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(57) ABSTRACT 

A positive electrode active material for lithium batteries 
includes secondary particles having primary particles and an 
amorphous material. A method of manufacturing the positive 
electrode active material includes mixing a lithium composite 
oxide and a lithium salt, and heat treating the mixture. A 
positive electrode includes the positive electrode active mate 
rial, and a lithium battery includes the positive electrode. 
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POSITIVE ELECTRODE ACTIVE MATERAL 
FOR LITHIUM BATTERY AND LITHIUM 

BATTERY USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to and the benefit of 
U.S. Provisional Patent Application No. 61/285,785, filed on 
Dec. 11, 2009, the entire content of which is incorporated 
herein by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. One or more embodiments of the present invention 
relate to positive electrode active materials for lithium batter 
ies, methods of manufacturing the positive electrode active 
materials, and lithium batteries including the positive elec 
trode active materials. 
0004 2. Description of Related Art 
0005 Recently, lithium secondary batteries are being used 
as power Sources for portable compact electronic devices. 
Lithium secondary batteries have high energy density 
because they use organic electrolytes, and thus the discharge 
voltages of the lithium secondary batteries is two times 
greater than that of batteries using conventional alkali aque 
ous electrolyte Solutions. 
0006. In lithium secondary batteries, materials capable of 
absorbing and desorbing lithium ions are used in the negative 
electrode and the positive electrode, and an organic electro 
lytic solution or a polymer electrolytic solution fills the space 
between the positive electrode and negative electrode. When 
lithium ions are absorbed or desorbed, an oxidation reaction 
and a reduction reaction occur, respectively, and due to the 
oxidation reaction and the reduction reaction, electric energy 
is generated. 
0007 LiCoO is widely used as a positive electrode active 
material for lithium secondary batteries. However, LiCoO is 
expensive and its Supply is unreliable. Thus, alternatives 
(such as composites including nickel or manganese) are being 
developed for use as a positive electrode active material. 
0008. However, the residual capacity, recovery capacity, 
and thermal stability of conventional positive electrode active 
materials are unsatisfactory. 

SUMMARY 

0009. Accordingly to one or more embodiments of the 
present invention, a positive electrode active material for 
lithium batteries is capable of improving capacity and ther 
mal stability. In other embodiments, a method of manufac 
turing the positive electrode active material is provided. 
0010. In one or more embodiments of the present inven 

tion, a lithium battery includes the positive electrode active 
material. 
0011. According to one or more embodiments of the 
present invention, a positive electrode active material for 
lithium batteries includes secondary particles including pri 
mary particles and an amorphous material. The composition 
of the primary particles is a lithium composite oxide. 
0012. According to one or more embodiments of the 
present invention, a method of manufacturing a positive elec 
trode active material for lithium batteries includes: mixing 
and stirring a lithium composite oxide and a lithium salt; and 
heat treating the resultant at a temperature from greater than 
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about 700° C. to about 950° C. or less. The positive electrode 
active material includes at least one secondary particle which 
includes an agglomeration of at least two primary particles, 
and an amorphous material. The composition of the primary 
particles is a lithium composite oxide. 
0013. According to one or more embodiments of the 
present invention, a lithium battery includes a positive elec 
trode, a negative electrode, and a separator between the posi 
tive electrode and the negative electrode. The positive elec 
trode includes the positive electrode active material. 
0014) A positive electrode active material for lithium bat 
teries according to an embodiment of the present invention 
includes at least two primary particles having an average 
diameter that is controlled to reduce the specific surface area 
of the positive electrode active material that is exposed to the 
electrolyte. Thus, the positive electrode active material 
imparts good thermal stability and high residual capacity at 
high temperatures, while also preserving capacity at high 
temperatures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a schematic view of a secondary particle of 
a positive electrode active material for lithium batteries 
according to an embodiment of the present invention. 
0016 FIG. 2 is a cross-sectional schematic view of a 
lithium battery according to an embodiment of the present 
invention. 
0017 FIG. 3 is a scanning electron microscope (SEM) 
image of a positive electrode active material prepared accord 
ing to Preparation Example 1. 
0018 FIG. 4 is a SEM image of a positive electrode active 
material prepared according to Preparation Example 2. 
(0019 FIG. 5 is a SEM image of a positive electrode active 
material prepared according to Comparative Preparation 
Example 1. 
0020 FIG. 6 is a graph comparing the results of differen 

tial scanning calorimetry analyses of the positive electrode 
active materials material prepared according to Preparation 
Example 1 and Comparative Preparation Example 1. 

