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(57) Abstract
A positive electrode active material for a lithium ion battery, its structural
formula is LiaCo1-4-cApBc02.dCa. where A is at least one element of Mg, Al, Ga and B, B
is at least one element of Ti, Zr and Hf, and C is F or P, 0.95<a<1.05, 0.001<b<0.02,
0.001=¢<0.02, 0.003<b + ¢<0.03, 0 <d<0.01, the element A is uniformly distributed in a
bulk phase of the positive electrode active material, Most of the element B is distributed
on a surface of the positive electrode active material, and the element C is distributed on
the surface of the positive electrode active material, when the positive electrode active
material is charged above 4.4V, a 003 peak in an X-ray diffraction spectrum with Cu-Ka

remains intact and unsplit.
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CLAIMS

1. A positive electrode active material for a lithium ion battery, its structural
formula 1s LizCo1-6-cAsB:024Cq, and characterized in that: A is at least one element of
Mg, Al, Ga and B. B is at least one element of Ti, Zr and Hf, and C is F or P, 0.95<a<1.05,
0.001=b=<0.02, 0.001=¢=<0.02, 0.003<b + ¢<0.03, 0 <d<0.01, the element A is uniformly
distributed in a bulk phase of the positive electrode active material, at least 80% of the
element B is distributed within a range of 0 to 100 nm from the surface, and the element
C is distributed on the surface of the positive electrode active material, when the positive
electrode active material is charged above 4.4V, a 003 peak in an X-ray diffraction
spectrum with Cu-Ka remains intact and unsplit.

2. The positive electrode active material for a lithium ion battery according to
claim 1, characterized in that: the element A is uniformly distributed in the bulk phase of
the positive electrode active material, and no peak of an oxide of the element A appears
in the X- ray diffraction spectrum with Cu-Ka.

3. The positive electrode active material for a lithium ion battery according to
claim 1, characterized in that: at least 80% of the element B is distributed within a range
of 0 to 100 nm from the surface, no peak of an oxide of the element B appears in the X-
ray diffraction spectrum with Cu-Ka.

4. The positive electrode active material for a lithium ion battery according to
claim 1, characterized in that: the element C is distributed on the surface of the positive
electrode active material and replaces the position of O, no peak of a compound of the
element appears in the X-ray diffraction spectrum with Cu-Ka,

5. The positive electrode active material for a lithium ion battery according to
claim 1, characterized in that; a Li2COs content 1s less than 0.1% and a LiOH content is
less than 0.1% in the positive electrode active material.

6. The positive electrode active material for a lithium ion battery according to
claim 1, characterized in that: a BET of the positive electrode active material is in a range
of 0.1 to 0.4 m*/g,

7. The positive electrode active material for a lithium ion battery according to
claim 1, characterized in that; when the positive electrode active material is charged to

4.4V to 4.6V, a 003 peak in an X-ray diffraction spectrum with Cu-Ka remains intact and
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unsplit.

8. The positive electrode active material for a lithium ion battery according to
claim 1, characterized in that: the positive electrode material is
Li1.01C00.99Mgo.005Al0.005 Ti0.0101.995F 0.005.

9. Alithium ion battery comprising:

a positive electrode sheet. a negative electrode sheet, a separation film spaced
between the positive and negative electrode sheets, and characterized in that: the positive
electrode sheet is formed by uniformly mixing the positive electrode active material for
alithium ion battery according to any one of claims 1 to 8 and a conductive carbon powder
and a binder.

10. The lithium ion battery according to claim 9, an application charge cut-off

voltage is higher than 4.2V,
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SPECIFICATION
LITHIUM-ION BATTERY AND POSITIVE ELECTRODE ACTIVE MATERIAL
THEREOF

TECHNICAL FIELD
[0001] The present invention relates to a positive electrode active material for a lithium

ion battery and a lithium ion battery using the material.

BACKGROUND ART

[0002] With the miniaturization and thinness of mobile devices such as mobile phones,
digital cameras, laptops, and portable DVD players day by day, the market's demand for
mobile energy is getting higher and higher. A lithium-ion has attracted attention as a
battery having the highest energy density in the current commercial energy.

[0003] A lithium-ion battery generally include: a positive electrode sheet, a negative
electrode sheet. a separation film spaced between the positive and negative electrode
sheets, and an electrolyte, wherein positive electrode sheet includes a positive electrode
current collector and a positive electrode active material distributed on the positive
electrode current collector, the negative electrode sheet includes a negative electrode
current collector and a negative electrode active material distributed on the negative
electrode current collector. At present, a commonly used positive electrode active
material for a lithium ion battery includes multi-materials such as a layered structure such
as LiCoQ: and LiNiO;, a spinel structure such as LiMn2Qy, and LiNiCoMnQO;. The
above positive electrode active materials each have disadvantages: charging voltage of
LiCo0O: cannot exceed 4.2V, structure of the LiNiOz is unstable, a storage performance is
poor, performance of LiMn20y at high temperature is not good, and an energy density is
low, an energy density of LINiCoMnO: is low, and they all cannot meet requirements for
energy density and safety performance of high-end products, therefore, a new way of
increasing energy density is urgently needed.

[0004] For the improvement of energy density, there are mainly two ways from the point
of view of materials: one is the development of new high-capacity materials, for example,
a lithium-rich manganese-based material developed by the Argon Laboratory in the

United States ,which can reach 300mAh/g in the charge and discharge range of 2 to 4.8V,
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is a currently the material with the highest energy density, but it has natural defects, a
cycle performance and a rate performance are poor. There are many problems that
cannot be solved now in practical use process. It takes more time to reach
commercialization; another way is to increase the charge cut-off voltage of the positive
electrode material, for example, LiCoO» is a very effective method to increase energy
density, which can increase a voltage from the current commonly used voltage of 4.2V,
with an increase by 0.1V, the energy density increases by about 10%, but with the increase
of the charge cut-off voltage, the delithiation amount of the material increases, and its
structure becomes extremely unstable. Many documents report that when LiCoO: is
cycled above 4.2V, its hexagonal phase is inreversibly changed to monoclinic, side
reactions with an electrolyte increase, and the cycle performance becomes poor.

