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(57) ABSTRACT 

The present invention provides a positive electrode active 
material for lithium ion batteries, which realizes a lithium ion 
battery that is, while satisfying fundamental characteristics of 
a battery (capacity, efficiency, load characteristics), low in the 
resistance and excellent in the lifetime characteristics. In the 
positive electrode active material for lithium ion batteries, the 
variation in the composition of transition metal that is a main 
component inside of particles of or between particles of the 
positive electrode active material, which is defined as a ratio 
of the absolute value of the difference between a composition 
ratio inside of the particles of or in a small area between the 
particles of the transition metal and a composition ratio in a 
bulk state to the composition ratio in a bulk state of the 
transition metal, is 5% or less. 
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POSITIVE ELECTRODE ACTIVE MATERAL 
FOR A LITHIUM-ION BATTERY, POSITIVE 

ELECTRODE FOR ALITHIUM-ON 
BATTERY, LITHIUM-ION BATTERY USING 
SAME, AND PRECURSOR TO A POSITIVE 
ELECTRODE ACTIVE MATERAL FOR A 

LITHIUM-ON BATTERY 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention relates to a positive electrode 
active material for lithium ion batteries, a positive electrode 
for lithium ion batteries and a lithium ion battery therewith, 
and a precursor for positive electrode active material for 
lithium ion batteries. 

BACKGROUND OF THE INVENTION 

0002. In a positive electrodeactive material for lithium ion 
batteries, a lithium-containing transition metal oxide is gen 
erally used. Specifically, lithium cobalt oxide (LiCoO). 
lithium nickel oxide (LiNiO), and lithium manganese oxide 
(LiMnO) are cited, and, in order to enhance an improve 
ment in the characteristics (higher capacity, cycle character 
istics, storage characteristics, reduction of internal resistance, 
charge and discharge characteristics) and safety, these have 
been studied by complexing. In particular, for a lithium ion 
battery for large devices such as automobiles and road level 
ers, characteristics different from those for conventional por 
table telephones and personal computers are demanded. Spe 
cifically, the positive electrode active material for use in 
automobiles is required to be high in capacity and low in the 
resistance, and the positive electrode active material for use in 
road levelers is required to be high in the capacity and long in 
the lifetime. 
0003 Powder characteristics are important in order to 
develop these characteristics. However, homogeneity in dis 
tributions of transition metal and lithium that are main com 
ponents of the positive electrode active material of a lithium 
ion battery is particularly important. The homogeneity of the 
composition is particularly indispensable for obtaining low 
resistance for use in automobiles and the long lifetime for use 
in road levelers. 
0004. In Japanese Patent Application Laid-Open No. 
2005-285572 (patent document 1) related to application by 
Nikko-Materials Co., Ltd (current appellation: JX Nippon 
Mining & Metals Co., Ltd.), to which the present inventors 
belong, the following fact was found and reported. That is, as 
a manufacturing method of a precursor for positive electrode 
active material, a method in which an aqueous solution of 
chloride of Ni, Mn or Co is poured into a suspension of 
lithium carbonate, and, the resulted carbonate is washed with 
a Saturated Solution of lithium carbonate or ethanol is used, a 
molar ratio of an amount of Li to a total amount of metals can 
be adjusted and the variation thereof can be reduced. 
0005. Further, in Japanese Patent Application Laid-Open 
No. 2001-110420 (patent document 2), it is described that, 
after studying large secondary particles where Small crystal 
line primary particles are flocculated, and magnitude of par 
ticles of lithium carbonate that is a raw material, it was found 
that a cohesion force is enhanced by controlling the particle 
size of lithium carbonate, and thereby a positive electrode 
active material homogeneously reacted not only on a Surface 
of the secondary particles of lithium cobalt oxide but also 
inside of the secondary particles of lithium cobalt oxide and 
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having excellent discharged capacity characteristics and 
cycle characteristics can be obtained. Further, it is described 
that, when such a positive electrode active material is synthe 
sized without variation in composition to the inside of lithium 
cobalt oxide configured of spherical or elliptical secondary 
particles in which primary particles of Small crystal are floc 
culated, a positive electrode active material for nonaqueous 
electrolyte secondary batteries characterized in that not only 
the primary particles on a Surface forming the secondary 
particle but also the primary particles inside of the secondary 
particle can be used as a battery. Specifically, it is described 
that, according to the analysis of sections of secondary par 
ticles of lithium cobalt oxide with an electron probe 
microanalyzer (EPMA), a ratio of spectral intensities of O/Co 
of oxygen and cobalt inside of the particles is within 3.0+0.5. 
0006 (Patent documents 1) Japanese Patent Application 
Laid-Open No. 2005-285572 

