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(57) ABSTRACT 

A positive electrode active material for a non-aqueous elec 
trolyte secondary battery of the present invention includes 
composite oxide particles including lithium, nickel, and an 
element M, the element Mbeing at least one of aluminum and 
cobalt. The composite oxide particles include primary par 
ticles and each particle of the primary particles includes a 
Surface portion and an inner portion. A content of the element 
M in the surface portion is higher than a content of the ele 
ment M in the inner portion, and a proportion of the primary 
particles relative to all of the composite oxide particles is 80 
to 100 wt %. According to the invention, a positive electrode 
active material for a non-aqueous electrolyte secondary bat 
tery that has excellent cycle characteristics and storage char 
acteristics and is suitable for use in a wide range of the state of 
charge and in a high-temperature environment and a non 
aqueous electrolyte secondary battery using the same can be 
obtained. 
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POSITIVE ELECTRODE ACTIVE MATERAL 
FOR NON-AQUEOUSELECTROLYTE 
SECONDARY BATTERY, METHOD FOR 

PRODUCING THE SAME, AND 
NON-AQUEOUSELECTROLYTE 

SECONDARY BATTERY 

TECHNICAL FIELD 

0001. The present invention relates to a positive electrode 
active material for a non-aqueous electrolyte secondary bat 
tery, a method for producing the same, and a non-aqueous 
electrolyte secondary battery using the same, and specifically 
relates to an improvement of a positive electrode active mate 
rial used for a non-aqueous electrolyte secondary battery. 

BACKGROUND ART 

0002. Non-aqueous electrolyte secondary batteries such 
as lithium ion secondary batteries have a high operating Volt 
age and a high energy density, and thus are put in practical use 
as a driving power Source for various portable electronic 
devices such as mobile phones, notebook personal comput 
ers, and video camcorders. Usage of the non-aqueous elec 
trolyte secondary batteries also expands as a motor driving 
power source for hybrid electric vehicles (HEVs) and the like. 
0003 Motor driving power sources are required to have 
high output characteristics. Specifically, in order to improve 
the acceleration performance, gradeability, and fuel con 
Sumption of HEVs, a current as large as 20 to 40 Catan hour 
rate is necessary, although it continues for a short time. Such 
a large current is several ten times of a current required for a 
driving power source for general portable electronic devices. 
0004 Plug-in hybrid electric vehicles (PHEVs) that are 
being put into practical use in recent years to reduce the 
amount of greenhouse gas emissions can run only with elec 
tric power without using an engine, unlike conventional 
HEVs. Furthermore, the motor driving power source 
mounted on the PHEVs can be charged via a household power 
Supply. 
0005 Ifa PHEV runs only with the electric power from the 
motor driving power source, the state of charge (SOC) of the 
motor driving power Source therefor greatly deteriorates 
according to the travel distance of the PHEV. Batteries used as 
a motor driving power source for PHEVs are required to 
maintain a long travel distance of the PHEVs. Accordingly, 
such batteries are used in a wide range of the SOC, specifi 
cally, in the range where the SOC is 30 to 90%. 
0006. The SOC of non-aqueous electrolyte secondary bat 

teries for HEVs depends on the control system of the HEVs. 
Such batteries are usually used in a comparatively narrow 
range of the SOC, specifically, in the range where the SOC is 
about 60%-10%. 
0007 As described above, since the motor driving power 
source for PHEVs is used in a wide range of the SOC, if the 
discharge capacity falls by, for example, repeating charge and 
discharge, the power source may not be able to maintain a 
long travel distance. Accordingly, the batteries used as the 
motor driving power source for PHEVs are required to show 
excellent cycle characteristics even in the case of being used 
in the wide range of the SOC. 
0008 Further, if non-aqueous electrolyte secondary bat 

teries are subjected to a high-temperature environment for a 
long time, the internal resistance thereof tends to greatly 
increase. This is because a coating derived from a non-aque 
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ous electrolyte is formed on the surface of a positive electrode 
active material in Such a high-temperature environment. Also, 
an increase in the internal resistance causes deterioration of 
cycle characteristics of the batteries. Accordingly, especially 
in the case of using non-aqueous electrolyte secondary bat 
teries as the motor driving power source for PHEVs, it is 
necessary to Suppress formation of a coating derived from a 
non-aqueous electrolyte on the Surface of a positive electrode 
active material, thereby Suppressing an increase in the inter 
nal resistance of the non-aqueous electrolyte secondary bat 
teries and deterioration of storage characteristics. 
0009 Generally, a positive electrode active material 1 of a 
non-aqueous electrolyte secondary battery is used in the State 
of secondary particles 2 that are each formed by agglomerat 
ing a plurality of primary particles 3, as shown in FIG. 1. 
0010 Further, in the electrode material for non-aqueous 
secondary batteries described in Patent Document 1, a part of 
the surface of an active material or the entire surface thereof 
is covered with a compound containing at least aluminum and 
oxygen in order to have a higher level of safety while main 
taining the discharge capacity and cycle characteristics. 
0011. Meanwhile, in a positive electrode active material 
for lithium secondary batteries described in Patent Document 
2, a material in which most powder particles of a lithium 
transition metal composite oxide exist independently without 
forming agglomerations is used as a positive electrode active 
material, in order to improve cycle characteristics of lithium 
secondary batteries. 

Citation List 

Patent Document 

(0012 Patent Document 1: Laid-Open Patent Publication 
No. 2003-25.7427 
(0013 Patent Document 2: Laid-Open Patent Publication 
No. 2003-683OO 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 
0014. However, the positive electrode active material of a 
non-aqueous electrolyte secondary battery repeats expansion 
and contraction involved with absorption and desorption of 
lithium during charge and discharge, which generates stress 
in the grain boundary between primary particles, and thus 
secondary particles are likely to disintegrate. Accordingly, 
with the electrode material for non-aqueous secondary bat 
teries described in Patent Document 1, repetitions of charge 
and discharge cause disintegration of the active material, 
which results in a decrease in storage characteristics of the 
batteries. 

0015. On the other hand, with the positive electrode active 
material for lithium secondary batteries described in Patent 
Document 2, it is possible to suppress a problem of disinte 
gration of particles involved with repetitions of charge and 
discharge. However, when the battery is subjected to a high 
temperature environment for a long time, a coating derived 
from an electrolyte is formed on the active material surface, 
which is likely to generate gas. Accordingly, the reactivity of 
the active material Surface falls, and also the internal resis 
tance of the battery increases, and thus the storage character 
istics of the battery tend to deteriorate. In particular, there is a 
strong demand for the motor driving power source for PHEVs 
to maintain high output over a long period of time in a high 
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temperature environment, and thus the positive electrode 
active material for lithium secondary batteries described in 
Patent Document 2 is insufficient for such usage. 
0016 One aspect of the present invention provides a posi 

tive electrode active material for a non-aqueous electrolyte 
secondary battery that has excellent cycle characteristics and 
storage characteristics and is suitable for use in a wide range 
of the state of charge and in a high-temperature environment, 
and a non-aqueous electrolyte secondary battery using the 
SaC. 

Means for Solving the Problems 
0017. A positive electrode active material for a non-aque 
ous electrolyte secondary battery of the present invention 
includes composite oxide particles including lithium, nickel, 
and an element M, the element M being at least one of alu 
minum and cobalt, the composite oxide particles include 
primary particles, each particle of the primary particles 
includes a surface portion and an inner portion, a content of 
the element M in the surface portion is higher than a content 
of the element M in the inner portion, and a proportion of the 
primary particles relative to all of the composite oxide par 
ticles is 80 to 100 wt %. 
0018. A method for producing a positive electrode active 
material for a non-aqueous electrolyte secondary battery of 
the present invention includes the steps of mixing nickel 
containing hydroxide particles including primary particles in 
a proportion of 80 to 100 wt %, an acidic solution including an 
element M, and a basic Solution to generate an active material 
precursor including the nickel-containing hydroxide particles 
and a hydroxide including the element Madhering to the 
Surface of each of the nickel-containing hydroxide particles, 
the element Mbeing at least one of aluminum and cobalt, and 
mixing the active material precursor and a compound includ 
ing lithium, followed by calcination, to generate composite 
oxide particles including primary particles, each particle of 
the primary particles including a surface portion and an inner 
portion, a content of the element M in the surface portion 
being higher than a content of the element M in the inner 
portion. 
0019. A non-aqueous electrolyte secondary battery of the 
present invention includes a positive electrode, a negative 
electrode, a separator for separating the positive electrode and 
the negative electrode from each other, and a non-aqueous 
electrolyte, and the positive electrode includes the positive 
electrode active material for a non-aqueous electrolyte sec 
ondary battery of the present invention. 
0020 While the novel features of the invention are set 
forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and 
appreciated, along with other objects and features thereof, 
from the following detailed description taken in conjunction 
with the drawings. 

