I*I Innovation, Sciences et Innovation, Science and CA 2940426 C 2022/06/14

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 940 426
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2015/02/24 (51) ClLInt./Int.Cl. HOTM 4/13(2010.01),
o o . HOTM 4/505(2010.01), HOTM 4/525(2010.01),
(87) Date publication PCT/PCT Publication Date: 2015/09/03 HOTM 4/58 (2010.01), HOTM 4/62(2006.01)
(45) Date de délivrance/lssue Date: 2022/06/14 .
(72) Inventeurs/Inventors:
(85) Entrée phase nationale/National Entry: 2016/08/22 KAJIYAMA, AKIHISA, JP;
®6) N° demande PCT/PCT Application No.: JP 2015/055226 SANTOKI, TERUAKI, JP;
N - MORITA, DAISUKE, JP;
(87) N° publication PCT/PCT Publication No.: 2015/129683 MASAKI RYUTA JP:

(30) Priorité/Priority: 2014/02/27 (JP2014-036292) SUGIHARA, TAKAHIKO, JP;

(73) Propriétaires/Owners:
TODA KOGYO CORP., JP;
DENKA COMPANY LIMITED, JP

(74) Agent: LAVERY, DE BILLY, LLP

(54) Titre : MELANGE D'ELECTRODES POSITIVES COMPRENANT DU NOIR DE CARBONE ET UNE SUBSTANCE
ACTIVE POSITIVE (CATHODE), ET ACCUMULATEUR SECONDAIRE A ELECTROLYTE NON AQUEUX
COMPRENANT UN MELANGE D'ELECTRODES POSITIVES

(54) Title: POSITIVE ELECTRODE MIXTURE COMPRISING CARBON BLACK AND A POSITIVE ELECTRODE
(CATHODE) ACTIVE SUBSTANCE, AND NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY COMPRISING
THE POSITIVE ELECTRODE MIXTURE

(57) Abrégé/Abstract:

An object of the present invention is to provide a positive electrode mixture capable of conducting stable charging and discharging
with a lower amount of gasses generated which has an operating voltage or an initial crystal phase transition voltage of not less
than 4.5 V on the basis of lithium. The present invention relates to a positive electrode mixture comprising carbon black having a
bulk density of not more than 0.1 g/cm?, a crystallite size of 10 to 40 A, an iodine adsorption of 1 to 150 mg/g, a volatile content of
not more than 0.1% and a metal impurity content of not more than 20 ppm, and a positive electrode active substance having an
operating voltage or an initial crystal phase transition voltage of not less than 4.5 V on the basis of lithium.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




CA 2940426 C 2022/06/14

anen 2 940 426
13 C

(72) Inventeurs(suite)/Inventors(continued): WAKIYAMA, TSUYOSHI, JP; MATSUMOTO, KAZUTOSHI, JP;
YODA, AKIRA, JP; INADA, TARO, JP; YOKOTA, HIROSHI, JP; KAWASAKI, TAKASHI, JP



ABSTRACT

An object of the present invention is to provide a positive
electrode mixture capable of conducting stable charging and
discharging with a lower amount of gasses generated which has an
operating voltage or an initial crystal phase transition voltage
of not 1less than 4.5 V on the basis of lithium. The present
invention relates to a positive electrode mixture comprising
carbon black having a bulk density of not more than 0.1 g/cm3, a
crystallite size of 10 to 40 A, an iodine adsorption of 1 to 150
mg/g, a volatile content of not more than 0.1% and a metal
impurity content of not more than 20 ppm, and a positive
electrode active substance having an operating voltage or an
initial crystal phase transition voltage of not less than 4.5 V

on the basis of lithium.
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SPECIFICATION

TITLE OF INVENTION

POSITIVE ELECTRODE MIXTURE COMPRISING CARBON BLACK AND
A POSITIVE ELECTRODE (CATHODE) ACTIVE SUBSTANCE, AND NON-
AQUEOUS ELECTROLYTE SECONDARY BATTERY COMPRISING THE POSITIVE
ELECTRODE MIXTURE

TECHNICAL FIELD

[0001]

The present invention relates to a positive electrode
(cathode) mixture and a non-aqueous electrolyte secondary
battery, and more particularly, to a positive electrode
mixture using carbon black which is capable of conducting
stable charging and discharging with a less amount of gasses
generated when used in a secondary battery of a high-voltage
type having an operating voltage or an initial crystal phase
transition voltage of not less than 4.5 V on the basis of Li,
and a non-aqueous electrolyte secondary battery using the

positive electrode mixture.

