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(57) ABSTRACT

This positive electrode active material for non-aqueous
electrolyte secondary batteries comprises: lithium transition
metal oxide particles; a metal compound which contains a
metal element M and adheres to the surfaces of the lithium
transition metal oxide particles; and a lithium metal com-
pound which contains lithium (i) and the metal element M
and adheres to the surfaces of the lithium transition metal
oxide particles. In this connection, the metal element M is
composed of at least one substance that is selected from
among aluminum (Al), titanium (Ti), manganese (Mn),
gallium (Ga), molybdenum (Mo), tin (Sn), tungsten (W) and
bismuth (Bi).
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POSITIVE ELECTRODE ACTIVE MATERIAL
FOR NONAQUEOUS ELECTROLYTE
SECONDARY BATTERIES, METHOD FOR
PRODUCING POSITIVE ELECTRODE
ACTIVE MATERIAL FOR NONAQUEOUS
ELECTROLYTE SECONDARY BATTERIES,
AND NONAQUEOUS ELECTROLYTE
SECONDARY BATTERY

TECHNICAL FIELD

[0001] The present disclosure relates to a positive elec-
trode active material for non-aqueous electrolyte secondary
batteries, a method for producing a positive electrode active
material for non-aqueous electrolyte secondary batteries,
and a non-aqueous electrolyte secondary battery.

BACKGROUND ART

[0002] Lithium transition metal oxide particles constitut-
ing a positive electrode active material for non-aqueous
electrolyte secondary batteries are synthesized by calcining
a mixture of a lithium compound and a transition metal
oxide. Part of lithium is lost by volatilization during the
calcination, and it is therefore a common practice to use
lithium in an amount more than that in accordance with the
stoichiometric ratio of a target product. However, the pres-
ence of surplus lithium on the surfaces of the lithium
transition metal oxide particles increases the amount of gas
generated during charge or storage of the battery or the like.
Hence, it is necessary to wash the calcined product to
remove the surplus lithium.

[0003] For example, Patent Literature 1 discloses a posi-
tive electrode active material in which fine particles con-
taining tungsten and lithium have adhered to the surfaces of
lithium transition metal oxide particles. Patent Literature 1
discloses steps of washing the lithium transition metal oxide
particles with water, and filtering and drying the particles.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: JP 2015-216105 A
SUMMARY
[0005] Incidentally, if the washing of the lithium transition

metal oxide particles (calcined product) can be omitted, the
need for the steps of filtration and drying will be also
eliminated, so that the production costs of the positive
electrode active material, the environmental load and the
like can be reduced. It is an advantage of the present
disclosure to provide a positive electrode active material that
can reduce the amount of gas generated during charge or
storage of the battery or the like even without washing
lithium transition metal oxide particles. Here, although the
positive electrode active material in Patent Literature 1
undergoes the washing step, the amount of gas generated
during charge or storage of the battery employing this
material is large.

[0006] A positive electrode active material for a non-
aqueous electrolyte secondary battery according to the pres-
ent disclosure includes lithium transition metal oxide par-
ticles, a metal compound containing a metal element M and
adhering to surfaces of the lithium transition metal oxide
particles, and a lithium metal compound containing lithium
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(Li) and the metal element M and adhering to the surfaces
of the lithium transition metal oxide particles. The metal
element M is at least one selected from among aluminum
(Al), titanium (Ti), manganese (Mn), gallium (Ga), molyb-
denum (Mo), tin (Sn), tungsten (W), and bismuth (Bi).
[0007] A method for producing a positive electrode active
material for a non-aqueous electrolyte secondary battery
according to the present disclosure includes the steps of
calcining a mixture of a lithium compound and a transition
metal oxide to synthesize lithium transition metal oxide
particles, and heat-treating a mixture of the unwashed
lithium transition metal oxide particles and a metal com-
pound containing a metal element M at a temperature lower
than a temperature in the calcining.

[0008] A non-aqueous electrolyte secondary battery
according to the present disclosure includes a positive
electrode containing the positive electrode active material, a
negative electrode, and a non-aqueous electrolyte.

[0009] According to the present disclosure, a non-aqueous
electrolyte secondary battery with which the amount of gas
generated during charge or storage or the like is small even
without washing lithium transition metal oxide particles can
be provided.

BRIEF DESCRIPTION OF DRAWING

[0010] FIG. 1 is a sectional view of an illustrative non-
aqueous electrolyte secondary battery of an embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] As described above, in order to suppress generation
of gas during charge or storage of a non-aqueous electrolyte
secondary battery or the like, it is necessary to wash lithium
transition metal oxide particles to remove surplus lithium
present on the surfaces of the particles. If surplus lithium is
present on the surfaces of the lithium transition metal oxide
particles, lithium carbonate is generated on the surfaces of
the particles, and this lithium carbonate is considered to
react with the electrolyte solution to generate gas.

[0012] The present inventors have carried out earnest
investigations to provide a battery with which the amount of
gas generated during charge or storage or the like is small
even without washing lithium transition metal oxide par-
ticles. Consequently, the present inventors have succeeded
in solving the problem by adding a compound containing a
specific metal element to the unwashed lithium transition
metal oxide particles (hereinafter also referred to as
“unwashed particles”).

