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ABSTRACT OF THE DISCLOSUR.

A positive electrode material for a lithium secondary

battery, which 1s high i1n safety, high 1n capacity, excellent

p—
e

flciency,

in cycle performance, and high in charge/discharge e:

is provided. The positive electrode material for a lithium

secondary battery 1s a powder containing a Li-Ni-Co-0 or

L1-N1-Co-Ba-0 system component as a main component and having

P

an amorphous phase of an oxide mixed in each of particles or

i

formea at the surface oif r
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POSITIVE ELECTRODE MATERIAL FOR LITHIUM SECONDARY BATTERY,

METHOD FOR PRODUCING THE SAME, AND LITHIUM SECONDARY BATTERY

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a positive electrode

material for a lithium secondary battery, to a method for
producing the same, and to a lithium secondary battery using
the same. More particuliarly, it relates to a novel material

obtained by improving a positive electrode material for a

lithium secondary battery having a Li-Ni-Co-0 or Li-Ni-Co-Ba-0

system composition, to a method for producing the same, and to

a lithium secondary battery using the novel material.
Description of the Related Art

Recent years have seen varlious improvements in a positive
electrode material for a lithium.secondary battery. As a
positive electrode material for a high-capacity secondary
battery, a material having a Li-Ni-Co-0 or Li-Ni-Co-Ba-0 system

composition can be listed.

For example, there is a positive electrode material which

1s a compound represented by a chemical formula L1, ,ANi, ,_

ByO where

A: one alkaline earth metal element of either(strontium

or barium, or at least two alkaline earth metal elements
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selected from magnesium, calcium, strontium and barium
B: at least one transition metal element other than Ni
X: a total number of moles of A and 0 < X £ 0.10

Y: a total numbexr of moles of B and 0 < ¥ £ 0.30

IA

a: —-0.10 £ a 0.10

l

IN

b: -0.15 b £ (0.15

(see, e.g., Japanese Unexamined Patent Publication No. HEI

9-17430 (pp. 2-8)).

There 1is another positive electrode material which is a

compound represented by a chemical formula Li, ., A Ni,., .B,0 and

forming secondary particles with an average diameter of 5.0 um

to 50 ym as an aggregate of primary particles with an average
diameter of 0.01 uym to 5.0 uym where

A: strontium or barium 

B: at least one transition metal element

X: a total number of moles of strontium or barium and O
< X £ 0.10

Y: a total number of moles of all transition metal
elements other than Ni and 0 < Y ﬁ 0.30

a: -0.10 £ a £ 0.10

b: -0.15 £ b £ 0.15
(see, e.g., Japanese Unexamined Patent Publication No. HEI
10-79250 (pp. 2-7)).

Although the foregoing materials are excellent in cycle
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performance of a secondary battery when used in a positive

electrode for a lithium secondary battery, no mention has been
made to the thermal stability, gapacity, rate performance, and
charge/discharge efficiency thereof.

The present inventors had conducted research on a
positive electrode material for a lithium secondary battery,
made a further examin‘ation of an amount of Ba in Li-Ni-Co-Ba-0
system technology similar to the technology mentioned above,
and proposed a material giving a high thermal stability and a
large,capacity under a limited range of Ba content '(See, e.qg.,

Japanese Patent No. 3976249 (pp. 3-11)).

As a result of pursulng research on the improvement of
the properties of the positive electrode material for a lithium
secondary battery, tﬁe present‘invéntors have developed a
material with more excellent charge/discharge efficiency and
cycle performanée.

SUMMARY OF THE INVENTION

It 1s thereforé an object of the preseht inventign to
provide a novel positive electrode . material for a lithium
secondary battéry wlith such excellent per‘formanc'e, to a method
for producing the same, and to a ‘lithlum secondary battery.

., The present invention provides a positive electrode

material for a lithiumsecondary battery'which 1s high in safety,
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high in capacity, excellent in cycle performance, and high in

charge/discharge-efficiency.

The present invention is a positive electrode material
powder for a lithium secondary battery, containing either one
of a Li-Ni-Co-0O or Li-Ni-Co-Ba-0 system component as a main
component, wherein a particle which constitutes the powder has

an amorphous phase of an oxide.