DETAILED DESCRIPTION 

0021 A positive electrode active material for lithium bat 
teries includes at least one secondary particle including an 
agglomeration of at least two primary particles, and an amor 
phous material. The primary particles are composed of a 
lithium composite oxide. 
0022. The amorphous material may be present along a 
grain boundary of adjacent primary particles, and/or be 
present as an amorphous material layer. As used herein, the 
term “grain boundary” refers to the interface between two 
adjacent primary particles. The grain boundary of adjacent 
primary particles may be present inside the secondary par 
ticle. 
0023. As used herein, the term “primary particles' refers 
to particles that agglomerate together to form a secondary 
particle, and may take various shapes such as rods or squares. 
As used herein, the term “secondary particles' refer to par 
ticles that do not agglomerate, and are generally spherical in 
shape. 
0024. The amorphous material may be a lithium salt, but is 
not limited thereto. 

0025. The lithium salt may be lithium sulfate, lithium 
nitrate, lithium carbonate or lithium hydroxide. 
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0026. The amount of the amorphous material may be 
about 0.01 to about 10 parts by weight based on 100 parts by 
weight of the lithium composite oxide. For example, the 
amount of the amorphous material may be about 0.1 to about 
2 parts by weight based on 100 parts by weight of the lithium 
composite oxide If the amount of the amorphous material is 
between about 0.01 to about 10 parts by weight, the positive 
electrode active material has high capacity. 
0027. The average diameter of the primary particles may 
be about 1 to about 3 um, and the average diameter of the 
secondary particles may be about 10 to about 15 lum. In this 
regard, the average diameters are measured using a laser 
diffraction-type particle distribution evaluator. If the average 
diameter of the primary particles is within the above range, 
the specific Surface area positive electrode active material 
exposed to the electrolyte is reduced, and thus the positive 
electrode active material has good thermal stability and high 
capacity. If the average diameter of the secondary particles is 
within the above range, the positive electrode active material 
has good thermal stability and high capacity. 
0028. According to some exemplary embodiments, the 
lithium composite oxide may be a compound represented by 
Formula 1. 

Li (NiCOMe)2O2 Formula 1 

In Formula 1, 0.5sxs 1,0sys0.5, 0<zs0.5,0.90<as 1.15, 
and Me is selected from aluminum (Al), manganese (Mn), 
titanium (Ti), and calcium (Ca). In some embodiments, for 
example, 0.5sxs0.6, 0.1 sys0.3, 0.2szs0.3, 0.90sas 1. 
0. However, the values of x, y, z, and a are not limited thereto. 
Nonlimiting examples of lithium composite oxides include 
LiNiosCOo2MmosO2, or LiNio COo.2Mno.2O2. 
0029 FIG. 1 is a cross-sectional schematic view of a sec 
ondary particle 12 included in a positive electrode active 
material for lithium batteries according to an embodiment of 
the present invention. Referring to FIG. 1, primary particles 
11 agglomerate to form the secondary particle 12, and an 
amorphous material 13 (for example, lithium sulfate) is 
present along a grain boundary of the primary particles 11 at 
the surface of the secondary particle 12. 
0030 Hereinafter, a method of manufacturing the positive 
electrode active material, according to an embodiment of the 
present invention will be described. First, a lithium composite 
oxide and a lithium salt are mixed and then heat treated. The 
heat treatment may be performed under an air atmosphere or 
an oxygen atmosphere. 
0031. The lithium salt may be a lithium carbonate 
(Li2CO), a lithium sulfate (LiSO), a lithium nitrate 
(LiNO), or a lithium hydroxide (LiOH). 
0032. The amount of the lithium salt may be controlled 
such that the amount of the lithium salt in the positive elec 
trode active material is about 0.01 to about 10 parts by weight 
based on 100 parts by weight of the lithium composite oxide. 
For example, the amount of the lithium salt may be about 1 to 
about 1.1 mole based on 1 mole of the lithium composite 
oxide. For example, the amount of the lithium salt may be 
about 1 to about 1.05 mole based on 1 mole of the lithium 
composite oxide. If the amount of the lithium salt is between 
about 0.01 to about 10 parts by weight based on 100 parts by 
weight of the lithium composite oxide, the positive electrode 
active material has good thermal stability and high capacity. 
0033. The heat treatment temperature may be from greater 
than about 700° C. to about 950° C. or less. For example, the 
heat treatment temperature may be from about 750° C. to 
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about 900° C. In some embodiments, for example, the heat 
treatment temperature is from about 800° C. to about 900° C. 
If the heat treatment temperature is from greater than about 
700° C. to about 950° C. or less, the positive electrode active 
material including the amorphous material may be obtained. 
0034. The amorphous material included in the positive 
electrode active material prepared as described above may be 
identified with a diffraction pattern obtained using a trans 
mission electron microscope (TEM). 
0035. In the positive electrode active material, the amor 
phous material increases the diameters of the primary par 
ticles by acting as a flux, but the active material maintains the 
capacity characteristics of the lithium composite oxide pri 
mary particles during heat treatment. When the diameters of 
the primary particles are increased, the specific Surface area 
of the positive electrode active material exposed to the elec 
trolyte is reduced. Thus, the positive electrode active material 
has good thermal stability, high residual capacity at high 
temperatures, and high recovery capacity at high tempera 
tures. 