[0013] In a positive electrode active material according to
the present disclosure in which the compound containing a
specific metal element has been adhered to the surfaces of
the unwashed particles, surplus lithium present on the sur-
faces of the unwashed particles reacts with the compound to
generate a lithium metal compound, so that the amount of
surplus lithium, which causes generation of gas, greatly
decreases. Hence, a non-aqueous electrolyte secondary bat-
tery with which the amount of gas generated during charge
or storage or the like is small even without washing the
lithium transition metal oxide particles can be provided.

[0014] An example of an embodiment will be described in
detail.
[0015] A drawing referred to in the Description of

Embodiment is in schematic form, and specific dimensional
ratios and the like should be determined in consideration of
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the description below. A cylindrical battery in which a
cylindrical battery case houses an electrode assembly 14
with a wound structure is illustrated below as an example,
but the structure of the electrode assembly is not limited to
the wound structure. A laminated structure formed by alter-
nately laminating a plurality of positive electrodes and a
plurality of negative electrodes with separators therebe-
tween may be employed. Moreover, the battery case is not
limited to a cylindrical shape. Examples of the case include
rectangular (for rectangular batteries) and coin-shaped (for
coin cells) metal cases, resin cases (for laminate batteries)
constituted of resin films.

[0016] FIG. 1 is a sectional view of an illustrative non-
aqueous electrolyte secondary battery 10 of the embodi-
ment. As illustrated in FIG. 1, the non-aqueous electrolyte
secondary battery 10 includes the electrode assembly 14, a
non-aqueous electrolyte (not shown), and the battery case
that houses the electrode assembly 14 and the non-aqueous
electrolyte. The electrode assembly 14 has a wound structure
in which a positive electrode 11 and a negative electrode 12
are wound together with a separator 13 therebetween. The
battery case is constituted of a closed-end cylindrical case
body 15 and a sealing assembly 16 that blocks the opening
of the body.

[0017] The non-aqueous electrolyte secondary battery 10
includes insulating plates 17 and 18 respectively disposed on
the upper and lower sides of the electrode assembly 14. In
the example shown in FIG. 1, a positive electrode lead 19
attached to the positive electrode 11 passes through a
through-hole of the insulating plate 17 and extends toward
the sealing assembly 16, and a negative electrode lead 20
attached to the negative electrode 12 extends on the bottom
side of the case body 15 along the outside of the insulating
plate 18. The positive electrode lead 19 is connected to the
lower surface of a filter 22, which is the bottom board of the
sealing assembly 16, by welding or the like, and a cap 26,
which is the top board of the sealing assembly 16, electri-
cally connected to the filter 22 serves as a positive terminal.
The negative electrode lead 20 is connected to the inner
surface of the bottom of the case body 15 by welding or the
like, and the case body 15 serves as a negative terminal.
[0018] The case body 15 is, for example, a closed-end
cylindrical metal container. A gasket 27 is disposed between
the case body 15 and the sealing assembly 16 to ensure that
the battery case is tightly sealed. The case body 15 includes
a projecting portion 21 formed by, for example, pressing the
lateral surface from outside to support the sealing assembly
16. The projecting portion 21 is preferably formed annularly
along the circumferential direction of the case body 15, and
the upper surface of the projecting portion 21 supports the
sealing assembly 16.

[0019] The sealing assembly 16 includes the filter 22, a
lower vent member 23, an insulating member 24, an upper
vent member 25, and the cap 26 stacked in this order from
the electrode assembly 14 side. Each of the members con-
stituting the sealing assembly 16 has, for example, a disk or
ring shape, and the members other than the insulating
member 24 are electrically connected to each other. Each of
the central portions of the lower vent member 23 and the
upper vent member 25 are connected to each other, and the
insulating member 24 is disposed between each of the
peripheral portions. If the internal pressure of the battery
increases due to overheating, for example, the lower vent
member 23 ruptures, and the upper vent member 25 thus
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bulges toward the cap 26 and comes off the lower vent
member 23, thereby breaking the electrical connection
between the valves. If the internal pressure further increases,
the upper vent member 25 ruptures, and gas is discharged
from the opening of the cap 26.

[0020] The following describes each of the components,
particularly a positive electrode active material, of the
non-aqueous electrolyte secondary battery 10 in detail.

[Positive Electrode]

[0021] The positive electrode includes a positive collector
and a positive electrode mixture layer formed on the positive
collector. Foil of a metal, such as aluminum, that is stable in
the electric potential range of the positive electrode, a film
with the above metal disposed in the outer layer, and the like
can be used for the positive collector. The positive electrode
mixture layer contains the positive electrode active material,
an electrical conductor, and a binder. The positive electrode
can be produced by, for example, applying a positive elec-
trode mixture slurry containing the positive electrode active
material, the electrical conductor, the binder, and other
components over the positive collector, drying the coating
film, and rolling the product to form positive electrode
mixture layers on both surfaces of the collector.

