XRD patterns of the cathode
active materials according to Examples 1 and 2 and Compara-
tive Example of the present invention, respectively, and as
shown in FIGS. 4 to 6, each SEM photographs may be con-
firmed.

[0049] FIGS.7to10and FIGS. 11 to 14 show EDAX of the
cathode active materials according to Examples 1 and 2,
respectively, and it may be confirmed from EDAX measure-
ment through FIB cross section that a content of aluminum is
decreased from a surface of a particle toward a center thereof,
which shows that aluminum achieves concentration gradient
in a particle.

[0050] FIGS. 15 and 16 show charge and discharge prop-
erties depending on capacity of Examples 1 and 2 according
to the present invention and Comparative Example 1, and
more specifically, when confirming FIG. 15 showing capacity
measured at a constant charge rate but various discharge rates
and FIG. 16 showing capacity measured at a constant dis-
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charge rate but various charge rates, the cathode active mate-
rial of Example 1 according to the present invention showed
excellent electrochemical properties as compared to that of
Comparative Example 1.

[0051] In addition, FIG. 17 shows cycle property of
Examples according to the present invention and Compara-
tive Example and it was confirmed that in Example 1 (doped
with 9 mol % aluminum) and Example 2 (doped with 13 mol
% aluminum), rapid decrease in capacity was not shown at
high temperature, but in Comparative Example 1, rapid
decrease in capacity occurred and in Example 2, significantly
excellent capacity property after 140 cycles was expressed.
The above-described results are caused by lack of contribu-
tion in capacity since aluminum present in a structure is in an
inert state during a charge and discharge process. In particu-
lar, in Example 2 (doped with 13 mol % aluminum), high
efficiency property was lower that that of Comparative
Example; however, in view of life span at high temperature,
Example 2 was more excellent than Comparative Example 1
and Example 1, which is because the content of aluminum is
relatively large in a structure.

[0052] FIGS. 18 to 21 show impedance measured depend-
ing on life span of Examples 1 and 2 according to the present
invention and Comparative Example, wherein according to
life span, charge transfer resistance was increased; however,
in Comparative Example, the increase in charge transfer
resistance was relatively large as compared to Examples 1 and
2, which indicated that as cycle progressed, resistance factor
disturbing lithium to be delivered was increased. The increase
in resistance is involved with structural stability during a
progress of repeated charge and discharge of the battery,
wherein in Comparative Example having relatively low struc-
tural stability, a degree at which the structure is destroyed
during repeated charge and discharge process was increased
as compared to Examples 1 and 2, which is because it is
difficult to move lithium ions into the structure of the active
material and the difficulty is reflected as a resistance of the
battery. Meanwhile, in Examples 1 and 2 that aluminum is
contained in a structure, aluminum is present in the structure,
such that as cycle progresses, structural stability may be
improved and movement of lithium may be smooth, which is
confirmed that the increase in resistance is remarkably
decreased as compared to Comparative Example.

[0053] When comparing Example 1 (doped with 9 mol %
aluminum) and Example 2 (doped with 13 mol % aluminum),
significant difference in resistance as life span progresses was
not shown as compared to difference in aluminum content.
[0054] FIG. 22 shows results obtained by measuring difter-
ential scanning calorimetry (DSC) of Examples according to
the present invention and Comparative Example after charg-
ing 4.5V, wherein it was confirmed that in Examples 1 and 2,
an onset point temperature at which heat generation starts and
a peak point temperature were increased as compared to
Comparative Example, and heat generation amount in
Examples 1 and 2 was lower than that of Comparative
Example. In addition, Example 2 showed the lowest heat
generation amount, which is because aluminum is the most
largely distributed in a structure of the active material, and
thus, thermal stability due to improvement in structural sta-
bility is increased. In addition, the results are related with a
binding force between metal and oxygen in a structure, which
is because binding and de-binding energy (512 klJ/mol) of
Al—O is higher than binding and de-binding energy (391.6
kJ/mol) of Ni—O. Accordingly, it could be confirmed that in
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Examples containing aluminum, thermal stability was
improved as compared to Comparative Example.
[0055] The metal oxide for a cathode active material of a
lithium secondary battery according to the present invention
has a rhombohedral crystalline structure, such that structural
and thermal stability may be increased and electrochemical
properties such as high capacity and high efficiency may be
expressed, at the time of charge and discharge.

What is claimed is:

1. A metal oxide for a cathode active material of a lithium
secondary battery, the metal oxide represented by the follow-
ing Chemical Formula 1:

Li,Ni,Co M, 0, [Chemical Formula 1]

(in Chemical Formula 1, M is any one selected from alu-
minum, magnesium, titanium, gallium and indium, and
a, X,y and z satisfy 1.01=a=<1.05, 0.7=x=0.9, 0=<y=0.17,
0.02<7<0.16, and x+y+z=1, respectively).

2. The metal oxide for a cathode active material of a lithium
secondary battery of claim 1, wherein z of Chemical Formula
1 satisfies 0.02=z<0.16.

3. The metal oxide for a cathode active material of a lithium
secondary battery of claim 1, wherein M has a concentration
gradient at which a concentration is decreased from a surface
of M toward a center thereof.

4. The metal oxide for a cathode active material of a lithium
secondary battery of claim 1, wherein the cathode active
material has a rhombohedral structure (space group R-3m).

5. A method for preparing a metal oxide for a cathode
active material of a lithium secondary battery, the method
comprising:

preparing an aqueous solution by dissolving acetate con-

taining at least any one metal selected from aluminum,
magnesium, titanium, indium, and gallium in an organic
solvent;

preparing a metal oxide precursor mixed solution by add-

ing a metal salt containing nickel and cobalt to the aque-
ous solution;
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obtaining a solid dried material by removing a solvent of

the mixed solution; and

mixing and pulverizing the solid dried material and lithium

precursor and performing a heat treatment.

6. The method of claim 5, wherein the acetate containing at
least any one metal selected from aluminum, magnesium,
titanium, indium, and gallium is any one or two or more
mixtures selected from aluminum acetate, indium acetate
hydrate, and gallium acetate.

7. The method of claim 5, wherein the metal oxide finally
obtained by the method includes a composition represented
by the following Chemical Formula 1:

Li,Ni,CO,M, 0, [Chemical Formula 1]

(in Chemical Formula 1, M is any one selected from alu-
minum, magnesium, titanium, gallium and indium, and
a, X, y and z satisfy 1.01=a=<1.05, 0.7=x=0.9, 0<y=0.17,
0.02<7<0.16, and x+y+z=1, respectively).

8. The method of claim 5, wherein the solvent of the mixed
solution is removed by any one process of a drying process
and a solvent extracting process.

9. The method of claim 8, wherein the drying process is
performed at room temperature to 200° C. under a condition
of vacuum or a normal pressure.

10. The method of claim 8, wherein the solid dried material
has a particle size of 3 to 10 um.

11. A lithium secondary battery comprising the metal oxide
for a cathode active material of a lithium secondary battery of
claim 1.

12. A lithium secondary battery comprising the oxide for a
cathode active material of a lithium secondary battery of
claim 2.

13. A lithium secondary battery comprising the oxide for a
cathode active material of a lithium secondary battery of
claim 3.

14. A lithium secondary battery comprising the oxide for a
cathode active material of a lithium secondary battery of
claim 4.



