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ABSTRACT

In accordance with the present 1nvention, there are

provided positive electrode active substance particles for

non-aqueous electrolyte secondary batteries which 1s

F

excellent in life characteristics of a battery with respect

to a repeated chargling and discharging performance thereof,
as well as a non—-aqueous electrolyte secondary battery. The
present i1nventilion relates to a positive electrode active
substance for non—-aqueous electrolyte secondary batteries

comprising lithium transition metal layered oxide having a

composition represented by the formula: Li,(NiyCoyMnj_x-y)O>
wherein a is 1.0 £ a £ 1.15; x is 0 < x < 1; and y is 0 < vy
< 1, 1n which the positive electrode active substance 1is in

F

the form of secondary particles formed by aggregating

" e ]
ha—

primary particles thereof, and a coefficient of variation of

)

a compositional ratio: Li/Me wherein Me is a sum of Ni, Co

F

and Mn (Me = N1 + Co + Mn) as measured on a section of the

secondary particle 1s not more than 25%.
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SPECIFICATION

TITLE OF INVENTION

L*J

POSITIV.

ELECTRODE ACTIVE SUBSTANCE FOR NON-AQUEQUS

[

LECTROLYTE

L]

LECTROLYT!

L*)

SECONDARY BATTERIES, AND NON-AQUEOUS

.

SECONDARY BATTERY

TECHNICAL FIELD
(0001 ]

The present inventlion relates to a positive electrode

(cathode) active substance for non-agqueous electrolyte

secondary batteries, and more particularly, to a positive

—

electrode active substance that 1s capable of conducting

stable charging and discharging operations without

P

significant deterioration 1n characteristics thereof even

when subjected to repeated charging and discharging cycles.

BACKGROUND ART
10002]

P

With the recent rapid development of portable and

cordless electronic devices such as audio-visual (AV)

devices and personal computers, there 1s an i1ncreasing

demand for secondary batterilies having a small size, a light

F

welght and a high energy density as a power source for

driving these electronic devices. Also, in consideration o

global environments, electric cars and hybrid cars have been

recently developed and put 1nto practice, so that there is

an 1ncreasing demand for lithium 1lon secondary batteries for
large size applications which exhibit excellent durability.
Under these circumstances, the lithium ion secondary
batteries that are excellent in service life when subjected
to repeated charging and discharging cycles as well as high

output characteristics have been noticed.
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[0003]

F

As the method of meeting the aforementioned needs,

there has been usually used the method of controlling an

interface reaction between an electrode active substance and

an electrolyte solution in association with insertion and

F

desorption of lithilum i1ons upon charging and discharging

operations. An example of the method 1s the method otf

subjecting the active substance to various surface

F F
—

fects of the surface

treatments, and the advantageous e:

treatments have also been validated.

10004 ]

F

In addition, for the purpose of improving output

F

characteristics and durability of the active substance, the

method of atomizing crystallites of the active substance and

designing a particle form of the active substance in the

"

form of secondary particles constituted of an aggregate of

F

the crystallites as a behaving unit thereof has become

F
—

predominant and actually exhibited good effects. However,

F

the active substance that acts in the form of the secondary

pr—

particles as a behaving unit thereof tends to still have

-

pecullar problems to be 1mproved such as degradation of the

aggregated form during charging and discharging cycles, 1.e.,

P

occurrence of cracks in the behaving particles around a

pr—v

graln boundary thereof. The occurrence of cracks in the

particles tends to i1nduce reduction in conductive path or

deterioration in electrode density, and further induce rapid

deterioration in battery characteristics. Therefore, in

F

order to further improve performance of the battery, it is

F

necessary to overcome such a problem that characteristics of

the active substance are gradually deteriorated owing to the

separation along a crystal interface thereof, etc.
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[0005]

As an example of the conventional particles acting i1n

the form of secondary particles as a behaving unit 1n which

F

attention is paid to the control of a composition of the

P

crystal grain boundary formed inside the behaving unit of

the aggregate-based active substance, there has been present

such a report that a coating film 1s formed even on a

crystal interface inside the aggregated particles.

For example, as a positive electrode active substance

grin

formed of a Ni-containing layered oxide, there are mentioned

those active substances in which T1 1s allowed to be present

along a grain boundary thereof (Patent Literature 1), those

active substances 1n which Nb is allowed to be present along

F

a graln boundary thereof (Patent Literature 2), those active

substances 1n which at least one element selected from the

gr— o

group consisting of Ti, Zr, Hf, Si, Ge and Sn 1s allowed to

be present along a grain boundary thereof (Patent Literature
3) and the like.
[0006]

F

As a result of the present 1nventors' study on

- -

designing of compositions of these grain boundaries, 1t has

F

p—
—

"erent kinds of

been found that only by allowing the di

compounds to be present along the grain boundary, it 1s

—
p—

difficult to sufficiently 1mprove properties of the active

-

substances, and deposition of an L1 component as a raw

material of the active substance on the grain boundary

pr——

rather tends to occur so that a service life of the

resulting battery 1s shortened. Meanwhile, the deposition

- g

of the L1 component 1s caused by local segregation of Li due

pr—— pri— pr—

to addition of a surplus amount of L1 or poor mixing of the

"

raw materials upon synthesis of the active substance, or

F

thermal decomposition of the active substance owing to

pu—r

reduction of Ni during calcination thereof.




