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ABSTRACT

A positive electrode material for a lithium secondary
battery, the material belng a complex oxide whose overall
composition 1s expressed by LisNipMN4L.Ox, where M: one or

two chemical elements selected from Mn and Co, N: one, two,

or more chemical elements selected from the group consisting

of Mg, AlL, Ti, Cr, and Fe, L: one, two, or more chemical

elements selected from the group consisting of B, C, Na, Si,

P, S, K, Ca, and Ba, and where a/(b+c+d): 0.80 to 1.30,

b/ (b+c+d): 0.30 to 0.95, c/(b+c+d): 0.05 to 0.060, d/(b+c+d):

0.005 to 0.10, e/ (bt+c+d): 0.0005 to 0.010, bt+tctd=1l, and x:

1.5 to 2.9.
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DESCRIPTION

(]
Py

TAL FOR LITHIUM

MAT

(1]
By

LECTROD!

L

Title of Invention: POSITIV

SECONDARY BATTERY
Technical Field

10001]

The present 1nvention relates to a new pesitive

electrode material for a lithium secondary battery which is

composed of lithium containing complex oxides and to a

method for manufacturing the material.

Background Art

L0002}

Nowadays, there 1s a growlng expectation for secondary

pbatteries which are small and light and which have a high

energy density, 1in particular for lithium secondary
batteries, due to portable or cordless devices being used

more than ever. Known examples of a positive electrode

material for lithium secondary batteries include complex

-

oxides of lithium and transition metals such as L1Co0»,,

LiN10O;, LiNip . gCo0q.202, LiMn;04, and LiMnO,. It is possible to
achieve a comparatively high capacity density of 180 to 200

mAh/g by using a lithium secondary battery whose positive

electrode material 1is composed of a complex oxide having a

layered rock salt structure with a solid solution of cobalt

and nickel such as LiNig gCo0p 20, . In addition, the lithium

secondary battery has good reversibility i1n a high voltage
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p

range of 2.5 to 4.5 V.

[0003]

Recently, 1n particular, lithium-nickel-cobalt complex

oxides represented by LiNig gCoq.20, have pbeen started to be

used as materials which can achieve a high capacity. The

P

commercialization of a lithium secondary battery having a

high voltage and high energy density 1s belng progressed by

using such materilials as positive electrode materials and by

using, for example, carbon materials, which can occlude and

release lithium, as negative electrode materials.
10004 ]
The positive electrode material 1s the material that

plays the most 1mportant role i1n the battery performance and

safety of a lithium secondary battery. Nowadays, complex

h—

metal oxides such as LiCo0O,, LiMn»0O4, LiN10,, LiN1;-.Co0,0,, and
LiMnO, are belng investigated.

[00035]

Among such positive electrode materials, Mn-contalning

posilitive electrode materials such as LiMn,0O; and LiMnO, are
easy to be synthesized and comparatlively 1nexpensive, but
they are disadvantageous 1n that they can only achieve a
small discharge capacity. Although Co-containing positive
electrode materials such as LiCo0O,; achieve good electrical

conductivity, high battery voltage, and excellent electrode

performance, there is a problem in that Co metal, which 1s a
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maln raw materlal, 1s rare and expensive. Ni-contalning
positive electrode materials such as LiNiO; use N1 metal,
which 1s comparatively 1nexpensive among the positive

electrode materials described above, as a main raw material

F

and are excellent 1n terms of practical discharge capacity

when used 1n a battery, although the theoretical discharge

pr—

capaclity of the Ni-contalning positive electrode materials

1s not much different from that of LiCo0O,. However, the Ni-

contalning positive electrode materials are disadvantageous

H

in that they are difficult to be synthesized.

10006]

Patent ILiterature 1 describes an electrode material

composed of LijMy0O,, where M=A,A',:M';_ ., ., where M' represents

Mn, Ni, and Co, where A represents metals selected from

among Al, Mg, Ti, and Cr, and where A' represents chemical

elements selected from among F, Cl, S, Zr, Ba, Y, Ca, B, Be,

Sn, Sb, Na, and Zn (Claim 3). This electrode material 1s

powder having a particle size distribution, and a technique

in which the composition M 1s varied 1in accordance with the
particle size 1is disclesed (Claim 5).

[0007]

Various positive electrode materials having various

chemical compositions have been investigated in conventional

techniques. However, 1in the case of lithium secondary

batteries using the positive electrode materials according
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to conventional techniques, further 1mprovement 1s required

in terms of discharge capacity, charge—-discharge efficiency,

rate performance, and safety. In particular, 1n the case

where a positive electrode material is a composition which

undergoes a large change in mass wilth time in atmospheric

alr, there 1s a problem 1n that the change has an i1influence

on the product quality of a lithium secondary battery which

1s manufactured using the material.
Citation List
Patent Literature

[0008]
PTL 1: Japanese Unexamined Patent Application
Publication (Translation of PCT Application) No. 2007-517368

F

Summary of Invention

Technical Problem

[0009]

The present invention provides a new material

(hereinafter, referred to positive electrode material) used

as a positive electrode material for a lithium secondary

battery which achieve high safety, high capacity, and

excellent rate performance, which does not undergo

deterioration, and which has a Li-Ni1-Co-O-containing, Li1-Ni-
Mn-O-containing, or Li-Ni-Mn-Co-O-containing chemical

composition.

Solution to Problem
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[0010]

In order to solve the problems described above, the

present 1nvention provides a positive electrode material for

& lithium secondary battery which is composed of a complex
oxlide composition comprising Li-Ni-Co(or Mn)-O-containing
material and two or more other chemical elements, a method

for manufacturing the material, and a lithium secondary

pattery which is manufactured using this new material.

