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ABSTRACT

The present invention provides lithium manganate

which has a high output and 1s excellent 1n high-

temperature stability. The present 1nventlion relates to
lithium manganate particles which are produced by mixing a
lithium compound, a manganese compound, a Y compound and an
A compound with each other and then calcining the resultiling
mixture, and have a composition represented by the

following chemical formula 1 and an average secondary

particle diameter (Dsg) of 1 to 15 pm,
(Chemical Formula)

L1 l+an2—-x-yYyO4 + ZA

1n which Y 1s at least one element selected from the group

consisting of Al and Mg; A 1s a sintering ailid element

*

having a melting point of not higher than 850°C; x and vy

satisfy 0.03 £ x £ 0.15 and 0 £ y £ 0.20, respectively; z

ﬁ

1s 1n the range of 0 to 2.5 mol% based on Mn,

wherein the lithium manganate particles have a sulfur

content of not more than 100 ppm.
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SPECIFICATION

LITHIUM MANGANATE PARTICLES FOR NON-AQUEOUS

L+d

ELECTROLYTE SECONDARY BATTERY, PROCESS FOR PRODUCING TH:

SAME, AND NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY

LD

L+

TECHNICAL F 1!

(0001 ]

The present invention relates to lithium manganate

ﬁ

particles capable of exhibiting a high output and an

excellent high-temperature stability.

BACKGROUND ART

10002 ]

With the recent rapid development of portable and
cordless electronic devices such as audio-visual (AV)

devices and personal computers, there 1s an increasing

demand for secondary batteries having a small size, a light

F

weight and a high energy density as a power source for

driving these electronic devices. Under these

circumstances, lithium 1on secondary batteries having
advantages such as a high charge/discharge voltage and a

large charge/discharge capacity have been noticed.

[0003]

Hitherto, as positive electrode active materials

useful for high energy-type lithlum i1on secondary batteries
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exhibiting a 4 V-grade voltage, there are generally known
LiMn,0, having a spinel structure and LiMnO,, Li1Co0O;, LiCo;-
«N1,0, and LiN10O, having a rock-salt type structure, or the
like. Among these active materials, L1Co0O; 1s more
excellent because of a high voltage and a high capacity

f-

thereof, but has the problems such as a high production

pr——

cost due to a less amount of a cobalt raw material supplied,

r—

and a low environmental safety upon disposal of batteries

obtained therefrom. In consequence, there have now been
made earnest studlies on lithium manganate particles with a
spinel type structure (basic composition: LiMn;04; this 1s
similarly applied to the subsequent descriptions) which are
produced by using, as a raw material, manganese having a
large supply amount, a low cost and a good environmental
compatibility.
10004 ]

As 1s known in the art, the lithium manganate
particles may be obtained by mixing a manganese compound

and a lithlum compound at a predetermined mixing ratio and

then calcining the resulting mixture at a temperature of
700 to 1000°C.

10005]

When using the lithium manganate particles as a

positive electrode active material for lithium ion

secondary batteries, the resulting secondary batteries have
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a high output voltage and a high energy density. However,
the secondary batteries tend to be deterlorated 1n

charge/discharge cycle characteristics. The reason

therefor is considered to be that when charge/discharge

cycles are repeated, the crystal lattice 1s expanded and

1]

contracted owing to desorption and insertion behavior of
lithium ions 1n the crystal structure to thereby cause

change 1in volume of the crystal, which results 1in

occurrence of breakage of the crystal lattice or

ﬁ

dissolution of manganese 1n an electrolyte solution.

(0006]

At present, in the lithium i1on secondary batteriles
using the lithium manganate partilicles, 1t has been strongly
required to suppress deterioration in charge/discharge
capacity due to repeated charge/discharge cycles, and
improve the charge/discharge cycle characteristics, 1in
particular, under high-temperature and low-temperature

conditions.

1000 7]

In order to improve the charge/discharge cycle

F

characteristics of the secondary batterles, 1t 1s required

that the positive electrode active material used therein

which comprises the lithium manganate particles has an

excellent packing property and an appropriate particle size,

and further 1s free from elution of manganese therefrom.
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To meet the requirements, there have pbeen proposed the

method of suitably controlling a particle size and a

particle size distribution of the lithium manganate

particles; the method of obtaining the lithium manganate

particles having a high crystallinity by controlling a

pr—

calcilnation temperature thereof; the method of adding

different kinds of elements to the lithium manganate

F

particles to strengthen a bonding force of the crystals;

—d

the method of subjecting the lithium manganate particles to

surface treatment or adding additives thereto to suppress

F

elution of manganese therefrom; or the like.

10008 ]

Conventionally, 1t 1s known that aluminum 1is

incorporated 1n the lithium manganate particles (Patent

Document 1). In addition, 1t 1s known that a sintering aid

‘such as boron oxide, boric aclid, lithium borate and

F

ammonlium borate 1s added upon production of lithium

— —
——

manganate to attain effects by addition of the sintering

ald (Patent Document 2). Further, it 1s known that a

content of sulfur i1n lithium manganate 1s reduced (Patent

Document 3).

(0009]

Patent Document 1: Japanese Patent Application Laid-

Open (KOAKI) No. 2001-1406425

Patent Document 2Z2: Japanese Patent Application Laid-
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Open (KOAKI) No. 2001-48547

Patent Document 3: Japanese Patent Application Laid-

Open (KOAKI) No. 2002-198047

INVENTION

L]

DISCLOSURE OF TH:

INVENTION

(]

PROBLEM TO BE SOLVED BY TH!