BACKGROUND ART

[0002]

With the recent rapid development of portable and
cordless electronic devices such as audio-visual (AV)
devices and personal computers, there is an increasing
demand for secondary batteries having a small size, a light

weight and a high energy density as a power source for
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driving these electronic devices. Also, in consideration of
global environments, electric vehicles and hybrid wvehicles
have been recently developed and put into practice, so that
there is an increasing demand for lithium ion secondary
batteries used in large size applications which have
excellent storage characteristics. Under these
circumstances, the high-energy lithium ion secondary
batteries having advantages such as a high discharge voltage
and a large discharge capacity have been noticed. In
particular, in order to apply the lithium ion secondary
batteries to electric tools, electric vehicles or the like
in which rapid charge/discharge cycle characteristics are
needed, it has been required that the lithium ion secondary
batteries exhibit excellent rate characteristics.

[0003]

Hitherto, as a positive electrode (cathode) active
substance useful for high energy-type lithium ion secondary
batteries exhibiting a 4 V-grade voltage, there are
generally known LiMn,0, having a spinel structure, LiCo0;,
LiNi1,3C01,3Mny1,30, and LiCoj;-4-NizAl;0, having a rock-salt type
structure, or the like. On the other hand, in order to meet
the recent need to enhance an energy density of the
secondary batteries, there is an increasing demand for those
secondary batteries capable of operating at a higher voltage

as a single cell.
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[0004]

However, the secondary batteries operating at a high
voltage have posed such a problem that an electrolyte used
therein tends to suffer from accelerated detericration, so
that gasses tend to be generated due to the deteriorated
electrolyte.

[0005]

In order to suppress generation of the gasses, the
positive electrode active substance, electrolyte, etc., have
been improved. 1In addition, it has been further demanded to
improve the carbon black used together with the positive
electrode active substance.

[0006]

As the carbon black, there are known carbon black
using two kinds of acetylene blacks for the purpose of
exhibiting features inherent to the carbon black, i.e.,
enhancing an output and a service life of batteries (cited
Patent Literature 1), and carbon black using two kinds of
carbonaceous materials for the purpose of enhancing
characteristics of batteries when used under the
aforementioned high voltage conditions (cited Patent
Literatures 2 and 3). In addition, it is also known to
improve a non-aqueous solvent used in lithium ion secondary
batteries (cited Patent Literature 4).

[0007]
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However, at present, in the secondary batteries of a
high-voltage type having an operating voltage of not less
than 4.5 V on the basis of Li, there is a strong demand for
a positive electrode mixture capable of conducting stable
charging and discharging with a less amount of gasses
generated therefrom. However, any materials capable of
satisfying the necessary and sufficient conditions have not
been obtained yet.

[0008]

That is, even the technologies described in the
aforementioned Patent Literatures 1 to 4 have failed to
improve high-temperature characteristics of the secondary
batteries to a sufficient extent.

In the Patent Literature 1, there are present no
examples comprehensively describing all of a density,
impurities, crystallographic parameters of carbon black as
main causes of side reactions owing to the carbon black
which occur at an interface between a positive electrode and
an electrolyte solution in the range of not less than 4.5 V
on the basis of Li.

In the Patent Literatures 2 and 3, as a conductive
agent, carbon black is used in combination with black lead,
hardly-graphitizable carbon or the like. However, in these
Patent Literatures, there is no description concerning use

of the carbon black only as the conductive agent.



CA 02940426 2016-08-22

5

Further, in the conventional arts, there are described
merely the technologies for suppressing deterioration in
cycle characteristics of batteries which is caused by
expansion and contraction of carbon black owing to anion
intercalation in the carbon black as well as reduction in
density of a positive electrode mixture in association

therewith.

CITATION LIST:

PATENT LITERATURE

[0009]

Patent literature 1: Japanese Patent Application Laid-
Open (KOKAI) No. 2004-207034

Patent literature 2: Japanese Patent Application Laid-
Open (KOKAI) No. 2011-34675

Patent literature 3: Japanese Patent Application Laid-
Open (KOKAI) No. 2011-129442

Patent literature 4: Japanese Patent Application Laid-

Open (KOKAI) No. 2012-216539

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0010]
The present invention has been attained in view of the

above conventional problems. An object of the present
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invention 1s to provide a positive electrode mixture using
carbon black which is capable of conducting stable charging
and discharging with a less amocunt of gasses generated when
used in a secondary battery of a high-voltage type having an
operating voltage or an initial crystal phase transition
voltage of not less than 4.5 V on the basis of Li. Also,
another object of the present invention is to provide a non-
aqueous electrolyte secondary battery using the positive

electrode mixture.

SOLUTION TO PROBLEM

[0011)]

That is, in a first aspect of the present invention,
there is provided a positive electrode mixture comprising
carbon black having a bulk density of not more than 0.1
g/cm®, a crystallite size of 10 to 40 A, an iodine
adsorption of 1 to 150 mg/g, a volatile content of not more
than 0.1% and a metal impurity content of not more than 20
ppm, and a positive electrode active substance having an
operating voltage or an initial crystal phase transition
voltage of not less than 4.5 V on the basis of lithium.
Also, in a second aspect of the present invention, there is
provided a non-aqueous electrolyte secondary battery using
the positive electrode mixture according to the first aspect

of the present invention.
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ADVANTAGEQUS EFFECTS OF INVENTION

[0012]
In accordance with the present invention, the

aforementioned problems can be solved.

