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(57) ABSTRACT

A cathode active material capable of further improving
chemical stability, a method of manufacturing the cathode
active material, and a battery using the cathode active
material are provided. The cathode includes a cathode active
material in which a coating layer made of a compound
including Li, at least one selected from Ni and Mg, and O is
arranged on complex oxide particles represented by Li,,
xCo, M0, _, where M is at least one kind selected from
the group consisting of Mg, Al, B, Ti, V, Cr, Mn, Fe, Ni, Cu,
Zn, Mo, Sn, W, Zr, Y, Nb, Ca and Sr, and the values of x, y
and z are within a range of —-0.10=x=0.10, 0=y<0.50 and
-0.10=z=0.20, respectively. A surface layer made of an
oxide including at least one kind selected from the group
consisting of Ti, Si, Mg and Zr is formed on the coating
layer.
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COMPLEX OXIDE PARTICLES

S110

5120

FORM PRECURSOR SURFACE LAYER INCLUDING
SURFACE ELEMENT ON COMPLEX OXIDE PARTICLES

5130

PERFORMING HEAT TREATMENT TO FORM COATING
LAYER AND SURFACE LAYER
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CATHODE ACTIVE MATERIAL, METHOD
OF MANUFACTURING THE SAME, AND
BATTERY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Patent Application JP 2006-083700 filed in the Japanese
Patent Office on Mar. 24, 2006, the entire contents of which
is being incorporated herein by reference.

BACKGROUND

[0002] The present application relates to a cathode active
material which includes a complex oxide including lithium
(Li) and cobalt (Co), a method of manufacturing the cathode
active material, and a battery using the cathode active
material.

[0003] In recent years, according to the widespread use of
portable devices such as video cameras and laptop comput-
ers, small-sized high-capacity secondary batteries have been
in increasing demand. Currently-used secondary batteries
include nickel-cadmium batteries using an alkali electrolytic
solution; however, in the nickel-cadmium batteries, the
battery voltage is as low as 1.2V, so it is difficult to improve
the energy density. Therefore, a so-called lithium metal
secondary battery using lithium metal having specific grav-
ity of 0.534 which is the lightest among the simple sub-
stances of solids, an extremely base potential, and the
highest current capacity per unit mass among metal anode
materials has been developed. However, in the lithium metal
secondary battery, as the lithium metal secondary battery is
charged and discharged, lithium is grown into a dendrite
form in an anode, thereby there are some issues such as a
decline in cycle characteristics and the occurrence of an
internal short circuit due to lithium penetrating through a
separator. Therefore, a secondary battery using a carbon
material such as coke for an anode and repeating charge and
discharge by inserting and extracting alkali metal ions has
been developed, and the deterioration of the anode due to
charge and discharge is reduced (for example, refer to
Japanese Unexamined Patent Application Publication No.
S62-90863).

[0004] On the other hand, as a cathode active material
capable of obtaining a battery voltage of approximately 4 V,
transition metal chalcogenides including alkali metal are
known. Among them, a complex oxide such as lithium
cobalt oxide or lithium nickel oxide holds great promise in
terms of a high potential, stability and long life, and in
particular, lithium cobalt oxide has a high potential, so it is
expected that the energy density will be improved by
increasing a charge voltage.

[0005] However, when the charge voltage is increased, an
oxidation atmosphere near a cathode is enhanced, thereby an
electrolyte is easily deteriorated due to oxidative decompo-
sition, or cobalt is easily eluted from the cathode. As a result,
charge-discharge efficiency declines, and cycle characteris-
tics or high temperature characteristics decline, so it is
difficult to increase the charge voltage.

[0006] As a related-art technique for improving the sta-
bility of the cathode active material, a technique of forming
a coating layer on surfaces of complex oxide particles is
known. Moreover, as a method of forming a coating layer,
a technique of coating surfaces of complex oxide particles
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with a metal hydroxide, and then performing a heat treat-
ment is known (for example, refer to Japanese Unexamined
Patent Application Publication Nos. H9-265985 and H11-
71114).

[0007] However, when complex oxide particles are cov-
ered with a metal hydroxide, and then heated, particles are
easily sintered, thereby particles are easily bonded. As a
result, when an electrical conductor or the like is mixed at
the time of forming a cathode, a bonded part and particles
are ruptured or cracked to cause the separation of a coating
layer or expose fracture surfaces of the particles. Such
fracture surfaces have very high activity, compared to a
surface formed at the time of firing, so the deteriorative
reaction of an electrolytic solution and a cathode active
material easily occurs.

SUMMARY

[0008] In view of the foregoing, it is desirable to provide
a cathode active material capable of further improving
chemical stability by preventing bonding between particles,
a method of manufacturing the cathode active material, and
a battery using the cathode active material.

[0009] According to an embodiment, there is provided a
cathode active material including: complex oxide particles
having an average composition represented by Li Coy,_,,
M, O,_,, where M is at least one member selected from the
group consisting of magnesium (Mg), aluminum (Al), boron
(B), titanium (Ti), vanadium (V), chromium (Cr), manga-
nese (Mn), iron (Fe), nickel (Ni), copper (Cu), zinc (Zn),
molybdenum (Mo), tin (Sn), tungsten (W), zirconium (Zr),
yttrium (Y), niobium (Nb), calcium (Ca) and strontium (Sr),
and the values of x, y and z are within a range of 0.10=x =23
0.10, 0=y<0.50 and 0.01=z=0.20, respectively; a coating
layer arranged on at least a part of the complex oxide
particles, the coating layer made of a compound including
lithium (Li), at least one coating element selected from
nickel and manganese, and oxygen; and a surface layer
arranged on at least a part of the coating layer, the surface
layer made of an oxide including at least one surface element
selected from the group consisting of titanium, silicon (Si),
magnesium and zirconium.

[0010] According to an embodiment, there is provided a
method of manufacturing a cathode active material includ-
ing the steps of: forming a precursor coating layer made of
a hydroxide including at least one coating element selected
from nickel and manganese on a part of complex oxide
particles having an average composition represented by
Chemical Formula 1 (see below); after forming the precur-
sor coating layer, forming a precursor surface layer includ-
ing at least one surface element selected from the group
consisting of titanium, silicon (Si), magnesium and zirco-
nium on at least a part of the complex oxide particles; and
after forming the precursor surface layer, forming a coating
layer made of a compound including lithium (Li), the
coating element and oxygen (O) and a surface layer made of
an oxide including the surface element on at least a part of
the complex oxide particles by a heat treatment:

Lic140C015yM,00 (Chemical Formula 1)

[0011] where M is at least one member selected from the
group consisting of magnesium (Mg), aluminum (Al), boron
(B), titanium (Ti), vanadium (V), chromium (Cr), manga-
nese (Mn), iron (Fe), nickel (Ni), copper (Cu), zinc (Zn),
molybdenum (Mo), tin (Sn), tungsten (W), zirconium (Zr),
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yttrium (Y), niobium (Nb), calcium (Ca) and strontium (Sr),
and the values of X, y and z are within a range of
-0.10£x=0.10, 0=y<0.50 and -0.10=z=0.20, respec-
tively.