Effects of the Invention 

0021. According to the present invention, it is possible to 
Suppress an increase in the internal resistance of a battery 
especially when the battery is stored at a high temperature or 
repeatedly charged and discharged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a vertical cross-sectional view schemati 
cally showing a positive electrode active material 1 contained 
in a conventional non-aqueous electrolyte secondary battery. 
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0023 FIG. 2 is a vertical cross-sectional view showing an 
example of a non-aqueous electrolyte secondary battery of 
the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0024. A positive electrode active material for a non-aque 
ous electrolyte secondary battery of the present invention 
includes composite oxide particles including lithium, nickel, 
and an element M (M represents at least one of aluminum and 
cobalt). 
0025. The above composite oxide particles may include 
other elements such as, for example, a metallic element, a 
semimetal element, and a nonmetallic element, other than 
lithium, nickel, the element M, and oxygen. The proportion of 
the element M in the composite oxide particles may be deter 
mined from a viewpoint of preventing a decrease in the capac 
ity of the positive electrodeactive material and Suppressing an 
increase in the internal resistance of the battery during Storage 
(especially during storage in a high-temperature environ 
ment). In the composite oxide particles, the proportion of the 
element M relative to the total amount of metallic elements 
other than lithium may be, for example, 1 to 50 mol %, 
preferably 2 to 40 mol %, or more preferably about 3 to 35 
mol%. 
0026. Examples of the above composite oxide include a 
compound represented by the following general formula (1). 

LiNiM Mel-O2, (1) 
0027. In the general formula (1), X represents the atomic 
ratio of lithium (Li) and is, for example, 0.9 to 1.3, preferably 
1 to 1.2, or more preferably 1 to 1.1. The value of X changes 
according to the extent of charge and discharge. 
0028 y represents the atomic ratio of nickel (Ni) and is, for 
example, 0.3 to 1.1, preferably 0.4 to 1, or more preferably 
O45 to O.9. 

0029 M represents at least one element of aluminum (Al) 
and cobalt (Co). Z represents the atomic ratio of M. 
0030. Further, the atomic ratio Z of the element M is, for 
example, 0.01 to 0.5, preferably 0.02 to 0.25, or more pref 
erably 0.03 to 0.2. 
0031 Me represents an element that is different from Li, 
Ni, M, and oxygen (O), and specific examples thereof include 
metallic elements such as Mn, Mg., Zn, Fe, Cu, Mo, and Zr, 
semimetal elements such as B, and nonmetallic elements such 
as P and S. One of these elements may be included, or two or 
more of those may be included. 
0032 ö represents an oxygen deficiency or an oxygen 
excess. Ordinarily, the oxygen deficiency or oxygen excess is 
+1% of the stoichiometric composition. Specifically, the 
value represented by 8 is -0.01 or more and +0.01 or less. 
0033. The amount of each element included in the positive 
electrode active material can be measured using a conven 
tional measurement method, namely, an inductively coupled 
plasma (ICP) emission spectrometry, for example. 
0034) Ordinarily, the composite oxide particles include 
primary particles and secondary particles that are each 
formed by agglomeration of primary particles. In the present 
specification, a primary particle refers to a particle formed by 
a single crystallite (a crystal grain). Accordingly, a grain 
boundary does not exist in a primary particle. Further, a 
secondary particle refers to a particle formed by agglomera 
tion of plural primary particles. 
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0035. In the positive electrode active material for a non 
aqueous electrolyte secondary battery of the present inven 
tion, the composite oxide particles include primary particles 
having the element M content higher in the Surface portion 
compared to that in the inner portion. Accordingly, in the case 
of forming a positive electrode of a non-aqueous electrolyte 
secondary battery using this positive electrode active mate 
rial, even when this positive electrode is stored in a high 
temperature environment, it is possible to remarkably Sup 
press formation of a coating derived from a non-aqueous 
electrolyte on the surface of the positive electrode active 
material while maintaining the capacity. Accordingly, by 
using a non-aqueous electrolyte secondary battery including 
the above positive electrode, it is possible to Suppress a reduc 
tion in the lithium ion absorbing and desorbing capability in 
a high-temperature environment, and as a result, it is possible 
to Suppress an increase in the internal resistance of the battery 
during storage, thereby improving storage characteristics of 
the battery. 
0036 Further, the positive electrode active material for a 
non-aqueous electrolyte secondary battery is configured Such 
that for the purpose of improving various characteristics 
thereof, individual primary particles have a higher content of 
the element M in the particle surface portion than that in the 
particle inner portion, rather than a covering of aluminum or 
cobalt being formed on the surface of the secondary particles 
in the composite oxide. Consequently, the effect of suppress 
ing formation of a coating derived from the non-aqueous 
electrolyte due to storage in a high-temperature environment 
is achieved by the above individual primary particles of the 
positive electrode active material. 
0037. In such primary particles, although it is sufficient 
that Rs-Ri representing a difference between a content Rs 
(mol%) of the element M relative to all the metallic elements 
other than lithium in the surface portion and a content Ri (mol 
%) of the element M relative to all the metallic elements other 
than lithium in the inner portion is a positive value, the value 
of the difference is preferably 2 or more (e.g., 3 to 20), or more 
preferably 5 to 15. 
0038. In this specification, the surface portion of the pri 
mary particles included in the composite oxide particles 
refers to a region where depth from the particle surface is 20% 
or less of the minimal diameter of the particles. On the other 
hand, the inner portion of the primary particles included in the 
composite oxide particles specifically refers to a region where 
depth from the particle surface exceeds 20% of the minimal 
diameter of the particles. 
0039. If the above difference RS-Ri is too small, there are 
cases where the effect of the element M included in the 
primary particles cannot be sufficiently obtained. The effect 
of Suppressing an increase in the internal resistance of the 
battery during storage may be sufficiently and more effec 
tively achieved by setting as appropriate the difference 
between the element M content in the surface portion of the 
primary particles and that in the inner portion thereof, while 
maintaining the capacity of the positive electrode active mate 
rial. 