[0022] The positive electrode active material contains
lithium transition metal oxide particles, a metal compound
(hereinafter referred to as a “metal compound M1”) con-
taining a metal element M and adhering to the surfaces of the
lithium transition metal oxide particles, and a lithium metal
compound (hereinafter referred to as a “lithium metal com-
pound M2”) containing lithium (L.i) and the metal element
M and adhering to the surfaces of the lithium transition
metal oxide particles. The positive electrode active material
is produced using unwashed lithium transition metal oxide
particles. That is, the production process of the positive
electrode active material does not include either a step of
washing with water to remove surplus Li after the synthesis
of the lithium transition metal oxide particles or steps of
filtration and drying followed by the washing step. Prefer-
ably, almost no surplus Li is present on the surfaces of the
lithium transition metal oxide particles to which the metal
compound M1 and the lithium metal compound M2 have
adhered.

[0023] The content (proportion of the mass of the lithium
transition metal oxide particles to the positive electrode
active material) of the lithium transition metal oxide par-
ticles in the positive electrode active material is preferably
80% by mass or more, more preferably 90% by mass or
more, particularly preferably 95% by mass or more, in view
of ensuring of the battery capacity and the like. The metal
compound M1 and the lithium metal compound M2 are fine
particles having particle diameters smaller than the particle
diameter of the lithium transition metal oxide particles and
are scattered over the surfaces of the lithium transition metal
oxide particles. Hence, the particle diameter of the positive
electrode active material is determined by the particle diam-
eter of the lithium transition metal oxide particles (the
particle diameter of the positive electrode active material the
particle diameter of the lithium transition metal oxide par-
ticles).

[0024] The average particle diameter of the lithium tran-
sition metal oxide particles is, for example, 2 to 30 um,
preferably 5 to 15 um. The lithium transition metal oxide
particles may be secondary particles formed by agglomera-
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tion of primary particles measuring 100 nm to 10 um. The
average particle diameter of the lithium transition metal
oxide particles means the median diameter (D50) measured
by laser diffraction method and can be measured using, for
example, a laser diffraction/scattering particle size distribu-
tion analyzer manufactured by HORIBA, Ltd.

[0025] The lithium transition metal oxide constituting the
lithium transition metal oxide particles contains, for
example, at least one metal element selected from among
magnesium (Mg), aluminum (Al), calcium (Ca), scandium
(Sc), titanium (T1), vanadium (V), chromium (Cr), manga-
nese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cuw),
zinc (Zn), gallium (Ga), germanium (Ge), yttrium (Y),
zirconium (Zr), tin (Sn), antimony (Sb), lead (Pb), and
bismuth (Bi). Among these elements, at least one selected
from among Ni, Co, Mn, and Al is preferably contained.
[0026] A suitable lithium transition metal oxide is an oxide
in which the proportion of Ni to the total number of moles
of metal elements other than Li is 30 mol % or more, more
preferably 85 mol % or more. The lithium transition metal
oxide contains mainly, for example, an oxide represented by
the composition formula Li,Ni,M*, O, (where 0.95<a<l.
2, 0.85=x<1.0, and M* includes at least Co and Al). The
lithium transition metal oxide particles may contain a mix-
ture of two or more lithium transition metal oxides having
different compositions. The particles preferably contain at
least 50% by mass or more, or 80% by mass or more,
preferably substantially 100% by mass, of the oxide repre-
sented by the above composition formula.

[0027] As described above, the metal compound M1 is a
compound containing the metal element M and has adhered
to the surfaces of the lithium transition metal oxide particles.
Part of the metal compound M1 may fall off the surfaces of
the lithium transition metal oxide particles and be present in
the positive electrode mixture layer. By causing the metal
compound M1 to adhere to the surfaces of the unwashed
lithium transition metal oxide particles, surplus Li, which
causes generation of gas during charge or storage of the
battery or the like, can be made harmless. The metal
compound M1 reacts with Li present on the surfaces of the
lithium transition metal oxide particles to form the lithium
metal compound M2. That is, the presence of the metal
compound M1 means that almost no surplus Li is left on the
surfaces of the lithium transition metal oxide particles.
[0028] The amount of the surplus Li compound on the
surfaces of the lithium transition metal oxide particles is 0.2
to 4 mol %, preferably O to 4 mol % with respect to the
lithium transition metal oxide. The amount of the surplus Li
compound on the surfaces of the lithium transition metal
oxide particles can be determined by, for example, immers-
ing the positive electrode active material powder in water to
dissolve the surplus L.i compound and titrating the resulting
solution.

[0029] The metal element M contained in the metal com-
pound M1 is at least one selected from among aluminum
(Al), titanium (Ti), manganese (Mn), gallium (Ga), molyb-
denum (Mo), tin (Sn), tungsten (W), and bismuth (Bi). Only
in the case where the metal element M is at least one of these
elements, generation of gas during charge or storage or the
like is suppressed without causing defects such as decrease
in the capacity. Among these elements, the metal element M
is preferably at least one selected from the group consisting
of Al, Ga, Sn, and W, the group consisting of Al, Ga, and Sn,
or the group consisting of Al and Ga.
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[0030] Specific examples of the metal compound M1
include oxides of the metal element MI, such as aluminum
oxide, gallium oxide, tin oxide, and tungsten oxide; nitrides
of the metal element MI, such as aluminum nitride and
gallium nitride; hydroxides of the metal element M, such as
aluminum hydroxide and gallium hydroxide, and the like. As
the metal compound M1, one compound may be used singly,
or a combination of two or more compounds may be used.
One or more oxides are preferably used.