More particularly, the present invention 1s a positive

electrode material powder for a lithium secondary battery,
whereln the particle has an amorphous phase of an oxide
dispersed within the particle.

Further, the present invention is a positive electrode
material powder for a lithium secondary battery, wherein the

v

particle has an amorphous phase of an oxide formed on a surface

of the particle.

Additionally, the present invention is a positive

electrode material powder for a lithium secondary battery,

wherein the particle has an amorphous phase dispersed within

the particle and formed on a surface of the particle.

Preferably, a constituent component of the amorphous

phase of the oxide in the present invention is composed of an
oxide of one or a plurality of elements selected from the group
consisting of Li, Na, K, Si, Ba, B, P, and Al, which allows easy

formation of the amorphous phase of the oxide.
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The positive electrode material for a lithium secondary battery
according to the present invention is generally a composite oxide having a totat

composition represented by LizNi,Co.BagM.O, where

M: one or a plurality of elements selected from the group consisting of

5 Na, K, Si, B, P, and Al

10

15

20

a/(b+c): 0.9 to 1.1

b/(b+c): 0.5 to 0.95

c/(b+c): 0.05t0 0.5

d/(b+c): 0.0005 to 0.01

e/(b+c) below 0.01 (not inclusive of 0)
b+c = 1

X: not particularly specified.

In one exemplary embodiment, M is one or a plurality of elements
selected from the group consisting of Na, K, Si, P, and Al, wherein d/(b+c) is from
0.0005 to 0.007 and x is greater than O.

The foregoing positive electrode material for a lithium secondary battery

can be produced by a following method.

(1) A component for forming an amorphous phase of an oxide which is
composed of one or a plurality of elements selected from the group consisting of Li,
Na, K, Si, Ba, B, P, and Al is mixed with a Li-Ni-Co-O or Li-Ni-Co-Ba-O system raw
material and the resuiting mixture is fired. The arrangement allows the production of
a positive electrode material for a lithium secondary battery having an amorphous
phase of an oxide dispersed within a secondary particle as aggregate of primary

particles.
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(2) A Li-Ni-Co-0 or Li-Ni-Co-Ba-0O system raw materilal 1is

fired, a component for forming an amorphous phase of an oxide

which is composed of one or a plurality of elements selected

from the group consisting of Li, Na, K, Si, Ba, B, P, and Al

1s added to a powder resulting from the firing, and the resulting

mixture is re~fired. The arrangement allows the production of

a positive electrode materi

al

P
p—

ghre

for a lithium secondary battery

F

having an amorphous phase of an oxide formed at a surface of

each particle.

(3) A component for forming an amorphous phase of an oxide

which 1s composed of one or a plurality of elements selected

from the group consisting o:

- 1,i, Na, K, Si, Ba, B, P, and Al

1s mixed with a L1-Ni-Co-0 or Li-Ni-Co-Ba-0 system raw material

and the resulting mixture 1s

forming an amorphous phase o:

P
e -
San]

fired. Then, a component for

-

n oxide which 1s composed of one

or a plurality of elements selected from the group consisting

of L1, Na, K, Si, Ba, B, P, and Al "is' further mixed i1n the fired

mixture and the resulting mixture is re-fired. The arrangement

allows the production of a positive electrode material for a

lithium secondary battery he

ving an amorphous phase of an oxide

dispersed within a particle and also at a surface of each

particle.

The present invention also provides a lithium secondary

battery comprising a positive electrode composed of any of the
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foregoing positive electrode materials for a lithium secondary

battery.

D EMBODIMENTS

L*]

DETAILED DESCRIPTION OF THE PREFERR:

The present invention provides a positive electrode

material powder for a lithium secondary battery contalning a

L1-N1-Co-0 or Li-Ni~Co~3a~O‘system component as a main

Component, which is characterized in that a particle which

constitutes the powder has an amorphous phase of an oxide:

rﬁﬁb

wherein an amorphous phase of an oxide 1S

(A) dispersed within a particle,

ghou
—

(B) formed at the surface of a particle, or

(C) dispersed within a particle and formed at the surface

-

Tthereof.

-y

The action of an amorphous phase of an oxide is not

completely clear but 1is considered to have the following

characteristics: the amorphous phase improves permeability of

grie—t

an electrolyte, and thus has the effect of increasing the

3

ficiency. On the

discharge capacity and charge/discharge ef

pm e
—

other hand, the prevention of the falling off of the positive

2.