[0005] In order to solve a series of problems caused by increasing the charge cut-off
voltage, a great deal of work has been done by the scientific and industry community.
United States Patent No. 7135251 discloses that LiCoO: coated with AIPO4 has a
significantly improved cycle performance compared to uncoated LiCoO: at 4.3V. The
relevant document proves that after a high temperature treatment is performed on LiCoO»
coated with AIPQq, the phases of LiAlO> and Li;POy are formed on a surface of LiCoQs,
an AlF; phase is formed by reaction with the electrolyte in the cycle process and is
attached to the surface of LiCoOs, therefore a cycle performance is improved. Although
the coating can improve the cycle performance, the surface coating laver is an electronic
insulator, in the practical use, the conductive carbon content in the cathode is not enough
to compensate for the increase in the cathodic polarization of the coating layer during the
charge and discharge process, and inevitably causes problems such as degradation of
voltage platform and the rate performance, so that the energy density is reduced. United
States Patent No. 7018741 discloses a doped LiCoO;, doping elements is distributed on
a surface of the material and forms a solid solution with Co, thereby solving the problems
of low voltage platform and poor rate performance in United States Patent No. 7135251,
but there are a problem of high temperature storage. After the coating element is
combined with LiCo0Q:, the contact between Co and the electrolyte cannot be completely
prevented, and more side reactions inevitably occur during the storage process, therefore.
the high-temperature storage performance is slightly worse.

[0006] These published documents or patents can more or less solve some problems at
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high voltage (> 4.2V), but they only pay attention to the problems of the surface of
LiCo0O», but not pay enough attention to a bulk phase change, so they can only be used in
a voltage such as 4.3 V and 4.4V, It is well known that during the desorption process of
LiCo0y, the lattice expands first and then decreases, a voltage of 4.45 to 4.5V is a turning
point.  Alarge number of documents have reported that the coating can inhibit the lattice
expansion to a certain extent, therefore, the coated LiCoO: has better cycle performance
at 4.45 or less, once the voltage exceeds 4.45V, the cycle performance decreases sharply,
this is because the coating cannot prevent the internal shrinkage and is due to the unstable
internal structure, therefore, an effective method to stabilize the intemal lattice structure
is needed to improve cycle performance at> 4.45V.

[0007] Based on the above reasons, this patent discloses a positive electrode material

LiCoO: which has good cvcle performance and storage performance at high voltage.

SUMMARY OF THE INVENTION

[0008] The purpose of the present invention is to provide a positive electrode material
LiCoOz2 to solve the high temperature storage performance and cycle performance in
high-voltage applications, especially when the charge cut-off voltage is higher than 4.4V.
[0009] The present invention discloses a positive electrode active material for a lithium
ion battery, its structural formula is expressed as Li,Co1.p-cApyBcO2.gCqy, which has a
lavered structure, where A is at least one element of Mg, Al, Ga, and B, because the
addition of the element Mg can improve the conductivity of LiCoOx, its rate performance
is improved, and at the same time its bulk structure can be stabilized, the element Al can
form a perfect solid solution with LiCo0O», and the bond energy of Al-O bond is greater
than that of Co-O bond, it is helpful to improve the stability of its bulk structure, and the
ionic radius of Ga is the same as that of Co®*, which can perfectly replace the position of
Co** and improve the bulk structure stability; B-O bond has the highest bond energy, the
element B can effectively inhibit the side reaction between LiCoO: and a electrolyte.
The B is at least one element of Ti, Zr and Hf. These elements can make the stability of
a contact interface between LiCoO: and the electrolyte fine, and effectively reduce
increase of internal resistance in the cycle process, and thus a cycle performance is
improved. The C is F or P, because F or P replaces the position of O on the surface of

LiCo0:, it has a more stable surface at high voltage, thereby reducing the risk of oxygen
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release, 0.95<a<1.05, 0.001<b=<0.02, 0.001<¢<0.02, 0.003<b + ¢<0.03, 0 <d<0.01, the
values of these elements all have a certain range, exceeding this range affects its structural
stability and reduce the cycle performance; the element A is uniformly distributed in the
bulk phase of the positive electrode active material, because the element A needs to form
a perfect solid solution with LiCoO2, the A replaces the position of Co, thereby the
structural stability can be improved, if the distribution is not uniform, the distribution of
the bulk phase charge is uneven, and it is easy to cause local damage and affect the cycle
performance; the element B is mostly distributed on the surface of the positive electrode
active material, the element B is to improve the contact interface between LiCoO: and
the electrolyte and to suppress the irreversible expansion of the lattice during the charge
and discharge process, so it needs to be concentrated on the surface of LiCoOz; the
element C is distributed on the surface of the positive electrode active material, the
element C replaces the position of O on the surface of LiCoO:, reduces the amount of
oxygen released under the state of excessive delithiation, and improves safety
performance; when the positive electrode active material is charged above 4.4V, the 003
peak in an X-ray diffraction spectrum with Cu-Ka remains intact and unsplit, during the
charging process of LiCoQ», it starts at about 4.3V that the peaks of each crystal plane in
the X-ray diffraction spectrum appear to be shifted and widened to a certain extent, the
003 peak is the peak with the strongest peak intensity. A shoulder peak appears at the
position of the 003 peak, which indicates that the phase of CoO» is generated, and then
the shoulder peak slowly become higher. The main peak gradually weaken and the two
peaks separate. This phenomenon is called a split peak. When the lithium is
completely removed, the 003 peak at this time completely shows the peak of CoOs,
therefore, the split peak at 003 is due to the generation of the phase of CoOzin LiCoO2
lattice. This is caused by the non-uniformity of delithiation and changes in the internal
structure and structure. Below 4.4V, this phase change after the surface coating is
reversible. Above 4.4V, the expand of lattice changes to contract, if the bulk phase
structure is not stable enough, the phase transition becomes irreversible, which may cause
the cycle to decay rapidly. Therefore, the occurrence of this phase transition needs to be
suppressed or delaved to make the cycle at> 4.4V stable, and this phase change occurs
from the surface of LiCoO» first, and then diffuses internally. The CoO2 on the surface