0011]

(1) A positive electrode material for a lithium
secondary battery, the material being a complex oxide whose

overall composition 1s expressed by LiisNipMcNgL.Ox, where

M: one or two chemical elements selected from Mn and Co,

N: one, two, or more chemical elements selected from the

group consisting of Mg, Al, Ti, Cr, and Fe,

L: one, two, or more chemical elements selected from the

group consisting of B, C, Na, Si, P, S, K, Ca, and Ba, and
where

a/(b+c+d): 0.80 to 1.30,

b/ (btc+d): 0.30 to 0.95,

c/ (b+c+d): 0.05 to 0.60,

d/ (b+c+d): 0.005 to 0.10,

e/ (b+c+d): 0.0005 to 0.010,

p+c+d=1,

e<d, and
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p—

Xx: 1.5 to 2.0, whereln primary particles of the complex

oxide having an average particle diameter of 0.1 um or more

are aggregated to form secondary particles, and the

ﬁ

difference between Do and Dic based on number of particles is

5.0 um or more in the particle size distribution of the

secondary particles of the complex oxide.

(2) The positive electrode material for a lithium
secondary battery according to (1), the material having a

density of 3.20 g/cc or more in the compacted state with a

load of 95.5 MPa.

(3) The positive electrode material for a lithium

secondary battery according to (1), wherein said positive

electrode material has a density of 3.40 g/cc or more in the

compacted state with a load of 95.5 MPa, said positive

electrode material undergoing a change in mass in an amount

of 0.60 mass% or less after having been exposed to

atmospheric air having a temperature of 25°C + 3°C and a

humidity of 60% = 5% for 240 hours.

(4d) A method for manufacturing the positive electrode

material for a lithium secondary battery according to (1),

the method comprising mixing raw material chemical elements

or compounds containing raw material chemical elements,

baking the resultant raw materials at a temperature of 700°C
or higher and 950°C or lower in a baking process, and

thereafter performing a treatment using a water-washing




PLOCESS.

(5) A lithium secondary battery, the battery comprising

a positive electrode comprised of positive electrode

material containing the positive electrode material for a
lithium secondary battery according to (1) or (2), a
negative electrode comprised of a negative electrode
material, and an 1on-conducting medium which i1s interposed
pbetween the positive electrode and the negative electrode
and which conducts lithium 1ons.

(6) The method for manufacturing the positive electrode
material for a lithium secondary battery according to (4),

wherein the complex oxlde 1s manufactured by baking after

mixing Li compounds, a hydroxide which is formed by co-
precipitating N1 and one or more chemical elements selected
from Mn and Co and one, two, or more chemical compounds
selected from among the oxides, nitrates, sulfates,
carbonates, acetates, and phosphates of chemical elements of

N and L other than Ni, Mn or Co.

ffects of Invention

[*]

Advantageous

[0012]

The positive electrode material for a lithium secondary

pattery according to the present invention is a well-balanced,
and excellent poslitive electrode material having high safety,

high capacity, excellent rate performance, and

CA 2893716 2018-08-21



CA 02853716 2015-06-03

stable i1n atmospheric air.

Description of Embodiments

[0013]

The present invention will be described hereatter.

[Positive electrode material for lithium secondary

batterv]

The positive electrode material according to the
present invention is a complex oxide whose overall

composition 1s expressed by LigN1yM:N3L:Oyx, where

M: one or two chemical elements selected from Mn and Co,

N: one, two, or more chemical elements selected from the

group consisting of Mg, Al, Ti, Cr, and Fe,

L.: one, two, or more chemical elements selected from the

group consisting of B, C, Na, Si, P, S, K, Ca, and Ba, where
a/ (b+tc+d): 0.80 to 1.30,
b/ (b+c+d): 0.30 to 0.95,

c/ (b+c+d): 0.05 to 0.60,

d/ (b+c+d): 0.005 to 0.10,

e/ (b+c+d): 0.0005 to 0.010,
b+c+d=1, and

x: 1.5 to 2.5,

and where Li: lithium, Ni: nickel, Mn: manganese, Co: cobalt,
Mg: magnesium, Al: aluminum, Ti: titanium, Cr: chromium, Fe:

iron, B: boron, C: carbon, Na: sodium, Si: silicon, P:

phosphorus, S: sulfur, K: potassium, Ca: calcium, Ba: barium,
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and O: oxygen.

(0014 ]

The chemical composition described above 1s expressed

in terms of mole number under the assumption that the total

mole number of Ni, M, and N is 1 mole (that 1s, b+c+d=1l).

The Li content 1s set to be 0.80 to 1.30 moles. 1In the
case where the Li content is low, since there 1s an 1lncrease

in the amount of lithium deficlency 1n a crystal structure,

there is a decrease 1n battery capacity when such a material

aund

is used for a positive electrode of a lithium secondary

battery. In the case where the Li content 1s excessively

—
h—

high, the slurry becomes gelled as a result of forming

hydrates and carbonates such as lithium hydroxide and

lithium carbonate when an electrode 1is manufactured, and

therefore, the Li content is set to be 0.80 to 1.30 moles,

or preferably 0.85 to 1.20 moles.

The Ni content is set to be 0.30 to 0.95 moles. There

is a decrease in battery capacity in the case where the Ni

content is excessively low, and there is a decrease 1in

stability in the case where the Ni content 1s excessively

high. It is preferable that the Ni content be 0.50 to 0.95

moles, or more preferably 0.60 to 0.95 moles.