[0012] According to an embodiment, there is provided a
battery including a cathode, an anode and an electrolyte,
wherein the cathode includes a cathode active material in
which a coating layer is arranged on at least a part of
complex oxide particles, the complex oxide particles have
an average composition represented by Li( ., Coy_,,M,0
(2 Where M is at least one member selected from the
group consisting of magnesium, aluminum, boron, titanium,
vanadium, chromium, manganese, iron, nickel, copper, zinc,
molybdenum, tin, tungsten, zirconium, yttrium, niobium,
calcium and strontium, and the values of x, y and z are
within a range of -0.10=x=0.10, 0=y<0.50 and
-0.10=z=0.20, respectively, the coating layer is made of a
compound including lithium (Li), at least one coating ele-
ment selected from nickel and manganese, and oxygen, and
a surface layer made of an oxide including at least one
surface element selected from the group consisting of tita-
nium, silicon, magnesium and zirconium is arranged on at
least a part of the coating layer.

[0013] In the cathode active material according to an
embodiment, the surface layer made of an oxide including at
least one surface element selected from the group consisting
of titanium, silicon, magnesium and zirconium is arranged
on the coating layer, so the bonding between particles can be
prevented, and the separation of the coating layer and
damage to particles can be prevented. Thereby, chemical
stability can be further improved. Therefore, in the battery
according to the embodiment of the invention which uses the
cathode active material, a high capacity can be obtained, and
charge-discharge efficiency can be improved.

[0014] In the method of manufacturing a cathode active
material according to an embodiment, after the precursor
coating layer made of a hydroxide including a coating
element is formed on the complex oxide particles, the
precursor surface layer including a surface element is
formed, and the precursor coating layer and the precursor
surface layer are heated, so sintering of particles can be
prevented, and bonding between particles can be prevented.
[0015] Additional features and advantages are described
herein, and will be apparent from, the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1 is a flowchart showing a method of manu-
facturing a cathode active material according to an embodi-
ment;

[0017] FIG. 2 is a sectional view of a first secondary
battery using the cathode active material according to the
embodiment;

[0018] FIG. 3 is an partially enlarged sectional view of a
spirally wound electrode body in the secondary battery
shown in FIG. 2;

[0019] FIG. 4 is a exploded perspective view of a second

secondary battery using the cathode active material accord-
ing to the embodiment; and
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[0020] FIG. 5 is a sectional view of a spirally wound
electrode body taken along a line I-I of FIG. 4.

DETAILED DESCRIPTION

[0021] A preferred embodiment will be described in detail
below referring to the accompanying drawings.

[0022] A cathode active material according to an embodi-
ment is complex oxide particles represented by Chemical
Formula 1 (see below) of which at least a part is covered
with a coating layer. In the cathode active material, the
average composition of the complex oxide particles is as
shown in Chemical Formula 1, so a high capacity and a high
discharge potential can be obtained.

Lic140C015yM,00 (Chemical Formula 1)

[0023] In Chemical Formula 1, M is at least one member
selected from the group consisting of magnesium, alumi-
num, boron, titanium, vanadium, chromium, manganese,
iron, nickel, copper, zinc, molybdenum, tin, tungsten, zir-
conium, yttrium, niobium, calcium and strontium.

[0024] The value of x is within a range of -0.10=x=0.10,
preferably  -0.08=x=0.08, and more preferably
-0.06 =x=0.06. When the value is smaller than the range, a
discharge capacity declines, and when the value is larger
than the range, lithium is dispersed at the time of forming the
coating layer, thereby in some cases, it is difficult to control
processes.

[0025] The value of y is within a range of 0=y<0.50,
preferably 0=y<0.40, and more preferably 0=y<0.30. In
Chemical Formula 1, the element M is not an essential
element but a preferable element, because when the element
M is included, chemical stability can be improved; however,
when the content of the element M increases, the properties
of lithium cobalt oxide are impaired, thereby the capacity
and the discharge potential decline.

[0026] The value of z is within a range of —-0.10=z=0.20,
preferably —-0.08=z=0.18, and more preferably within
-0.06=z=0.16, because the discharge capacity can be fur-
ther increased within the range.

[0027] The coating layer functions as a reaction inhibition
layer, and includes a compound including lithium, at least
one coating element selected from nickel and manganese,
and oxygen. The composition ratio between nickel and
manganese in the coating layer is preferably within a range
from 100:0 to 30:70, and more preferably from 100:0 to
40:60 at the molar ratio of nickel to manganese. It is because
when the amount of manganese increases, the amount of
insertion of lithium in the coating layer declines, and the
capacity of the cathode active material declines.

[0028] The coating layer may further include at least one
member selected from the group consisting of magnesium,
aluminum, boron, titanium, vanadium, chromium, iron,
cobalt, copper, zinc, molybdenum, tin, tungsten, zirconium,
yttrium, niobium, calcium, strontium and silicon as an
element, because the stability of the cathode active material
can be further improved, and the diffusibility of lithium ions
can be further improved. In this case, the total content of the
elements is preferably 40 mol % or less, more preferably 30
mol % or less and most preferably 20 mol % or less with
respect to the total of nickel, manganese and the elements in
the coating layer. It is because when the content of the
elements increases, the amount of insertion of lithium
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declines, and the capacity of the cathode active material
declines. The elements may or may not form a solid solution
with the compound.

[0029] The amount of the coating layer is preferably
within a range from 0.5 wt % to 50 wt % inclusive of the
complex oxide particles, more preferably from 1.0 wt % to
40 wt % inclusive, and most preferably from 2.0 wt % to 35
wt % inclusive. It is because when the amount of the coating
layer is too large, the capacity declines, and when the
amount is too small, it is difficult to sufficiently improve the
stability.

[0030] Moreover, the cathode active material includes a
surface layer made of an oxide including at least one surface
element selected from the group consisting of titanium,
silicon, magnesium and zirconium on at least a part of the
coating layer so as to prevent the bonding between particles.
In particular, when the content of manganese in the coating
layer is small, the bonding easily occurs, and when the
composition ratio between nickel and manganese is within
the above-described range, a higher effect can be obtained.
[0031] The surface layer may further include at least one
member selected from the group consisting of aluminum,
boron, vanadium, chromium, manganese, iron, cobalt,
nickel, copper, zinc, molybdenum, tin, tungsten, yttrium,
niobium, calcium and strontium as an element. In this case,
the total content of the elements is preferably 20 mol % or
less with respect to the total of the surface element and the
elements in the surface layer, more preferably 15 mol % or
less, and most preferably 15 mol % or less. It is because
when the content of the elements is too large, the effect of
preventing the bonding between particles declines. The
elements may or may not form a solid solution with the
oxide.

[0032] The coating layer and the surface layer can be
confirmed by examining a concentration change from the
surface to the inside of an element constituting the cathode
active material. The concentration change can be measured
by determining the composition of the cathode active mate-
rial by Auger Electron Spectroscopy (AES) or SIMS (Sec-
ondary lon Mass Spectrometry) while trimming the cathode
active material by sputtering or the like. Moreover, the
concentration change can be measured by slowly dissolving
the cathode active material in an acid solution, and then
determining a time change in the eluted cathode active
material by Inductively Coupled Plasma (ICP) spectrometry
or the like.