0007 (Patent documents 2) Japanese Patent Application 
Laid-Open No. 2001-110420 

SUMMARY OF THE INVENTION 

0008. However, there is still a room for improvement as a 
positive electrode active material that realizes a lithium ion 
battery which is, while satisfying fundamental characteristics 
of a battery (capacity, efficiency, load characteristics), low in 
the resistance and excellent in the lifetime characteristics. 
0009. The invention intends to provide a positive electrode 
active material for lithium ion batteries, which realizes a 
lithium ion battery that is, while satisfying fundamental char 
acteristics of a battery (capacity, efficiency, load characteris 
tics), low in the resistance and excellent in the lifetime char 
acteristics. Further, the invention further intends to separately 
provide a positive electrode for lithium ion batteries which 
use the positive electrode active material for lithium ion bat 
teries, a lithium ion battery therewith, and a precursor for 
positive electrode active material for lithium ion batteries. 
0010. The present inventors have found, after studying 
hard by paying attention also to homogeneity other than an 
amount of Li in a positive electrode active material, that, 
when a positive electrode active material where the variation 
in the composition of transition metal that is a main compo 
nent is controlled in a specified range is used, a lithium ion 
battery which is, while satisfying fundamental characteristics 
of a battery (capacity, efficiency, load characteristics), low in 
the resistance and excellent in the lifetime characteristics can 
be provided. 
0011. The invention completed based on the above find 
ings is in an aspect a positive electrode active material for 
lithium ion batteries, which is composed of at least lithium 
and transition metal. In the positive electrode active material 
for lithium ion batteries, the variation in the composition of 
transition metal that is a main component inside of particles of 
or between particles of the positive electrode active material, 
which is defined as a ratio of the absolute value of the differ 
ence between a composition ratio inside of the particles of or 
in a small area between the particles of the transition metal 
and a composition ratio in a bulk state to the composition ratio 
in a bulk state of the transition metal, is 5% or less. 
0012. In an embodiment of the positive electrode active 
material for lithium ion batteries related to the invention, the 
positive electrode active material is a lithium-containing tran 
sition metal oxide. 
0013. In another embodiment of the positive electrode 
active material for lithium ion batteries related to the inven 
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tion, the transition metal in the lithium-containing transition 
metal oxide is at least one or two or more kinds selected from 
the group consisting of Ni, Mn, Co and Fe. 
0014 Instill another embodiment of the positive electrode 
active material for lithium ion batteries related to the inven 
tion, an average particle size of particles of the positive elec 
trode active material is 2 to 8 um, a specific Surface area of the 
positive electrode active material is 0.3 to 1.8 m/g, and the 
tap density of the positive electrode active material is 1.5 to 
2.1 g/ml. 
0015. In another aspect of the invention, the invention 
relates to a positive electrode for lithium ion batteries, which 
uses a positive electrode active material for lithium ion bat 
teries related to the invention. 
0016. In still another aspect of the invention, the invention 
relates to a lithium ion battery that uses a positive electrode 
for lithium ion batteries related to the invention. 
0017. In further still another aspect of the invention, the 
invention relates to a precursor for positive electrode active 
material for lithium ion batteries which is composed of sec 
ondary particles made of at least lithium and transition metal 
and formed by flocculating primary particles. In the precursor 
for positive electrode active material, the variation in compo 
sition of transition metal that is a main component inside of 
secondary particles or between the secondary particles of the 
precursor for positive electrode active material, which is 
defined as a ratio of the absolute value of the difference 
between a composition ratio inside of the particles of or in a 
Small area between the particles of the transition metal and a 
composition ratio in a bulk state to the composition ratio in 
the bulk state of the transition metal, is 5% or less. 
0018. The precursor for positive electrode active material 
for lithium ion batteries related to the invention includes, in an 
embodiment, lithium and transition metal as main compo 
nent. 