Mn and Co, which are M elements, 1increase thermal

stability, but, since there is a decrease 1n discharge

capacity in the case where the M content is excessively high,
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the M content is set to be 0.05 to 0.60 moles, or preferably

0.05 to 0.40 moles. M elements and N elements may also be

used as positive electrode raw materials 1in the form of a

co-precipitated hydrates which is formed by combining the M

elements and the N elements with N1 in advance.

r—

The content of one, two, or more chemical elements

A~

selected from the group consisting of Mg, Al, Ti, Cr, and Fe,

which are N elements, 1is set to be 0.005 to 0.10 moles, or
preferably 0.005 to 0.07 moles. In the case where the N
element content is within this range, since there 1s an

appropriate decrease in crystallinity, there 1s an advantage

F

fused in good condition. In the case

in that Li ions are di:

where the N element content is more than 0.10 moles, there

is a decrease in battery capacity.

[0015]

In the case where one, two, or more chemical elements

selected from the group consisting of B, C, Na, Si, P, S, K,

| p—

Ra, which are L elements, are added, the obtained

Ca, and

positive electrode material undergoes a small temporal

change in mass in atmospheric air at a normal temperature.

It is preferable that C, S, and Ba be used as the L elements.
The I, elements are added in an amount of 0.0005 to 0.010

moles in order to increase thermal stability. In the case

-

- |

“1cult to

where the L content is excessively low, 1t 1is di:

achieve appropriate thermal stability for the positive
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electrode of the manufactured secondary battery. In

addition, in the case where the L content is more than 0.010

moles, there is a significant decrease in capacity. It 1s

preferable that the L content be 0.001 to 0.008 moles.

[0016]}

The positive electrode material for a lithium secondary

battery according to the present invention is characterized

in that one, two, or more chemical elements selected from

the group consisting of Mg, Al, Ti, Cr, and Fe, which are

referred to as the N elements, and one, two, Or more

chemical elements selected from the group consisting of B, C,

Na, Si, P, S, K, Ca, and Ba, which are referred to as the L

elements are added to an oxide composition basically

containing Li, Ni, Mn and/or Co. Although the functional

effects of adding the N elements and the L elements are not

necessary clear, it is preferable that the N elements be

added, because there is a particularly significant effect

for achieving high-rate discharge performance. However,

there is a case where the performance balance or safety of a

battery decreases depending on the combination of the
chemical elements and content ratios among them, and, 1in

such a case, there is a case where an increase 1n discharge

performance is not achieved even though the N elements are

added. Therefore, it is effective to combine the addilitive

of N elements and the L. elements.
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It is considered that, since there 1s an appropriate

decrease 1in the crystallinity of a positive electrode

material by adding chemical elements 1n the N element group,

some influence on a Li ion transfer pathway being induced,

there is an increase in Li ion conductivity. It 1s

considered that the chemical elements 1n the L element group

are effective for fixing excessive Li and for preventing Li

g~

deficiency in the crystals of a positive electrode material

i

by influencing the combined state of main chemical elements

in the crystal system of the positive electrode material,

and that, as a result, the deterioration of the positive

electrode material in air is prevented by decreasing the

amount of change in mass with time in atmospheric air at a

normal temperature.

[O0L17]

The positive electrode material for a lithium secondary

battery according to the present invention is characterized

P
e

in that a complex oxide is formed by adding small amounts OT

N elements in combination with L elements 1n amounts smaller

+han that of the N elements when some amount of Ni 1s

replaced by Co and/or Mn. In the present invention, Co, Mn,

and Ba contribute to high safety for a lithium secondary

p—

battery. It is considered that Al and Mg are effective for

increasing cycle performance in the case where Al and Mg are

added to the system of the present invention, and that Al,
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Ti, Cr, and Fe are effective for increasing rate performance.

[0018]

It is preferable that the positive electrode material

for a lithium secondary battery according to the present

p—

invention undergo a change in mass of 0.60 mass% or less,

more preferably 0.50 mass% or less, or further more

preferably 0.45 mass% or less, after having been exposed toO
atmospheric air having a temperature of 25°C and a humidity
of 60% for 240 hours. A change in mass 1s determined Dby

difference between a mass before the exposure and a mass

after the exposure to atmospheric air controlled to have a

60+5% for 240 hours.

I )

temperature of 2543°C and a humidity o:

Generally, it is said that a nickel-containing positive

electrode material for a lithium secondary battery tends toO

absorb water and carbon dioxide. In the case where molsture
in the air is absorbed to the material, lithium hydrates 1s

formed. The formed lithium hydrates absorbs carbon dioxide,

and then lithium hydrogen carbonate and lithium carbonate

are formed.

In the case where the positive electrode material,

P
—

composed of a nickel-containing positive electrode material

for a lithium secondary battery, absorbs moisture, since the

hydrolysis of LiPFg, which is a generally useaq electrolytic

b

salt, occurs, acids such as hydrofluoric acid and phosphoric

2cid are formed. The formed acids decompose some portions
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of the constituent materials of the battery so as to emit

various gasses.

Therefore, due to the emitted gasses, there

may be a battery swelling and a decrease 1n safety.

In the case where a change in mass 1s 0.600 mass% or

less after the material has been exposed to atmospheric air

having a constant temperature of 25°C and a constant

humidity of 60% for Z

oCcCcurrence

electrode and to inhibit the occurrence of the swelling of

P

of gelatii

P
—
—

40 hours, it 1is possible to inhibit the

ication of a slurry for a positive

ﬁ

the battery which are due to the phenomenon described above.

iy

’—

In a system of the pr

esent invention, 1t 1s possible to

decrease the rate of change in mass by adding at least one

F
—

of Ba, (Ca,

K, Na, S,

C, Si, P, and B, which are chemical

elements in the L element group.

