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Description

TECHNICAL FIELD

[0001] The present invention relates to an electrode that leads to an electric storage device with a high energy density
and excellent cycle life. This invention also relates to a method for producing this electrode and for producing an electric
storage device provided with this electrode. The present invention further relates to a conductive carbon mixture that is
used for producing the electrode of an electric storage device.

THE RELATED ART

[0002] An electric storage device such as a secondary battery, an electric double layer capacitor, a redox capacitor
and a hybrid capacitor is a device that is under consideration for wider application as a battery for an information device
including a cellphone and a notebook-sized personal computer, for a motor drive power supply of a low-emission vehicle
such as an electric vehicle and a hybrid vehicle, and for an energy recovery system, etc. In these devices, improvements
in energy density and cycle life are desired to meet the requirements of higher performance and downsizing.
[0003] In these electric storage devices, an electrode active material that realizes its capacity by a faradaic reaction
involving the transfer of an electron with an ion in an electrolyte (including an electrolytic solution) or by a nonfaradaic
reaction not involving the transfer of an electron is used for energy storage. Further, this active material is generally
used in the form of a composite material with an electroconductive agent. As the electroconductive agent, conductive
carbon such as carbon black, natural graphite, artificial graphite, and carbon nanotube is generally used. This conductive
carbon, used concurrently with a low conductive active material, serves to add conductivity to the composite material,
and furthermore, acts as a matrix to absorb the volume change in accordance with the reaction of the active material.
Also, it serves to ensure an electron conducting path when the active material is mechanically damaged.
[0004] The composite material of the active material and the conductive carbon is generally manufactured by a method
of mixing particles of the active material and the conductive carbon. The conductive carbon does not make a significant
contribution to the improvement of the energy density of an electric storage device, so the quantity of the conductive
carbon per unit volume needs to be decreased and that of the active material needs to be increased to obtain an electric
storage device with a high energy density. Therefore, consideration is given to a method to decrease the distance
between the particles of the active material to increase the quantity of the active material per unit volume by improving
the dispersibility of the conductive carbon or by reducing the structure of the conductive carbon.
[0005] For example, Patent Document 1 (JP 2004-134304 A) discloses a nonaqueous secondary battery that is
equipped with a positive electrode that contains a small-sized carbon material having an average primary particle diameter
of 10 to 100 nm (in its example, acetylene black) and that has a degree of blackness of 1.20 or more. A coating material
used to form the positive electrode is obtained either by dispersing a mixture of an active material for a positive electrode,
the abovementioned carbon material, a binder and a solvent by a high shear dispersing machine such as a high speed
rotational homogenizer dispersing machine or a planetary mixer with three or more rotary axes, or by adding a dispersion
body, in which a mixture of the abovementioned carbon material, a binder and a solvent are dispersed by a high shear
dispersing machine, into a paste in which a mixture of the active material for a positive electrode, a binder and a solvent
are dispersed, and further dispersing. By using the device that has a high shearing force, the carbon material, which is
hard to disperse because of its small particle size, becomes evenly dispersed.
[0006] Also, Patent Document 2 (JP 2009-35598 A) discloses an electroconductive agent for an electrode for a non-
aqueous secondary battery that consists of acetylene black whose BET-specific surface area is 30 to 90 m2/g, dibutyl-
phthalate (DBP) oil absorption quantity is 50 to 120 mL/100 g, and pH is 9 or more. The electrode for the secondary
battery is formed by dispersing a mixture of this acetylene black and an active material in a fluid containing a binder to
prepare slurry, and applying this slurry on a current collector and drying it. Since the acetylene black with the above-
mentioned characteristics has a smaller structure compared with Ketjen Black or other conventional acetylene blacks,
the bulk density of a mixture of the acetylene black and the active material is improved and the battery capacity is improved.
[0007] Moreover, it is also considered that an even distribution state of an active material and a conductive carbon is
created by covering a part or all of the surface of the particles of the active material so that the conductive property
among the active materials is increased and degradation of the cycle life is prevented. For example, Patent Document
3 (JP H11-283623 A) discloses a method in which base particles of a lithium composite oxide such as LiCoO2, which
act as an active material, and sub-particles of a carbon material such as acetylene black, which act as a conductive
agent, are blended while compressive and shearing actions are applied so that a part or all of the surface of the base
particles of the composite oxide is covered with the sub-particles of the carbon material. Patent document 3 also discloses
that the composite material obtained by this method is used for a positive electrode of a nonaqueous secondary battery.
Patent Document 4 (JP 2013 077479 A) discloses a battery comprising an electrode comprising a mixture of oxidized
carbon black and carbon nanofibers as conducting agent, and LiFePO4 as cathode material. Patent document 4 further
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discloses a method of manufacturing an electrode comprising the steps of blending an active material with oxidized
carbon and coating it on a current collector. Patent Document 5 (JP 2006 261062 A) discloses a battery comprising a
positive electrode comprising a LiFePO4 cathode material supported on a hydrophilic carbon black obtained by oxidation
of carbon with a HNO3/ H2SO4 solution. The electrode is characterized by a weight ratio of 95:5 of LiFePO4:hydrophilic
carbon black. Patent Document 6 (US 2012/321953 A1) discloses a battery comprising a lithium vanadium oxide-based
electrode obtained by mixing the cathode material precursor to a graphene oxide obtained by oxidation of graphite with
HNO3/H2SO4 solution. The ratio between graphene oxide and active material is 99:1.

