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(57) Abstract 

A positive electrode active material for a lithium ion battery, its structural 

formula is LiaC01-b-cAbBcO2-<1Cd, where A is at least one element of Mg, Al, Ga and B, B 

25 is at least one element of Ti, Zr and Hf, and C is F or P, 0.95:Sa:Sl.05, 0.001:Sb:S0.02, 

0 001:Sc:S0.02, 0.003:Sb + c:S0.03, 0 <d:S0 01, the element A is uniformly distributed in a 

bulk phase of the positive electrode active material, Most of the element Bis 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 

30 material is charged above 4.4V, a 003 peak in an X-ray diffraction spectrum with Cu-Ku 

remains intact and unsplit 
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CLAIMS 

1. A positive electrode active material for a lithium ion battery, its structural 

formula is LiaC01-b-cAbBcO2-c1Cd, and characterized in that: A is at least one element of 

5 Mg, Al, Ga and B, Bis at least one element of Ti, Zr and Hf, and C is For P, 0.95:Sa:Sl .05, 

0.001:Sb:S0.02, 0.001:Sc:S0.02, 0.003:Sb + c:S:0.03, 0 <d:S0.01 , 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 Oto 100 nm from the surface, and the element 

C is distributed on the surface of the positive electrode active material, when the positive 

10 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 

15 in the X-ray diffraction spectrum with Cu-Ka,. 

20 

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 O to I 00 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 0 , 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 

25 claim 1, characterized in that: a Li2CO3 content is less than 0.1 % and a Li OH content is 

less than 0. 1 % in the positive electrode active material 

30 

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 m2/g. 

7. The positive electrode active material for a lithiwn 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 m that: the positive electrode material 1s 

Li 1.01Coo,99Mgo oosAlo oosTio.010 1.995f o.oos. 

5 9. A lithium 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 

a lithium ion battery according to any one of claims 1 to 8 and a conductive carbon powder 

10 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 

LITIIIUM-ION BATTERY AND POSITIVE ELECTRODE ACTIVE MATERIAL 

THEREOF 

5 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 

10 [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 

15 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 

20 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 LiCoO2 and LiNiO2, a spinel structure such as LiMn2O4, and LiNiC0MnO2. The 

above positive electrode active materials each have disadvantages: charging voltage of 

LiCoO2 cannot exceed 4.2V, structure of the LiNiO2 is unstable, a storage performance is 

25 poor, performance of LiMn2O4 at high temperature is not good, and an energy density is 

low, an energy density of LiNiC0MnO2 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 

30 of view of materials: one is the development of new high-capacity materials, for example, 

a lithiwn-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 

5 electrode material, for example, LiCoO2 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 0.1 V, the energy density increases by about 10%, but w·ith 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 LiCoO2 is 

10 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 LiCoO2 coated with AlPO4 has a 

15 significantly improved cycle performance compared to uncoated LiCoO2 at 4.3V. The 

relevant document proves that after a high temperature treatment is performed on LiCoO2 

coated with AlPO4, the phases of LiAlO2 and Li3PO4 are fonned on a surface of LiCoO2, 

an Alf3 phase is formed by reaction with the electrolyte in the cycle process and is 

attached to the surface ofLiCo02, therefore a cycle performance is improved. Although 

20 the coating can improve the cycle performance, the surface coating layer 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 

25 States Patent No. 7018741 discloses a doped LiCoO2, 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 LiCoO2, the contact between Co and the electrolyte cannot be completely 

30 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 

LiCoO2, 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 

LiCoO2, the lattice expands first and then decreases, a voltage of 4.45 to 4. SV is a turning 

5 point. A large nwnber of documents have reported that the coating can inhibit the lattice 

expansion to a certain extent, therefore, the coated LiCoO2 has better cycle performance 

at 4.45 or less, once the voltage exceeds 4.45V, the cycle perfom1ance 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 internal lattice structure 

10 is needed to improve cycle performance at> 4.45V 

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

LiCoO2 which has good cycle performance and storage performance at high voltage. 

SUMMARY OF THE INVENTION 

15 [0008) The purpose of the present invention is to provide a positive electrode material 

LiCoO2 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 LiaC01 -b-cAbBc0 2-<1Cd, which has a 

20 layered 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 LiCoO2, 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 LiCoO2, 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 

25 ionic radius of Ga is the same as that of Co3+, which can perfectly replace the position of 

Co3+ and improve the bulk structure stability; B-O bond has the highest bond energy, the 

element B can effectively inhi bit the side reaction between LiCoO2 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 LiCoO2 and the electrolyte fine, and effectively reduce 

30 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 

LiCoO2, it has a more stable surface at high voltage, thereby reducing the risk of oxygen 
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release, 0.95:Sa-S l.05, O.OOl Sb:50.02, O.OOlScS0.02, 0.003Sb + c:50.03, 0 <dS0.01 , 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 

5 a perfect solid solution with LiCo02, 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 LiCo02 and 

10 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 LiCo02; 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 LiCo02, reduces the amount of 

oxygen released under the state of excessive delithiation, and improves safety 

15 performance; when the positive electrode active material is charged above 4.4V, the 003 

peak in an X-ray diffraction spectrum with Cu-Ku remains intact and unsplit, during the 

charging process of LiCo02, 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 

20 position of the 003 peak, which indicates that the phase of Co02 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 Co02, 

therefore, the split peak at 003 is due to the generation of the phase of Co02 in LiCo02 

25 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 ofthis phase transition needs to be 

30 suppressed or delayed to make the cycle at> 4.4V stable, and this phase change occurs 

from the surface of LiCo02 first, and then diffuses internally. The Co02 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 

5 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 

10 structural instabihty and affect the overall performance. 

[OOll] In the positive electrode active material for a lithium ion battery, at least 80% of 

the element B is distributed within a range of Oto 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 

15 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. 

20 [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 0 , no peak of a compound of the element C appears in the X-ray diffraction 

spectrum with Cu-Ka., w-hich indicates that a uniform distribution is required to obtain 

the best effects 

25 [0013] In the positive electrode active material for a lithium ion battery, its Li2C03 

content is less than 0. 1 % and a Li OH content is less than 0.1 %. LhC03 reacts with HF 

in the electrolyte to generate CO2 and causes flatulence, therefore the Li2C03 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 Li OH 

30 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 m2/g, 

if the BET is too large or too small, it affects the performance of LiCo0 2. If the 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 

5 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 LiCoO2 changes to contract, it can clearly 

characterize whether the structure is stable. Above 4 .6V, because the degree of 

delithiation is too high, a CoO2 phase appears on that side. 