1 0010]

At present, 1t has been strongly regquired to provide

lithium manganate as a positive electrode active material

for a non-aqueous electrolyte secondary battery which 1s
1mproved 1n output characteristics and high-temperature

characteristics. However, the lithium manganate capable of

fully satisfying these requirements has not been obtained

until now.

[0011]

That 1s, 1in the above Patent Documents 1 to 3, there

are respectively described the lithium manganate in which a

ﬁ

part of manganese as a metal element 1s substituted with an

Al element, the lithium manganate to which a small amount

P

of a sintering aid 1s added, and the lithium manganate

whose sulfur content 1s reduced. However, these lithium

n

manganates have falled to provide batteries capable of

exhibiting satisfactory high-temperature characteristics

and, therefore, tend to be still insufficient for practical

use.
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[0012]

In conseguence, an object or technical task of the
present invention is to provide lithium manganate which has

a high output and 1is excellent in high-temperature

stability (high-temperature storage characteristics).

[T
<

MEANS FOR SOLVING THE PROBL.

[0013]

The above object or technical task can be achieved by

g

the following aspects of the present invention.

(0014 ]
That 1is, according to the present invention, there

are provided lithium manganate particles having a

composition represented by the following chemical formula 1,

which lithium manganate particles have a sulfur

H

content of 1 to 100 ppm and an average secondary particle

diameter (Dsg) of 1 to 15 um, and have such properties that

ﬁ

when measuring characteristics of a secondary battery

produced by using the lithium manganate particles as a
positive electrode active material, a high temperature
cycle retention rate of the secondary battery 1s not less

f*

than 92%, and a capacity recovery rate of the secondary

battery 1s not less than 95% (Invention 1).
[0015]

(Chemical Formula 1)
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Li1+XMI’12_x_yYyO4 + ZA

in which Y 1is at least one element selected from the group

consisting of Al and Mg; A 1s a sintering aid element

g

having a melting point of not higher than 850°C; x and vy

satisfy 0.03 £ x £ 0.15 and 0 £y £ 0.20, respectively; =z

fr—

1s in the range of 0 to 2.5 mols based on Mn.

[0016]
Also, according to the present invention, there are

provided the lithium manganate particles as described 1n

the above Invention 1, wherein the lithium manganate

particles have a lattice constant of 0.818 to 0.82Z2 nm

(Invention 2).
[0017]
Also, according to the present 1nvention, there are

provided the lithium manganate particles as described 1in

the above Invention 1 or 2, wherein when measuring

o

charge/discharge capacities of the secondary battery

produced by using the lithium manganate particles as a

positive electrode active material, an 1nitial discharge

capacity of the secondary battery is not less than 80 mAh/g
and not more than 120 mAh/g (Invention 3).

(0018 ]

In addition, according to the present i1nvention,

there 1s provided a process for producing the lithium

grr—

manganate particles as described 1n any one of the above
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B

Inventions 1 to 3, comprising the steps of:

mixing manganese oxide formed of Mni04, a Y element
compound and a lithium compound with each other; and

calcining the resulting mixture at a temperature of

300°C to 1050°C (Invention 4).

[0019]

Also, according to the present invention, there 1s

provided the process for producing the lithium manganate

particles as described in the above Invention 4, whereiln

the manganese oxlide has a sulfur content of 1 to ©0 ppm

(Invention bH).
[0020]

Also, accordling to the present i1nvention, there 1s

provided the process for producling the lithium manganate

particles as described i1n the above Invention 4, whereiln

the manganese oxide has an average primary particle

ﬁ

diameter of not less than 0.5 uym (Invention 6).

10021 ]
Further, according to the present 1nvention, there 1s
provided a non-agueous electrolyte secondary battery

comprising a positive electrode actlive material a part or

whole of which 1s formed from the lithium manganese

particles as described 1n any one of the above inventions 1

to 3 (Invention 7).
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EFFECT OF TH

L*]

INVENTION

(0022 ]
The lithium manganate particles according to the

present invention exhibit a high output and are excellent

in high-temperature stability, and, therefore, can be

suitably used as a positive electrode actilive material

(cathode active material) for a non-aqueous electrolyte

secondary battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is an SEM image of lithium manganate obtained

1n Example 1.

FIG. 2 1s a graphic view showing a relationship

between a sulfur content and a high-temperature retention

rate.

FIG. 3 1s a graphic view showlng a relationship

between a sulfur content and a capacity recovery rate.

PREFERR.

L*]
O
]
<

BODIMENTS FOR CARRYING OUT THE INVENTION

(0024 ]

P

The construction of the present 1nvention 1s

described 1n more detail below.

[0025]

First, the lithium manganate particles for a non-
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aqueous electrolyte secondary battery according to the

present 1nvention are described.

10026]

The lithium manganate particles according to the

p—

present 1nvention have a sulfur content of not more than

&

100 ppm and an average secondary particle diameter (Dsg) of

1l to 15 pm, as well as a high temperature cycle retention

-~ —~
-

rate of not less than 942% and a capacity recovery rate of

not less than 95% as measured with respect to a secondary
battery produced by using the lithium manganate particles.
10027]

The lithium manganate particles according to the

present i1nvention have a composition represented by the

chemical formula: Li;«Mny,yYy0O4 + zA. In the chemical

formula, Y 1s at least one element selected from the group

consisting of Al and Mg; x 1s 0.03 to 0.15 and vy 1s 0 to

ﬁ

0.20; and z 1s 1n the range of 0 to 2.5 mol% based on Mn.