CA 02976022 2017-08-07

[0007]

In the present invention, special attention has been

*

paid to the aforementioned composition of the grain boundary,

1n particular, the surplus L1 component thereilin, and the

T

present i1nventlion aims at inhibiting formation and growth o:

reslstive components in the grain boundary which are formed
due to the surplus Li component, as well as obtalining a
battery having high output characteristics and prolonged

o~
p—

service life.

CITATION LIST:

PATENT LITERATURE
10008]

Patent Literature 1: Japanese Patent Application Laid-
open (KOKAI) No. 2012-28163

Patent Literature 2: Japanese Patent Application Laid-

open (KOKAI) No. 2002-15107:
Patent Literature 3: Japanese Patent Application Laid-

open (KOKAI) No. 2007-317570

SUMMARY OF INVENTION

TECHNICAL PROBLEM
[0009]

The present invention provides a positive electrode

active substance used in non-aqueous electrolyte secondary

'}

batteries, and more specifically, a material capable of

meetlng continuously increasing reqgquirements for a quality

— P

thereof, 1n particular, a material capable of improving life

pp—

characteristics of the battery with respect to repeated

charging and discharging performance.

[0010]

That 1s, by utilizing only technologies of the

aforementioned Patent Literatures 1 to 3, it may be
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g~
Pt

difficult to obtain an electrode that 1s capable o:

conducting stable charging and discharging operations

without significant deterioration 1n characteristics thereof

when subjected to repeated charging and discharging cycles.

In addition, the Patent Literatures 1 to 3 fail to

F

specifically describe the variation of a concentration of L1

in the grain boundary and crystals.

[0011]

n the present invention, special attention has been

P

paid to the composition of the graln boundary, 1n particular,

the surplus Li component therein, and the present i1nvention

P

aims at inhibiting formation and growth of resistive

components 1n the grain boundary which are formed due to the

surplus Li component, as well as obtaining a battery having

p

high output characteristics and prolonged service life.

Thus, the object or technical task of the present i1nvention

1s to provide a positive electrode active substance that 1s

p

capable of conducting stable charging and discharging

operations without significant deterioration in

F

characteristics thereof even when subjected to repeated

charging and discharging cycles.

SOLUTION TO PROBLEM
10012]

That 1s, according to the present i1nvention, there 1is

provided a poslitive electrode active substance for non-
agqueous electrolyte secondary batteries comprising lithium
transition metal layered oxide having a composition
represented by the formula:

L1, (N14CoyMni_x-y) O2
wherein a is not less than 1.0 and not more than 1.15 (1.0 <
a £ 1.15); x is more than 0 and less than 1 (0 < x < 1); and

y 1s more than 0 and less than 1 (0 < y < 1),
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in which the positive electrode active substance 1s 1n

the form of secondary particles formed by aggregating

P

primary particles thereof, and a coe:

P

ficient of variation of

e
aand

]

g

a compositional ratio: Li/Me wherein Me is a sum of Ni, Co

F

and Mn (Me = Ni + Co + Mn) as measured on a section of the

secondary particle i1s not more than 25% (Invention 1).

[0013]

Also, according to the present 1nvention, there 1is

provided the positive electrode active substance for non-

aqueous electrolyte secondary batteries as defined 1n the

above Invention 1, wherein an average secondary particle

-

diameter of the active substance 1is 3.0 to 16 um (Invention
2) .
[0014]

Also, according to the present invention, there 1is

provided the positive electrode active substance for non-

aqueous electrolyte secondary batteries as defined in the

above Invention 1 or 2, whereiln an average particle diameter

gt

(crystallilite size) of primary particles of the active

substance 1s 100 to 600 nm (Invention 3).

[0015]

In addition, according to the present invention, there
18 provided a non-aqueous electrolyte secondary battery

using the positive electrode active substance for non-

aqueous electrolyte secondary batteries as defined in any

—

one of the above Inventions 1 to 3 (Invention 4).

(0016}

F'urthermore, according to the present invention, there

1s provided a process for producing the positive electrode

active substance for non-aqueous electrolyte secondary

F

batteries as defined 1n any one of the above Inventions 1 to

P

3, comprising the steps of:
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obtaining spherical nickel-cobalt-manganese-based
composlite compound particles as a raw materilal;
mixing the composite compound particles with lithium

P

hydroxide such that a molar ratio of Li to a sum of Ni, Co

and Mn (Li/ (N1 + Co + Mn)) 1s in the range of 1.00 to 1.20

r—

to obtaln a mixture thereof:;

4

calcining the thus obtained mixture at a temperature

1

of 600 to 900°C in an oxygen-containing atmosphere; and

subjecting the calcined product to annealing treatment

at a temperature of 500 to 750°C which is lower than the

calcination temperature, without subjecting the calcined

product to water-washing treatment (Invention 5).