0036. The capacity of the positive electrode active mate 
rial may be 180 mAh/g or more. 
0037. The positive electrode active material may further 
include a lithium transition metal oxide, which can be any 
such material generally used in lithium batteries. For 
example, the lithium transition metal oxide may include at 
least one material selected from LiCoO, LiNiO, LiMnO, 
LiMnO, Li(NiCO,Mn)O, (where 0<a<1, 0<b<1, 0<c-1, 
and a--b+c=1), LiNiCOO, LiCo, MnO, LiNiM 
nO (where 0s Y<1), LiMn-2Ni-O, LiMn-Co-O 
(where 0<Z<2), LiCoPO, and LiFePO. 
0038 According to an embodiment of the present inven 
tion, the lithium transition metal oxide may be, for example, 
LiCoO. 
0039. The amount of the lithium transition metal oxide 
may be about 0.1 to about 90 parts by weight based on 100 
parts by weight of the positive electrode active material 
including the secondary particles and the amorphous mate 
rial. If the amount of the lithium transition metal oxide is 
within the range described above, the positive electrodeactive 
material has high capacity. 
0040. Hereinafter, a method of manufacturing a lithium 
battery including the positive electrode active material will be 
described. A lithium secondary battery includes a positive 
electrode according to an embodiment of the present inven 
tion, a negative electrode, a lithium salt-containing non-aque 
ous electrolyte, and a separator. 
0041. The positive electrode is manufactured by coating 
and drying a composition for forming a positive electrode 
active material layer on a collector, and the negative electrode 
is manufactured by coating and drying a composition for 
forming a negative electrode active material layer on a col 
lector. 
0042. The composition for forming a positive electrode 
active material layer may be prepared by mixing the positive 
electrode active material described above, a conducting 
agent, a binder, and a solvent. The positive electrode active 
material may be used together with lithium transition metal 
oxides (which are generally used as positive electrode active 
materials for lithium batteries) as described above. 
0043. The binder is a component that enhances the binding 
of the positive electrode active material to the conducting 
agent or to the collector. The amount of the binder may be 
about 1 to about 50 parts by weight based on 100 parts by 
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weight (the total weight) of the positive electrode active mate 
rial. Nonlimiting examples of the binder include polyvi 
nylidenefluoride, polyvinylalcohol, carboxymethylcellulose 
(CMC), starch, hydroxypropylcellulose, regenerated 
cellulose, polyvinylpyrrolidone, tetrafluoroethylene, poly 
ethylene, polypropylene, ethylene-propylene-diene terpoly 
mer (EPDM), sulfonated EPDM, styrene butadiene rubber, 
fluoro rubber, and various copolymers. The amount of the 
binder may be about 2 to about 5 parts by weight based on 100 
parts by weight of the positive electrode active material. If the 
amount of the binder is within the range described above, the 
positive active material layer is more strongly attached to the 
collector. 
0044. The conducting agent may be any conducting mate 