(0019}

It 1s preferable

that primary particles having an

average particle diameter of 0.1 pm or more be aggregated to

invention.

form secondary particles in the positive electrode material

for a lithium secondary battery according to the present

It 1s pre:

‘erable for the positive electrode

material that primary particles having an average particle

g—

diameter otf

0.1 pum or

more be coagulated to form secondary

particles, because there is a decrease in thermal stability

in the case where particles having a diameter of less than

0.1 um are present.

In the case of the positive electrode
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material according to the present invention, secondary

particles, which are formed by polyhedral primary particles
being aggregated in a substantially spherical shape, are

observed using an electron microscope at a magnification of

3000 times.

[0020]

The present invention provides a positive electrode

material for a lithium secondary battery having as

satisfactory a battery performance as possible by increasing

the capacity per unit volume of a positive electrode as a

result of increasing the density of the whole combined agent

used for the positive electrode.

In order to realize that, since 1t 1s effective to

increase the filling rate of the particles of a positive

electrode material, it is preferable that the particles have

an appropriate particle size distribution.

In the present invention, in the case where the overall

composition of a complex oxide is expressed by L1.N1pMcNgLeOy,

where

M: one or two chemical elements selected from Mn and Co,

N: one, two, or more chemical elements selected from the
group consisting of Mg, Al, Ti, Cr, and Fe,

I.: one, two, or more chemical elements selected from the

group consisting of B, C, Na, Si, P, S, K, Ca, and Ba, and

where
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a/(b+c+d): 0.80 to 1.30,

b/ (b+c+d): 0.30 to 0.95,

c/ (b+c+d): 0.05 to 0.60,

d/ (b+c+d): 0.005 to 0.10,
e/ (b+tctd): 0.0005 to 0.010,

b+c+d=1, and

x: 1.5 to 2.5, in the case where the average particle

——

diameter of primary particles of the positive electrode

material is 0.1 pum or more, in the case where the primary
particles are aggregated to form secondary particles, and in
the case where the secondary particles have a comparatively

wide particle size distribution, the filling rate of the

particles is high. It is possible to determine the filling

J

rate of the particles by pressing powder to produce a pellet,

P

by determining the density of the pellet, and Dby defining

the filling rate as the determined press density. Although

.

there is no particular limitation on the upper limit of the

average particle diameter of the primary particles, the
upper limit is practically set to be 5 pm or less.

(0021}

It is preferable that the positive electrode material

for a lithium secondary battery according to the present

invention have a density of 3.20 g/cc or more 1in the

F

compacted state with a load of 95.5 MPa. Although 1t 1s

preferable that the upper limit of the density be as high as
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possible, it is not practical that the density be more than

4.50 g/cc. In the case where the press density is within

this range, there is an increase in the capacity per unit

volume of the electrode. It is more preferable that the

press density be 3.40 g/cc or more.

The density of a compacted body, which is also called

press density, pressure density, or pellet density (in a

tablet form), indicates the properties of the product better

than tapped density in the case of a positive electrode

material for a lithium secondary battery. In the case of

the positive electrode material according to the present
invention, when the press density 1s compared with the tap
density, there is a case where two products respectively
having high and low tapped density conversely have low and
high press density. This 1s thought to be because press

density indicates comprehensive properties including a

surface state and a particle size distribution. It 1s

considered that, in a system of the present invention, there

is an increase in press density in the case where Mg, Ba, (Ca,

K, and Na are added and that there is a supression 1in the

rate of increase in mass in the case where Ba, Ca, K, Na, 5,

C, Si, P, and B are added.

(0022]

In the case of the positive electrode material for a

lithium secondary battery according to the present invention,



o

the particle size distribution of the secondary particles can

be prepared so that press density 1s high. In the case where
a positive electrode material having high press density 1is
used, since there 1s an increase 1in the eleétrode density of
a positive electrode, there 1s an 1ncrease 1n discharge
capaclity per unit volume. In the case where there 1s an
1ncrease 1n the ratio of secondary particles having a particle
diameter less than 3 um, there 1s a decrease 1n the coating
performance of an electrode. Therefore, 1t 1s preferable that
the average particle diameter of secondary particles be 3 um

F

or more, because excellent coating performance of an electrode

18 achieved.

A particle size distribution 1s determined by obtaining the
distribution in the whole particle size range using a laser

diffraction-scattering-type measuring method. "Dio, Dgo "

respectively refer to particle diameters corresponding to the

o\

integrated wvalues of 10% and 90 in a particle size

r—

distribution based on number of particles, and these are

determined using a laser diffraction-scattering-type measuring
method. Dgo-Dio 1s 5.0 um or more in the case of the positive
electrode material according to the present invention. In the
case wnere Dop—-Dip 1s within this range, since theré 1s an
increase 1in press density, there 1s an increase in battery
capaclity obtained due to an increase in the capacity per unit

volume of the

CA 2893716 2018-08-21
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positive electrode material. It is further more preferable

that Dg¢p—Dig be 7.0 um or more and 20.0 pm or less.

Examples of a method for appropriately preparing the
particle diameter distribution include one in which the
particle diameter range is appropriately controlled pefore
baking is performed and one in which the particle diameter

distribution is controlled by crushing a sintered material

as needed and by sorting the powder particles using, for

example, a filter.

[0023]

In the case where the press density of a positive

clectrode material is high, there is an increase 1n the

capacity per unit volume of a positive electrode, which
contributes to an increase in battery capacity. However,
there is a case where the density cannot be increased,

because the electrode brittleness, or spalling of a positive

electrode material, or the like occurs in a rolling process

depending on the particle diameter and kind of the positive

F
—

electrode material used. If necessary, TwOo Or more OrI

powders having different average particle diameters may be

manufactured using different manufacturing conditions and
these powders may be appropriately mixed together. A
positive electrode material having high press density can be
obtained by adjusting a baking temperature and crushing

conditions among manufacturing conditions.