ADVANTAGEQOUS EFFECTS OF INVENTION
[0017]

The positive electrode active substance according to

F

the present 1nvention 1s capable of conducting stable

charging and dischargiling operations without significant

F

deterioration 1in characteristics thereof even when

subjecting a non-aqueous electrolyte secondary battery using

the positive electrode active substance to repeated charging

and discharging cycles, and therefore can be suitably used

as a posltlve electrode active substance for non-aqueous

electrolyte secondary batteries.

' DESCRIPTION OF THE DRAWING

BRI
10018]

L]

-

FIG. 1 1s a conceptual view of measurement of a

F

compositional ratio on a section of a secondary particle.
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DESCRIPTION OF EMBODIMENTS
[0019]

The construction of the present invention 1s described

in more detail below.

[0020]

The positive electrode active substance according to

i o el

ficient of variation of a

the present invention has a coe:

pr——

ratio of a concentration of Li to a transition metal as a

= r—

main bulk component of not more than 25%, and 1s 1n the form

p—

of a lavered oxilide represented by the chemical formula:

Lis (N1xCoyMni-x-y) Os
wherein a is not less than 1.0 and not more than 1.15 (1.0 <
a < 1.15); x is more than 0 and less than 1 (0 < x < 1); and
v 1s more than 0 and less than 1 (0 < y < 1).

The layered oxide having such a crystal structure has

a very small Li solid solution range unlike an all

proportional solild solution such as, for example, L1Mn;0y

spinel oxides. For this reason, the ratio of Li to the

transition element (Me) (Li/Me) 1in the crystals immediately

after synthesized 1s not largely deviated from 1.0. On the

other hand, 1n the case where a portion having a low

—
=

transition metal concentration is present inside of

respective aggregated behaving particles, it 1s meant that a

P

grain boundary of the crystals 1s present in the portion.

In the present 1nvention, 1t has been found that the

variation of Li/Me 1s increased by reduction in

gr—

concentration of Me 1n the grain boundary portion and

pro— -

deposition of Li therein, and the object of the present

invention 1s to control the variation of Li/Me to a

P ﬁ

predetermined range. When the coefficient of variation o:

'

Li/Me in the present invention is controlled to not more

ﬁ

than 25%, 1t is shown that the variation of Li/Me 1is reduced

-

and the deviation of the local composition 1s suppressed, soO
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that the aggregated particles as a whole exhibilit an average

composition.

[0021 ]

In the preferred composition having the chemical

iy -

formula of Li,(NiyCoyMnj_4-y)0O2, a (Li/Me) 1s in the range of

¢

1.0 to 1.15; 1t i1s more preferred that a 1s i1n the range o:

1.02 to 1.12, x is 1n the range of 0.1 to 0.8, vy 1s 1n the

range of 0.1 to 0.4; and it 1s even more preferred that the

abundance ratios of Ni, Co and Mn are identical to each

other (i.e., x = 1/3, y = 1/3), or x is 0.5 (x = 0.5) and vy
is 0.2 (y = 0.2).
[0022]

In addition, the positive electrode active substance

v

according to the present i1nvention may comprise different

kinds of elements such as F, Mg, Al, P, Ca, Ti, Y, Sn, Bi,

Ce and the like.
(0023 ]

The lithium transition metal oxide constituting the

positive electrode active substance according to the present

" i

~icient of variation of Li/Me of not

P

invention has a coe

more than 25%, so that it 1s possible to reduce an i1nitial

resistance 1nside the secondary particles and prevent

ﬁ

a reslistive component therein during the

formation o

F

charging and discharging cycles, whereby occurrence of

cracks 1n the aggregated form during repeated charging and
discharging cycles as well as deterioration in the battery

performance 1n assoclation therewlth can be prevented. The

e pr—

coefficient of variation of Li/Me in the positive electrode

active substance i1s more preferably not more than 20% and

y~
—

even more preferably not more than 18%. The lower limit of

— p—

ficient of variation of Li/Me is zero except for the

ﬁ

the coe:

case where the ratio Li/Me in the grain boundary is lower

than that inside the crystals.
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10024 ]

The average secondary particle diameter of the

positive electrode active substance according to the present

invention 1s preferably 3.0 to 16 um. When the upper limit

F

of the average secondary particle diameter of the positive

F

h

fusion o:

electrode active substance 1s more than 16 um, di:

ILi with the charging and discharging cycles tends to be

g

disturbed, so that input and output powers of the battery

tend to be deteriorated. The lower limit of the average

phs

secondary particle diameter of the positive electrode active

substance according to the present invention 1s preferably

o

3.0 pym. When the average secondary particle diameter of the

positive electrode active substance is less than 3.0 pym, the

interface between the active substance and the electrolyvte
solution tends to be increased so that undesirable side
reactions tend to be caused. The average secondary particle

P

diameter of the positive electrode active substance

according to the present invention 1is more preferably 4.0 to
14 pym.
[0025]

The average particle diameter (crystallite size) of

primary particles of the positive electrode active substance

according to the present invention 1s preferably 100 to 600

F

nm. When the average primary particle diameter of the

positive electrode active substance is more than 600 nm, the

F

secondary particles of the positive electrode active

substance tend to be deteriorated in mechanical aggregation

~ .

strength and thereby tend to suffer from occurrence of

cracks 1n the aggregate. When the lower limit of the

—

average primary particle diameter of the positive electrode

active substance 1s less than 100 nm, the area of the grain

poundary 1nside the secondary aggregated structure tends to

be 1ncreased, so that the deterioration in battery
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performance owing to side reactions tend to become

predominant. The average primary particle diameter

F

(crystallite size) of the positive electrode active

substance according to the present invention is more
preferably 150 to 500 nm.
[0026]

Next, the process for producing the positive electrode
active substance according to the present invention 1is
described.