ADVANTAGEOUSEFFECT OF THE INVENTION 

0019. According to the invention, a positive electrode 
active material for lithium ion batteries, which realizes a 
lithium ion battery that is, while satisfying fundamental char 
acteristics of a battery (capacity, efficiency, load characteris 
tics), low in the resistance and excellent in the lifetime char 
acteristics, is provided. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0020 (Constitution of Positive Electrode Active Material 
for Lithium Ion Batteries) 
0021. As a raw material of positive electrode active mate 

rial for lithium ion batteries related to an embodiment of the 
invention, compounds useful as a positive electrode active 
material for general positive electrodes for lithium ion batter 
ies can be broadly used. However, lithium-containing transi 
tion metal oxides such as lithium cobalt oxide (LiCoO). 
lithium nickel oxide (LiNiO) and lithium manganese oxide 
(LiMnO) can be particularly preferably used. Further, the 
transition metal in the lithium-containing transition metal 
oxide is preferred to be one or two or more kinds selected 
from the group consisting of Ni, Mn, Co and Fe. Further, a 
ratio of lithium to all metals in the lithium-containing transi 
tion metal oxide is preferable to be more than 1.0 and less than 
1.3. This is because a stable crystal structure is difficult to 
maintain when the ratio is 1.0 or less, and high capacity of a 
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battery cannot be secured when the ratio is 1.3 or more. A 
crystal structure of the positive electrode active material is not 
particularly restricted as long as it has a structure capable of 
inserting and removing lithium. However, a layer structure or 
spinel structure is preferable. 
0022. The variation in composition of the transition metal 
that is a main component inside of secondary particles or 
between secondary particles of the positive electrode active 
material for lithium ion batteries can be obtained in the fol 
lowing manner. That is, by use of an apparatus, capable of 
quantitatively analyzing a small area, Such as a field-emission 
electron probe microanalyzer (FE-EPMA), contents of the 
respective elements present between secondary particles or 
inside of the secondary particle are measured, and, by assum 
ing that a content ratio of each of elements to the content of all 
metals as a composition ratio of each of the elements, the 
variation in composition ratio is taken as an index. For 
example, when the contents of elements of Ni, Mn, Co and Fe 
respectively are N 96, M%, C '% and F '%, and numerical 
values obtained by dividing by the respective atomic weights 
and thereby expressed in terms of mole are n, m, c and f, a 
composition ratio of Ni (molar ratio) is expressed by nf(n+ 
m+c+f)x100 (%). The variation in composition of the transi 
tion metal that is a main component inside of the secondary 
particles or between the secondary particles of the positive 
electrode active material for lithium ion batteries is expressed 
by a ratio of the absolute value of the difference between the 
composition ratio inside of or in a small region between the 
particles of the transition metal and the composition ratio in a 
bulk state to the composition ratio in the bulk state of the 
transition metal obtained by ICP and the like. The variation in 
composition related to the invention is 5% or less. This is 
because when the variation in composition exceeds 5%, the 
lifetime characteristics are poor and the resistance when used 
in a battery becomes large. 
0023. Further, in the positive electrode active material for 
lithium ion batteries, it is preferable that an average particle 
size of the secondary particles is 2 to 8 um, a specific Surface 
area of the secondary particles is 0.3 to 1.8 m/g, and the tap 
density of the secondary particles is 1.5 to 2.1 g/ml. This is 
because, when deviating from the ranges, high capacity 
becomes difficult to secure. Further, it is more preferable that 
an average particle size of the secondary particles is 5 to 7um, 
a specific surface area t of the secondary particles is 0.5 to 1.5 
m?g, and the tap density of the secondary particles is 1.6 to 
2.1 g/ml. 
0024 (Constitution of Positive Electrode for Lithium Ion 
Batteries and Lithium Ion Battery therewith) 
(0025. The positive electrode for lithium ion batteries 
related to an embodiment of the invention has a structure 
where, for example, a positive electrode mixture prepared by 
mixing the positive electrode active material for lithium ion 
batteries having the above-described constitution, a conduc 
tive additive, and a binder is disposed on one or both surfaces 
of a current collector made of an aluminum foil. Further, the 
lithium ion battery related to an embodiment of the invention 
is provided with the positive electrode for lithium ion batter 
ies having such a constitution. 
(0026 (Constitution of Precursor for Positive Electrode 
Active Material for Lithium Ion Batteries) 
0027. The precursor for positive electrode active material 
for lithium ion batteries related to an embodiment of the 
invention is configured of at least lithium and transition metal 
and formed of secondary particles where primary particles 
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are flocculated. The precursor for positive electrode active 
material for lithium ion batteries is a raw material of the 
positive electrode active material for lithium ion batteries. 
Similar to the positive electrode active material for lithium 
ion batteries, the variation in composition of transition metal 
that is a main component inside of the secondary particles or 
between the secondary particles, which is defined as a ratio of 
the absolute value of the difference between the composition 
ratio inside of the particles of transition metal or in a small 
region between the particles of the transition metal and the 
composition ratio in a bulk state of the transition metal to the 
composition ratio in the bulk state of the transition metal, is 
5% or less. 