(0024 ]

[Method for manu:

Jr—.

c
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cturing positive electrode material

for lithium secondary battery]

The method for manufacturing a positive electrode

material according to the present invention will Dbe

described hereafter,

but the method i1is not limited to the

methods described below.

Examples of the raw materials to be used 1n

manufacturing of a complex oxide, which 1s a positive

electrode material according to the present invention,

include oxides and materials which become oxides by a baking

reactlion when synthesis is performed in the manufacturing

process.

ILi, Ni, one or two chemical elements selected from Mn

and Co, one, two, or more chemical elements selected from

the group consisting oO:

© Mg, Al, Ti, Cr, and Fe, and one, two,

or more chemical elements selected from the group consisting

of B, C, Na, Si, P,

Sy

K, Ca, and Ba are mixed into the raw

material to be used in manufacturing of a complex oxide,

which is a positive electrode material according to the

present invention,

and the mixture 1s baked.

With this method, it is possible to manufacture a positive

electrode material

10025]

for a lithium secondary battery.

There is no particular limitation on what method 1s
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used for synthesizing the complex oxide according to the

present invention, and examples of the method include a

solid-phase reaction method, one in which precipitates from

a solution is baked, a spray combustion method, a molten

salt method, and so forth.

As an example, a complex oxide can be synthesized by
mixing a lithium source, a nickel source, and the like at
respective rates in accordance with the chemical composition

of the target lithium-nickel complex oxide, by appropriately

selecting a temperature at which baking is performed 1in

accordance with the kind of the complex oxide to be formed,

——

and by baking the mixture in an atmosphere consisting of one,

P
e

two, or more gasses selected from the group consisting of

-

oxygen, nitrogen, argon, and helium at a temperature OrC

about 700°C to 950°C. It 1s also preferable that the baking

-

described above be a baking process which is performed in a

manner such that the mixture is sequentially subjected to a

pre-baking stage in which the mixture 1s held at a

temperature of 300 to 500°C for 2 to 6 hours in an oxygen

atmosphere, a heating stage in which the pre-baked mixture

is heated at a heating rate of 5 to 30°C/min after the pre-

baking has been performed, and, subsequently to the heating

stage, a final baking stage 1in which the heated mixture is

held at a temperature of 700 to 950°C for 2 to 30 hours and

that the baked complex oxide be subjected processing uslng a
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water—-washing process in which the baked complex oxide 1S

mixed with water and stirred, a dewatering process, and a

drying process in order to manufacture a complex oxide.

Since Ni-containing positive electrode material 1s

tends to absorb water, the material 1is not usually washed

using water. However, in the case where unreacted Li 1s

removed in the water-washing process 1ncluded 1n the process

1]

described above, it is possible to inhibit the occurrence of

gelatification of a slurry for a positive electrode and to

-

inhibit the occurrence of the swelling of the battery.

[0026]

As Ni source, a Co source and a Mn source, for example,

gr—

oxides, hydroxides and nitrates of the respective chemical

elements can be used. Since uniform mixing 1is important 1in

the case where Ni, Co, and Mn are added, it i1s particularly

preferable that, for example, Ni-Co-(OH),, Ni-Mn-(OH)., and

Ni-Co-Mn- (OH), which are manufactured using a wet synthesis
method be used as raw materials. The amounts of Ni1i-Co-(OH),,

Ni-Mn- (OH),, and Ni-Co-Mn- (OH), are adjusted so that the mole

ratio of the amount of Co and Mn to the total amount of Nz,

Co, and Mn is 0.05 to 0.60. In manufacturing these
materials, it is desirable that dense powdery materials 1in

g
—

the form of secondary particles of Ni-Co-(OH),, Ni-Mn-(OH) g,

and Ni~Co-Mn-(OH), be manufactured using, for example, a wet

synthesis method so that the average particle diameter 1s
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controlled to be 5 to 20 um and the tapped density 1s
controlled to be 1.8 g/cc or more.

10027 ]

As Li source, for example, hydroxides, nitrates, and
carbonates are preferable. As compounds of one oOr more

chemical elements selected from among Mg, Al, Ti, Cr, and Fe,

which are N elements, and from among B, C, Na, Si, P, S, K,

Ca, and Ba, which are L elements, for example, the oxides,

hydroxides, carbonates, nitrates and organic acid salts or

the respective chemical elements can be used.

(0028 ]

Tt is preferable that a complex oxide be manufactured

by baking after mixing Li compounds, a hydroxide which 1is

formed by co-precipitating Ni, and M elements (one or two

chemical elements selected from Mn and Co) and one, two, oOr

more chemical compounds selected from among the oxides,

nitrates, sulfates, carbonates, acetates, and phosphates as

raw materials containing other constituent chemical elements.
Also, it is preferable that a complex oxide be

manufactured by baking after mixing a hydroxide which 1s

formed by co-precipitating N elements (one, tTwo, Or more

P

chemical elements selected from the group consisting of Mg,

Al, Ti, Cr, and Fe) or L elements (one, twoO, Or more

chemical elements selected from the group consisting of B, C,

Na, Si, P, S, K, Ca, and Ba) and one, two, or more chemical
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compounds selected from among the oxides, nitrates, sulfates,
carbonates, acetates, and phosphates as raw materials
containing other constituent chemical elements.

[0029]

(Lithium secondary battery]

A positive electrode for a lithium secondary battery
which 1s manufactured using the positive electrode material
according to the present invention may be manufactured using

an ordinary method. For example, a combined agent for a

) —

positive electrode 1s formed by mixing a carbon-based
electrical conducting material such as acetylene black,

graphite, and Ketjen black and binder into the powder of the

positive electrode material according to the present

1nvention. As the binder, for example, polyvinylidene

fluoride, polytetrafluoroethylene, polyamide,

carboxymethylcellulose, and acrylic resin can be used.
(0030]

A positive electrode material laver 1s formed on a

positive electrode current collector by coating slurry,

which 1s formed by dispersing the combined agent for a
positive electrode described above in a dispersion medium

such as N-methylpyrrolidone, onto the positive electrode

current collector composed of, for example, aluminum foil,

by performing drying and press rolling.