(0027 ]
The process for producing the positive electrode

active substance according to the present invention 1s not

particularly limited. For example, in the production

process of the present i1nvention, first, a mixed sulfuric

aclid aqueous solution comprising cobalt, nickel and

manganese 1s continuously fed to an aqueous solution whose

pH value 1s adjusted to an optimum value to thereby obtain

spherical nickel-cobalt-manganese-based composite compound

particles as a raw material. The nickel-cobalt-manganese-

based composlite compound particles are preferably in the

ﬁ

form of a composite hydroxide. Next, the composite compound

particles are mixed with lithium hydroxide to obtain a

.

mixture thereof in which a molar ratio of Li to a sum of Ni,

Co and Mn (Li/(Ni + Co + Mn)) 1is 1in a predetermined range.

F
p——

The thus obtained mixture 1s calcined at a temperature of

600 to 900°C in an oxygen-containing atmosphere to produce

the positive electrode active substance. Meanwhile, after

calcining the mixture, the resulting calcined product is

preferably subjected to annealing treatment at a temperature

F

of 500 to 750°C either while cooling the calcined product or

after once cooling the calcined product.
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1 0028]

The nickel-cobalt-manganese-based composite compound

particles have an average particle diameter (crystallite

P

size) of their primary particles of 100 to 600 pm, an

average secondary particle diameter of 3 to 20 um and a BET

p—

specific surface area of 0.2 to 1.0 m°/qg.

[0029]

The molar ratio Li/Me 1in the aforementioned mixture 18

preferably 1.00 to 1.20. When the molar ratio Li/Me is less

than 1.00, Li tends to be included 1n an N1 site of the

crystal structure, so that the obtalned calcined product

tends to fail to have a single crystal phase and therefore

F

tends to faill to satisfy a coefficient of variation of Li/Me

of not more than 25% 1n some cases, whereby there tends to

P

occur deteriloration in performance of the resulting battery.

When the molar ratio Li/Me is more than 1.20, a surplus

F

amount of Li exceeding an amount of Li 1n a stoichiometric

F F

composition of the resulting calcined product tends to form

a resistive component therein to thereby cause deterioration

P d

in performance of the resulting battery. The molar ratio

Li/Me in the aforementioned mixture is more preferably 1.02

to 1.12, and even more preferably 1.05 to 1.08.
[0030]

The atmosphere used upon calcining the mixture 1s an

g

oxygen—-containing atmosphere. The oxygen content of the

oxygen-containing atmosphere 1s preferably not less than 20%

by volume. When the oxygen content of the oxygen-containing

atmosphere is less than the aforementioned range, L1 ions

tend to be 1ncluded 1n a transition metal site of the

crystal structure i1n the calcined product, so that the

resulting battery tends to be deteriorated in performance

-

thereof. The upper limit of the oxygen content of the

oxygen—-containlng atmosphere 1s not particularly limited.
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[0031]

The temperature used upon calcining the mixture 1s

preferably 600 to 900°C. When the calcination temperature

is lower than 600°C, the resulting calcined product tends to

fail to have a crystal structure having the aimed thermal

equllibrium conditions and therefore tends to fail to form

a single crystal phase owing to shortage of a diffusion

energy of elements therein. For thilis reason, 1in the

aforementioned conditilion, the resulting positive electrode

P

active substance tends to fail to satisfy a coefficient of

variation of Li/Me of not more than 25% 1in some cases. On

the other hand, when the calcination temperature 1s higher

F

than 900°C, the resulting calcined product tends to suffer

from oxygen deficlency 1n the crystals thereof owling to

gr—

reduction of the transition metal therein, so that 1t 1s not

possible to form a single crystal phase having the aimed

crystal structure. Therefore, 1n the aforementioned

condltion, the resulting positive electrode active substance

~

ficient of variation of Li/Me

F

tends to fail to satisfy a coe:

P

of not more than 25% 1n some cases.

0032}

In the case where the calcined product 1s subjected to

annealing treatment, the temperature used 1n the annealing

treatment is preferably in the range of 500 to 750°C, and

the atmosphere used therein is preferably an oxygen-
contalining atmosphere. When the annealing temperature is

lower than 500°C, surplus lithium present in the grain

—

boundary tends to be hardly diffused 1into the crystals owing

- S oy -

to shortage of a diffusion energy of elements therein, so

P
—

that 1t 1s not possible to achieve the aimed object of

F

reducing the variation of the composition. Therefore, in

the aforementioned condition, the resulting positive

electrode active substance tends to fail to satisfy a
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—

coefficient of variation of Li/Me of not more than 25% in

some cases. When the annealling temperature 1s higher than

ﬁ
—

750°C, the oxygen tends to be insufficient in activity

i

thereof, and a transition metal oxide having a rock salt-

type structure as an 1mpurity phase tends to be produced.