[0033] The average particle diameter of the cathode active
material is preferably within a range from 2.0 pm to 50 pm
inclusive. It is because when it is less than 2.0 pm, the
cathode active material is easily separated from a cathode
current collector in a pressing step at the time of forming a
cathode, and the surface area of the cathode active material
is increased, so it is necessary to increase the additive
amount of an electrical conductor, a binder or the like,
thereby the energy density per unit mass is reduced. On the
other hand, when it is larger than 50 pum, the possibility that
the cathode active material penetrates through a separator to
cause a short circuit is increased.

[0034] FIG. 1 shows steps of a method of manufacturing
the cathode active material. At first, a precursor coating layer
made of a hydroxide including the coating element is formed
on at least a part of the complex oxide particles having an
average composition represented by Chemical Formula 1
(step S110). For example, the hydroxide is precipitated on

Sep. 27, 2007

the surfaces of the complex oxide particles in an alkali
solution including the coating element.

[0035] Inthe case where a nickel compound is used as the
compound including the coating element, for example, an
inorganic compound such as nickel hydroxide, nickel car-
bonate, nickel nitrate, nickel fluoride, nickel chloride, nickel
bromide, nickel iodide, nickel perchlorate, nickel bromate,
nickel iodate, nickel oxide, nickel peroxide, nickel sulfide,
nickel sulfate, nickel hydrogensulfate, nickel nitride, nickel
nitrite, nickel phosphate or nickel thiocyanate, or an organic
compound such as nickel oxalate or nickel acetate is cited.
[0036] In the case where a manganese compound is used,
for example, an inorganic compound such as manganese
hydroxide, manganese carbonate, manganese nitrate, man-
ganese fluoride, manganese chloride, manganese bromide,
manganese iodide, manganese chlorate, manganese perchlo-
rate, manganese bromate, manganese iodate, manganese
oxide, manganese phosphinate, manganese sulfide, manga-
nese hydrogensulfide, manganese sulfate, manganese hydro-
gensulfate, manganese thiocyanate, manganese nitrite, man-
ganese phosphate, manganese dihydrogenphosphate or
manganese hydrogencarbonate or an organic compound
such as manganese oxalate or manganese acetate is cited.
[0037] One or a mixture of two or more compounds
selected from the above-referenced compounds including
the coating element may be used.

[0038] After forming the precursor coating layer, a pre-
cursor surface layer including the surface element is formed
on at least a part of complex oxide particles (step S120). As
the material of the precursor surface layer, an oxide includ-
ing the surface element, or a compound which is converted
into an oxide by firing such as a hydroxide, a carbonate or
a nitrate can be used, and a plurality of kinds may be used.
Moreover, the precursor surface layer may be deposited by
mixing through the use of, for example, a ball mill, a jet mill,
a stone mill, a fine grinder or the like, and in this case, a
dispersion medium such as water or a solvent may be used.
Further, the precursor surface layer may be deposited by a
mechanochemical process such as mechanofusion or a
vapor-phase method such as sputtering or chemical vapor
deposition (CVD). As in the case of the precursor coating
layer, the precursor surface layer may be formed by pre-
cipitating a hydroxide in a solution in which the material of
the precursor surface layer is dissolved.

[0039] Next, the complex oxide particles on which the
precursor coating layer and the precursor surface layer are
formed are subjected to a heat treatment to form the coating
layer made of a compound including lithium, the coating
element and oxygen and the surface layer made of an oxide
including the surface element (step S130). The heat treat-
ment is preferably performed in air or an oxidation atmo-
sphere such as pure oxygen at a temperature of approxi-
mately 300° C. to 1000° C. At this time, the precursor
surface layer is formed on the precursor coating layer, so
sintering of particles is prevented, so the bonding between
particles is prevented.

[0040] Lithium is dispersed into the coating layer from the
complex oxide particles by the heat treatment; however, to
adjust the content of lithium in the coating layer, the coating
layer may be mixed or impregnated with a lithium com-
pound before the heat treatment. The lithium compound may
be added on, before or after forming the precursor surface
layer. As the lithium compound, for example, an inorganic
compound such as lithium hydroxide, lithium carbonate,
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lithium nitrate, lithium fluoride, lithium chloride, lithium
bromide, lithium iodide, lithium chlorate, lithium perchlor-
ate, lithium bromate, lithium iodate, lithium oxide, lithium
peroxide, lithium sulfide, lithium hydrogensulfide, lithium
sulfate, lithium hydrogensulfate, lithium nitride, lithium
azide, lithium nitrite, lithium phosphate, lithium dihydro-
genphosphate or lithium hydrogencarbonate or an organic
compound such as methyllithium, vinyllithium, isopropyl-
lithium, butyllithium, phenyllithium, lithium oxalate or
lithium acetate may be used.

[0041] Moreover, the complex oxide particles may be
formed by crushing secondary particles, if necessary, by a
ball mill, a stone mill or the like before forming the
precursor coating layer. Further, after forming the coating
layer and the surface layer, the particle size of the cathode
active material may be adjusted, if necessary, by lightly
pulverizing or classification.

[0042] For example, the cathode active material is used in
a secondary battery as described below.

[0043] (First Secondary Battery)

[0044] FIG. 2 shows a sectional view of a first secondary
battery using the cathode active material according to the
embodiment. The secondary battery is a so-called lithium-
ion secondary battery in which lithium is used as an elec-
trode reactant, and the capacity of an anode is represented by
a capacity component by insertion and extraction of lithium.
The secondary battery is a so-called cylindrical type, and
includes a spirally wound electrode body 20 formed by
spirally winding a pair of a strip-shaped cathode 21 and a
strip-shaped anode 22 with a separator 23 in between in a
substantially hollow cylindrical battery can 11. An electro-
Iytic solution which is a liquid electrolyte is injected into the
battery can 11 so that the separator 23 is impregnated with
the electrolytic solution. The battery can 11 is made of, for
example, nickel-plated iron, and an end portion of the
battery can 11 is closed, and the other end portion is opened.
A pair of insulating plates 12 and 13 are arranged so that the
spirally wound electrode body 20 is sandwiched therebe-
tween in a direction perpendicular to a peripheral winding
surface.

[0045] In the opened end portion of the battery can 11, a
battery cover 14 and, a safety valve mechanism 15 and a
positive temperature coefficient device (PTC device) 16
disposed inside the battery cover 14 are mounted by caulk-
ing by a gasket 17, and the battery can 11 is sealed. The
battery cover 14 is made of, for example, the same material
as that of the battery can 11. The safety valve mechanism 15
is electrically connected to the battery cover 14 through the
PTC device 16, and when internal pressure in the battery
increases to a certain extent or higher due to an internal short
circuit or external application of heat, a disk plate 15A is
flipped so as to disconnect the electrical connection between
the battery cover 14 and the spirally wound electrode body
20. When a temperature rises, the PTC device 16 limits a
current by an increased resistance, thereby resulting in
preventing abnormal heat generation by a large current. The
gasket 17 is made of, for example, an insulating material,
and its surface is coated with asphalt.