0040. With regard to the primary particles, the element M 
content Rs in the surface portion thereof relative to all the 
metallic elements other than lithium can be selected from the 
range of for example, about 1 to 55 mol %, and is preferably 
5 to 50 mol% (e.g., 7 to 40 mol%), or more preferably 10 to 
30 mol%. 
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0041. It is possible to more effectively suppress formation 
of a coating derived from the non-aqueous electrolyte on the 
surface of the positive electrodeactive material, by setting the 
element M content Rs in the particle surface portion within 
the above range. If the element M content in the surface 
portion is too low, there are cases where the effect of Sup 
pressing formation of a coating derived from the non-aqueous 
electrolyte on the surface of the positive electrode active 
material is reduced. On the contrary, if the element M content 
in the Surface portion is too high, a nickel content may rela 
tively decrease, thereby decreasing the capacity of the posi 
tive electrode active material. 
0042. With regard to the primary particles, the element M 
content Ri in the inner portion thereof can be selected from 
the range of, for example, 40 mol% or less (0 to 40 mol%) of 
all the metallic elements other than lithium, and is preferably, 
0.1 to 35 mol %, or more preferably 0.5 to 15 mol% (e.g., 3 
to 8 mol%). 
0043. An increase in the internal resistance of the battery 
during storage can be more effectively suppressed by setting 
the element M content Ri in the particle inner portion within 
the above range, while maintaining the capacity of the posi 
tive electrode active material. If the element M content in the 
inner portion is too high, it may not be possible to provide a 
sufficient difference (concentration gradient) between the 
element M content in the surface portion and that in the inner 
portion, or the element M content in the primary particles in 
the above composite oxide may be high, thereby decreasing 
the capacity of the positive electrode active material. 
0044) The composite oxide particles include many pri 
mary particles having the element M content in the Surface 
portion higher than the element M content in the inner por 
tion. 
0045. The proportion of such primary particles is 80 wt % 
or more (e.g., 80 to 100 wt %), preferably 90 wt % or more 
(e.g., 90 to 99 wt %), or more preferably 95 wt % or more 
(e.g., 95 to 98 wt %) of all the composite oxide particles. 
Further, a content of the primary particles may be in a range 
of 80 to 95 wt % (e.g., 81 to 90 wt %) of all the composite 
oxide particles. 
0046. If the primary particle content relative to all the 
composite oxide particles is too low, a relative proportion of 
the secondary particles becomes higher, and in a non-aqueous 
electrolyte secondary battery, the secondary particles disin 
tegrate during charge and discharge, and the proportion of the 
element M contained in the surface portion of the primary 
particles becomes relatively low. Accordingly, it is not pos 
sible to effectively prevent formation of a coating derived 
from the non-aqueous electrolyte on the Surface of the posi 
tive electrode active material, and problems such as an 
increase in the internal resistance of the battery during Stor 
age, an increase in the internal resistance of the battery 
involved with repetitions of charge and discharge, and dete 
rioration of cycle characteristics may arise. 
0047. The configuration (primary particles, secondary 
particles, and the like) of the composite oxide particles can be 
observed using, for example, a scanning electron microscope 
(SEM), a scanning ion microscope (SIM), or the like. For 
example, in the case of using an SEM, a predetermined region 
of composite oxide particles or the cross section of an elec 
trode plate using these is observed using the SEM, and a 
primary particle and a secondary particle can be distinguished 
from each other based on the presence of a grain boundary 
and an agglomeration. Then, the area rates of the primary 
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particles and the secondary particles are calculated, and the 
weight proportion of the primary particles in the composite 
oxide particles can be calculated based on the area rates. 
0.048 Concentration distribution of elements in the com 
posite oxide particles (in the particle cross section, or the like) 
can be measured using a conventional measuring means Such 
as an EPMA (electron probe micro analyzer), for example. 
More specifically, it is possible to analyze elements in a 
region of about (p1 um of the cross section of a primary 
particle using the EPMA. In the EPMA analysis, point analy 
sis is performed on several points each in the Surface portion 
and the inner portion of the particle, average values are cal 
culated, the element content in the Surface portion and that in 
the inner portion are obtained as average values. A sample for 
cross section measurement can be prepared by performing, 
for example, polishing or ion etching (ion etching using an 
argon laser, or the like), which are known cross section form 
ing methods, on a sample obtained by Solidifying particles 
using resin or an electrode plate using particles, for example. 
0049. In the positive electrode active material for a non 
aqueous electrolyte secondary battery, the Volume average 
particle diameter of the primary particles is, for example, 1 to 
10 um, preferably 1.2 to 8 um, or more preferably 1.5 to 7um 
(e.g., 2 to 5um), from a viewpoint of packing density of the 
positive electrode active material, for instance. 
0050. If the volume average particle diameter of the pri 
mary particles is too small, even in the case where a positive 
electrode for a non-aqueous electrolyte secondary battery is 
formed using the composite oxide particles, the density of the 
positive electrode active material may become low, and con 
sequently the capacity density of the battery may decrease. 
Further, if the volume average particle diameter of the pri 
mary particles is too small, the specific Surface area becomes 
larger, which leads to a problem that the amount of binder 
used when producing an electrode needs to be increased. On 
the contrary, if the volume average particle diameter of the 
primary particles is too large, in the case where a non-aqueous 
electrolyte secondary battery is produced using the composite 
oxide particles, Sufficient output may not be obtained. 
0051. The volume average particle diameter of the com 
posite oxide particles can be measured with a laser diffraction 
scattering method using a laser diffraction particle size dis 
tribution analyzer, for example. 
0052 A positive electrode active material for a non-aque 
ous electrolyte secondary battery of the present invention can 
be produced by executing, for example, the steps of: 
0053 mixing nickel-containing hydroxide particles 
including primary particles in a proportion of 80 to 100 wt %, 
an acidic solution including an element M, and a basic Solu 
tion to generate an active material precursor including the 
nickel-containing hydroxide particles and a hydroxide 
including the element Madhering to the surface of each of the 
nickel-containing hydroxide particles, the element Mbeing at 
least one of aluminum and cobalt; and 
0054 mixing the active material precursor and a com 
pound containing lithium, followed by calcination, to gener 
ate composite oxide particles including primary particles, 
each particle of the primary particles comprising a Surface 
portion and an inner portion, a content of the element M in the 
Surface portion being higher than a content of the element M 
in the inner portion. 
0055 According to the above production method, the 
positive electrode active material for a non-aqueous electro 
lyte secondary battery of the present invention can be effi 
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ciently produced. Further, in the primary particles in the com 
posite oxide including lithium, nickel, and the element M, the 
metal M can be distributed effectively, the content thereof 
being higher in the Surface portion. 
0056. As the nickel-containing hydroxide particles used as 
the raw material in the precursor generation step, it is possible 
to utilize particles in which agglomeration of the primary 
particles included in the hydroxide is released with a conven 
tional method, thereby adjusting the proportion of the pri 
mary particles, for instance. For example, the raw material in 
which the proportion of the primary particles relative to all the 
particles has been adjusted to 80 wt % or more (80 to 100 wt 
%) by deagglomerating a nickel-containing hydroxide may 
be used in the precursor generation step. 
0057 The production method of the present invention may 
further include, prior to the precursor generation step, a 
deagglomeration step in which a nickel-containing hydroxide 
is deagglomerated, and thereby the proportion of the primary 
particles relative to all the particles of this nickel-containing 
hydroxide is adjusted to 80 to 100 wt %. 
0.058 Deagglomeration can be performed by applying 
mechanical stress to the nickel-containing hydroxide so as to 
be pulverized. The proportion of primary particles may be 
further adjusted by ordinarily performing classification 
thereon after pulverizing. In this way, the proportion of the 
primary particles relative to all the particles in the nickel 
containing hydroxide is adjusted to 80% or more on the basis 
of the weight. 
0059 Application of mechanical stress can be performed 
using a conventional means such as a dry/wet ball mill, a 
vibrating mill, or a jet mill, for example. Specifically, it is 
Sufficient to pulverize the nickel-containing hydroxide using 
a planetary ball mill in the presence of media Such as Zirconia 
beads, for example. 
0060. As the nickel-containing hydroxide used in this 
deagglomeration (step) as the raw material, ordinarily, a 
nickel-containing hydroxide including primary particles 
grown comparatively large is used in many cases. 
0061 Examples of the nickel-containing hydroxide serv 
ing as the material include, but are not limited to, a nickel 
cobalt composite hydroxide, a nickel-manganese composite 
hydroxide, a nickel-aluminum composite hydroxide, a 
nickel-manganese-cobalt composite hydroxide, and a nickel 
cobalt-aluminum composite hydroxide. 
0062. Further, an element other than nickel, manganese, 
aluminum, and cobalt included in the nickel-containing 
hydroxide is selected as appropriate depending on the type of 
the target positive electrode active material. Examples of such 
an element include magnesium, Zinc, iron, copper, molybde 
num, Zirconium, phosphorus, boron, and Sulfur. 
0063. In the precursor generation step, nickel-containing 
hydroxide particles, an acidic solution including the element 
M, and a basic solution are mixed, and thus a hydroxide 
including the element Madheres to the surface of the nickel 
containing hydroxide particles, thereby obtaining an active 
material precursor. Further, the nickel-containing hydroxide 
particles and the acidic Solution may be mixed, and a basic 
solution may be added to the obtained mixture. 
0064. The obtained solid (active material precursor) may 
be further washed and dried, and then subjected to the next 
step. 
0065. In the precursor generation step, as the acidic solu 
tion including the element M, an acidic solution containing a 
compound of the element M. Such as, for example, an aque 
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ous solution containing an inorganic acid salt of the element 
M can be used, although not limited thereto. Among Such 
aqueous Solutions, industrially, an aqueous solution of a Sul 
fate of the element M Such as, for example, an aqueous 
aluminum Sulfate solution, an aqueous cobalt Sulfate solu 
tion, or a mixed aqueous solution of aluminum Sulfate and 
cobalt Sulfate is used in many cases. 
0066. The concentration of a compound including the ele 
ment M in the acidic solution may be, in terms of the element 
M, about 0.1 to 5 mol/L, preferably about 0.5 to 3 mol/L, or 
more preferably about 0.7 to 2 mol/L. The amount of the 
acidic solution to be used with respect to nickel-containing 
hydroxide particles can be selected as appropriate according 
to the ratio of elements in the obtained composite oxide, for 
instance. 
0067. As the basic solution, for example, a solution (aque 
ous solution or the like) of an inorganic base Such as sodium 
hydroxide or potassium hydroxide can be used. 
0068. The concentration of the basic solution may be 
about 0.1 to 5 mol/L, preferably about 0.5 to 3 mol/L, or more 
preferably about 0.7 to 2 mol/L. The amount of the basic 
Solution to be used can be selected as appropriate in a range of 
not preventing a hydroxide including the element M from 
adhering to the Surface of the nickel-containing hydroxide 
particles. 
0069. In the composite oxide generation step, the mixture 
of an active material precursor and a compound including 
lithium is heat-treated. 
0070 The heat treatment temperature and time can be 
selected as appropriate from a viewpoint of concentration 
distribution of the element M in the primary particles and/or 
the fixability of the element M to the primary particles (con 
sequently, the fixability of the element M to the positive 
electrode active material, and the resistance of the battery). 
The heat treatment temperature can be selected from, for 
example, the range of about 700 to 1100° C., and is preferably 
740 to 1050° C., or more preferably 750 to 1000° C. (e.g., 750 
to 900° C.). Further, the heat treatment time is, for example, 5 
to 24 hours, preferably, 8 to 20 hours, or more preferably, 10 
to 18 hours. 
0071. As the compound including lithium, an inorganic 
compound of an oxide, a hydroxide, or an inorganic acid salt 
(carbonate, Sulfate, or the like) can be given as an example. 
Specific examples of the inorganic compound including 
lithium include lithium hydroxide, lithium carbonate, lithium 
oxide, lithium oxyhydroxide, and lithium sulfate. 
0072 By executing the composite oxide generation step, it 