For this reason, 1n the aforementioned condition, the

resulting positive electrode active substance tends to fail

to satisfy a coefficient of variation of Li/Me of not more

than 25% 1n some cases. The annealing temperature is more

preferably 550 to 730°C, and even more preferably 580 to
700°C.

Meanwhile, the annealing temperature 1s preferably

lower than the calcination temperature, and more preferably

lower by 30°C or more than the calcination temperature.

Even 1n the case where the calcination prior to the

ﬁ

annealing treatment 1s 1ncapable of satisfying a coe:

—
p—t
g

ficient

| -

p—

of variation of Li/Me of not more than 25% owing to the

aforementioned various reasons, by subjecting the calcined

product to the annealing treatment, 1t becomes possible to

H F

satisfy a coefficient of variation of Li/Me of not more than

25% 1n some cases.

[0033]

In the present 1nvention, 1t 1s preferred that the

calcined product is subjected to no water-washing treatment

—~— -

petween the calcination and the annealing treatment. If the

the calcined product 1s subjected to any water-washing

"

L1

treatment before the the annealing treatment, elution o:

V

from the surface of the secondary particles tends to be

g~ it

caused, so that the variation of the composition of the

resulting product tends to be i1ncreased.

[0034]
In the present 1invention, when the mixture comprising

the raw materials at the predetermined compositional ratio
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18 subjected to calcination and heat treatments under the

desired condltions, 1t 1s possible to obtain a positive

electrode active substance having a coefficient of wvariation

of Li/Me of not more than 25%.
(0035]
Next, the non-aqueous electrolyte secondary battery

according to the present invention is described.

[00306]

The non-aqueous electrolyte secondary battery

according to the present invention comprises a positive

electrode comprising the aforementioned positive electrode

mixture, a negative electrode and an electrolyte. The non-
aqueous electrolyte secondary battery according to the
present 1nvention can be used even under such a condition
that the operation voltage or the voltage in association
with an initial crystal phase transition is not more than
4.5 V based on lithium.
10037]

Next, the positive electrode mixture according to the
present invention 1s described.
0038 ]

The positive electrode mixture according to the

present 1nvention 1s not particularly limited, and may be

obtained, for example, by kneading an active substance, a

p—

conducting agent and a binder at a mixing ratio of 90:5:5.

[0039]

As a negative electrode active substance, there may be

used metallic lithium, lithium/aluminum alloys, lithium/tin

alloys, silicon, silicon/carbon composite materials,
graphite and the like.
10040]

In addition, as a solvent for the electrolyte solution,

there may be used not only a combination of ethylene
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carbonate (EC) and diethyl carbonate (DEC), but also an

organic solvent comprising at least one compound selected

from the group consisting of carbonates comprising propylene

carbonate (PC), dimethyl carbonate (DMC), etc., as a basic

structure, and ethers such as dimethoxyethane (DME).

[0041]

As an electrolyte, there may be used a solution

prepared by dissolving lithium phosphate hexafluoride

(L1PF¢) as well as at least one lithium salt such as lithium

perchlorate (L1ClO4), lithium borate tetrafluoride (LiBFy)

and the like 1n the aforementioned solvent.

10042]

<Function>

ﬁ

The 1mportant point of the present invention resides

in such a fact that the non-aqueous electrolyte secondary

battery obtained using the positive electrode active

#
p—

substance according to the present invention is capable of

conductling stable charging and discharging operations with

pr—

less deterioration in capacity thereof when subjected to

repeated charging and discharging cycles at a temperature

ranging from a low temperature to a high temperature.
(004 3]

In the present 1nvention, 1t 1s estimated that when
subjecting a lithium transition metal oxide that acts in the

o~

form of aggregated secondary particles as a behaving unit to

repeated charging and discharging cycles, occurrence of side

F

reactions on the surface of the crystals is suppressed, so

1)

that 1t 1s possible to prevent deterioration in capacity of

ﬁ

the resulting battery. Examples of the side reactions

1nclude a reaction between the surplus lithium and fluorine

1ons 1in the active substance or the electrolyte solution, a

reaction between the surplus lithium and sulfur ions in the

electrolyte solution, and further a side reaction occurring
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F

owing to growth of an electric double layer caused by high

F

resistance of an Li-deficient phase, etc. As undesirable

ey

si1de effects derived from these side reactions, there may be

mentioned delamination of the grain boundary due to side

reaction by-products generated 1n the grain boundary and

further deterioration 1n conductivity within secondary

particles as a behaving unit due to the delamination of the

gralin boundary, decomposition of organic 1mpurities,

g

dissolution and deposition of metal impurities, as well as

-

swelling of the electrode from the macroscopic viewpolnt.