- electrode material even during the expansion or shrinkage of

a L1-Ni-Co-0 or Li-Ni-Co-Ba-0 system composite oxide crystal

caused by charge/discharge operations has made it possible to

g
—

improve the cycle performance. It 1is also effective in

preventing gelation in the process of producing an electrode
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and increasing the density of electrode.

It is unnecessary for the all amount of an added element

being able to produce an amorphous phase of an oxide such as

Li, Na, XK, Si, Ba, B, P, and Al to serve as a material for

producing the amorphous phase of the oxide. A part of the amount

of the element being able to produce the amorphous phase of the

oxide may be included appropriately in the Li1-Ni1-Co-0 or

Li-Ni~-Co-Ba~-0 system crystal.

- - wi—. anfe e

A component of an amorphous phase of an oxXide 18 one oOr

-y

a plurality of elements selected from the group consisting of

Li, Na, K, Si, Ba, B, P, and Al. There are other elements which

=

form an amorphous phase. Examples of the other elements are Ca,

Mg, 4n, Ti, Sr, Zx, S, Fe, Ge, As, W, Mo, Te, F, and the like.

These elements may be included 1in an amorphous oxide phase which

contalins one or a plurality of elements selected from the

pn

foregoing group consisting of Li, Na, K, Si, Ba, B, P, and Al.

A description will be given herein below to the reason
for limiting numerical values.
The present i1nvention has been achieved by improving a

conventionally known positive electrode material for a lithium

secondary battery containing a Li-Ni-Co-0 or Li-Ni-Co-Ba-0

system component as a mailn component.

The followling numerical valu

y__

es represent the respective

numbers of moles of the 1ndividual components when the total
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composition of a composite oxide as the positive electrode

material for a lithium secondary battery according to the

present invention is expressed as LiaNibCoCBadAleOX and the total

p— —

number of moles of Ni and Co is assumed to be 1 (i.e., b+c =

1) .

The amount of L1 1s set to 0.9 to 1.1 mol. If the amount

of L1 1s small, the resulting crystal structure contains a large

number of lithium defects so that the capacity lowers. If the

amount of L1 1s excessively large, a hydrate or a carbonate is

generated, which causes gelation during the production of an

electrode. Accordingly, the amount of Li is limited to the range

of 0.9 to 1.1 mol.

Co has the characteristics of enhancing the thermal

stability. On the other hand, a large number of Co decrease

a discharge capacity, and thus the amount of Co is set to 0.05

to 0.5 mol.

To enhance the thermal stability, Ba is contained at an

amount of 0.0005to 0.0l mol. With Ba content of over 0.01 mol.,

discharge capacity will be decreased.

The amount of an amorphous phase of an oxide is set to

below 0.01 mol. However, zero is not included. If the amount

of the amorphous phase of the oxide is over 0.01 mol., discharge

capaclity may be decreased. It is necessary for an amorphous

phase of an oxide to be present within a particle of a material
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powder of the present invention or at the surface thereof.

Accordingly, zero 1s not i1ncluded.

According to the present invention, a component for

forming an amorphous phase of an oxide composed of one or plural

elements selected from the group consisting of Li, Na, K, Si,

Ba, B, P, and Al 1s mixed at an extremely small amount of below

0.0lmol. intoa Li-Ni-Cc-0Oor Li-Ni-Co-Ba~-0O systemrawmaterial.

Firing the resulting mixture allows production of a positive

electrode material for a l1ithium secondary battery having an
amorphous phase of an oxide within each of particles. The
amorphous phase of the oxide generated 1s dispersed in dots in

cach of the particles of the Li-Ni-Co-0 or Li-Ni-Co~-Ba-0 system

material.

Further, a Li-Ni-Co~-0O or Li-Ni-Co-Ba-0 system material

1s fired and ground. A component for forming an amorphous phase

of an oxide composed of one or plural elements selected from

the group consisting of Li, Na, K, Si, Ba, B, P, and Al is added
and mixed at an extremely small amount of below O;Ol mol. into
a powder resulting from the grinding. Re-firing the resulting
mixture allows production of a positive electrode material for
a lithium secondary battery having'an amorphous phase of an
oxide dispersed\in dots at a surface of each of particles.

