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(57) ABSTRACT 

Provided are a cathode active material having a suitable par 
ticle size and high uniformity, and a nickel composite hydrox 
ideas a precursor of the cathode active material. When obtain 
ing nickel composite hydroxide by a crystallization reaction, 
nucleation is performed by controlling a nucleation aqueous 
Solution that includes a metal compound, which includes 
nickel, and an ammonium ion donor so that the pH value at a 
standard solution temperature of 25°C. becomes 12.0 to 14.0, 
after which, particles are grown by controlling a particle 
growth aqueous solution that includes the formed nuclei So 
that the pH value at a standard solution temperature of 25°C. 
becomes 10.5 to 12.0, and so that the pH value is lower than 
the pH value during nucleation. The crystallization reaction is 
performed in a non-oxidizing atmosphere at least in a range 
after the processing time exceeds at least 40% of the total time 
of the particle growth process from the start of the particle 
growth process where the oxygen concentration is 1 Volume 
% or less, and with controlling an agitation power require 
ment per unit volume into a range of 0.5 kW/m to 4 kW/m 
at least during the nucleation process. 
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NICKEL COMPOSITE HYDROXDE AND 
MANUFACTURING METHOD THEREOF, 
CATHODE ACTIVE MATERAL FOR 
NONAQUEOUS-ELECTROLYTE 
SECONDARY BATTERY AND 

MANUFACTURING METHOD THEREOF, 
AND NONAQUEOUS-ELECTROLYTE 

SECONDARY BATTERY 

TECHNICAL FIELD 

0001. The present invention relates to a nickel composite 
hydroxide, which is a precursor to a cathode active material 
for a nonaqueous-electrolyte secondary battery, and a manu 
facturing method thereof, a cathode active material for a 
secondary battery, which uses the nickel composite hydrox 
ideas a raw material, and the manufacturing method thereof, 
and a nonaqueous-electrolyte secondary battery that uses the 
cathode active material for a nonaqueous-electrolyte second 
ary battery as cathode material. 

BACKGROUND ART 

0002. In recent years, with the spread of portable elec 
tronic equipment Such as portable telephones and notebook 
sized personal computers, there is a strong need for develop 
ment of a compact and lightweight nonaqueous-electrolyte 
secondary battery having high energy density. There is also a 
strong need for development of a high-output secondary bat 
tery as the power source for driving a motor, and particularly 
as the battery of the power source of transport equipment. 
0003. As a secondary battery that satisfies such a demand, 
there is a lithium ion secondary battery. A lithium ion second 
ary battery includes an anode, a cathode, an electrolyte and 
the like, and as the active material for the anode and cathode, 
a material capable of insertion and desorption of lithium is 
used. 
0004 Currently, much research and development of vari 
ous lithium ion secondary batteries is being carried out, and 
among them, lithium ion secondary batteries that use a 
lithium metal composite oxide with layered structure or 
spinel structure for the cathode material are capable of obtain 
ing a 4V-class high Voltage, so practical application of these 
batteries having high energy density is advancing. 
0005. Currently, as the cathode material of this kind of 
lithium ion secondary battery, lithium composite oxides Such 
as lithium cobalt composite oxide (LiCoO) for which syn 
thesis is relatively easy, lithium nickel composite oxide 
(LiNiO) that uses nickel that is less expensive than cobalt, 
lithium nickel cobalt manganese composite oxide (LiNi, 
3CoMnO), lithium manganese composite oxide 
(LiMn2O) that use manganese, and lithium nickel manga 
nese composite oxide (LiNio, MnosO) have been proposed. 
0006. Of these cathode active materials, in recent years, 
much attention has been placed on lithium nickel composite 
oxide (LiNiO), which has high capacity without using cobalt 
of which there are only small reserves, and furthermore, 
lithium nickel manganese composite oxide (LiNios Mino. 
sO), which has excellent thermal stability. Lithium nickel 
manganese composite oxide (LiNio Minos.O.) is a layered 
compound as in the case of lithium cobalt composite oxide 
and lithium nickel composite oxide, and the transition metal 
site basically includes nickel and manganese at a composition 
ratio of 1:1 (refer to Chemistry Letters, Vol.30 (2001), No. 8, 
p. 744). 
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0007 Incidentally, as a condition for obtaining a lithium 
ion secondary battery having good performance (high cycle 
characteristics, low resistance, high output), the cathode 
material should have particles having a uniform and Suitable 
particle size. 
0008. This is because when a cathode material having an 
excessively large particle size and low specific Surface area is 
used, it is not possible to Sufficiently maintain the reaction 
area that reacts with the electrolyte, and thus the reaction 
resistance increases and it is not possible to obtain a battery 
with high output. Moreover, using a cathode material having 
a wide particle size distribution causes the Voltage that is 
applied to the particles inside the electrode to not be uniform, 
and when discharging and charging is repeatedly performed, 
minute particles are selectively deteriorated, resulting in a 
decrease in capacity. 
0009. In aiming for an increase in the output of a lithium 
ion secondary battery, shortening the migration length of 
lithium ions between the cathode and anode is effective, so 
manufacturing a thin cathode plate is desirable, and from this 
aspect as well, it is useful to use cathode material having a 
desired particle size that does not include a large particle size. 
0010. Therefore, in order to improve the performance of 
the cathode material, it is important that the lithium nickel 
composite oxide, which is the cathode active material, be 
manufactured so as to have particles having a uniform and 
suitable particle size. 
0011 Alithium nickel composite oxide is normally manu 
factured from a composite hydroxide, so from the aspect of 
making the particle size of the particles of lithium nickel 
composite oxide uniform, it is necessary to use a composite 
hydroxide having uniform particle size as the raw material. 
0012. In other words, from the aspect of manufacturing a 
high-performance lithium ion secondary battery as a final 
product by improving the performance of the cathode mate 
rial, it becomes necessary to use a composite hydroxide that is 
composed of particles having a narrow particle size distribu 
tion as the composite hydroxide that will become the raw 
material of the lithium nickel composite oxide of the cathode 
material. 
0013 As the nickel composite hydroxide that is used as the 
raw material for the lithium nickel composite oxide, there is, 
for example, a composite hydroxide, of which the ratio of 
manganese to nickel is essentially 1:1, disclosed in JP 2004 
210560 (A) in which a manganese nickel composite hydrox 
ide is characterized by an average particle size of 5 um to 15 
um, a tap density of 0.6 g/ml to 1.4 g/ml, a bulk density of 0.4 
g/ml to 1.0 g/ml, a specific surface area of 20 m/g to 55 m/g, 
a sulfate radical content of 0.25% to 0.45% by weight, and in 
X-ray diffraction, a ratio (I/I) of the maximum intensity (I) 
of the peak at 15520s.25 and the maximum intensity (I) of 
the peak at 30s20s40 that is 1 to 6. Moreover, the surface 
structure and internal structure of the secondary particles are 
Such that the secondary particles are formed into a netlike 
shape that is a collection of pleated walls formed from pri 
mary particles, with the space Surrounding the pleated walls 
being relatively large. 
0014 Furthermore, as a manufacturing method thereof, a 
method is disclosed in which the amount of manganese ion 
oxidation is controlled within a fixed range, and where in an 
aqueous solution having a pH value of 9 to 13 and with the 
existence of a complexing agent, a mixed aqueous Solution of 
manganese salt and nickel salt having an atomic ratio of 
manganese and nickel that is essentially 1:1 is caused to react 
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with an alkali solution under a suitable stirring condition, 
which causes co-precipitation of the resulting particles. 
0015. However, in the case of the lithium manganese 
nickel composite oxide and manufacturing method thereof 
that are disclosed in JP 2004-210560 (A), although the struc 
ture of the particles is investigated, as can be clearly seen from 
the disclosed electron micrograph, coarse particles and 
minute particles are mixed in the obtained particles, and 
therefore uniformity of the particle size has not been investi 
gated. 
0016. On the other hand, in regards to the particle size 
distribution of lithium composite oxide, JP 2008-147068 (A), 
for example, discloses a lithium composite oxide in which the 
particles have an average particle size D50, which is the 
particle size of a cumulative frequency of 50% in the particle 
size distribution curve, of 3 um to 15um, a minimum particle 
size of 0.5 um or greater and a maximum particle size of 50 
um or less, and where in the relationship among average 
particle size D50, average particle size D10 at a cumulative 
frequency of 10% and D90 at a cumulative frequency of 90%, 
D10/D50 is 0.60 to 0.90, and D10/D90 is 0.30 to 0.70. It is 
also disclosed that this lithium composite oxide has high 
repletion, excellent charge and discharge capacity character 
istics, and does not readily degrade even under conditions of 
a large charge and discharge load. So by using this lithium 
composite oxide, it is possible to obtain a lithium ion non 
aqueous-electrolyte secondary battery with less degradation 
in cycle characteristics. 
0017. However, even though the lithium composite oxide 
that is disclosed in JP 2008-147068 (A) has an average par 
ticle size of 3 um to 15um, the minimum particle size is 0.5 
um or greater and the maximum particle size is 50 um or less, 
so minute particles and coarse particles are included. More 
over, the particle distribution is regulated by D10/D50 and 
D10/D90 above, so it cannot be said that the particle size 
distribution is narrow. In other words, the lithium composite 
oxide disclosed in JP 2008-147068 (A) cannot be said to have 
particles that have sufficiently high particle uniformity, and 
by using this lithium composite oxide, an improvement in 
performance of the cathode material cannot be expected, and 
it is difficult to obtain a lithium ion nonaqueous-electrolyte 
secondary battery having Sufficient performance. 
0018. Furthermore, a manufacturing method for the com 
posite hydroxide that will become the raw material composite 
oxide has also been proposed with the objective of improving 
the particle size distribution. In JP 2003-86182, a manufac 
turing method for the cathode active material for a nonaque 
ous-electrolyte battery is proposed in which an aqueous solu 
tion that includes two or more kinds of transition metal salts, 
or an aqueous solution and alkali solution of two or more 
kinds of different transition metal salts are simultaneously put 
into a reaction vessel, and by causing co-precipitation while 
coexisting together with a reducing agent, or while passing an 
inert gas through the Solution, a hydroxide or oxide is 
obtained as a precursor. 
0019. However, the technology of JP 2003-86182 classi 
fies and collects the generated crystals, so in order to obtain a 
product having a uniform particle size, strict management of 
the manufacturing conditions is considered to be necessary, 
and thus production on an industrial scale is difficult. More 
over, uniformity of particle size is achieved through classifi 
cation, so the degree of uniformity will not exceed the clas 
sification precision. 
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0020. Furthermore, in order to increase the output of a 
battery, increasing the reaction Surface area without changing 
the particle size is effective. In other words, by making the 
particles porous or making the particle structure hollow, it is 
possible to increase the surface area that contributes to the 
battery reaction, and thus it becomes possible to reduce the 
reaction resistance. 
(0021 For example, in JP 2004-253174, a cathode active 
material for a nonaqueous-electrolyte secondary battery that 
has at least a layered lithium transition metal composite 
oxide, where the lithium transition metal composite oxide is 
composed of hollow particles having an outer-shell section on 
the outside and a space on the inside of the outer-shell section. 
It is also disclosed that this cathode active material for a 
nonaqueous-electrolyte secondary battery has excellent bat 
tery characteristics such as cycle characteristics, output char 
acteristics, thermal stability characteristics and the like, and 
can be suitably used in a lithium ion secondary battery. 
0022. The cathode active material that is disclosed in JP 
2004-253174 (A) has hollow particles, so the increase in 
specific Surface area is expected compared to solid particles, 
however, it makes no mention of particle size thereof. There 
fore, an improvement in reactivity with the electrolyte due to 
the increase in specific Surface area can be expected, however, 
the effect on the migration length of lithium ions due to 
making the particles minute is unclear, and Sufficient 
improvement of the output characteristic cannot be expected. 
Furthermore, in regards to the particle size distribution, the 
distribution is considered to be the same as that of conven 
tional cathode active material, so there is a high probability 
that selective degradation of minute particles due to lack of 
uniformity of the applied voltage inside the electrodes will 
occur, and that the battery capacity will drop. 
0023. As described above, at the current time neither a 
lithium composite oxide that sufficiently improves the per 
formance of a lithium ion secondary battery nor a composite 
oxide that is the raw material for that composite oxide have 
been developed. Moreover, various methods for manufactur 
ing a composite hydroxide have been investigated, however, 
on an industrial scale, a method capable of manufacturing a 
composite hydroxide that will become the raw material of a 
composite oxide that is able to sufficiently improve the per 
formance of a lithium ion secondary battery has not been 
developed. In other words, development of a cathode active 
material having a Suitable particle size, and particularly, hav 
ing good particle size uniformity and Suitable aparticle size of 
about 8 um to 16 Jum, and furthermore, a cathode active 
material having a large reaction Surface area, for example, 
having hollow structure, has not been performed, and there is 
a need for development of such a cathode active material and 
industrial manufacturing method thereof. 
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SUMMARY OF INVENTION 

Problems to be Solved by Invention 
0029. An object of the present invention is to provide: a 
cathode active material for a nonaqueous-electrolyte second 
ary battery, the particle distribution thereofhaving good uni 
formity and good repletion, and when used in a battery is 
capable of lowering the cathode resistance value; a nonaque 
ous-electrolyte secondary battery having excellent battery 
characteristics that uses the cathode active material; and a 
nickel composite hydroxide having a Suitable particle size 
and highly uniform particle size, that as a precursor to the 
cathode active material, makes it possible to manufacture 
Such a cathode active material. 
0030. Moreover, another object of the present invention is 

to provide: a cathode active material that is this kind of cath 
ode active material and that, by having a hollow structure, has 
a higher specific Surface area; and a nickel composite hydrox 
ide that, as a precursor to a cathode active material, makes it 
possible to manufacture Such a cathode active material. 
0031. Furthermore, another object of the present invention 

is to provide a method for industrially manufacturing this 
kind of nickel composite material and cathode active material 
having these kinds of excellent characteristics. 

Means for Solving Problems 
0032. The inventors learned as a result of diligent investi 
gation of a lithium nickel composite oxide that is capable of 
displaying excellent battery characteristics when used as the 
cathode active material of a lithium ion secondary battery, a 
lithium nickel composite oxide having highly uniform par 
ticle size can be obtained by controlling the particle size 
distribution of a nickel composite hydroxide, which is the raw 
material, and making the particle size uniform. 
0033 Moreover, the inventors learned that when the struc 
ture of the nickel composite hydroxide has a center section 
that is composed of minute primary particles, and an outer 
shell section on the outside of the center section that is com 
posed of primary particles that are larger than the minute 
primary particles, a lithium composite oxide having a hollow 
structure can be obtained. 

0034. Furthermore, the inventors learned that the nickel 
composite hydroxide can be obtained by separating a nucle 
ation process and a particle growth process by controlling the 
pH during crystallization, and by controlling the agitation 
power requirement for the reaction solution. 
0035. The present invention was achieved based on this 
technical knowledge. In other words, the manufacturing 
method for manufacturing nickel composite hydroxide that is 
a precursor to a cathode active material for a nonaqueous 
electrolyte secondary battery of the present invention is a 
method that forms a nickel composite hydroxide by a crys 
tallization reaction that is expressed by the general expres 
S1O. 

10036) Ni,Mn,Co.M.(OH), (x+y+z+t=1, 0.3sX, 0sys0. 
55, 0<Z50.4, Osts0.1, Osas(0.5, and M is one or more of 
additional element that is selected from among Al, Ti, V. Cr, 
Zr, Nb, Mo, Hf, Ta and W), including: 
0037 a nucleation process that performs nucleation by 
controlling a nucleation aqueous solution that includes a 
metal compound that contains at least nickel and an ammo 
nium ion donor so that the pH value at a standard Solution 
temperature of 25°C. becomes 12.0 to 14.0; and 
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0038 a particle growth process causes nuclei to grow by 
controlling a particle growth aqueous solution that contains 
nuclei that were formed in the nucleation process so that the 
pH value at a standard solution temperature of 25° C. 
becomes 10.5 to 12.0, and so that the pH value is lower than 
the pH value during the nucleation process; 
0039 the crystallization process being performed in a 
non-oxidizing atmosphere at least in a range after the pro 
cessing time exceeds 40% of the total time of the particle 
growth process from the start of the particle growth process 
where the oxygen concentration is 1 Volume '% or less, and 
with controlling an agitation power requirement per unit Vol 
ume into a range of 0.5 kW/m to 4 kW/m at least during 
nucleation process. 
0040. More specifically, when obtaining a cathode active 
material that is composed of dense secondary particles, con 
trolling the atmosphere in the nucleation process and in the 
particle growth process, the crystallization reaction is per 
formed over both processes in a non-oxidizing atmosphere 
where the oxygen concentration is 1 Volume '% or less. 
0041. On the other hand, when obtaining a cathode active 
material that is composed of secondary particles having a 
hollow structure, nucleation is performed in the nucleation 
process in an oxidizing atmosphere in which the oxygen 
concentration is greater than 1 volume 96, after which the 
atmosphere is Switched from an oxidizing atmosphere to a 
non-oxidizing atmosphere in which the oxygen concentration 
is 1 volume 96 or less in a range of from 0% to 40% of the total 
time of the particle growth process from the start of the 
particle growth process, and the crystallization reaction con 
tinues to be performed. 
0042. In this case, when obtaining a cathode active mate 
rial that is composed of secondary particles having a hollow 
structure, the nickel content and the manganese content of the 
nickel composite hydroxide are regulated in the general 
expression above so as to be 0.35X50.7 and 0.1 sys0.55, 
respectively. 
0043 Preferably, the non-oxidizing atmosphere is an inert 
gas atmosphere, and the oxygen concentration in the oxidiz 
ing atmosphere is 10 Volume '% or greater. 
0044 Preferably, the particle growth aqueous solution is 
formed by adjusting the pH value of the nucleation aqueous 
Solution after the nucleation process has finished, or prefer 
ably, the particle growth aqueous solution is formed by add 
ing a solution that includes nuclei that were formed in the 
nucleation process to an aqueous solution that is different 
than the nucleation aqueous Solution in which nuclei were 
formed. 
0045 Preferably, in the particle growth process, part of the 
liquid of the particle growth aqueous solution is removed. 
0046 Preferably, the ammonium ion concentration of the 
aqueous solutions in the nucleation process and particle 
growth process is kept within the range of 3 g/L to 25 g/L. 
0047 Preferably, the nickel composite hydroxide that was 
obtained in the particle growth process is covered by a com 
pound that includes one or more kind of the additional ele 
mentS. 