10044 ]

In the present invention, 1t has been found that

F

deposition of the Li component derived from the raw

materials on the grain boundary causes a factor for

disturbing a long service life of the battery, and special

i

attention has bee paid to a composition of the grain

boundary, 1n particular, surplus Li component therein. As a

result, the molar ratio between L1 and a transition metal

(Li/Me) inside the aggregated secondary particles (on a

*

pbroken section of the aggregated secondary particles shown

1n the below-mentioned Examples) 1s controlled to as uniform

a value as possible, so that 1t 1s possible to reduce a

surplus local Li component. For this reason, the present

iLnventors have estimated that the amount of a resistive

component formed on the grailn boundary can be reduced, and

P

the resulting battery 1s capable of conducting stable

charging and discharging operations with less deterioration

in capacity thereof when subjected to repeated charging and

discharging cycles at a temperature ranging from a low

temperature to a high temperature.
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(]
2

EXAMPL!
[0045]

Typical examples of the present 1nvention are

described below.

[00406]

In order to confirm positions of grain boundaries of

the crystals as well as determine a crystal structure inside

F

crystal particles in the vicinity of the grain boundaries,

the section of the crystals obtalined by Ar ion milling

method was 1identified by TEM Image multi-wave 1nterference

images at an acceleration voltage of 300 keV and selected

F

area electron diffraction patterns.

10047 ]

The positions of grain boundaries of the crystals as

~— P~

well as the distribution of 10ns 1in a section of secondary

particles 1ncluding the graln boundaries were determined by

secondary 1on mass spectrometry. More concretely, using a

secondary 1on mass spectrometer "Nano-SIMS50L" manufactured

TEK CAMECA, Cs' ions were accelerated at 8 keV,

py AM

L*J

F

contracted and converged into a diameter of not more than

100 nm, and i1irradiated on a cut section to be observed at

1ntervals of 60 nanometers to thereby identify secondary

ions emitted from a sample. By using the aforementioned

F

method, the distribution condition of main elements such as

N1 i1ncluding Li having a fine space resolution with the

F

order of 060 to 100 nm was measured.

Meanwhile, the observation surface of the aggregated

particles was formed by cutting a positive electrode active

substance embedded 1n a resin by i1on milling method. At

this time, the diameter of the section to be cut was

1}

controlled to at least 3 um, and the compositional ratio of

the active substance was continuously measured along the

g

linear diametrical portion having a length of at least 3 um




ﬁ
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from one end of the aggregated particles to the other end

thereof to calculate a standard deviation and an average

value of the compositional ratio, thereby determining a

F

coefficient o:

thereof.

measurement.

P

- variation (standard deviation/average value)

FIG. 1 shows a conceptual view of the aforementioned

The positive electrode active substance

-

according to the present invention was 1n the form of a

secondary particle 2 formed by aggregating a number of

primary particles (crystal particles) 1. On the observation

P

section of the secondary particle 2 embedded in the resin, a

linear portion 3 having a predetermined length was selected,

—

and the compositional ratio thereof was measured along the

linear portion 3.

Furthermore, as a supplemental analysis, FIB-SIM 1image

and Ni distribution of the aforementioned Nano-SIMS were

previously compared with each other to confirm that the Ni

distribution obtained by Nano-SIMS was consilistent with

actual positions of the grailn boundarles.

[0048]

# F

Similarly, the analyslis of the state of the transition

metal 1n the wvicinity of the grain boundary, 1.e., 1n the

vicinity of the surface of the crystals was carried out

using STEM-EELS under the condition that an acceleration

voltage was 200 keV, a beam diameter was 0.2 nm, and an

electric current for irradiation was 1.00 nA.

(004 9]

A coln cell having a 2032 size was used 1in the

F

measurement oO:

= repeated charging and discharging

F

characteristics of the positive electrode mixture according

to the present invention. In the measurement, 100 charging

and discharging cycles were carrlied out at a charging rate

ﬁ

of 0.5 C and a discharging rate of 1 C.
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[0050]

The coin cell used for evaluation of the battery was

P —

produced as follows. That 1is, 90% by weight of a composite

oxide as positive electrode active substance particles, 0%

P

by weight of carbon black as a conducting material and 4% by

— o~

welght of polyvinylidene fluoride dissolved 1n N-methyl

pyrrolidone as a binder were mixed with each other, and the

resulting mixture was applied onto an Al metal foilil and then

dried at 110°C. The thus obtained sheets were blanked into

16 mm¢ and then compression-bonded to each other under a

pressure of 3.0 t/cm? to produce a positive electrode used

for the evaluation. A metallic lithium foi1il was used as a

P

negative electrode, and a 1 mol/L LiPF; solution of a mixed

Jri—

solvent comprising EC and DMC at a volume ratio of 1:2 was

used as an electrolyte solution, thereby producing a coln

cell having the aforementioned size.