is possible to obtain a composite oxide particle including 
lithium, nickel, and the element M, with primary particles 
having the element M content in the Surface portion higher 
than the element M content in the inner portion. 
0073. In the composite oxide generation step, if the heat 
treatment temperature and time are optimized, a positive elec 
trode active material can be obtained mostly in the state in 
which agglomeration does not occur, and the particle diam 
eter of the active material precursor is maintained. On the 
other hand, if agglomeration occurs by heat treatment, it is 
Sufficient to again perform the deagglomeration step after the 
composite oxide generation step. 
0074. In the composite oxide generation step, as the molar 
ratio of elements other than oxygen and hydrogen in the active 
material precursor to lithium in a compound including 
lithium, the mixing ratio of the active material precursor and 
the compound including lithium can be selected from, for 
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example, the range of about 1:0.9 to 1:2, and is preferably 
1:0.95 to 1:1.5, or more preferably 1:1 to 1:1.2. 
0075. In the precursor generation step, the amount of the 
element M included in the composite oxide particles can be 
adjusted as appropriate based on a mixing ratio of the transi 
tion metal hydroxide to the acidic solution including the 
element M, for instance. 
0076. A non-aqueous electrolyte secondary battery of the 
present invention includes a positive electrode including a 
positive electrode active material, a negative electrode includ 
ing a negative electrode active material, a separator disposed 
between the positive electrode and the negative electrode, and 
a non-aqueous electrolyte. 
0077. The positive electrode active material includes com 
posite oxide particles including lithium, nickel, and the ele 
ment M, and the composite oxide particles include primary 
particles having the element M content in the Surface portion 
higher than the element M content in the inner portion. 
0078. It is sufficient that the proportion of such primary 
particles included in the positive electrode active material is 
80 to 100 wt %. In the positive electrode, primary particles 
may agglomerate into secondary particles (agglomerates). 
0079 According to the above non-aqueous electrolyte 
secondary battery, it is possible to Suppress a reduction in the 
lithium ion absorbing and desorbing capability in the positive 
electrode especially in a high-temperature environment, and 
as a result, it is possible to suppress an increase in the internal 
resistance of the battery during storage and improve storage 
characteristics of the battery. Furthermore, it is possible to 
Suppress problems such as an increase in the internal resis 
tance of the battery involved with repetitions of charge and 
discharge, and deterioration of cycle characteristics. Thus, 
according to the present invention, a non-aqueous electrolyte 
secondary battery having excellent cycle characteristics and 
storage characteristics can be provided. 
0080. The non-aqueous electrolyte secondary battery of 
the present invention can be used for various secondary bat 
tery usages. For example, the battery can be suitably used 
especially as a power Source for plug-in hybrid electric 
vehicles. If the battery is used for this usage, the capacity of 
the non-aqueous electrolyte secondary battery may be, for 
example, about 5 Ah to 40 Ah, but preferably 10 Ah to 30 Ah 
in ordinary cases. 
I0081 Further, the non-aqueous electrolyte secondary bat 
tery of the present invention has excellent cycle characteris 
tics and storage characteristics as described above, and thus 
can be used as a motor driving power source for a hybrid 
electric vehicle and a driving power source for various con 
Sumer portable electronic devices, for example. In the case of 
using the battery as the motor driving power source, the 
capacity of the non-aqueous electrolyte secondary battery 
may be, for example, about 2 Ah to 10 Ah, but preferably 3 Ah 
to 8 Ah in ordinary cases. Further, in the case of using the 
battery as the driving power source for various portable elec 
tronic devices, the capacity of the non-aqueous electrolyte 
secondary battery may be, for example, about 1 Ah to 10 Ah, 
but preferably 2 Ah to 4 Ah in ordinary cases. 
I0082 Below is a description of constituent elements other 
than the positive electrode active material of the non-aqueous 
electrolyte secondary battery of the present invention. 
I0083. The positive electrode includes a positive electrode 
current collector and a positive active material layer Sup 
ported thereon. The positive active material layer can include 
the positive electrode active material for a non-aqueous elec 
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trolyte secondary battery of the present invention, and a con 
ductive agent and a binder as necessary. 
0084. The negative electrode includes a negative electrode 
current collector and a negative electrode active material 
layer Supported thereon. The negative electrode active mate 
rial layer can include the negative electrode active material, 
and a binder and a conductive agent as necessary. 
0085 Various materials known in the field of the present 
invention can be used as the material that constitutes the 
positive electrode current collector. Specifically, stainless 
steel, aluminum, titanium, or the like can be used. 
I0086 Various materials known in the field of the present 
invention can be used as the material that constitutes the 
negative electrode current collector. Specifically, copper, 
nickel, stainless steel, or the like can be used. 
0087. Examples of the negative electrode active material 
include graphites such as natural graphite (flake graphite and 
the like) and artificial graphite; carbon blacks Such as acety 
lene black, Ketjen Black, channel black, furnace black, lamp 
black, and thermal black; a carbon fiber; a metal fiber; an 
alloy; a lithium metal; a tin compound; and a silicon com 
pound. These materials may be used alone orina combination 
of two or more. 

0088 As the binder used for the positive and negative 
electrodes, for example, polyethylene, polypropylene, poly 
tetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), 
a tetrafluoroethylene-hexafluoropropylene copolymer (FEP), 
or a vinylidene fluoride-hexafluoropropylene copolymer is 
used. 