greatly affects oxidation of the electrolyte, so it makes the high-temperature storage
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performance very poor. From these two points, the 003 peak should not appear as a split
peak at> 4.4V, thus the cycle and storage performance at high voltage can be solved
completely.

[0010] In the positive electrode active material for a lithium ion battery, the element A
is uniformly distributed in the bulk phase of the positive electrode active material. and no
peak of an oxide of the element A appears in the X-ray diffraction spectrum with Cu-Ka.
If the element A is distributed non-uniformly, an enrichment of the element A inevitably
occur in the bulk phase, and a corresponding peak must exist in the X-ray diffraction
spectrum. At the same time, the enriched A inevitably cause the phenomenon of local
structural instability and affect the overall performance.

[0011] In the positive electrode active material for a lithium ion battery, at least 80% of
the element B is distributed within a range of 0 to 100 nm from the surface. The main
function of the element B is to improve the interface, the distribution in the bulk phase
can also stabilize the structure, but the effect is not as significant as the distribution on the
surface, so it needs to be concentrated within the range of 100nm of the surface.
Furthermore, no peak of an oxide of the element B appears in the X-ray diffraction
spectrum with Cu-Ka. which indicates that it needs to be uniformly distributed. If the
local concentration makes Li* transfer non-uniform, the rate performance is affected, and
the local structure is damaged.

[0012] In the positive electrode active material for lithium ion batteries, the element C
is distributed on the surface of the positive electrode active material and replaces the
position of O, no peak of a compound of the element C appears in the X-ray diffraction
spectrum with Cu-Ka, which indicates that a uniform distribution is required to obtain
the best effects.

[0013] In the positive electrode active material for a lithium ion battery, its Li2CO3
content is less than 0.1% and a LiOH content is less than 0.1%. Li2COs reacts with HF
in the electrolyte to generate CO, and causes flatulence, therefore the Li»CO; content
needs to be less than 0.1%, while LiOH reacts with HF to generate water. which
accelerates the decomposition of the electrolyte and causes flatulence, therefore the LiOH
content needs to be less than 0.1% .

[0014] A BET of the positive electrode active material is in a range of 0.1 to 0.4 m%/g,
if the BET is too large or too small, it affects the performance of LiCoQO». Ifthe BET is
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too small, its rate performance is very poor and cannot meet the requirements of normal
applications, if the BET is too large, a reaction with the electrolyte is very violent, and
the high-temperature storage performance is poor.

[0015] When the positive electrode material is charged to 4.4V to 4.6V, the 003 peak in
the X-ray diffraction spectrum with Cu-Ka has no split peaks. 4.4V to 4.6V is the key
potential where the expand of lattice of LiCoQ: changes to contract, it can clearly
characterize whether the structure is stable.  Above 4.6V, because the degree of
delithiation is too high, a CoO: phase appears on that side.

[0016] The positive electrode material is Lii.o1Coo.99Mgo.005Alo005Ti0.0101.995F0.005.
This structural formula is an optimized result in which comprehensive performance such
as various electrochemical performance, storage performance, and cycle performance are
optimized.

[0017] A lithium ion battery, it includes a positive electrode sheet, a negative electrode
sheet, a separation film spaced between the positive and negative electrode sheets, and an
electrolyte, and is characterized in that the positive electrode sheet is formed by uniformly
mixing the foregoing positive electrode active material for the lithium ion battery, a
conductive carbon powder and a binder.

[0018] The lithium-ion battery, it applies charge cut-off voltage higher than 4.2V,
[0019] The lithium-ion battery is used at higher voltage, which can greatly increase
energy density, but causes storage, cycle, and safety performance degradation, the
materials disclosed by the invention not only have good cycle performance at high voltage,
but also solve the storage and safety problems when used at high voltage, which cannot
be taken into account by the materials simply modified in coating or doping, the present
invention also discloses the characteristics of this material, that is, the structure is stable
at high voltage and provides the manufacturing process and method of the materials that
produce these features. These processes and methods are easy to achieve mass

production and have high economic benefits.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] FIG. 1is an XRD spectrum of LiCoO» from 4.2V to 4.6V measured by using an
X-ray diffractometer with Cu-Ka.

[0021] FIG. 2 is a comparison of XRD spectra of
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Li1.01C00.99Mgo.005Alo.00s T10.0101.99sF000s and LiCoO:» measured by using an X-ray
diffractometer with Cu-Ka.

[0022] FIG. 3 is the rate performance of Lii 01C00.99Mgo005Alo 005 Ti0.0101 995F0 005 in a
button cell.

[0023] FIG. 4 is a cycle performance at 4.6V of
Li1.01C00.99Mga005Al0.005 Tio.0101.995F 0005 in a button cell.

[0024] FIG. 5 is an XRD spectrum of Li1 01C00.99Mgo 005 Alo.00sTi0.0101.995F0.00s at 4.5V
using a Cu-Ko X-ray diffractometer to test the positive electrode material.