rial that does not cause chemical changes in batteries. Non 
limiting examples of the conducting agent include graphite, 
Such as natural graphite or artificial graphite; carbonaceous 
materials, such as carbon black, acetylene black, ketjenblack, 
channel black, furnace black, lamp black, or Summer black; 
conducting fibers, such as carbonaceous fibers or metal fibers; 
metal powders, such as carbon fluoride powders, aluminum 
powders, or nickel powders; conducting whiskers, such as 
Zinc oxide or potassium titanate; conducting metal oxides 
Such as titanium oxide; and conducting materials such as 
polyphenylene derivatives. 
0045. The amount of the conducting agent may be about 2 
to about 5 parts by weight based on 100 parts by weight (the 
total weight) of the positive electrode active material. If the 
amount of the conducting agent is inside the range described 
above, the resultant electrode has high conductivity. 
0046. One nonlimiting example of the solvent is N-meth 
ylpyrrolidone. 
0047. The amount of the solvent may be about 1 to about 
10 parts by weight based on 100 parts by weight (the total 
weight) of the positive electrode active material. If the 
amount of the solvent is within the range described above, the 
positive active material layer may be easily formed. 
0048. The collector that is used to form the positive elec 
trode may have a thickness of about 3 to about 500 um, and 
may be formed using any material that does not cause chemi 
cal changes in batteries and has high conductivity. The col 
lector may be formed of stainless steel, aluminum, nickel, 
titanium, heat treated carbon, or aluminum. Alternatively, the 
collector may be a stainless Steel Support that is surface 
treated with carbon, nickel, titanium, or silver. The collector 
may have a corrugated Surface to facilitate a stronger attach 
ment of the positive electrode active material to the collector. 
The collector may take various forms, such as a film, a sheet, 
a foil, a net, a porous product, a foam, or a nonwoven fabric. 
0049 Separately, the composition for forming a negative 
electrode active material layer is prepared by mixing a nega 
tive electrode active material, a binder, a conducting agent, 
and a solvent. The negative electrode active material may be 
a material capable of absorbing or desorbing lithium ions. 
Nonlimiting examples of the negative electrode active mate 
rial include carbonaceous materials such as graphite or car 
bon, lithium metal, alloys, and siliconoxides. According to an 
embodiment of the present invention, the negative electrode 
active material may be silicon oxide. 
0050. The amount of the binder may be about 1 to about 50 
parts by weight based on 100 parts by weight (the total 
weight) of the negative electrodeactive material. Nonlimiting 
examples of the binder include those described above with 
respect to the positive electrode. 
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0051. The amount of the conducting agent may be about 1 
to about 5 parts by weight based on 100 parts by weight (the 
total weight) of the negative electrode active material. If the 
amount of the conducting agent is inside the range described 
above, the resultant electrode has high conductivity. 
0.052 The amount of the solvent may be about 1 to about 
10 parts by weight based on 100 parts by weight of the total 
weight of the negative electrode active material. If the amount 
of the solvent is within the range described above, the nega 
tive active material layer may be easily formed. 
0053 Nonlimiting examples of the conducting agent and 
the solvent include those discussed above with respect to the 
positive electrode. 
0054 The collector that is used to form the negative elec 
trode may have a thickness of about 3 to about 500 Lum. The 
negative electrode may be formed using any material that 