0048. The nickel composite hydroxide is a precursor to a 
cathode active material for a nonaqueous-electrolyte second 
ary battery of the present invention is expressed by the general 
expression: 
I0049 Ni,Mn,Co.M.(OH), (x+y+z+t=1, 0.3sX, 0sys0. 
55, 0<Zs0.4, Osts0.1, Osas(0.5, and M is one or more of 
additional element that is selected from among Al, Ti, V. Cr, 
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Zr, Nb, Mo, Hf, Ta and W), and is nearly spherical secondary 
particles that are formed by plural needle-like or plate-like 
primary particles clumping together; the secondary particles 
having an average particle size of greater than 7 um and less 
than or equal to 15um, and a value (d90-d10)/average par 
ticle size, which is an index that indicates the extent of the 
particle size distribution, of 0.55 or less. 
0050. In the case where the precursor of the cathode active 
material has a dense structure, preferably, the average particle 
size of the primary particles of the secondary particles is in the 
range 0.3 um to 3 um. 
0051. On the other hand, in the case where the precursor of 
the cathode active material has a hollow structure, the nickel 
content and the manganese content of the nickel composite 
hydroxide in the general expression above are 0.3sxs0.7, and 
1sys0.55, respectively; and the nickel composite hydroxide 
is composed of secondary particles that are nearly spherical 
secondary particles that are formed by plural primary par 
ticles clumping together, and have a centersection composed 
of minute primary particles, and an outer-shell section on the 
outside of the center section, that is composed of primary 
particles that are larger than the minute primary particles. 
0052 Preferably, the minute primary particles have an 
average particle size of 0.01 um to 0.3 um, and the primary 
particles that are larger than the minute primary particles have 
an average particle size of 0.3 um to 3 um. 
0053 Preferably, one kind or more of the additional ele 
ments above is uniformly distributed inside the secondary 
particles and/or uniformly coated on the surface of the sec 
ondary particles. 
0054 The manufacturing method for a cathode active 
material for a nonaqueous-electrolyte secondary battery of 
the present invention is composed of a lithium nickel com 
posite oxide that is expressed by the general expression: 
(0055 LNi,Mn,Co.M.O. (-0.05sus0.50, x+y+z+t=1, 
0.35X, 0sys0.55, 0<Zs0.4, Osts0.1, and M is one or more 
kind of additional element that is selected from among Al, Ti, 
V, Cr, Zr, Nb, Mo, Hf, Ta and W), and has a hexagonal crystal 
structure with a layered structure; and includes: 
0056 a mixing process wherein the nickel composite 
hydroxide is mixed with a lithium compound to form a 
lithium mixture; and 
0057 a calcination process that calcines the lithium mix 
ture that was formed in the mixing process in an oxidizing 
atmosphere at 650° C. to 1000° C. 
0058 Preferably, there is further a heat treatment process 
before the mixing process that heats the nickel composite 
hydroxide at a temperature of 105° C. to 750° C. 
0059 Preferably, the lithium mixture is adjusted so that 
the ratio of the sum of the atoms of metals other than lithium 
that are included in the lithium mixture and the number of 
atoms of lithium is 1:0.95 to 1.5. 
0060 Preferably, the lithium compound is lithium hydrox 
ide, lithium carbonate, or a mixture of these. 
0061 Preferably, during the calcination process, pre-cal 
cination is performed beforehand at a temperature of 350° C. 
to 800° C. 
0062. The cathode active material for a nonaqueous-elec 
trolyte secondary battery of the present invention is com 
posed of a lithium nickel composite oxide that is expressed by 
the general expression: 
I0063 LNi, Mn,Co.M.O. (-0.05sus0.50, x+y+z+t=1, 
0.35X, 0sys0.55, 0<Zs0.4, Osts0.1, and M is one or more 
kind of additional element that is selected from among Al, Ti, 
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V, Cr, Zr, Nb, Mo, Hf, Ta and W), and has a hexagonal crystal 
structure with a layered structure; the cathode active material 
having the average particle size of greater than 8 um and less 
than or equal to 16 Jum, and a value (d90-d10)/average par 
ticle size, which is an index that indicates the extent of the 
particle size distribution, of 0.60 or less. This cathode active 
material is composed of dense secondary particles or second 
ary particles having a hollow structure. In the case of a hollow 
structure, preferably, the nickel content and the manganese 
content of the lithium nickel composite oxide in the general 
expression above is 0.35X50.7 and 0.1 sysO.55, respectively. 
The secondary particles of the cathode active material having 
this hollow structure have an outer-shell section in which 
primary particles that are clumping together are sintered, and 
a hollow section that exists inside the outer-shell section. 

0064 Preferably, the ratio of the thickness of the outer 
shell section with respect to the particle size of the lithium 
nickel composite oxide is 5% to 45%. 
0065. In the case of dense secondary particles, preferably, 
the tap density of the cathode active material for a nonaque 
ous-electrolyte secondary battery is 1.8 g/cm or more. 
0066. The nonaqueous-electrolyte secondary battery of 
the present invention is such that the cathode is formed using 
the cathode active material for a nonaqueous-electrolyte sec 
ondary battery of the present invention described above. 

Advantageous Effect of Invention 

0067. With the present invention, it is possible to obtain a 
nickel composite hydroxide having a Suitable particle size 
and highly uniform particle size. By using such a nickel 
composite hydroxide as raw material, it is possible to obtain 
a cathode active material composed of a lithium nickel com 
posite oxide that has a suitable particle size and highly uni 
form particle size. 
0068. Furthermore, in this kind of nickel composite 
hydroxide, it is possible to make the characteristics of the 
primary particles of the secondary particles different on the 
outside and the inside. By using a nickel composite hydroxide 
having Such a structure as raw material, it is possible to obtain 
a lithium nickel composite oxide having a hollow structure 
and high specific Surface area. 
0069. When a cathode active material that is composed of 
this kind of lithium nickel composite oxide is used in a non 
aqueous secondary battery, high capacity and high output of 
the battery is possible, and a nonaqueous secondary battery 
that is made using a cathode that includes this cathode active 
material has excellent battery characteristics. 
0070 Moreover, the manufacturing methods for a nickel 
composite hydroxide and cathode active material that are 
provided by the present invention are simple and suitable for 
large-scale production, and thus have a very large industrial 
value. 

BRIEF DESCRIPTION OF DRAWINGS 

0071 FIG. 1 is a general flowchart of a process for manu 
facturing the nickel composite hydroxide of the present 
invention. 

0072 FIG. 2 is a general flowchart of another process for 
manufacturing the nickel composite hydroxide of the present 
invention. 
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0073 FIG. 3 is a general flowchart of a process for manu 
facturing a lithium nickel composite oxide, which is an active 
cathode material, from the nickel composite hydroxide of the 
present invention. 
0074 FIGS. 4I to 4 III are flowcharts from manufacturing 
the nickel composite hydroxide of the present invention to 
manufacturing a nonaqueous-electrolyte secondary battery. 
0075 FIG. 5 is an FE-SEM photograph (5000x magnifi 
cation rate) that illustrates an example of the nickel composite 
hydroxide of the present invention. 
0076 FIG. 6 is an FE-SEM photograph (5000x magnifi 
cation rate) that illustrates the cross section of an example of 
secondary particles of the nickel composite hydroxide of the 
present invention. 
0077 FIG. 7 is an FE-SEM photograph (5000x magnifi 
cation rate) that illustrates an example of the lithium nickel 
composite oxide, which is the cathode active material of the 
present invention. 
0078 FIG. 8 is an FE-SEM photograph (5000x magnifi 
cation rate) that illustrates the cross section of an example of 
the lithium nickel composite oxide, which is the cathode 
active material of the present invention. 
0079 FIG. 9 is an FE-SEM photograph (5000x magnifi 
cation rate) that illustrates another example of the lithium 
nickel composite oxide, which is the cathode active material 
of the present invention. 
0080 FIG. 10 is an FE-SEM photograph (5000x magni 
fication rate) that illustrates the cross section of another 
example of the lithium nickel composite oxide, which is the 
cathode active material of the present invention. 
I0081 FIG. 11 is an FE-SEM photograph (5000x magni 
fication rate) that illustrates another example of the lithium 
nickel composite oxide, which is the cathode active material 
of the present invention. 
I0082 FIG. 12 is an FE-SEM photograph (5000x magni 
fication rate) that illustrates the cross section of another 
example of the lithium nickel composite oxide, which is the 
cathode active material of the present invention. 
0083 FIG. 13 illustrates an equivalent circuit that is used 
in a measurement example and analysis of impedance evalu 
ation. 
0084 FIG. 14 is a cross-sectional view illustrating a coin 
battery that is used in battery evaluation. 

MODES FOR CARRYING OUT INVENTION 

0085. The present invention relates to: (1) a nickel com 
posite hydroxide that is a precursor to a cathode active mate 
rial for a nonaqueous-electrolyte secondary battery and the 
manufacturing method thereof (2) a nonaqueous-electrolyte 
secondary battery that uses the nickel composite hydroxide 
and the manufacturing method thereof, and (3) a nonaque 
ous-electrolyte secondary battery that uses that cathode active 
material for a nonaqueous-electrolyte secondary battery for 
the cathode. 
0.086 The effect of the cathode active material for a non 
aqueous-electrolyte secondary battery that is used for a cath 
ode is large for improving the performance of a nonaqueous 
electrolyte secondary battery. In order to obtain a cathode 
active material for a nonaqueous-electrolyte secondary bat 
tery that is capable of obtaining excellent battery character 
istics, the particle size, particle size distribution, and the spe 
cific Surface area are important factors, and a cathode active 
material that has a desired particle structure and is adjusted to 
a desired particle size and particle size distribution is pre 
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ferred. In order to obtain that kind of cathode active material, 
it is necessary to use a nickel composite hydroxide as a 
precursor that is composed of secondary particles that have 
desired particle structure and desired particle size and particle 
size distribution. 
I0087. In the following, the inventions of (1) to (3) above 
will be explained in detail, however, first, the nickel compos 
ite hydroxide and the manufacturing method thereof, which 
are a large feature of the present invention, will be explained. 

1.1. Nickel Composite Hydroxide 

(Composition) 
I0088. The nickel composite hydroxide of the present 
invention is adjusted so that the composition is as expressed 
by the following general expression. By manufacturing a 
lithium nickel composite oxide using a nickel composite 
hydroxide having this kind of composition as a precursor, 
when an electrode, which has this lithium nickel composite 
oxide as a cathode active material, is used in a battery, it is 
possible to reduce the value of the measured cathode resis 
tance, and improve the battery performance. 

General Expression: Ni,Mn,Co.M.(OH)2 
I0089 (x+y+Z+t=1, 0.3sX, 0sys0.55, 0<Zs0.4, Osts0.1, 
Osas(0.5, and M is one or more kind of additional element that 
is selected from among Al, Ti, V. Cr, Zr, Nb, Mo, Hf, Ta and 
W) 
I0090. In the present invention, when trying to obtain a 
cathode active material having hollow structure, the amount 
of nickel and the amount of manganese that is included in the 
nickel composite hydroxide that is the precursor of that cath 
ode active material is adjusted so as to be 0.3sxs0.7 and 
0.1 sys0.55, respectively, in the general expression given 
above, and by setting the amount of manganese included to a 
high amount, it is possible to make a nickel composite 
hydroxide having secondary particles that make it easy to 
obtain a hollow structure. 
0091. When a cathode active material is obtained using a 
composite hydroxide as raw material, the composition ratio 
of this composite hydroxide (Ni:Mn:Co:M) is maintained 
even in the obtained cathode active material. Therefore, the 
composition ratio of the composite hydroxide of the present 
invention is adjusted to become the same composition ratio 
that is required in the cathode active material to be obtained. 

(Average Particle Size) 
0092. The average particle size of the nickel composite 
hydroxide of the present invention is adjusted within a range 
of greater than 7 um and equal to or less than 15 um, and 
preferably greater than 7um and equal to or less than 11 um. 
By controlling the average particle size of the nickel compos 
ite hydroxide within Such a range, it is possible to adjust the 
cathode active material that is obtained using this composite 
hydroxide as a raw material to a specified average particle size 
(greater than 8 um and equal to or less than 16 um). In this 
way, the particle size of the composite hydroxide is correlated 
with the particle size of the cathode active material to be 
obtained, so that particle size affects the characteristics of a 
battery that uses the cathode active material as the cathode 
material. 
0093. When the average particle size of this composite 
hydroxide is equal to or less than 7 Jum, the average particle 
size of the cathode active material that is obtained also 
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becomes small, and thus the filling density of the cathode 
decreases, and the battery capacity per Volume decreases. 
When the average particle size of the composite hydroxide is 
greater than 15 um, the specific Surface area of the cathode 
active material to be obtained decreases, and therefore with 
reducing the interface with the electrolyte, the resistance of 
the cathode increases and the output characteristic of the 
battery decreases. 

(Particle Size Distribution) 
0094. The composite hydroxide of the present invention is 
adjusted so that a value (d90-d10)/average particle size that 
is an index indicating the expanse of the particle size distri 
bution is equal to or less than 0.55, and preferably equal to or 
less than 0.52. 
0095. The particle size distribution of the cathode active 
material is strongly affected by the composite hydroxide that 
is the raw material, and for example, when minute particles or 
coarse particles are mixed in the composite hydroxide, there 
will similarly be minute particles or coarse particles that exist 
in the cathode active material. In other words, when the index 
(d90-d10)/average particle size is greater than 0.55 and the 
particle size distribution is large, there are also minute par 
ticles or coarse particles that exist in the cathode active mate 
rial. 
0096. When a cathode is formed by using a cathode active 
material in which there are many minute particles, there is a 
possibility that heat will be generated due to a local reaction 
of the minute particles, and thus safety of the battery 
decreases, and the minute particles selectively degrade, so 
cycle characteristics of the battery become bad. On the other 
hand, when a cathode is formed using a cathode active mate 
rial in which there are many large particles, it is not possible 
to obtain sufficient reaction surface area between the electro 
lyte and the cathode active material, and thus the battery 
output drops due to an increase in reaction resistance. 
0097. Therefore, in the composite hydroxide of the 
present invention, by adjusting the particle size distribution so 
that the index (d90-d10)/average particle size is equal to or 
less than 0.55, the range of the particle size distribution of the 
cathode active material that uses this composite hydroxide as 
a precursor also becomes narrow, and it is possible make the 
particle size uniform. In other words, for the particle size 
distribution of the cathode active material, it is possible to 
make the index (d90-d10)/average particle size equal to or 
less than 0.60. As a result, in a battery that uses a cathode 
active material, which is formed using the composite hydrox 
ide of the present invention as a precursor, as the cathode 
material, it is possible to achieve good output characteristics 
and high output. 
0098. Here, it is also feasible to obtain a composite 
hydroxide having a narrow particle size distribution by clas 
sification of a composite hydroxide having a large particle 
size distribution, however, sieve classification has bad preci 
Sion, and even when an apparatus Such as a wet cyclone is 
used, it is not possible to perform classification into a Suffi 
ciently narrow particle size distribution. Therefore, in this 
kind of industrial classification method, it is difficult to obtain 
a composite hydroxide having a uniform particle size and a 
narrow particle size distribution Such as that of the composite 
hydroxide of the present invention. 
0099. In the index (d90-d10)/average particle size indi 
cating the expanse of the particle size distribution, d10 is the 
particle size when the number of particles of each particle size 
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is accumulated from the side having a small particle size, and 
that accumulated volume is 10% of the total volume of all 
particles. Moreover, d90 is the particle size when the number 
of particles of is similarly accumulated, and that accumulated 
volume is 90% of the total volume of all particles. 
0100. The method for finding the average particle, d10 and 
d90 is not particularly limited, however, for example, can be 
found from the integrated volume value that is measured 
using a laser diffraction and scattering type particle size ana 
lyzer. As the average particle size, it is possible to used50 that 
is the particle size that accumulated value is 50% of the total 
volume of all particles as with d90. 

(Particle Structure) 
0101 The nickel composite hydroxide of the present 
invention is composed of spherical secondary particles that 
are formed by clumping together of plural primary particles. 
The shape of the primary particles that constitute the second 
ary particles can be various shapes such as plate shaped, 
needle shaped, cuboid shaped, elliptical shaped, rhombus 
shaped and the like. With regard to the aggregation state of the 
primary particles, as well as the state where the primary 
particles clump together in a random direction, the State 
where the primary particles clump together Such that the 
major axis direction of the primary particles is aligned with 
the radiation direction from the center of the secondary par 
ticles can be applied to the present invention. 
0102) However, in the present invention, preferably plate 
shaped and/or needle shaped primary particles clump 
together in a random direction to form secondary particles. 
This is because in the case of this kind of structure, nearly 
uniform spacing occurs between primary particles, and when 
mixed with a lithium compound and calcined, the melted 
lithium compound goes inside the secondary particles, and 
diffusion of lithium is sufficiently performed. 
0103) In the present invention, the average particle size of 
primary particles that constitute the secondary particles is 
preferably adjusted within the range of 0.3 um to 3.0 Lum. By 
adjusting the size of the primary particles in this way, Suitable 
spacing between the primary particles is obtained, and during 
calcination, Sufficient dispersion of lithium into the second 
ary particles can be easily performed. The average particle 
size of the primary particles is even more preferably 0.4 um to 
1.5 um. 
0104. When the average particle size of the primary par 
ticles is less than 0.3 um, the sintering temperature during 
calcination becomes lower, the sintering between secondary 
particles is increased, and coarse particles are included in the 
cathode active material that is obtained. On the other hand, 
when the average particle size is greater than 0.3 um, in order 
for the crystallinity of the cathode active material that is 
obtained to be sufficient, it is necessary to make the calcina 
tion temperature high, and by performing calcination at this 
kind of high temperature, sintering occurs between secondary 
particles, and the cathode active material shifts from having a 
suitable particle size distribution. 
0105. The feature of the present invention is that by regu 
lating the average particle size, the particle size distribution, 
and the particle structure of the secondary particles of the 
nickel composite hydroxide as described above, it is possible 
to manufacture a cathode active material that has suitable 
particle size and high uniformity of particle size. In the 
present invention, as the structure of the secondary particles 
of the cathode active material, it is possible to use a solid 
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structure that is dense from the outside to the inside, and it is 
also possible to use a hollow structure that is dense only on the 
outside and that is hollow on the inside. As the precursor of a 
cathode active material having dense structure, it is similarly 
possible to use nickel hydroxide particles having a dense 
structure. On the other hand, as the precursor of a cathode 
active material having hollow structure, it is possible to use a 
nickel composite hydroxide that has a structure where the 
characteristics of the clumped primary particles are different 
on the outside and inside. 
0106. In other words, the particle structure of the nickel 
composite hydroxide that is a precursor of a cathode active 
material having a hollow structure has a centersection that is 
composed of minute primary particles, and an outer-shell 
section on the outside of the centersection that is composed of 
primary particles that are larger than the minute particles. 
0107. In this nickel composite hydroxide, the center sec 
tion has a structure in which the minute primary particles are 
arranged so as to abut each other and there are many gaps 
therebetween, and the outer-shell section has a sense structure 
composed of large and thick plate shaped primary particles. 
Therefore, during calcination, sintering proceeds at a lower 
temperature in the center section than in the outer-shell sec 
tion, and the primary particles of the center section shrink 
going from the center of the secondary particles toward the 
outer-shell side where sintering is slow. Moreover, the center 
section has a low density, so the amount of shrinking is large, 
and thus the center section becomes a Sufficiently large hol 
low space. 
0108) Even in the case of obtaining this kind of hollow 
structure, the characteristics of the primary particles have an 
effect on the formation thereof. In other words, preferably in 
the center section the minute primary particles clump 
together in a random direction, and in the outer-shell section, 
larger primary particles clump togetherina random direction. 
As a result of this kind of clumping in a random direction, the 
shrinkage in the center section occurs equally, and it is pos 
sible to form a sufficiently large space in the cathode active 
material. 