[0025] FIG. 6is acycle performance at 4.4V of Li.01C00.99Mgo.005Alo.005Ti0.0101.995F 0.005
in a full cell.

[0026] Hereinafter, the surface-coated positive electrode material for the lithium ion
battery of the present invention and a preparation method thereof will be described in

detail with reference to the drawings and specific embodiments.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] The performance of the positive electrode material of the lithium ion battery of
the present invention and its preparation method will be described in detail with reference
to various Examples.

[0028] Example 1

[0029] A certain amount of MgC»04+2H>0, Al (OH) 3. Co:04 and LiOH powders were
weighed, and they are mixed and milled thoroughly in an agate mortar. The average
particle size of the milled particles was less than 2 um, and then calcining was performed
at 900 ° C for 10 hours, nano-scale LiF and TiO» were added to the calcined mixture, an
ethanol was used as a solvent, a ball mill treatment was performed for 10 hours, and then
calcining was performed at 800 ° C for 6 hours to obtain a positive electrode material
Li1.01C00.99Mgo 00sAlo.00sTi0.0101.995F000s, a BET was 0.22m?g, a Li>COs content was
0.05%, a LiOH content was 0.01%.

[0030] FIG. 2 shows the XRD spectrum of the positive electrode material measured by
using an X-ray diffractometer with Cu-Ka, compared with LiCoOz, all characteristic
peaks are consistent. No characteristic diffraction peaks of compounds such as MgO,

AlLOs, MgF», AlFs, TiO», TiF4 appears, this indicates that various elements are dispersed
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uniformly, and a perfect solid solution is formed.

[0031] FIG. 3 is the rate performance of this material in a button cell, compared with
LiC00:z, LiCo0.99Mgo.0102 and LiCo0.99T10.0102, the rate performance has advantages.
[0032] FIG. 4 shows the cycle performance at 4.6V of this material in a button cell.
Compared with LiCo0O>. LiCoo99Mgo 0102 and LiCoge9Tip0102. the cycle performance
has a very obvious advantage.

[0033] FIG. 5 is an XRD spectrum of the material in the positive electrode material
measured by using an X-ray diffractometer with Cu-Ka at 4.5V, compared with LiCoQO»,
LiCo0.9sMgo.0102 and LiCoo.99Ti0.010:2, the 003 peak does not appear as a split peak, this
indicates that the structure is very stable at 4.5V.

[0034] Table 1 shows the high-temperature storage expansion data at 4.4V of the
material in a full cell, compared with LiC0oO», LiCop 99Mgo 0102 and LiCo0099Tig 0102, the
high-temperature storage performance has obvious advantages.

[0035] Example 2

[0036] LiCoo.99Alo.01Zr0.0101.99F0.01 was prepared according to the method of Example
1, the BET was 0.42m?*/g. a Li2COs content was 0.15%, a LIOH content was 0.01%, its
capacity, rate performance, cycle performance and storage performance are listed in Table
2;

[0037] Example 3

[0038] LiCoo.99Alg.02Z10.0101.99F0.01 was prepared according to the method of Example
1, the BET was 0.25m’/g, a Li2COs content was 0.05%, and a LiOH content was 0.1%,
its capacity, rate performance, cycle performance and storage performance are listed in
Table 2.

[0039] Example 4

[0040] LiCoLio.99Alo02Zr0.0201.99F001 was prepared according to the method of Example
1, the BET was 0.39m?/g, a Li2CO; content was 0.05%. a LiOH content was 0.01%, its
capacity, rate performance, cycle performance and storage performance are listed in Table
2.

[0041] Example 5

[0042] LiCop.99Alp 02Zr0.0201 99F0 02 was prepared according to the method of Example
1, the BET was 0.12m?/ g, a Li»COs content was 0.1%, and a LiOH content was 0.1%, its

capacity, rate performance, cycle performance and storage performance are listed in Table
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2,

[0043] The data in Table 2 shows that the increase of the elements A, B and C
significantly reduce the capacity and rate performance, but there is no significant
improvement in the high temperature storage performance.

[0044] Example 6

[0045] LiCo0.99Bo.01Hf0.0101.995P0.00s was prepared according to the method of Example
1, the BET was O.32m2;’g, a L12COs content was 0.1%, and a LiIOH content was 0.05%, is
capacity, rate performance. cycle performance and storage performance are listed in Table
2.

[0046] Example 7

[0047] An positive electrode sheet which was formed by uniformly mixing the positive
electrode active material in Example 1, a conductive carbon powder and a binder was
employed. The positive electrode sheet, a separator, and the negative electrode were
wound into a cell, and then the cell was subjected to encapsulation, injection formation,
and capacity tests, so that the lithium ion battery was formed. FIG. 6 shows the cycle
performance at 3.0 to 4.4V of the full cell.

[0048] Comparative Example 1

[0049] LiCoO» was prepared according to the method of Example 1 and was compared
with Example 1.

[0050] FIG. 1 is the XRD spectrum of LiCoO2 when it is charged from 4.2V to 4.6V.
It can be seen from the figure that the various peaks are shifted, split, and it disappears
finally. The change of the 003 peak is the most intuitive.

[0051] Comparative Example 2

[0052] LiCoo.99Mgo0102 was prepared according to the method of Example 1 and was
compared with Example 1.

[0053] Comparative Example 3

[0054] LiCoo.99Tin.0102 was prepared according to the method of Example 1 and was
compared with Example 1.