(0031}
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For a lithium secondary battery in which the positive

electrode material according to the present invention 1s

used for the positive electrode, it is preferable that one

or more of lithium salts having an anion such as ClO4—,

CF3SO3", BF/‘L—, Pks—, Asb's—, SbF6—, CF3COZ— and (CF3SOZ)2N"‘ be

,o—ﬁv-

used as solutes of an electrolyte solution. Both cyclic

carbonate and chain carbonate may be used. Examples of a

cyclic carbonate include propylene carbonate and ethylene

C). Examples of a chain carbonate 1include,

]

carbonate (]

dimethyl carbonate, diethyl carbonate (DEC), ethyl methyl
carbonate, methyl propyl carbonate, and methyl 1isopropyl

carbonate.

For a separator, for example, a porous polyethylene and

a porous polypropylene film may be used.

[0032]

The negative electrode material of a lithium battery in

which the positive electrode material according to the

present invention is used for the positive electrode 1s a

material which is capable of occluding and releasing lithium

ions. Although there is no particular limitation on what

kinds of materials are used to form a negative electrode

material, examples of such materials include lithium metal,

lithium alloys, carbon materials, carbon compounds, silicon

carbide compound, silicon oxide compound, titanium sulfide,

boron carbide compound, and oxides including mainly metals
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in 14 and 15 groups in the periodic table.

There is no particular limitation on the form of a

lithium secondary battery in which the positive electrode

material according to the present invention 1s used.

The battery 1s selected depending on 1ts use from among

batteries such as a cylinder type battery using an outer can

having a cylinder form (circular cylinder form or square

cylinder form), a flat type battery using an outer can

having a flat form (flat form having a circular form or a

square form in a plan view), and soft package type battery

using a laminate film as an outer package.

EXAMPLES

L*]

(0033]

(Example 1)
Ni-Co- (OH), was prepared using a wet solution synthesis

method by controlling the mole ratios of Ni and Co 1n order

to obtain a raw material as a Ni and Co source.

Commercially available reagents were used as other starting

materials. Li hydrate was used as a Li source, Al,03 was

used as an Al source, and Ba(NO3),; was used as a Ba source.

By weighing these starting raw materials 1n order to

obtain the target compound composition, and by sufficiently
mixing the weighed materials, a baking raw material was
obtained. Baking was performed 1in an oxygen atmosphere, by

P

first holding the material at a temperature of 400°C for 4
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hours mainly in order to remove water in the raw material, by
thereafter heating the material at a heating rate of 5°C/min,

by holding the heated material at a baking temperature of 800°C

for a holding duration of 4 hours, and by taking out the baked

material from the furnace atter cooling. The baked material

taken out was crusned 1n order to obtain the powder of the

positive electrode material. The obtained powder was mixed with

water and stirred, dewatered and dried. Evaluation and
determination such as particle s1ze distribution
determination, chemical composition analysis, and so forth were
performed under the conditions described below. The evaluation
results are given 1n Table 1. The symbol "-" 1n the table

1ndicates a case where the corresponding i1tem was not performed

and not determined.

[0034]
(Reference Examples 2, © to 10, 13, 14, 16, 18, 20 and 21

and examples 3 to 5, 11, 12, 15, 17, 19 and 22, and comparative

examples 1 to 9)
The same raw materials as used for example 1 were used as a Ni
source, a Co source, a L1 source, an Al source, and a Ba source.

Here, N1-Co-Mn-(OH)2 was prepared using a wet solution

synthesis method by controlling the mole ratios of Ni, Co, and

Mn 1n order to obtain a raw material as a Mn source used for
examples 11, 12, and 22, reference example 13 and comparative

example /. In addition, Ni-(OH), was used as a Ni source for

CA 2893716 2018-08-21



comparative example 5, and N1-Mn-(OH), was prepared using a wet
solution synthesis method by controlling the mole ratios of Ni

and Mn 1n order to obtain a raw material as a N1 and Mn source

used for comparative example o. Commercially avallable reagents

were used as other starting materials. Sulfur powder was used
as a S source, carbon black was used as a C source, S510; was
used as a S1 source, KNO3 was used as a K source, Mni30Oz was used
as a Mn source, MgO was used as a Mg source, Ti102 was used as
a Ti source, Fe203 was used as an Fe source, P05 was used as a

P source, Ca(NO3)2:'4H»O was used as a Ca source, Cr;03 was used

as a Cr source, NaNO3 was used as a Na source, and Hi3BO3 was

used as a B source. The powder of a positive electrode material

was manufactured by performing processing using the baking

process and the water-washing process under the same conditions

as used ftor example 1 while the compound composition was

varied. In addition, evaluation was performed under the same

conditions as used for example 1, and the results are given in
Table 1. Here, a water—-washing process was not used for

reference example 13, example 22, and comparative example 9.

[C035]

Subsequently, using these powders, the positive

clectrodes of lithium secondary batteries were manufactured,
the Dbattery performance of the batteries was evaluated as

described below, and the results are given in Table 1.