[OO 16] The positive electrode material is Li1.01 Coo_99Mgo.oosAlo oos Tio.01O1995fooos. 

10 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 fi lm spaced between the positive and negative electrode sheets, and an 

15 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 

20 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 

25 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 

30 [0020] FIG. 1 is an XRD spectrum ofLiCoO2 from 4.2V to 4.6V measured by using an 

X-ray diffractometer with Cu-Ku. 

[0021] FIG. 2 1s a companson of XRD spectra of 
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Li1.01Coo_99Mgooo5Alooo5Tioo1O1.995Fooo5 and LiCoO2 measured by using an X-ray 

diffractometer with Cu-Ka.. 

[0022] FIG. 3 is the rate performance of Li101Coo99MgooosAlooosTioo1O1995fooos in a 

button cell. 

5 [0023] FIG. 4 IS a cycle performance at 4.6V of 

Li1.o I Coo_99Mgo.005Alo 005 Tio 010 1.995F 0.005 in a button cell 

[0024] FIG. 5 is an XRD spectrum of Li101Coo99MgooosAlooosTio_o1Ot995Fooo5 at 4.5V 

using a Cu-Ka, X-ray diffractometer to test the positive electrode material. 

[0025] FIG. 6 is a cycle performance at 4.4V ofLi1.01C0o_99Mgo.005Afo.005Tioo1O1.995fooo5 

10 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. 

15 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 

20 [0029] A certain amount of MgC2O4 · 2H2O, Al (OH) 3, Co3O4 and Li OH 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 µm, and then calcining was performed 

at 900 ° C for 10 hours, nano-scale LiF and TiO2 were added to the calcined mixture, an 

ethanol was used as a solvent, a ball mill treatment was performed for 10 hours, and then 

25 calcining was performed at 800 ° C for 6 hours to obtain a positive electrode material 

Li101Coo_99MgooosAlo oosTioo1O1995Fooos, a BET was 0.22m2/g, a Li2CO3 content was 

0.05%, aLiOHcontent 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 LiCoO2, all characteristic 

30 peaks are consistent. No characteristic diffraction peaks of compounds such as MgO, 

AhO3, MgF2, AlF3, TiO2, 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 

LiCoO2, LiC0099Mgoo1O2 and LiC0099Tioo1O2, the rate performance has advantages. 

[0032] FIG. 4 shows the cycle performance at 4.6V of this material in a button cell. 

5 Compared with LiCoO2, LiC00 99Mgoo1O2 and LiC0099Tioo1O2, 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-Ku at 4.5V, compared with LiCoO2, 

LiCOo.99Mgoo1O2 and LiCOo.99Tio.01O2, the 003 peak does not appear as a split peak, this 

10 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 ful l cell, compared with LiCoO2, Li Coo 99Mgoo1O2 and LiC0099Tioo1 O2, the 

high-temperature storage performance has obvious advantages. 

[0035] Example 2 

15 [0036] LiCoo.99Alo.01Zro.01O1.99fo.01 was prepared according to the method of Example 

1, the BET was 0.42m2/g, aLi2CO3 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 

20 [0038] LiC00_99Alo.02Zro.01O1.99foo1 was prepared according to the method of Example 

1, the BET was 0.25m2/g, a Li2CO3 content was 0.05%, and a Li OH content was 0.1 %, 

its capacity, rate performance, cycle performance and storage performance are listed in 

Table 2. 

[0039] Example 4 

25 [0040] LiC0Lio.99Alo.02Zro.o20 1.99foo1 was prepared according to the method of Example 

1, the BET was 0.39m2/g, a Li2CO3 content was O 05%, a LiOH content was 0.01%, its 

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

2. 

[0041] Example 5 

30 [0042] LiC0099Aloo2Zroo2O1.99fo.02 was prepared according to the method of Example 

1, the BET was 0.12m2/ g, a Li2CO3 content was 0.1 %, and a Li OH content was 0.1 %, its 

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

12 
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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. 

5 [0044] Example 6 

[0045] LiC00_99B0.01Hfo.01O1.995Po.oos was prepared according to the method of Example 

1, the BET was 0.32m2/g, a Li2CO3 content was 0.1%_, and aLiOH c-ontentwas 0.05%, is 

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

2. 

10 [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, 

15 and capacity tests, so that the lithium ion battery was formed. FIG. 6 shows the cycle 

perfom1ance at 3.0 to 4.4V of the full cell . 

[0048] Comparative Example 1 

[0049] LiCoO2 was prepared according to the method of Example 1 and was compared 

with Example 1. 

20 [0050] FIG. 1 is the XRD spectrun1 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] Li Coo 99Mgo 010 2 was prepared according to the method of Example 1 and was 

25 compared with Example 1. 

[0053] Comparative Example 3 

[0054] LiC00_99Tio.01O2 was prepared according to the method of Example 1 and was 

compared with Example 1. 

[0055] Table 1 

30 [0056] 
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1. - ;fip fflj_ ~ -=f E@.¥1!!,ffl iitJ?d~'t£M fl~, JtAAf~ "i-\.7-J Li 0 C01-b-cAbBc02-dCd , Jttf:'6Et£-f- : 
A ~y )-,J Mg , AL Ga, B i:j=i a<:J - ;f,Jji jf;~, B ~_& )-,J Ti, Zr , Hf 9'1 B<:J - ;f,ff je;~, C ) -,J F git~ P, 

0. 95 ::s; a ::s; 1. 05 , 0. 001 ::s; b ::s; 0. 02 , 0. 001 ::s; c ::s; 0. 02 , 0. 003 ::s; b+c ::s; 0. 03 , 0 < d ::s; 0. 01, 

~-A~~~~;,fjjt£m~tt~~ttttM~#ffl ,~~s~~&~so%~;,fjjt£~~~00 0 -
100nm 1i1~2:. P-1, ;t~ c %111ttM~iEt~1"5tt;J--tt+1¥n~OO, M~IEt~r5ttH-'¥4ttJE it!.~ 4. 4V 

W.r. S---t , tE Cu-K a ~ X !~t!lliMii l! IJ: s<J 003 ~1:~~M:56~ , *5'r~o 
2. f§!~ ,J;J.;fiJ ~>.R 1 JiJrj£ B<:Jff~-=fit~'iliffltt,{2H~tt:Ht4, ::1=t~tiEtE-F :J5Jrj£s<:J A 5E]t :tt/ 