A description will be given herein below to the examples

of the present invention.

10
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Ni1-Co-(OH), suitable for use as a raw material of a Ni

source and a Co source 1s prepared such that Co is contained

at a molar ratio of 0.05 to 0.5 to a total amount of Ni and Co.
During the production, a powder of dense secondary particles
of Ni-Co-(CH), 1s preferably produced by, e.g., wet solution
synthesis to have an average particle diameter of 5 to 20 um
and a tap density of 1.8 g/c:m3 or more. When a 1ithium composite
oxide 1s synthesized, the configuration and densenéss of
Ni-Co-{(OH), as a starting material is generally reflected on
the synthesized lithium compcsite oxide.

As a raw material for forming an amorphous phase of an

oxide composed of one or more elements selected from Li, Na,

K, Si, Ba, B, P, Al, and the like, an oxide or a material which

forms an oxide through firing can be used appropriately.

A nitrate of Li, Na, K, or Ba is used preferably and
appropriately since the nitrate readlly provides a Li-Ni-Co-0
cr Li-Ni1-Co-Ba-0 positive electrode material as a main
component with an active property as it 1s highly reactive
during firing to enhance the formation of an amorphous phase,
and has a high oxidizing power. However, the present invention
18 not limited thereto.

For Si or Al,‘amorphous fine particles having a BET
specific surface area of 100 m*/g or more is preferable and

appropriate. However, the present invention is not limited

11
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thereto.

An oxide system amorphous phase composed of one or more
elements selected from Li, Na, K, Si, Ba, B, P, Al, and the like
acts effectively for the positive electrode material powder
according to the present invention.

Although the foregoing raw materials can be used to form
the oxide system amorphous phase, alternatively it is possible
to use a glaés powder.

Although the firing temperature 1s selected properly
depending on the type bf an amorphous phase of an oxidel_ to be

formed, firing is performed preferably in an oxidizing

atmosphere at 900 "C or less for the prevention of the
degradation of the properties to which the Li-Ni-Co-0 or
L1-Ni-Co-Ba-0O system composite oxide contribute as a main

component.

L 4

cxamples
Examples 1-10, 17-19

As for the raw materials of the Ni and Co sources, three

types of Ni-Co- (OH), adjusted to have Co/ (Ni+Co) molar ratiocs

of 0.1, 0.2, and 0.3 were prepared by reactive crystallization

Process.

As for the other starting raw materials, commercially

avallable chemicals were used, which were:

Li10OH*H,0 as the L1 source,

12
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NaNO, as the Na source,
KNO; as the K source,

Ba (NO;), as the Ba source,

H,BO; as the B source,
Al,0; as the Al source,
Si0, as the Si source, and
P,O. as the P source.
Regarding Al,0, and Si0,, amorphous fine particles were used.
These starting raw materials were selected and welghed
to achieve an objective blending composition. Then, the

starting raw materials were mixed sufficlently to be used as

raw materials for firing. Firing was performed 1in an oxygen
atmOSphere. First, the raw materials were held at 400 "C for
4 hours such that moisture 1n the raw materials were removed
therefrom, then heated at a heating rate of 5 °C /minute to a
firing temperature and held for a time on a condition shown in
Table 1. After cooling, the resulting fired material was

retrieved from a furnace.

The retrieved fired material was ground to provide a
positlve electrode material powder. The resulting powder was

subjected to particle size distribution measurement by a laser

diffraction method and to chemicallanalysis. An average

particle diameter measured by particle size distribution

measurement and respective numbers of moles of the individual

13
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elements to the total number of moles of Ni + Co ( Ni + Co =
l) resulting from chemical analysis are shown in Table 1.

Then, a positive electrode for a lithium secondary

pattery was produced from the resulting positive electrode

P

material powder and characteristics of a lithium secondary

battery were evaluated by amethodwhichwill be described la-ter :
Table 2 shows the result of evaluation.
Comparative Examples 1-3

The production of the positive electrode material powder .
and the positive electrode was performed by using the same raw
materials and performing the same firing process as used and

performed 1n the Examples, except for the blending compositions

tnhat had been changed.