does not cause chemical changes in batteries and has high 
conductivity. The collector may be formed of copper, stain 
less steel, aluminum, nickel, titanium, heat treated carbon, or 
aluminum. Alternatively, the negative electrode collector 
may be a stainless Steel Support that is surface-treated with 
carbon, nickel, titanium, or silver. The collector may have a 
corrugated Surface to facilitate a stronger attachment of the 
negative electrode active material to the collector. The collec 
tor may take various forms, such as a film, a sheet, a foil, a net, 
a porous product, a foam, or a nonwoven fabric. 
0055. The separator is placed between the positive elec 
trode and the negative electrode. The separator may have an 
average pore diameter of about 0.01 to about 10 um, and a 
thickness of about 5 to about 300 m. The separator may be a 
sheet or a nonwoven fabric formed of an olefin-based poly 
mer Such as polypropylene or polyethylene, or glass fiber. If 
the electrolyte used is a solid electrolyte Such as a polymer, 
the Solid electrolyte may also act as the separator. 
0056. The lithium salt-containing non-aqueous electrolyte 
may include a non-aqueous electrolyte and lithium. The non 
aqueous electrolyte may be a non-aqueous electrolytic solu 
tion, an organic Solid electrolyte, or an inorganic Solid elec 
trolyte. 
0057. Nonlimiting examples of the non-aqueous electro 
lytic Solution include aprotic organic solvents such as N-me 
thyl-2-pyrrolidinone, propylene carbonate, ethylene carbon 
ate, butylene carbonate, dimethyl carbonate, diethyl 
carbonate, gamma-butyrolactone, 1,2-dimethoxy ethane, 
2-methyl tetrahydrofuran, dimethylsulfoxide, 1,3-dioxolane, 
formamide, dimethyl formamide, dioxolane, acetonitrile, 
nitromethane, methyl formate, methyl acetate, trimethyl 
phosphate, trimethoxy methane, dioxolane derivatives, Sul 
folane, methyl sulfolane, 1,3-dimethyl-2-imidazolidinone, 
propylene carbonate derivatives, tetrahydrofuran derivatives, 
ether, methyl propionate, or ethyl propionate. 
0.058 Nonlimiting examples of the organic solid electro 
lyte include polyethylene derivatives, polyethylene oxide 
derivatives, polypropylene oxide derivatives, phosphate ester 
polymers, polyester Sulfide, polyvinyl alcohol, and polyvi 
nylidene fluoride. 
0059 Nonlimiting examples of the inorganic solid elec 
trolyte include nitrates, halides, and sulfates of lithium, such 
as LiN, LiI, LisNI, LiN LiI—LiOH, LiSiO, LiSiO 
LiI LiOH, LiSiS, LiSiO, LiSiO, LiI—LiOH, or 
LiPO -LiS-SiS. 
0060. The lithium salt may be a material that is easily 
dissolved in the non-aqueous electrolyte, and may be, for 
example, LiCl, LiBr, LiI, LiClO, LiBF LiBioClo LiPF, 
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LiCFSO, LiCFCO, LiAsF LiSbF, LiAlCl4, 
LiCHSO, LiCFSO, LiN(CFSO), lithium chloroborate, 
lower aliphatic lithium carbonic acids, phenyl lithium tet 
raborate, or a lithium imide. 
0061 FIG. 2 is a cross-sectional schematic view of a 
lithium battery 30 according to an embodiment of the present 
invention. Referring to FIG. 2, the lithium battery 30 includes 
a positive electrode 23, a negative electrode 22, a separator 24 
between the positive electrode 23 and the negative electrode 
22, a battery case 25, and a sealing member 26 for sealing the 
battery case 25. The positive electrode 23, the negative elec 
trode 22, and the separator 24 are impregnated with an elec 
trolyte (not shown). The lithium battery 30 is formed by 
sequentially stacking the positive electrode 23, the separator 
24, and the negative electrode 22 and then winding the stack 
structure to forman electrode assembly which is placed in the 
battery case 25. The battery case 25 is then sealed with the 
sealing member 26 to complete the battery 30. 
0062. The following examples are presented for illustra 
tive purposes only and do not limit the purpose and scope of 
the present invention. 