[0036]

CA 2893716 2018-08-21
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By adding N-methyl-2-pyrrolidone to a mixture of 90

masss of the powder of the positive electrode material for a

lithium secondary battery of an example or a comparative

F
P —

example, 5 masss of acetvylene black, and 5 mass$% of

polyvinylidene fluoride, by sufficiently kneading the
mixture, by applyling the kneaded mixture to a current

collector composed of aluminum so as to form a film having a

thickness of about 150 pum, by pressing the film with a

pressure of about 200 kg/cm®, by punching the coated current

collector into a disc having a diameter of 14 mm, and by

drying the disc at a temperature of 150°C for 15 hours in
vacuum, a positive electrode was obtained. A lithium metal

sheet was used as a negative electrode, and a porous

F

polypropylene film (marketed under the trade name of Celgard

e g
—

2400) was used as a separator. In addition, 1 mole of

L1C1l04 was dissolved in 1 L of a liquid mixture containing
ethylene carbonate (EC) and dimethyl carbonate (DMC) at a
volume ratio of 1:1 in order to obtain a non-agueous

electrolyte solution.

10037]

Using a testing cell which had been formed by

assembling these members in a glove box filled with argon

gas, the first discharge capacity was determined by

performing charge and discharge within a voltage range of

2.75 to 4.25 V with a constant current density of 0.5 mA/cm?.
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1)

ficiency was

In addition, the first charge-discharge e:

calculated using the following equation.

0038 ]

first charge-discharge efficiency = [(first discharge

capacity)/ (first charge capacity) [x100

By further performing charge-discharge measurement

within a range of 2.75 to 4.25 V with a constant current

density of 2.0 mA/cm’, the rate performance was determined
by calculation using the following equation.

[0039]

rate performance (%) = [(discharge capacity for 2.0

mA/cm?) / (discharge capacity for 0.5 mA/cm?) 1 x100

10040]

<Evaluation method>

(1) Powder properties

pr—

1) Average particle diameter of primary particles: The

particle diameters are determined by observing the obtained
positive electrode material using an electron microscope.
?) Particle size distribution of secondary particles

The particle size distribution in the whole particle

—
—

fraction-scattering-

size range 1s obtained using a laser di:

type measuring apparatus. "Dig, Dgo" respectively refer to
particle diameters corresponding to the integrated values of

10% and 90% in a particle size distribution based on number

O

'r‘-

of particles.
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3) Press density

A certain amount of the sample is charged into a mold
having a diameter of 20 mm, and compressed with a pressure

of 95.5 MPa, and then the press density 1s calculated from

F

the measured height and mass of the sample.

A tapped density indicates how well powder 1s naturally

compacted without pressure when the powder is composed of

the mixture of particles respectively having large dlameters

and small diameters. A press density indicates how well

powder is compacted under pressure when the powder 1s

composed of the mixture of particles respectively having

large diameters and small diameters.
(0041]

(2) Chemical composition

By performing guantitative composition analysis for the

F

obtained powder, the mole ratio of each constituent chemical

element with respect to Ni content + M content + N content =
1 mole was determined, and the overall composition of the
sample is given in Table 1.

(3) Increase 1n mass

A certain amount of the obtained positi?e electrode

material is charged into a sample bottle, then the sample

bottle is kept in a constant temperature and humidity tank

with atmospheric air having a temperature of 25+3°C and a

humidity of 60+5%, and 240 hours later, an increasing rate
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of mass is determined. The average value of the determined

——

values of plural samples is defined as the rate of increase

1in mass.

(0042 ]

(4) Nail penetration test

A cell for a nail penetration test was prepared using

the following method. By adding N-methyl-Z2-pyrrolidone to a

(i

mixture of 89 mass% of the powder of the synthesized

positive electrode material for a lithium secondary battery,

6 mass$ of acetylene black, and 5 mass% of polyvinylidene

e J

fluoride, by sufficiently kneading the mixture, by applying

the kneaded mixture to a current collector composed of

aluminum having a thickness of 20 um, and by performing

drying and pressing, the positive electrode was manufactured.

The negative electrode was manufactured by adding N-methyl-

2-pyrrolidone to a mixture of 92 mass% of carbon black, 3

F

mass$ of acetylene black, and 5 mass% of polyvinylidene

fluoride, by sufficiently kneading the mixture, by applying

the kneaded mixture to a current collector composed of

copper having a thickness of 14 pum, and by performing drying
and pressing. The thicknesses of the positive electrode and

the negative electrode were respectively 75 pum and 100 pm.

The electrolyte solution was prepared by dissolving 1 mole

of LiPF¢ in 1 L of a liquid mixture containing ethylene

carbonate (EC) and methyl ethyl carbonate (MEC) at a volume
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— —

ratio of 1:1. The separator was composed of a porous

polypropylene film. Using an aluminum lamlnate sheet, a

-

square type battery having a length of 60 mm, a width of 35

mm, and a thickness of 4 mm was manufactured. By performing

o d

charge to 4.2 V with a current of 160 mA, and by performing

discharge to 3.0 V with the same current, the determined

discharge capacity was 800 mA.

After having charged a battery with a constant voltage

for 8 hours, a nail having a diameter of 2.5 mm was
penetrated through the central part of the battery, and then

the state of the battery was observed. A case where

ignition was not recognized was judged as satisfactory, and
a case where ignition was recognized was judged as

unsatisfactory.

1004 3]

[Table 1]
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(0044 ]

<Description of examples and comparative examples>

In the case of example 1 according to the present

invention, where Al, which is an N element, and Ba, which 1s
an L element, were added to the Li-Ni-Co-O-based material

for comparative example 2, although there was a little

decrease in first discharge capacity and first charge-

_ 1

discharge efficiency, there was an increase 1n rate

performance and press density, there was a decrease 1in the

rate of increase 1in mass, and a satisfactory result was
obtained in a nail penetrating test, which means that
example 1 was an excellent positive electrode material

P

having well-balanced properties. Moreover, 1n the case of

example 5 where Mn, which is an M element, and Mg, which 1s

an N element, were added, there was further increase 1n each

of the properties.