The components and characteristics of a lithium secondary

battery are shown in Tables 1 and 2 in the same manner as in

the Examples.

The method for evaluating the positive electrode

characteristics will be shown herein below.

N-methyl-2-pyrrolidcne was added to a total of 90 mass%

of each of the positive electrode material for a lithium

secondary battery obtained in the examples and comparative

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

polyvinylidene fluoride and all together kneaded sufficiently.

Aluminum substrata with a thickness of 20 um were each coated

14
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with the resulting mixtures to be dried, pressed by a roller
press to have a thickness of 80 um, and punched out to provide
samples each having a diameter of 14 mm. The samples were then
vacuum dried at 150 "C for 15 hours to provide positive
electrodes. A lithium metal sheet was used as a negative
electrode material, while a porous film made of polypropylene
was used as a separator. As an eleétrolyte, a solution prepared
by dissolving 1 mol. of LiPF;1in 1 liter of an ethylene carbonate
(EC) /dimethyl carbonate (DMC) mixture at a volume ratio of 1:1
was used. Test cells were assembled in argon substituted glove
boxes. The discharge capacities and the charge/discharge

efficiencies were determined by performing charge/discharge

measurement in the range of 3.0 to 4.2 V at a constant current

density of 1.0 mA/cm?’. The rate performances were measured by

further performing charge/discharge measurement in the range

of 3.0 to 4.2 V at a constant current density of 5.0 mA/cm® and
calculated in accordance with the following numerical
expression:

Rate Performance (%) = { (Discharge Capacity at 5.0

mA/cm®) / (Discharge Capacity at 1.0 mA/cm®)} x 100.

The cycle performances were measured up to 100 cycles by

assembling similar test cells and performing charge/discharge
measurement in the range of 3.0 to 4.2 V at a constant current

density of 5.0 mA/cm® and calculated in accordance with the

15
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following numerical expression:

Cycle Performance (%) = {{(Discharge Capacity in 100-th
Cycle)/ (Discharge Capacity in 1lst Cycle)} x 100.

A lithium secondary battery for a nail penetration test

was prepared as follows.

89 mass% of the positive electrode material powder for

a lithium secondary battery synthesized in Example 3, © mass$
of acetylene black, and 5 mass% of polyvinylidene fluoride were
mixed in the foregoing proportions. N-methyl-2-pyrrolidone

was added to the mixture and sufficiently kneaded. An aluminum

substratum with a thickness of 20 ym was coated with the

resulting mixture to be dried and then pressed, whereby a
positive electrode was produced. In the meantime, N-methyl-

2-pyrrolidone was added to a total of 92 mass% of carbon black,

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

fluoride and ali together kneaded sufficiently. A copper
substratum with a thickness of 14 um was coated with the
resulting mixture to be dried and then pressed, whereby a
negative electrode was produced. The respective thicknesses of
the positive and negative electrodes were 75 um and 100 pm. A
60 mm x 35 mm rectangle battery with a thickness of 4 mm was

prepared by using, as an electrolyte, a solution prepared by

dissolving 1 mol. of LiPF, in 1 liter of an ethylene carbonate

(EC) /methyl ethyl carbonate (MEC) solution mixture at a volume

16
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ratio of 1:1, using a porous film made of polypropylene as a
separator, and using an aluminum-laminated film bag. Charging
was performed at a current value of 160 mA till 4.2 V. Adischarge
capaclty was measured at the same current value down to 3.0 V,

which was 800 mAh.

Batteries according to Examples Neos. 6, 9, 11, 14, 16 and

17 and Comparative Examples Nos. lito 3 were produced by the
same method using the respective positive electrode materials
for a 1lithium secondary battery synthesized under the
individual conditions. The nail penetration test was
conducted by charging each of the‘batteries at a constant

current value of 160 mA and with a constant voltage for 8 hours

till 4. 2V. Then, the center portion of each of the batteries
was penetrated by a nail with a diameter of 2.5 mm at a rate
of 15 mm/second and the states of the batteries after

penetration were observed. In the case of no fuming, no ignition,

and no rupture, the battery was judged to have passed the test.