Preparation Example 1 

Preparation of Positive Electrode Active Material 

0063 0.5g of lithium sulfate (LiSO) was added to 100 g 
of LiNiCOMn2O (a lithium composite oxide) and the 
mixture was stirred. 

0064. The resultant was heat treated at a temperature of 
800° C. under an air atmosphere, thereby forming a positive 
electrode active material including at least one secondary 
particle including a LiSO amorphous layer formed along a 
grain boundary of adjacent primary particles. 

Preparation Example 2 

Preparation of Positive Electrode Active Material 

0065. A positive electrode active material was prepared in 
the same manner as in Preparation Example 1, except that the 
heat treatment temperature was 900°C. instead of 800° C. 

Preparation Example 3 

Preparation of Positive Electrode Active Material 

0066. A positive electrode active material was prepared in 
the same manner as in Preparation Example 1, except that the 
heat treatment temperature was 750° C. instead of 800° C. 

Preparation Example 4 

Preparation of Positive Electrode Active Material 

0067. A positive electrode active material was prepared in 
the same manner as in Preparation Example 1, except that the 
heat treatment temperature was 950° C. instead of 800° C. 

Preparation Example 5 

Preparation of Positive Electrode Active Material 

0068 A positive electrode active material was prepared in 
the same manner as in Preparation Example 1, except that 0.1 
g of LiSO was used. 
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Preparation Example 6 

Preparation of Positive Electrode Active Material 
0069. A positive electrode active material was prepared in 
the same manner as in Preparation Example 1, except that the 
heat treatment temperature was 850° C. instead of 800° C. 

Comparative Preparation Example 1 

Preparation of Positive Electrode Active Material 
0070 A positive electrode active material was prepared in 
the same manner as in Preparation Example 1, except that the 
heat treatment temperature was 1000°C. instead of 800° C. 

Comparative Preparation Example 2 

Preparation of Positive Electrode Active Material 
0071. A positive electrode active material was prepared in 
the same manner as in Preparation Example 1, except that the 
heat treatment temperature was 650° C. instead of 800° C. 
0072 The positive electrode active materials prepared 
according to Preparation Examples 1 and 2 and Comparative 
Preparation Example 1 were analyzed using a scanning elec 
tron microscope (SEM) (at about 40,000 magnification), and 
the magnified images are shown in FIGS. 3 through 5. 
(0073 FIGS. 3 and 4 are SEM images of the positive elec 
trode active materials prepared according to Preparation 
Example 1 and Preparation Example 2, respectively, and FIG. 
5 is a SEM image of the positive electrode active material 
prepared according to Comparative Preparation Example 1. 
(0074) Referring to FIGS. 3 through 5, it can be seen that 
the positive electrode active materials prepared according to 
Preparation Example 1 and Preparation Example 2 include an 
amorphous layer formed of lithium sulfate between adjacent 
primary particles, and the positive electrode active material 
prepared according to Comparative Preparation Example 1 
does not include an amorphous layer between adjacent pri 
mary particles. 
0075 With regard to the positive electrode active materi 
als prepared according to Preparation Examples 1 through 5 
and Comparative Preparation Example 1, an average diam 
eter of the primary particles and an average diameter of the 
secondary particles were measured. The results are shown in 
Table 1. The average diameters of the primary particles and 
secondary particles were measured using the SEM images of 
the positive electrode active materials. 

TABLE 1 

Average diameter of Average diameter of 
primary particles secondary particles 

(nm) (nm) 

Preparation Example 1 500 mm 12 
Preparation Example 2 1000 mm 13 
Preparation Example 3 350 mm 12 
Preparation Example 4 1200 nm. 12 
Preparation Example 5 400 nm. 12 
Comparative Preparation 1800 mm 13 
Example 1 

0076 Referring to Table 1, it can be seen that the average 
diameter of the primary particles increases with the heat 
treatment temperature. In addition, it can also be seen that the 
average diameter of the primary particles increases as the 
amount of lithium Sulfate increases. 
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0077. The thermal stability of the positive electrode active 
materials prepared according to Preparation Example 1 and 
Comparative Preparation Example 1 was evaluated using a 
differential scanning calorimeter. The evaluation results are 
shown in FIG. 6. 
0078 Referring to FIG. 6, the positive electrode active 
material of Preparation Example 1 emits less heat than the 
positive electrode active material of Comparative Preparation 
Example 1. Thus, it can be seen that the thermal stability of 
the positive electrode active material of Preparation Example 
1 is improved. 