0089. Examples of the conductive agent used for the posi 
tive and negative electrodes include graphites such as natural 
graphite (flake graphite and the like), artificial graphite, and 
expanded graphite; carbon blacks such as acetylene black, 
Ketjen Black, channel black, furnace black, lamp black, and 
thermal black; conductive fibers such as a carbon fiber and a 
metal fiber, metal powders such as copper powder and nickel 
powder, and organic conductive materials such as a polyphe 
nylene derivative. These may be used alone or in a combina 
tion of two or more. 

0090. In general, the thickness of the positive electrode 
current collector and the negative electrode current collector 
is 1 to 500 um, preferably 2 to 300 um, or more preferably 3 
to 200 um, although not limited thereto. 
0091. The non-aqueous electrolyte can include a non 
aqueous solvent and a solute dissolved therein, for example. 
As the non-aqueous solvent, for example, ethylene carbonate, 
propylene carbonate, dimethyl carbonate, diethyl carbonate, 
and methyl ethyl carbonate can be used, although not limited 
thereto. These non-aqueous solvents may be used alone or in 
a combination of two or more. 

0092. Examples of the solute include LiPF LiBF LiCl, 
LiAlCl, LiSbF, LiSCN, LiCl, LiCFSO, LiCFCO, 
LiCCFSO), LiASF, LiN(CFSO), LiBioClio, and imi 
des. These may be used alone or in a combination of two or 
O. 

0093. As the material that constitutes the separator, a 
material known in the field can be used. AS Such a material, 
polyethylene, polypropylene, a mixture of polyethylene and 
polypropylene, or a copolymer of ethylene and propylene can 
be used. 
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0094. In the following, the present invention will be 
described with reference to examples. However, the present 
invention is not limited to the following examples. 

Examples 

Example 1 

(1) Production of Positive Electrode 

0.095 First, a positive electrode active material was pro 
duced as follows. A nickel-cobalt composite hydroxide (Nio, 
85 Coos (OH)) and N-methyl-2-pyrrolidone (NMP) were 
mixed such that the weight ratio of the nickel-cobalt compos 
ite hydroxide to NMP was 1:2. Then, the mixture was put in 
a planetary ball mill together with Zirconia beads having a 
diameter of 2 mm, and pulverized and classified into primary 
particles (deagglomeration step). 
0096. The particles of the nickel-cobalt composite 
hydroxide obtained in this deagglomeration step had a Vol 
ume average particle diameter of 2 um, which was measured 
using a laser diffraction particle size distribution analyzer. 
Further, as a result of the observation using an SEM, 80 wt % 
or more of the particles were primary particles. 
0097 Next, while stirring the deagglomerated nickel-co 
balt composite hydroxide in water, an aqueous aluminum 
Sulfate solution (concentration of 1 mol/L) and an aqueous 
sodium hydroxide solution (concentration of 1 mol/L) were 
added dropwise thereto. Then, the solid was separated from 
the obtained mixture, washed, and dried to give a nickel 
cobalt composite hydroxide (active material precursor) with 
its surface covered with aluminum hydroxide (precursor gen 
eration step). In the particles of the active material precursor 
obtained in this precursor generation step, the molar ratio of 
the total amount of nickel and cobalt to aluminum was 93:7. 

0098. Furthermore, the active material precursor obtained 
in the precursor generation step was mixed with lithium 
hydroxide (LiOH), so that, in the resultant mixture, the molar 
ratio of the total amount of metallic elements contained in the 
active material precursor (elements other than oxygen and 
hydrogen in the active material precursor) to lithium con 
tained in the lithium hydroxide was 1:1.05. 
0099. The resultant mixture was calcined at 760° C. for 12 
hours in an oxygen atmosphere (calcination step) to give a 
composite oxide (positive electrode active material No. 1). 
0100. The composition of the positive electrode active 
material No. 1 was Li(NiossCoolis)olos Aloo, O2. 
0101. As a result of analyzing the concentration distribu 
tion of aluminum (element M) in the cross section of the 
obtained primary particles in the positive electrode active 
material No. 1 using an EPMA, the aluminum content Rs in 
the particle surface portion was 13 mol %, and the aluminum 
content Ri in the particle inner portion was 1 mol%. In other 
words, the aluminum content in the particle Surface portion 
was higher than the aluminum content in the particle inner 
portion. Further, “Rs-Ri” representing the difference 
between Rs and Ri was 12. 

0102. Further, as a result of observation of this positive 
electrode active material No. 1 using the SEM, 85 wt % of the 
particles were primary particles. The particle diameter of the 
positive electrode active material No. 1 (primary particles) 
was 2 um as the Volume average particle diameter measured 
using the laser diffraction particle size distribution analyzer. 
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0103). Further, the amount of aluminum contained in the 
positive electrode active material No. 1 was 7 mol % of the 
total amount of metallic elements contained in the positive 
electrode active material. 
0104. Next, a positive electrode was produced as follows 
using the positive electrode active material No. 1. 
0105. A positive electrode mixture paste was obtained by 
mixing 85 parts by weight of a positive electrode active mate 
rial 1, 10 parts by weight of carbon powder serving as a 
conductive agent, and an N-methyl-2-pyrrolidone (hereinaf 
ter, abbreviated as “NMP) solution of polyvinylidene fluo 
ride (hereinafter, abbreviated as “PVDF) serving as a binder. 
The amount of PVDF added was 5 parts by weight. 
0106 The resultant positive electrode mixture paste was 
applied to aluminum foil having a thickness of 15um (posi 
tive electrode current collector), dried, and rolled to produce 
a positive electrode having a thickness of 100 um. 

(2) Production of Negative Electrode 
0107. A negative electrode was produced as follows. 
0108. A negative electrode mixture paste was obtained by 
mixing 95 parts by weight of artificial graphite powder serv 
ing as a negative electrode active material and an NMP Solu 
tion of PVDF serving as a binder. The amount of PVDF added 
was 5 parts by weight. 
0109 The resultant negative electrode mixture paste was 
applied to copper foil having a thickness of 10 um (negative 
electrode current collector), dried, and rolled, to produce a 
negative electrode having a thickness of 110 m. 
(3) Preparation of Non-Aqueous Electrolyte 
0110. A non-aqueous electrolyte was prepared by dissolv 
ing lithium hexafluorophosphate (LiPF) at a concentration 
of 1.5 mol/L in a mixed solvent containing ethylene carbon 
ate, ethyl methyl carbonate, and dimethyl carbonate (DMC: 
boiling point of 97°C.) at a volume ratio of 1:1:8. 

(4) Production of Sealed Secondary Battery 
0111. A cylindrical sealed secondary battery as shown in 
FIG. 2 was produced. 
0112 A separator 13 having a thickness of 25 um was 
disposed between the positive electrode 11 and the negative 
electrodes 12 to obtain a laminate. The resultant laminate was 
wound spirally to produce a cylindrical electrode plate group 
having 25.0 mm). Then, the resultant electrode plate group 
was housed in a battery case 18 made of nickel-plated iron 
having an inside diameter of 25.5 mmcp and a thickness of 
0.25 mm, together with 15 mL of the non-aqueous electrolyte. 
0113. Next, an end of a positive electrode lead 14 made of 
aluminum was connected to the back Surface of a sealing plate 
19 that is electrically connected to a positive electrode termi 
nal 20. Further, an end of a negative electrode lead 15 made of 
copper was connected to a bottom portion of the battery case 
18. An upper insulating plate 16 and a lower insulating plate 
17 were respectively provided above and under the electrode 
plate group. Furthermore, the open end portion of the battery 
case 18 was crimped onto the sealing plate 19, thereby sealing 
the battery case 18, and thus a non-aqueous electrolyte sec 
ondary battery was obtained. The design capacity of the 
sealed secondary battery was set to 2000 mAh. 