0028 (Method of Manufacturing Positive Electrode 
Active Material for Lithium Ion Batteries and Lithium Ion 
Batteries therewith) 
0029. Next, a method of manufacturing the positive elec 
trode active material for lithium ion batteries related to an 
embodiment of the invention and lithium ion batteries there 
with will be described. 

0030 Firstly, alkali hydroxide or alkali carbonate is added 
in an aqueous solution of a salt of transition metal that is a 
main component, to which a lithium compound is added, to 
prepare a precursor for positive electrode active material for 
lithium ion batteries. Alternatively, an aqueous Solution of 
salt of transition metal that is a main component is added to a 
Solution or Suspension of alkali hydroxide or alkali carbonate 
to prepare a precursor for positive electrode active material 
for lithium ion batteries. In the case of former one, a region 
high in the pH tends to be locally formed to result in the 
variation in composition. Accordingly, the latter one is pre 
ferred. 

0031 Examples of the lithium compounds being added 
include, without restricting, lithium carbonate, lithium 
hydroxide, lithium oxide, lithium chloride, lithium nitrate, 
lithium Sulfate, lithium hydrogen carbonate, lithium acetate, 
lithium fluoride, lithium bromide, lithium iodide and lithium 
peroxide. Among these, from the viewpoint of easy handling 
and cheapness, lithium carbonate is preferred. 
0032 Examples of aqueous solutions of salt of the transi 
tion metal (any one kind or two or more kinds of Ni, Mn, Co 
and Fe) include a nitrate Solution, a Sulfate Solution, a chloride 
Solution, or an acetate Solution. In particular from the view 
point of avoiding mingling of a negative ion, a nitrate Solution 
is preferably used. 
0033 Examples of preferable alkali hydroxides include 
Sodium hydroxide, potassium hydroxide and lithium hydrox 
ide. Examples of preferable alkali carbonates include sodium 
carbonate, Sodium hydrogen carbonate, potassium carbonate 
and lithium carbonate. 