[0031] The content of the metal compound M1 in the
positive electrode active material is, for example, less than
4 mol %, preferably less than 0.2 mol %, with respect to the
amount of the positive electrode active material. The content
of the metal compound M1 is preferably lower than the
content of the lithium metal compound M2.

[0032] As described above, the particle diameter of the
metal compound M1 is smaller than the particle diameter of
the lithium transition metal oxide particles. The average
particle diameter of the metal compound M1 adhering to the
surfaces of the lithium transition metal oxide particles can be
measured using a scanning electron microscope (SEM) (the
lithium metal compound M2 can be measured in the same
manner). Specifically, 100 metal compound M1 particles are
randomly selected from an SEM image of the lithium
transition metal oxide particles (positive electrode active
material) to the surfaces to which the metal compound M1
has adhered, the maximum diameters of each of the selected
particles are measured, and the measured values are aver-
aged to produce the average particle diameter. The average
particle diameter of the metal compound M1 measured in
accordance with this method is, for example, 50 nm to 3pm,
preferably 100 nm to 1 pm.

[0033] As described above, the lithium metal compound
M2 is an oxide containing [.i and the metal element M and
has adhered to the surfaces of the lithium transition metal
oxide particles. Here, part of the lithium metal compound
M2 may fall off the surfaces of the lithium transition metal
oxide particles and be present in the positive electrode
mixture layer. The lithium metal compound M2 is generated
by the reaction of the surplus Li compound present on the
surfaces of the lithium transition metal oxide particles with
the metal compound MI. The lithium metal compound M2
has a low reactivity with the electrolyte solution and does
not cause generation of gas during charge or storage or the
like.

[0034] Specific examples of the lithium metal compound
M2 include complex oxides of L.i and the metal element Ml,
such as lithium aluminate, lithium gallium oxide, lithium
stannate, and lithium tungstate; and complex nitrides of Li
and the metal element M1, such as lithium aluminum nitride
and lithium gallium nitride. Two or more lithium metal
compounds M2 may be present, and preferably contain one
or more oxides.

[0035] An amount of the lithium metal compound M2
adhering to the surfaces of the lithium transition metal oxide
particles is larger than an amount of the metal compound M1
adhering to the surfaces of the lithium transition metal oxide
particles. The content of the lithium metal compound M2 in
the positive electrode active material is, for example, 0.2 to
4 mol % with respect to the amount of the positive electrode
active material.

[0036] As described above, the particle diameter of the
lithium metal compound M2 is smaller than the particle
diameter of the lithium transition metal oxide particles. The
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average particle diameter of the lithium metal compound M2
adhering to the surfaces of the lithium transition metal oxide
particles is, for example, 50 nm to 3um, preferably 100 nm
to 1pum. The average particle diameter of the lithium metal
compound M2 is about the same as the average particle
diameter of the metal compound M1.

[0037] The above positive electrode active material can be
obtained through, for example, a production process includ-
ing a step (hereinafter referred to as “Step (1)”) of calcining
a mixture of the lithium compound and a transition metal
oxide to synthesize the lithium transition metal oxide par-
ticles, and a step (hereinafter referred to as “Step (2)”) of
heat-treating a mixture of the unwashed lithium transition
metal oxide particles and the metal compound M1 at a
temperature lower than a calcining temperature in Step (1).
Although the surplus Li compound is present on the surfaces
of the unwashed lithium transition metal oxide particles
(unwashed particles), the heat treatment after adding the
metal compound M1 allows the surplus Li compound to
react with the metal compound M1 to generate the lithium
metal compound M2, thereby greatly reducing the surplus Li
compound, which causes generation of gas. This production
process does not require either washing of the lithium
transition metal oxide particles or the steps of filtration and
drying followed by the washing step. Accordingly, the
production costs of the positive electrode active material, the
environmental load and the like can be reduced.

[0038] Examples of the lithium compound used in Step (1)
include lithium hydroxide, lithium carbonate, lithium
nitrate, and the like. Examples of the transition metal oxide
include complex oxides (such as nickel cobalt aluminum
oxide and nickel cobalt manganese oxide) each containing at
least one selected from among Ni, Co, Mn, and Al, and the
like. Since part of Li is lost by volatilization during the
calcination as described above, more excessive Li (lithium
compound) than in the stoichiometric ratio to a target
product is used. Hence, surplus Li is present on the surfaces
of the calcined product particles (lithium transition metal
oxide particles).

[0039] The calcining temperature in Step (1) is preferably
higher than 700° C. A suitable range of the calcining
temperature is 720 to 900° C., more preferably 730 to 800°
C. The calcination is preferably performed in an oxygen
flow.