Comparative Example 1 
0114. A nickel-cobalt-aluminum composite hydroxide 
((NissCoos). Alo, (OH)2) and NMP were mixed Such 
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that the weight ratio of the nickel-cobalt-aluminum compos 
ite hydroxide to NMP was 1:2. Then, the mixture was put in 
a planetary ball mill together with Zirconia beads having a 
diameter of 2 mm, and pulverized and classified into primary 
particles (deagglomeration step). 
0115 The particles of the nickel-cobalt-aluminum com 
posite hydroxide obtained in this deagglomeration step had a 
Volume average particle diameter of 2 um, which was mea 
Sured using a laser diffraction particle size distribution ana 
lyzer. Further, as a result of the observation using an SEM, 80 
wt % or more of the particles were primary particles. 
0116. Next, the deagglomerated nickel-cobalt-aluminum 
composite hydroxide and lithium hydroxide were mixed. At 
that time, the molar ratio of the total amount of Ni, Co, and Al 
in the composite hydroxide to lithium was 1:1.05. 
0117. The resultant mixture was calcined at 760° C. for 12 
hours in an oxygen atmosphere to give a composite oxide 
(positive electrode active material No. 2). 
0118. The composition of the positive electrode active 
material No. 2 was Li(NiossCoolis)olos Aloo, O2. 
0119. As a result of analyzing concentration distribution 
of the elements in the cross section of the particles in the 
positive electrode active material No. 2 using an EPMA, the 
aluminum (element M) content Rs in the particle surface 
portion was 7 mol %, and the aluminum content Ri in the 
particle inner portion was 7 mol%. In other words, the alu 
minum content in the particle Surface portion was almost the 
same as the aluminum content in the particle inner portion 
(Rs-Ri=0), and aluminum was uniformly dissolved in the 
particles. 
I0120) Further, as a result of observation of this positive 
electrode active material No. 2 using the SEM, 83 wt % of the 
particles were primary particles. The particle diameter of the 
positive electrode active material No. 2 was 2 um as the 
Volume average particle diameter measured using the laser 
diffraction particle size distribution analyzer. 
I0121 Then, a non-aqueous electrolyte secondary battery 
was produced in the same manner as in Example 1 except that 
the positive electrode active material No. 2 was used. 

Comparative Example 2 
I0122. In the deagglomeration step of Comparative 
Example 1, the raw material and the conditions of pulveriza 
tion and classification were adjusted, and a nickel-cobalt 
aluminum composite hydroxide ((NiossCoolis)oo Aloo, 
(OH)) made of secondary particles was produced. Then, the 
resultant nickel-cobalt-aluminum composite hydroxide and 
lithium hydroxide were mixed. At that time, the molar ratio of 
the total amount of Ni, Co, and Al contained in the nickel 
cobalt-aluminum composite hydroxide to lithium was 1:1.05. 
(0123. The resultant mixture was calcined at 760° C. for 12 
hours in an oxygen atmosphere (calcination step) to give a 
composite oxide (positive electrode active material No. 3). 
0.124. The composition of the positive electrode active 
material No. 3 was Li(NiossCoos)oo Aloo, O. 
0.125. As a result of analyzing concentration distribution 
of the elements in the cross section of the particles in the 
positive electrode active material No. 3 using an EPMA, the 
aluminum (element M) content Rs in the particle surface 
portion and the aluminum content Ri in the particle inner 
portion were almost the same, and aluminum was uniformly 
dissolved in the particles. 
0.126 Further, as a result of observation of this positive 
electrode active material No. 3 using an SEM, 98 wt % of the 
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particles were secondary particles. The particle diameter of 
the positive electrode active material No. 3 was 2 um as the 
Volume average particle diameter measured using a laser 
diffraction particle size distribution analyzer. 
0127. Then, a non-aqueous electrolyte secondary battery 
was produced in the same manner as in Example 1 except that 
the positive electrode active material No. 3 was used. 

Evaluation 

(1) Cycle Characteristics 
0128 Cycle characteristics of the non-aqueous electrolyte 
secondary batteries obtained in Example 1 and Comparative 
Examples 1 and 2 were evaluated as follows. 
0129. The batteries were charged with a constant current 
of 2000 mA at 25°C. until the battery voltage reached 4.2 V. 
Then, the batteries were charged with a constant voltage of 
4.2 V until the current value reached 100 mA. The charged 
batteries were discharged with a current of 2000 mA until the 
battery voltage dropped to 2.5 V. This charge/discharge cycle 
was repeated, and the proportion of the discharge capacity in 
the 500th cycle to the discharge capacity in the first cycle was 
taken as the capacity retention rate %. Table 1 shows the 
results. 

(2) Storage Characteristics 

0130 High-temperature storage characteristics of the 
non-aqueous electrolyte secondary batteries obtained in 
Example 1 and Comparative Examples 1 and 2 were evalu 
ated as follows. 

0131 The batteries were charged with a constant current 
of 2000 mA at 25°C. until the battery voltage reached 4.2 V. 
and then charged with a constant Voltage of 4.2 V until the 
current value reached 100 mA. The internal resistance (initial 
internal resistance) of each of the batteries was measured after 
charging. 
0132. Furthermore, other batteries obtained in the 
example and the comparative examples were charged in the 
same manner as described above. The charged batteries were 
stored for 20 days in a 60° C. environment. After storage, the 
internal resistance (internal resistance after storage) of each 
of the batteries was measured in the same manner as 
described above. 

0133. The rate of increase in an internal resistance RS2 
after storage to an initial internal resistance RoS2 was taken 
as the rate of increase in the internal resistance. Table 2 shows 
the results. A rate of increase in the internal resistance ARI'6 
was obtained using the following formula. 

AR=(R-Ro)/Rox100 

0134 Below, a method for measuring the internal resis 
tance RS2 is described. 
0135. The batteries were charged with a current of 2000 
mA (2A) at 25°C., and the charging ended when the batteries 
were charged to 1000 mAh. The charged batteries were left 
for one hour, and a voltage Vo VI of the batteries at this time 
was measured. After that, the batteries were discharged with 
a current of 2000 mA at 25° C. A voltage V V of the 
batteries after ten seconds from the start of discharge was 
measured. The internal resistance RS2 was obtained using 
the following formula. 
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0.136 Table 1 shows the positive electrode active materials 
that were used and the features thereof. 

TABLE 1 

Rate of 
Capacity increase in 

Positive electrode active material: retention internal 
Li(Nio & Co Alan,O rate resistance 

No. Details % AR 96) 

Ex. 1 No. 1 Deagglomerated before 91 9 
precursor generation step 
Al content 
Particle surface portion > 
Particle inner portion 

Comp. No. 2 Deagglomerated before 90 23 
Ex. 1 precursor generation step 

Al content 
Particle surface portion is 
Particle inner portion 

Comp. No. 3 Not deagglomerated before 75 24 
Ex. 2 precursor generation step 

Al content 
Particle surface portion is 
Particle inner portion 

0.137 As shown in Table 1, the non-aqueous electrolyte 
secondary battery of Example 1 using the positive electrode 
active material No. 1 (primary particles) in which the positive 
electrode active material is made of primary-particles, and the 
aluminum content in the particle surface portion is higher 
than the aluminum content in the particle inner portion had 
favorable cycle characteristics and favorable storage charac 
teristics. 

0.138. Further, since the positive electrode active material 
No. 1 of Example 1 has a positive electrode active material 
constituted by primary particles, even in the case where the 
positive electrode active material expanded and contracted 
during the charge/discharge cycles, it was possible to Sup 
press the influence of the volume change of the positive 
electrode active material. Consequently, it seems that the 
capacity retention rate after the charge/discharge cycles was 
high. 
0.139. Furthermore, in the positive electrode active mate 
rial No. 1 of Example 1, the aluminum content in the surface 
portion of the primary particles is higher than that in the inner 
portion thereof. By setting the aluminum content higher on 
the surface side of the positive electrode active material in this 
way, it is possible to Suppress formation of a coating derived 
from the non-aqueous electrolyte on the Surface of the posi 
tive electrode active material even in the case of storage in a 
high-temperature environment. Accordingly, it seems that an 
increase in the internal resistance of the battery during Storage 
at a high temperature was suppressed, thereby improving the 
storage characteristics of the battery. 
0140. On the other hand, with the non-aqueous electrolyte 
secondary battery using the positive electrode active material 
No. 2 of Comparative Example 1 in which although the posi 
tive electrode active material is constituted by primary par 
ticles, aluminum atoms are uniformly dissolved in the pri 
mary particles, the internal resistance after storage at a high 
temperature greatly increased. It seems that this is because 
when the battery was stored in a high-temperature environ 
ment, a coating derived from the non-aqueous electrolyte was 
formed on the surface of the positive electrodeactive material 

POSCO Future M v. TIAX LLC 
POSCO Future M EX1022 

Page 11



US 2011/0033750 A1 

No. 2, and consequently the lithium ion absorbing and des 
orbing capability was reduced, which increased the internal 
resistance of the battery. 
0141 Further, in Comparative Example 2, the battery was 
greatly deteriorated after the charge/discharge cycles and also 
after storage at a high temperature. In the positive electrode 
active material No. 3 of Comparative Example 2, the positive 
electrode active material is made of secondary particles, and 
aluminum atoms are uniformly dissolved in the secondary 
particles. Since the positive electrode active material No. 3 is 
constituted by secondary particles, it seems that separation of 
the primary particles (secondary particle crack) occurred due 
to expansion and contraction of the positive electrode active 
material during the charge/discharge cycles, which decreased 
the capacity retention rate after cycles. Further, it seems that 
the cause of an increase in the internal resistance after storage 
is the formation of a coating derived from the non-aqueous 
electrolyte on the surface of the positive electrode active 
material, and consequently the lithium ion absorbing and 
desorbing capability was reduced, as with the case of Com 
parative Example 1. 