DESCRIPTION OF EMBODIMENTS

[0013]

The present invention is described in more detail
below.
[0014]

The positive electrode mixture of the present
invention comprises carbon black having a bulk density of
not more than 0.1 g/cm’, a crystallite size of 10 to 40 A4,
an iodine adsorption of 1 to 150 mg/g, a volatile content of
not more than 0.1% and a metal impurity content of not more
than 20 ppm, and a positive electrode active substance.
[0015]

The carbon black of the present invention has a bulk
density of nct more than 0.1 g/cm3. By controlling the bulk
density of the carbon black to the aforementioned range, the
reaction field of side reactions at an interface between an
electrolyte solution and the carbon black which is peculiar
to reactions in the high-voltage range of batteries can be

reduced, so that it is possible to suppress generation of



CA 02940426 2016-08-22

8

gasses therefrom. The bulk density of the carbon black is
preferably in the range of 0.01 to 0.1 g/cm’, and more
preferably 0.01 to 0.08 g/cm’.

[0016]

The carbon black of the present invention has a
crystallite size of 10 to 40 A. The crystallite size as
used herein means a thickness of a crystallite in the C-axis
direction on (002) plane of the carbon black. By
controlling the crystallinity of the carbon black to the
aforementioned range, the reaction field of side reactions
at an interface between an electrolyte solution and the
carbon black which is peculiar to reactions in the high-
voltage range of batteries can be reduced, so that it is
possible to suppress generaticn of gasses therefrom. The
crystallinity of the carbon black is preferably controlled
such that the crystallite size of the carbon black lies in
the range of 10 to 35 A.

[0017]

The carbon black of the present invention has an
iodine adsorption of 1 to 150 mg/g. By controlling the
iodine adsorption of the carbon black to the aforementiocned
range, the reaction field of side reactions at an interface
between an electrolyte solution and the carbon black which
is peculiar to reactions in the high-voltage range of

batteries can be reduced, so that it is possible to suppress
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generation of gasses therefrom. The iodine adsorption of
the carbon black is preferably in the range of 1 to 100 mg/qg.
[0018]

The carbon black of the present invention has a
volatile content of not more than 0.1%. By controlling the
volatile content of the carbon black to the aforementioned
range, 1t 1s possible to suppress not only decomposition of
the impurities at an initial stage of charging, but also
generation of gasses caused thereby. The volatile content
of the carbon black is preferably less than 0.05%. The
lower limit of the volatile content of the carbon black is
usually about 0.01% as a detection limit upon the
measurement thereof.

[0019]

The carbon black of the present invention has a metal
impurity content of not more than 20 ppm. By controlling
the metal impurity content of the carbon black to the
aforementicned range, it is possible to reduce an amount of
the metal eluted from the positive electrode mixture under
the charged conditions and deposited on a negative electrode
(anode) . Since the reaction is accompanied with
decomposition of an electrolyte solution and generation of
gasses, 1t 1s necessary to suppress occurrence of the
reaction. The metal impurity content of the carbon black is

preferably in the range of not more than 5 ppm. The lower
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limit of the metal impurity content of the carbon black is
usually about 0.1 ppm as a detection limit upon the
measurement thereof.

[0020]

In the present invention, the carbon black is used as
a conductive agent for the positive electrode mixture. The
carbon black is a non-crystalline material, and therefore
can be suitably used from such a standpoint that a graphene
layer thereof which is activated at a high voltage has a
less edge area.

[0021]

The method for producing the carbon black used in the
present invention is not particularly limited. However, the
carbon black may be produced by the method utilizing thermal
decomposition and combustion reaction of acetylene in which
an acetylene gas, an oxygen gas and a hydrogen gas are fed
at rates of 12 m’/hr, 9 m’/hr and 0.5 m’/hr, respectively,
and mixed with each other under the feed conditions, and the
resulting mixture is sprayed from nozzles disposed at a top
of a carbon black production furnace (whole furnace length:
5 m; furnace diameter: 0.5 m) to subject the acetylene to
the thermal decomposition and combustion reaction at an
inside furnace temperature of not lower than 1800°C
(preferably 1800 to 2400°C).

[0022]
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The content of the carbon black in the positive
electrode mixture is usually 1 to 20% by mass, and
preferably 3 to 10% by mass.