(0028 ]

pr—

When the value of x 1s less than 0.03, the resulting

particles have a high capacity, but tends to be

considerably deteriorated 1n high-temperature

characteristics. When the value of X 1s more than 0.15,
the resulting particles exhibit improved high-temperature
characteristics, but tend to be considerably deteriorated

1n capaclty or tend to cause increase in resistance owing
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)

to formation of Li-rich phase therein. The value of x 1s

preferably 0.05 to 0.15.

[0029]

When the value of y is more than 0.20, the resulting

particles tend to suffer from large decrease 1n capacilty

—
—

and, therefore, tend to be unpractical. The value of vy 1s

preferably 0.01 to 0.18 and more preferably 0.05 to 0.15.

10030 ]

P

When the value of z 1s more than 2.5 mol% based on Mn,

g—
p—

fect or anti-sintering ef

fect tends to be

1 1)
4

the aggregating e:
too strong, so that the resulting lithium manganate

particles tend to be deteriorated 1n high temperature

g~

characteristics. The value of z 1s preferably 1n the range

of 0 to 0.2 mol% and more preferably 0.1 to 1.8 mol% based

i

Mn.

L0031 ]

The lithium manganate particles according to the

—

present 1nvention have a sulfur content of not more than

F-

100 ppm. When the sulfur content of the lithium manganate

particles 1s more than 100 ppm, the particles tend to

suffer from accelerated local sintering upon calcination

F ﬁ

thereof, and localized aggregation of the particles tends

to be caused, so that the resulting calcined product tends

F

to have non-uniform distribution of soft portions and hard

portions. In addition, when producing a battery using such
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particles, the obtained battery tends to suffer from short

gr—

circuit, for example, owing to formation of a sulfur

compound with impurities such as Fe. Further, the effect

)

P P

of promoting elution of Mn upon high-temperature storage OI

- N

the particles tends to be observed, so that the properties

of the particles tend to become unstable under high

#

temperature conditions. The sulfur content of the lithlum

manganate particles is preferably not more than 80 ppm and

more preferably 1 to 60 ppm. In the present invention, Dby

dry-mixing the raw manganese material having a less sulfur

compound content with the Li compound, Y compound and A

compound having a less sulfate content, 1t 1s possible toO

obtain lithium manganate particles whose sulfur content 1s

reduced.

[0032]

The lithium manganate particles according to the

present invention preferably have a lattice constant of

ﬁ

0.818 to 0.822 nm. When the lattice constant of the

lithium manganate particles 1s less than 0.818 nm, the
secondary battery obtalned by using the particles tends to
cause deterioration 1n capacity. When the lattice constant

#

of the lithium manganate particles 1s more than 0.822 nm,

the secondary battery obtained by using the particles tends

to cause deterioration 1n stability. The lattilice constant

LR

of the lithium manganate particles 1s more preferably 0.819
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to 0.821 nm.
[0033]

The lithium manganate particles according to the

present invention preferably have an average primary

pr—

particle diameter of 0.5 to 10 pym. When the average

primary particle diameter of the lithium manganate
particles 1is less than 0.5 um, the secondary battery
obtained by using the particles tends to be deteriorated in

Jr—.
p—m

stability. When the average primary particle diameter of

the lithium manganate particles 1s more than 10 pm, the
secondary battery obtained by using the particles tends to
be deteriorated in output. The average primary particle

ﬁ

diameter of the lithium manganate particles 1s more

preferably 1.0 to 8.0 um.
(0034 ]
The lithium manganate particles according to the

present invention have an average secondary particle

diameter (Dsg) of not less than 1.0 pym and not more than 15

um. When the average secondary particle diameter (Dsg) of
the lithlum manganate particles 1s less than 1 um, the
secondary battery obtalned by using the particles tends to

be deteriorated i1n stabillity. When the average secondary

particle diameter (Dsy) of the lithium manganate particles
1s more than 15 um, the secondary battery obtained by using

the particles tends to be deteriorated i1n output. The
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average secondary particle diameter (Dsg) of the lithium

manganate particles 1s preferably 2.0 to 12.0 pm.

[0035]

The lithium manganate primary particles according to

the present invention are preferably constituted ot

substantially a single crystal. When the lithium manganate
particles are constituted of a polycrystal, a large number
of lattice-unconformity planes which act as a resistance

component against desorption and insertion of lithium 1n

the particles tend to be present 1n the crystals, so that

ﬁ

it may be sometimes difficult to allow the secondary

battery obtained by using the particles to generate a

F
p—

sufficient output.

[0036]

pr—

The BET specific surtface area of the lithium

manganate particles according to the present i1nvention 1s

preferably not more than 1.0 HF/g and more preferably 0.1

to 0.8 m?/g.

(0037 ]

Next, the process for producing the lithium manganate

particles according to the present invention 1s described.

10038 ]

The lithium manganate particles according to the

present 1nventlion can be produced by mixing manganese oxide

formed of Mn3;O0, and a lithium compound, 1f required,

e
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together with a Y element compound and/or a sintering aid

ﬁ

having a melting point of not higher than 850°C, and then

calcining the resulting mixture at a temperature of 800°C
to 1050°C.

[0039]

t)

The manganese compound used as a starting material of

the lithium manganate particles according to the present

invention 1s preferably Mn;04. Mn30; may be produced by a

P‘

wet reaction with a less amount of 1mpurities unlike

electrolytic MnO,, and can provide particles substantially

1n the form of a single crystal.