[0055] Table 1

[0056]
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CN 102610806 A W o E Kk B 11T

Lo — PP 2 iy 7 it F I R 3 A R, 3L 45 4 0K LiCoy oy ABO. Cor TLHFTEAE T

A 2/ Jy Mg, Al, Ga, BRI —Fn &, B RN Ti, Zr, Hf PRI—MITE, C N FE# P,
0.95<a<1.05,0.001 <b<0.02,0.001 <c<0.02,0.003 < htc <0.03,0<d<0.01,
JGE A B MGy AT TE BT IEARIS PEM R PR A, S0 B 225D 80 % 43 Al AEBE B & 1M 0 ~
100nm {5 .2 W, TG 5 C 70 £ TR IEARIH PEAM B R T, TR EARIG M EHE R E 4. 4V
LL BB, 78 Cu-Ka [ X ST i B LR 003 i fREF5EHE, K2,

2. MRHEAURIE R 1| TR A8 B 7 dith L IE RIS YEM Bl SLRFIEAE T BTIR A9 A U R
SYHb O AR AE IE B TE AR AR, 78 Cu—K a ) X SR AT i B B R AT A JeR AT
i,

3. MRARBURIE SR | TR (4 & T d it A CARS YE AR LR EAE T (BT B m & 2
DAT 80% 43 AW AEFH B 0 ~ 100nm JEHZ N, 76 Cu-K o () X SHERATH 1% EARRINB T
ENINERARY/i0] -

4. RIEARER 1 Prid i8S+ b A EARGG A R, LR AEAE T Jrid C oo R AR
L6 TF B 3% MERDE I 22 T T ERAR O FIALE, 46 Cu—K a (9 X SR ATHE B ER R T E ik
VIR

5. MRIEBRI LR 1 AR A8 B 7 it B IEARSEYEM R, HASIEAE T BTk IEBGE MM
EL Li,Co, S 8K T 0. 1%, LioOH §EIK T 0. 1%.

6. MRARBCFE R | Pk i8R S 1 it B IE AR PR R, SLRFIEAE T« BTk IE ARV PE
B BET £E 0. 1 ~ 0. 4m’/g 2]

7. MRIEAUCRIER 1 BT AR 7 st H IEARA YA R, AR IELE T« ik %) 1E A
ERHEE 4.4V ~ 4.6V I, Cu—Ka [F) X SEATHE B I 003 R EFEHE, R 3.

8. ARIEAUFIE R 1 A i B 1 it F IEARIS PR, SURFIEAE T« AR B9 IE A5 M K
7{] L]- 1% OICOO. QQMgOA -.’JOSAIO‘ OOSTiO. 0101. QQSFO, 005 =

9. —FpE B i, HAFEER N SR BB T 1E Stk Fr 2 18] A4 RS B i, DL AR HH A
W HRFIEAE T BTk IEAR A BUR SR 1-8 AR — 0BT i 48 2 1 o it P IE A0S o M R
555 ROk RN 5 R0 SR R

10, HRAFBORIE R 9 Frid i) — PR & ot HN R b R = T 4. 2v.
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CN 102610806 A W B P 1/5 W

—FEE B Rt R E EREEM R

(00011 A% W K — A B i Wit FH ARG AR A A R AR B 7 HL it

HEEA

[0002]  Bfi% T-HL B0 AR 42 0 A v i A4 485 5K DVD 258 5 W 45 9 H 28 /N 4k 4 7
b, 3755 T A5 30 e U5 0 75 Kotk 8k =y, 48 8 -1 o B AT b Ak B8 85 b RE B0 e i —
Heth &2 K0,

[0003]  HEW T Hijth— AL HS : IEAR A MRS IRIBE T IE Al 2 10 IR el 8 M, LA % Wb
W P, IR AR 4% AR SR SRR 43 A1 7E IE AR SR IR b I IE AR AR, U B4 iR
IR FE PRI B AR TEM B B AT, W B i X AR TS TEM B
A R AREER 1 Co0, F LN 0, 2R 54 A 457 LiMn,0,, LUK LiNiCoMn0, 2% oM. ik IE
iE MM R % E BB S sLiCo0, 78 HL B FE AN REREIL 4. 2V, LiNi O, BIE5/ ANEUE , [Z ATk fE
Zey LiMn0, 1 @R BEANAT, RE B 1, LiNiCoMnO, ) fE & AR, FBICTL 0 2 i 7=
Xt BE B2 7 R R, [Nk, D) BT R RE B A K .

[0004]  XF T heE% B T, AR R, FEABR R — AH RS EM R
HIFF R, i3k [ Argon SEAG S IF RN & AT BL 76 2 ~ 4.8V A O TE B AT LLE B
300mAh/g, Jg F Al BE 5% B2 B M B, AR 30 HAT TR BTG EA, 163 PE e LL R R M BE 40
w22, RN H IR P AAEIRE B At JCiE e i i @, R S kA AR BN s
Tl 77 AR TH IE MM %l i 78 Ml b WU , T L1 Co0,, A H AT ASH B LR AL 2V 4 F42 7, 7t
i 0. 1V, RES S IS K20 10%, 2 — P B A 2 g S 3 BRI T 5 a8, (B bR 78 b
P, FE BRI T, A A ot 0 3 o, LR & SR R R ARS8 , N SCHRRGE , 24 LiCoO, 7
4.2V UL EAEERIT, 0555 diAH 22 1l B R AH R AE AR PTG
2, M HRE SRR 2.