[0023]

The positive electrode active substance in the
positive electrode mixture according to the present
invention is not particularly limited as long as the
substance has an operating voltage or an initial crystal
phase transition voltage of not less than 4.5 V con the basis
of lithium, and is preferably at least one substance
selected from the group consisting of Li(M1,Mn; ,)0; wherein x
is more than 0 and less than 1 (0<x<1l), and M1l is Cr, Co, Ni
or Cu; LiM2VOQ4 wherein M2 is Co or Ni; yLiMnO; (1-y)LiM30,
wherein y is more than 0 and less than 1 (0O<y<1l), and M3 is
Ni, Cc, Mn, Fe or Ti; and LiCoPOQy.

[0024]

The positive electrode active substance used in the
present inventicn preferably has an average secondary
particle diameter of 2 to 15 um.

[0025]

The positive electrode active substance used in the
present invention preferably has a BET specific surface area
of 0.1 to 4.0 m%/g.

[0026]

The content of the positive electrode active substance
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in the positive electrode mixture is usually 80 to 96% by
mass, and preferably 85 to 96% by mass.
[0027]

The positive electrode mixture according to the
present invention may also comprise a binder such as
polytetrafluoroethylene and polyvinylidene fluoride together
with the aforementioned carbon black and positive electrode
active substance. The content of the binder in the positive
electrode mixture may be selected from any optional range as
determined in view of the conventional arts.

[0028]

Next, the non-aqueous electrolyte secondary battery

according to the present invention is described.
[0029]

The non-aqueous electrolyte secondary battery
according to the present invention is constituted of a
positive electrode comprising the aforementioned positive
electrode mixture, a negative electrode and an electrolyte.
The non-aqueous electrolyte secondary battery according to
the present invention can be used even under such a
condition that the operating voltage or initial crystal
phase transition voltage thereof on the basis of lithium is
not more than 4.5 V.

[0030]

Examples of a negative electrode (anode) active
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substance which may be used in the negative electrode
include metallic lithium, lithium/aluminum alloys,
lithium/tin alloys, silicon, a silicon/carbon composite and
graphite.

[0031]

Also, as a solvent for the electrolyte solution, there
may be used combination of ethylene carbonate (EC) and
diethyl carbonate (DEC), as well as an organic solvent
comprising at least one compound selected from the group
consisting of carbonates having a basic structure
constituted of propylene carbonate (PC), dimethyl carbcnate
(DMC) or the like, and ethers such as dimethoxyethane (DME) .
In particular, in the case where the operating voltage or
initial crystal phase transition voltage of the secondary
battery on the basis of lithium is not less than 4.5 V, it
has been reported that a solvent prepared by replacing a
part of protons of the aforementioned solvent with F is
preferably used (cited Patent Literature 4).

[0032]

Further, as the electrolyte, in addition to lithium
phosphate hexafluoride (LiPFg), there may also be used at
least one lithium salt selected from the group consisting of
lithium perchlorate (LiC10,), lithium borate tetrafluoride
(LiBFy) and the like. 1In particular, even in the case where

the operating voltage or initial crystal phase transition
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voltage of the secondary battery on the basis of lithium is
not less than 4.5 V, the electrolyte used therein is not
particularly limited.
[0033]
<Function>

The important point of the present invention resides
in such a fact that the non-aqueocus electrolyte secondary
battery using the positive electrode mixture according to
the present invention is capable of conducting stable
charging and discharging with a less amount of gasses
generated therefrom even when the secondary battery is in
the form of a secondary battery of a high-voltage type
having an operating voltage or an initial crystal phase
transition voltage of not less than 4.5 V on the basis of Li.
[(0034]

In the present invention, by suiltably controlling a
bulk density, a crystallite size, an iodine adsorption, a
volatile content and a metal impurity content of the carbon
black, the resulting secondary battery can be prevented from
suffering from occurrence of side reactions peculiar to
high-voltage conditions, and therefore from generation of
gasses therefrom. Examples of the side reactions include
intercalation reactions of anions into the carbon black,
oxidation of the anions caused along with the reactions,

oxidative decomposition of the electrolyte solution in
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association with the reactions, as well as decomposition of
organic impurities, dissolution and precipitation of metal
impurities, etc.

[0035]

The amount of gasses generated per a unit weight of
the positive electrode mixture according to the present
invention (a total amount of gasses generated) is preferably
not more than 30.0 cm’/g when measured by the method
described in Examples below using an electrode produced by
compounding 85% by mass of LNMO, 10% by mass of CB and 5% by

mass of PVDF.

EXAMPLES
[0036]

In the following, the present invention is described
in more detail by referring to Examples. However, it should
be noted that the following Examples are not intended to
limit the present invention thereto, and various other
changes or modifications can be made without departing from
the spirit or scope of the present invention.

[0037]
The crystallite size of the carbon black was

calculated from (002) diffraction line measured by X-ray
diffraction method using a Cu-Ka ray according to the

following Scherrer's formula.
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Crystallinity (Lc) = (180 -K-A)/(n P cosB)
wherein K is a shape factor (0.9 was used herein); A is a
wavelength of X-ray (1.54 A); 6 is an angle showing a
maximum value in the (002) diffraction line; and B is an
angle showing a full width at half maximum in the (002)
diffraction line.