~~0~tEttm~tlM~~ ~ffi , tE ~ ~a~XM~ffiM-~_t*~~A5t~~-~ ~~ 
tlf¾ o 

3. tlHJlHRfiJ ~>J<. I J-iJT~ a'-JW ~-=f it i'tE ffi iitlH~tHJfl-, Jtt~{!EtE-f- :J3/T~ B'-J B 5t~ ~ 
Yff 80% ~;,fjjt[JE~~~jffi 0 ,__, 100nm m!EZ rkJ, tE Cu- K u El<:! X ~t~taMiiOO.r.*~i~ B 7t 
~ s<:J~1-t!JP./EJj tll$o 

4. ttH}[5~JflJ ~:>fe 1 Yr~ aMm ~-1-it~'iliffl iEtJh~tl:Mfll-, 1tt~HiEft-F :Yi~ C ~~0-1ii' 
tt~mmttMM~~ffifr~~ o~~W,tt ~~ a ~X M~ffiMfflOO.r.~~~5t-~~* 
1m B<:J tlr¾ o 

5. tlH"5:1-RliJ ~ >1<. 1 JiJrj£ H~ff ~-=f 14!~'ili ffl IEtiz ;%t tt-t*4 , ,;t~uE-ff-f- : M~IE:l:!H!S ·11i-t 
t~-S<J Li 2C03 15::i:ftJ; r 0. 1 % , Li 0H 15::i:ftJ;-f- 0. 1 % o 

6. iRffltJ.iiJ ~ J)< 1 JifiJ£B'-JW ,~-=f Ft1ii!!ffl ttt1ziifU,f ¥4, ;t=t~uE:e: -f- :l3/Tiittt1mttM 
Nfl<J TIET tE 0. 1 ~ 0. 4m2 / g Z.i'aJ o 

7. * ffl ~ %1J ~ :1< 1 J3/T J£ ~ lfil ~ -=f it ltl!R=J IE t1z ii! tt:M H , :!t t~ tiE tE -f- : J3fT i£ s~ iE t1H-fl4 
tE;E ~ £ 4. 4V ,.._, 4. oV Bi, Cu- Ka ~ X M~YTMilOO 1-.~ 003 ill¾i~J~'.16~ , *71W o 

s. tlHJiHRliJ JL1< 1 §r:ii ~ W ~-=f it lll!ffl rr t~ ii;!;· ·11 ir-H4 , ::1=t ~ ti!: .ff -f- : Jiff J£ ~ tt :t&M 14 
:tJ Li 1. 01 Coo. g~1go. oosAl o. oosT io. ot 0 1. ggsFo. oos 0 

9. - #~ ~ -=f it ~IE , JC -ei =!% IE t:iz: J=L fft t1z J=r , i'BJ iWi -f- IE .ffl :t& J=r z. i'BJ El~ iWi ~ mt , ~ ,& it ifli 
1-& , ;!=t~tiETI:r :JifiJ£tt:t&J=r EElJ.f-lJ ~:1< 1-81f ~-JlQJiJT:ii1f'~ffl!~ T 14!~ffl tt:t&~tiJ.tN 
EJ ~ ~ ~l51 ,;fii!iti!f11U~~i~B-m~JJX0 

10. 1{HE t:5( *f~! * 9 m j£ a<:J - # ~ ~ -=f Ft!, ?Ii! ' ;It J§Zffl s<:J 1E Ft!, ~.Lt Ft!, J.Lw.r T 4. 2 V 0 
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~*®!~ 
[0001] *~ ~t~ ,&-lJrl@~~El!ilEJJ:J .iEfilm'ttHfl-& it.I=§ ~HHR<J/@ ~~ Egrfh 

1:r~ti* 
[ 0002] ~m ~ + ;tl1. , !l!t/ilbt§ ;t11. , ~ ic * Eg JIBi t n {fJJH-t DVD ~ :f$ i9J 1>t ~ B<J B :firl.l} 1H-t ln $£ TT'­

ft, rli:lm xt -f-~ z;iJ f:l~i/ffi s<J fffj ::JU~*~ iWi , ¥-11. ~~ff 11 § mJ mi~ f-t f:lgiJ]P=J=t BE :S:¥.Ul ~ rWi s<J ­
~ Eg rtg ~~*ti 0 

[ 0003] '1,!lU~ ~ It! ¥tl!. - f.R 'rl!, }t : iI ttk h , in fil h , rm ~~ -f- i£ in tR h :L fa] 8"~ IWj m ~ , ~ lz It!, m 
ii . Jt 9=l , iE f& Jt ~ M iE ~2Hl iiit f;t ,flJ 5t ifii tE iE tJHl dit ~ J: l¥J iE m iidi ;1-;t t4 , ff.t fil Jt 1:g M ffiJ~ 
••#~5t~~~--ffi#J:~~-ffittMM 0 §~,mm~-~~~~~~fflmttMM 
if~;J:k~t~ LiCoQ2 l,O Li \i02,~~:;fi~~ LiMn204 , ~,& Li iC0Mn02 ~$Ji;;j-;jf4o J::iiiE~ 
h!i·rlttJ!t;I- WiJ .g. § 1¥JAA,'2- :Li Coo~ Jc Eg eglli::ffiM~u 4. 2V, Li iOi a<J~~::f{~JE, fF fiM1 tm 
!2 , LiMn204 l¥J ~~ tt f!ie:::f :H, r!bi:ff.' /i±-th , Li Ni CoMn02 B<J rJg .m'&; J.i f~, t~xtti~]E,'@jftj/ij f= i:Po 
xtf:lg :&:* N.in1;:if:·rif:l~l¥JJf *, IX!rlt, jg·l)Jf/ffJf ©TB<Jgg:S:* N.~*15:i:t o 