[0005] 4 T fif b A ML AR A W R T Al SR ) — FR A )@, BRSO S T RE R T
€. REEAH 7135251 A 7 RH ALPO, A& i LiCoO0, 7 4. 3V T AHX TR A& /] LiCo0,
HA RS B BRI ERAE BE AR T, 4158 SCHRIE R A1PO, 1478 1) LiCo0, 20wl AL )5, 4
LiCo0, KL T LiAL0, F1 LiPO, AH, [A] i fEFRER I T h 55 rRR R SR T 1 ATE, AH B
E LiCoO, MR MM, M2 TH HAGMA ik . .8 BARREIRTHEH e, (HRRMBEZE A4
TG A, 78 S o, B SRR AR A AN 2 AR 78 T30 o R o £ 78 2 %o B R i Ak
(R34 0, #lh 23 R U P & BRI A R s s e R AR 22, b S PR IR BE % . R E LA
7018741 AFF T —FB %) LiCo0,, ¥B A E A T EHNIRT, 5 Co L RE %4, Ml
ffeh 7L EE R 7135251 H i ECOF G K, G F I B2 55 il L, (ELR A7 AE S A A i
AETEE LiCo0, && T, AR Co 5 MM I, T BLREHARE
K& BN R, RHR AR T Re AR 2

[0006] XL/ T[] WK ek & BRI AE N Z D iR (> 4.2V) FRI—2 )
A, 2 EATE R KT T LiCo0, BRI (A 21, 1y X A AH A R EA 2, B A R 7E 4. 3V,

P
()
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4.4V S5 R P BTNV . BT 1, LiCoO, 78 B Bk F2eb, M G4k 2 Se B 5 /s, | JE
4. 45 ~ 4. 5Y B AT m, Ko SCRRIRIE B RT LAE — 2 FE 8 FIDH R Rz, Rt s
[ LiCoO, 7F 4. 45 UL F HA S A M RE, — B Rt 4. 45V, JEEA 1 RE SURIBR(S, 1X 2
Bl oy 78 TP ek P AR A, N S R AT E T S B B R E R A A T B
Ho B S G5, I AE > 4. 45V IPEIRTEAE

[0007] E T LR, ALRIAFF T —Fhde i U~ HA IR G06 FR I 88 F 7 ik 75 B 1E A%
4} LiCo0,.

ZEAR

[oo08] AR HIRY H MITE THR UL —Fh IERA Rl LiCoO,, LA Hk & vl R N T A ey L 17 i 2k
REAIEER I e, U B AE R E#O R & T 4. 4V 1,

[0000] AKMAFT — MR FHBHEHREEME, HEMAAKEN
Li,C015-cAB.0,-Cor He R ARG 4G, HoT A 337004 Mg, AL, Ga, B TP ES—F 7o s, B4 Mg 7.
F AT LLEETH LiCoO, Y HL 5 2, AT $2 i HL A5 3 P RE, RN mT LARS 2 H AR AH 4544, AL oo
F Y LiCoO0, 56 38 M [ 4 14, [RII A1-0 ft i B Ak K T Co—0 &, X T4 H AR AT 45 fu 2
E AR, T Ga BB T 1425 Co™ AR, W] LASESEIEUAR Co®™ RUAL &, $2 T+ 1AAE 45 Az
P B-0 8 HA i S A BERE, (7] B JTHE T LLA 2P LiCoO, &5 Wiy 6] i@l N, B 270
A, i, Zr, HE FP ) — RT3, 1IX 2 0 32 BB IR I O AR08 LiCo0, b5 A ARV RO FE A 5 1f , A7 RE0K
DU FE B A BN, AR IR ERPEAE . C 4 P ok P, R F 5l P 1 LiCo0, i
AR O ML &, AF LA s L R B A AR [ 3R 10T, AT BARAEORE S AU, 0. 95 < a < 1. 05,
0.001 <bh =<0.02,0.001 <c¢ < 0.02,0.003 < btc < 0.03,0 << d < 0.01, X" 0% [H
{6 HR A — 2 ], B DX AN [ #R 2 R L g i AR 1, PRSI ER R % s on % A B9 A
FEFTIR ARG AR RAH, B M GEE A T S LiCo0, TR e I B ¥ 14, A BUR Co BIAL
B, AR | A AR E T, W R BRI A, 3 B AAT HEL AT 2 A AN 38 2, B B i R IR AR,
RGBS ;o0 E B KA 0 A 7E BT IEAREE MEM B, 763 B 7E T03E LiCo0, 5
P AR R 2 i 7 D 00 ) 7 TS P e o S S B AN I B G R TS B R E L Co0, IR
JUE C o)A AT IS TE A R 1, Jo 38 C HUAR LiCo0, i O AL E, AR ik 2 it 2
K& TRRE AR, 387 2 RS IR ERGEEM B fE R i T 4. 4V BB, 76 Cu-Ka B X
G ER BTSSP B (1] 003 g RFFEEE, AN, 1E LiCo0, B R, £F 4. 3V L4 4R, X &t
ER AT AT IR B A ot 0 S R I — B PR AL AN SE AL, HErp 003 U6 2 U6 5iR JT BRR 1Y)
g, 77 003 RIS 2 HHIL— AN E W, AR AR T Co0, AR, SR T8 1848 &, 1 Eig &
BHTIRTS , P2 73, IX PRI R AR 30, 3158 4 BRI , G ) 003 145 4% B/ Ry Co0,
[0, ERLIAE 003 U ZMIE 2 R R LiCoO, &% =42 T Co0, IAH, iX @M A5 LA KRN
PR A5 T 85§ R ARG R, FE 4. 4V LUT X AR AE R i .38 2 5 2 R, £ 4. 4V L
i, BT SRR I B AR g AR, i AR AR S RS A E , AH AR i AR R AN T3, 3K B
& A DR AR R, A, 5 SR 8k B S MR R A, A RE AT > 4. 4V BRI FE S,
[ B 3% AN HEZE A LiCo0, B IEISE R A, SR 5 B P4 5, RIRI CoO, A MR I AR A 1 B
TR, RIS 13 i A7 i MR AR 1R 22, MIXTH A R, BEAE 003 I AE > 4. AV NI 7 3
A REMIRAS E AR e s A B R AR AA T RE