0034. An addition speed of the aqueous solution of salt of 
transition metal that is a main component affects on the varia 
tion in composition of the transition metal that is a main 
component inside of or between the particles of the precursor 
for positive electrode active material for lithium ion batteries. 
That is, when the addition speed is high, local segregation is 
caused to be likely to generate the variation in composition. 
Accordingly, the aqueous solution is preferably added at a 
speed slow enough to be difficult to generate the local segre 
gation. Further, it is also effective to conduct the reaction little 
by little by use of a micro-reactor or to promote the dispersion 
of a raw material by applying an ultrasonic vibration to a 
reactor during the reaction. 
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0035 More specifically, a concentration of the aqueous 
Solution of Salt of transition metal is adjusted to a Saturation 
concentration or a concentration close to the saturation con 
centration. In the case of Saturation concentration, segrega 
tion may be caused by variation of the liquid temperature. 
Accordingly, a concentration close to the Saturation concen 
tration is preferred. 
0036. In a solution or suspension of alkali hydroxide or 
alkali carbonate, the concentration is determined by consid 
ering a reaction with the transition metal. An addition speed is 
different depending on a volume of the reactor. For example, 
when a reactor having a volume of 1 m is used, and 500 to 
700 L of an aqueous solution of transition metal salt is added 
to 300 to 400 L of a suspension of alkali carbonate, an addi 
tion speed of the aqueous Solution of transition metal salt is 2 
to 5 L/min and more preferably 3 to 4L/min. An addition time 
is 2 to 5 hr and more preferably 3 to 4hr. 
0037 Next, the resulted precursor for positive electrode 
active material is, after drying, oxidized (firing in an oxidiz 
ing atmosphere) and pulverized under proper condition to 
obtain a powder of positive electrode active material. Further, 
in the step of drying, there is no problem in using a known 
drying method. However, for example, a method Such as a 
fluid bed drying that can inhibit dried powder from flocculat 
ing can be preferably used, because particles of the precursor 
can be more uniformly dispersed. Still further, in the step of 
firing, a method that promotes contact between the powders 
during filling can be preferably used, because the reaction is 
more uniformly conducted. Further, also in the pulverization, 
there is no problem in using a known method. However, it is 
desirable to use dry air upon operation to avoid influence of 
moisture. 
0038. By making use of the positive electrode active mate 
rial for lithium ion batteries obtained like this, according to a 
known method, a positive electrode for lithium ion batteries 
and lithium ion batteries therewith can be produced. In the 
lithium ion battery formed like this, the composition of the 
transition metal in the positive electrode active material is 
inhibited from fluctuating. Accordingly, high capacity, low 
resistance and long lifetime are realized. Therefore, in large 
devices that require these characteristics Such as automobiles 
and road levelers, the lithium ion batteries are particularly 
useful. 

EXAMPLES 

0039 Examples of the present invention, with compara 
tive examples, will be described as follows, but the following 
examples are provided for better understanding of the present 
invention and its advantages, and intended to be non-limiting. 

Example A 

0040. According to a wet method that uses an aqueous 
solution of nitrates of Ni, Mn and Co and lithium carbonate, 
carbonate that is a precursor was prepared. A molar ratio of 
charge amounts of Ni, Mn and Coat the time of production of 
the precursor was set to Ni:Mn:Co=1:1:1. The mixture was, 
after drying, oxidized to form a positive electrode material. 
0041 More specifically, in a stirring bath with a propeller 
blade, lithium carbonate was suspended in pure water, the pH 
thereof was adjusted to 7, an aqueous solution of nitrates was 
introduced, and, after the introduction was completed at the 
pH4, the stirring was continued for 2 hr. In order to inhibit the 
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variation from occurring during the reaction, ultrasonic dis 
persion was applied during the stirring. 
0042. The prepared precursor was dried as it is without 
washing. A fluid bed dryer was used to inhibit the particles 
from Sticking fast. An average particle size of dry powder was 
10 um. 
0043. This was filled in a sagger and fired. Upon filling, the 
Sagger was vibrated for particles to come into contact with 
each other. The firing was conducted in air at 800° C. for 10 hr. 
0044. After firing, a pulverizer in which the particles col 
lide with each other to pulverize was used. In order to elimi 
nate influence of moisture, the step of pulverizing was con 
ducted under an environment of dry air. 

Comparative Example A 

0045. After powders of nickel oxide, manganese oxide 
and cobalt oxide and lithium hydroxide were wet mixed, the 

Example A 

Comparative 
example A 

Example A 

Comparative 
example A 

mixture was spray dried to prepare dry powder, and the dry 
powder was oxidized to prepare a positive electrode material. 
A molar ratio of charge amounts of Ni, Mn and Coat the time 
of mixing was set to Ni:Mn:Co=1:1:1. 
0046 More specifically, the respective raw materials mea 
Sured in accordance with the ratio of charge amounts were 
mixed with water in a wetball mill. The mixing time was set 
to 6 hr. Thereafter, a raw material slurry from which balls 
were removed was spray dried to remove moisture, thereby a 
dry powder was obtained. An average particle size of the dry 
powder was 30 Lum. 
0047. The dry powder was filled in a sagger by tapping and 
fired at 800° C. for 10 hr in air. After firing, the powder was 
pulverized with a ball mill. 
0048 Contents of Li, Ni, Mn and Co in all positive elec 
trode materials were measured with an inductively-coupled 
plasma optical emission spectrometer (ICP-OES) and 
thereby the ratio of the transition metals was confirmed to be 
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the same as the ratio of charge amounts. (The composition 
ratio in a bulk state was 33.3% by mole for each of Ni, Mn and 
Co.) 
0049 Contents of the respective elements inside of the 
secondary particles and between the secondary particles were 
measured for each of the positive electrode materials by FE 
EPMA, and results thereofare shown in Tables 1 and 2. Upon 
measurement, 3 positions inside of the secondary particle and 
3 positions between the secondary particles were measured. 
Each of the contents was calculated in terms of mole and 
recalculated as a composition ratio. The composition ratio 
was expressed by a ratio of a molar amount of a specified 
element and a total molar amount of all metals. As the varia 
tion in composition, a numerical value obtained by dividing 
the absolute value of the difference between the composition 
ratio and the composition ratio of a bulk measured by ICP 
OES by the composition ratio of bulk was used. 