[0051]

In the measurement of the repeated charging and
discharging characteristics, the coln cell was charged at

0.5 C until reaching 4.3 V (CC-CV), and then discharged at 1

P

C until reaching 3.0 V (CC), and 100 cycles of the charging

and discharging operations were repeated to calculate a

ﬁ

capaclty retention rate of the coin cell. Meanwhile, the

aforementioned test was conducted in a thermostat adjusted
to 60°C.
(0052 ]

Example 1:

In a reaction vessel equipped with a blade-type

stirrer, a sodium hydroxide aqueous solution having a pH

e

value of 12.0 was prepared, and an ammonlia agueous solution

was added dropwise 1nto the sodium hydroxide agueous

solution such that the obtained reaction solution had an

ammonia concentration of 0.80 mol/L. Furthermore, a mixed
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solution comprising cobalt sulfate, nickel sulfate and

manganese sulfate was continuously fed to the reaction

vessel. During the aforementioned procedure, a sodium
hydroxide aqueous solutlon and an ammonila agueous solution
were continuously fed to the reaction vessel so as to

P

control a pH value of the resulting reaction solution to 12

and an ammonia concentration thereof to 0.8 mol/L, so that
the particles in the reaction solutlion were grown to those

having an average secondary particle diameter as aimed, and

further by applyiling a mechanical shear force to the
resulting suspension, a precipitate comprising a spherical
composlite transition metal was obtalned.

10053

ﬁ

After completion of the reaction, the thus obtained

suspension was taken out from the reaction vessel and washed

with water using a filter press, and then the resulting

filter cake was dried at 150°C for 12 hours, thereby
obtaining nickel-cobalt-manganese-based compound particles
(nickel-cobalt-manganese-based composite hydroxide
particles). The thus obtained composite hydroxide and
lithium hydroxide monohydrate were mixed with each other

F

such that a molar ratio of LLi1 to a sum of Ni, Co and Mn in

the resulting mixture was 1.01 (Li/Ni + Co + Mn = 1.01).

The thus obtalned mixture was calcined 1n an oxygen

atmosphere at 750°C for 10 hours. Thereafter, the calcined

product was subjected to heat treatment (annealing

treatment) at 600°C for 4 hours and then deaggregated. As a

result of ICP analysis, the resulting calcined product had a

o~

chemical composition represented by the formula of

Li; ooN1p.5C0p.2Mng. 302, an average secondary particle diameter

Fn

of 10 pm and a primary particle diameter (crystallite size)

of 462 nm.

b
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F

The section of the thus obtalined particles was

subjected to Nano-SIMS element distribution analysils, sO

H

variation of

that 1t was confirmed that a coefficient o

L1/Me 1n the composition including the crystals and grailn

boundaries was 24.06%.

As a supplemental measurement, using high resolution

TEM, multi-wave interference 1mages and selected area

RS

ELS analysis

electron diffraction patterns as well as STEM-.

——
—

were conducted from the gralin boundaries to an inside of the

pr—

crystals at intervals of 20 nm. As a result, 1t was

I

confirmed that the crystal structure in the vicinity of the

N

graln boundaries was the same R-3m structure as that of a

bulk thereof, and no reduction of the transition metals was

caused.

The resulting positive electrode active substance was

ﬁ

used to produce a coin cell. As a result of subjecting the

thus produced coin cell to the measurement of charging and

P

discharging cycles, the capacity retention rate of the coin

cell was 98.7%.

(0054 ]

Example 2:

The same procedure as 1n Example 1 was conducted

except that the ratio of Ni/Co/Mn was changed to 1.0/1.0/1.0,

and a mixture comprising the L1 raw material and the

transition metal mixed spherical oxide was calcined 1n an

oxygen atmosphere at 750°C for 10 hours, and then the
resulting calclned product was deaggregated to produce
positive electrode active substance particles, thereby

obtaining a positive electrode active substance.

The section of the thus obtalined particles was

subjected to Nano-SIMS element distribution analysis, SO

P

ficient of variation of

F

"

that i1t was confirmed that a coe:
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Li/Me in the composition including the crystals and grailn
boundaries was 18.75%.

As a supplemental measurement, using high resolution

TEM, multi-wave interference 1mages and selected area

7]

electron diffraction patterns as well as STEM-EELS analysis

F

were conducted from the grain boundaries to an 1nside of the

crystals at intervals of 20 nm. As a result, 1t was

confirmed that the crystal structure in the vicinity of the

ﬁ

grain boundaries was the same R-3m structure as that of a

bulk thereof, and no reduction of the transition metals was

caused.

The resulting positive electrode active substance was

—

used to produce a coin cell. As a result of subjecting the

thus produced coin cell to the measurement of charging and

discharging cycles, the capaclity retention rate of the coin
cell was 99.50%.

[0055]

Example 3:

The same procedure as 1n Example 2 was conducted

~

except that the ratio of Ni/Co/Mn was changed to 1.0/1.0/1.0,

and the ratio of Li/Me was changed to 1.00 (Li/Me = 1.00),

thereby obtaining a positive electrode actlve substance.

ﬁ

The section of the thus obtained particles was

subjected to Nano-SIMS element distribution analysis, soO

p—

1iclient of wvariation of

that 1t was confirmed that a coe

Li/Me in the composition 1ncluding the crystals and grain

boundarilies was 7.1%.

As a supplemental measurement, using high resolution

TEM, multi-wave i1nterference 1mages and selected area

electron diffraction patterns as well as STEM-EELS analysis

ﬁ

were conducted from the grain boundaries to an inside of the

crystals at intervals of 20 nm. As a result, it was

1)

confirmed that the crystal structure in the vicinity of the
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fs

graln boundaries was the same R-3m structure as that of a

F

bulk thereof, and no reduction of the transition metals was

caused.