[ 0004] x:t -f- f'i~ :it -11Ht l¥J t>'tft- , M tt t4 ]fl ~ ili ~ ' +. ~ 1f im tii n A : - 7V ffi 81 N6 w :it ;f,1 N 
1¥Hf~,:!zo~OO Argon ~~~ 3f~B<J~fffl~ tt-t4, tE 2 ,-..., 4. 8V B<JJE]J)(t:gffilllp;J~~-i.t:~Ll 
300mAh / g , jJ B ~u·et.m. * ~~ rWi B~t;tt-,l-, f_§_;@:Jt~~*~ B<J~~f§, {Jjf£Ftt f!i~ IJ& f-tf .$·11 f:l~=W 
~ ~ , ~ ll,,j mz m :i:Ui 9=l 1¥-tE 11! $ § m x $ ffllHk s"J fp 1 ;W , Re~ W,i .ill:. ft J£ 1r 11! * IBt 01 ra:1 ; :!n - -
t~7J :rl.:1i1mft iE~,Htl-B<Jftf@.itJ.tegf:t, :Po LiCo02 , JA El fiJB~Jm ffl ~It 1. 2V11J:mft- , &ft 
iWj" o. 1 v, fjbi:¥ lt:1.t Ki"J 10 % , :51:: - t-ir~~ ~ lf ~j:B<J ~g:ffi: ,£: ltt~JI jJ:c\'.; , 1.E!~l~ -1r ft: Eg i\t.11:: 
f@.ffi B<J m ft , :M lH<J fill tlL~.±t bo , Jt * ~ ~iHi;l :':fN-tH&;tt :f ~JE, A ;i: ::tmUR :iiL 3 Li coo, tE 
4. 2V ~J: {Jf£F B1, J'.t1\n s'1ti1l ~ rtJ -'¥~·s'1ti1l~1:::f PTJY!l¥Jtt'3l: , Ej it!.Mr&z faJ &'J/iilJ JxS!W 
$ • {J!Jft£ij~~~f~1li :'¥: o 
[0005] 1-J T m*m:ft ft EgiJG"$ EgffiJyi{:i}*a{J - ~JO JP]R!i , ;f4$:J?-1UI ~J?-,f$T 7C:&: B1 I 
{'!: o ~ Iii ~:;¥Ll 7135251 03T T *ffl AlP04 -8. ti B~ LiCo02 tE 4. 3V T ~·9xtr*-8.11 EJ{J LiCo02 

:¥l B~F'M' l'l.JHIHr-J1'9:ff 'i!ttm B<J~ft , ffi=k JtmkiiE l:!J=l A1P04 fltll¥J Li Co02 ~:z:ii~~1l.t l:9l.J§ , tt 
LiCo02 Ei<J~ITiU~nx; 7 LiA102 ~ LisP04 1¥Jt§, ~B1tE1Jif£f ttli 9=l Ej Egftr!ili&&$%nx; A1 F3 t§ ~t 
tE Li Co02 ITT* 00 , J,A rffi~ft Jt 1ffii Jf •l".t §t o 'E1 iL 1i ~ ~t-liJimft {miff •l1 f1t, @ ¾* lffi ~il Fz 11 1:g 

t ~ig t& i;t, tE ~ wi S ffl i:p , ~JH& ~ le@.~ B"J ~ ffl: + JE ~ 5~ -ti, JE1t~ le@. u f~ i:p 1Q, 11 ~ x1 ~JHJHJi f,t 
1¥J~~.~~~**~lli~~B<J~MY&ffi.$tt~l¥J~~ .~~~~M~:it~lt -~m~~ 
7018741 -:,~:ff T - :f11t~~BS LiCo02 , ;ffi~~7G~ 5f 1!1-f-r;f t4S{JlHffl, ..l;j Co ~~f.sl~i;t, JA rm 
!WHk: T *~ ~::f1J 7135251 i:p s<J ~Jli ~ 21i~, {~$-tig~~ ~ foJ ~. 1.E!~1+tEri'idliil.1+fiiiEl<J l□l~, 

'EJ.-tl .ft~ Ei LiCo02 ~it J5 , ,?°,lt::fFi~%'.i:~l=L1t Co Ej Eg.flli1-~1¥r~!M!, tn¥1*ul¥!.i6,rt,~1il1$ 
B<Ji1JJx@]J)( ~ , ~~. ~iliil.1¥fffi'J11Jg~t~1L 
[ooo6J ~ @0 :FF 1¥1 x ITTk E& ~-¾- 5¥Ll ,w at!:!~~ BJi/J> 1¥1 m Sc iWj" eg 1± c > 4. 2v) r 1¥1 - ~ 1ii.J 
~ .fJI;:!¾'81fJffiU~*ttT LiCo02 B<J~ffifq]~. rffixt1*ffl*4t*~'i ::f~, ~Jlt.R~~tE 4. 3V, 
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4. 4V ~ Egfur :itHr §ffi" ~Pfi JWl 9;1:1, LiCo02 tEJ& /~'dit¥ r:p , :lt ff§ ;K§.;¾E5t ~ ~J§'~+, Egfu 
4. 45 ,...., 4. 5V B1.7'1~1fr § , :k.m:JC~1R:i!!§~r1HitE- ~fiJ,i 1-. :JtlHMi-lr~*~lW:. ~Jlt§ffl'.J§ 
l¥J LiCo02 tE 4. 45 I;}, r jj_.1n3t~B'-JfiPF·ti~L - _§_ Egffijfil;i± 4. 45V ' fjJ;f 't':l:f:f~~ilJ~f1tC j!¾ 
~ 7V 1:1,11x ~ ~.ll 1 ~ ~ :i± p;J ½1Hn q~:;m, pg frl1 ~ ~ /f tl JEJiJT ~ ~ . ~ JJt m ~ - ;Ff~r ~ r· ~ t ~)E 

Jtp;j~h'111t~r,H~. ~*tt> 4. 45V s{Jf)jfEftl: fjg o 
[0007] £-f--1.itNi ~, :;$:-&-5¥u 0ff T - #-tt r,li Egffi r ,S, 'lf flHff-fmJ;f ·):1 fi~ifllHfr~ t.1 fit IEt:& 
t,t;fi~ LiCo02 o 

~~J:l p;j~ 

[ooosJ 4: ,'.& ~ l¥J § B<J tE rm{#- # .IE tllM 1_:~ LiCo02 , ~,MY:k: ,Wo ~ lli@ffi r B'-J ~ rH ~fr!H1: 
~12: ,f□ fj f;f ti: ~g, :1t ;tl: )£ tE ft lt!.11&11: it Bi ~ r 4. 4 V B1 o 

~~ *~~0H7-#fi~T1:g~ffl~ffl~ttttM,Jt~~~*~~ 
Li aC01-b-cAbBc02-dCd, Jl~11·m tR:~~ ' Jl rr A ~:97-J Mg, Al' Ga, Brr a~- .tt]Ij~ ' ~/'J Mg ]Ij 
~ B1JJOA "i:iJ ~JJl9t LiCo02 B~ ~~$, JAmH:lriih:ltf-ff .$.·ti ~~. ~a---fi:iT ~ l~A£~1*fflriHi;J, Al 7ti * fjg.bj LiCo02 ~ .BtYG~ B'-J In! f61*, IWJ B1 Al - 0 fitB'-Jtlfjg 1:.-f- Co-0 ~, Xt-f-~ ~~1*tB ~fi.J l&, 

k ·tili:M B}J , rm Ga s<J ~T-i'.':.1:i:~ Co3+ ffl [P], "i:iT l;J,5E~ B1 ltt f~ Co3+ B<J ffi:.i'., ti:ft f*ffl~ttJ~-k 
'Ii ;B- 0 ltil1flir'EuE!''Jt@§~, [;;J B 5t:ln ~,1f~fliJiM LiCo02 -1=§ ltfflfr-&Zi'aJ a<J:; tJ&_Jf'Z , B ~j> 