[0046] For example, a center pin 24 is inserted into the
center of the spirally wound electrode body 20. A cathode
lead 25 made of aluminum or the like is connected to the
cathode 21 of the spirally wound electrode body 20, and an
anode lead 26 made of nickel or the like is connected to the
anode 22. The cathode lead 25 is welded to the safety valve

Sep. 27, 2007

mechanism 15 so as to be electrically connected to the
battery cover 14, and the anode lead 25 is welded and
electrically connected to the battery can 11.

[0047] FIG. 3 is a partially enlarged view of the spirally
wound electrode body 20 shown in FIG. 2. The cathode 21
has a structure in which a cathode active material layer 21B
is arranged on both sides of a cathode current collector 21A
having a pair of facing surfaces. Although it is not shown,
the cathode active material layer 21B may be arranged on
only one side of the cathode current collector 21A. The
cathode current collector 21A is made of, for example, metal
foil such as aluminum foil, nickel foil or stainless foil. The
cathode active material layer 21B includes, for example, a
particulate cathode active material according to the embodi-
ment, and if necessary, an electrical conductor such as
graphite and a binder such as polyvinylidene fluoride. More-
over, one kind or two or more kinds of other cathode active
materials may be further included. In the cathode active
material according to the embodiment, the bonding between
particles is prevented by the surface layer, so the separation
of the coating layer and damage to particles are prevented,
s0 higher chemical stability can be obtained.

[0048] The anode 22 has a structure in which an anode
active material layer 22B is arranged on both sides of an
anode current collector 22A having a pair of facing surfaces.
Although it is not shown, the anode active material layer
22B may be arranged on only one side of the anode current
collector 22A. The anode current collector 22A is made of,
for example, metal foil having superior electrochemical
stability, electrical conductivity and mechanical strength
such as copper foil, nickel foil or stainless foil.

[0049] The anode active material layer 22B includes, for
example, one kind or two or more kinds of anode materials
capable of inserting and extracting lithium as anode active
materials, and includes the same binder as that in the cathode
active material layer 21B, if necessary.

[0050] In the secondary battery, the charge capacity of the
anode material capable of inserting and extracting lithium is
larger than the charge capacity of the cathode 21, thereby the
precipitation of lithium metal on the anode 22 during charge
is prevented.

[0051] As the anode material capable of inserting and
extracting lithium, for example, carbon materials such as
non-graphitizable carbon, graphitizable carbon, graphite,
kinds of pyrolytic carbon, kinds of coke, kinds of glass-like
carbon, fired organic polymer compound bodies, carbon
fibers and activated carbon are used. Among them, kinds of
coke include pitch coke, needle coke, petroleum coke and so
on. The fired organic polymer compound bodies are poly-
mers such as a phenolic resin and a furan resin which are
carbonized by firing at an adequate temperature, and a part
of them may be classed as non-graphitizable carbon or
graphitizable carbon. These carbon materials are preferable,
because a change in a crystal structure at the time of charge
and discharge is very small, and a high charge-discharge
capacity can be obtained, and superior cycle characteristics
can be obtained. In particular, graphite is preferable, because
its electrochemical equivalent is large, and a high energy
density can be obtained. Moreover, non-graphitizable car-
bon is preferable, because superior cycle characteristics can
be obtained. Further, a carbon material in which the charge-
discharge potential is low, more specifically the charge-
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discharge potential is close to that of lithium metal is
preferable, because the energy density of a battery can be
easily increased.

[0052] As the anode material capable of inserting and
extracting lithium, a material capable of inserting and
extracting lithium and including at least one kind selected
from the group consisting of metal elements and metalloid
elements as an element is cited, because when such a
material is used, a high energy density can be obtained. In
particular, the material is more preferably used with a carbon
material, because a high energy density can be obtained, and
superior cycle characteristics can be obtained. The anode
material may be a simple substance, an alloy or a compound
of a metal element or a metalloid element, or a material
including a phase including one kind or two or more kinds
of them at least in part. In the present invention, the alloy
means an alloy including two or more kinds of metal
elements as well as an alloy including one or more kinds of
metal elements and one or more kinds of metalloid elements.
Moreover, the alloy may include a non-metal element. As
the texture of the alloy, a solid solution, a eutectic (eutectic
mixture), an intermetallic compound or the coexistence of
two or more kinds selected from them is cited.

[0053] As the metal element or the metalloid element
included in the anode material, magnesium, boron, alumi-
num, gallium (Ga), indium (In), silicon, germanium (Ge),
tin, lead (Pb), bismuth (Bi), cadmium (Cd), silver (Ag), zinc,
hafnium (Hf), zirconium, yttrium, palladium (Pd) or plati-
num (Pt) is cited. They may be crystalline or amorphous.
[0054] Among them, as the anode material, an anode
material including a Group 4B metal element or a Group 4B
metalloid element in the short form of the periodic table of
the elements as an element is preferable, and an anode
material including at least one of silicon and tin as an
element is more preferable. It is because silicon and tin have
a high capability to insert and extract lithium, and can obtain
a high energy density.

[0055] As the anode material capable of inserting and
extracting lithium, other metal compounds or polymer mate-
rials are cited. As other metal compounds, oxides such as
iron oxide, ruthenium oxide, molybdenum oxide, tungsten
oxide, titanium oxide and tin oxide, sulfides such as nickel
sulfide and molybdenum sulfide, nitrides such as lithium
nitride are cited, and as the polymer material, polyacetylene,
polypyrrole and the like are cited.

[0056] The separator 23 is made of, for example, a porous
film of a synthetic resin such as polytetrafluoroethylene,
polypropylene or polyethylene, or a porous ceramic film,
and the separator 23 may have a structure in which two or
more kinds of the porous films are laminated. Among them,
a porous film made of polyolefin is preferable, because an
effect of preventing a short circuit is superior, and the
stability of the battery can be improved by a shutdown
effect.

[0057] The electrolytic solution includes, for example, a
nonaqueous solvent such as an organic solvent and an
electrolyte salt dissolved in the nonaqueous solvent.
Examples of the nonaqueous solvent include ethylene car-
bonate, propylene carbonate, diethyl carbonate, dimethyl
carbonate, 1,2-dimethoxyethane, 1,2-diethoxyethane, y-bu-
tyrolactone, N-methylpyrrolidone, acetonitrile, N,N-dimeth-
ylformamide, dimethyl sulfoxide, tetrahydrofuran, 2-meth-
yltetrahydrofuran, 1,3-dioxolane, 4-methyl-1,3-dioxolane,
diethyl ether, sulfolane, methylsulfolane, propionitrile, ani-
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sole, acetate, butyrate and propionate. Only one kind or a
mixture of two or more kinds selected from them may be
used as the nonaqueous solvent.

[0058] Examples of the electrolyte salt include lithium
salts, and only one kind or a mixture of two or more kinds
selected from them may be used. As the lithium salts, LiPFq,
LiBF,, LiAsF,, LiClO,, LiB(CiHs),, LiCH,SO;,
LiCF;S80;, LiN(SO,CF;),, LiC(SO,CF,);, LiAICL,, LiSiF,,
LiCl, lithium fluoro[oxolate-O,0'|borate, lithium bis(ox-
alato) borate, LiBr and the like.