Example 2 

(1) Production of Positive Electrode Plate 
0142 First, a positive electrode active material was pro 
duced as follows. A nickel-manganese composite hydroxide 
(NiMns)(OH), and NMP were mixed such that the weight 
ratio of the nickel-manganese composite hydroxide to NMP 
was 1:2. Then, the mixture was put in a planetary ball mill 
together with Zirconia beads having a diameter of 2 mm, and 
pulverized and classified into primary particles (deagglom 
eration step). 
0143. The particles of the nickel-manganese composite 
hydroxide obtained in this deagglomeration step had a Vol 
ume average particle diameter of 2 um, which was measured 
using a laser diffraction particle size distribution analyzer. 
Further, as a result of the observation using an SEM, 80 wt % 
or more of the particles were primary particles. 
0144. Next, while stirring the deagglomerated nickel 
manganese composite hydroxide in water, an aqueous cobalt 
Sulfate Solution (concentration of 1 mol/L) and an aqueous 
sodium hydroxide solution (concentration of 1 mol/L) were 
dropped therein. The solid was separated from the obtained 
mixture, washed, and dried to give a nickel-manganese com 
posite hydroxide with its surface covered with cobalt hydrox 
ide (active material precursor) (precursor generation step). In 
the particles of the active material precursor obtained in this 
precursor generation step, the molar ratio of the total amount 
of nickel and manganese to cobalt was 93.7. 
0145. Furthermore, the active material precursor obtained 
in the precursor generation step was mixed with lithium car 
bonate (Li2CO), so that, in the resultant mixture, the molar 
ratio of the total amount of metallic elements contained in the 
active material precursor (elements other than oxygen and 
hydrogen in the active material precursor) to lithium con 
tained in lithium carbonate was 1:1.05. 
0146 The resultant mixture was calcined at 900° C. for 10 
hours in an air atmosphere (calcination step) to give a com 
posite oxide (positive electrode active material No. 4). 
0147 The composition of the positive electrode active 
material No. 4 was Li(Nios Minos). Cooo, O. 
0148. As a result of analyzing concentration distribution 
of cobalt (element M) in the cross section of the particles in 
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the positive electrode active material No. 4 using an EPMA, 
the cobalt content Rs in the particle surface portion was 12 
mol %, and the cobalt content Ri in the particle inner portion 
was 2 mol%. In other words, the cobalt content in the particle 
Surface portion was higher than the cobalt content in the 
particle inner portion. Further, “Rs-Ri” representing the dif 
ference between Rs and Ri was 10. 
0149 Further, as a result of observation of this positive 
electrode active material No. 4 using the SEM, 83 wt % of the 
particles were primary particles. The particle diameter of the 
positive electrode active material No. 4 (primary particles) 
was 2 um as the Volume average particle diameter measured 
using the laser diffraction particle size distribution analyzer. 
0150. Further, the amount of cobalt contained in the posi 
tive electrode active material No. 4 was 7 mol% of the total 
amount of the metallic elements contained in the positive 
electrode active material. 
0151. Then, a non-aqueous electrolyte secondary battery 
was produced in the same manner as in Example 1 except that 
the positive electrode active material No. 4 was used. 

Comparative Example 3 
0152. A nickel-cobalt-manganese composite hydroxide 
((Nios Minos) Co.,)(OH) and NMP were mixed such 
that the weight ratio of the nickel-manganese composite 
hydroxide and NMP was 1:2. Then, the mixture was put in a 
planetary ball mill together with Zirconia beads having a 
diameter of 2 mm, and pulverized and classified into primary 
particles (deagglomeration step). 
0153. The particles of the nickel-cobalt-manganese com 
posite hydroxide obtained in this deagglomeration step had a 
Volume average particle diameter of 2 um, which was mea 
sured by a laser diffraction particle size distribution analyzer. 
Further, as a result of the observation using an SEM, 80 wt % 
or more of the particles were primary particles. 
0154 Next, the deagglomerated nickel-cobalt-manganese 
composite hydroxide and lithium carbonate were mixed. At 
that time, the molar ratio of the total amount of Ni, Mn, and 
Co of the composite hydroxide to lithium was 1:1.05. 
0155 Then, the resultant mixture was calcined at 900° C. 
for 10 hours in an oxygen atmosphere to give a composite 
oxide (positive electrode active material No. 5). 
0156 The composition of the positive electrode active 
material No. 5 was Li(Nios Minos)oosCooo,O2. 
0157. As a result of analyzing concentration distribution 
of the elements in the cross section of the particles in the 
positive electrode active material No. 5 using an EPMA, the 
cobalt (element M) content Rs in the particle surface portion 
and the cobalt content Ri in the particle inner portion were 
almost the same, and cobalt was uniformly dissolved in the 
particles. 
0158. Further, as a result of observation of this positive 
electrode active material No. 5 using the SEM, 84 wt % of the 
particles were primary particles. The particle diameter of the 
positive electrode active material No. 5 was 2 um as the 
Volume average particle diameter measured using the laser 
diffraction particle size distribution analyzer. 
0159. Then, a non-aqueous electrolyte secondary battery 
was produced in the same manner as in Example 1 except that 
the positive electrode active material No. 5 was used. 

Comparative Example 4 
0160. In the deagglomeration step of Comparative 
Example 3, the raw material and the conditions of pulveriza 
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tion and classification were adjusted, and a nickel-cobalt 
manganese composite hydroxide ((Nios Minos)oosCooo.7) 
(OH) made of secondary particles was produced. Then, the 
resultant nickel-cobalt-manganese composite hydroxide and 
lithium carbonate were mixed. At that time, the molar ratio of 
the total amount of Ni, Mn, and Co contained in the nickel 
cobalt-manganese composite hydroxide to lithium was 1:1. 
05. 
(0161 The resultant mixture was calcined at 900° C. for 10 
hours in an oxygen atmosphere to give a composite oxide 
(positive electrode active material No. 6). 
0162 The composition of the positive electrode active 
material No. 6 was Li(Nios Minos)oosCooo,O2. 
0163 As a result of analyzing concentration distribution 
of the elements in the cross section of the particles in the 
positive electrode active material No. 6 using an EPMA, the 
cobalt (element M) content Rs in the particle surface portion 
was 7 mol %, and the cobalt content Ri in the particle inner 
portion was 7 mol%. In other words, the cobalt content in the 
particle Surface portion and the cobalt content in the particle 
inner portion were almost the same (Rs-Ri–0), and cobalt 
was uniformly dissolved in the particles. 
0164. Further, as a result of observation of this positive 
electrode active material No. 6 using an SEM, 99 wt % of the 
particles were secondary particles. The particle diameter of 
the positive electrode active material No. 6 was 2 um as the 
Volume average particle diameter measured using a laser 
diffraction particle size distribution analyzer. 
01.65 Then, a non-aqueous electrolyte secondary battery 
was produced in the same manner as in Example 1 except that 
the positive electrode active material No. 6 was used. 