[0040]

More specifically, Mn;O; may be produced by the

following methods: (1) the method for producing
trimanganese tetraoxide particles by reacting an agqueous
manganese salt solution with an aqueous alkali solution to
prepare a water suspension comprilisling manganese hydroxide;
subjecting the resulting water suspension to oxidation

e

reaction as a primary reaction at a temperature of 00 to

100°C for obtaining trimanganese tetraoxide core particles;

adding an aqueous manganese salt solution to a reaction

solution obtained after the primary reaction; and then

subjecting the obtained mixture to oxidation reaction as a

e

secondary reaction for conducting a growth reaction of the

trimanganese tetraoxide core particles, thereby obtaining
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trimanganese tetraoxide particles, wherelin a concentration

P

of manganese used in the primary reaction 1s adjusted toO

pr——

not more than 1.5 mol/L, and an amount of manganese added

to the secondary reaction 1is adjusted to not more than an

pr— —

equal mol of the concentration of manganese used 1in the

primary reaction, (2) the above method for producing the

trimanganese tetraoxide particles in which after changing

an atmosphere of the reaction solution obtained atfter the
primary reaction to a non-oxidative atmosphere, an agueous
manganese salt solution is added to the reaction solution,

and then the resulting mixture 1s aged within 3 hr, (3) the

above method for producing the trimanganese tetraoxilde
particles in which an organic reducing agent 1s allowed to
be present in an amount of not more than 0.5 mol% based on
manganese during the primary reaction and/or the secondary
reaction, and (4) the above method for producing the
trimanganese tetraoxide particles 1n which a concentration

ﬁ

of the excess amount of alkalil 1s adjusted to 1.0 to 5

mol/L to produce trimanganese tetraoxide particles.

(004 1]

The trimanganese tetraoxide (Mni04) used 1n the

present 1nvention preferably has an average secondary

P

particle diameter (Dsg) of 1.0 to 8.0 um, an average

primary particle diameter of not less than 0.5 yum and more

preferably 1.0 to 8.0 pm, a BET specific surface area of
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——

0.5 to 15 m?°/g, and a sulfur content of 1 to 60 ppm and

more preferably 1 to 50 ppm. In addition, the trimanganese

tetraoxide (Mns;04) 1s preferably substantially 1in the form

F

of a single crystal.

[0042]
As to the Y element (Al/Mg) in the lithium manganate

particles according to the present invention, when the Y

element compound is formed into finely divided particles,
it 1s possible to enhance a reactivity of the Y element

compound with the manganese compound, so that the Y element

can be uniformly dispersed within the obtained particles.
When the Y element 1s localized i1n the lithium manganate
particles, the resulting particles tend to be deteriorated

F

in stability. The particle diameter of the Y element

compound 1s preferably controlled such that an average

”

secondary particle diameter (Dsp) thereof 1s 1.0 to 20 um.

1004 3]

In the present i1nvention, the lithlum manganese

particles may be calclined after adding a sintering aid

pr——

having a melting point of not higher than 800°C thereto.

pr——

The melting point of the sintering aid 1s preferably not

higher than 600°C. The sintering aid having a melting

ﬁ

point of not higher than 800°C is preferably a boron

P

compound. Examples of the boron compound 1include boric

acid, lithium tetraborate, boron oxide and ammonium borate.
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—

Among these boron compounds, the use of boric acid 1is

especlially preferred.

10044 ]

The manganese oxide and the lithlum compound are

ﬁ

mixed, if required, together with the Y element compound

and/or the A element compound, at a predetermined mixing
ratio, and then the resulting mixture 1s subjected to
calcination solid state reaction to thereby obtain lithium
manganate. However, the calcination temperature must Dbe

not lower than 800°C. When the calcination temperature 1S

lower than 800°C, it may be difficult to uniformly disperse
the Y element compound within the particles.

[0045]

For example, in the above-mentioned Patent Document 1

(Japanese Patent Application Laid-Open (KOKAI) No. 2001-
146425), it is described that a homogeneously distributed

—~ —
-ad

condition of Al has been confirmed by EPMA analysis of an

appearance of the respective particles. However, such a

result will also be attained even when Al 1s localized only

il

on the surface of the particles. In fact, when actually

—

measuring an output of a secondary battery obtained by

using the particles 1n which Al was localized, such a

secondary battery exhibits a large resistance, and 1t 1is

difficult to obtain a sultable electric current from the

secondary battery. The calcinatlion temperature 1s
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preferably 850 to 1050°C.
[00406]

Next, a positive electrode using the positive
electrode active material comprising the lithium manganate
particles for a non-aqueous electrolyte secondary battery
according to the present invention 1s described.

(0047]

When producing the positive electrode by using the
positive electrode active material according to the present
invention, a conducting agent and a binder are added to and

mixed with the positive electrode active material by an

ordinary method. Examples of the preferred conducting

agent include acetylene black, carbon black and graphite.

ﬁ

Examples of the preferred binder 1nclude

polytetrafluoroethylene and polyvinylidene fluoride.

10048 ]

The secondary battery produced by using the positive
electrode active material according to the present

invention comprilses the above posltive electrode, a

negative electrode and an electrolyte.