[0059] The open circuit voltage (that is, the battery volt-
age) of the secondary battery in a fully charged state may be
4.20 V; however, the open circuit voltage is preferably
designed to be higher than 4.20 V, and be within a range
from 4.25 V to 4.55 V inclusive. It is because when the
battery voltage is increased, the energy density can be
increased, and according to the embodiment, the chemical
stability of the cathode active material is improved, so even
if the battery voltage is increased, superior cycle character-
istics can be obtained. In this case, compared to the case
where the battery voltage is 4.20 V, even if the same cathode
active material is used, the amount of extraction of lithium
per unit mass is increased, so the amounts of the cathode
active material and the anode active material are adjusted
accordingly.

[0060] The secondary battery can be manufactured by the
following steps, for example.

[0061] At first, for example, the cathode active material
layer 21B is formed on the cathode current collector 21A to
form the cathode 21. The cathode active material layer 21B
is formed by the following steps, for example. The cathode
active material, the electrical conductor and the binder are
mixed to form a cathode mixture, and then the cathode
mixture is dispersed in a solvent such as N-methyl-2-
pyrrolidone to form paste-form cathode mixture slurry. The
cathode current collector 21A is coated with the cathode
mixture slurry, and the solvent is dried, and then the cathode
mixture slurry is compression molded by a roller press or the
like.

[0062] Moreover, for example, the anode active material
layer 22B is formed on the anode current collector 22A to
form the anode 22. The anode active material layer 22B may
be formed, for example, by any of the vapor-phase method,
the liquid-phase method, the firing method or coating, or a
combination of two or more selected from them. As the
vapor-phase method, for example, a physical deposition
method or a chemical deposition method can be used, and
more specifically, a vacuum deposition method, a sputtering
method, an ion plating method, a laser ablation method, a
thermal CVD (Chemical Vapor Deposition) method, a
plasma CVD method or the like can be used. As the
liquid-phase method, a known method such as electrolytic
plating or electroless plating can be used. As the firing
method, a known technique such as, for example, an atmo-
sphere firing method, a reaction firing method or a hot press
firing method can be used. In the case of coating, the anode
22 can be formed as in the case of the cathode 21.

[0063] Next, the cathode lead 25 is attached to the cathode
current collector 21A by welding or the like, and the anode
lead 26 is attached to the anode current collector 22A by
welding or the like. After that, the cathode 21 and the anode
22 are spirally wound with the separator 23 in between, and
an end of the cathode lead 25 is welded to the safety valve
mechanism 15, and an end of the anode lead 26 is welded to
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the battery can 11, and the cathode 21 and the anode 22
which are spirally wound are sandwiched between a pair of
insulating plates 12 and 13, and are contained in the battery
can 11. After the cathode 21 and the anode 22 are contained
in the battery can 11, the electrolytic solution is injected into
the battery can 11 so that the separator 23 is impregnated
with the electrolytic solution. After that, the battery cover
14, the safety valve mechanism 15 and the PTC device 16
are fixed in an opened end portion of the battery can 11 by
caulking by the gasket 17. Thereby, the secondary battery
shown in FIGS. 2 and 3 is formed.

[0064] When the secondary battery is charged, for
example, lithium ions are extracted from the cathode active
material layer 21B, and are inserted into the anode material
capable of inserting and extracting lithium which is included
in the anode active material layer 22B through the electro-
Iytic solution. Next, when the secondary battery is dis-
charged, for example, the lithium ions inserted into the
anode active material capable of inserting and extracting
lithium in the anode active material layer 22B are extracted
and are inserted into the cathode active material layer 21B
through the electrolytic solution. In the embodiment, the
above-described cathode active material is used, so the
chemical stability of the cathode 21 is improved, and even
if the open circuit voltage in a fully charged state is
increased, the deterioration reaction of the cathode 21 and
the electrolytic solution is prevented.

[0065] (Second Secondary Battery)

[0066] FIG. 4 shows the structure of a second secondary
battery using the cathode active material according to the
embodiment. In the secondary battery, a spirally wound
electrode body 30 to which a cathode lead 31 and an anode
lead 32 are attached is contained in film-shaped package
members 40, so the size, the weight and the profile of the
secondary battery can be reduced.

[0067] The cathode lead 31 and the anode lead 32 are
drawn from the interiors of the package members 40 to
outside, for example, in the same direction. The cathode lead
31 and the anode lead 32 are made of, for example, a metal
material such as aluminum, copper, nickel or stainless in a
sheet shape or a mesh shape.

[0068] The package members 40 are made of, for
example, a rectangular aluminum laminate film including a
nylon film, aluminum foil and a polyethylene film which are
bonded in this order. The package members 40 are disposed
so that the polyethylene film of each of the package mem-
bers 40 faces the spirally wound electrode body 30, and edge
portions of the package members 40 are adhered to each
other by fusion bonding or an adhesive. An adhesive film 41
is inserted between the package members 40 and the cathode
lead 31 and the anode lead 32 for preventing the entry of
outside air. The adhesive film 41 is made of, for example, a
material having adhesion to the cathode lead 31 and the
anode lead 32, for example, a polyolefin resin such as
polyethylene, polypropylene, modified polyethylene or
modified polypropylene.

[0069] In addition, the package members 40 may be made
of a laminate film with any other structure, a polymer film
such as polypropylene or a metal film instead of the above-
described aluminum laminate film.

[0070] FIG. 5 shows a sectional view of the spirally
wound electrode body 30 taken along a line I-I of FIG. 4.
The spirally wound electrode body 30 is a spirally wound
laminate including a cathode 33 and an anode 34 with a
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separator 35 and an electrolyte layer 36 in between, and an
outermost portion of the spirally wound electrode body 30 is
protected with a protective tape 37.

[0071] The cathode 33 has a structure in which a cathode
active material layer 33B is arranged on both sides of a
cathode current collector 33A, and the anode 34 has a
structure in which an anode active material layer 34B is
arranged on both sides of an anode current collector 34A.
The structures of the cathode current collector 33A, the
cathode active material layer 33B, the anode current collec-
tor 34A, the anode active material layer 34B and the
separator 35 are the same as those of the cathode current
collector 21A, the cathode active material layer 21B, the
anode current collector 22A, the anode active material layer
22B and the separator 23 which are described above, respec-
tively.

[0072] The electrolyte layer 36 includes an electrolytic
solution and a polymer compound as a holding body which
holds the electrolytic solution, and is a so-called gel elec-
trolyte. The gel electrolyte is preferable, because high ionic
conductivity can be obtained, and liquid leakage from the
battery can be prevented. The structure of the electrolytic
solution is the same as that of the first secondary battery. As
the polymer compound, for example, polyacrylonitrile,
polyvinylidene fluoride, a copolymer of vinylidene fluoride
and hexafluoropropylene, polytetrafiuoroethylene, poly-
hexafluoropropylene, polyethylene oxide, polypropylene
oxide, polyphosphazene, polysiloxane, polyvinyl acetate,
polyvinyl alcohol, poly(methyl methacrylate), polyacrylic
acid, polymethacrylic acid, styrene-butadiene rubber, nitrile-
butadiene rubber, polystyrene or polycarbonate is cited.
More specifically, in terms of electrochemical stability,
polyacrylonitrile, polyvinylidene fluoride, polyhexatluoro-
propylene or polyethylene oxide is preferable.