TABLE 1. 

Composition Variation in 
Content (% ratio (mole% composition (% 

N Mn Co N Mn Co N Mn Co 

20.3 19.0 20.3 334 334 33.2 O.1 O1 O.3 
2O.S 18.9 2O.O 33.8 33.3 32.9 1.5 0.1 1.4 
2O2 19.5 2O.S 32.9 33.9 33.2 1.4 1.7 O.3 
21.0 17.3 18.5 36.3 31.9 31.8 8.8 4.3 4.5 
18.5 18.7 18.5 32.S. 35.1 32.4 2.5 S.3 2.9 
19.8 2O2 2O.O 32.3 35.2 32.5 3.1 S.6 2.5 

TABLE 2 

Composition Variation in 
Content (% ratio (mole% composition (% 

N Mn Co N Mn Co N Mn Co 

2O.S 19.0 20.6 334 33.1 33.5 O.3 O.7 0.4 
20.9 18.9 20.3 34.1 32.9 33.0 2.3 1.2 1.1 

9 20.2 19.7 2O.S 32.8 34.1 33.1 1.7 24 O.7 
10 21.2 17.2 18.7 36.4 31.6 32.O 9.3 5.3 4.O 
11 18.3 19.0 18.5 32.1 35.6 32.3 3.7 6.8 3.1 
12 19.8 2O2 19.7 32.4 35.4 32.2 2.6 6.1 3.5 

0050. Further, as an average particle size, a 50% diameter 
in a particle size distribution according to a laser diffraction 
method was used, as a specific Surface area, a BET value was 
used, and as a tap density, a density obtained after 200 times 
of tapping was used. The positive electrode material, a con 
ductive material and a binder were weighed at a ratio of 
85:8: 7. In a solution obtained by dissolving the binder in an 
organic solvent (N-methyl pyrrolidone), the material and 
conductive material were mixed to form a slurry. The slurry 
was coated on an aluminum foil and, after drying, pressed to 
form a positive electrode. A 2032 coin cell for use in evalua 
tion, in which Li is used as a counter electrode was prepared, 
and, with a solution obtained by dissolving 1M-LiPF6 in 
EC-DMC (1:1) as an electrolytic solution, the charge and 
discharge operation was conducted under the charge condi 
tion of 4.3 V and the discharge condition of 3.0 V. Initial 
capacity and initial efficiency (discharge amount? charge 
amount) were confirmed under the charge? discharge at 0.1 C. 
Further, the resistance was estimated from a decrease in volt 
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age from charge end to discharge start. As the lifetime, the 
capacity retention rate after 30 cycles at room temperature 
was confirmed. These results are shown in Table 3. 

TABLE 3 

Average Specific Tap 
particle surface den- Capac- Effi- Resis- Life 
size 808 sity ity ciency tance time 
lm mg g/ml mah/g % m % 