[0040] In Step (2), the lithium transition metal oxide
particles obtained in Step (1) are used in the unwashed form.
The metal compound M1 is mixed at a ratio of, for example,
20 to 600 umol/g to the unwashed particles to cause the
metal compound M1 fine particles to adhere to the surfaces
of the unwashed particles. The resulting mixture is then
heat-treated, so that Li and the metal compound M1 present
on the surfaces of the unwashed particles react together to
generate the lithium metal compound M2. Thus, the positive
electrode active material in which the fine particles of the
metal compound M1 and the lithium metal compound M2
have adhered to the surfaces of the lithium transition metal
oxide particles is obtained.

[0041] Examples of the method for causing the metal
compound M1 to adhere to the surfaces of the unwashed
particles include a method of mechanically mixing the
unwashed particles with the metal compound MI. Alterna-
tively, the metal compound M1 may be caused to adhere to
the surfaces of the unwashed particles by preparing a water
dispersion in which the metal compound M1 is dispersed in
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water and spraying or dropping the dispersion on the
unwashed particles. In this case, the metal compound M1 is
apt to uniformly adhere to the surfaces of the unwashed
particles, and the metal compound M1 is apt to react with Li.
[0042] The heat treatment temperature in Step (2) is lower
than the calcining temperature in Step (1) and is preferably
200 to 700° C., more preferably 300 to 500° C. If the heat
treatment temperature is within the above range, the reaction
of the metal compound M1 with Li in the lithium transition
metal oxide crystals can be suppressed while ensuring a
sufficient reactivity of the metal compound M1 with surplus
Li.

[0043] Examples of the electrical conductor contained in
the positive electrode mixture layer include carbon materials
such as carbon black, acetylene black, Ketjenblack, and
graphite. Examples of the binder include fluorocarbon resins
such as polytetrafluoroethylene (PTFE) and poly(vinylidene
fluoride) (PVdF); polyolefins such as ethylene-propylene-
isoprene copolymers and ethylene-propylene-butadiene
copolymers; polyacrylonitrile (PAN); polyimides; acrylic
resins, and the like. These resins may be combined with
carboxymethyl cellulose (CMC) or its salts, poly(ethylene
oxide) (PEO), or the like. One of these substances may be
used singly, or a combination of two or more substances may
be used.

[Negative Electrode]

[0044] The negative electrode includes a negative collec-
tor and a negative electrode mixture layer formed on the
collector. Foil of a metal, such as copper, that is stable in the
electric potential range of the negative electrode, a film with
the above metal disposed in the outer layer, and the like can
be used for the negative collector. The negative electrode
mixture layer contains a negative electrode active material
and a binder. The negative electrode can be produced by, for
example, applying a negative electrode mixture slurry con-
taining the negative electrode active material, the binder, and
other components over the negative collector, drying the
coating film, and rolling the product to form negative
electrode mixture layers on both surfaces of the collector.
[0045] The negative electrode active material is not par-
ticularly limited as long as the material can reversibly
occlude and release lithium ions. Examples of the material
include carbon materials such as natural graphite and arti-
ficial graphite; metals, such as silicon (Si) and tin (Sn), that
forms alloys with Li; oxides containing metal elements such
as Si and Sn, and the like. As the negative electrode active
material, one of these substances may be used singly, or a
combination of two or more substances may be used.
[0046] Similarly to the case of the positive electrode, a
fluorocarbon resin, PAN, a polyimide, an acrylic resin, a
polyolefin, or the like can be used as the binder. In the case
where the mixture slurry is prepared using an aqueous
solvent, CMC or its salts, styrene-butadiene rubber (SBR),
poly(acrylic acid) (PAA) or its salts, poly(vinyl alcohol), and
the like are preferably used.

[Separator]

[0047] An ion-permeable and insulating porous sheet is
used as the separator. Specific examples of the porous sheet
include microporous thin films, woven fabric, nonwoven
fabric, and the like. Suitable examples of the material for the
separator include olefin resins such as polyethylene and
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polypropylene, cellulose and the like. The separator may
have a single layer structure or a laminated structure.

[Non-Aqueous Electrolyte]|

[0048] The non-aqueous electrolyte contains a non-aque-
ous solvent and an electrolyte salt dissolved in the non-
aqueous solvent. For example, Esters, ethers, nitriles such as
acetonitrile, amides such as dimethylformamide, and mixed
solvents of two or more of these solvents can be used for the
non-aqueous solvent. The non-aqueous solvent may contain
a halogen substitution product formed by substituting halo-
gen atoms such as fluorine for at least part of hydrogen of the
above solvent. Moreover, the non-aqueous electrolyte is not
limited to liquid electrolytes (non-aqueous electrolyte solu-
tions) but may be a solid electrolyte employing a gel
polymer and the like.

[0049] Examples of the above esters include cyclic car-
bonate esters such as ethylene carbonate (EC), propylene
carbonate (PC), and butylene carbonate; chain carbonate
esters such as dimethyl carbonate (DMC), methyl ethyl
carbonate (MEC), diethyl carbonate (DEC), methyl propyl
carbonate, ethyl propyl carbonate, and methyl isopropyl
carbonate; cyclic carboxylate esters such as y-butyrolactone
(GBL) and y-valerolactone (GVL); and chain carboxylate
esters such as methyl acetate, ethyl acetate, propyl acetate,
methyl propionate (MP), and ethyl propionate, and the like.