[0073] The secondary battery can be manufactured by the
following steps, for example.

[0074] At first, after the cathode 33 and the anode 34 are
manufactured as in the case of the first secondary battery, the
electrolyte layer 36 is formed by coating the cathode 33 and
the anode 34 with a precursor solution including the elec-
trolytic solution, the polymer compound and a mixed sol-
vent, and volatilizing the mixed solvent. After that, the
cathode lead 31 is attached to the cathode current collector
33A, and the anode lead 32 is attached to the anode current
collector 34A. Next, after the cathode 33 on which the
electrolyte layer 36 is formed and the anode 34 on which the
electrolyte layer 36 is formed are laminated with the sepa-
rator 35 in between to form a laminate, the laminate is
spirally wound in a longitudinal direction, and the protective
tape 37 is bonded to an outermost portion of the laminate so
as to form the spirally wound electrode body 30. Finally, for
example, the spirally wound electrode body 30 is sand-
wiched between the package members 40, and edge portions
of the package members 40 are adhered to each other by
thermal fusion bonding or the like to seal the spirally wound
electrode body 30 in the package members 40. At this time,
the adhesive film 41 is inserted between the cathode lead 31,
the anode lead 32 and the package members 40. Thereby, the
secondary battery shown in FIGS. 4 and 5 is completed.
[0075] Moreover, the secondary battery may be manufac-
tured by the following steps. At first, after the cathode 33 and
the anode 34 are formed as described above, and the cathode
lead 31 and the anode lead 32 are attached to the cathode 33
and the anode 34, respectively, the cathode 33 and the anode
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34 are laminated with the separator 35 in between to form a
laminate, and the laminate is spirally wound. Then, the
protective tape 37 is bonded to an outermost portion of the
spirally wound laminate so as to form a spirally wound body
as a precursor body of the spirally wound electrode body 30.
Next, the spirally wound body is sandwiched between the
package members 40, and the edge portions of the package
members 40 except for one side are adhered by thermal
fusion bonding to form a pouched package, thereby the
spirally wound body is contained in the package members
40. Next, electrolytic compositions which include the elec-
trolytic solution, monomers as materials of a polymer com-
pound and a polymerization initiator and, if necessary, any
other material such as a polymerization inhibitor are injected
in the package members 40, and an opened portion of the
package members 40 are sealed. After that, the monomers
are polymerized by applying heat to form the polymer
compound, thereby the gel electrolyte layer 36 is formed,
and the secondary battery shown in FIGS. 4 and 5 is
assembled.

[0076] The secondary battery functions as in the case of
the first secondary battery.

[0077] Thus, in the embodiment, the surface layer is
arranged on the coating layer, so the bonding between
particles can be prevented, and the separation of the coating
layer and damage to particles can be prevented. Therefore,
chemical stability can be further improved, and a high
capacity can be obtained, and the cycle characteristics can be
improved.

[0078] Moreover, after forming the precursor coating
layer made of a hydroxide including the coating element on
the complex oxide particles, the precursor surface layer is
formed, and the heat treatment is subjected to the precursor
coating layer and the precursor surface layer to form the
coating layer and the surface layer, so sintering of particles
can be prevented, and the cathode active material according
to the embodiment can be easily obtained.

EXAMPLES

[0079] Specific examples of the present invention will be
described in detail below.

[0080] As Comparative Examples 1 through 12 relative to
Examples 1 through 8, cathode active materials were formed
by the following steps.

Example 1

[0081] At first, 300 g of complex oxide particles having an
average composition represented by Li; (,Cu, oAl o, Mg,
010, o0, and a 50% average particle diameter measured by a
laser scattering method of 11 um were dispersed in 600 g of
pure water. Next, 1.5 mol/l of nickel sulfate (NiSO,.6H,0)
and 1.5 mol/l of manganese sulfate (MnSO,.H,O) were
mixed at a volume ratio of 1:1 to form a mixed solvent. Next,
after 35 ml of the mixed solvent was added to a dispersion
system formed by dispersing the complex oxide particles in
pure water at a speed of 3 ml/min, a 25%-sodium hydroxide
solution was added so that the hydrogen ion exponent pH of
the dispersion system was adjusted to be 11.0, and a pre-
cursor coating layer made of a hydroxide including nickel
and manganese was formed on the surfaces of the complex
oxide particles (step S110; refer to FIG. 1).

[0082] Next, after the complex oxide particles on which
the precursor coating layer was formed were deposited,
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separated and cleaned, 3.5 g of lithium hydroxide (LiOH.
H,O) and 0.4 g of titanium oxide (TiO,) particles with a
50% average particle diameter of 25 nm were added to and
mixed with 100 g of the complex oxide particles on which
the precursor coating layer was formed to form the precursor
surface layer (step S120; refer to FIG. 1). Next, the precursor
coating layer and the precursor surface layer were fired at
950° C. in an air atmosphere to form the coating layer and
the surface layer, thereby the cathode active material was
obtained (step S130; refer to FIG. 1).

Examples 2 to 4

[0083] Cathode active materials were formed as in the
case of Example 1, except that when the precursor surface
layer was formed, instead of titanium oxide, 0.3 g of silicon
dioxide (Si0,) particles with a 50% average particle diam-
eter of 5 to 20 nm, 0.2 g of magnesium oxide (MgO)
particles with a 50% average particle diameter of 5 to 20 nm,
or 0.6 g of zirconium oxide (ZrO,) particles with a 50%
average particle diameter of 5 to 20 nm was added.

Example 5

[0084] A cathode active material was formed as in the case
of Example 1, except that when the precursor coating layer
was formed, a mixed solvent formed by mixing 1.5 mol/of
nickel sulfate and 1.5 mol/l manganese sulfate at a volume
ratio of 3:1 was added.

Examples 6 to 8

[0085] Cathode active materials were formed as in the
case of Example 1, except that when the precursor coating
layer was formed, a mixed solution formed by mixing 1.5
mol/1 of nickel sulfate and 1.5 mol/l of manganese sulfate at
a volume ratio of 3:1 was added, and when the precursor
surface layer was formed, instead of titanium oxide, 0.3 g of
silicon dioxide (SiO,) particles with a 50% average particle
diameter of 5 to 20 nm, 0.2 g of magnesium oxide (MgO)
particles with a 50% average particle diameter of 5 to 20 nm,
or 0.6 g of zirconium oxide (ZrO,) particles with a 50%
average particle diameter of 5 to 20 nm was added.

Comparative Example 1

[0086] The same complex oxide particles used in
Examples 1 through 8 were used as the cathode active
material.

Comparative Examples 2 to 6

[0087] Cathode active materials were formed as in the
case of Example 1, except that when the precursor coating
layer was formed, the volume ratio between 1.5 mol/of
nickel sulfate and 1.5 mol/l of manganese sulfate was
changed to 3:7, 1:1, 3:2,3:1 or 9:1, and the precursor surface
layer was not formed, and only lithium hydroxide was added
and mixed.