0109 Moreover, in this case, the average particle size of 
the minute primary particles is preferably 0.01 um to 0.3 um, 
and even more preferably 0.1 um to 0.3 um. When the average 
particle size of the minute primary particles is less than 0.01 
um, a sufficiently large center section may not be formed in 
the composite hydroxide, and when the average particle size 
is greater than 0.3 um, the low temperature at the start of 
sintering and shrinkage are not sufficient. So it may not be 
possible to obtain a Sufficiently large space after calcination. 
The characteristics of the primary particles of the outer-shell 
section should be the same as described above. 
0110. For secondary particles having this kind of double 
structure, the thickness of the outer-shell section is such that 
preferably the ratio with respect to the particle size of the 
secondary particles is 5% to 45%, and more preferably 7% to 
35%. Secondary particles of cathode active material that is 
obtained with this kind of composite hydroxide as a raw 
material have a hollow structure, and the ratio of the thickness 
of the outer-shell section with respect to the particle size of 
the secondary particles is such that the ratio of secondary 
particles of composite hydroxide above is mostly maintained. 
Therefore, by making the ratio of the thickness of the outer 
shell section with respect to the particle size of secondary 
particles within the range described above, it is possible to 
form a sufficient hollow section in the lithium nickel compos 
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ite oxide. When the thickness of the outer-shell section is too 
thin and the ratio with respect to the particle size of the 
secondary particles is less than 5%, in the calcination process 
when manufacturing cathode active material, shrinkage of the 
composite hydroxide becomes large, and sintering occurs 
between the secondary particles of the lithium nickel com 
posite oxide, and thus the particle size distribution of the 
cathode active material may become bad. On the other hand, 
when the ratio is greater than 45%, a problem may occur in 
that a sufficiently large center section cannot be formed. 
0111. The particle size of the minute primary particles in 
the center section, the particle size of the larger primary 
particles in the outer-shell section, and the ratio of the thick 
ness of the outer-shell section with respect to the particle size 
of the secondary particles can be measured by observation of 
the cross section of the nickel composite hydroxide using a 
scanning electron microscope. 
0112 For example, plural secondary particles of nickel 
composite hydroxides are embedded in resin or the like, and 
a state in which the cross section of the particles can be 
observed is created by performing cross section polishing. 
The particle size of minute primary particles in the center 
section and the particle size of primary particles in the outer 
shell section can be found by measuring the maximum diam 
eters of the cross section of preferably 10 or more of the 
primary particles among the secondary particles as the par 
ticle size, and calculating the average value. 
0113 Moreover, the ratio of the thickness of the outer 
shell section with respect to the particle size of secondary 
particles can be found as described below. Particles of which 
the cross section in nearly the center thereof can be observed 
are selected from the secondary particles in the resin 
described above, and at three or more arbitrary locations, the 
distance between two points that is the shortest distance 
between the outer circumference of the outer-shell section 
and the inner circumference of the center section side thereof 
is measured to find the average thickness of the outer-shell 
section for each particle. Then by dividing the above average 
thickness of the outer-shell section by the distance between 
two arbitrary points on the outer circumference of the sec 
ondary particle where the distance has a maximum value, the 
ratio of the thickness of the outer-shell section with respect to 
each particle is found. Furthermore, by taking the average of 
the ratios with respect to each particle that was found for 10 or 
more particles, it is possible to find the ratio of the thickness 
of the outer-shell section with respect to the particle size of 
secondary particles in the nickel composite hydroxide above. 

1.2. Method for Manufacturing Nickel Composite Hydroxide 
0114. The method for manufacturing the nickel composite 
hydroxide of the present invention relates to a method for 
manufacturing nickel composite hydroxide by a crystalliza 
tion reaction in which there is a) a nucleation process for 
performing nucleation, and b) a particle growth process for 
causing the nuclei that were generated in the nucleation pro 
cess to grow. 
0.115. In other words, in a conventional continuous crys 
tallization method, the nucleation reaction and the particle 
growth reaction proceed simultaneously in the same tank, so 
the particle size distribution of the composite hydroxide 
obtained covers a large range. On the other hand, the method 
for manufacturing composite hydroxide of the present inven 
tion is characterized in that the time during which mainly the 
nucleation process occurs (nucleation process), and the time 
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during which mainly the particle growth reaction occurs (par 
ticle growth process) are clearly separated, and by controlling 
the agitation power requirement per unit volume of reaction 
solution into a range of 0.5 kW/m to 4 kW/m at least during 
the nucleation process, the average particle size of the com 
posite hydroxide that is obtained is controlled so as to be 
within a range that is greater than 7 um and equal to or less 
than 15um, and the narrow particle distribution is achieved. 
0116 First, the outline of the method for manufacturing 
the composite hydroxide of the present invention will be 
explained based on FIG. 1 and FIG. 2. In FIG. 1 and FIG. 2, 
Section (A) corresponds to the nucleation process, and Sec 
tion (B) corresponds to the particle growth process respec 
tively. 

(Nucleation Process) 

0117. As illustrated in FIG. 1, in the method for manufac 
turing composite hydroxide of the present invention, first, 
plural metal compounds that include at least nickel are dis 
Solved in water at specified ratios to make a mixed aqueous 
Solution. In the method for manufacturing composite hydrox 
ide of the present invention, the composition ratios of each of 
the metals in the composite hydroxide that is obtained will be 
the same as the composition ratios of each of the metals in the 
mixed aqueous solution. 
0118. Therefore, the mixed aqueous solution is made by 
adjusting the ratios of the metal compounds that are dissolved 
in water so that the composition ratios of each of the metals in 
the mixed aqueous solution are the same composition ratios 
of each metal in the nickel composite hydroxide of the present 
invention. 

0119. On the other hand, an alkali aqueous solution such 
as sodium hydroxide aqueous solution, an ammonia aqueous 
Solution that includes an ammonium ion donor, and water are 
mixed in a reaction tank to form an aqueous Solution. By 
adjusting the amount of alkali aqueous Solution that is Sup 
plied, the pH value of this aqueous solution (hereafter, 
referred to as the “pre-reaction aqueous solution') is adjusted 
so that at a standard solution temperature of 25°C. the value 
is within a range of 12.0 to 14.0, and preferably 12.3 to 13.5. 
Moreover, by adjusting the amount of ammonium aqueous 
Solution that is Supplied, the density of the ammonium ions 
inside the pre-reaction aqueous solution is adjusted so as to 
preferably be 3 g/L to 25g/L, and more preferably to be 5 g/L 
to 20 g/L, and even more preferably be 5 g/L to 15 g/L. The 
temperature of the pre-reaction aqueous solution is also 
adjusted so as to preferably be 20° C. to 60°C., and to more 
preferably to be 35° C. to 60° C. The pH value and the 
ammonium ion density of the aqueous Solution in the reaction 
tank can be measured using a typical pH meter and ion meter. 
0120. After the temperature and pH of the pre-reaction 
aqueous solution in the reaction tank have been adjusted, the 
mixed aqueous Solution is Supplied to the reaction tank while 
agitating the pre-reaction aqueous solution. As a result, the 
pre-reaction aqueous solution and the mixed aqueous solu 
tion are mixed inside the reaction tank, a nucleation aqueous 
Solution, which is the reaction aqueous Solution in the nucle 
ation process, is formed, and minute nuclei of the composite 
hydroxide are generated in the nucleation aqueous solution. 
When this occurs, the pH value of the nucleation aqueous 
Solution is within the range described above, so the generated 
nuclei hardly grow, and generation of nuclei preferentially 
OCCU.S. 
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I0121 While nuclei are generated by supplying mixed 
aqueous solution, the pH value of the nucleation solution and 
the ammonium ion density changes, so together with the 
mixed aqueous solution, alkali solution and ammonia aque 
ous solution are Supplied in order to perform control so that 
the pH value of the nucleation solution at a standard solution 
temperature of 25°C. is in the range 12.0 to 14.0, and so that 
ammonium ion density is in the range 3 g/L to 25 g/L. 
0.122 By Supplying mixed aqueous solution, alkali aque 
ous solution and ammonia aqueous Solution to the nucleation 
aqueous Solution, continuous generation of new nuclei is 
maintained. After a specified amount of nuclei have been 
generated in the nucleation aqueous solution, the nucleation 
process is terminated. Whether or not a specified amount of 
nuclei have been generated is determined by the amount of 
metal salts added to the nucleation aqueous Solution. 
I0123. The amount of nuclei generated in the nucleation 
process is not particularly limited, however, in order to obtain 
a composite hydroxide having good particle size distribution, 
the amount is preferably 1% to 2%, and more preferably 1.5% 
or less than the overall amount, or in other words the amount 
of metal salts Supplied for obtaining the composite hydroxide. 
0.124 When obtaining a nickel composite hydroxide hav 
ing dense structure, in the nucleation process, the crystalliza 
tion reaction is performed in a non-oxidizing atmosphere in 
which the oxygen concentration is 1 Volume 96 or less, and the 
agitation speed inside the reaction tank is properly adjusted so 
that the agitation power requirement per unit volume of reac 
tion solution is in the range 0.5 kW/m to 4 kW/m. In this 
way, when oxidation during nucleation is Suppressed and 
agitation is properly adjusted, the nuclei clump together and 
the particle size becomes large, so it is possible to generate 
relatively dense large nuclei. 
0.125. On the other hand, when obtaining a nickel compos 
ite hydroxide having double structure, in the nucleation pro 
cess the crystallization reaction is performed in an oxidizing 
atmosphere in which the oxygen concentration exceeds 1 
Volume 96, and the agitation speed inside the reaction tank is 
properly adjusted so that the agitation power requirement per 
unit volume of reaction solution is in the range 0.5 kW/m to 
4kW/m. In this way, by performing nucleation in an oxidiz 
ing atmosphere and properly adjusting the agitation, minute 
primary particles clump together to form nuclei. 

(Particle Growth Process) 
I0126. After the nucleation process, the pH value of the 
nucleation Solution is adjusted at a standard Solution tempera 
ture of 25°C. to be 10.5 to 12.0, and preferably 11.0 to 12.0, 
which is a pH value that is lower than the pH value during the 
nucleation process, and an aqueous Solution for particle 
growth, which is the reaction aqueous solution in the particle 
growth process is obtained. More specifically, control of the 
pH during this adjustment is performed by adjusting the 
amount of alkali aqueous Solution that is Supplied. 
I0127. By adjusting the pH value of the aqueous solution 
for particle growth so as to be within the range above, the 
nuclei grow reaction preferentially occurs over the nucleation 
reaction, and during the particle growth process hardly any 
new nuclei are generated in the aqueous Solution for particle 
growth, so nuclei growth (particle growth) occurs, and a 
composite hydroxide having a specified particle size is 
formed. 
I0128. Similarly, as particle growth occurs by supplying 
mixed aqueous solution, the pH value and ammonium ion 
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density of the aqueous Solution for particle growth change, so 
control is performed by Supplying mixed aqueous solution, 
alkali aqueous solution and ammonia aqueous solution to the 
aqueous solution for particle growth in order to keep the pH 
value of the aqueous Solution for particle growth in a range of 
10.5 to 12.0 and the ammonium ion density in a range of 3 g/L 
to 25 g/L at a standard solution temperature of 25°C. 
0129. Then, at the instant when the particles of the com 
posite hydroxide have grown to a specified particle size, the 
particle growth process is terminated. The particle size of the 
composite hydroxide can be easily determined from the 
amount of metal salts added in each process, by finding the 
relationship in preliminary testing between the amount of 
metal salts added to each reaction solution in both the nucle 
ation process and particle growth process and the particles 
obtained. 

0130. In this way, in the case of the method for manufac 
turing composite hydroxide as described above, the nuclei are 
preferentially generated in the nucleation process, and hardly 
any nuclei growth occurs, and conversely, in the particle 
growth process, only nuclei growth occurs, and hardly any 
new nuclei are generated. Therefore, in the nucleation pro 
cess, it is possible to form homogeneous nuclei having a 
narrow particle size distribution range, and in the particle 
growth process, it is possible to grow the nuclei homoge 
neously. Therefore, in the method described above for manu 
facturing composite hydroxide, it is possible to obtain homo 
geneous nickel composite hydroxide having a narrow particle 
size distribution range. 
0131. In the case of the manufacturing method described 
above, in both processes, the metal ions become a composite 
hydroxide and are crystallized, so the ratio of the liquid com 
ponent with respect to the metal component in both reaction 
aqueous solutions increases. In that case, it is apparent that the 
density of the mixed aqueous solution that is Supplied is 
decreased, and particularly in the particle growth process, 
there is a possibility that composite hydroxide will not be 
Sufficiently grown. 
0132) Therefore, in order to suppress an increase in the 
liquid component described above, preferably part of the 
liquid component in the aqueous solution for particle growth 
is discharged to outside of the reaction tank during the particle 
growth process after the nucleation process ends. More spe 
cifically, the Supply of mixed aqueous Solution, alkali aque 
ous Solution and ammonia aqueous solution to the aqueous 
Solution for particle growth and the agitation thereof is 
stopped, the nuclei and composite hydroxide are precipitated 
out, and the Supernatant liquid of the aqueous solution for 
particle growth is discharged. As a result, it is possible to 
increase the relative density of the mixed aqueous solution in 
the aqueous solution for particle growth. In a state of high 
relative density of mixed aqueous solution, it is possible to 
grow the composite hydroxide, and thus it is possible to make 
the particle size distribution of the composite hydroxide nar 
rower, and increase the overall density of secondary particles 
of composite hydroxide. 
0.133 Moreover, in the embodiment illustrated in FIG. 1, 
the pH of the nucleation aqueous Solution when the nucle 
ation process has ended is adjusted and an aqueous solution 
for particle growth is formed so that the particle growth pro 
cess can be performed following the nucleation process, so 
there is an advantage in that transition to the particle growth 
process can be performed quickly. Furthermore, there is an 
advantage in that transition from the nucleation process to the 
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particle growth process can be easily performed by only 
adjusting the pH, and adjustment of the pH can also be per 
formed easily by temporarily stopping Supply of the alkali 
aqueous solution. The pH of the reaction aqueous solution 
can be adjusted by adding the same kind of inorganic acid as 
the acid of the metal compound, for example, in the case of a 
Sulfate, by adding Sulfuric acid to the reaction aqueous solu 
tion. 

0.134. However, as in another embodiment illustrated in 
FIG. 2, it is also possible to form a component adjusted 
aqueous solution separate from the nucleation aqueous solu 
tion in which the pH and ammonium ion density have been 
adjusted to be suitable for the particle growth process, and to 
form a reaction aqueous solution by adding an aqueous solu 
tion containing nuclei that were generated by performing 
nucleation in a separate reaction tank (nucleation aqueous 
Solution, or preferably an aqueous Solution obtained by 
removing part of the liquid component from the nucleation 
aqueous Solution) to this component adjusted aqueous solu 
tion, and then perform the particle growth process by using 
this reaction aqueous Solution as the aqueous solution for 
particle growth. 
I0135) In this case, separation of the nucleation process and 
the particle growth process can be more definitely performed, 
so the state of the reaction aqueous solutions during each 
process can be set to the optimum conditions for each process. 
Particularly, from the starting point of the particle growth 
process, it is possible to set the pH of the aqueous solution for 
particle growth to the optimum conditions, so the nickel com 
posite hydroxide that is formed in the particle growth process 
is more homogeneous and has a narrower particle size distri 
bution. 

0.136. When obtaining a nickel composite hydroxide hav 
ing dense structure, in the particle growth process, the crys 
tallization reaction is performed while maintaining a non 
oxidizing atmosphere, and by properly adjusting the agitation 
speed in the reaction tank so that the agitation power require 
ment per unit Volume of the reaction aqueous solution is 
within a range 0.5 kW/m to 4 kW/m. In this way, when 
oxidation during particle growth is Suppressed and the agita 
tion is properly adjusted, growth of primary particles is pro 
moted, and therefore the moderately large secondary particles 
with the large and dense primary particles are formed. 
0.137. On the other hand, when obtaining a nickel compos 
ite hydroxide having double structure, at the start of the par 
ticle growth process (range of 0% to 40% with respect to the 
overall time of the particle growth process), the crystalliza 
tion reaction is performed while maintaining an oxidizing 
atmosphere and by properly adjusting the agitation speed in 
the reaction tank so that the agitation power requirement per 
unit volume of the reaction aqueous solution is within a range 
0.5 kW/m to 4 kW/m, after which the atmosphere is 
changed from an oxidizing atmosphere to a non-oxidizing 
atmosphere, and the crystallization reaction is continued. By 
using an oxidizing atmosphere at the start of the particle 
growth process in this way, clumping together of the minute 
primary particles is promoted more than growth of the pri 
mary particles, and a center section having low density of 
minute primary particles with many gaps is formed; then after 
that, by changing to a non-oxidizing atmosphere, growth of 
primary particles which are crystallized on the outside of that 
centersection is promoted, forming a highly dense outer-shell 
section having large primary particles. 
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0138 Next, the agitation power requirement, control of 
the pH, and control of the reaction atmosphere in each pro 
cess, materials and Solutions used in each process, and reac 
tion conditions will be explained in detail. 

(Agitation Power Requirement) 

0.139. In the present invention, the particle size of the 
nickel composite hydroxide is adjusted, as well as by control 
ling the pH value in the nucleation process, the amount of raw 
materials added for nucleation and the time of the particle 
growth process, by controlling at least the agitation of the 
reaction aqueous solution during the nucleation process. 
0140. In the present invention, the reaction aqueous solu 
tion is controlled by controlling the agitation power require 
ment per unit Volume of reaction aqueous solution during the 
nucleation process and particle growth process described 
above. More specifically, in order to perform control so that 
the average particle size of the nickel composite hydroxide is 
greater than 7 um and equal to or less than 15 um, it is 
necessary to control at least the agitation power requirement 
per unit volume of the reaction aqueous solution in the nucle 
ation process so as to be 0.5 kW/m to 4.0 kW/m, and 
preferably 0.6 kW/m to 3.5 kW/m, and even more prefer 
ably 0.8 kW/m to 3.0 kW/m. 
0141 Conventionally, in the crystallization reaction, the 
particle size of the nickel composite hydroxide was mainly 
controlled by controlling the pH value in the nucleation pro 
cess, the amount of raw material added for nucleation, and the 
time of the particle growth process, and in regards to the 
agitation of the reactionaqueous solution, the agitation power 
requirement was set to nearly 4.5 kW/m to 70kW/m from 
only the aspect of uniformly dispersing the components in the 
reaction tank and the aspect of uniformly dispersing the raw 
material that is supplied. Therefore, the particle size of the 
nickel composite hydroxide that is obtained remains at 
around 7um. 
0142. During both nucleation and particle growth, it is 
important to have the secondary particles formed by aggre 
gated primary particles further clump together with each 
other in order to cause the secondary particles to grow to a 
specified particle size. However, when agitation of the reac 
tion aqueous Solution is excessive, aggregation of secondary 
particles that is necessary for growth of the secondary par 
ticles separates, so it seems that it will be difficult for the 
secondary particles to grow to exceed 7um. Therefore, in the 
present invention, agitation is regulated to the extent that the 
components in the reaction tank are uniform, and so that 
growth of the secondary particles to a specified particle size is 
not inhibited, or in other words so that aggregation of particles 
formed by aggregated primary particles are not inhibited, so 
the agitation power requirement is controlled within the range 
described above, and the average particle size of the second 
ary particles of the nickel composite hydroxide that is 
obtained is kept in a range greater than 7 Jum. 
0143. When the agitation power requirement is less than 
0.5 kW/m, agitation is insufficient, so the components in the 
reaction tank become non-uniform, the particle size distribu 
tion becomes large, the composition becomes unstable, as 
well as coarse particles are generated, and the average particle 
size of the composite hydroxide that is obtained may exceed 
15um. On the other hand, when the agitation power require 
ment is greater than 4kW/m, the secondary particles that 
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were once clumped together become separated as described 
above, and it becomes impossible to sufficiently grow the 
secondary particles. 

0144. However, as long as the secondary particles have 
been sufficiently grown, the secondary particles will not sepa 
rate even when the agitation power requirement is greater 
than 4 kW/m, and the supplied raw fluids are uniformly 
dispersed. So when the average particle size is greater than 7 
um and equal to or less than 15 um, it is possible to obtain 
composite hydroxidehaving a sharp particle size distribution. 
0145 Such agitation power requirement can be the same 
in both the nucleation process and the particle growth pro 
cess, however, when obtaining nickel hydroxide having a 
dense structure, control can be performed so that the agitation 
power requirement in a non-oxidizing atmosphere in the 
nucleation process is 0.5 kW/m to 4.0 kW/m, and in the 
particle growth process is 4.0 kW/m to 10 kW/m . By per 
forming this kind of control, in the nucleation process, nuclei 
do not grow, however, the primary particles are large, and the 
particle size of the nuclei themselves becomes large, so it is 
possible to generate relatively dense and large nuclei. More 
over, in the particle growth process, by secondary particles 
clumping together while dense primary particles are gener 
ated on the surface of the nuclei that were obtained in the 
nucleation process, it becomes possible to make the particle 
size of the secondary particles large. Furthermore, in the latter 
half of the particle growth process, primary particles are 
grown so as to fill gaps in the grape-like tuft shaped particles 
formed by the aggregated secondary particles; and finally, it is 
possible to obtain relatively dense secondary particles having 
a large particle size and nearly spherical shape. Also, in the 
high-density area where aggregation is insufficient due to the 
increase in particle density, it is possible to Suppress the 
particle size distribution from becoming bad due to new 
nucleation. 