Example 1 

Manufacturing of Positive Electrode and Lithium 
Secondary Battery Including the Same 

0079 4.75g of the positive electrode active material pre 
pared according to Preparation Example 1, 0.15g of polyvi 
nylidenefluoride, and 0.15g of a carbon black were dispersed 
in 2.5g of N-methylpyrrolidone, thereby preparing a compo 
sition for forming a positive electrode active material layer. 
0080. The composition was coated on an aluminum foil, 
thereby forming a thin polar plate having a thickness of 60 
um, and then dried at a temperature of 135° C. for 3 hours or 
more. The dried polar plate was then pressed, thereby manu 
facturing a positive electrode. 
0081 Separately, a negative electrode was manufactured 
as follows. SiO and polyvinylidene fluoride were mixed in a 
weight ratio of 96:4 in N-methylpyrrolidone, thereby prepar 
ing a composition for forming a negative electrode active 
material layer. The composition was coated on a copper foil, 
thereby forming a thin polarpate having a thickness of 14 um, 
and then the formed thin polar pate was dried at a temperature 
of 135° C. for 3 hours or more and then pressed, thereby 
manufacturing a negative electrode. 
0082 In order to prepare an electrolyte, LiPF was added 
to a solvent including ethylenecarbonate(EC), ethylmethyl 
carbonate(EMC), and dimethylcarbonate(DMC) in a volume 
ratio of 1:1:1 to form a 1.3M LiPF solution. 
0083. A porous polyethylene (PE) film as a separator was 
disposed between the positive electrode and the negative elec 
trode, thereby forming a battery assembly. The battery assem 
bly was wound and compressed, and the resultant structure 
was placed in a battery case into which the electrolyte was 
injected, thereby manufacturing a lithium secondary battery 
having a capacity of 2600 mAh. 

Examples 2-5 

Manufacturing of Positive Electrodes and Lithium 
Secondary Batteries Including the Same 

0084. Lithium secondary batteries were manufactured in 
the same manner as in Example 1, except that the positive 
electrodes were manufactured using the positive electrode 
active materials prepared according to Preparation Examples 
2 through 5, respectively. 

Comparative Example 1 

Manufacturing of Positive Electrode and Lithium 
Secondary Battery Including the Same 

0085. A lithium secondary battery was manufactured in 
the same manner as in Example 1, except that LioCOMino. 
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2O as a lithium composite oxide was used instead of the 
positive electrode active material prepared according to 
Preparation Example 1. 

Comparative Example 2 

Manufacturing of Positive Electrode and Lithium 
Secondary Battery Including the Same 

I0086 A lithium secondary battery was manufactured in 
the same manner as in Example 1, except that the positive 
electrode active material according to Comparative Prepara 
tion Example 1 was used instead of the positive electrode 
active material prepared according to Preparation Example 1. 

Comparative Example 3 

Manufacturing of Positive Electrode and Lithium 
Secondary Battery Including the Same 

I0087. A lithium secondary battery was manufactured in 
the same manner as in Example 1, except that the positive 
electrode active material according to Comparative Prepara 
tion Example 2 was used instead of the positive electrode 
active material prepared according to Preparation Example 1. 
I0088. The residual capacity at high temperatures and 
recovery capacity at high temperatures of the lithium second 
ary batteries manufactured according to Examples 1 through 
5 and Comparative Examples 1 through3 were evaluated. The 
results are shown in Table 2. 
I0089. The residual capacity at high temperatures and the 
recovery capacity at high temperatures were evaluated as 
follows. 

Residual Capacity at High Temperature 
0090 The batteries were charged at 0.1 C and discharged 
at a temperature of 60° C., and then charged at 0.5 C and 
exposed to high temperature for 10 to 15 days. The discharge 
capacities of the resultant batteries were measured and evalu 
ated. 

Recovery Capacity at High Temperature 

0091. The batteries were charged at 0.1 C and discharged 
at a temperature of 60° C., and then charged at 0.5 C and 
exposed to high temperature for 10 to 15 days. The charge and 
discharge capacities of the resultant batteries were measured 
and evaluated. 