PRIOR ARTS DOCUMENTS

PATENT DOCUMENTS

[0008]

Patent Document 1: JP 2004-134304 A
Patent Document 2: JP 2009-35598 A
Patent Document 3: JP H11-283623 A
Patent Document 4: JP 2013-077479 A
Patent Document 5: JP 2006-261062 A
Patent Document 6: US 2012/321953 A1

SUMMARY OF THE INVENTION

PLOBLEMS TO BE SOLVED BY THE INVENTION

[0009] Further improvement of an electric storage device in terms of energy density is always desired. However, the
inventors have examined the prior arts and found that even by the methods disclosed in Patent Documents 1 and 2, it
is difficult to enable conductive carbon to infiltrate efficiently between particles of an active material, and therefore, it is
difficult to shorten the distance between the active material particles and increase the amount of the active material per
unit volume. Therefore, the inventors have found that there is a limitation to the improvement of the energy density with
a positive electrode and/or a negative electrode using the composite material of particles of an active material and
conductive carbon. Also, there was a limit to the increase in energy density that could be obtained even by a method of
using carbon particles to cover the surface of particles of an active material as shown in Patent Document 3, and a
satisfactory cycle life could not be obtained because of reasons such as the dissolution of active materials into an
electrolytic solution of a nonaqueous secondary battery.
[0010] Therefore, the objective of the present invention is to provide an electrode that leads to an electric storage
device with a high energy density and excellent cycle life.