0146. On the other hand, in the case of obtaining nickel 
hydroxide having double structure, under the oxidizing atmo 
sphere in the nucleation process and in the primary stage of 
the particle growth process, it is possible for the agitation 
power requirement to be controlled so as to be 0.5 kW/m to 
4.0 kW/m, and during the crystallization reaction under the 
non-oxidizing atmosphere of the particle growth process, the 
agitation power requirement can be controlled so as to be 4.0 
kW/m to 10kW/m . By performing this kind of control, the 
size and number of nuclei are adequately controlled in the 
nucleation process. Moreover, in the initial stage of the par 
ticle growth process, minute primary particles clump 
together, but low-density secondary particles having many 
gaps are formed. After that, by changing the reaction atmo 
sphere and agitation power requirement, large primary par 
ticles clump around the low density secondary particles, and 
an outer-shell section is formed by the high density aggre 
gated particles; then in the latter half of the particle growth 
process, primary particles are grown so as to fill gaps in the 
grape-like tuft shaped particles formed by the aggregated 
particles of the outer-shell section; and finally, it is possible to 
obtain secondary particles having a large particle size and 
nearly spherical shape, and having a double structure in 
which the center section has a low density composed of 
minute primary particles, and the outer-shell section has a 
high density composed of large primary particles. 
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(pH Control) 
0147 In the nucleation process, it is necessary to control 
the pH value of the reaction aqueous solution so that at a 
standard solution temperature of 25°C. the pH value is in the 
range 12.0 to 14.0, and preferably 12.3 to 13.5. When the pH 
value is greater than 14.0, the nuclei that are generated are too 
Small, so there is a problem in that the reaction aqueous 
solution becomes a gel. Moreover, when the pH value is less 
then 12.0, a nuclei growth reaction occurs at the same time 
that nuclei are formed, so the range of the particle size distri 
bution of the nuclei formed becomes large and non-homog 
enous. In other words, in the nucleation process, by control 
ling the pH value of the reaction aqueous solution so as to be 
in the range above, it is possible to suppress nuclei growth, so 
that only nuclei are generated, and thus it is possible to keep 
the nuclei that are formed homogeneous and the range of the 
particle size distribution narrow. 
0148. On the other hand, in the particle growth process, it 

is necessary to control the pH value of the reaction aqueous 
solution so that at a standard solution temperature of 25°C. 
the pH value is in the range 10.5 to 12.0, and preferably 11.0 
to 12.0. When the pH value is greater than 12.0, there is a large 
amount of newly generated nuclei, and the minute secondary 
particles are generated, so it is not possible to obtain a hydrox 
ide having a good particle size distribution. Moreover, when 
the pH value is less than 10.5, the solubility due to ammonium 
ions becomes high, and the amount of remaining metalions in 
the Solution that do no precipitate out increases, so produc 
tivity becomes bad. In other words, in the particle growth 
process, by controlling the pH value of the aqueous Solution 
so as to be in the range described above, it is possible to 
preferentially cause only the nuclei that were generated in the 
nucleation process to grow, and to Suppress the generation of 
new nuclei, and thus it is possible to obtain a nickel composite 
hydroxide that is homogeneous and that has a narrow particle 
size distribution. 

0149. In both the nucleation process and the particle 
growth process, the range of fluctuation of the pH value is 
preferably the set value +0.2 or less. When the range of 
fluctuation of the pH value is large, nucleation and particle 
growth do not become constant, so it may not be possible to 
obtain a nickel composite hydroxide having a narrow particle 
size distribution range. 
0150. A pH value of 12 is the boundary condition between 
nucleation and particle growth, so depending on whether or 
not there are nuclei in the reaction aqueous solution, it is 
possible to designate the condition for either the nucleation 
process or the particle growth process. 
0151. In other words, after the pH value in the nucleation 
process is controlled so as to be higher than 12 and a large 
amount of nuclei are generated, next, in the particle growth 
process, when the pH value is 12, there is a large amount of 
nuclei in the reaction aqueous solution, so nuclei growth 
preferentially occurs, and hydroxide is obtained that has a 
narrow particle size distribution and has a relatively large 
particle size. 
0152 On the other hand, in a state in which nuclei do not 
exist in the reaction aqueous solution, or in other words, when 
the pH value in the nucleation process is 12, there are no 
growing nuclei, so nucleation preferentially occurs, and by 
making the pH value in the particle growth process less than 
12, the generated nuclei grow and a good hydroxide can be 
obtained. 
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0153. In either case, the pH value in the particle growth 
process should be controlled so as to be lower than the pH 
value in the nucleation process, and in order for there to be a 
clear division between nucleation and particle growth, pref 
erably the pH value in the particle growth process is less than 
the pH value in the nucleation process by a value of 0.5 or 
more, and more preferably less by a value of 1.0 or more. 

(Reaction Atmosphere) 

0154 The particle size and particle structure of the nickel 
composite hydroxide of the present invention are also con 
trolled by the reaction atmosphere in the nucleation process 
and particle growth process. 
0.155. When the atmosphere inside the reaction tank dur 
ing both processes described above is controlled so as to be a 
non-oxidizing atmosphere, growth of the primary particles 
that form the nickel composite hydroxide is promoted, and 
secondary particles are formed having primary particles that 
are large and dense, with the particle size being moderately 
large. Particularly, in both processes, by making the non 
oxidizing atmosphere Such that the oxygen concentration is 1 
volume % or less, and preferably 0.5 volume '% or less, and 
even more preferably 0.3 volume '% or less, nuclei having 
relatively large primary particles can be generated in the 
nucleation process, and it is possible for nuclei to clump 
together to form relatively dense and large nuclei, so Such a 
state is preferred. 
0156 Moreover, in the particle process as well, large pri 
mary particles are generated around the nuclei that were 
generated in the nucleation process, and together with the 
particles growing, particle growth is promoted by the clump 
ing together of growing particles, and thus it is possible to 
obtain dense and moderately large secondary particles. 
0157. As methods for maintaining the space inside the 
reaction tank at Such an atmosphere, there is a method of 
letting an inert gas such as nitrogen flow into the space inside 
the reaction tank, and further causing bubbling of the inert gas 
in the reaction solution. 

0158. On the other hand, when trying to obtain a cathode 
active material having hollow structure, by performing con 
trol so that the reaction atmosphere during the nucleation 
process and in the initial stage of the particle growth process 
is an oxidizing atmosphere, the center section of minute par 
ticles described above will be low density, and after that, by 
performing control so that the reaction atmosphere falls in a 
range from a weak oxidizing atmosphere to a non-oxidizing 
atmosphere, it is possible to form a high-density outer-shell 
section having large and dense primary particles. More spe 
cifically, in part of the oxidizing atmosphere during the nucle 
ation process and in the initial stage of the particle growth 
process, the oxygen concentration of the space inside the 
reaction tank is 1 volume 96 or greater, or preferably 2 volume 
% or greater, and even more preferably 10 volume 96 or 
greater. Particularly, an air atmosphere (oxygen concentra 
tion: 21 volume '%) that is easily controlled is preferred. By 
making the atmosphere such that the oxygen concentration is 
1 Volume '% or greater, it is possible to generate minute 
particles having an average particle size of 0.01 um to 0.3 um. 
However, when the oxygen concentration is 1 volume '% or 
less, the average particle size of the primary particles in the 
center section may become greater than 0.3 um. The upper 
limit for the oxygen concentration is not particularly limited, 
however, when the oxygen concentration exceeds 30 volume 
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%, the average particle size of the primary particles above 
may become less than 0.01 um, and is not desirable. 
0159. On the other hand, the non-oxidizing atmosphere 
after changing is such that the oxygen concentration of the 
space inside the reaction tank is 1 Volume '% or less, and 
preferably is 0.5 volume 96 or less, and even more preferably 
is 0.2 volume 96 or less. This kind of atmosphere is controlled 
by mixing inert gas with the oxygen. By causing particles to 
grow by making the oxygen concentration of the space inside 
the reaction tank 1 Volume 96 or less, it is possible to suppress 
unnecessary oxidation of the particles, as well as it is possible 
to promote growth of primary particles that will be larger than 
those of the center section and that will have a uniform par 
ticle size, and as a result, it is possible to obtain secondary 
particles having a highly dense outer-shell section. 
0160 The timing for changing the atmosphere in the par 

ticle growth process above is determined considering the size 
of the centersection of the nickel composite hydroxide so that 
the adequate hollow sections can be obtained that is large 
enough that minute particles are generated and thus the cycle 
characteristics thereof do not become bad. For example, of 
the overall time of the particle growth process, the change is 
preferably performed at a time within a range from 0% to 
40%, more preferably performed within the range from 0% to 
30%, and even more preferably within a range from 0% to 
25% from the start of the particle growth process. When the 
change is performed at a time that exceeds 40% of the overall 
time of the particle growth process, the center section that is 
formed will be large, and the thickness of the outer-shell 
section with respect to the particle size of the secondary 
particles will become too thin. On the other hand, in the case 
that the change is performed before the start of the particle 
growth process, or in other words, during the nucleation pro 
cess, the center section will be too small, or secondary par 
ticles having the structure described above will not beformed. 
0161 When maintaining the reaction atmosphere as a 
non-oxidizing atmosphere, or when changing the atmosphere 
from an oxidizing atmosphere to a non-oxidizing atmo 
sphere, normally the primary particles have a plate shape 
and/or needle shape in the crystallization reaction for which 
the atmosphere is controlled as described above. However, 
the primary particles of the nickel composite hydroxide 
described above, depending on the composition thereof, may 
rectangular, elliptical, rhombohedron and the like. 
0162. In the following, conditions such as the metal com 
pound, the ammonia concentration in the reaction aqueous 
solution, the reaction temperature and the like will be 
explained, however, the difference in the reaction aqueous 
Solutions of the nucleation process and the particle growth 
process is only the range in which the pH of the reaction 
aqueous solution is controlled, and the conditions such as the 
metal compound, the ammonia concentration in the reaction 
aqueous solution, the reaction temperature and the like are 
essentially the same in both processes. 

(Metal Compounds) 

0163 As the metal compounds, compounds that include 
the objective metal are used. Preferably the compounds that 
are used are compounds that are water-soluble, and could be 
for example, a nitrate, a Sulfate, a hydrochloride and the like. 
For example, preferably nickel Sulfate, manganese Sulfate, 
and cobalt sulfate are used. 
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(Additional Elements) 
0164. For the additional elements (one or more kinds of 
elements selected from among Al, Ti, V. Cr, Zr, Nb, Mo, Hf, 
Ta and W), preferably water-soluble compounds are used, for 
example, titanium sulfate, ammonium peroxotitanic acid, 
potassium titanium oxalate, Vanadium sulfate, ammonium 
Vanadate, chromium sulfate, potassium chromate, Zirconium 
Sulfate, Zirconium nitrate, niobium oxalate, ammonium 
molybdate, sodium tungstate, ammonium tungstate and the 
like can be used. 
0.165. When uniformly dispersing the additional elements 
into the composite hydroxide, an aqueous Solution in which 
salts that include the one or more additional elements are 
dissolved is added to the mixed aqueous solution in the nucle 
ation process and the particle growth process, or an aqueous 
solution, in which salt that includes the one or more additional 
elements is dissolved, and the mixed aqueous solution are 
simultaneously supplied into the crystallization tank, which 
makes it possible to precipitate out the uniformly dispersed 
additional elements into the composite hydroxide. 
0166 Moreover, when coating the surface of the compos 
ite hydroxide with the additional elements, it is possible to 
uniformly coat the surface with the additional elements, for 
example, by making a slurry of the composite hydroxide 
using an aqueous Solution that includes the additional ele 
ments, and then while controlling the pH value to a specified 
value, adding an aqueous solution that includes the one or 
more kinds of additional elements to deposit the additional 
elements onto the surface of the composite hydroxide by a 
crystallization reaction. In this case, instead of an aqueous 
solution that includes the additional elements, it is possible to 
use analkoxide solution of the additional elements. Further 
more, it is also possible to coat the Surface of the composite 
hydroxide with additional elements by applying an aqueous 
solution or slurry that includes the additional elements and 
then drying. Moreover, it is possible to coat the surface of the 
composite hydroxide by a method Such as spray drying a 
slurry in which salts that include the composite hydroxide and 
one or more kinds of additional elements are suspended, or by 
mixing salts that include the composite hydroxide and one or 
more kinds of additional elements by a solid phase method. 
0167. When coating the surface with additional elements, 
by reducing the atomic ratio of additional element ions that 
exist in the mixed aqueous Solution by just the amount of 
coating, it is possible to match that atomic ratio with the 
atomic ratio of metal ions of composite hydroxide to be 
obtained. Moreover, the process of coating the surface of 
particles with additional elements can be performed on the 
particles after heat treatment of the composite hydroxide. 

(Concentration of Mixed Aqueous Solution) 

0.168. The concentration of the mixed aqueous solution, 
for the total metal compound, is preferably 1 mol/L to 2.6 
mol/L, and more preferably 1.5 mol/L to 2.4 mol/L, and even 
more preferably 1.8 mol/L to 2.2 mol/L. When the concen 
tration of mixed aqueous solution is less than 1/mol/L, the 
amount of crystallization per reaction tank is reduced, so 
there is a decrease in productivity, and thus is not desirable. 
On the other hand, when the concentration of mixed aqueous 
solution is greater than 2.6 mol/L, the solution freezes at -5° 
C. or less and there is a danger of the pipes in the equipment 
becoming clogged, so it is necessary to maintain the heat in 
the pipes or heat the pipes, which costs. 
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0169 Moreover, the metal compound does not absolutely 
need to be supplied to the reaction tank as a mixed aqueous 
Solution, for example, when metal compounds, in which the 
compounds are generated when a reaction occurs when 
mixed, are used, the metal compound aqueous solutions can 
be separately adjusted so that the concentration of the total 
metal compound aqueous solution is within the range 
described above, and the metal compound aqueous solutions 
can be simultaneously supplied to the reaction tankata speci 
fied ratios as individual metal compound aqueous solutions. 
0170 Furthermore, the amount that mixed aqueous solu 
tion or individual metal compound aqueous solutions are 
Supplied to the reaction tank is preferably Such that the con 
centration of crystallized material at the instant when the 
crystallization reaction ends is roughly 30g/L to 200g/L, and 
preferably 80 g/L to 150 g/L. This is because when the con 
centration of crystallized material is less than 30 g/L, the 
aggregation of primary particles is insufficient, and when the 
concentration exceeds 200g/L, dispersion in the reaction tank 
of the mixed aqueous solution that is added is not sufficient, 
and deviation occurs in the particle growth. 

(Complexing Agent) 

0171 In the method for manufacturing the composite 
hydroxide above, preferably a non-reducible complexing 
agent is used. When a complexing agent that has reducibility 
is used, the Solubility of manganese in the reaction aqueous 
Solution becomes too large, and a nickel composite hydroxide 
having high tap density cannot be obtained. The non-reduc 
ible complexing agent that is used is not particularly limited, 
and can be any agent as long as the agent can bond in aqueous 
Solution with nickel ions, cobalt ions and manganese ions to 
form complexes. For example, the agent could be an ammo 
nium ion donor, ethylenediamine tetraacetic acid, nitrito tri 
acetic acid, uracil diacetic acid, or glycine. 
0172. The ammonium ion donor is not particularly lim 

ited, however, for example, it is possible to use ammonia, 
ammonium Sulfate, ammonium chloride, ammonium carbon 
ate, ammonium fluoride and the like. 

(Ammonia Concentration) 
0173 The ammonia concentration in the reaction aqueous 
Solution is maintained at a constant value preferably within 
the range 3 g/L to 25 g/L, and more preferably 5 g/L to 20 g/L 
and even more preferably 5 g/L to 15 g/L. 
0174 Ammonia becomes ammonium ions and functions 
as a complexing agent, so when the ammonia concentration is 
less than 3 g/L, it is not possible to keep the solubility of metal 
ions constant, plate shaped primary particles of hydroxide 
having a uniform shape and particle size are not formed, and 
it becomes easy for gel shaped nuclei to be generated, so it 
becomes easy for the particle size distribution to spread. 
0175. On the otherhand, when the ammonia concentration 

is greater than 25 g/L, the solubility of metal ions becomes 
large, and the formed hydroxide is dense, so the cathode 
active material for a nonaqueous-electrolyte secondary bat 
tery may also have a dense structure with a small particle size 
and low specific surface area. Moreover, when the solubility 
of metal ions becomes too large, the amount of metal ions 
remaining in the reaction aqueous solution increases, and 
changes in the composition occur. 
0176 When the ammonia concentration fluctuates, the 
solubility of the metal ions fluctuates, and a uniform hydrox 
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ide cannot be formed, so preferably the ammonia concentra 
tion is maintained at a constant value. For example, prefer 
ably the ammonia concentration is maintained at a desired 
concentration with the width between the upper limit and the 
lower limit being 5 g/L. 

(Reaction Solution Temperature) 

0177. Inside the reaction tank, the temperature of the reac 
tion solution is preferably set to 20° C. to 60° C., and more 
preferably to 35° C. to 60° C. When the temperature of the 
reaction solution is less than 20° C., the solubility of metal 
ions is low, so nuclei are easily generated and control 
becomes difficult. However, when the temperature is greater 
than 60°C., the volatilization of ammonia is promoted, so in 
order to maintain a specified ammonia concentration, a large 
amount of ammonium ion donor must be added, and thus the 
cost increases. 

(Alkali Aqueous Solution) 

0.178 The alkali aqueous solution that adjusts the pH of 
the reaction aqueous solution is not particularly limited, and, 
for example, it is possible to use an alkali metal hydroxide 
aqueous Solution Such as sodium hydroxide, potassium 
hydroxide and the like. In the case of using an alkali metal 
hydroxide, the alkali metal hydroxide can be directly supplied 
into the reaction aqueous solution, however, due to the ease of 
controlling the pH of the reaction aqueous solution in the 
reaction tank, preferably the alkali metal hydroxide is added 
to the reaction aqueous solution inside the reaction tank as an 
aqueous Solution. 
0179 The method for adding the alkali aqueous solution 
to the reaction tank is not particularly limited, however, 
should be added while sufficiently stirring the reaction aque 
ous solution and using a pump that is capable of flow control, 
Such as a metering pump, so that the pH value of the reaction 
aqueous Solution is maintained within a specified range. 

(Manufacturing Equipment) 

0180. In the manufacturing method for the composite 
hydroxide of the present invention, an apparatus that does not 
collect the product until the reaction is complete is used. For 
example, the apparatus include a normally used batch reac 
tion tank in which a mixer has been installed. By using this 
apparatus, there is no problem of the growing product being 
collected at the same time as the overflow as in the case of a 
continuous crystallizer that collects the product by a typical 
overflow, so it is possible to obtain particles that have a 
uniform particle size and a narrow particle size distribution. 
0181 Moreover, it is necessary to control the reaction 
atmosphere, so an apparatus that is capable of controlling the 
atmosphere. Such as a direct vent type of apparatus is used. By 
using this kind of apparatus, it is possible to obtain composite 
hydroxide having the structure described above, as well as it 
is possible to nearly uniformly proceed with the nucleation 
reaction and particle growth reaction, So it is possible to 
obtain particles having an excellent particle size distribution, 
or in other words, particles having a narrow particle size 
distribution. 
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2.1. Cathode Active Material for a Nonacqueous-Electrolyte 
Secondary Battery 

(Composition) 

0182. The cathode active material of the present invention 
is a lithium nickel composite oxide, and the composition 
thereof is adjusted so as to be expressed by the following 
general expression. 

General Expression: Li Ni,Mn,Co.M.O. 

0183 (-0.05<Us0.50, x+y+Z+t=1, 0.3sX, 0sys0.55, 
0<Zs0.4, Osts0.1, and M is one or more kind of additional 
element that is selected from among Al, Ti,V, Cr, Zr, Nb, Mo, 
Hf, Ta and W) 
0184 Particularly, when the cathode active material has a 
hollow structure, the composition is adjusted so as to be 
expressed by the following general expression, or in other 
words, preferably the amount of nickel contained is reduced, 
and the amount of manganese contained is increased. 