(004 9]

ﬁ

Examples of a negative electrode active material

which may be used for obtaining the negatilive electrode
include metallic lithium, lithium/aluminum alloys,

lithium/tin alloys, and graphite or black lead.
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(0050 ]

Also, as a solvent for the electrolyte solution,

there may be used combination of ethylene carbonate and

diethyl carbonate, as well as an organic solvent comprising

n

at least one compound selected from the group consisting of
carbonates such as propylene carbonate and dimethyl
carbonate, and ethers such as dimethoxyethane.
(0051 ]

Further, as the electrolyte, there may be used a
solution prepared by dissolving, in addition to lithium

phosphate hexafluoride, at least one lithilum salt selected

from the group consisting of lithium perchlorate and

lithium borate tetrafluoride 1n the above solvent.
[0052]

The secondary battery produced by using the lithium
manganate particles according to the present invention has

an initial discharge capacity of 80 to 120 mAh/g, a rate

characteristic of preferably not less than 80% and more

preferably not less than 90%, a high-temperature cycle

F

retention rate of not less than 92% and a capaclty recovery

rate of not less than 95%. Meanwhille, the high-temperature

cycle retention rate and the capaclty recovery rate may be

determined by the measuring methods described 1n the

followlng Examples.
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L™
op

EXAMPL!

[0053]
© the present 1nvention are

e

Typlcal examples of

described 1n more detail below.

(0054 ]
The average secondary particle diameter (Dsg) of the

P

. asS

M

particles was a volume medlan particle diameter thereo:

measured by a wet laser method using a laser type particle

ICROTRACK HRA"

size distribution measuring apparatus "M

"actured by Nikkiso Co., Ltd.

marlriu.

(0055

The average primary particle diameter of the

I

- dilameters of

P

particles was expressed by an average value oO:
the particles which were observed using a scanning electron

CDX" equipped with an energy disperse type

.
M-
14 o

microscope "S5
X-ray analyzer manufactured by Hitachi High-Technologies

grr—
and

from a micrograph thereof.

Corp., and read out

[0050]
The condition of presence of respectlive elements 1in

the particles was observed using a scanning electron

EDX" equlipped with an energy disperse type

™ .
LM —
i .

microscope "S
X-ray analyzer manufactured by Hitachi High-Technologies

Corp.

10057 ]

—

The composition of the particles was determined 1n
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the following manner. That 1is, 0.2 g of a sample was

dissolved under heating in 25 mL of a 20% hydrochloric acid

solution. The resulting solution was cooled and then

charged into a measuring flask together with pure water to

prepare a sample solution. The resulting sample solution

was subjected to the measurement using ICAP "SPS-400"

manufactured by Seiko Denshi Kogyo Co., Ltd., to

P

quantitatively determine amounts of the respective elements

therein.

10058 ]

The sulfur content of the particles was the value

measured by burning 5 g of a sample 1n an oxygen flow using

F

a combustion furnace of a carbon/sulfur analyzer "EMIA-

520FA" manufactured by Horiba Seisakusho Co., Ltd.

[ 0059]

p—

The X-ray diffraction of a sample was measured using

"RAD-IIA" manufactured by Rigaku Co., Ltd.

(0060 ]

The lattice constant of the particles was calculated

"rom the results of the above powder X-ray diffraction by a

bl

Rietveld method.

(00061 ]

ﬁ

Whether or not the crystal structure of the particles

as produced was a single crystal was confirmed by observing

F F

an oriented plane of a section of the particles by EBSD
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analysis.

(0002 ]

The coin cell produced by the following method using

the lithium manganate particles was subjected to evaluation

for initial charge/discharge characteristics and high-

temperature storage characteristics.

[0063]

F

First, 92% by weight of the Li-Mn composite oxide as

t]

a positive electrode active material, 2.5% by weight ot

acetylene black and 2.5% by weight of a graphilite both

pp—
pr—

serving as a conducting material, and 3% by weight of

polyvinylidene fluoride dissolved i1n N-methyl pyrrolidone
as a binder, were mixed with each other, and then the
resulting mixture was applied onto an Al metal foil and

then dried at 110°C. The thus obtained sheets were each

blanked into 16 mm¢ and then compression-bonded together

under a pressure of 1 t/cm®, thereby producing an electrode

b

having a thickness of 50 uym and using the thus produced

electrode as a positive electrode. In addition to the

positive electrode, a metallic lithium blanked 1nto 16 mme

was used as a negative electrode, and a solution prepared

by mixing EC and DEC in which 1 mol/L of LiPFg was

p—

dissolved, with each other at a volume ratio of 3:7, was

used as an electrolyte solution, thereby producing a coiln

cell of a CR2032 type.
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(0064 ]

The initial charge/discharge characteristics of the

coin cell were determined as follows. That is, the coin

charge for 90 min, and further discharged at a current

density of 0.1 C until reaching 3.0 V, to thereby measure

an initial charge capacity, an initial discharge capacity

it —
—

and an initial charge/discharge efficiency of the coin cell.

[000625]

In order to determine high temperature

characteristics of the coin cell, a capacity recovery rate

pr— p—

thereof was measured as follows. That 1s, the coin cell

was subjected to one charge/discharge cycle (discharge

F

capacity: a) and then charged at a current density of 0.1 C

r—

until reaching a charge depth of 50%. Thereafter, the coiln

cell was allowed to stand at 60°C for one week and then

discharged at a current density of 0.1 C until reaching 3.0

V, and further charged and discharged (discharge capacity:

b) at a current density of 0.1 C to determine a "capacity

recovery rate" thereof (= 100 x b/a).