Comparative Examples 7 to 12

[0088] Cathode active materials were formed as in the
case of Example 1, except that a precursor coating layer
made of a hydroxide including another element in addition
to nickel and manganese was formed, and the precursor
surface layer was not formed, and only lithium hydroxide
was added and mixed. At that time, the amounts of materials
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were adjusted so that the composition ratio between nickel,
manganese and another element was as shown in Table 1.

[0089] Secondary batteries shown in FIGS. 2 and 3 were
formed through the use of the cathode active materials of
Examples 1 through 8 and Comparative Examples 1 through
12. At first, after 86 wt % of formed cathode active material
powder, 10 wt % of graphite as an electrical conductor and
4 wt % of polyvinylidene fluoride as a binder were mixed to
form a mixture, and the mixture was dispersed in N-methyl-
2-pyrrolidone as a solvent to form slurry, both sides of the
cathode current collector 21A made of strip-shaped alumi-
num foil with a thickness of 20 um were coated with the
slurry, and the slurry was dried and compression molded to
form the cathode active material layer 21B, thereby the
cathode 21 was formed. Next, the cathode lead 25 made of
aluminum was attached to the cathode current collector 21A.
[0090] Moreover, after 90 wt % of artificial graphite
powder as the anode active material and 10 wt % of
polyvinylidene fluoride as a binder were mixed to form a
mixture, and the mixture was dispersed in N-methyl-2-
pyrrolidone as a solvent to form slurry, both sides of the
anode current collector 22A made of strip-shaped copper foil
with a thickness of 10 um were coated with the slurry, and
the slurry was dried and compression molded to form the
anode active material layer 22B, thereby the anode 22 was
formed. Next, the anode lead 26 made of nickel was attached
to the anode current collector 22A. At that time, the amounts
of the cathode active material and the anode active material
were adjusted so that the capacity of the anode 22 was
represented by a capacity component by insertion and
extraction of lithium, and the open circuit voltage at a fully
charged state was designed to be 4.55V, 4.45V, 435 V or
42 V.
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[0091] Next, the formed cathode 21 and the formed anode
22 with the separator 23 made of a porous polyolefin film in
between were spirally wound several times to form the
spirally wound electrode body 20. Next, the spirally wound
electrode body 20 was sandwiched between a pair of insu-
lating plates 12 and 13, and the anode lead 26 was welded
to the battery can 11, and the cathode lead 25 was welded to
the safety valve mechanism 15, thereby the spirally wound
electrode body 20 was contained in the battery can 11. After
that, the electrolytic solution was injected into the battery
can 11, and the battery can 11 was caulked by the gasket 17
to fix the safety valve mechanism 15, the PTC device 16 and
the battery cover 14, thereby cylindrical secondary batteries
were obtained. As the electrolytic solution, an electrolytic
solution formed by dissolving 1 mo/l of LiPF, as an elec-
trolyte salt in a mixed solvent formed by mixing ethylene
carbonate and diethyl carbonate at a volume ratio of 1:1 was
used.

[0092] The formed secondary batteries were charged and
discharged at 45° C. to determine the discharge capacity in
the first cycle as an initial capacity, and the discharge
capacity retention ratio in 300th cycle to the first cycle. The
secondary batteries were charged at a constant current of
1000 mA in the state where the maximum charge voltage
was set to 4.55V, 445V, 435 V or 4.2 V, and then the
secondary batteries were charged at a constant voltage at the
maximum charge voltage until the total charge time reached
2.5 hours, and the secondary batteries were discharged at a
constant current of 800 mA until the battery voltage reached
2.75 V. The obtained results are shown in Table 1.

TABLE 1
PRECURSOR DISCHARGE CAPACITY
COMPLEX OXIDE PRECURSOR COATING SURFACE RETENTION RATIO (%)
PARTICLES LAYER LAYER 455V 445V 435V 420V

EXAMPLE 1 Li;.00C00.08Alo.01Mg0.010200  (NigsMng 5)(OH), Tio, 71 87 95 96
EXAMPLE 2 (Nig sMng 5)(OH), Sio, 71 87 95 96
EXAMPLE 3 (Nig sMng 5)(OH), MgO 70 87 95 96
EXAMPLE 4 (Nig sMng 5)(OH), 710, 72 87 95 96
EXAMPLE 5 (Nig,7sMng »5)(OH), TiO, 68 89 9% 97
EXAMPLE 6 (Nig, 7sMng »5)(OH), Sio, 68 89 9% 97
EXAMPLE 7 (Nig, 7sMng »5)(OH), MgO 69 89 9% 97
EXAMPLE 8 (Nig, 7sMng »5)(OH), 710, 68 89 9% 97
COMPARATIVE  Li; 46Co6eAlo 1Mo 010500 O O 34 68 91 89
EXAMPLE 1

COMPARATIVE (Nig sMn, ,)(OH), O 60 86 94 95
EXAMPLE 2

COMPARATIVE (Nig sMng 5)(OH), O 62 86 93 94
EXAMPLE 3

COMPARATIVE (Nig 6Mng ,)(OH), O 61 86 95 96
EXAMPLE 4

COMPARATIVE (Nig, 7sMng ,5)(OH), O 62 88 95 96
EXAMPLE 5

COMPARATIVE (Nig.oMng ;)(OH), O 61 86 93 94
EXAMPLE 6

COMPARATIVE (Nig.4oMng_10Alg 01 Mgg.01)(OH), O 65 86 94 95
EXAMPLE 7

COMPARATIVE (Nig 40sMng 40sMgg o )JOH), O 65 86 94 95
EXAMPLE 8

COMPARATIVE (Nig 49sMng 40521001 )(OH)5 O 65 86 94 95
EXAMPLE 9

COMPARATIVE (Nig 74Mng 54Alg 01 Mg 01)(OH), O 66 88 95 96
EXAMPLE 10
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TABLE 1-continued

PRECURSOR DISCHARGE CAPACITY
COMPLEX OXIDE PRECURSOR COATING SURFACE RETENTION RATIO (%)
PARTICLES LAYER LAYER 455V 445V 435V 420V
COMPARATIVE (Nig.47sMng 54sMgo o )(OH), O 66 88 95 96
EXAMPLE 11
COMPARATIVE (Nig 74sMng 545710 01)(OH), O 66 88 95 96
EXAMPLE 12

[0093] As shown in Table 1, in Examples 1 through 8,
compared to Comparative Example 1 in which the coating
layer and the surface layer were not formed, the discharge
capacity retention ratio could be greatly improved. More-
over, compared to Comparative Examples 2 through 12 in
which the surface layer was not formed, the discharge
capacity retention ratio could be improved. In other words,
it was found out that when the surface layer made of an
oxide including at least one surface element selected from
the group consisting of titanium, silicon, magnesium and
zirconium was included, the cycle characteristics could be
improved.