General Expression: Li Ni,Mn,Co.M.O. 

0185 (-0.05us0.50, x+y+Z+t=1, 0.3sX, 0sys0.55, 
0<Zs0.4, Osts0.1, and M is one or more kind of additional 
element that is selected from among Al, Ti,V, Cr, Zr, Nb, Mo, 
Hf, Ta and W) 
0186. In the cathode active material of the present inven 

tion, the value 'u' indicates the excessive amount of lithium 
and is within the range -0.05 to 0.5. When the excessive 
amount of lithium “u' is less than -0.05, the reaction resis 
tances of the cathode in the nonaqueous-electrolyte second 
ary battery that uses the obtained cathode active material 
becomes large, so the output of the battery becomes low. On 
the other hand, when the excessive amount of lithium “u' is 
greater than 0.50, the initial discharge capacity when the 
cathode active material above is used in the cathode of a 
battery decreases, and the reaction resistance of the cathode 
increases. 

0187. In order to further reduce the reaction resistance, the 
excessive amount of lithium “u' is preferably 0 or greater, 
more preferably 0 or greater and 0.35 or less, and even more 
preferably 0 or greater and 0.20 or less. From the aspect of 
increasing capacity, when the value 'X' that indicates the 
nickel content is 0.7 or less and the value “y” is 0.1 or greater 
in the general expression above, the excessive amount of 
lithium “u' is preferably 0.10 or greater. 
0188 The value “y” that indicates the manganese content 

is 0 or greater and 0.55 or less, however, in order for the 
cathode active material of the present invention to have a 
hollow structure, the value “y” is 0.1 or greater and 0.55 or 
less. When the value “y” is within such a range, the nickel 
composite hydroxide, which is a precursor, has a structure 
having a center section that is composed of minute primary 
particles, and an outer-shell section that is composed of pri 
mary particles on the outside of the center section that are 
larger than the minute primary particles. When the manga 
nese content “y” is greater than 0.55, there is a problem in that 
the capacity of a battery that uses the cathode active material 
decreases. 
0189 Moreover, as expressed by the general expression 
above, more preferably the cathode active material of the 
present invention is adjusted so that the lithium nickel com 
posite oxide includes additional elements. By including the 
additional elements above, it is possible to improve the dura 
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bility and the output characteristics of a battery that uses this 
material as cathode active material. 
0.190 Particularly, by uniformly distributing the addi 
tional elements on the Surface of or inside the particles, it is 
possible to obtain the effect above for all particles, and thus it 
is possible to obtain the effect above by adding a small 
amount, as well as Suppress a decrease in capacity. 
0191) Furthermore, in order to obtain the effect by adding 
even a smaller amount, preferably the concentration of addi 
tional elements on the Surface of the particles is greater than 
on the inside of the particles. 
(0192. When the atomic ratio “t of the additional elements 
M with respect to all atoms is greater than 0.1, the metal 
elements that contribute to the Redox reaction decrease, so 
the battery capacity decreased, which is not desirable. There 
fore, the atomic ratio “t of the additional elements M is 
adjusted so as to be within the range above. 

(Average Particle Size) 

0193 The cathode active material of the present invention 
is such that the average particle size is greater than 8 um and 
equal to or less than 16 Jum, and preferably greater than 8 Jum 
and equal to or less than 12 um. When the average particle size 
is equal to or less than 8 Jum, the tap density decreases, the 
packing density of particles with forming a cathode decreases 
and the battery capacity per Volume of the cathode decreases. 
On the other hand, when the average particle size is greater 
than 16 Jum, the specific Surface area of the cathode active 
material decreases, and due to a decrease in the boundary 
surface with the electrolyte of the battery, the resistance of the 
cathode increases, and the output characteristics of the battery 
decrease. 
0194 Therefore, by adjusting the cathode active material 
of the present invention to within the range above, it is pos 
sible to increase the battery capacity per volume in a battery 
that uses the cathode active material in the cathode, as well as 
it is possible to obtain excellent battery characteristics such as 
good safety and high output. 

(Particle Size Distribution) 
0.195 The cathode active material of the present invention 

is made of secondary particles of a lithium nickel composite 
oxide having extremely high homogeneity in which the index 
(d90-d10)/Average particle size that indicates the expanse 
of the particle size distribution is 0.60 or less, and preferably 
0.55 or less. When the particle size distribution covers a large 
range, many minute particles that have a very Small particle 
size with respect to the average particle size, and many coarse 
particles that have a very large particle size with respect to the 
average particle size exist in the cathode active material. 
When a cathode is formed using a cathode active material in 
which there are many minute particles, there is a possibility 
that local reactions of the minute particles will occur and 
generate heat, and thus together with a decrease in safety, the 
minute particles selectively deteriorate, causing the cycle 
characteristics to become bad. On the other hand, when a 
cathode is formed using a cathode active material in which 
there are many coarse particles, there is not sufficient reaction 
area between the electrolyte and the cathode active material, 
and thus the battery output decreases due to an increase in 
reaction resistance. 
(0196. Therefore, by making the index (d90-d10)/Aver 
age particle size of the particle size distribution of the cath 
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ode active material to be 0.60 or less, it is possible to reduce 
the ratio of minute particles and coarse particles, and a battery 
in which this cathode active material is used for the cathode 
has excellent safety, good cycle characteristics and goodbat 
tery output. The average particle size, d90 and d10 are the 
same as used in the composite hydroxide, and measurement 
can also be performed in the same way. 
0.197 As in the case of the composite hydroxide, which 
was a precursor, it is confirmed that classifying the cathode 
active material into a wide normal distribution, and obtaining 
a cathode active material having a narrow particle distribution 
is difficult. 

(Tap Density) 

0198 For the cathode active material above, the tap den 
sity, which is an index of the packing density when tapping is 
performed, is preferably 1.8 g/cm or greater, and more pref 
erably 2.0 g/cm or greater. 
0199. In consumer products or in electric automobiles, 
increasing the battery capacity in order to increase the usable 
time of a battery or the travelable distance is an important 
problem, and there is a need to not only increase the capacity 
of the active material itself, but also to packa larger amount of 
active material as electrodes. On the other hand, the thickness 
of the electrodes of a secondary battery, due to the problem of 
packing for the overall battery, or due to the problem of 
electron conductivity, is only tens of microns. Particularly, 
when the tap density is less than 1.8 g/cm, the amount of 
active material that can be put inside the limited volume of the 
electrodes decreases, so it is not possible to make the capacity 
of the overall secondary battery high. 
0200. The upper limit of the tap density is not particularly 
limited, however, the upper limit under normal manufactur 
ing conditions is about 3.0 g/cm. 

(Specific Surface Area) 

0201 When the cathode active material above has dense 
solid structure, the specific surface area is preferably 1.5 m/g 
or less, and more preferably 1.2 m/g or less. When the 
specific surface area is greater than 1.5 m/g, the average 
particle size becomes too small, and it is not possible to obtain 
particles having a tap density of 1.8 g/cm. The lower limit of 
the specific Surface area is not particularly limited, however, 
is preferably 0.2 m/g or greater, and more preferably 0.5 
m/g or greater. When the specific surface area becomes less 
than 0.2 m/g, it is possible that when the cathode active 
material of the present invention is used in a nonaqueous 
electrolyte secondary battery, the contact with the electrolyte 
material will decrease, and thus there will be a decrease in 
battery capacity. 
0202. On the other hand, in the case of hollow structure, 
the specific surface area is preferably 0.8 m/g to 2.0 m/g. In 
the case of this kind of hollow structure and the same average 
particle size, it is possible to increase the specific Surface area 
over that of the solid structure. When the specific surface area 
is greater than 2.0 m/g, the average particle size becomes too 
Small, and the amount of active material that can be packed 
inside a battery having limited capacity decreases, so the 
capacity per volume of the battery decreases. The lower limit 
of the specific Surface area is not particularly limited, how 
ever, in comparison with the solid structure, is preferably 0.8 
m/g or greater. 
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(Characteristics) 
0203 When the cathode active material above is used, for 
example, in the cathode of a 2032 type coin battery, a high 
initial discharge capacity of 150 mAh/g or greater, low cath 
ode resistance, and a high cycle capacity maintenance rate are 
obtained, indicating excellent characteristics as a cathode 
active material for a nonaqueous-electrolyte secondary bat 
tery. 

2.2. Manufacturing Method of a Cathode Active Material for 
a Nonacqueous-Electrolyte Secondary Battery 

0204 The manufacturing method of a cathode active 
material of the present invention is not particularly limited as 
long as the method is able to manufacture a cathode active 
material having the average particle size, the particle size 
distribution, particle structure and composition described 
above, however, by employing the method below, it is pos 
sible to more Surely manufacture Such a cathode active mate 
rial, so is preferred. 
0205 The manufacturing method of the cathode active 
material of the present invention includes a mixing process of 
mixing as raw materials nickel composite hydroxide and a 
lithium compound, to form a lithium mixture, and a calcina 
tion process of calcining the mixture that was formed in the 
mixing process, however, before the mixing process, it is 
possible to have a heat treatment process of heat treating the 
nickel composite hydroxide. In other words, as illustrated in 
FIG. 3, the manufacturing method can include: a) a heat 
treatment process of heat treating the nickel composite 
hydroxide that is a raw material of the cathode active material 
of this invention, b) a mixing process of mixing a lithium 
compound with the particles after heat treatment to form a 
lithium mixture, and c) a calcination process of calcining the 
mixture that was formed in the mixing process. Each of the 
processes will be explained below. 

a) Heat Treatment Process 
0206. The heat treatment process is a process of perform 
ing heat treatment by heating the nickel composite hydroxide 
that was obtained by the manufacturing method of nickel 
composite hydroxide described above to a temperature of 
105° C. to 750° C., and preferably 105° C. to 400° C. By 
performing this heat treatment process, moisture that is con 
tained in the composite hydroxide is removed. By performing 
this heat treatment process, it is possible to reduce the mois 
ture content that remains in the particles up to the calcination 
process to a fixed amount. Therefore, it is possible to prevent 
fluctuation in the ratio of the number of atoms of metal and the 
number of atoms of lithium in the cathode active material that 
is manufactured and obtained. 
0207. The moisture content only needs to be removed to an 
amount so that there is no fluctuation in the ratio of the 
number of atoms of metal and the number of atoms of lithium 
in the cathode active material. So it is notabsolutely necessary 
to convert all of the composite hydroxide to nickel composite 
oxide, and performing heat treatmentata temperature of 400° 
C. or less is sufficient, however, in order to further reduce 
fluctuation, the heating temperature can be 400°C. or greater, 
so that all of the composite hydroxide is converted to a com 
posite oxide. In the calcination process, which is a later pro 
cess, conversion to a composite oxide also occurs during 
heating, however, fluctuation is Suppressed to a lesser extent 
than by this heat treatment. 
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0208. In the heat treatment process, when the heating tem 
perature is less than 105°C., surplus moisture content in the 
composite hydroxide cannot be removed, so it may not be 
possible to suppress the fluctuation above. On the other hand, 
when the heating temperature is greater than 750° C., the 
particles are calcined by the heat treatment, and thus it is not 
possible to obtain a composite oxide having a uniform par 
ticle size. By finding the metal component that is contained in 
the composite hydroxide according to heat treatment condi 
tions in advance by analysis, and setting the ratio with the 
lithium compound, it is possible to suppress the fluctuation 
described above. 
0209. The atmosphere in which heat treatment is per 
formed is not particularly limited, and as long as the atmo 
sphere is a non-reduced atmosphere, heat treatment is pref 
erably performed in a current of air that can be performed 
easily. 
0210 Moreover, the heat treatment time is not particularly 
limited, however, when the time is less than one hour, there is 
a possibility that removal of the Surplus moisture in the com 
posite hydroxide will not be performed sufficiently, so pref 
erably the time is at least one hour or more, and preferably 5 
to 15 hours. 
0211 Moreover, the equipment used for heat treatment is 
not particularly limited, and as long as the composite hydrox 
ide can be heated in a non-reduced atmosphere, and prefer 
ably in an air current, an electric furnace that does not gener 
ate gas can be suitably used. 

b) Mixing Process 
0212. The mixing process is a process of mixing nickel 
composite hydroxide, or a composite hydroxide that was heat 
treated in the heat treatment process described above (here 
after, may be referred to as “heat-treated particles') with a 
material containing lithium, for example a lithium com 
pound, to obtain a lithium mixture. 
0213 Here, not only a composite hydroxide from which 
residual moisture content was removed in the heat treatment 
process, but also composite oxide that has been converted to 
an oxide in the heat treatment process, or mixtures of these 
particles are included in the heat-treated particles above. 
0214. Nickel composite hydroxide or heat-treated par 

ticles and lithium compound are mixed so that the ratio of the 
number of metal atoms other than lithium in the lithium 
mixture, or in other words, the total (Me) of the number of 
atoms of nickel, manganese, cobalt and additional elements 
and the number of atoms of lithium (Li) (Li/Me) is 0.95 to 1.5, 
and preferably 1 to 1.35, and even more preferably 1 to 1.20. 
In other words, the ratio Li/Me does not normally change 
before or after the calcination process, so the Li/Me ratio in 
this mixing process becomes the Li/Me ratio of the cathode 
active material, so mixing is performed so that the Li/Me ratio 
in the lithium mixture becomes the same as the Li/Me ratio of 
the cathode active material to be obtained. 
0215. The lithium compound that is used for forming the 
lithium mixture is not particularly limited, however, lithium 
hydroxide, lithium nitrate, lithium carbonate, or a mixture of 
these are easily obtained so are preferred. Particularly, in 
consideration of the ease of handling and the stability of 
quality, the use of lithium hydroxide or lithium carbonate or a 
mixture of these is even more preferred. 
0216. It is preferred that the lithium mixture be sufficiently 
mixed before calcination. In the case that the mixture is not 
sufficiently mixed, there is a possibility that a problem of 
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fluctuation in the Li/Me ratio between individual particles 
will occur, and that sufficient battery characteristics will not 
be obtained. 
0217 Moreover, it is possible to use a typical mixer for 
mixing, for example, it is possible to use a shaker mixer, a 
lodige mixer, a julia mixer, a Vblender and the like, as long as 
the composite oxide or heat-treated particles and material 
containing lithium are Sufficiently mixed to an extent that the 
structure of the nickel composite hydroxide is not destroyed. 

c) Calcination Process 
0218. The calcination process is a process of calcining the 
lithium mixture that was obtained in the mixing process 
described above to form a lithium nickel composite oxide. 
When the lithium mixture is calcined in the calcination pro 
cess, lithium that is in the material containing lithium is 
diffused into the nickel composite hydroxide or heat-treated 
particles, so a lithium nickel composite oxide is formed. 

(Calcination Temperature) 
0219 Calcination of the lithium mixture is performed at 
650° C. to 1000° C. When the calcination temperature is less 
than 650°C., the diffusion of lithium into the nickel compos 
ite oxide is not sufficient, and Surplus lithium and unreacted 
nickel composite oxide remains, or the crystal structure is not 
sufficiently uniform, and thus when used in a battery, suffi 
cient battery characteristics are not obtained. Moreover, when 
the calcination temperature is greater than 1000°C., intense 
sintering occurs between particles of the lithium nickel com 
posite oxide, and abnormal particle growth occurs, so the 
particles become coarse and it is not possible to maintain a 
state of spherical secondary particles. In either case, not only 
is there a drop in battery capacity, the value of the cathode 
resistance also becomes high. 
0220. In the general expression described above, when the 
value 'x'' that indicates the nickel content is 0.7 or less, from 
the aspect of causing lithium to sufficiently diffuse into the 
nickel composite oxide, the calcination temperature is pref 
erably 800° C. to 980° C., and more preferably 850° C. to 
950° C. On the other hand, when “X” is greater than 0.7, 
cationic mixing (migration of nickel into the lithium layer 
becomes severe) occurs, so from the aspect of preventing a 
decrease in battery capacity, the calcination temperature is 
preferably 650° C. to 850° C., and more preferably 700° C. to 
800° C. 

(Calcination Time) 
0221 Of the calcination time, the hold time at a specified 
temperature is preferably at least one hour or more, and more 
preferably 5 to 15 hours. When the hold time is less than one 
hour, there is a possibility that lithium nickel composite oxide 
will not be generated sufficiently. 

(Pre-Calcination) 
0222 Particularly, when lithium hydroxide or lithium car 
bonate is used as the lithium compound, before the calcina 
tion process, pre-calcination is performed at a temperature 
lower than the calcination temperature such as 350° C. to 
800° C. or preferably 450° C. to 780° C., for a holding time of 
1 to 10 hours, and preferably 3 to 6 hours. Alternatively, by 
slowing the speed of the rate oftemperature increase until the 
temperature reaches the calcination temperature, it is possible 
to essentially obtain the same effect as when pre-calcination 
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is performed. In other words, performing pre-calcination at 
the reaction temperature of lithium hydroxide or lithium car 
bonate and nickel composite oxide is preferred. In this case, 
by maintaining the temperature at near the reaction tempera 
ture of lithium hydroxide and lithium carbonate, diffusion of 
the lithium into the heat-treated particles is performed suffi 
ciently, and it is possible to obtain a uniform lithium nickel 
composite oxide. 

(Calcination Atmosphere) 
0223) The calcination atmosphere is preferably an oxidiz 
ing atmosphere, so an atmosphere having an oxygen concen 
tration of 10 volume 96 to 100 volume '% is more preferred, 
and a mixed atmosphere of oxygen having the oxygen con 
centration above and an inert gas is particularly preferred. In 
other words, calcination is preferably performed in an air 
atmosphere or oxygen current. When the oxygen concentra 
tion is less then 10 volume 96, oxidation is not sufficient, so 
the crystallinity of the lithium nickel composite oxide may 
not be sufficient. Particularly, when the value 'x' above is 
greater than 0.7, performing calcination in oxygen current is 
even more preferred. 
0224. The furnace that is used in calcination is not particu 
larly limited, however heating should be performed in an air 
atmosphere or oxygen current, and from the aspect of keeping 
the atmosphere in the furnace uniform, an electric furnace in 
which there is no gas generation is preferred, and a batch type 
or continuous type of furnace is used. 

(Cracking) 

0225. The lithium nickel composite oxide that is obtained 
through calcination may undergo clumping or light sintering. 
In that case, cracking can be performed, and as a result, it is 
possible to obtain lithium nickel composite oxide, or in other 
words, the cathode active material of the present invention. 
Cracking is an operation of breaking up a clump by applying 
mechanical energy to plural secondary particles, which have 
clumped together due to sintering necking or the like that 
occurs between secondary particles during calcination, and 
separating the secondary particles without destroying the sec 
ondary particles themselves. 

(3) Nonaqueous-Electrolyte Secondary Battery 
0226. The nonaqueous-electrolyte secondary battery of 
the present invention includes a cathode, an anode and a 
nonaqueous electrolyte, and is composed of the same com 
ponents as a typical nonaqueous-electrolyte secondary bat 
tery. The embodiments explained below are only examples, 
and the nonaqueous-electrolyte secondary battery of the 
present invention can also be applied to various modifications 
and improvements based on the embodiments disclosed in 
this specification. 