Evaluation 

0166 Cycle characteristics and storage characteristics of 
the non-aqueous electrolyte secondary batteries obtained in 
Example 2 and Comparative Examples 3 and 4 were evalu 
ated in the same manner as in the case of Example 1 and 
Comparative Examples 1 and 2. Table 2 shows the results 
together with the positive electrode active materials that were 
used and features thereof. 

TABLE 2 

Rate of 
Capacity increase in 

Positive electrode active material: retention internal 
Li (Nio sMn Coon,O rate resistance 

No. Details % AR 96) 

Ex. 2 No. 4 Deagglomerated before 92 11 
precursor generation step 
Co content 
Particle surface portion > 
Particle inner portion 

Comp. No. 5 Deagglomerated before 90 25 
Ex. 3 precursor generation step 

Co content 
Particle surface portion is 
Particle inner portion 

Comp. No. 6 Not deagglomerated before 72 24 
Ex. 4 precursor generation step 

Co content 
Particle surface portion is 
Particle inner portion 

0167 As shown in Table 2, the non-aqueous electrolyte 
secondary battery of Example 2 using the positive electrode 
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active material No. 4 (primary particles) in which the positive 
electrode active material is made of primary particles, and the 
cobalt content in the particle Surfaceportion is higher than the 
cobalt content in the particle inner portion had favorable cycle 
characteristics and favorable storage characteristics, as with 
the case of Example 1. 
0.168. Further, since the positive electrode active material 
No. 4 of Example 2 has a positive electrode active material 
constituted by primary particles, even in the case where the 
positive electrode active material expanded and contracted 
during the charge/discharge cycles, it was possible to Sup 
press the influence of the volume change of the positive 
electrode active material. Consequently, it seems that the 
capacity retention rate after the charge/discharge cycles was 
high. 
0169. Furthermore, in the positive electrode active mate 
rial No. 4 of Example 2, the cobalt content in the surface 
portion of the primary particles is higher than that in the inner 
portion thereof. By setting the cobalt content higher on the 
surface side of the positive electrode active material in this 
way, it is possible to Suppress formation of a coating derived 
from the non-aqueous electrolyte on the Surface of the posi 
tive electrode active material even in the case of storage in a 
high-temperature environment. Accordingly, it seems that an 
increase in the internal resistance of the battery during Storage 
at a high temperature was suppressed, thereby improving the 
storage characteristics of the battery. 
(0170. On the other hand, with the non-aqueous electrolyte 
secondary battery using the positive electrode active material 
No. 5 of Comparative Example 3 in which although the posi 
tive electrode active material is constituted by primary par 
ticles, cobalt atoms are uniformly dissolved in the primary 
particles, the internal resistance after storage at a high tem 
perature greatly increased. It seems that this is because when 
the battery was stored in a high-temperature environment, a 
coating derived from the non-aqueous electrolyte was formed 
on the surface of the positive electrode active material No. 5, 
and consequently the lithium ion absorbing and desorbing 
capability was reduced, which increased the internal resis 
tance of the battery. 
0171 Further, in Comparative Example 4, the battery was 
greatly deteriorated after the charge/discharge cycles and also 
after storage at a high temperature. In the positive electrode 
active material No. 6 of Comparative Example 4, the positive 
electrode active material is made of secondary particles, and 
cobalt atoms are uniformly dissolved in the secondary par 
ticles. Since the positive electrode active material No. 6 is 
constituted by secondary particles, it seems that separation of 
the primary particles (secondary particle crack) occurred due 
to expansion and contraction of the positive electrode active 
material during the charge/discharge cycles, which decreased 
the capacity retention rate after the cycles. Further, it seems 
that the cause of an increase in the internal resistance after 
storage is the formation of a coating derived from the non 
aqueous electrolyte on the surface of the positive electrode 
active material, and consequently the lithium ion absorbing 
and desorbing capability was reduced, as with the case of 
Comparative Example 1. 
0172. In the examples, as the lithium composite metal 
oxide containing nickel, a lithium composite metal oxide 
containing nickel, cobalt, and aluminum, and a lithium com 
posite metal oxide containing nickel, manganese, and cobalt 
were used as examples. However, the present invention is not 
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limited to these, and a lithium composite metal oxide may 
have other elements other than the above elements. 

INDUSTRIAL APPLICABILITY 

0173 A positive electrode active material for a non-aque 
ous electrolyte secondary battery and a non-aqueous electro 
lyte secondary battery using this of the present invention can 
be used for usages such as, for example, the motor driving 
power source for hybrid electric vehicles (especially for plug 
in hybrid electric vehicles) and the like, the driving power 
Source for various portable electronic devices Such as a 
mobile phone, a notebook personal computer, and a video 
camcorder, and a large power source for a home electric 
power storage apparatus. 

DESCRIPTION OF REFERENCE NUMERALS 

0.174 1 Positive electrode active material 
(0175. 2 Secondary particle 
(0176 3 Primary particle 
0177 11 Positive electrode 
(0178 12 Negative electrode 
0179 13 Separator 
0180 14 Positive electrode lead 
0181 15 Negative electrode lead 
0182 16 Upper insulating plate 
0183) 17 Lower insulating plate 
0184 18 Battery case 
0185. 19 Sealing plate 
0186 20 Positive electrode terminal 

1. A positive electrode active material for a non-aqueous 
electrolyte secondary battery, comprising composite oxide 
particles comprising lithium, nickel, and an element M, said 
element M being at least one of aluminum and cobalt, 

wherein said composite oxide particles comprise primary 
particles, 

each particle of said primary particles comprises a Surface 
portion and an inner portion, 

a content of said element Min said Surfaceportion is higher 
than a content of said element M in said inner portion, 
and 

a proportion of said primary particles relative to all of said 
composite oxide particles is 80 to 100 wt %. 

2. The positive electrode active material for a non-aqueous 
electrolyte secondary battery in accordance with claim 1, 

wherein said surface portion is a region where depth from 
the surface of said particle is 20% or less of a minimal 
diameter of said particle, 
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said inner portion is a region where depth from the Surface 
of said particle exceeds 20% of a minimal diameter of 
said particle, 

a content of said element Mrelative to all metallic elements 
other than lithium in said surface portion is Rs mol %, 

a content of said element Mrelative to all metallic elements 
other than lithium in said inner portion is Rimol %, and 

Rs-Ri representing a difference between said content Rs 
and said content Ri is 2 or more. 

3. The positive electrode active material for a non-aqueous 
electrolyte secondary battery in accordance with claim 1, 
wherein said content Rs of said element M in said surface 
portion is 5 to 50 mol%. 

4. The positive electrode active material for a non-aqueous 
electrolyte secondary battery in accordance with claim 1, 
wherein said content Ri of said element M in said inner 
portion is 40 mol % or less. 

5. The positive electrode active material for a non-aqueous 
electrolyte secondary battery in accordance with claim 1, 
wherein said primary particles have a Volume average particle 
diameter of 1 to 10 um. 

6. A method for producing a positive electrode active mate 
rial for a non-aqueous electrolyte secondary battery, compris 
ing the steps of 

mixing nickel-containing hydroxide particles comprising 
primary particles in a proportion of 80 to 100 wt %, an 
acidic solution comprising an element M, and a basic 
Solution to generate an active material precursor com 
prising said nickel-containing hydroxide particles and a 
hydroxide comprising said element Madhering to the 
Surface of each of said nickel-containing hydroxide par 
ticles, said element M being at least one of aluminum 
and cobalt; and 

mixing said active material precursor and a compound 
comprising lithium, followed by calcination, to generate 
composite oxide particles comprising primary particles, 
each particle of said primary particles comprising a Sur 
face portion and an inner portion, a content of said 
element M in said Surface portion being higher than a 
content of said element M in said inner portion. 

7. A non-aqueous electrolyte secondary battery, compris 
ing: a positive electrode; a negative electrode; a separator for 
separating said positive electrode and said negative electrode 
from each other; and a non-aqueous electrolyte, 

wherein said positive electrode includes the positive elec 
trode active material for a non-aqueous electrolyte sec 
ondary battery in accordance with claim 1. 

c c c c c 
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