[0066]

In addition, 1n order to determine a "high-

temperature cycle retention rate" of the coin cell, the

coin cell was subjected to charging and discharging cycles



CA 02738291 2011-03-23

25

in a constant temperature oven held at 60°C in a voltage

range of 3.0 to 4.3 V in which at the 1st, 1lth, Z21st and

31st cycles, the cell was charged and discharged at a

current density of 0.1 C (the charging was conducted 1n a
constant current-90 min constant voltage charge mode),

whereas at the other cycles, the coin cell was subjected to

repeated charging and discharging at a current density of 1
C (the charging was conducted in a constant current-90 min
constant voltage charge mode). The "high-temperature cycle

F

retention rate" of the coin cell was determined by a ratio

i

of the 31st cycle discharge capacity d to an 1initial
discharge capacity c¢ thereof (= 100 x d/c).
(0067 ]

Further, the coin cell was subjected to charging and

-

discharging cycles at 25°C in a voltage range of 3.0 to 4.3

V in which the charging was conducted at a current density

ﬁ

of 0.1 C, whereas the discharging was conducted at a

current density of 0.1 C, 0.2 C, 0.5 C, 1 C, 2 C and 5> C.

gr—

At this time, the value of (discharge capacity at o5

C/discharge capacity at 0.1 C) x 100 was determined as a

"rate characteristic" of the coin cell.

(00068 ]

Fxample 1: <Production of lithlum manganate particles>

Under a nitrogen flow, 0.5 mol of manganese sulfate

ﬁ

was added to 3.5 mol of sodium hydroxide to prepare a
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reaction solution having a total volume of 1 L. Manganese

hydroxide thus produced was aged at 90°C for 1 hr. After

gr—

completion of the aging, air was passed through the

reaction solution to oxidize manganese hydroxide at 90°C,
and the resulting product was washed with water and then
dried, thereby obtaining manganese oxide particles.
[0069]

The thus obtained manganese oxide particles were
Mn;0,; and had a granular shape, an average primary particle

pr— e

diameter of 4.8 pym, a BET specific surface area of 0.6 m*/g

P-

and a sulfur content of 8 ppm.

[0070]

The above Mns;04 particles, lithium carbonate and
aluminum hydroxide were mixed with each other for 1 hr such

that a ratio of Li:Mn:Al was 1.072:1.828:0.10, thereby

obtaining a uniform mixture. The aluminum hydroxide used

)

above had an average secondary particle diameter (Dsg) of

F

fty grams of the thus obtained mixture were

» N

10 pm. F1
placed in an alumina crucible, and held therein 1in
atmospheric air at 960°C for 3 hr, thereby obtaining
lithium manganate particles. Thus, the lithium manganate

particles were produced.

100 7/71]

It was confirmed that the thus obtained lithium

ﬁ

manganate particles had a composition of Li;sMny - ,¥1,04 1n
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which x is 0.072 and y is 0.10, an average primary particle

r—

diameter of 5.0 pm, an average secondary particle diameter

o s - - 2
(Dsg) of 7.3 um, a BET specific surface area of 0.45 m“/g, a

lattice constant of 0.8198 nm and a sulfur content of 12

ppm.

10072]

The coin cell produced by using a positive electrode

active material comprising the thus obtained lithium

manganate particles had an initial discharge capacity of

p—

105 mAh/g, a capacity recovery rate of 96% as measured

after preserving the coin cell at 60°C for one week, a

r—

high-temperature cycle retention rate of 95% and a rate

characteristic of 906%.

[0073]

Example 2:

The same procedure as defined 1n Example 1 was

p—

conducted except that the kind of manganese oxide used was

changed, the Mn;0, particles, lithium carbonate and

aluminum hydroxide were mixed simultaneously with boric

acid to prepare a composition as shown in Table 1, and

further the calcination temperature was changed as shown 1n

Table 1, thereby obtaining lithium manganate particles.
10074 ]

The production conditions used above are shown 1in

Table 1, and various properties of the thus obtalned
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lithium manganate particles are shown 1n Table Z.

[0075]

The lithium manganate particles obtained 1n Example Z
were kneaded with a resin, and the particles 1n the

resulting kneaded material were cut using a cross-section

polisher. The condition of distribution of Mn and Al on a

section of each of the thus cut particles was determined

F ﬁ
e

from the results of EPMA mapping thereof. As a result, 1t

was confirmed that Al was also uniformly distributed over

grre—

the section of each particle similarly to Mn.

[0070]

Examples 3 to o:

The same procedure as defined in Example 1 was

——

conducted except that the kind of Y (Al, Mg), the amount of

t)

Y added, and calcination conditions, were changed variously,
thereby obtaining lithium manganate particles.

(0077 ]

The production conditions used above are shown 1in

pr—

Table 1, and various propertles of the thus obtained

lithium manganate particles are shown 1in Table 2.

[0078]

Comparative Example 1:

Electrolytic manganese oxide (MnO,; average primary
particle diameter: 15.1 um), aluminum hydroxide (Al (OH)3)

and lithium carbonate were mixed with each other, and then
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the resulting mixture was calcined at 960°C, thereby
obtaining lithium manganate particles.
[(0079]

The production conditions used above are shown in
Table 1, and various properties of the thus obtalned

lithium manganate particles are shown 1n Table 2.

0080 ]

Comparative Example 2:

Manganese oxide particles formed of Mn;0, which had a

granular particle shape and an average primary particle

ﬁ

diameter of 4.8 um were used.

(0081 ]
A water suspension comprising the above manganese
oxide particles was washed with water in an amount of 5

F

times the amount of the water suspension using a filter

press, and then subjected to deaggregatlion to adjust a

p

concentration of the manganese oxide particles 1n the water

suspension to 10% by weight. A 0.2 mol/L sodium aluminate
agueous solution was continuously fed to the suspension 1n
a reaction vessel such that a molar ratio of Mn:Al 1n the

F

resulting mixture was 95:5. The contents of the reaction

vessel were always kept stirred by a stirrer and, at the

same time, a 0.2 mol/L sulfuric acid agueous solution was

automatically supplied thereto so as to control the pH

value of the reaction solution 1n the reaction vessel to
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8+0.5, thereby obtaining a suspension comprising the

manganese oxide particles whose surface was coated with

aluminum hydroxide.