3.1. Cathode 

0227. The cathode of a nonaqueous-electrolyte secondary 
battery is manufactured such as described below using the 
cathode active material for a nonaqueous-electrolyte second 
ary battery that was obtained according to the present inven 
tion. 
0228. First, a conductive material and binding agent are 
mixed with the powder cathode active material that was 
obtained according to the present invention, and as necessary, 
activated carbon or a solvent for controlling viscosity or the 
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like is added, after which all of these are mixed to manufac 
ture a mixed cathode paste. When doing this, the respective 
mixture ratios in the mixed cathode paste are also important 
elements for setting the performance of the nonaqueous-elec 
trolyte secondary battery. Taking the solid content of the 
mixed cathode material except the solvent to be 100 parts by 
weight, as in the cathode of a typical nonaqueous-electrolyte 
secondary battery, preferably the content of the cathode active 
material is taken to be 60 to 95 parts by weight, the content of 
conductive material is taken to be 1 to 20 parts by weight and 
the content of the binding agent is taken to be 1 to 20 parts by 
weight. 
0229. The obtained mixed cathode paste is applied, for 
example, to the Surface of a collector made of aluminum foil, 
and then dried to release the solvent. As necessary, pressure is 
applied using a roll press in order to increase the electrode 
density. In this way, it is possible to manufacture a sheet 
shaped cathode. A sheet shaped cathode can be cut to an 
appropriate size according to the intended battery, and used in 
the manufacture of the battery. However, the method for 
manufacturing the cathode is not limited to this example, and 
other methods could also be used. 
0230. As the conductive material, it is possible to use, for 
example, graphite (natural graphite, synthetic graphite, 
expanded graphite or the like), or a carbon black type material 
Such as acetylene black, ketjen black or the like. 
0231. The binding agent serves the purpose of binding 
together particles of active material, and, for example, it is 
possible to use polyvinylidene fluoride (PVDF), polytet 
rafluoroethylene (PTFE), fluororubber, ethylene propylene 
diene rubber, styrene-butadiene, cellulose resin and poly 
acrylic acid. 
0232 Moreover, as necessary, it is possible to add a sol 
vent for dispersing the active cathode material, conductive 
material and activated carbon and for dissolving the binding 
agent to the mixed cathode material. More specifically, it is 
possible to use an organic solvent Such as N-methyl-2-pyr 
rolidone as the solvent. It is also possible to add activated 
carbon to the mixed cathode material in order to increase the 
electric double layer capacity. 

3.2. Anode 

0233. An anode that is formed by applying a paste-like 
mixed anode material, which is formed by mixing a binding 
agent with metal lithium, lithium alloy or other anode active 
material that is capable of occlusion and desorption of lithium 
ions, and adding a suitable solvent, to the Surface of a collec 
tor made of a metal foil such as copper foil, then drying and 
applying pressure as necessary to increase the electrode den 
sity can be used. 
0234. As the anode active material, it is possible, for 
example, to use an organic calcined compound such as natural 
graphite, synthetic graphite, phenol resin and the like, or a 
powdered carbon Substance Such as coke and the like. In this 
case, as the anode binding agent, as in the case of the cathode, 
it is possible to use a fluorine containing resin such as PVDF, 
and as a solvent for dispersing the active material and the 
binding agent, it is possible to use an organic solvent such as 
N-methyl-2-pyrrolidone. 

3.3. Separator 

0235 A separator is placed between the cathode and 
anode. The separator separates the cathode and anode and 
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holds the electrolyte, and as the separator it is possible to use 
a thin film made of polyethylene, polypropylene or the like, 
and that has many minute holes. 

3.4. Nonacqueous Electrolyte 
0236. The nonaqueous electrolyte is an organic solvent in 
which lithium salt has been dissolved as a Supporting elec 
trolyte. 
0237 As the organic solvent it is possible to use one kind 
alone or a mixture of two kinds or more of material selected 
from among a cyclic carbonate Such as ethylene carbonate, 
propylene carbonate, butylene carbonate, trifluoro propylene 
carbonate and the like; a chain-shaped carbonate Such as 
diethyl carbonate, dimethyl carbonate, ethyl methyl carbon 
ate, dipropyl carbonate and the like; an ether compound Such 
as tetrahydrofuran, 2-methyltetrahydrofuran, dimethoxy 
ethane and the like; a Sulfur compound Such as ethyl methyl 
Sulfone, butane Sultone and the like; and a phosphorus com 
pound such as triethyl phosphate, trioctyl phosphate and the 
like. 
0238. As the supporting electrolyte it is possible to use 
LiPF LiBF LiClO LiASF, LiN(CFSO), a composite 
thereof, and the like. 
0239 Furthermore, the nonaqueous electrolyte can also 
include a radical scavenger, a surfactant, a flame retardant and 
the like. 

3.5. Shape and Construction of a Battery 
0240. A nonaqueous-electrolyte secondary battery of the 
present invention that is constructed using the cathode, anode, 
separator and nonaqueous electrolyte explained above can 
have various shapes, such as a cylindrical shape or layered 
shape. 
0241. In the case of any shape, the cathode and anode are 
layered by way of a separator to form an electrode assembly, 
nonaqueous electrolyte is impregnated into the obtained elec 
trode assembly, a cathode collector and a cathode terminal 
that passes to the outside, an anode collector and an anode 
terminal that passes to the outside are connected by collector 
leads, and this is all sealed in a battery case to completely 
form a nonaqueous-electrolyte secondary battery. 

3.6. Characteristics 

0242. The nonaqueous-electrolyte secondary battery of 
the present invention has a high initial discharge capacity of 
150 mAh/g or more, a low cathode resistance of 1092 or less, 
and is a high capacity and high output battery. Moreover, 
when the cathode active material is compared with that of a 
conventional lithium cobalt oxide or lithium nickel oxide, the 
battery is Superior in regards to high thermal stability and 
safety. 

3.7. Application 
0243 The nonaqueous-electrolyte secondary battery of 
the present invention is suitable as a power source for com 
pact portable electronic devices (notebook personal com 
puter, portable telephone, and the like) that usually require a 
high capacity power Source. 
0244. The secondary battery of the present invention is 
also suitable as a power source for a battery used as the power 
Source for a motor drive that requires high output. As the size 
of a battery increases, maintaining safety becomes more dif 
ficult, and expensive protective circuits become indispen 
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sible. However, the nonaqueous-electrolyte secondary bat 
tery of the present invention has excellent safety without an 
increase in the battery size, so not only is maintaining safety 
easy, the expensive protective circuits can be simplified, and 
the cost can be decreased. Furthermore, compact size and 
high output are possible, so the secondary battery is Suitable 
as a power source for transport equipment in which installa 
tion space is limited. 

EXAMPLES 

0245. In the following, the present invention will be 
explained in detail with reference to some examples and 
comparative examples. In all of the examples and compara 
tive examples, special grade chemical specimens manufac 
tured by Wako Pure Chemical Industries Co., Ltd. were used 
in the manufacture of the composite hydroxide, cathode 
active material and secondary battery. 

Example 1 

Manufacturing of Nickel Composite Hydroxide 

(Nucleation Process) 

0246 First, 7.2 L of water is put into a 50 L reaction tank 
with a baffle board that is capable of maintaining the atmo 
sphere in the tank, and while mixing at 500 rpm using inclined 
paddle type impellers, the oxygen concentration of the reac 
tion tank atmosphere was decreased to 1 volume 96 or less by 
passing nitrogen gas through the tank, and the tank tempera 
ture was adjusted until the temperature became 40°C. To this 
reaction tank, proper amounts of 25 weight '% of Sodium 
hydroxide aqueous solution and 25 weight '% of ammonia 
water were added, and at a standard Solution temperature of 
25°C., the pH value of the reaction solution in the tank was 
adjusted to 12.6, and the ammonia concentration was 
adjusted to 10 g/L to obtain a pre-reaction aqueous solution. 
0247 Next, nickel sulfate and manganese sulfate (metal 
element mole ratio, Ni:Mn=50:50) were dissolved in water, 
then 35 ml of the obtained 1.9 mol/L mixed aqueous solution 
was added, and with ammonia concentration in the reaction 
aqueous solution (nucleation aqueous solution) maintained at 
the value above, crystallization (nucleation) was performed 
while adding 25% sodium hydroxide aqueous Solution so that 
the pH value was maintained at 12.6 (nucleation pH). 

(Particle Growth Process) 

0248. After nucleation was complete, 32 weight% sulfu 
ric acid was added until the pH value at a standard solution 
temperature of 25°C. became 11.6 (nuclei growth pH). After 
the pH value of the reaction aqueous solution reached 11.6, a 
fixed amount of 25 weight% ammonia water was added to the 
reaction aqueous solution (particle growth aqueous solution) 
in order to maintain the ammonia concentration at the value 
above, and 25 weight% sodium hydroxide aqueous solution 
was added to control the pH value at 11.6, and in this state, the 
mixed aqueous solution was added at 103.2 ml/min, and by 
keeping the atmosphere at the value above, crystallization 
was continued for 4 hours. After that, crystallization was 
stopped, and the solution was allowed to rest to promote 
precipitation of the product, after which crystallization was 
ended. The product was then washed in water, filtered and 
dried. 
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0249. In the crystallization above, the pH was controlled 
by adjusting the Supply flow rate of Sodium hydroxide aque 
ous solution using a pH controller, and the fluctuation range 
was within the range of +0.2 of the set value. Moreover, the 
agitation power requirement per unit Volume of the reaction 
Solution was estimated from the rotation torque and rotation 
speed to be 1.3 kW/m to 2.2 kW/m. 
Analysis of the Composite Hydroxide 
0250) A sample of the obtained composite hydroxide was 
dissolved using an inorganic acid, after which chemical 
analysis was performed using the ICP emission spectrogra 
phy, and the composition was found to be Nioso Minoso(OH) 
2 (Osaso.5). 
0251 Moreover, for this composite hydroxide, the aver 
age particle size and the value of the index (d90-d10)/aver 
age particle size that indicates the particle size distribution 
were calculated and found from the Volume integration value 
that was measured using a laser diffraction-scattering type 
particle size distribution measuring device (Microtrac HRA, 
manufactured by Nikkiso Co., Ltd.). As a result, it was found 
that the average particle size was 9.1 um, and the index 
(d90-d10)/average particle size was 0.53. 
0252) Next, SEM (scanning electron microscope S-4700, 
Hitachi High-Technologies Corporation) observation (mag 
nification rate: 5000x) of the obtained composite hydroxide 
was performed, and it was found that the composite hydrox 
ide had a nearly spherical shape, and the particle size was 
nearly uniform. The results of the SEM observation are illus 
trated in FIG. 5. 
0253 Moreover, a sample of the obtained composite 
hydroxide was embedded in resin, and cross-section polish 
ing was performed, after which SEM observation at a mag 
nification rate of 5000x was performed, and as a result it was 
found that the composite hydroxide was composed of sec 
ondary particles, and those secondary particles were com 
posed of needle shaped and plate shaped primary particles 
(the particle size was about 0.8 um). The cross-section SEM 
observation results are illustrated in FIG. 6. 
0254 The characteristics of the composite hydroxide 
obtained in this example are illustrated in Table 1. The same 
contents for examples 2 to 5 and comparative examples 1 to 5 
are also illustrated in Table 1. 

Manufacture of the Cathode Active Material 
0255. The composite hydroxide described above was heat 
treated in an air flow (oxygen: 21 volume '%) for 6 hours at 
700° C., and recovered as heat-treated particles. 
0256 Lithium carbonate was weighed so that Li/Me=1. 
20, then sufficiently mixed with the heat-treated particles 
above using a shaker mixer (TURBULA Type T2C, Willy A. 
Bachofen AG) to obtain a lithium mixture. This mixture was 
then pre-calcined in an air flow (oxygen: 21 volume 96) for 4 
hours at 500° C., calcined for 10 hours at 900° C. and then 
cooled, after which the mixture was further cracked to obtain 
a cathode active material for a nonaqueous-electrolyte sec 
ondary battery. 

Analysis of the Cathode Active Material 
0257. The obtained cathode active material was chemi 
cally analyzed by the same method as used for the composite 
hydroxide, and the composition was found to be Liaonio. 
soMno so.O. Using the same method as used for the compos 
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ite hydroxide, the particle size distribution of the obtained 
cathode active material was measured, and the average par 
ticle size was 9.2 um, and the index (d.90-d10)/average par 
ticle size was 0.55. 
0258 Moreover, using the same method as used for the 
composite hydroxide, SEM observation (magnification rate: 
5000x) and cross-section SEM observation (magnification 
rate: 5000x) of the cathode active material was performed, 
and the obtained cathode active material was found to be 
nearly spherical, and the particle size was mostly uniform. 
The results of the SEM observation for this cathode active 
material are illustrated in FIG. 7. On the other hand, in the 
cross-section SEM observation, it was found that the cathode 
active material had a solid structure of sintered primary par 
ticles. The results of the cross-section SEM observation of 
this cathode active material are illustrated in FIG. 8. 

0259 Furthermore, the specific surface area was mea 
Sured using a flow type gas adsorption specific Surface area 
measurement device (Multisorb, Yuasa Ionics Co., Ltd.) and 
found to be 0.6 m/g. The obtained cathode active material 
was also analyzed by powder X-ray diffraction by Cu-KC. 
rays using an X-ray diffraction device (X Pert PRO, PANa 
lytical B.V.), and it was found that the crystal structure of the 
cathode active material was hexagonal layered crystallithium 
nickel manganese composite oxide single phase. It was also 
found from cross-section SEM observation that the structure 
was a solid structure. 

Manufacture of Secondary Battery 

0260 For evaluating the obtained cathode active material 
for a nonaqueous-electrolyte secondary battery, a battery as 
described below was manufactured. First, 52.5 mg of the 
cathode active material for a nonaqueous-electrolyte second 
ary battery, 15 mg of acetylene black and 7.5 mg of polytetra 
ethylene fluoride resin (PTFE) were mixed, and a pressure of 
100 MPa was applied to press form a cathode (electrode for 
evaluation) (1) having a 11 mm diameter and 100 um thick 
ness as illustrated in FIG. 14. The formed cathode (1) was 
then dried for 12 hours at 120° C. in a vacuum drier. This 
cathode (1) was then used to form a 2032 type coin battery (B) 
such as illustrated in FIG. 14 inside a glovebox that was in an 
Ar atmosphere that was managed at a dew point of -80° C. 
Lithium metal having a diameter of 17 mm and a thickness of 
1 mm was used as the anode (2), and 1 M of a mixed solution 
of equal parts of ethylene carbonate (EC) and diethyl carbon 
ate (DEC) (Tomiyama Pure Chemical Industries, Ltd.) with 
LiClO as a supporting electrolyte was used as the electrolyte. 
A porous polyethylene film having a film thickness of 25um 
was used as the separator (3). Moreover, the coin battery (B) 
hadagasket (4), and was assembled into a coin shaped battery 
with a cathode can (5) and anode can (6). 

Battery Evaluation 
0261 The initial electric discharge capacity, the cycle 
capacity maintenance rate, and the cathode resistance that are 
used to evaluate the performance of the obtained battery (B) 
are defined below. 

0262 The initial electric discharge capacity is the electric 
discharge capacity when, after the coin battery (B) has been 
allowed to sit for 24 hours after assembly and the open circuit 
voltage (OCV) has stabilized, the battery has been charged 
until it reaches the cutoff voltage 4.3 V with a current density 
with respect to the cathode of 0.1 mA/cm, and then after a 1 
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hour rest, is allowed to discharge to a cutoff voltage of 3.0 V. 
A multi-channel voltage/current generator (R6741A, 
Advantest Corporation) was used for measuring the charge? 
discharge capacity. 
0263. The cathode resistance is the resistance value that is 
measured by the alternating current impedance method using 
a coin battery (B) that has been charged to a charging potential 
of 4.1V. When the resistance was measured by the alternating 
current impedance method using a frequency response ana 
lyZer and a potentiostat/galvanostat (Solatron), a Nyquist plot 
such as illustrated in FIG. 13 was obtained. The plot is 
expressed as a Sum of characteristic curves that illustrate the 
Solution resistance, the anode resistance and capacity, and the 
cathode resistance and capacity, so a fitting calculation was 
performed using an equivalent circuit, and the value of the 
cathode resistance was measured. 

0264. A coin type battery having a cathode that was 
formed using the cathode active material above was evalu 
ated, and it was found that the initial electric discharge capac 
ity was 207.6 mAh/g, and the cathode resistance was 8.5S2. 
0265. The characteristics of the cathode active material 
that was obtained in this example, and the evaluations of a 
coin type battery that was manufactured using the cathode 
active material are illustrated in Table 2. The same contents 
for examples 2 to 5 and comparative examples 1 to 5 below 
are also illustrated in Table 2. 

Example 2 

0266 Except for forming a mixed aqueous solution by 
dissolving sodium tungState in water in addition to nickel 
Sulfate and manganese Sulfate in the process for manufactur 
ing a composite hydroxide, a cathode active material for a 
nonaqueous-electrolyte secondary battery was obtained and 
evaluated in the same way as in example 1. In this mixed 
aqueous solution, the element molar ratios of the metals were 
adjusted so that Ni:Mn:W=49.75:49.75:0.5. The composition 
of the obtained composite hydroxide was Nicos Mno. 
4975 Woos(OH), (Osaso.5). Moreover, the composition of 
the obtained cathode active material was Liaonio, Mno. 
4975 WooosO, and from powder X-ray diffraction, it was 
found that the cathode active material was composed of hex 
agonal crystals of layered lithium nickel manganese compos 
ite oxide single phase. 

Example 3 

0267 Except for forming a mixed aqueous solution by 
dissolving Zirconium sulfate in water in addition to nickel 
Sulfate and manganese Sulfate in the process for manufactur 
ing a composite hydroxide, a cathode active material for a 
nonaqueous-electrolyte secondary battery was obtained and 
evaluated in the same way as in example 1. In this mixed 
aqueous solution, the element molar ratios of the metals were 
adjusted so that Ni:Mn:Zr=49.75:49.75:0.5. The composition 
of the obtained composite hydroxide was Nicos Mno. 
4975Zroops(OH), (Osaso.5). Moreover, the composition of 
the obtained cathode active material was Liaonio, Mno. 
4975ZrooosO, and from powder X-ray diffraction, it was 
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found that the cathode active material was composed of hex 
agonal crystals of layered lithium nickel manganese compos 
ite oxide single phase. 

Example 4 

0268 Except for making the ammonia concentration 15 
g/L, performing the particle growth process for 4 hours and 
then stopping agitating to allow the solid content to precipi 
tate out, removing the Supernatant liquid until the amount was 
the same as the amount of liquid after seed crystallization, and 
then performing the particle growth process for 4 hours in the 
process for manufacturing composite hydroxide, a cathode 
active material for a nonaqueous-electrolyte secondary bat 
tery was obtained and evaluated in the same way as in 
example 1. The compositions of the obtained composite 
hydroxide and cathode active material were the same as that 
in example 1, and it was found by powder X-ray diffraction 
that the cathode active material was composed of hexagonal 
crystals of layered lithium nickel manganese composite oxide 
single phase. 

Example 5 

0269 Except for rotating the agitating blades at 600 rpm, 
and the agitation power requirement per unit volume of the 
reaction aqueous solution in the nucleation process and par 
ticle growth process being adjusted to be 2.9 to 4.0kW/m, a 
cathode active material for a nonaqueous-electrolyte second 
ary battery was obtained and evaluated in the same way as in 
example 1. The compositions of the obtained composite 
hydroxide and cathode active material were the same as that 
in example 1, and it was found by powder X-ray diffraction 
that the cathode active material was composed of hexagonal 
crystals of layered lithium nickel manganese composite oxide 
single phase. 

Comparative Example 1 

0270 Except that the pH value during nucleation and par 
ticle growth was maintained at a fixed value of 11.6 at a 
standard solution temperature of 25°C., a cathode active 
material for a nonaqueous-electrolyte secondary battery was 
obtained and evaluated in the same way as in example 1. The 
compositions of the obtained composite hydroxide and cath 
ode active material were the same as that in example 1, and it 
was found by powder X-ray diffraction that the cathode active 
material was composed of hexagonal crystals of layered 
lithium nickel manganese composite oxide single phase. 

Comparative Example 2 

0271 Except that the pH value during nucleation and par 
ticle growth was maintained at a fixed value of 12.6 at a 
standard Solution temperature of 25°C., a nickel manganese 
composite hydroxide was obtained in the same way as in 
example 1. However, new nuclei were generated during the 
entire crystallization period, so irregular shaped particles 
having a wide particle size distribution and including gel type 
precipitate were obtained, and Solid-liquid separation was 
difficult, so processing was terminated. 
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Comparative Example 3 
0272 Except that the calcination temperature was 1050° 
C., a cathode active material for a nonaqueous-electrolyte 
secondary battery was obtained and evaluated in the same 
way as in example 1. The compositions of the obtained com 
posite hydroxide and cathode active material were the same 
as that in example 1. However, from the results of X-ray 
diffraction measurement, the hexagonal crystal structure was 
lost, and performance as a cathode active material could not 
be expected, so battery evaluation was not performed. 