If any fuming, ignition, or the like was observed, the battery

was judged to have failed.
Examples 11-16

An initial product was obtained by using the same raw

materials and the same firing method as used in Examples 1-
10. Extra components shown in Table 3 were added to the initial

product, re-firing was performed in an oxygen atmosphere, and

17
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the fired materials were ground to provide positive electrode

material powders. In Examples 11, 13, 14, and 15, an amorphous

—
ad
—

each of particles.

phase of an oxilide 1s formed on the surface o:

In Examples 12 and 16, an amorphous phase of an oxide is formed
within each of particles and on the surface thereof. Table 3
shows the réspective average particle diameters and molar

ratios of the individual elements measured by laser diffraction

and chemical analysis, respectively. Positive electrodes for

a lithium secondary battery were produced from the obtained
positive electrode material powders and the battery

performances were evaluated, the result of which is shown in

Table 4. The lithium secondary battery in the examples of the
present invention are high in discharge capacity, high in
charge/discharge efficiency, excellent in rate performance and

cycle performance, and has also passed the nail pehetration

test.

18
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CLAIMS:

1. A positive electrode material powder for a lithium secondary battery
which is a composite oxide powder having a total composition represented by

| 1N, CocBagMeOx and each particle of which has an amorphous phase of an oxide:

where

M: one or a plurality of elements selected from the group consisting of

Na, K, Si, P, and Al
al(b+c): 0.9 1o 1.1
b/(b+c): 0.5 to 0.95
| c/(b;c): 0.05t0 0.5
d/(b+c): 0.0005 to 0.007

e/(b+c): less than 0.01 and greatér than O

b+c = 1
x>0.
2. A positive electrode material powder for a lithium secondary battery

according to claim 1, wherein the particle has the amorphous phase of the oxide

dispersed within the particle.

3. A positive electrode material powder for a lithium secondary battery

according to claim 1, wherein the particle has the amorphous phase of the oxide

formed on a surface of the particle.

4. A positive electrode material powder for a lithium secondary battery
according to claim 1, wherein the particle has the amorphous phase of the oxide

dispersed within the particle and formed on a surface of the particle.
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5. A method for producing a positive electrode material for a lithium
secondary battery,

wherein the positive electrode material is a composite oxide powder
having a total composition represented by Li;Ni,Co.BagMOx and each particle of

which has an amorphous phase of an oxide where

M: one or a plurality of elements selected from the group consisting of

Na, K, Si, P, and Al
a/(b+c): 0.9to 1.1
b/(b+c): 0.5 to 0.95
c/(b+c): 0.0510 0.5
d/(b+c): 0.0005 to 0.00.7‘
e/(b+c): less than 0.01 and greater than 0
b+c = 1
x>0,
the method comprising:

mixing a component for forming the amorphous phase of the oxide

which is composed of one or a plurality of elements selected from the group
consisting of Na, K, Si, P, and Al with a Li-Ni-Co-Ba-O system raw material, whereby

consequently obtaining a mixture; and
firing the mixture.

0. A method for producing a positive electrode material for a lithium

secondary battery,
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wherein the positive electrode material is a composite oxide powder
having a total composition represented by Li;Ni,Co.BagM.O and each particle of

which has an amorphous phase of an oxide where

M: one or a plurality of elements selected from the group consisting of

Na, K, Si, B, P, and Al

a/(b+c): 0.9to 1.1
b/(b+c): 0.5 to 0.95

- c/(b+c): 0.05t0 0.5
d/(b+c): 0.0005 to 0.01
e/(b+c): less than 0.01 and greater than O
bt+c = 1
x>0,
the method comprising:
firing a Li-Ni-Co-Ba-O system raw material,

adding, to a powder resulting from the firing, a component for forming

the amorphous phase of the oxide which is composed of one or a plurality of

elements selected from the group consisting of Na, K, Si, B, P, and Al

mixing the powder with the component whereby consequently obtaining

a mixture; and
re-firing the mixture.

/. A method for producing a positive electrode material for a lithium

secondary battery according to claim 5, the method comprising:
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further mixing, with the fired mixture, a component for forming an
amorphous phase of an oxide which is composed of one or a plurality of elements
selected from the group consisting of Na, K, Si, P, and Al, whereby consequently

obtaining a further mixture; and
re-firing the further mixture.

8. A lithium secondary battery having a positive electrode composed of the
positive electrode material for a lithium secondary battery as recited in any one of

claims 1 to 4.
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