[0050] Examples of the above ethers include cyclic ethers
such as 1,3-dioxolane, 4-methyl-1,3-dioxolane, tetrahydro-
furan, 2-methyltetrahydrofuran, propylene oxide, 1,2-buty-
lene oxide, 1,3-dioxane, 1,4-dioxane, 1,3,5-trioxane, furan,
2-methylfuran, 1,8-cineole, and crown ethers; and chain
ethers such as 1,2-dimethoxyethane, diethyl ether, dipropyl
ether, diisopropyl ether, dibutyl ether, dihexyl ether, ethyl
vinyl ether, butyl vinyl ether, methyl phenyl ether, ethyl
phenyl ether, butyl phenyl ether, pentyl phenyl ether,
methoxytoluene, benzyl ethyl ether, diphenyl ether, dibenzyl
ether, o-dimethoxybenzene, 1,2-diethoxyethane, 1,2-dibu-
toxyethane, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethylene glycol dibutyl ether, 1,1-
dimethoxymethane, 1,1-diethoxyethane, triethylene glycol
dimethyl ether, and tetraethylene glycol dimethyl ether, and
the like.

[0051] Fluorinated cyclic carbonate esters such as fluoro-
ethylene carbonate (FEC), fluorinated chain carbonate
esters, and fluorinated chain carboxylate esters such as
methyl fluoropropionate (FMP) and the like are preferably
used as the halogen substitution product.

[0052] The electrolyte salt is preferably a lithium salt.
Examples of the lithium salt include LiBF,, LiClO,, LiPF,
LiAsF,, LiSbF,, LiAICl,, LiSCN, LiCF;SO;, LiCF,CO,,
Li(P(C,0,)F,), LiPF, (C,F,,., ). (Where 1<x<6, and n is 1
or 2), LiB,,Cl,,, LiCl, LiBr, Lil, chloroborane lithium,
lithium short-chain aliphatic carboxylates, borate salts such
as Li,B,O, and Li(B(C,0,)F,), and imide salts such as
LiN(SO,CF,), and LIN(C,F,,,,SO,)C,F,,,.,SO,) (where
1 and m are integers of 1 or more), and the like. One of these
lithium salts may be used singly, or a mixture of a plurality
of salts may be used. Among these salts, LiPF is preferably
used in view of ionic conductivity, electrochemical stability
and the like. The concentration of the lithium salt is pref-
erably 0.8 to 1.8 mol per 1 L of the non-aqueous solvent.
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EXAMPLES

[0053] The following further describes the present disclo-
sure on the basis of Examples, but the present disclosure is
not limited to these Examples.

Example 1

[Production of Positive Electrode Active Material]

[0054] Nickel cobalt aluminum oxide represented by
LiNig 5, Cog g6Aly 050, and lithium hydroxide (LiOH) were
mixed at a molar ratio of 1:1.03, and the mixture was
calcined at 745° C. for 20 hours in an oxygen flow. Tungsten
oxide (W0;) was added to and mixed with the unwashed
calcined product at a ratio of 161 umol per 1 g of the
calcined product, and the mixture was then heat-treated at
400° C. for 3 hours in an oxygen flow to provide a positive
electrode active material.

[Production of Positive Electrode]

[0055] The above positive electrode active material, acety-
lene black, and poly(vinylidene fluoride) were mixed at a
mass ratio of 100:1.25:1, and an appropriate amount of
N-methyl-2-pyrrolidone (NMP) was added to adjust the
viscosity, so that a positive electrode mixture slurry was
prepared. Subsequently, the positive electrode mixture
slurry was applied over one surface of a positive collector
made of aluminum foil, and the coating film was dried on a
hot plate at 80° C. The collector on which the coating film
was formed was compressed using a roller so that the density
of the coating film(positive electrode mixture layer) would
be 3 g/cc, and the product was cut into a predetermined
electrode size, so that a positive plate in which positive
electrode mixture layers were formed on both surfaces of the
positive collector was produced.

[Production of Negative Electrode]

[0056] Graphite powder, styrene-butadiene rubber (SBR),
and carboxymethyl cellulose were mixed at a mass ratio of
100:1:1, and an appropriate amount of water was added to
adjust the viscosity, so that a negative electrode mixture
slurry was prepared. Subsequently, the negative electrode
mixture slurry was applied over one surface of a negative
collector made of copper foil, and the coating film was dried
on a hot plate at 80° C. The collector on which the coating
film was formed was compressed using a roller, and the
product was cut into a predetermined electrode size, so that
a negative plate in which negative electrode mixture layers
were formed on both surfaces of the negative collector was
produced.

[Preparation of Non-Aqueous Electrolyte]

[0057] Ethylene carbonate (EC) and methyl ethyl carbon-
ate (MEC) were mixed at a volume ratio of 3:7. Lithium
hexafluorophosphate (LiPF;) was dissolved in the mixed
solvent at a concentration of 1 mol/LL to prepare a non-
aqueous electrolyte.