[0094] Although the present application is described refer-
ring to the embodiment and the examples, the present
application is not limited to the embodiment and the
examples, and can be variously modified. For example, in
the embodiment and the examples, the case where the
electrolytic solution which is a liquid electrolyte or the gel
electrolyte in which a polymer compound holds the electro-
Iytic solution is used is described; however, any other
electrolyte may be used. As the other electrolyte, for
example, a polymer electrolyte in which an electrolyte salt
is dispersed in a polymer compound having ionic conduc-
tivity, an inorganic solid electrolyte made of ion conductive
ceramic, ion conductive glass or ionic crystal, a fused salt
electrolyte or a mixture thereof is cited.

[0095] Moreover, in the embodiment and the examples, a
so-called lithium-ion secondary battery in which the capac-
ity of the anode is represented by a capacity component by
insertion and extraction of lithium is described; however, the
invention is applicable to a so-called lithium metal second-
ary battery in which lithium metal is used as an anode active
material, and the capacity of an anode is represented by a
capacity component by precipitation and dissolution of
lithium, and a secondary battery in which the charge capac-
ity of an anode material capable of inserting and extracting
lithium is smaller than the charge capacity of a cathode,
thereby the capacity of the anode includes a capacity com-
ponent by insertion and extraction of lithium and a capacity
component by precipitation and dissolution of lithium, and
is represented by the sum of them in the same manner.
[0096] Further in the embodiment and the examples, the
secondary battery having a winding structure is described;
however, the invention is applicable to a secondary battery
having another structure such as a structure in which a
cathode and an anode are folded or laminated. In addition,
the invention is applicable to a secondary battery having any
other shape such as a coin type, a button type or a prismatic
type. Further, the invention is applicable to not only sec-
ondary batteries but also primary batteries.

[0097] It should be understood that various changes and
modifications to the presently preferred embodiments

described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without
departing from the spirit and scope of the present subject
matter and without diminishing its intended advantages. It is
therefore intended that such changes and modifications be
covered by the appended claims.

The invention is claimed as follows:

1. A cathode active material comprising:

one or more complex oxide particles having an average
composition represented by Li,,.Co,_ M, Oy
where M is at least one member selected from the group
consisting of magnesium, aluminum, boron, titanium,
vanadium, chromium, manganese, iron, nickel, copper,
zinc, molybdenum, tin, tungsten, zirconium, yttrium,
niobium, calcium and strontium, where x, y and z range
from -0.10=x=0.10, 0=y=0.50 and -010=z=0.20,
respectively;

a coating layer arranged on at least a part of the complex
oxide particles, the coating layer made of a compound
including lithium, and at least one coating element
selected from the group consisting of nickel and man-
ganese, and oxygen; and

a surface layer arranged on at least a part of the coating
layer, the surface layer made of an oxide including at
least one surface element selected from the group
consisting of titanium, silicon, magnesium and zirco-
nium.

2. The cathode active material according to claim 1,

wherein

the composition ratio between nickel and manganese in
the coating layer is ranges from 100:0 to 30:70 at a
molar ratio of nickel:manganese.

3. The cathode active material according to claim 1,

wherein

the coating layer further includes at least one member
selected from the group consisting of magnesium,
aluminum, boron, titanium, vanadium, chromium, iron,
cobalt, copper, zinc, molybdenum, tin, tungsten, zirco-
nium, yttrium, niobium, calcium and strontium as an
element.

4. The cathode active material according to claim 1,

wherein

the surface layer further includes at least one member
selected from the group consisting of aluminum, boron,
vanadium, chromium, manganese, iron, cobalt, nickel,
copper, zinc, molybdenum, tin, tungsten, yttrium, nio-
bium, calcium and strontium as an element.

5. The cathode active material according to claim 1,

wherein

the amount of the coating layer ranges from 0.5 wt % to
50 wt % inclusive of the complex oxide particles.
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6. The cathode active material according to claim 1,
wherein
the average particle diameter of the cathode active mate-
rial ranges from 2.0 um to 50 um inclusive.
7. The cathode active material according to claim 1,
wherein
the complex oxide particles is a complex oxide made of
LiCoALMgO.
8. A method of manufacturing a cathode active material
comprising:
forming a precursor coating layer made of a hydroxide
including at least one coating element selected from
nickel and manganese on a part of complex oxide
particles having an average composition represented by
Chemical Formula 1 as follows;

LiC0a5»MO0q )

where M is at least one kind selected from the group
consisting of magnesium, aluminum, boron, titanium,
vanadium, chromium, manganese, iron, nickel, copper,
zinc, molybdenum, tin, tungsten, zirconium, yttrium,
niobium, calcium and strontium, and the values of x, y
and z are within a range of —-0.10=x=0.10, 0=y<0.50
and -010=z=0.20, respectively;

after forming the precursor coating layer, forming a
precursor surface layer including at least one surface
element selected from the group consisting of titanium,
silicon, magnesium and zirconium on at least a part of
the complex oxide particles; and

after forming the precursor surface layer, forming a coat-
ing layer made of a compound including lithium, the
coating element and oxygen and a surface layer made
of an oxide including the surface element on at least a
part of the complex oxide particles by a heat treatment.

9. The method of manufacturing a cathode active material

according to claim 8, wherein

a temperature of the heat treatment ranges from 300° C.
to 1000° C. inclusive.

10. A battery comprising a cathode, an anode and an

electrolyte,

wherein the cathode includes a cathode active material in
which a coating layer is arranged on at least a part of
complex oxide particles,

the complex oxide particles have an average composition
represented by Li;,,,,Coy_,yM,O,_,,, where M is at
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least one member selected from the group consisting of
magnesium, aluminum, boron, titanium, vanadium,
chromium, manganese, iron, nickel, copper, zinc,
molybdenum, tin, tungsten, zirconium, yttrium, nio-
bium, calcium and strontium, where X, y and z ranges
from -0.10=2x=0.10, 0=y<0.50 and -0.10=2=0.20,
respectively,

the coating layer is made of a compound including
lithium, at least one coating element selected from
nickel and manganese, and oxygen, and

a surface layer made of an oxide including at least one
surface element selected from the group consisting of
titanium, silicon, magnesium and zirconium is arranged
on at least a part of the coating layer.

11. The battery according to claim 10, wherein

a composition ratio between nickel and manganese in the
coating layer ranges from 100:0 to 30:70 as a molar
ratio of nickel:manganese.

12. The battery according to claim 10, wherein

the coating layer further includes at least one member
selected from the group consisting of magnesium,
aluminum, boron, titanium, vanadium, chromium, iron,
cobalt, copper, zinc, molybdenum, tin, tungsten, zirco-
nium, yttrium, niobium, calcium and strontium as an
element.

13. The battery according to claim 10, wherein

the surface layer further includes at least one member
selected from the group consisting of aluminum, boron,
vanadium, chromium, manganese, iron, cobalt, nickel,
copper, zinc, molybdenum, tin, tungsten, yttrium, nio-
bium, calcium and strontium as an element.

14. The battery according to claim 10, wherein

the cathode active material is obtained by forming a
precursor coating layer made of a hydroxide including
a coating element on at least a part of the complex
oxide particles, and then forming a precursor surface
layer including a surface element, and heating the
precursor coating layer and the precursor surface layer.

15. The battery according to claim 10, wherein

the open circuit voltage in a fully charged state per a pair
of the cathode and the anode ranges from 4.25 V to 4.55
V inclusive.
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