-jJ, Ti, Zr, Hf t:j:i B'-J - ;fip 7ti* , 1.3:@ JG*~M.Mltt!t l¥.J ~5:E Li Co02 ¼ ~t~~ l¥.Jtl m!l! :1f. [11i, if~!{~ 

j> ;f}jfj:£f :i±f~ B~ pg ll.fl ±t ;JO , JA rm~~ fj Pf 't!Hm " C 7V F ~ ~ P, 1!1 jv F ~~ P tE Li Co01 sq * Tio 
~f~ o B'-J{.v..i: ,1!Jtft~Egllir~1f£~5El¥.J::rHITT,Mrm~ff~~%l.J~U~~,o. 95 ~a~ 1. 05, 

0. 001 ~ b ~ 0. 02, 0. 001 ~ c ~ 0. 02 , 0. 003 ~ b+c ~ 0. 03, 0 < d ~ 0. 01, i3:JJ:~7ti ffi B'-J lt'R 
·(!it~ {f - 5:E ill [I , ~ :i±J! ,t-ill [I!~~~ 11[/ij JI;~ f~ ~ 5:E ft. , ~$f!£ffif;f ·jtj:f:jg : 7ti~ A tSJ ~ till 7t 7$ 
tEffrJ£,~fflii5 ·tiM1~· B'-J 1*tB, ~ ;3/g Ji;~ A m'i~Efi LiCo02 ;Jtf&iE~B1 jQJ'iiH'fi:, A ltt {~ Co En{fI 
:I'. , :;t~t~~ ti1ifi11~ TE·r.t, :tzP ~ *~/f :ff81~J, n!t!&1*t-B Eg m* 11i 7f :ff8 1~J, ~ i Jdi!i:t&fia fflHi1:t:I;;, 
~ oit) fl f;f ·)1 ~t ; JG* B :;k fill :5t :5t 1n tE Ji)T ii IE~ m ·!1 M f4 B'-J ~ 00 , ]Ij ~ B tE r ~ ~ Li Co02 .E5 
it fr!¥~ B'-rlt !01! :'ff Tifi , .J-t1J tt!~ ft 7Dl it Ll:~ cj:i ff§ ¥~ En /f "i:iT ~ Il$ }Hf, IEI Jlt t1f~ ~ cj:i ft Li Co02 Ef{j ~ 00 ; 
JG~ C ~}7$tE,P,fr:i2f tt~1irJ 'li1',:H1J.1¥J ~ ctri, JG~ C )tt{~ LiCo02 ~ctri O e<Jfil:~ , ~fl£ult!mff 
tk~ r A{]~ ~Li: , ~ft-$:1:'!'.:1 §t ~fafiiflEt&~'tt tHltf JE it.r 4. 4V ~ J: H, iE Cu-Ka l¥J X 

M~1{rMil~-1.B'-J 003 ~1*~16~. /f5t~.tE LiCo021E~i1f¥ t:j:i , tE 4. 3V tr.::f=i'ff~fi , X M 
~mM~OO J:B<J~-t-~ffi1¥.I*~ili~- ~~& 1¥.Jfil:~~~~.ncj:ioo3*~*~~•~1¥.J 
tl~ , IT 003 ~1¥Hfl.i:~~H~- ,t-ffej tl~ , {~ ~1:.JvZ 7 coo) B1ffl , ?~J5m tl1~di tf~~ , rffi .:E tl~~ 

~l~~~~, M*~:5t ~ , ~#I.ffi~~~1$:7V:5t*, ~Ll 16-i:~JlWfl1, Jltfl11¥.J 003 *~:i:~~ 7'J Co02 

1¥J*, IEI JlttE 003 illf l¥J:5t illf£1El:B LiCo02 ff§~ t:j:i ;n:~ T Co02 s<J:t~, i!£mHi/f:ff8~ µJ,R_ p;J 

$~t-tJ~ftJ1,t~~1t@!&B~ , ft 4. 4V ~- T, :it 1'-if'B5ttE*iif ~.TiZJ§~ "i:if i~sg, tE 4. 4V l:L 
_t El1' I±! T ~ *~ 1f w $: ff 5t Jg 1& mi I :flu * 1*1§ t6 ¥;) /f ~~IE ' t§ 5t wt ~fi¾T-"i:iT ~ 8'-J ' iiJ+ WC 
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:;t~~ffl4:-1.M~~1:gffiTB<Jffi~~~-ttfto 

4 

AMPEREX Ex. 1019 
Page 21



CN 102610806 A 3/ 5 .!n 

[ 0010 J RT :i£ l¥J W ~ -r Et!, ~'11!, J=ll i:E if& m ·11 M lP=p , A :5t ~ :1.-)J ~ Jill 5t:tff tE IE tIH~ '11 M tl a{] f;zjs:,I'§ , 

tE Cu- Ka a{] X M~1nMitfOO r.*1~J_m A 5t~i'.r:!~1t1o/.li'.r:Jd~, ti□* A 5t~:5t;f!i:;f:M)~, !J!IJ tE 

~ffl qi ~~ili~A~~ i¥l affi ,tEX M~ffiMffl qi~M~ffl~01¥J.~tE.~~--1¥JA~ 
~@*~oo~~:;fffi~i¥J~a .m~•~#~. 
[0011] Mr .izEl¥Jil ~-r Et!,jtgffl _IE;\:&mttt~·;i:4, B n:~~&1f 80 %,t,mtERe ~~oo o ,-..., 100nm 

ffi IBI z. pg , B 5t ~ l¥J J::. ~ JjJ f3b% BX 11; -W ffif , 51- .f!j ·tt {i, ;tB-tB far~~ JE ~ ¥.J , {§. :;f ti□ 7t ,tti ft~ 00 -)~ * ~ Jm., ~!lt~~ffi:qi ,t;ffJ:t£:«mi 100nm 1¥J m: II pg, jj:fjlt..t;a: Cu- Ka El) X M~.:HBtJ-it !iLt ;K 
'jj:_1:_m B :5t~l¥J~1t1o/.11¥J~, ~5Ffffi~fry~,t,m, :tm*)~~ll~~@PXi Li+ Ji;f$~:l:1J~, ~ n!RJ 
{;:} $ ·11 fij~ ' ~ 81~ fix )EU tffl ~ t1;! tffi: $ tr- 0 