Exam- 5.5 1.24 2.0 155 90.3 O.S 98 
ple A 
Compar- 8.3 1.08 2.0 150 87.6 1.1 92 
ative 
(X8 

ple A 

Example B 

0051. According to a wet method that uses an aqueous 
solution of nitrates of Ni, Mn and Fe and lithium carbonate, 
carbonate that is a precursor was prepared. A molar ratio of 
charge amounts of Ni, Mn and Fe at the time of production of 
the precursor was set to Ni:Mn:Fe=6:2:2. The mixture was, 
after drying, oxidized to form a positive electrode material. 
0052 More specifically, in a stirring bath with a propeller 
blade, lithium carbonate was suspended in pure water, the pH 
was adjusted to 7, an aqueous solution of nitrates was intro 
duced, and, after the introduction was completed at the pH 4. 
the stirring was continued for 2 hr. In order to inhibit the 
variation from occurring during the reaction, ultrasonic dis 
persion was applied during the stirring. 
0053. The prepared precursor was dried as it is without 
washing. A fluid bed dryer was used to inhibit the particles 
from Sticking fast. An average particle size of dry powder was 
10 um. 
0054. This was filled in a sagger and fired. Upon filling, the 
Sagger was vibrated for particles to come into contact with 
each other. The firing was conducted in air at 800° C. for 10 hr. 
0055. After firing, a pulverizer in which the particles col 
lide with each other to pulverize was used. In order to elimi 

Example B 

Comparative 
example B 

Example B 
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nate influence of moisture, the step of pulverizing was con 
ducted under an environment of dry air. 

Comparative Example B 
0056. After powders of nickel oxide, manganese oxide 
and iron oxide and lithium hydroxide were wet mixed, the 
mixture was spray dried to prepare dry powder, and the dry 
powder was oxidized to prepare a positive electrode material. 
A molar ratio of charge amounts of Ni, Mn and Fe at the time 
of mixing was set to Ni:Mn: Fe=6:2:2. 
0057 More specifically, the respective raw materials 
weighed in accordance with the ratio of charge amounts were 
mixed with water in a wetball mill. The mixing time was set 
to 6 hr. Thereafter, a raw material slurry from which balls 
were removed was spray dried to remove moisture, thereby a 
dry powder was obtained. An average particle size of the dry 
powder was 30 Lum. 
0058. The dry powder was filled in a sagger by tapping and 
fired at 800° C. for 10 hr in air. After firing, the pulverization 
was conducted with a ball mill. 
0059 Contents of Li, Ni, Mn and Fe in all positive elec 
trode materials were measured with an inductively-coupled 
plasma optical emission spectrometer (ICP-OES) and 
thereby the ratio of the transition metals was confirmed to be 
the same as the ratio of charge amounts. (The composition 
ratio in a bulk state was Ni:Mn:Fe=6:2:2 by molar ratio of Ni, 
Mn and Fe.) 
0060 Contents of the respective elements inside of the 
secondary particles and between the secondary particles were 
measured for each of the positive electrode materials by FE 
EPMA, and results thereofare shown in Tables 4 and 5. Upon 
measurement, 3 positions inside of the secondary particle and 
3 positions between the secondary particles were measured. 
Each of the contents was calculated in terms of mole and 
recalculated as a composition ratio. The composition ratio 
was expressed by a ratio of a molar amount of a specified 
element to a total molar amount of all metals. As the variation 
in composition, a numerical value obtained by dividing the 
absolute value of the difference between the composition 
ratio and the composition ratio of a bulk measured by ICP 
OES by the composition ratio of bulk was used. 

TABLE 4 

Variation in 
composition (%) 

Composition 
Content (%) ratio (mole %) 

N Mn Fe N Mn Fe N Min Fe 

35.7 11.0 11.2 60.3 19.8 19.9 O4 O.8 0.6 
36.2 11.1 11.1 60.6 19.9 19.5 1.O O.7 2.3 
36.0 10.8 11.2 60.7 19.S. 19.8 1.2 2.7 O.8 
39.0 11.0 10.8 62.8 18.9 18.3 4.7 5.4 8.6 
34.4 11.5 10.8 59.2 21.2 19.6 1.2 5.8 2.2 
35.6 12.0 11.2 59.1 21.3 19.6 1.4 6.5 2.2 

TABLE 5 

Composition Variation in 
Content (% ratio (mole% composition (% 

N Mn Fe N Mn Fe N Min Fe 

7 36.2 11.2 11.5 60.1 19.9 20.O O.1 O.7 O.3 
8 35.8 10.9 11.0 60.7 19.7 19.6 1.1 13 2.0 
9 36.5 11.3 11.4 60.3 19.9 19.8 O.S O3 1.1 
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TABLE 5-continued 