Comparative Example 4 
0273 Except that the agitating blades were rotated at 200 
rpm, and the agitation power requirement per unit volume of 
the reaction aqueous solution in the nucleation process and 
particle growth process was adjusted to be 2.9 kW/m to 4.0 
kW/m, a composite hydroxide was obtained and evaluated in 
the same way as in example 1. The compositions of the 
obtained composite hydroxide and cathode active material 
were Nios Minos (OH)2 (Osaso.5) and Liaonios MinosC2. 
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respectively, and the index (d.90-d10)/average particle size 
was 1.14. The particle size distribution of the composite 
hydroxide was large, so was a cathode active material for a 
nonaqueous-electrolyte secondary battery was not formed. 

Comparative Example 5 

0274 Except for the agitating blades being turbine blades, 
and being rotated at 1000 rpm so that the agitation power 
requirement per unit volume of reaction aqueous solution in 
the nucleation process and particle growth process became 
4.5 kW/m to 6.0 kW/m, a cathode active material for a 
nonaqueous-electrolyte secondary battery was obtained and 
evaluated in the same way as in example 1. The compositions 
of the obtained composite hydroxide and cathode active 
material were the same as that in example 1, however, the 
average particle size remained at 5.2 Lum. It was found by 
powder X-ray diffraction that the cathode active material was 
composed of hexagonal crystals of layered lithium nickel 
manganese composite oxide single phase. 

TABLE 1 

Agitation (d.90 - d10)/ 
Oxygen Tank NH, pH power Average Average 

Additional concentration temperature concentration Nucleation Particle fluctuation requirement particle particle 

elements (volume %) (° C.) (gL) pH growth pH width (kW/m) size (Lm) size 

Example 1 — 1 or less 40 10 12.6 11.6 O.2 3-2.2 9.1 O.S3 

Example 2 W 1 or less 40 10 12.6 11.6 O.2 3-2.2 9.4 O.S2 

Example 3 Zr 1 or less 40 10 12.6 11.6 O.2 3-2.2 10.3 O.S4 

Example 4 — 1 or less 40 15 12.6 11.6 O.2 3-2.2 11.1 0.55 

Example 5 — 1 or less 40 10 12.6 11.6 O.2 29-4.O 9.1 O.S3 

CX-1 1 or less 40 10 11.6 11.6 O.2 3-2.2 15.3 O.S3 

CX-2 1 or less 40 10 12.6 12.6 O.2 3-2.2 

CX-3 1 or less 40 10 12.6 11.6 O.2 3-2.2 9.1 O.S3 

CX-4 1 or less 40 10 12.6 11.6 O.2 0.2-0.4 10.1 1.14 

CX-5 1 or less 40 10 12.6 11.6 O.2 4.5-6.O 5.2 OSO 

(CX = Comparative Example) 

TABLE 2 

(d90 - Specific Initial electric 
Heat Pre- Average d10)/ Surface Tap discharge 

treatinent calcination - Calcination particle Average area density capacity Resistance 

C. Time C. Time C. Time size (im) particle size (mig) (g/m) Structure (mAh/g) (S2) 
Example 1 700 6 500 4 900 10 9.2 0.55 O.6 2.2 Solid 2O7.6 8.5 
Example 2 700 6 500 4 900 10 9.0 O.S3 O.6 2.1 Solid 205.8 7.1 
Example 3 700 6 500 4 900 10 9.2 O.S1 O.6 2.1 Solid 206.8 8.1 
Example 4 700 6 500 4 900 10 9.7 0.55 O.6 2.2 Solid 205.8 8.2 
Example 5 700 6 500 4 900 10 9.3 O.S4 O.6 2.1 Solid 2O6.1 8.0 
CX-1 700 6 500 4 900 10 15.1 O.78 O.S 2.2 Solid 2O6.O 18.4 
CX-2 
CX-3 700 6 500 4 1 OSO 10 18.6 O.87 
CX-4 
CX-5 700 6 500 4 900 10 5.3 O.S2 1.2 2.0 Solid 199.8 8.1 

(CX = Comparative Example) 
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Evaluation 
0275. The composite hydroxide and the cathode active 
material of examples 1 to 5 were manufactured according to 
the present invention, so the average particle size and the 
value (d90-d10)/average particle size, which is an index 
that indicates the expanse of the particle size distribution, 
were within the preferable ranges for all, and the particles had 
good particle size distribution and nearly uniform particle 
size. Coin batteries that were made using the cathode active 
material of these examples had high initial electric discharge 
capacity, and low cathode resistance, and had excellent bat 
tery characteristics. 
0276. In comparative example 1, the pH values during 
nucleation and particle growth were both 12 or less, so the 
amount of nucleation was insufficient, and both the compos 
ite hydroxide and cathode active material had a large particle 
size. Therefore, a coin battery that used this cathode active 
material had insufficient reaction Surface area, and the cath 
ode resistance was higher than in the examples. 
0277. In comparative example 2, the pH values during 
nucleation and particle growth were both 12 or less, so new 
nuclei were generated during the enter period of the crystal 
lization reaction, and particles became Small and clumped 
together, so the particle size distribution became large, and 
manufacturing the cathode active material became difficult. 
0278. In comparative example 3, the manufacturing pro 
cess for the cathode active material was not according to the 
present invention, so it was impossible to obtain a cathode 
active material having good characteristics. 
0279. In comparative example 4 and comparative example 
5, the agitating conditions for the reaction aqueous solution 
were not according to the present invention, so in comparative 
example 4, the particle size distribution was outside of the 
range of the present invention, and in comparative example 5. 
the average particle size of the composite hydroxide particles 
did not reach 7 um, and the average particle size of the 
cathode active material did not reach 8 Lum. 
0280 From the results above, it can be seen that by manu 
facturing a nickel manganese composite hydroxide and cath 
ode active material using the manufacturing method of the 
present invention, a nonaqueous-electrolyte secondary bat 
tery that uses the cathode active material has a high initial 
electric discharge capacity and low cathode resistance, and is 
a battery having excellent battery characteristics. 

Example 6 

Manufacture of Nickel Composite Hydroxide 
0281 Composite hydroxide was manufactured as 
described below. 

(Nucleation Process) 
0282 Except for using 2.2 mol/L of aqueous solution 
obtained by dissolving nickel Sulfate, manganese Sulfate and 
cobalt sulfate (metal element molar ratios; Ni:Mn:Co=50:25: 
25) in water as a mixed aqueous Solution and adding 35 ml of 
this mixed aqueous solution to the reaction aqueous solution, 
crystallization (nucleation) was performed in the same way as 
in example 1. 

(Particle Growth Process) 
0283 Crystallization (particle growth) was performed in 
the same way as in example 1. In this crystallization process, 
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the pH fluctuation width was within the range of +0.2 of the 
set value. Moreover, the agitation power requirement per unit 
Volume of the reaction aqueous Solution was estimated from 
the rotation torque and rotation speed to be 1.3 to 3.2 kW/m. 

Analysis of the Composite Hydroxide 

0284. After a sample of the obtained composite hydroxide 
was dissolved using inorganic acid, chemical analysis was 
performed using the ICP emission spectrography, and the 
composition was found to be Nioso MinosCoos (OH)2 
(Osas ().5). The average particle size was 9.4 um, and the 
index (d90-d10)/average particle size was 0.51. 
0285. The characteristics of the composite hydroxide that 
was obtained in this example are illustrated in Table 3. The 
same contents for examples 7 and 8 and comparative 
examples 6 and 7 are also illustrated in Table 3. 

Manufacture of the Cathode Active Material 

0286 Except for heat treating the composite hydroxide 
described above in an air flow (oxygen: 21 volume 96) for 12 
hours at 150° C. and recovering as heat-treated particles, 
weighing the lithium carbonate so that Li/Me=1.15, mixing, 
and then pre-calcining in an air flow (oxygen: 21 volume '%) 
for 4 hours at 760° C., and calcining for 10 hours at 860°C., 
a cathode active material for a nonaqueous-electrolyte sec 
ondary battery was obtained in the same way as in example 1. 

Analysis of the Cathode Active Material 

0287. The obtained cathode active material was chemi 
cally analyzed by the same method as used for the composite 
hydroxide, and the composition was found to be Liaonio. 
soMno Coos O. From powder X-ray diffraction, it was 
found that this cathode active material was hexagonal layered 
crystal lithium nickel manganese composite oxide single 
phase, and from cross-section SEM observation it was found 
that the structure was a solid structure. 

0288 The obtained composite hydroxide and cathode 
active material were evaluated in the same way as in example 
1, and the characteristics of the obtained cathode active mate 
rial, and evaluations of coin type batteries that were manu 
factured using this cathode active material are illustrated in 
Table 4. The same contents for examples 6 and 7 and com 
parative examples 4 and 5 are also illustrated in Table 4. 

Example 7 

0289 Except for making the agitating speed during the 
nucleation process and growth process 400 rpm, and increas 
ing the rotating speed 200 rpm at a time every 20 minutes up 
until 60 minutes after the growth process, a cathode active 
material was obtained and evaluated in the same way as in 
example 6. The compositions of the obtained composite 
hydroxide and cathode active material were the same as in 
example 6, and from powder X-ray diffraction, it was found 
that the cathode active material was hexagonal layered crystal 
lithium nickel manganese composite oxide single phase. 
0290 The agitation power requirement per unit volume of 
the reaction aqueous solution was estimated from the rotation 
torque and rotation speed to be 0.7 to 3.6 kW/m. 
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Example 8 
0291 Except for forming a mixed aqueous solution by 
dissolving nickel Sulfate, cobalt Sulfate and aluminum Sulfate 
(metal element molar ratio; Ni:Co: Al=82:15:3) in water in 
the process for manufacturing composite hydroxide, then 
heat treating the obtained composite hydroxide in an air flow 
(oxygen: 21 volume 96) for 6 hours at 700° C. and recovering 
as heat-treated particles, obtaining a lithium mixture by mix 
ing the heat-treated particles with lithium hydroxide so that 
Li/Me=1.02, pre-calcining this mixture in an oxygen airflow 
for 4 hours at 500° C., and calcining for 24 hours at 730°C., 
a cathode active material for a nonaqueous-electrolyte sec 
ondary battery was obtained in the same was as in example 6. 
The composition of the obtained composite hydroxide was 
Nics Coos Al(OH), (Osaso.5). Moreover, the compo 
sition of the cathode active material that was obtained from 
this composite hydroxide was Lionios2Mnos Aloo O2, 
and from powder X-ray diffraction, it was found that the 
cathode active material was hexagonal layered crystallithium 
nickel composite oxide single phase. 

Comparative Example 6 

0292 Except for adjusting the flow rate of nitrogen gas in 
the reaction tank, and making the oxygen concentration of the 
atmosphere in the reaction tank 2.0 Volume 96 during crystal 
lization, cathode active material was obtained and evaluated 
in the same way as in example 6. The compositions of the 
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obtained composite hydroxide and cathode active material 
were the same as in example 6, and from powder X-ray 
diffraction, it was found that the cathode active material was 
hexagonal layered crystal lithium nickel manganese compos 
ite oxide single phase. 

Comparative Example 7 

0293 Areaction tank having a overflow pipe at the top was 
used for continuous crystallization, and in an air atmosphere, 
the pH value of the reaction aqueous solution was kept at a 
fixed value of 11.0 at a standard solution temperature of 25° 
C., the same mixed aqueous solution as in example 6, ammo 
nia aqueous Solution and sodium hydroxide solution were 
continuously added at a constant flow rate, and the overflow 
ing slurry was continuously collected and analyzed using a 
typical method. The mean residence time in the reaction tank 
was 10 hours, and after the inside of the reaction tank reached 
an equilibrium state, the slurry was collected and Solid-liquid 
separation was performed to obtain crystallized material; 
other than this, a cathode active material for a nonaqueous 
electrolyte secondary battery was obtained and analyzed in 
the same way as in example 6. The composition of the 
obtained composite hydroxide and cathode active material 
was the same as in example 6, and from powder X-ray dif 
fraction, it was found that the cathode active material was 
hexagonal layered crystal lithium nickel manganese compos 
ite oxide single phase. 

TABLE 3 

Agitating (d.90 - d10)/ 
Oxygen Tank NH pH Power Average Average 

Additional concentration temperature concentration Nucleation Particle fluctuation Requirement particle particle 

elements (volume %) (° C.) (gL) pH growth pH width (kW/m) size (Lm) size 

Example 6 — 1 or less 40 10 12.6 11.6 O.2 1.3-2.2 9.4 O.S1 

Example 7 — 1 or less 40 10 12.6 11.6 O.2 O.7-36 11.6 O.S2 

Example 8 Al 1 or less 40 10 12.6 11.6 O.2 1.3-2.2 9.9 OSO 

CX-6 2 40 10 12.6 11.6 O.2 1.3-2.2 5.8 O46 

CX-7 1 or less 40 10 11 11 O.2 1.3-2.2 1O.S O.74 

(CX = Comparative Example) 

TABLE 4 

Initial 
(d90-d10), Specific electric 

Heat Pre- Average Average Surface Tap discharge Resist 
treatinent calcination Calcination particle particle area density capacity 8CC. 

C. Time C. Time C. Time size (Lm) size (m?g) (g/m) Structure (mAh/g) (S2) 

Example 6 150 12 760 4 860 10 10.7 O.47 O.8 2.1 Solid 1613 4.1 
Example 7 150 12 760 4 860 10 11.9 O46 O.8 2.1 Solid 161.7 4.0 
Example 8 700 6 SOO 4 730 24 1O.S O.49 O.9 2.2 Solid 1986 4.0 
CX-6 150 12 760 4 860 10 5.7 O.45 1.3 1.7 Solid 159.1 3.5 
CX-7 150 12 760 4 860 10 10.6 0.77 0.7 2.0 Solid 16O2 13.5 

(CX = Comparative Example) 
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Evaluation 
0294 The composite hydroxide and cathode active mate 

rial of example 6 to 8 were manufactured according to the 
manufacturing method of the present invention, so the aver 
age particle size and the value (d.90-d10)/Average particle 
size, which is an index that indicates the expanse of the 
particle size distribution, were within the preferable ranges 
for all, and the particles had good particle size distribution and 
nearly uniform particle size. Coin batteries that were made 
using the cathode active material of these examples had high 
initial electric discharge capacity, and low cathode resistance, 
and had excellent battery characteristics. 
0295. In comparative example 6, by making the oxygen 
concentration of the atmosphere inside the reaction tank 2.0 
Volume '%, the growth of primary particles during particle 
growth was insufficient, so the particles were Such that the 
average particle size was Small, the specific Surface area was 
large, the tap density was low and the filling capability of the 
active material in the electrode was insufficient. 
0296. In comparative example 7, a continuous crystalliza 
tion method was used, so separation of nucleation and particle 
growth was not possible, and the particle growth time was not 
fixed, so the particle size distribution became large. There 
fore, even though the coin type battery had a high initial 
electric discharge capacity, the cathode resistance was high. 
0297. From the results above, it was found that by manu 
facturing nickel composite hydroxide and a cathode active 
material using the manufacturing method of the present 
invention, a nonaqueous-electrolyte secondary battery that 
uses the cathode active material has a high initial electric 
discharge capacity and low cathode resistance, and is a bat 
tery having excellent battery characteristics. 

Example 9 

Manufacture of Composite Hydroxide 
0298 Composite hydroxide was manufactured as 
described below. 

(Nucleation Process) 
0299. A reaction tank (34 L) was filled about half with 
water, and then while agitating at 500 rpm using tilted paddle 
type agitating blades, the temperature inside the tank was set 
at 40°C. The atmosphere inside the reaction tank during this 
time was an air atmosphere (oxygen concentration: 21 Vol 
ume %). Next, suitable amounts of 25 weight % sodium 
hydroxide aqueous solution and 25 weight% ammonia water 
were added to the water inside the reaction tank, and the pH 
value of the reaction solution inside the tank was adjusted to 
be 13.0 at a standard solution temperature of 25°C. Further 
more, the ammonia concentration inside the reaction Solution 
was adjusted to 15 g/L to obtain a pre-reaction aqueous solu 
tion. 
0300 Next, nickel sulfate and manganese sulfate (metal 
element molar ratio; Ni:Mn=50:50) were dissolved in water, 
and the obtained 2.0 mol/L of mixed aqueous solution was 
added to the pre-reaction aqueous solution in the reaction 
tank at a rate of 88 ml/min to obtain a reaction aqueous 
Solution. At the same time, 25 weight 96 ammonia water and 
25 weight 96 sodium hydroxide aqueous solution were also 
added to this reaction aqueous solution at a fixed rate, and 
with the ammonia concentration in the reactionaqueous Solu 
tion (nucleation aqueous solution) maintained at the value 
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above, crystallization (nucleation) was performed for 15 sec 
onds while controlling the pH value at 13.0 (nucleation pH). 

(Particle Growth Process) 
0301 After nucleation was completed, only the supply of 
25 weight% sodium hydroxide aqueous solution was stopped 
temporarily until the pH value of the reaction aqueous solu 
tion become 11.6 at a standard solution temperature of 25°C. 
0302. After the pH value of the reaction aqueous solution 
reached 11.6, the supply of 25 weight% sodium hydroxide 
aqueous solution to the reaction aqueous Solution (particle 
growth aqueous Solution) was restarted, and with the ammo 
nia concentration maintained at the value above, and the pH 
value controlled at 11.6 at a standard solution temperature of 
25° C., crystallization was continued for 30 minutes, and 
particle growth was performed, after which the supply of 
Solution was stopped, and nitrogen gas was allowed to flow 
through the tankata rate of 5 L/min until the oxygen concen 
tration of the space inside the reaction tank became 0.2 vol 
ume 96 or less. After that, the supply of solution was restarted, 
and crystallization was performed until 2 hours from the start 
of growth. 
0303. When the inside of the reaction tank became full of 
Solution, crystallization was stopped, and by stopping mixing 
and allowing the Solution to rest, precipitation of the product 
was promoted. After that, half of the supernatant fluid was 
removed from the reaction tank, and crystallization was per 
formed for 2 hours (total of 4 hours), after which crystalliza 
tion was ended. 
0304. The product was washed, filtered and dried to obtain 
composite hydroxide. Switching from an air atmosphere to a 
nitrogen atmosphere was performed at a point in time from 
the start of the particle growth process that is 12.5% the total 
time of the particle growth process. 
0305. In crystallization above, the pH value was con 
trolled by adjusting the supply flow rate of sodium hydroxide 
aqueous solution by a pH controller, and the fluctuation width 
was within the range of +0.2 the set value. 

Analysis of the Composite Hydroxide 

0306 A sample of the obtained composite hydroxide was 
dissolved using inorganic acid, after which chemical analysis 
was performed by ICP emission spectrography, and the com 
position was found to be Nios Mn(OH), (Osas().5). 
0307 Moreover, for this composite hydroxide, the aver 
age particle size and the value of the index (d.90-d10)/aver 
age particle size that indicates the particle size distribution 
were calculated and found from the Volume integration value 
that was measured using a laser diffraction-scattering type 
particle size distribution measuring device (Microtrac HRA, 
manufactured by Nikkiso Co., Ltd.). As a result, it was found 
that the average particle size was 8.7 um, and the index 
(d90-d10)/average particle size was 0.53. 
0308 Next, SEM (scanning electron microscope S-4700, 
Hitachi High-Technologies Corporation) observation (mag 
nification rate: 5000x) of the obtained composite hydroxide 
was performed, and it was found that the composite hydrox 
ide had a nearly spherical shape, and the particle size was 
nearly uniform. The results of the SEM observation are illus 
trated in FIG. 9. 
0309 Moreover, a sample of the obtained composite 
hydroxide was embedded in resin, and cross-section polish 
ing was performed, after which SEM observation at a mag 
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nification rate of 5000x was performed, and as a result it was 
found that the composite hydroxide was composed of sec 
ondary particles, and those secondary particles had a center 
section which was composed of needle shaped and flake 
shaped primary particles (the particle size was about 0.3 um) 
and an outer-shell section which was formed on the outside of 
the centersection and was composed of primary particles that 
were larger than the minute primary particles. The cross 
section SEM observation results are illustrated in FIG. 10. 
The ratio of the thickness of the outer shell section that was 
found from SEM observation of this cross section with 
respect to the particle size of the secondary particles was 
12%. 
0310. The characteristics of the composite hydroxide 
obtained in this example are illustrated in Table 5. The same 
contents for examples 10 to 12 and comparative examples 8 
and 9 are also illustrated in Table 5. 