The resulting positive electrode active substance was

used to produce a coin cell. As a result of subjecting the

thus produced coin cell to the measurement of charging and

ﬂ

discharging cycles, the capacity retention rate of the coin

cell was 100.3%.
[0050]

Comparative Example 1:

The same procedure as 1n Example 1 was conducted

except that the calcination was conducted 1n an oxygen

atmosphere at 750°C for 10 hours, and then the resulting
calcined product was deaggregated (without being subjected
to annealing treatment), thereby obtaining a positive
electrode actilive substance.

The section of the thus obtalned particles was

subjected to Nano-SIMS element dilistribution analysis, SO

F

ficlient of wvariation of

ﬁ

that 1t was confirmed that a coe:
LLi/Me 1n the composition including the crystals and grain
boundaries was 26.1%.

As a supplemental measurement, using high resolution

TEM, multi-wave 1nterference 1mages and selected area

electron diffraction patterns as well as STEM-EELS analysis

=

were conducted from the grain boundaries to an inside of the

P

crystals at intervals of 20 nm. As a result, it was

confirmed that the crystal structure in the vicinity of the

pr—

graln boundaries was the same R-3m structure as that of a

—

bulk thereof, and no reduction of the transition metals was

ﬁ

caused. However, only 1n the nearest vicinity of the grain

r—

boundaries, 1nclusilion of the transition metals into Li sites

<]

was recognized, and at the same time, EELS energy shift

F

suggesting reduction of the transition metals was confirmed.




The resulting positive electrode active substance was
used to produce a coln cell.
thus produced coin cell to the measurement of

discharging cycles, the capaclty retention rate of

cell was 95.5%.

[0057]

The coefficient o:
and discharging characteristics of

electrode active substance are shown 1in Table 1.

25

- variation of

ﬁ

As a result ot
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P

F

F

subjecting the

charging and

P

LLi/Me and the charging

the resulting positive

[0058 ]
Table 1
Examples Coefficient | Average |Crystallite Cycle
and of secondary size 101st/1st
Comparative variation particle (nm)
Examples of Li/Me diameter
(pm)
Example 1 24 .06 10.4 462 98.7
Example 2 17.6 9.5 500 99.5
Example 3 7.1 9.13 5006 101.3
Comparative 26.1 10.5 06/ 95.5
Example 1
[0059]
From the aforementioned results, 1t was confirmed that

the secondary battery produced using the positive electrode

active substance particles according to the present

invention was excellent i1n repeated charging and discharging
characteristics and therefore e:

electrode active substance

secondary batteries.

P
P

fective as a positive

for non-aqueous electrolyte

the coin
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INDUSTRIAL APPLICABILITY
(0060 ]

The positive electrode active substance particles
according to the present invention has a large discharge

capaclity and 1s excellent 1n cycle characteristics, and

therefore can be suitably used as positive electrode active

substance particles for non—-agqueous electrolyte secondary

batteries.

EXPLANATION OF REFERENCE NUMERALS
[0061]

l: Primary particles.

Z2: Secondary particles.

3: Line as a reference for measuring a compositional

ratio.
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CLAIMS

1. A poslitive electrode active substance for non-
agueous electrolyte secondary batteries comprising lithium

transition metal layered oxide having a composition

represented by the formula:
Lia (NiXCOyMl’ll_x_y) O
wherein a is 1.0 £ a £ 1.15; x is 0 < x < 1; and y is 0 < vy

< 1,

in which the positive electrode active substance is in

the form of secondary particles formed by aggregating

F P

primary particles thereof, and a coefficient of variation of

a compositional ratio: Li/Me wherein Me 1s a sum of Ni, Co

and Mn (Me = Ni + Co + Mn) as measured on a section of the

secondary partilicle 1s not more than 25%.

2. The positive electrode active substance for non-

agueous electrolyte secondary batteries according to claim 1,

pr——

wherein an average secondary particle diameter of the active

substance 1s 3.0 to 16 um.

3. The positive electrode active substance for non-
agueous electrolyte secondary batteries according to claim 1
or 2, wherein an average particle diameter (crystallite

pr— i

size) of primary particles of the active substance is 100 to

00 nm.

4, A non-aqueous electrolyte secondary battery using

the positive electrode active substance for non-agqueous

C}

electrolyte secondary batteries as defined in any one of

claims 1 to 3.
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5. A process for producing the positive electrode

active substance for non-aqgqueous electrolyte secondary

batteries as defined 1n any one of claims 1 to 3, comprising

p—

the steps of:

obtaining spherical nickel-cobalt-manganese-based

composlite compound particles as a raw material;

mixing the composite compound particles with lithium

P

hydroxide such that a molar ratio of Li to a sum of Ni, Co

and Mn (Li/(Ni + Co + Mn)) 1s in the range of 1.00 to 1.20

yr—
—
—

to obtaln a mixture thereo:

4

calcining the thus obtalned mixture at a temperature

of 600 to 900°C in an oxygen-containing atmosphere; and

subjecting the calcined product to annealing treatment

at a temperature of 500 to 750°C which is lower than the

calcination temperature, without subjecting the calcined

product to water-washing treatment.
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