4
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[oo10] il ()40 B 1 s it F IEARS AR, A JC 2B S - 73 A 78 IE RS PEADRL B R AH
{E Cu—Ka [ X S e fiTsf i Bl FARRIR A TR A, W A TR S, NAE
PRAH AR HIR A ST R E B, F X ST ERAT % o 2 SR AH XS R AR W A7, RN A A 4
SRIE B AR A R AR E IR 2, sEmm s (R 1 e

loo11] ATl 2R E 1 it H IEARGS PERDRE, B 7 38 42 /b9 80 % 43 AT /EFR B 22 11 0 ~ 100nm
JEHEZ P, B JUER I 1B DD RE 2 O S, 73 Al 6 AT 0 REAS T8 S5 A4 (HLAS 40 73 A 46 2R T
FEH &, PR B AR 100nm HYEH N, FINZE Cu-Ka [ X STEATH I EA
KILB JCE RN 0, Fon T 85 o0 A0, R R R 2 E ki LT IEB AN 5],
e ae, (R I8 %R i 4 W A R

[0012] PR A8 ES 7L L IE AR WS MM B, C JC 2 70 A 18 IEARE AR & 10 FFEAC O
BB R, 7E Cu—K a B X SFERATHT s BRI C TR ADHINE, R FEY SN A
REHL 3 B e R R

[0013] iy id B8 B - Hi it F IE AR T8 B B Li,C0, &5 BT 0. 1%, LiOH F &K T
0.1%. A Li,C0, 25 b i HF AR R CO, JE el <, BRIE Li,Co, &R FERT
0. 1%, 1] LiOH 25 HF [ R/ 7K, IRide AL Rn i) 2 i, 3 BRI, BRI LiOH & B B T
0.1%.

[0014] 73k IE A3 HE bRHE BET 75 0. 1 ~ 0. An/g 2.1, BET A A3 # A /I 5 2 3 v
LiCoO, HIT%RE, BET /NI, HAS M REIRZ, Joikiii B IEF A 223K, BET XK, £ fL i
VR W] ) B AR B, i A fift Ik e e 7

[0015]  FTIR I ICARM EIE 7o HL A 4. 4V ~ 4, 6V B, Cu-—K a [ X SR AT i 003 g
oW, 4. 4V ~ 4. 6V J2& LiCoO, i k& A7 BEME 4% Ny Wi i) S B e, WT LAV AR SR AIE L 45 4 2
BHEE, W T 4.6V LU, BUOA B AR K & IR E2 B Co0, AIAH.

[0016]  Jiik i IEARASBEA Li, o,Coq soMEo cash Lo, 05T Lo, 0101 905F0. 00s» E PG H L 22T 4L
J& » SR EAL S I BE AFAETE BE IR R T BEER S PERE A 5 AL

[0017]  —Fh4E e 7 rith, HoELHE IR SR () B T 1B SR A 22 TR) R B i, LA % W
i, AR EAE T FTR IER Y EREEE S 7 it A EREHEM B S T o RS 2557155
R R

(oo18]  ATik it — BBl & 1 rlit, FCRV A e i L R e T 4L 2V,

[0019] B &4 v LV AE By LS T NV REGE IR R B2 T e 5 96 B, (K &5 7 R ATk L 18
B2 A SRR E G, B W 22 T R RN A i | T R HAT AR e BRI ERPE R, 17 ELIE A
T PR A v HL RS WV A A 42 4 Il B, 3K 1] A1) B 8 B 4B A OOV IR L T TR VR e
FRY, A B W IE 28 FF T I AdobA LT B AR AL, RIEE 5 U S AssE M RO AL, JF HER A T
e AT MR A B A R A T 2R v, IR T AR AR S e w e, BAIRE NS
G ot

Ff (=] 352 AR

foo20] [ 1 2MEM Cu—Ka H X HERTH BGIHX LiCo0, M 4. 2V-4. 6V 1 XRD i¥% K.
fo021] [ 2 2 {H M Cu—Ka FY X G ERATH IR 1.1, 6,Coo 0MEo. 0057 16,0057 16,0101 s95 0. 005 AT
LiCo0, ffy XRD i %t H.,
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[0022] & 3 2 Li; 4,Coq aM8o 00sA Lo 005 T 0101, eusFo. oos ZEFN 2 LM HH A 3 AL E

(0023] B 4 2 L, o, Cop, oMo 0058 Lo, 005110, 0101 005t o0 TEFNE BTt A 4. 6V [KIBFFHERE o
[0024] & 5 5% Li, ,Coq oMo aosA Lo, o05T Lo, 0101 9580, 005 TE 4- BY IHAEH] Cu-Ka Fy X B ERAT ST
A AR XRD o

[0025] &l 6 42 Li;, ,Coq geM8o.005A Lo, 00T Lo. 0101, sasF . 005 A HLIME 4. 4V Fief I AE IR P BE -

loo26] "I &5 B B AT R A4 Sl 75 3K, A S B B - v SR T AU 28 IE AR R B %
TI AT VR U

BAEXEAR

[0027] "I [T &5 & 5 A S M), 1 4 U B A R B R i L AR R e R L
-5 58

[o028] S 1

[0029]  FREX— 3 & (1) MgC,0, * 2H,0, AL (OH) 5, Co,0, LA % LiOH ¥3 R AT HSHG ek T k4T 2520
TR S, W B I SUR B YR BN T 2 wom, ZRJE ZE 900°C T BHES 10h B R RS
YRR LiF F0 Ti0,, HLA SR 55, 3R 10h J5, 4£ 800°C F ke 6h 351 T IE
A B L1, 0,Co0 6aME0 s0s2 Lo c0sTio.0101 sasFo. a5 BET 247 0. 22m%/g, Li,00, & & X 0.05%, LiOH
ZEA0.01%,