[Production of Battery]

[0058] The above positive plate provided with an alumi-
num lead and the above negative plate provided with a
nickel lead were spirally wound together with a polyethyl-
ene separator therebetween to produce a wound electrode
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assembly. The electrode assembly was inserted into a pack-
age constituted of an aluminum laminated sheet and dried at
105° C. for 2 hours in vacuum, and the above non-aqueous
electrolyte was injected into the package. The package
housing the electrode assembly and the non-aqueous elec-
trolyte was sealed to produce a battery Al.

[0059] Charge/discharge tests and a storage test were
performed on the battery Al . Tables 1 and 2 show the
respective evaluation results (the same applies to Examples
and Comparative Examples below).

[0060] [Charge/Discharge Tests]

[0061] Constant-current charge was performed to 4.2 V at
0.1 C, and constant-voltage charge was then performed at
4.2 V until the current value became equivalent to 0.01 C to
complete the charge process. After a 10 minutes’ pause,
constant-current discharge was performed to 2.5 V at 0.1 C.
After a 5 minutes’ pause, constant-current discharge was
performed to 2.5 V at 0.05 C. After another 5 minutes’
pause, constant-current discharge was performed to 2.5 V at
0.01 C to complete the discharge process. The duration of a
pause between cycles was set to 10 minutes.

[Storage Test]

[0062] After two charge/discharge cycles described above,
only the charge process for one cycle was performed, and the
volume of the battery A1 was measured by the buoyancy
method (Archimedes’ method). Subsequently, a storage test
was performed for 3 hours in a constant temperature oven at
85° C. The temperature of the battery A1l that had undergone
the storage test was allowed to drop to room temperature,
and the volume was then measured again by the buoyancy
method. The difference between the volume before the
storage test and the volume after the storage test was
regarded as the amount of gas generated, and the amount
was normalized to 1 g of the positive electrode active
material.

Example 2

[0063] A battery A2 was produced in substantially the
same manner as in Example 1 except that WO, was replaced
with molybdenum oxide (MoQO,) in the production of the
positive electrode active material.

Example 3

[0064] A battery A3 was produced in substantially the
same manner as in Example 1 except that WO, was replaced
with aluminum oxide (Al,O;) and that the amount of
aluminum oxide added was 242 umol per 1 g of the calcined
product in the production of the positive electrode active
material.

Comparative Example 1

[0065] A battery B1 was produced in substantially the
same manner as in Example 1 except that WO, was not
added and that the calcined product produced in Example 1
was used as it was as the positive electrode active material.

Comparative Example 2

[0066] A battery B2 was produced in substantially the
same manner as in Example 3 except that Al,O; was
replaced with niobium oxide (Nb,Os) in the production of
the positive electrode active material.
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Comparative Example 3

[0067] A battery B3 was produced in substantially the
same manner as in Example 1 except that WO, was replaced
with boron oxide (B,0;) and that the amount of boron oxide
added was 484 pmol per 1 g of the calcined product in the
production of the positive electrode active material.

TABLE 1

Metal Amount of Amount of gas

compound M1 Addition*! Battery generated*?
Comparative None — B1 0.874
Example 1
Example 1 WO, 161 Al 0.683
Example 2 MoO; 161 A2 0.759
Example 3 AlLO; 242 A3 0.742
Comparative Nb,Os5 242 B2 1.179
Example 2
Comparative B,O; 484 B3 1.169
Example 3

*The amount of addition per 1 g of the positive electrode active material (umol/g)
*The amount of gas generated per 1 g of the positive electrode active material (cc/g)

[0068] As shown in Table 1, the amount of gas generated
from the batteries Al to A3 in the Examples during the
storage tests are all smaller than the amount of gas generated
from the battery Bl in Comparative Example 1. In other
words, the addition of WO;, MoOQ;, or Al,O; is effective in
suppressing generation of gas during the storage test. On the
other hand, in the case where Nb,O5 or B,O; was added
(Comparative Examples 2 and 3), the amount of gas gen-
erated increased. Here, in the case where a compound
containing Ga, which belongs to the same group as Al, is
used, effects similar to the effects in the case where a
compound such as Al,O; containing Al is used are expected.

Example 4

[0069] A battery A4 was produced in substantially the
same manner as in Example 1 except that WO, was replaced
with bismuth oxide (Bi,O,), that the amount of bismuth
oxide added was 484 umol per 1 g of the calcined product
in the production of the positive electrode active material,
and a solution below was used as the non-aqueous electro-
lyte. A storage test was also performed on the battery A4 in
the same manner as in Example 1. Table 3 shows the
evaluation results (the same applies to Examples and Com-
parative Examples below).

[Preparation of Non-Aqueous Electrolyte]

[0070] EC, MEC, and dimethyl carbonate (DMC) were
mixed at a volume ratio of 20:5:75. Lithium hexafluoro-
phosphate (LiPF,) was dissolved in the mixed solvent at a
concentration of 1.4 mol/L, and 4% by mass of vinylene
carbonate relative to the mass of the mixed solvent was
added to prepare a non-aqueous electrolyte.