[0038]

The iodine adsorption of the carbon black was measured
according to JIS K 1474,

[0039]

The volatile content of the carbon black was
determined as follows. That is, the volatile content of the
carbon black was defined as a weight loss of the carbon
black as measured when the carbon black was held under a
vacuum of 3 torr at 950°C for 10 min.

[0040]

The metal impurity content of the carbon black was
determined as follows. That is, 10 g of the carbonaceous
material was heated in air at 700°C using an electric
furnace for 8 hr to subject the material to ashing, and the
resulting ash was dissolved with alkali to thereby obtain a
solution thereof. The thus obtained solution was subjected
to measurement of a metal impurity content thereof using an

ICP emission spectroscopic device "ICPE-9000" manufactured
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by Shimadzu Corp. The metal impurity content of the carbon
black was defined as a sum of concentrations of Fe, Ni, Cr
and Cu in the carbon black.

[0041]

The average secondary particle diameter (D50) of the
active substance was determined from a volume-based average
particle diameter thereof as measured by a wet laser method
using a laser type particle size distribution measuring
apparatus MICROTRACK HRA™ manufactured by Nikkiso Co., Ltd.
[o042]

The measurement of the amount of gassed generated from
the positive electrode mixture according to the present
invention was conducted by evaluation of battery
characteristics using a laminate cell having a size of 10 cm
x 20 cm.

[0043]

The coin cell used for the evaluation of battery
characteristics was produced as follows. That is, 80 to 90%
by mass of a composite oxide as positive electrode active
substance particles, 5 to 10% by mass of carbon black as a
conductive agent, and 5 to 10% by mass of a solution
prepared by dissolving polyvinylidene fluoride in N-methyl
pyrrolidone as a binder were mixed with each other, and then
the resulting mixture was applied onto an Al metal foil,

followed by drying the obtained material at 110°C. The thus

Date Regue/Date Received 2021-09-29
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obtained sheets were each blanked into a size of 4 mm x 10
mm, and then compression-bonded together under a pressure of
3.0 t/cmz, and the resulting laminated sheet was used as the
positive electrode.

The negative electrode was produced as follows. That
is, 94% by mass of spherical artificial graphite and 6% by
mass of a solution prepared by dissolving polyvinylidene
fluoride in N-methyl pyrrolidone as a binder were mixed with
each other, and then the resulting mixture was applied onto
a Cu metal foil, followed by drying the obtained material at
110°C. The thus obtained sheets were each blanked into a
size of 6 mm x 12 mm, and then compression-bonded together
under a pressure of 3.0 t/cm®, and the resulting laminated
sheet was used as the negative electrode.

A 1 mol/L LiPFs solution of a mixed solvent comprising
EC and DEC in a volume ratio of 1:1 was used as an
electrolyte solution, thereby producing the laminate cell
having the aforementioned size.

[0044]

The measurement of the amount cf gasses generated at a
high temperature was conducted by measuring the change in
volume of the aforementioned laminate cell. The laminate
cell was once charged at a current density of 0.1C until
reaching a cell voltage of 4.9 V (CC-CV), and then

discharged until reaching 3.0 V (CC) to confirm whether the
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cell was operated under normal conditions.

Thereafter, the cell was charged again at a current
density of 0.1C until reaching 4.9 V (CC-CV). The thus-
charged coin cell was dismounted from a charge/discharge
device, and then stored at 60°C for 4 days by allowing the
cell to stand under open circuit conditions in a
thermostatic chamber.

The volume of the cell was measured before subjecting
the cell to the charging and discharging, immediately before
placing the cell in the thermostatic chamber and after the
elapse of 48 hr from the placement of the cell in the
thermostatic chamber, respectively, to thereby record the
change in amount of gasses generated therefrom with time.
The measurement of the volume of the cell was conducted at a
temperature of 25°C by the Archimedes method. The above
procedure was repeatedly carried out at various compounding
ratios and with respect to various positive electrode
mixtures prepared using various carbon blacks to measure the
respective amounts of gasses generated from the laminate
cell. Furthermore, the thus measured amounts of gasses
generated were subjected to statistical analysis to
calculate the amounts of gasses generated which were derived
from the respective materials and members including the
active substance, carbon black, binder, negative electrode,

etc.
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[0045]
Example 1:

A composition prepared by compounding 85% by mass of
LiNip,sMn; 503 spinel (hereinafter referred to merely as
"LNMO") as a positive electrode active substance, 10% by
mass of carbon black (hereinafter referred to merely as
"CB") having a bulk density of 0.04 g/cm’®, an iodine
adsorption of 92 mg/g, an XRD crystallite size of 35 A, a
volatile content of 0.03% and a metal impurity content of 2
ppm as a conductive agent, and 5% by mass of polyvinylidene
fluoride (hereinafter referred to merely as "PVDF") as a
binder was defined as a basic formulation for a positive
electrode mixture. Further, the aforementioned LNMO, CB and
PVDE were compounded at various compositional ratios
selected from the ranges of 80 to 90% by mass, 5 to 10% by
mass, and 5 to 10% by mass, respectively, to prepare several
kinds of positive electrode mixtures. More specifically, an
electrode was produced by compounding 80% by mass of the
aforementioned LNMO, 10% by mass of the aforementioned CB
and 10% by mass of the aforementioned PVDF, and another
electrocde was produced by compounding 90% by mass of the
aforementioned LNMO, 5% by mass of the aforementioned CB and
5% by mass of the aforementioned PVDF. The aforementioned
laminate cell produced using the respective thus-produced

electrodes was subjected to gas swelling test. More
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specifically, the laminate cell was stored at 60°C for 48 hr,
and then subjected to measurement of an amount of swelling
of the laminate cell. The amounts of gasses generated from
the respective electrodes were as follows. That is, the
amount of gasses generated from the electrode produced by
compounding 85% by mass of LNMO, 10% by mass of CB and 5% by
mass of PVDE was 7.9 cm?/g per a unit weight of the
electrode, the amount of gasses generated from the electrode
produced by compounding 80% by mass of LNMO, 10% by mass of
CB and 10% by mass of PVDF was 8.7 cm’/g per a unit weight
of the electrode, and the amocunt of gasses generated from
the electrode produced by compounding 90% by mass of LNMO,
5% by mass of CB and 5% by mass of PVDF was 6.9 cm’/g per a
unit weight of the electrode. From these results, the
influence of the composition of the respective electrodes on
the generation of gasses was examined by thus calculating
the amounts of gasses generated therefrom. As a result, it
was confirmed that the amount of gasses generated from the
carbon black (CB) was 25.2 cm’/g. In addition, as a result
of the analysis, it was confirmed that the amounts of gasses
generated which were derived from the respective components
of the positive electrode were 5.0 cm’/g from LNMO, 25.2
cm’/g from CB and 20.8 cm’/g from PVDF, while the amount of
gasses generated from the negative electrode was 0.3 cm3/g.

It was further confirmed that the amount of gasses generated
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from the positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 7.9 cm’/g per a unit weight of
the positive electrode mixture (as a total amount of gasses
generated) .
[0046]
Example 2:

A composition prepared by compounding 85% by mass of
LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.10 g/cm®, an iodine
adsorption of 5 mg/g, an XRD crystallite size of 20 A, a
volatile content of 0.02% and a metal impurity content of 2
ppm as a conductive agent, and 5% by mass of PVDF was
defined as a basic formulation for a positive electrode
mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was 16.4
cm’/g. In addition, as a result of the analysis, it was
confirmed that the amounts of gasses generated which were

derived from the respective components of the positive
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electrode were 5.0 cm®/g from LNMO, 16.4 cm®/g from CB and
20.8 cm’/g from PVDF, while the amount of gasses generated
from the negative electrode was 0.3 cm’/g. It was further
confirmed that the amount of gasses generated from the
positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 7.0 cm’/g per a unit weight of
the positive electrode mixture.
[0047]
Example 3:

A composition prepared by compounding 85% by mass of
LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.04 g/cm’, an iodine
adsorption of 80 mg/g, an XRD crystallite size of 12 A, a
volatile content of 0.03% and a metal impurity content of 2
ppm as a conductive agent, and 5% by mass of PVDF was
defined as a basic formulation for a positive electrode
mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the

amount of gasses generated from the carbon black was 14.1
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cm’/g. In addition, as a result of the analysis, it was
confirmed that the amounts of gasses generated which were
derived from the respective components of the positive
electrode were 5.0 cm’/g from LNMO, 14.1 cm’/g from CB and
20.8 cm’/g from PVDF, while the amount of gasses generated
from the negative electrode was 0.3 cm3/g. It was further
confirmed that the amount of gasses generated from the
positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 6.8 cm’/g per a unit weight of
the positive electrode mixture.
[0048]
Example 4:

A composition prepared by compounding 85% by mass of
ILNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.02 g/cm®, an iodine
adsorption of 120 mg/g, an XRD crystallite size of 40 A, a
volatile content of 0.04% and a metal impurity content of 2
ppm as a conductive agent, and 5% by mass of PVDF was
defined as a basic formulation for a positive electrode
mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the

laminate cell was stored at 60°C for 48 hr, and then



CA 02940426 2016-08-22

25

subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was 27.8
cm®/g. In addition, as a result of the analysis, it was
confirmed that the amounts of gasses generated which were
derived from the respective components of the positive
electrode were 5.0 cm’/g from LNMO, 27.8 cm’/g from CB and
20.8 cm’/g from PVDF, while the amount of gasses generated
from the negative electrode was 0.3 cm?/g. It was further
confirmed that the amount of gasses generated from the
positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 8.1 cm’/g per a unit weight of
the positive electrode mixture.
[0049]
Exanmple 5:

A composition prepared by compounding 85% by mass of
LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.04 g/cm®, an iodine
adsorption of 90 mg/g, an XRD crystallite size of 10 A, a
volatile content of 0.03% and a metal impurity content of 15
ppm as a conductive agent, and 5% by mass of PVDF was
defined as a basic formulation for a positive electrode
mixture., Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.

The aforementioned laminate cell produced using the
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respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was 19.0
cnﬁ/g. In addition, as a result of the analysis, it was
confirmed that the amounts of gasses generated which were
derived from the respective components of the positive
electrode were 5.0 cm’/g from LNMO, 19.0 cm’/g from CB and
20.8 cm®/g from PVDF, while the amount of gasses generated
from the negative electrode was 0.3 cnﬁ/g. It was further
confirmed that the amount of gasses generated from the
positive electrode mixture having a composition of
ILNMO/CB/binder of 85/10/5 was 7.3 cm’/g per a unit weight of
the positive electrode mixture.

[0050]

Comparative Example 1:

A composition prepared by compounding 85% by mass of
LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.15 g/cmB, an iodine
adsorption of 52 mg/g, an XRD crystallite size of 29 A, a
volatile content of 0.05% and a metal impurity content of 3
ppm as a conductive agent, and 5% by mass of PVDFE was

defined as a basic formulation for a positive electrode
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mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was as
large as 56.8 cm’/g. 1In addition, as a result of the
analysis, 1t was confirmed that the amounts of gasses
generated which were derived from the respective components
of the positive electrode were 5.0 cm’/g from LNMO, 56.8
cm?/g from CB and 20.8 cm?/g from PVDF, while the amount of
gasses generated from the negative electrode was 0.3 cm?/q.
It was further confirmed that the amount of gasses generated
from the positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 11.1 cm®/g per a unit weight
of the positive electrode mixture.

[CO51]

Comparative Example 2:

A composition prepared by compounding 85% by mass of
LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.05 g/cm®, an iodine

adsorption of 180 mg/g, an XRD crystallite size of 25 A, a
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volatile content of 0.05% and a metal impurity content of 2
ppm as a conductive agent, and 5% by mass of PVDE was
defined as a basic formulation for a positive electrode
mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was as
large as 56.7 cnﬁ/g. In addition, as a result of the
analysis, it was confirmed that the amounts of gasses
generated which were derived from the respective components
of the positive electrode were 5.0 cm3/g from LNMO, 56.7
cm®/g from CB and 20.8 cm’/g from PVDF, while the amount of
gasses generated from the negative electrode was 0.3 cm’/g.
It was further confirmed that the amount of gasses generated
from the positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 11.1 cm’/g per a unit weight
of the positive electrode mixture.

[0052]

Comparative Example 3:

A composition prepared by compounding 85% by mass of
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LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.08 g/cm’, an iodine
adsorption of 42 mg/g, an XRD crystallite size of 60 A, a
volatile content of 0.06% and a metal impurity content of 42
ppm as a conductive agent, and 5% by mass of PVDE was
defined as a basic formulation for a positive electrode
mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was as
large as 39.2 cm’/g. In addition, as a result of the
analysis, it was confirmed that the amounts of gasses
generated which were derived from the respective components
of the positive electrode were 5.0 cm’/g from LNMO, 39.2
cm®/g from CB and 20.8 cm’/g from PVDF, while the amount of
gasses generated from the negative electrode was 0.3 cm’/qg.
It was further confirmed that the amount of gasses generated
from the positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 9.3 cm’/g per a unit weight of

the positive electrode mixture.
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[0053]

Comparative Example 4:

A composition prepared by compounding 85% by mass of
LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.12 g/cm?, an iodine
adsorption of 82 mg/g, an XRD crystallite size of 22 A, a
volatile content of 0.08% and a metal impurity content of 8
ppm as a conductive agent, and 5% by mass of PVDF was
defined as a basic formulation for a positive electrode
mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was as
large as 44.4 cnﬁ/g. In addition, as a result of the
analysis, it was confirmed that the amounts of gasses
generated which were derived from the respective components
of the positive electrode were 5.0 cm’/g from LNMO, 44.4
cm’/g from CB and 20.8 cm’/g from PVDF, while the amount of
gasses generated from the negative electrode was 0.3 cm3/g.

It was further confirmed that the amount of gasses generated
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from the positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 10.7 cm’/g per a unit weight
of the positive electrode mixture.