In the case of comparative examples 1, 2, and 8 where

an L. element was not added, and in the case of comparative

U}

example 9 where water-washing was omitted, since the rate of

increase in mass was much larger than 1n the case oI

P
P

fective for

examples where an L element, which 1s e:

pr——

decreasing the rate of increase in mass, was added, there 1s

concern that the slurry may become gelled in the

manufacturing process of a positive electrode and that

batteries may become swollen in the case where comparative



example 1 and reference examples 2, 8, and 9 are used for positive

electrodes.

When comparing the measurement results of the press density
for examples 1, 3, 4, 5, and 17 having a value for Dgg—Dig, which
1s a particle size distribution based on number of particles, of
5.0 pm or more with the results for comparative examples 3, 4,
and 9 having a value for Dgg-Dig less than 5.0 um, the differences
are significant, and 1t 1s difficult to increase capaclty per
unit volume even 1f discharge capacility per unit mass 1s high 1n
the case of the comparative examples, while 1t can be said that
examples 1, 3, 4, 5, and 17 are excellent 1n terms of capacity.

Since the complex oxides of comparative examples 1, 2, and
8, which are positive electrode materials not containing an L
eclement, had low thermal stability and were unsatisfactory 1in a

nalil penetrating test, there 1s a problem with the safety of a

pattery.

[0045]

Examples 1, 3, 11, and 22 and reference example 20 had

sufticiently wide secondary particle size distribution. Examples
3 and 4 and reference examples 8, 9, and 18 had high press density.

Reference examples 6, 7, and 13 and examples 11 and 12 had a small

r—

rate of 1ncrease 1n mass. Example 5 and reference examples 7

through 10 had high first discharge capacity. Examples 1, 5, 11,
and 22 and reference examples 6 through 10 and 16 had high first

charge-discharge efficiency. Reference examples 8, 13, 16, and 20

and examples 11, 15, and 17 had high rate performance.

CA 2893716 2018-08-21
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Industrial Applicability

[00406]

A positive electrode for which the positive electrode

material for a lithium secondary battery according to the

present invention is used has high safety, high capacity,

excellent rate performance, and a low rate of 1Increase 1in
mass in a certain atmosphere. A lithium secondary battery
for which such a positive electrode 1is used can widely be

used as a power supply that is small and light and has a

high enerqgy density for information-related devices,

communication devices, and vehicles. A secondary battery

which is manufactured using a positive electrode material
for a lithium secondary battery according to the present
invention can be egually applied to a cylinder type battery

using an outer can having a cylinder form (circular cylinder

form or square cylinder form), a flat type battery using an

outer can having a flat form (flat form having a circular

form or a square form in a plan view), and soft package type

battery using a laminate film as an outer package.



CLAIMS
(Claim 1]

A positive electrode material for a lithium secondary
pattery, the material being a complex oxlide whose overall
composition 1s expressed by Li1aNi1pMcNgLeOx, where
M: one or two chemical elements selected from Mn and Co,
N: one, two, or more chemlcal elements selected from the
group consisting of Mg, Al, Ti, Cr, and Fe,

L: one, two, oOr more chemlical elements selected from the
group consisting of B, C, Na, Si, P, S, K, Ca, and Ba, and
where

a/(b+c+d): 0.80 to 1.30,

b/ (b+c+d): 0.30 to 0.95,

c/ (b+tc+d): 0.05 to 0.60,

d/ (b+c+d): 0.005 to 0.10,

e/ (b+c+d): 0.0005 to 0.010,

b+c+d=1,

e<d, and

e

x: 1.5 to 2.5, wherein primary particles of the complex

oxlde having an average particle diameter of 0.1 pum or more

are aggregated to form secondary particles, and the

difference between Dgo and Dip based on number of particles is

5.0 pm or more 1in the particle size distribution of the

secondary particles of the complex oxide.

CA 2893716 2018-08-21



(Claim 2]

The positive electrode material for a lithium secondary

battery according to claim 1, the material having a density

pr—
—

of 3.20 g/cc or more in the compacted state with a load of

95.5 MPa.

Claim 3]

The positilve electrode material for a lithium secondary

bpattery according to claim 1, wherein said positive
electrode material has a density of 3.40 g/cc or more 1in the
compacted state with a load of 95.5 MPa, said positive
electrode material undergoing a change in mass in an amount
of 0.60 mass% or less after having been exposed to

atmospheric air having a temperature of 25°C + 3°C and a

humidity of 60% + 5% for 240 hours.

[Claim 4]

A method for manufacturing the positive electrode

material for a lithium secondary battery according to claim

1, the method comprising mixing raw material chemical

elements or compounds containing raw material chemical

elements, baking the resultant raw materials at a
temperature of 700°C or higher and 950°C or lower in a

baking process, and thereafter performing a treatment using

a water-washing process.
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[Claim 5]

A lithium secondary battery, the battery comprising a
positive electrode comprised of positive electrode material
contalning the positive electrode material for a lithium
secondary battery according to claim 1 or 2, a negative
electrode comprised of a negatlive electrode material, and an
ion—-conducting medium which 1s interposed between the

positive electrode and the negative electrode and which

conducts lithium 1ons.

(Claim 6]

The method for manufacturing the positive electrode

material for a lithium secondary battery according to claim

4, wherein the complex oxide 1s manufactured by baking after
mixing L1 compounds, a hydroxide which 1s formed by co-

preclpitating N1 and one or more chemical elements selected

from Mn and Co and one, two, or more chemlical compounds

selected from among the oxides, nitrates, sulfates,

carponates, acetates, and phosphates of chemical elements of

N and L other than Ni, Mn or Co.
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