[ 001 2] m j£ s(] t! j@; T Et!, Ylli ffl IE *.& m '11 :r-t f3~ ' C ~ ~ * ;{jj:ff lE ~ ~i!tl::M ll ITT$ Tifi H ~ 1~ 0 

1¥J·ffl..i: , 1£ Cu- Ka EJq X Mtt1fi~fi-! ~J:*'ftJJll c 5t~ Bq{-ttt!Jm Bqwl-, ¾~ ':i~:l.-)J~-5t;;(p":;t 
~I?:~ 1~ Ji Pt s{J ;;:ji:~ " 

[0013] Jn:i£aqfl!~-=f- Et!il'lh ffl lEt&m•r'f.HN , Jl: LizC03 ~:i:-f1£ T 0. l % , LiOH ~ :i: fi£ T 
0. 1% o ~7-J L.i2C03 ~J::J itff!,~ i::j=is{] HF &0~}J)t C02 ~nl<: filt-9"., ~ Jlt Li2C03 ~ i!: ffel~ f5;f 
0. 1 % , mi LiOH ~ .hj HF &/E:1::.fix:7.K , ;/J0:i! itMi~B{] 51-~lt- , m Bx:$:-9". , !!I lit Li OH 1?:;l:m~f5; T 
0. l %o 

[0014] ffrj£.IE1&ii!•l1Hr~- B{J BET tE 0. 1 ,..__, 0. 1m2/ g Z. fi3] , BET ;t:.j::_~~ 7-\/J\ :WftfJ nliiJ 

LiCo02 B{J·]1 ~I?: . BET ;t:.+at, ;l=t{-Ji $•!1fiE{~ ~ , .:t~i~ JE.LE-m-S J=ll~;:ft . BET 7-\AB-t , ¼ itM 
¥~ z. i'fiJ Ei''J &@t~ ijiJ ?.!L r',,,'J rlli Z¥ 1i1H1 ~e: ti:~ " 
[001sJ J='Jri£1¥J.iI::l'&H.tiJ-tEJEit~ 4. 4V ~~ 4. 6V B-.t ,Cu- Ka 1¥! X l .tttirrMif ~ _t i¥} 003 ~* 
3G:5tdrf , 4. 4V ~ 4. 6V ~ LiCo02 I~ ~ti~HIH~ J-J i&~a~ ~f§t Et!,~}, t'iT !?J.m~±t!!~ fil:!t ~~~ 
N ~ ;E' , ~ -=f 4. 6V !?J. J5 , It! :1/g lliH!f Wit .:k ~ , J]~ 00 ~ tl.f!:l Co02 ftJ :t§ o 

[0016] m Ji l¥J IEfilM t4 7v Lil. OJ Coo. 99Mgo_ oosAlo 005 Tio. 01 01. 995F o. 00-5' ~ff~ ¥.J :i:t ~ t} :ct 1t 1t 
Iii ,-~# Et!i1-t$:'11 fart , Z¥1iiH1:fai~, tJl!t:Ef ·tt fart~i;-t1 st1rk ff st~* o 

[0011J - frl1W ~ f"- itrtl!. , ;tt'.-eLri!i.tEil>ZJ,, -JJt t~# , ['13] Fitl-f- .tE-JJtt~J=,-z.!'13] 1¥!~~~. !?J.& it 
M yf , , A~tiE-tE -=f : Ffr:iiIEill:# _t ;lts{J ~ ~ ~ ttrmffl IE,!2H~·!1:t~'t-l ~ ~ tt1wt~}, Jffi5 ftf 1fU:1:~~ 
mi;-~u~. 
[0018] mIBf.l{] - l~W~~FTI~, ~@J=IH11EFt!~.Lt1tU.Ir.ur 4. 2V , 

[0019J W /ili~ ri!.?tE..fE}J!~ it&T JE.ffl , i'ie:~-}c~M&tlil:rti'ie::i:~ fl:_ , ili.J2~w*Z¥ fr~ , ffi 
f.f , ~ :i: ~ ·Ii 66 a{]~~ , fffi'. :& E!J3 ~ 3f l¥J :r-t N-~ -OZ. tE ~ Et!i ff r ,,F=I, ff 1lU=f a{] l{Ef '11 fait. ITiJ J3. ~ ffilf. 
m T lzllrft ~ it Jf. )1\U=l=I ITT Z¥ 1ifi' ~ ~ f~ JJlm ' J3: ~ mJ ~ ITT § ,ii EiJG ~ ~ ~ r& ·!1 1¥J ;j,;f t4 ffr X ~ ~ !®! 
ITT, lfs:tt~ ft0ff T ~firtJ#fo,/r $l-~ sq¥-f:fil, ~PtEi'iso Et!iJ.Ir ~~l~JE'.·li ITT~ fil, H _§_p~dtt T 
;t,::~~ @t~fil Bt Btt,:HiJ-B{] ft~~ I z)f□ .1:J$ , ~®I z;fp1Jyt~~ ~f:!ll -1:l"' ' J'l~11.~ ~est} 
Vr~Y:fia.o 

~ft 00 iJt Hi! 
[0020] 00 1 £ f:effl Cu-Ka l¥J X M~NrMfx iP!Ui:i\ LiCo02 }}._ 4. 2V-4. 6V a{] XRD i'i\f!Ilo 
[0021] III 2 ~ ~ffl Cu- K Q A{] X JJt ~ m M-& WW i:it 1,i 1. 01 Coo. 9 Mgo_ oosA l 0. oosTi 0.010 1. 995r0. 005 ;f-lJ 

LiCo02 El<J XRD itOOxf tt o 
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[0022] III 3 :JE LiLU,Coo yyMgu_oo5Alu.oosTio 0101. 995Fu oos fE}D:itltrtlJ.r:p 1¥Jffi$•jjJjg 0 

[0023] 00 4 ~ Li1. o, Coo_ 99Mgo.005Alo.006Tio. 0101. 995Fo.005 frt□ :ititag i:p 4. 6V ostM:Efttffg o 
[0024] 00 5 _¾ Li 1. 0 ,Co0_99Mg0_005Al0_005Ti 0_01 01. 995F0_005 -tE 4. 5V Bt·ftffl Cu- Ka l¥J X MtlU-71 -t-J-
{x ~~ -wt iE tlHJ t4 B'-J XRD i'/# 00 o 