[0030] P& 2 RAFH Cu-Ka X S e A0 it i A4 L) XRD 1% P8, 55 LiCoO, #HEL,
BT A fE O — B, %% R I Mg0, A1,0,, MgF,, A1F,, Ti0,, TiF, 54k & YRR AEART 9 06, 1 3
HR U E SIS, BT SR IR

[0031] 3 M EHE P A R R, S LiCo0,, LiCo, oeMgq 10,5 LiCog goTig 10,
FHEE, R e R A A

[0032] [l 4 & 1% A Bl 75 41 K Ha b 4.6V 1 4 28 7 BE, 5 LiCo0,, LiCo, gMgy 0,0,
LiCog gTig 0,0, #E, fAAMERER A EH B B 9L %

[0033] &5 2% RHLE 4. 5V I Cu—K o [ X 5 ERAT SR 12 IE AR b4 L XRD 1515,
5 LiCo0,, LiCoq goMEo 01055 L1C0, eoT o, 0000 AH EL, 003 W JE-PAT IR AT UE, 10 1 HLAE 4. 5Y B
gifAEETRE.

[0034] K 1ZGMEAED M 4. 4V I B SR IR SR, 5 LiCo0,, LiCo, 4Mg, o055
LiCog gTi 0,0, ALY, FRAT M MERER W] B

[0035]  SEjff 2

[0036]  F&MESZAEM) 1 B F7EEI T LiCoy ehly 0120 010y eoFo o BET 29 0. 42m/g, Li,CO, &
& 0.15%, LiOH & &4 0. 01 % H25 & AR MRS IR RELL AT MERES T8 2 .
[0037] i jlf 3

[0038]  FZHESEHEM 1 FI77iEH45 T LiCog oA ly 02270 0101 9P o1 BET 4 0. 25m°/g, Li,CO, &
w4 0.05%, LiOH &84 0. 1 % AR T Efe. R ae UL RAF TR RES T3k 2 b
[0039]  SEJfEMH 4

[0040] MBS 1 (I /73EHI4 T LiCoLig eehly 02T 0201 aoFo o1 BET 247 0. 39m’/g, Li,C0,
TEA0.05%, Li0 & 88 0. 01 % LA ATRIERE (B TERE L ATk RES) Tk 2 h.
[0041]  SZHEH] 5
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[0042]  $zBESZH) 1 (7715814 T LiCoy whly 02Zts 001 wFo 00r BET 247 0. 12m°/g, Li,CO, &
=R 0.1%, LiOH & &N 0. 1% LA R PRI TR UL R AF TR RES Tk 2 .
[0043] & 2 FPRIEAR UREH A, B LLR C Ju R N2 B KA B R A5 R MRS, (B 2wk
A4t M B T I W Bt

[0044]  SZjEM] 6

[0045]  FEMASZHEM] | 77 35H04 T LiCog 0oBo oHEo 010, 00sPo.0ess BET 24 0. 32m/g, Li,CO, &
wH 0. 1%, LiOH & &4 0. 05% H.25 5 538 PERe . R At fe LA R A7 R RS -6 2 h,
[0046]  SCHEM 7

[0047]  RASEififl 1 A (9 IEAR IS VM BHS S e oK R 25 700 38 53R A ) 1l A ke 1E AR i
s B IEARAR 5 s P DL R AR 8 i RS 5 AR A R0 S AT B A R A R
SRR B T, P 6 R A HLIAE 3.0 ~ 4.4V FIITERERE

[o048] S bbsEjlifm 1

[0049]  FZHESCHEM] 1 [ 77 H] 4 T LiCoO, 59t 1 kT SR,

[0050]  [&] 1 x& LiCo02 M 4. 2V-4. 6V 7 HLIN ) XRD 15 &, M n] LG H, & Fhilg & w47
B orig, HEN R, o 003 W21k o8 B

[0051] S bb s jitifs 2

[0052]  fZMASKHER 1 B T7iZH 4 T LiCoy oM 00, 55K 1 REAT ELAR .

[0053] X S 3

[0054]  FZHASTHES) 1 (77 1EHI4 T LiCoy o Tin 00, FEHER] 1 24T AL,

[0055] % 1

o 85°C/8h JEEEAR(K
MR - o
=
Li, sCoq gsMgc. a0sA Lo, rmaTiu.mOx.uusFra,ma 12%
[0056] LiCo0, 230%
LiCOﬁ,%Mgu_ 0 0s 180%
st |
LiCD(‘ !IUTiﬂ. UIOL' 13()% i
[0057] %2
[0058]
1 | e i 40 fEHE [ 85C/8h |
—] [ =E R N
s (mAn/g) | 0.2¢ | 0.5¢ | 1c | 2¢ | 7T BRN | ERE
| N T
LiCog aehlp 0 ZY0.0:00 000 | 1814 199, 1% | 97. 7% | 95.5% | 79. 5% 95. 2% | 16%
QCO(Lr_ygA].L\_i‘:zzr(;,n|0;,wl-“i,\.nx 178. 6 99% 97. 3% 93 8‘3{) Tl B 95. 3% 16%
LiCos Al n,?Zl"n,n?Ow ugFu ] _1'17. 9 98. 9% 97. 2% | 93. 4% T7% 95. 3% 14%
LjCOQ,ggAl(} n_gZTnJ,gO]_wFﬂ_O_’ 1760 3 98‘ 9% 97- 1% 93. 3% 76. 8% _25_. g%_ L 13% o
LiCoumwBooHfoaOimPows | 1BL.6 | 99% |97.8% | 95.6% | 80% | 94.7% 17%
T
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