TABLE 2 

Residual capacity (%) Recovery capacity (%) 

Example 1 113 103 
Example 2 117 105 
Example 3 105 104 
Example 4 109 103 
Example 5 108 102 
Example 6 115 104 
Comparative Example 1 1OO 1OO 
Comparative Example 2 92 95 
Comparative Example 3 90 90 

0092 Referring to Table 2, it can be seen that the lithium 
secondary batteries manufactured according to Examples 1-6 
have higher residual capacity and recovery capacity than 
those of Comparative Examples 1-3. 
0093. While certain exemplary embodiments have been 
described, those of ordinary skill in the art will understand 
that certain modifications and changes to the described 
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embodiments may be made without departing from the spirit 
and scope of the disclosure, as described in the appended 
claims. 
What is claimed is: 
1. A positive active material for a lithium battery, compris 

ing: 
at least one secondary particle comprising an agglomera 

tion of at least two primary particles, wherein the pri 
mary particles comprise a lithium composite oxide; and 

an amorphous material. 
2. The positive active material according to claim 1, 

wherein the amorphous material is between adjacent primary 
particles. 

3. The positive active material according to claim 2, 
wherein the amorphous material is present at least at a grain 
boundary between adjacent primary particles. 

4. The positive active material according to claim 1, 
wherein the amorphous material comprises a lithium salt. 

5. The positive active material according to claim 4. 
wherein the lithium salt is a lithium carbonate, a lithium 
sulfate, a lithium nitrate, or a lithium hydroxide. 

6. The positive active material according to claim 4. 
wherein the lithium salt is present in an amount of about 0.01 
to about 10 parts by weight based on 100 parts by weight of 
the lithium composite oxide. 

7. The positive active material according to claim 1, 
wherein the amorphous material is present in an amount of 
about 0.01 to about 10 parts by weight based on 100 parts by 
weight of the lithium composite oxide. 

8. The positive active material according to claim 1, 
wherein the amorphous material is present in an amount of 
about 0.1 to about 2 parts by weight based on 100 parts by 
weight of the lithium composite oxide. 

9. The positive active material according to claim 1, 
wherein the primary particles have an average particle size of 
about 1 to about 3 Lum. 

10. The positive active material according to claim 1, 
wherein the secondary particles have an average particle size 
of about 10 to about 15um. 

11. The positive active material of claim 1, wherein the 
lithium composite oxide comprises a compound represented 
by Formula 1: 

Li (NiCOMe)2O2 Formula 1 

wherein 0.5sxs 1, 0sys0.5, 0<zs0.5, 0.90<as 1.15, 
and Me is selected from the group consisting of Al, Mn, 
Ti and Ca. 
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12. The positive active material according to claim 11, 
wherein 0.5sxs0.6,0.1 sys0.3, 0.2szs0.3, 0.90s as 1.0. 

13. The positive active material according to claim 11, 
wherein the lithium composite oxide is LiNiCO, MnO, 
or LiNio COo.2Mno.2O2. 

14. A method of manufacturing a positive active material, 
comprising: 

mixing a lithium composite oxide and a lithium salt to form 
a mixture; and 

heat treating the mixture at a temperature of from greater 
than about 700° C. to about 950° C. 

15. The method according to claim 14, wherein the lithium 
composite oxide comprises a compound represented by For 
mula 1: 

LiNiCOMe O2 Formula 1 

wherein 0.5sxs 1, 0sys0.5, 0<zs0.5, 0.90<as 1.15, 
and Me is selected from the group consisting of Al, Mn, 
Ti and Ca. 

16. The method according to claim 14, wherein the heat 
treating the mixture comprises heating the mixture at a tem 
perature of about 750° C. to about 900° C. 

17. The method according to claim 14, wherein the heat 
treating the mixture comprises heating the mixture at a tem 
perature of about 800° C. to about 900° C. 

18. A positive electrode, comprising a positive active mate 
rial comprising: 

at least one secondary particle comprising an agglomera 
tion of at least two primary particles, wherein the pri 
mary particles comprise a lithium composite oxide; and 

an amorphous material. 
19. A lithium battery, comprising: 
a positive electrode comprising a positive active material 

comprising: 
at least one secondary particle comprising an agglom 

eration of at least two primary particles, wherein the 
primary particles comprise a lithium composite 
oxide; and 

an amorphous material; 
a negative electrode comprising a negative active material; 

and 
an electrolyte. 
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