[0082]

The resulting suspension was washed with water in an

ﬂ-ﬁ

"~ the manganese oxide

e

amount of 10 times the weight o:

particles in the suspension using a filter press, and then
dried, thereby obtaining the manganese oxide particles

whose surface was coated with aluminum hydroxide and which

e yr—

had a molar ratio of Mn:Al of 95:5 and an average secondary

particle diameter of 4.8 pum. The resulting manganese oxide

b

particles had a sulfur content of 23/ ppm.

(008 3]

The thus obtained Mns304; particles whose surface was

coated with aluminum hydroxide and lithium carbonate were

dry-mixed with each other for 1 hr such that a molar ratio

A

of Li:Mn:Al was 1.072:1.828:0.10, thereby obtaining a

F

mixture. Thirty grams of the thus obtailined mixture were

placed in an alumina crucible, and held thereln in

atmospheric air at 960°C for 3 hr, thereby obtaining
lithium manganate particles.

10084 ]

The production conditions used above are shown 1n

pr—

Table 1, and various properties of the thus obtained

lithium manganate particles are shown 1n Table 2.
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[0085]

Comparative Example 3:

The same procedure as defined in Comparative Example
2 was conducted except that the Mn;0, particles and lithium
carbonate were mixed simultaneously with boric acid to
prepare a composition as shown in Table 1, thereby
obtaining lithium manganate particles.
(0086]

The production conditions used above are shown 1n

p

Table 1, and various properties of the thus obtailned

lithium manganate particles are shown 1n Table 2.

[0087]

Comparative Example 4:

The manganese oxide particles whose surtface was
coated with aluminum hydroxide were obtalined in the same
manner as in Comparative Example 2 and then mixed with
lithium carbonate and magnesium oxide, and the resulting
mlixture was calcined.

(0088 ]
The production conditions used above are shown 1n

ﬁh

Table 1, and various properties of the thus obtained

lithium manganate particles are shown 1n Table 2.

10089 ]

ol

Comparative Example 5:

e

The same procedure as defined 1in Example 1 was
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conducted except that the kind of Mn compound and the
calcination conditions were changed variously, thereby
obtaining lithium manganate particles.
(0090 ]

The production conditions used above are shown 1in
Table 1, and various properties of the thus obtained

lithium manganate particles are shown 1n Table 2.

(0091 ]

Comparative Example 6:

The same procedure as defined in Example 1 was
conducted except that a Y element (Al, Mg) element compound
having an average secondary particle diameter (Dsg) of 80

F

nm which was 8 times that of the Y element compound used 1n

Example 1 was used as the raw material, thereby obtaining

lithium manganate particles.
(0092]

The production conditions used above are shown 1n

r—

Table 1, and various properties of the thus obtained

lithium manganate particles are shown in Table 2.
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(00931
Table 1
Examples Precursor
and Comp. | Kind of Mn Average Coating Sulfur
Examples compound primary element (—) content
(=) particle (=) (ppm)
diameter
(pm)

Example 1 Mn30q 4.8 = 3
Example Z Mn;0q 4.9 = 12
Example 3 Mn;0q 1.2 = 11
Example 4 Mn30q 4,3 = 9
Example 5 | Mn;0q 4.7 — 14

Comp. MnO, 15.1 - 1430
Lxample

comp. Mn 30Oy 4.8 Al .10 23]
Example

Comp. Mn30y 4.9 Al .10 464
Example

Comp. Mn3;Q0q 4.7 Al .10 578
Example

Comp. Mn-0g4 TS — 3
Example

comp. MnzOy 4.8 - 8
Example
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Table 1 (continued)
Examples M1x1ing
and Comp. Amount Kind of Y Amount of Particle
Examples of L1 element Y element | diameter of
X dry-added added Y element
() (—) (=) compound
(am)
Example 1| 0.072 Al (OH) ; 0.1 10
Example Z 0.079 Al (OH) 0.1 10
Example 3 0.138 = - =
Example 4 0.059 MgO 0.005 Z
Example 5 0.039 Al (OH)3/MgO | 0.1/0.05 10/2
Comp. 0.065 Al (OH) ;3 0.1 10
Example 1
Comp. 0.072 - = -
Example 2
Comp. 0.072 — — -
Example 3
comp. 0.039 MgO 0.05 Z
Example 4
comp. 0.072 Al (OH) 3 0.1 10
Example O
Comp. 0.072 Al (OH) ;3 0.1 80
Example ©
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Table 1 (continued)
Examples Mixing Calcination
and Comp. conditions
Examples | Kind of A Amount of A Temperature Time
element element added 1n alr (hr)
(-) (mol%) (°C)

Example 1 - — 960 3
Example 2 B 1.3 910 3
Example 3 ~ = 3870 3
Example 4 - = 870 3
Example 5 = - 370 3

Comp. - — 960 3
Example 1

Comp. — = 960 3
Example 2

comp. B | 1.5 910 3
Example 3

Comp. — -~ 960 3
Example 4

Comp. - - 7100 3
Example 5

Comp . - - 960 | 3
Lxample ©
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(0094 ]
Table 2
Examples Properties of lithium manganate particles
and Comp. Composition Average primary'
Examples particle diameter
(pm)