Manufacture of the Cathode Active Material 
0311. The composite hydroxide described above was heat 
treated in an air flow (oxygen: 21 volume %) for 12 hours at 
150° C., converted to composite oxide and recovered. 
0312 Lithium hydroxide was weighed so that Li/Me=1. 
35, then the lithium hydroxide was mixed with the composite 
oxide to formalithium mixture. Mixing was performed using 
a shaker mixer (TURBULA Type T2C, Willy A. Bachofen 
AG). 
0313 The obtained lithium mixture was then pre-calcined 
in an air flow (oxygen: 21 volume '%) for 4 hours at 500°C., 
calcined for 4 hours at 900° C. and then cooled, after which 
the mixture was further cracked to obtain a cathode active 
material. 

Analysis of the Cathode Active Material 
0314. The average particle size of the obtained cathode 
active material was measured by the same method as used for 
the composite hydroxide, the average particle size was 9.0 
um, and the index (d90-d10)/average particle size was 0.56. 
0315 Moreover, using the same method as used for the 
composite hydroxide, SEM observation (magnification rate: 
5000x) and cross-section SEM observation (magnification 
rate: 5000x) of the cathode active material were performed, 
and the obtained cathode active material was found to be 
nearly spherical, and the particle size was mostly uniform. 
The results of the SEM observation for this cathode active 
material are illustrated in FIG. 11. On the other hand, in the 
cross-section SEM observation, it was found that the cathode 
active material had a hollow structure having an outer-shell 
section of sintered primary particles, with a hollow section in 
the inside. The results of the cross-section SEM observation 
of this cathode active material are illustrated in FIG. 12. From 
this observation it was found that the ratio of the thickness of 
the outer-shell section of the cathode active material with 
respect to the particle size of the cathode active material was 
11%. 

0316 The specific surface area of the obtained cathode 
active material was measured using a flow type gas adsorption 
specific surface area measurement device (Multisorb, Yuasa 
Ionics) and found to be 1.2 m/g. 
0317. This cathode active material was also analyzed by 
powder X-ray diffraction by Cu-KC. rays using an X-ray 
diffraction device (XPert PRO, PANalytical), and it was 
found that the crystal structure of the cathode active material 
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was hexagonal layered crystal lithium nickel manganese 
composite oxide single phase. 
0318. Furthermore, from compositional analysis of the 
cathode active material using the ICP emission spectrogra 
phy, the composition was found to be Li Nioso MinosoC). 
The obtained composite hydroxide and cathode active mate 
rial were evaluated in the same way as in example 1, and the 
evaluations of a coin type battery that was manufactured 
using the cathode active material are illustrated in Table 6. 
The same contents for examples 10 to 12 and comparative 
examples 8 and 9 below are also illustrated in Table 6. 

Example 10 

0319 Except for switching from an air atmosphere to a 
nitrogen atmosphere at a point in time from the start of the 
particle growth process that was 6.25% the total time of the 
particle growth process, a cathode active material for a non 
aqueous-electrolyte secondary battery was obtained and 
evaluated in the same was as in example 9. The compositions 
of the obtained composite hydroxide and cathode active 
material were the same as in example 9, where the structure of 
the composite hydroxide, as in example 9, had a center sec 
tion of needle shaped minute primary particles (particle size 
of about 0.3 inn), and an outer-shell section on the outside of 
the center section having plate shaped primary particles that 
were larger than the minute primary particles (particle size of 
0.7 um). 

Example 11 

0320 Except for switching from an air atmosphere to a 
nitrogen atmosphere at a point in time from the start of the 
particle growth process that was 25% the total time of the 
particle growth process, a cathode active material for a non 
aqueous-electrolyte secondary battery was obtained and 
evaluated in the same was as in example 9. The compositions 
of the obtained composite hydroxide and cathode active 
material were the same as in example 9, where the structure of 
the composite hydroxide, as in example 9, had a center sec 
tion of needle shaped minute primary particles (particle size 
of about 0.3 inn), and an outer-shell section on the outside of 
the center section having plate shaped primary particles that 
were larger than the minute primary particles (particle size of 
0.5um). 

Example 12 

0321 Except for forming a mixed aqueous solution by 
adjusting the pH value of the pre-reaction aqueous solution to 
12.8 at a standard solution temperature of 25°C., adjusting 
the ammonia concentration in the solution to 10 g/L and 
dissolving nickel Sulfate, cobalt Sulfate, manganese Sulfate 
and zirconium sulfate (metal element molar ratio; Ni:Co: Mn: 
Zr-33.2:33.1:33.3:0.5) in water, obtaining a composite 
hydroxide that was coated with ammonium tungstate salt by 
dispersing the obtained composite hydroxide in an ammo 
nium tungstate solution to form a slurry Such that the concen 
tration becomes 150 g/L, and then spray drying that slurry 
with a micro-mist drier (MDL-05OM, Fujisaki Electric Co., 
Ltd.) having a three-flow nozzle; obtaining a lithium mixture 
by mixing in lithium hydroxide so that Li/Me=1.15; and 
pre-calcining this mixture in an oxygen flow for 4 hours at 
760° C., and then calcining the mixture for 10 hours at 950 
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C., a cathode active material for a nonaqueous-electrolyte 
secondary battery was obtained and evaluated in the same 
way as in example 9. 
0322 The composition of the obtained composite hydrox 
ide Was Nios Cooss Mnoss Zrooos Wooos(OH)2 (Osaso.5). 
Moreover, it was found that the composition of the cathode 
active material that was obtained from this composite hydrox 
ide was LisNio.332Coolas Mno.3327rooos WooosC2, and 
from powder X-ray diffraction it was found that the cathode 
active material was hexagonal layered crystal lithium nickel 
manganese composite oxide single phase. Moreover, in EDX 
analysis in cross-section SEM observation, it was found that 
there was much tungsten near the Surface of the particles of 
active material. 

Comparative Example 8 
0323 Except for making the agitating speed 1200 rpm, 
starting the flow of nitrogen gas at 60 minutes from the start of 
the nucleation process, a cathode active material was obtained 
and evaluated in the same way as in example 9. The atmo 
sphere of the reaction tank before the flow of nitrogen gas was 
an air atmosphere (oxygen concentration of 21 Volume '%), 
and the oxygen concentration in the reaction tank after the 
flow of nitrogen gas was 1 Volume 96. The agitation power 
requirement per unit volume of reactionaqueous solution that 

was estimated from the rotation torque and rotation speedwas 
10.4 kW/m to 13 kW/m. Moreover, the compositions of the 
obtained composite hydroxide and cathode active material 
were the same as in example 9, and from powder X-ray 
diffraction it was found that the cathode active material was 
hexagonal layered crystal lithium nickel manganese compos 
ite oxide single phase. 
0324. In comparative example 8, the rotation speed was 
increased, the particles were such that the average particle 
size became Small, the specific Surface area became large, the 
tap density was low, and the filling capability into an electrode 
of the particles was insufficient. 

Comparative Example 9 
0325 Except for making the calcination conditions 1050° 
C. and 10 hours, a composite hydroxide and cathode active 
material were obtained in the same way as in example 9. The 
compositions of the obtained composite hydroxide and cath 
ode active material were the same as in example 9, and from 
powder X-ray diffraction it was found that the cathode active 
material was hexagonal layered crystal lithium nickel man 
ganese composite oxide single phase. 
0326 In comparative example 9, the calcination tempera 
ture was high and sintering occurred, so the specific Surface 
area was low and the cathode resistance became high. 

TABLE 5 

Oxygen concentration 

Before After At Tank NH Particle pH 
Additional Switching Switching Switching temperature concentration Nucleation growth fluctuation 
elements (volume %) (volume %) (%) (° C.) (g/L) pH pH width 

EX-9 Air (21) 0.2 or less 2.5 40 15 13 11.6 O.2 
EX-10 — Air (21) 0.2 or less 6.25 40 15 13 11.6 O.2 
EX-11 — Air (21) 0.2 or less 25 40 15 13 11.6 O.2 
EX-12 Zr, W Air (21) 0.2 or less 2.5 40 10 12.8 11.6 O.2 
CX-8 — Air (21) 1 or less 25 40 15 13 11.6 O.2 
CX-9 - Air (21) 0.2 or less 2.5 40 15 13 11.6 O.2 

Agitating Average (d.90 - d 10), Minute Plate shaped Outer-shell 
power particle Average primary primary section 

requirement size particle particles particles thickness 
(kW/m) (Lm) size (Lm) (Lm) ratio (%) 

EX-9 3-2.2 8.7 O.S3 O.3 O.6 12 
EX-10 3-2.2 8.4 O.S4 O.3 0.7 15 
EX-11 3-2.2 9.O 0.55 O.3 O.S 10 
EX-12 3-2.2 10.2 O.S4 O.3 O.6 10 
CX-8 10.4-13 S.1 O.S1 O.3 O.6 10 
CX-9 3-2.2 8.7 O.S3 O.3 O.6 12 

(EX= Example, CX = Comparative Example) 

TABLE 6 

(d.90 - Outer- Initial 
d10), Specific shell electric 

Heat Pre- Average Average surface Tap Section discharge 
treatinent calcination Calcination particle particle area density thickness capacity Resistance 

C. Time C. Time C. Time size (Im) size (m/g) (g/m) Structure (%) (mAh/g) (S2) 

EX-9 150 12 500 4 900 4 9.0 O.S6 1.2 2.4 Hollow 11 156.3 O.39 
EX-10 150 12 500 4 900 4 8.6 0.55 1.1 2.2 Hollow 14 155.1 0.37 
EX-11 150 12 500 4 900 4 9.3 O.S8 O.9 2.3 Hollow 9 156.5 O41 
EX-12 150 12 760 4 950 10 10.6 0.55 1.O 2.4 Hollow 9 155.7 O.43 
CX-8 150 12 500 4 900 4 5.5 O49 1.2 1.7 Hollow 9 1498 O.42 
CX-9 150 12 500 4 1 OSO 10 6.3 O.65 O.8 1.9 Hollow 138.7 O.61 

(EX= Example, CX = Comparative Example) 
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INDUSTRIAL APPLICABILITY 

0327. The nonaqueous-electrolyte secondary battery of 
the present invention is suitable as a power source for com 
pact portable electronic devices (notebook personal com 
puter, portable telephone, and the like) that usually require a 
high capacity power Source. 
0328 Moreover, the secondary battery of the present 
invention has excellent safety, and compact size and high 
output are possible, so is Suitable as a power Source for trans 
port equipment in which installation space is limited. 

EXPLANATION OF REFERENCE NUMBERS 

0329. 1 Cathode 
0330 2 Anode 
0331. 3 Separator 
0332 4 Gasket 
0333 5 Cathode can 
0334 6 Anode can 
0335 B Coin battery 

1. A method for manufacturing a nickel composite hydrox 
ide that is a precursor to a cathode active material for a 
nonaqueous-electrolyte secondary battery, 

the nickel composite hydroxide being obtained by a crys 
tallization reaction and that is expressed by a general 
expression: 
Ni,Mn,Co.M.(OH), (x+y+z+t=1, 0.3sX, 0sys0.55, 

0<Z50.4, Osts0.1, Osas ().5, and Mis one or more kind 
of additional element that is selected from among Al, 
Ti,V, Cr, Zr, Nb, Mo, Hf, Ta and W). 

the method comprising: 
a nucleation process that performs nucleation by control 

ling a nucleation aqueous Solution that includes a metal 
compound that contains at least nickel and an ammo 
nium ion donor so that a pH value at a standard Solution 
temperature of 25°C. becomes 12.0 to 14.0; and 

a particle growth process causes nuclei that were formed in 
the nucleation process to grow by controlling a particle 
growth aqueous Solution that contains the nuclei so that 
the pH value at a standard solution temperature of 25°C. 
becomes 10.5 to 12.0, and so that the pH value during the 
particle growth process is lower than the pH value during 
the nucleation process; and 

the crystallization reaction being performed in a non-oxi 
dizing atmosphere at least in a range after the processing 
time exceeds at least 40% of the total time of the particle 
growth process from the start of the particle growth 
process where the oxygen concentration is 1 Volume '% 
or less, and with controlling an agitation power require 
ment per unit volume into a range of 0.5 kW/m to 4 
kW/m at least during the nucleation process. 

2. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein, during the whole 
process of the nucleation process and the particle growth 
process, the crystallization reaction is performed in a non 
oxidizing atmosphere where the oxygen concentration is 1 
Volume 96 or less. 

3. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein the nickel content 
and the manganese content of the nickel composite hydroxide 
are regulated in the general expression so as to be 0.3sXs0.7 
and 0.1 sysn 0.55, respectively, and the nucleation is per 
formed in the nucleation process in an oxidizing atmosphere 
where the oxygen concentration is greater than 1 Volume '%, 
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after which the atmosphere is switched from the oxidizing 
atmosphere to the non-oxidizing atmosphere in which the 
oxygen concentration is 1 Volume 96 or less in a range of from 
0% to 40% of the total time of the particle growth process 
from the start of the particle growth process. 

4. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein the non-oxidizing 
atmosphere is an inert gas atmosphere. 

5. The manufacturing method for a nickel composite 
hydroxide according to claim3, wherein the oxygen concen 
tration in the oxidizing atmosphere is 10 Volume 96 or greater. 

6. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein the particle growth 
aqueous solution is formed by adjusting the pH value of the 
nucleation aqueous Solution after the nucleation process has 
finished. 

7. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein the particle growth 
aqueous solution is formed by adding a solution that includes 
the nuclei that were formed in the nucleation process to an 
aqueous solution that is different than the nucleation aqueous 
solution in which the nuclei were formed. 

8. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein, in the particle 
growth process, part of the liquid of the particle growth aque 
ous solution is removed. 

9. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein an ammonium con 
centration of the aqueous solutions in the nucleation process 
and particle growth process is kept within the range of 3 g/L 
to 25 g/L. 

10. The manufacturing method for a nickel composite 
hydroxide according to claim 1, wherein the nickel composite 
hydroxide that was obtained in the particle growth process is 
covered by a compound that includes one or more kind of the 
additional elements. 

11. A nickel composite hydroxide that is a precursor to a 
cathode active material for a nonaqueous-electrolyte second 
ary battery is expressed by the general expression: 
Ni,Mn,Co.M.(OH), (x+y+z+t=1, 0.3sX, 0sys0.55, 

0<Zs0.4, Osts0.1, Osas (0.5, and Mis one or more kind of 
additional element that is selected from among Al, Ti, V. 
Cr, Zr, Nb, Mo, Hf, Ta and W), and is nearly spherical 
secondary particles that are formed by plural primary 
particles clumping together; the secondary particles 
having an average particle size that is greater than 7um 
and less than or equal to 15um, and a value (d90-d10)/ 
average particle size, which is an index that indicates 
the extent of the particle size distribution, is 0.55 or less. 

12. The nickel composite hydroxide according to claim 11, 
wherein the average particle size of the primary particles that 
constitute the secondary particles is in the range 0.3 um to 3 
lm. 
13. The nickel composite hydroxide according to claim 11, 

wherein the nickel content and the manganese content of the 
nickel composite hydroxide are regulated in the general 
expression so as to be 0.3sxs0.7, and 1sys0.55, respectively; 
and the secondary particles are nearly spherical secondary 
particles that are formed by plural primary particles clumping 
together, and have a center section composed of minute pri 
mary particles, and an outer-shell section on the outside of the 
center section, and is composed of primary particles that are 
larger than the minute primary particles. 
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14. The nickel composite hydroxide according to claim 13, 
wherein the minute primary particles have an average particle 
size of 0.01 um to 0.3 um, and the primary particles that are 
larger than the minute primary particles have an average 
particle size of 0.3 um to 3 um. 

15. The nickel composite hydroxide according to claim 11, 
wherein the one kind or more of the additional elements is 
uniformly distributed inside the secondary particles and/or 
uniformly coated on a Surface of the secondary particles. 

16. A manufacturing method for a cathode active material 
for a nonaqueous-electrolyte secondary battery that is essen 
tially composed of a lithium nickel composite oxide that is 
expressed by the general expression: 
LNi,Mn,Co.M.O. (-0.05sus0.50, x+y+z+t=1, 0.3sX, 

0sys0.55,0szs0.4, Osts0.1, and M is one or more kind 
of additional element that is selected from among Al, Ti, 
V, Cr, Zr, Nb, Mo, Hf, Ta and W), and has a hexagonal 
crystal structure having a layered structure; comprising: 

a mixing process wherein the nickel composite hydroxide 
of claim 11 is mixed with a lithium compound to form a 
lithium mixture; and 

a calcination process that calcines the lithium mixture that 
was formed in the mixing process in an oxidizing atmo 
sphere at 650° C. to 1000° C. 

17. The manufacturing method for the cathode active mate 
rial for a nonaqueous-electrolyte secondary battery according 
to claim 16 further comprising a heat treatment process 
before the mixing process that heats the nickel composite 
hydroxide at a temperature of 105° C. to 750° C. 

18. The manufacturing method for the cathode active mate 
rial for a nonaqueous-electrolyte secondary battery according 
to claim 16, wherein the lithium mixture is adjusted so that the 
ratio of the sum of the atoms of metals other than lithium that 
are included in the lithium mixture and the number of atoms 
of lithium is 1:0.95 to 1.5. 

19. The manufacturing method for the cathode active mate 
rial for a nonaqueous-electrolyte secondary battery according 
to claim 16, wherein the lithium compound is lithium hydrox 
ide, lithium carbonate, or a mixture of these. 
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20. The manufacturing method for the cathode active mate 
rial for a nonaqueous-electrolyte secondary battery according 
to claim 16 wherein, during the calcination process, pre 
calcination is performed beforehand at a temperature of 350° 
C. to 800° C. 

21. A cathode active material for a nonaqueous-electrolyte 
secondary battery that is essentially composed of a lithium 
nickel composite oxide that is expressed by the general 
expression: 
LNi,Mn,Co.M.O. (-0.05sus0.50, x+y+z+t=1, 0.3sX, 

0sys0.55,0szs0.4, Osts0.1, and M is one or more kind 
of additional element that is selected from among Al, Ti, 
V, Cr, Zr, Nb, Mo, Hf, Ta and W), and that has a layered 
hexagonal crystal structure; an average particle size 
thereof being greater than 8 um and less than or equal to 
16 um, and a value (d90-d10)/average particle size. 
which is an index that indicates the extent of the particle 
size distribution, being 0.60 or less. 

22. The cathode active material for a nonaqueous-electro 
lyte secondary battery according to claim 21, wherein the 
nickel content and the manganese content of the lithium 
nickel composite oxide are regulated in the general expres 
sion so as to be 0.35X50.7 and 0.1 sys0.55, respectively, and 
is composed of an outer-shell section that is sintered primary 
particles that clump together, and a center section that exists 
inside the outer-shell section. 

23. The cathode active material for a nonaqueous-electro 
lyte secondary battery according to claim 22, wherein the 
ratio of the thickness of the outer-shell section with respect to 
the particle size of the lithium nickel composite oxide is 5% to 
45%. 

24. The cathode active material for a nonaqueous-electro 
lyte secondary battery according to claim 21, wherein the tap 
density is 1.8 g/cm or more. 

25. A nonaqueous-electrolyte secondary battery having a 
cathode thereof being formed using the cathode active mate 
rial for a nonaqueous-electrolyte secondary battery according 
to claim 21. 