[0025] III 6 £ Li1.01 Coo. 99Mgo.005Alo. oosTio. 0101. 99sFo.oos fE-:i: ltt"ik 4. 4V B1 B(]f)jfEf ·)i~ 0 

[0026J rim ~,g- ~1 OO lP il:ft~MB1:f :it , xtJts:~ aJ! t:I;% r ittm~rnI~:lliEt~nt4 &-1tmlJ -~ 
1Jrt:itt1J'i+~~ ~ o 

~ft~~15~ 
[0021J r® ~**1-~MrHJIJ. w~~ ~*R 1~w~-r it rfurrt1H--tf-lB'-Jtt fit.&;tt1M~ 1J 
¥t o 
[0028] ~Mff,[91J l 
[0029] f$I{R -n::i: B1 MgC204 • 2H20, Al (OH) 3, Co304 ~,& Li OH fi}*1E~~-li}f~~ rti:i11Jf ft,71 

m -g- iiJf ffl1 J§ , -uJf M J§ Wffi :¥5I B'-J f t.:g t\I:ll I J\ -f- 2 µ m, ~ J§ tE 900 'C r jl_w;t;i;t 10 h ; ¥.Him J§ BS Yi 1r 
~ i:p tJ□A~*~ LiF f□ Ti 02, # 1J. l, Mfi ~ ~fHrn, :bi<m 10h §, fr 800 ·c r mm 6h f.ij i lJ J IE 
t/U.fN Li u11Co0_99Mg0_005Al 0_005Ti 0 _0101. 995F0_005 , BET 7J 0. 22m2/ g, Li2C03 --€3 :m: AJ 0. 05 % , LiOH 

--€3 .iiAJ 0 . 01 % 0 

[0030] 00 2 ~{tffl Cu- Ka BS X M~JM~·rMi>U~U-i-:i\~iEt.&Ml4B'-J XRD ii I!!, .t:; LiCo02 ;I'§ tt, 
Yf~t~fildf!- ~, ~~~JJ!l MgO, Al 203 , MgF21 AlF3 , TiOv TiF4 ~ 1-t--&l- 1P./1¥J4lfilfrHHwi, -i}l~ 

~ # 5G ~ 5t 111J:Y '>J , % ~ T % ~ 1-'.tJ fi!n 1iH* o 

[0031] 00 3 ;J¾~t-H4tE1'1l:i:\it!.¥t!!i:pl¥Jft$·)jfj~, £ij LiCo02 , LiC00_9gMg0_0 102 , LiC00_9~Ti0_01 02 

+R I..!, flL wt ,ff+ A J::. 1l .I-,· ,/-J;- 'Fh. 
,,.J:J L--u , o ~ r-r. 8 ri~ ... , ~FJ -vL ·:rs o 

[0032] III 4 ~ i~ tJ t-l- fr 1IJ ~ it ttk i:p 4. 6V 1¥J y)j§ if ·Ji fjg, £fi LiCo02 , LiCo0 _9~ g0_01 0_, 
LiC00_ 99 Ti0. 0102 tfl It, ffl!t:Ef•l1 BgJ3.~~~ '#5 ~.@. ErJft~ o 
[0033] 00 5 .¾~M~tE 4. 5V B1 ffffl Cu- Ka BS X ]ttlHrrM15ci~U-wt~.iEt:&t.tfi~B'-J XRD ~00, 
£fi LiCo02 , LiC00 _ 99Mg0_ 0 102 , LiC00_ 99Ti0_ 0 102 ;t§ It, 003 i&l-;it~~ l:i:l :fl,tili¾, fil AJl~tE 4. 5V ~- sry 
~ :{tJ ~~ ·11n&-n: 0 

[0034] * 1 £~:t.tlil-tf 1: Ffi l!R 9J 4. 4V a~-B~ ~~Zfiit)~J}K~~, l:ij LiCoO~, LiC00_9J4g0_0 102 , 

LiCoo. 99Tio.0102 tl:J l:t , ,~~~1*-!!:tf,Ig~ ~~·ft~ o 
[0035J ~ Mff iJU 2 

[0036] !1iJm~j/tg11J1j 1 1¥J1fit i 1J-,¥r T LiCo0_99Al0_01Zr0. 0101.oofo.Oi' BET Al 0. 42m2/ g, Li2C03 1,;-

.,;:7'1 o. 15 % , LiOH --€3 .,;:Alo. 01 %;it~• ,·ftf.tf: fjE,f.~Ift:tffElj&Zf-1itt tfjE3'U-f-~ 2 q:i o 

[0031J ~ tf11d1J1J 3 
[0038] !1ilm~AfaiJU 11¥):;if~i;tHlr T LiC00_99Al0_02Zr0_0101. 99F0_0J'BET Al 0. 25m2/ g , Li2C03 --€3 

.,;_ Al 0. 05 % ' LiOH --€3:.1:J-.J 0. 1 % ;!cJ;~ii ' ft,$:-)1 f1g' tlfi:Ef 1"1 at \2), & Zf1*ti: atJLl-f-* 2 Y-1 0 
[oo39J ~nt-wu 4 

[0040] i~ml.X.DffiiJU l 1¥J7f~i-%Ll-1lr- J Li CoLiogciA lo 02Zro o201. ggF001 , BET 7'J 0. 39m2/ g, Li 2C03 

--!ii:AJ 0. Of> % , Li OIi 15- .,;_ A O. O 1 % ;tt~.,;_ , ff'i·.$·)ifjg, ffill:Ef tt r!t lj ,& 1¥1it•!irJtffLl -f-* 2 rep " 
[0041 J ~ jftg ilJU 5 
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[0042] 1ti~~Mfii71J 1 817J.i'!-1t~¼ T LiC00.wAl0_02Zr0 m01. 91;f0 02 ,BET 7J 0. 12m2/ g, Li2C03 * 
ii 7J o. 1 % , u o1-1 ~ ii7J o. 1 %JC~ .m, 1-&*t~ tie: , fffl:ff•11:1ie: ~ .& #1#H':l:fle:f1J r:?t 2 .Po 
[0043] * 2 l:f B'-J~t@i}l~ A, B ~& C 5t:ls'-J±~;/JD~~1ni11£~:ii:Edtf$•t1te:.1.§.~~$'g 
-t=; f~clt. ,1-1+ -'--t:. -l-f: ,'tlJ. ""# f!R 13 ::II,- ~ 
1f- l'8 I• . l'lt. J I" 1'..X. ' Fl VJ ,11,. i..;_x r 1 o 