Example 1 L1171 p7oMny g28Alp. 104 D
Example 2 | Lij. g79Mnig g21A10.104 + 0.0118B 5
Example 3 L1l 138Mn1. 86204 1
Example 4 L17 059Mny . g91MQg. 0504 0
Example 5 L1y 039Mnq . g11A1lg.1MQg. 0504 5

comp. Liq,.06sMny . g35A10.104 1-30
Example 1

Comp. L1, 072Mny . g28A10. 104 D
Example 2

comp. I Liq g7oMnq g28RA15.104 + 0.0137/B 0
Example 3

Comp. Li1,039Mn1 g11A10.1MJo.0504 5
Example 4

Comp. L11.972Mn1.g28A1lg.104 4
Example 5

Comp. L13.072Mny.828A10.104 5
Example 6
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Table 2 (continued)
Examples Properties of lithium manganate particles
and Comp. Average secondary BET Lattice Sulfur
Examples particle diameter (m*/q) constant content
Dsg (nm) (ppm)
(am)

Example 1 7.3 0.45 0.8198 12
Example 2 9.0 0.41 0.8199 27
Example 3 3.0 0.51 0.81953 15
Example 4 9.2 0.51 0.8216 12
Example 5 8.0 0.560 0.8199 21

Comp. 15.5 0.067 0.8203 1620
Example 1

Comp. 7.7 0.04 0.8199 243
Example Z

Comp. 6.4 0.8%2 0.820Z2 021
Example 3

Comp. 6.5 0.75 0.8200 581
Example 4

comp. 6.7 0.65 0.82005 21
Example 5

Comp. 7.5 0.62 0.8201 18
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Table 2 (continued)
Examples Battery characteristics
and Comp. | Capacity Rate High- Capacity
Examples 0.1C characteristic temperature recovery
(mAh/qg) (%) cycle rate
retention (%)
rate
(%)

Example 1 105 96 95 96
Example Z 106 95 98 99
Example 3 91 93 93 96
Example 4 109 3 3 95 96
Example 5 106 95 98 98

comp. 107 08 ofs 79
Example 1

Comp. 105 02 8/ 93
Example Z

Comp. 109 81 89 92
Example 3

Comp. 104 388 80 93
Example 4

comp. 92 54 09 78
Example 5

Comp. 102 82 79 39
Example ©
(0095 ]

It 1s considered that owing to a residual sulfur

component in the lithium manganate particles, the secondary
battery obtained using the particles causes short circuit

or becomes unstable when preserved under a high-temperature



CA 02738291 2011-03-23

39

condition. The reason therefor is considered to be that
when mixing the manganese oxide and the lithium compound
with each other and calcining the resulting mixture, sulfur
is reacted with lithium so that the sulfur remains and 1s

g

form of an Li1i-S

-

present in the resulting particles 1n the
compound. For this reason, it is considered that an L1

component which is to be inherently incorporated into the

spinel structure becomes deficient, so that the resulting

F
—

particles tend to suffer from deterioration in high-

temperature characteristics such as elution of Mn therefrom

under a high-temperature condition.

100906

In accordance with the present invention, 1t 1s

possible to reduce a sulfur content in the lithilum

manganate particles and therefore obtaln a secondary
battery having an excellent high-temperature storage

property.

INDUSTRIAL APPLICABILITY

[0097]

The lithium manganate particles according to the

present invention have a reduced sulfur content and,

therefore, can be suitably used as a positive electrode

active material for a secondary battery having high output

characteristics and excellent high-temperature storage
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characteristics.
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CLAIMS

1. Lithium manganate particles having a composition

represented by the following chemical formula 1:

(Chemical Formula 1)

Li1+XMn2_x_yYyO4 + ZA

in which Y is at least one element selected from the group

pr—

consisting of Al and Mg; A is a sintering aid element

having a melting point of not higher than 850°C; x and vy

satisfy 0.03 < x £ 0.15 and 0 £y £ 0.20, respectively; z

ﬁ
P

is in the range of 0 to 2.5 mol% based on Mn,

which lithium manganate particles have a sulfur

’-

content of 1 to 100 ppm and an average secondary particle

P

diameter (Dsy) of 1 to 15 pm, and have such properties that

P
P

when measuring characteristics of a secondary pattery

produced by using the lithium manganate particles as a

positive~electrode active material, a high temperature

g

cycle retention rate of the secondary battery 1s not less

than 92%, and a capacity recovery rate of the secondary
battery is not less than 95%.
2. Lithium manganate particles according to claim 1,

wherein the lithium manganate particles have a lattice

constant of 0.818 to 0.82Z2 nm.

3. Lithium manganate particles according to claim 1

1}

I

or 2, wherein when measuring charge/discharge capacities o:

the secondary battery produced by using the lithlum
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manganate particles as a positive electrode active material,

—

an initial discharge capacity of the secondary battery 1s

not less than 80 mAh/g and not more than 120 mAh/g.

4. A process for producing the lithium manganate

pr—

particles as defined in any one of claims 1 to 3,

comprising the steps of:

o~

mixing manganese oxide formed of Mn304, a Y element

compound and a lithium compound with each other; and

calcining the resulting mixture at a temperature of

800°C to 1050°C.

e

5. A process for producing the lithium manganate

particles according to claim 4, wherein the manganese oxilde

has a sulfur content of 1 to 60 ppm.

6. A process for producing the lithium manganate

particles according to claim 4, wherein the manganese oxide

ﬁ

has an average primary particle diameter of not less than

0.5 pum.

/7. A non—-aqueous electrolyte secondary battery

comprilising a positive electrode actlive material a part or

whole of which 1s formed from the lithium manganese

gr—

particles as defined 1n any one of claims 1 to 3.
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