[0054]

Comparative Example 5:

A composition prepared by compounding 85% by mass of
LNMO as a positive electrode active substance, 10% by mass
of CB having a bulk density of 0.07 g/cm?, an iodine
adsorption of 24 mg/g, an XRD crystallite size of 75 A, a
volatile content of 0.52% and a metal impurity content of 25
ppm as a conductive agent, and 5% by mass of PVDEF was
defined as a basic formulation for a positive electrode
mixture. Further, several kinds of positive electrode
mixtures were prepared in the same manner as in Example 1.
The aforementioned laminate cell produced using the
respective thus-prepared positive electrode mixtures was
subjected to gas swelling test. More specifically, the
laminate cell was stored at 60°C for 48 hr, and then
subjected to measurement of an amount of swelling of the
laminate cell. As a result, it was confirmed that the
amount of gasses generated from the carbon black was as
large as 30.3 cm’/g. In addition, as a result of the
analysis, it was confirmed that the amounts of gasses
generated which were derived from the respective components

of the positive electrode were 5.0 cm3/g from LNMO, 30.3
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cm®/g from CB and 20.8 cm3/g from PVDF, while the amount of
gasses generated from the negative electrode was 0.3 cm*/g.
It was further confirmed that the amount of gasses generated
from the positive electrode mixture having a composition of
LNMO/CB/binder of 85/10/5 was 8.4 cm’/g per a unit weight of
the positive electrode mixture.

[0055]

In Table 1, properties of CB used as well of gasses
generated from the positive electrode mixture are shown.
With respect to the amounts of gasses generated from the
positive electrode mixture, both the amount of gasses
generated per a unit weight of CB among the amounts of
gasses generated which were derived from the respective
components of the positive electrode mixture, and the amount
of gasses generated per a unit weight of the positive

electrode mixture are shown.
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[0056]
Table 1
Name of Bulk density Iodine XRD
sample (g/cm3) adsorption crystallite
(mg/qg) size (A)
Example 1 0.04 92 35
Example 2 0.10 5 20
Example 3 0.04 80 12
Example 4 0.02 120 40
Example 5 0.04 90 10
Comparative 0.15 52 29
Example 1
Comparative 0.05 180 25
Example 2
Comparative 0.08 42 60
Example 3
Comparative 0.12 82 22
Example 4
Comparative 0.07 24 75

Example 5
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Table 1 (continued)
Name of Index of impurity Amount of Amount of
sample contents gasses gasses
Volatile Metal generated generated
content impurity (per unit (per unit
(%) content welght of weight of
(ppm) CB) 48 hr positive
(cm®/g) electrode
mixture)
(LNMO/CR/PVDF
= 85/10/5) 48
hr (cm®/qg)
Example 1 0.03 2 25.2 7.9
Example 2 0.02 2 16.4 7.0
Example 3 0.03 2 14.1 6.8
Example 4 0.04 2 27.8 8.1
Example 5 0.03 15 19.0 7.3
Comparative 0.05 3 56.8 11.1
Example 1
Comparative 0.05 2 56.7 11.1
Example 2
Comparative 0.06 42 39.2 9.3
Example 3
Comparative 0.08 8 44 .4 10.7
Example 4
Comparative 0.52 25 30.3 8.4
Example 5
[0057]

As shown in Table 1,

mixtures according to the present invention,

when using the positive electrode

the amount of

gasses generated from the carbon black was not more than 30

cm®/qg.

Therefore,

it was confirmed that the amounts of

gasses generated from the positive electrode mixtures

according to the present invention were reduced as compared

to the amounts of gasses generated from the positive

electrode mixtures obtained in Comparative Examples.
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CLAIMS
1. A positive electrode mixture comprising carbon black having
a bulk density of not more than 0.1 g/cm3®, a crystallite size of
10 to 40 A, an iodine adsorption of 1 to 150 mg/g, a volatile
content of not more than 0.1% and a metal impurity content of
not more than 20 ppm, and a positive electrode (cathode) active
substance having an operating voltage or an initial crystal phase
transition voltage of not less than 4.5 V on the basis of
lithium, the positive electrode (cathode) active substance being
at least one of Li(MlxMn;-x)04 wherein x is more than 0 and less
than 1 (0<x<1l), and Ml is Cr, Co, Ni or Cu; LiM2V0O,s wherein M2
is Co or Ni; yLiMnOs:(1l-y)LiM30, wherein y is more than 0 and

less than 1 (0<y<1), and M3 is Ni, Co, Mn, Fe or Ti; and LiCoPO4.

2. The positive electrode mixture according to claim 1, wherein

a content of the carbon black in the positive electrode mixture

is 1 to 20% by mass.

3. A non-aqueous electrolyte secondary battery comprising the

positive electrode mixture as defined in claim 1 or 2.

Date Regue/Date Received 2021-09-29
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