[ 0044 J ~ nf§ 17tl 6 

[0045] ~f!W~llt!i-Wtl l B-iJ1i•~fBU~ T LiCo0_99B0_01Hf0_01O1. 99sP0. 005 , BET 1-J 0. 32m2/ g, Li2CO3 'a" 
:Ii 7J 0. 1 % ' Li OH ~ Ifl 7J 0. 0 5 % ;It~ :Ii , {.g: $ ·11: Fie: ' ffi Jf 1i FiE l2L .& ~ 1it ·11: ,m,u T :« 2 .:p 0 

[oo46J ~MB17tl 7 

[0047] %.ffi ~ .ofl!WU 1 .:P B'-JiEt&m·l1:Hl~Ei ~ ~lW(~,~ ~ nU~-$:Jr~*mUTi.x:ifJIJ~iEtlz;flk 
# , it iE1lH&J=, 15 ~~ ~ ~ .& ffJ.i'&~~fi,\t~;t: , t~ftixJ ~ oillfi½·t;\i , B:¥1~L {tfiJL ?gm ~~~ii\ 
~mU}1x;W;i;-=f ~}tB, 1¥1 o ~:i:~¥1h:t:E 3. o ~ 4. 4V ~i¥Jf!ll1Jf•11:f¥e:n 
[oo4sJ x-t l:t~JJffiiJ1J 1 

[0049] ~~~JJtli1?~ 1 Er-Jn~t ffi1J¼ T Li Co02 -9~1J'IBf¥~ 1 :itttf t~~o 
[0050] I!] 1 ~ LiCoO2 M. 4. 2V- 4. 6V 1E~EttB'-J XRD ii i!! , Ml!l.:PJ:iJ!2L~ 1:1:\ , *#~~1:E{ft 
lt , 7t ml , 1i .3~}~ '.K , Jt .:p oo 3 di$ BS 7¾:-f-t.:ii 7J liX.!U " 
[0051J x-t t.t~JJffi -Wu 2 
[0052J ~!m~M!i17u 1 011JiidtH~-T LiC00_99Mg0_0102 ~~M!ifftl 1 :ilHf l:tt& o 
[oo53J xtl:t~nfil11u 3 

[0054] 1ti~~M!ii7U 1 811Ji'!-1ttl¼ T Li Coo_wTio.u,02 1:i~:buH1tl 1 ill1f l:tfR 0 

[0055] * 1 

ttt4 85°C / 8h J!f.tl~{t 
$ 

Li 1. o Coo. yiMgc_ oo;.Alo. oosTio. 010 1. 99,Fo. oo; 12% 
(0056] 

1 LiCo02 230% 
·-··-·- --

Li C0<1.~9Mgo.01 02 180% 

Li Coo. 119Tio. o, 02 130% 

(0057] ~ 2 

(0058] 
-

I 
~ :i: ·fl?r¥ 40 iffiWJ§ 85'C /8h 

I 
0. 2C I I ~ :l.:{XJl ~ & Jdt Mlt (mA h/ g) 0. 5C IC J 2C 

i ~ ~ - - -
Lj Coo.,~Alo.01 Zro. o,O1.""fio.,11 18 1. 1 99. 1% 97. 7% 95. 5% 79. 5% 95. 2% 16% 
Li Coo. ,.,.;Alo.<12Zro.o, O1.111Jo.31 178.6 99% 97. 3% 93 . 8% 77. 1% 95.3% 16% 
Li Coo. ~oAln ,,iZro_o;O1.""F11 o, 177.9 98.9% 97. 2% 93.4% 77% 95. 3% 14.% ·-
L:i Coo. ,~Alo. ,,2Zro.oiO1.!l!IFo.~l 176. 3 98.9% 97. 1% 93.3% 76.8% 95. 2% ] 3% ---- -
Li Coo.uoBo. 01 Hf o. 010 1. oo6Po.oo6 181. 6 Y9% 97. 8% 95. 6% 80% 94. 7% 17% .. .___ 
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XRD*lfil 
1200000 -· - - - -- '- - - - - -· - - · - -· - - - -

1000000 

i 
800000 

-c 600000 "ii, 
4.2V 

C 
j! 4.3V 
.£ 400000 -4 .4V · 

200000 4.5V 

4.6V 
0 

16 26 36 46 56 66 76 
2theta(0 ) 

lfil l 

XRD pattern of LCO 1-·300000 
I 2soooo 

~-----·- --- ------

I 

"in 200000 
0 
c 
"iii 150000 
C: 
2 
E 100000 

0 

16 26 36 46 56 66 76 
2Theta(0

) 
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190 

180 

170 

,,..._, 160 
!2} 

.c 150 
~ .__, 

140 
~'ill 

130 {~ 

120 

110 

100 

220 

200 

,,....._ 180 
J;ll 
..c 
<( 
E 160 

'--' 

~!El 
{~ 140 

120 

100 

L 

2/ 3 .!n 

-···-···· - ---------~----------. 
__ (:: - Li1 .01 Co0.99Mg0.005AI0.005Ti0.01O1.995F0.005 
I -ucoo2 

......,._ liCo0.99Mg0.01O2 
1 -uco0.99Ti0.01O2 

0 

1· 

r 

~ 

I 
L 
0 

0.5 1 1.5 2 2.5 

fr#i~ ( C ) 

III 3 

--u1 .01Co0.99Mg0.005AI0.005T10.0101 .995F0.005 
-ucoo2 
__..,._ liCo0.99Mg0.01O2 
- LiCo0.99Ti0.01O2 

10 20 30 

fm;:,f 

III 4 

9 

40 --- - --- 50 I 

I ____ J 
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XRD pattern of LCO 
900000 ----;:::..-::;-;,~-;;,--;,,~~-;,,~-;,,-=-=-=-=~-=-=-:::;--,--------
810000 - 003 

720000 

630000 -

~ 540000 -~ ·w 450000 
C 

~ 360000 

18 18 2 18 4 18.6 18.8 19 
2Theta(') 

270000 

180000 

90000 

Li Coo.w Tio.01 2 
ll-'lf---1-------

100% 

95% 

90% 

-l¾t 85% 
:\t: 
P.;ls 80% • I {~ 75% 

i 

70% 

65% 

60% 

0 

16 

, ·- · ,.,.,. 
I 
I 

L i Coo.591\<Igom 02 

26 36 46 
2Theta(0 ) 

3.0~4.4V 1C/1C1Ni:Cf't1t4~ 

C At t • 

L __ o ____ 10_0 __ 2_0_0_ 30_0 __ ~_: 

10 

56 66 

-

3/ 3 .!Jt 
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