Composition 
Content (% ratio (mole% 

N Mn Fe N Mn Fe N 

Comparative 1O 38.2 10.8 11.O 62.3 18.8 18.9 3.9 
example B 11 34.8 11.3 12.1 58.4 20.3 21.3 2.7 

12 36.2 12.3 11.9 48.5 21.3 202 2.4 

0061 Further, as an average particle size, a 50% diameter 
in a particle size distribution according to a laser diffraction 
method was used, as a specific Surface area, a BET value was 
used, and as a tap density, a density obtained after 200 times 
of tapping was used. The positive electrode material, a con 
ductive material and a binder were weighed at a ratio of 
85:8:7. In a solution obtained by dissolving the binder in an 
organic solvent (N-methyl pyrrolidone), the material and 
conductive material were mixed to form a slurry. The slurry 
was coated on an aluminum foil and, after drying, pressed to 
form a positive electrode. A 2032 coin cell for use in evalua 
tion, in which Li is used as a counter electrode was prepared, 
and, with a solution obtained by dissolving 1M-LiPF6 in 
EC-DMC (1:1) as an electrolytic solution, the charge and 
discharge operation was conducted under the charge condi 
tion of 4.3 V and the discharge condition of 3.0 V. Initial 
capacity and initial efficiency (discharge amount? charge 
amount) were confirmed under the charge? discharge at 0.1 C. 
Further, the resistance was estimated from a decrease in volt 
age from charge end to discharge start. As the lifetime, the 
capacity retention rate after 30 cycles at room temperature 
was confirmed. These results are shown in Table 6. 

TABLE 6 

Average Specific Tap 
particle surface den- Capac- Effi- Resis- Life 
size 808 sity ity ciency tance time 
lm mg g/ml mah/g % m % 

Exam- 6.2 1.02 2.0 167 90.2 O.8 96 
ple B 
Compar- 9.5 1.16 2.0 155 88.8 1.6 89 
ative 
(X8 

ple B 

1. A positive electrode active material for lithium ion bat 
teries, which is composed of at least lithium and transition 
metal, wherein the variation in the composition of transition 
metal that is a main component inside of particles of or 
between particles of the positive electrode active material, 
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Variation in 
composition (% 

Min Fe 

5.9 5.7 
1.3 6.7 
6.2 1.1 

which is defined as a ratio of the absolute value of the differ 
ence between a composition ratio inside of the particles of or 
in a small area between the particles of the transition metal 
and a composition ratio in a bulk state to the composition ratio 
in a bulk state of the transition metal, is 5% or less. 

2. The positive electrode active material for lithium ion 
batteries of claim 1, wherein the positive electrode active 
material is a lithium-containing transition metal oxide. 

3. The positive electrode active material for lithium ion 
batteries of claim 2, wherein the transition metal in the 
lithium-containing transition metal oxide is at least one or two 
or more kinds selected from the group consisting of Ni, Mn, 
Co and Fe. 

4. The positive electrode active material for lithium. ion 
batteries of any one of claims 1 to 3, wherein an average 
particle size of particles of the positive electrode active mate 
rial is 2 to 8 um, a specific Surface area of the positive elec 
trode active material is 0.3 to 1.8 m?g, and the tap density of 
the positive electrode active material is 1.5 to 2.1 g/ml. 

5. A positive electrode for lithium ion batteries, comprising 
a positive electrode active material for lithium ion batteries of 
any one of claims 1 to 3. 

6. A lithium ion battery comprising a positive electrode for 
lithium ion batteries of claim 5. 

7. A precursor for positive electrode active material for 
lithium ion batteries, which is composed of secondary par 
ticles made of at least lithium and transition metal and formed 
by flocculating primary particles, wherein the variation in 
composition of transition metal that is a main component 
inside of secondary particles or between the secondary par 
ticles of the precursor for positive electrode active material, 
which is defined as a ratio of the absolute value of the differ 
ence between a composition ratio inside of the particles of or 
in a small area between the particles of the transition metal 
and a composition ratio in a bulk state to the composition ratio 
in the bulk state of the transition metal, is 5% or less. 

8. The precursor for positive electrode active material for 
lithium ion batteries of claim 7, including lithium and transi 
tion metal as main component. 

c c c c c 