Example 5

[0071] A battery A5 was produced in substantially the
same manner as in Example 4 except that Bi,O; was
replaced with tin oxide (SnO,) in the production of the
positive electrode active material.
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Example 6

[0072] A battery A6 was produced in substantially the
same manner as in Example 4 except that Bi,O; was
replaced with manganese oxide (MnO) in the production of
the positive electrode active material.

Example 7

[0073] A battery A7 was produced in substantially the
same manner as in Example 4 except that Bi,O; was
replaced with titanium oxide (TiO,) in the production of the
positive electrode active material.

Comparative Example 4

[0074] A battery B4 was produced in substantially the
same manner as in Example 4 except that Bi,O; was not
added and that the calcined product produced in Example 1
was used as it was as the positive electrode active material.
[0075] <Comparative Example 5>

[0075] A battery B5 was produced in substantially the
same manner as in Example 4 except that Bi,O; was
replaced with copper hydroxide (Cu(OH),) in the production
of the positive electrode active material.

TABLE 2

Metal Amount of Amount of gas

compound addition*! Battery generated*?
Comparative None — B4 1.45
Example 4
Example 4 Bi,0, 484 A4 1.13
Example 5 SnO, 484 AS 0.85
Example 6 MnO 484 A6 0.99
Example 7 Ti,0, 484 A7 0.94
Comparative Cu(OH), 484 BS 1.79

Example 5

*IThe amount of addition per 1 g of the positive electrode active material (umol/g)
*The amount of gas generated per 1 g of the positive electrode active material (cc/g)

[0076] As shown in Table 2, the amounts of gas generated
from the batteries A4 to A7 in the Examples during the
storage tests are all smaller than the amount of gas generated
from the battery B4 in Comparative Example 4. In other
words, the addition of Bi,O;, SnO,, MnO, or TiO, is
effective in suppressing generation of gas during the storage
test. On the other hand, in the case where Cu(OH), was
added (Comparative Example 5), the amount of gas gener-
ated increased.

INDUSTRIAL APPLICABILITY

[0077] The present invention can be applied to a positive
electrode active material for non-aqueous electrolyte sec-
ondary batteries, a method for producing a positive electrode
active material for non-aqueous electrolyte secondary bat-
teries, and a non-aqueous electrolyte secondary battery.

REFERENCE SIGNS LIST

[0078] 10 Non-aqueous electrolyte secondary battery
[0079] 11 Positive electrode

[0080] 12 Negative electrode

[0081] 13 Separator

[0082] 14 FElectrode assembly
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[0083] 15 Case body

[0084] 16 Sealing assembly
[0085] 17, 18 Insulating plate
[0086] 19 Positive electrode lead
[0087] 20 Negative electrode lead
[0088] 21 Projecting portion
[0089] 22 Filter

[0090] 23 Lower vent member
[0091] 24 Insulating member
[0092] 25 Upper vent member
[0093] 26 Cap

[0094] 27 Gasket

1. A positive electrode active material for a non-aqueous
electrolyte secondary battery, comprising:

lithium transition metal oxide particles;

a metal compound comprising a metal element M and
adhering to surfaces of the lithium transition metal
oxide particles; and

a lithium metal compound comprising lithium (Li) and the
metal element M and adhering to the surfaces of the
lithium transition metal oxide particles,

wherein the metal element M is at least one selected from
among aluminum (Al), titanium (T1), manganese (Mn),
gallium (Ga), molybdenum (Mo), tin (Sn), tungsten
(W), and bismuth (Bi).

2. The positive electrode active material according to
claim 1, wherein an amount of the lithium metal compound
adhering to the surfaces of the lithium transition metal oxide
particles is larger than an amount of the metal compound
adhering to the surfaces of the lithium transition metal oxide
particles.

3. The positive electrode active material according to
claim 1, wherein the lithium transition metal oxide particles
contain mainly an oxide represented by a composition
formula Li, Ni,M* , ,O,, wherein 0.95<a<1.2, 0.85=x<1.0,
and M* comprises at least Co and Al

4. The positive electrode active material according to
claim 1, wherein the metal element M is at least one selected
from among Al, Ti, Mn, Ga, Sn, and Bi.

5. A non-aqueous electrolyte secondary battery compris-
ing:

a positive electrode comprising the positive electrode

active material according to claim 1;

a negative electrode; and

a non-aqueous electrolyte.

6. A method for producing a positive electrode active
material for a non-aqueous electrolyte secondary battery,
comprising the steps of:

mixing a lithium compound and a transition metal oxide
and calcining the mixture to synthesize lithium transi-
tion metal oxide particles; and

heat-treating a mixture of the unwashed lithium transition
metal oxide particles and a metal compound containing
a metal element M at a temperature lower than a
temperature in the calcining,

wherein the metal element M is at least one selected from
among aluminum (Al), titanium (T1), manganese (Mn),
gallium (Ga), molybdenum (Mo), tin (Sn), tungsten
(W), and bismuth (Bi).

7. The method according to claim 6, wherein a tempera-

ture of the heat treatment is 200 to 700° C.
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