MEANS FOR SOLVING PROBLEMS

[0011] After a keen examination, the inventors have found that the abovementioned purpose is achieved by composing
an electrode of an electric storage device by using an electrode material comprising an oxidized carbon, which is obtained
by giving a strong oxidizing treatment to a carbon raw material and particles of an active material.
[0012] Therefore, the present invention, first of all, relates to a conductive carbon mixture for producing an electrode
for an electric storage device, comprising an oxidized conductive carbon obtained by giving an oxidizing treatment to a
carbon raw material selected from a group consisting of porous carbon powder, Ketjen Black, furnace black with pores,
carbon nanofiber and carbon nanotube and having a hydrophilic part accounting for 10 % by mass or more of the entire
oxidized conductive carbon; and a different conductive carbon which is different from the oxidized conductive carbon.
[0013] The oxidized carbon obtained by giving an oxidizing treatment to a carbon raw material is easily attachable to
the surface of the particles of the active material. Moreover, the oxidized carbon obtained by giving a strong oxidizing
treatment is compressed integrally and spreads in a paste-like manner when pressure is applied to it, and is hard to
separate. Therefore, when the oxidized carbon obtained by giving a strong oxidizing treatment and the particles of the
active material are blended to obtain an electrode material for an electrode of an electric storage device, the oxidized
carbon is attached to and covers the surface of the particles of the active material in the process of blending and the
dispersity of the particles of the active material is improved. Also, by the pressure applied to the oxidized carbon in the
process of blending, at least part of the oxidized carbon spreads in a paste-like manner and the surface of the particles
of the active material becomes partially covered. Moreover, when an active material layer is formed with this electrode
material on a current collector of an electrode and pressure is applied to the active material layer, the oxidized carbon
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further spreads and has become dense while covering the surface of the particles of the active material, the particles of
the active material approach each other, and accordingly the oxidized carbon which is gelatinized is pushed out not only
into gaps that are formed between the active material particles adjacent to each other, but also into pores that exist on
the surface of the particles of the active material (including gaps between primary particles that are found in secondary
particles) and densely fills the gaps and pores while covering the surface of the particles of the active material (see
Figure 2). Therefore, the amount of the active material per unit volume in the electrode is increased and electrode density
is increased. Moreover, the paste-like oxidized carbon that is densely filled has sufficient conductivity to serve as a
conductive agent.
[0014] In the electrode obtained by the method according to the present invention, the paste-like conductive carbon
that is derived from the oxidized carbon also exists inside a gap that is formed between the electrode active material
particles adjacent to each other and/or a pore that exists on the surface of the electrode active material particle, the gap
and the pore having a width of 50 nm or less. Therefore, the coverage of the surface of the particles of the active material
by the paste-like conductive carbon is improved, the conductive property of the entire active material layer is improved,
and the electrode density is also improved. The term "the width of the gap formed between the electrode active material
particles adjacent to each other" means the shortest distance of the distances between the adjacent particles of the
electrode active material and the term "the width of the pore that exists on the surface of the electrode active material"
means the shortest distance of the distances between the points at the opposite ends of the pore.
[0015] It has been found that, although the electrode of the present invention has the active material layer comprising
the densely-filled paste-like conductive carbon, the impregnation of an electrolytic solution to the electrode in an electric
storage device is not inhibited. It has also been found by measuring the pore distribution of the active material layer of
the electrode by a mercury intrusion method that the active material layer has pores with a diameter of 5 to 40 nm in a
preferred embodiment of the electrode of the present invention. These pores are considered to be mostly the pores in
the paste-like conductive carbon that is derived from an oxidized carbon and has become dense. These pores are so
large that the electrolytic solution in the electric storage device passes through the paste-like conductive carbon and
reaches the particles of the active material. Therefore, the paste-like conductive carbon in the electrode has a sufficient
conductive property and does not inhibit the impregnation of the electrolytic solution in the electric storage device. As a
result, the energy density of the electric storage device is improved.
[0016] Moreover, it has been found that, probably because the surface of the particles of the active material is covered
by the dense, paste-like conductive carbon up to the inner side of the pores that exist on the surface of the particles of
the active material in the active material layer of the electrode of the present invention, dissolution of the active material
in the electrolytic solution is inhibited and the cycle characteristic of the electric storage device is improved, although
the impregnation of the electrolytic solution to the electrode in the electric storage device is not inhibited.
[0017] The oxidized carbon that leads to the abovementioned past-like conductive carbon comprises a hydrophilic
part and that the contained amount of the hydrophilic part is 10 % by mass or more of the entire oxidized carbon. The
"hydrophilic part" of carbon means the following: 0.1 g of carbon is added to 20 ml of an ammonia aqueous solution with
pH 11, ultrasonic irradiation is applied for 1 minute, and a fluid obtained is left for 5 hours to precipitate its solid phase
part. The part that does not precipitate and is dispersed in the ammonia aqueous solution with pH 11 is the "hydrophilic
part." Also, the contained amount of the hydrophilic part in the entire carbon can be calculated by the following method:
After the precipitation of the solid phase part, the supernatant fluid is removed, the remaining part is dried, and the weight
of the solid object after drying is measured. The weight calculated by subtracting the weight of the solid object after
drying from the weight of the initial carbon (0.1 g) is the weight of the "hydrophilic part," which is dispersed in the ammonia
aqueous solution with pH 11. The weight ratio of the weight of the "hydrophilic part" against the weight of the initial
carbon (0.1 g) is the contained amount of the "hydrophilic part" in the carbon.
[0018] The ratio of the hydrophilic part in conductive carbon such as carbon black, natural graphite and carbon nan-
otube, which is used as a conductive agent in an electrode of a conventional electric storage device, is 5 % by mass or
less of the entire conductive carbon. However, by using a carbon having an inner vacancy as a raw material and giving
an oxidizing treatment to this raw material, the surface of its particles is oxidized and a hydroxy group, a carboxy group
and an ether bond are introduced into the carbon, and a conjugated double bond of the carbon is oxidized so that a
carbon single bond is formed, a carbon-carbon bond is partially severed, and a hydrophilic part is formed on the surface
of the particles. Then, as the intensity of the oxidizing treatment is increased, the percentage of the hydrophilic part in
the carbon particle is increased and the hydrophilic part accounts for 10 % by mass or more of the entire carbon.
Moreover, such an oxidized carbon is likely to be compressed integrally and spread in a paste-like manner when pressure
is applied to it, cover most or all of the surface of the particles of the active material up to the inside of the pores that
exist on the surface of the particles of the active material, and become dense. As a result, an electrode in which 80 %
or more, preferably 90 % or more and especially preferably 95 % or more of the surface (outer surface) of the particles
of the active material in the active material layer of the electrode contacts the paste-like conductive carbon, which is
derived from the oxidized carbon and become dense, can be obtained. The coverage rate of the surface of the particles
of the active material by the paste-like conductive carbon is a value calculated by observation of SEM images of the
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cross-sectional surface of the active material layer at a magnification of 25,000.
[0019] In the electrode obtained by the method according to the present invention, it is preferable that the electrode
active material particles in the active material layer are composed of fine particles with an average diameter of 0.01 to
2 mm that are operable as a positive electrode active material or a negative electrode active material and gross particles
with an average diameter of more than 2 mm and not more than 25 mm that are operable as an active material of the
same electrode as the fine particles. The gross particles increase the electrode density on their own and also have an
effect of suitably pressing the oxidized carbon at the time of producing an electrode material and producing an electrode,
swiftly transforming the oxidized carbon to paste and making it dense, and therefore increasing the electrode density
and improving the energy density of the electric storage device. Also, due to the pressure applied to the active material
layer in producing the electrode, the fine particles press the oxidized carbon, at least part of which is gelatinized, and
are pushed out into the gaps that are formed between the adjacent gross particles together with the paste-like oxidized
carbon, so that the electrode density further increases and the energy density of the electric storage device further
improves. The average diameter of the active material particles is the 50 % radius (median diameter) as in the meas-
urement of particle size distribution obtained by using a light scattering particle size meter.
[0020] In the electrode obtained by the method according to the present invention, it is preferable that a different kind
of conductive carbon, especially conductive carbon that has a higher electroconductivity than the paste-like conductive
carbon that is derived from the oxidized carbon, is further comprised in the active material layer. When pressure is
applied to the active material layer when the electrode is produced, this carbon is also covered by the paste-like conductive
carbon and densely fills the gaps formed by the adjacent particles of the active material together with the paste-like
conductive carbon and the conductivity of the active material layer is improved, so that the energy density of the electric
storage device further improves.
[0021] In the electrode obtained by the method according to the present invention, it is preferable that the mass ratio
of the electrode active material particle and the conductive carbon in the active material layer is within the range of 95:5
to 99:1. If the different conductive carbon is comprised in addition to the paste-like conductive carbon that is derived
from the oxidized carbon, it is preferable that the mass ratio of the total amount of these carbons and the electrode active
material particle is within the abovementioned range. If the ratio of the conductive carbon is lower than the abovementioned
range, the conductive property of the active material layer tends to become insufficient, and the cycle characteristic
tends to decrease because the coverage rate of the conductive carbon over the active material particles decreases. If
the ratio of the conductive carbon is larger than the abovementioned range, the electrode density tends to decrease and
the energy density of the electric storage device tends to decrease.
[0022] As mentioned above, the electrode for an electric storage device of the present invention can be suitably
produced by a method comprising:

a preparation process of blending the electrode active material particle and the oxidized carbon obtained by giving
an oxidizing treatment to a carbon raw material with an inner vacancy so that an electrode material, in which at least
part of the oxidized carbon is gelatinized and attached to the surface of the electrode active material particle, is
prepared; and
a pressure process of forming the active material layer on a current collector with the electrode material and applying
pressure to the active material layer.

[0023] Therefore, the present invention also relates to a method of producing a conductive carbon mixture for producing
an electrode for an electric storage device comprising: a carbon-oxidizing step of obtaining an oxidized conductive carbon
by giving an oxidizing treatment to the carbon raw material; a carbon-selecting step of obtaining a contained amount of
the hydrophilic part in the oxidized conductive carbon obtained in the carbon-oxidizing step by the process of adding
0.1 g of the oxidized conductive carbon obtained in the carbon-oxidizing step to 20 ml of an ammonia aqueous solution
with pH 11, applying ultrasonic irradiation for 1 minute, leaving a fluid obtained for 5 hours to precipitate its solid phase
part, removing a supernatant fluid having the hydrophilic part, drying a remaining part, measuring the weight of a solid
object after drying, obtaining the weight of the hydrophilic part by subtracting the weight of the solid object after drying
from the initial weight 0.1 g of the oxidized conductive carbon, and calculating the ratio of the weight of the hydrophilic
part against the initial weight 0.1g of the oxidized conductive carbon, and then selecting the oxidized conductive carbon
having the hydrophilic part in the amount of 10 % by mass or more of the entire oxidized conductive carbon; and a
combining step of dry blending the oxidized conductive carbon selected with the different conductive carbon so that at
least part of the oxidized conductive carbon selected is deformed into the paste-like state and the deformed oxidized
conductive carbon is attached to a surface of the different conductive carbon.
[0024] Fine carbon particles are poorly compatible with a binder and a solvent. Therefore, when an electrode material
in the form of slurry containing a binder and a solvent is prepared, wet blending by using a high shear dispersing device,
or a blending method in which the particles of an electrode active material and carbon are dry blended and then a binder
and a solvent are added and wet blended, are commonly used as mentioned above in relation to Patent Document 1
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and Patent Document 2. However, the abovementioned conductive carbon mixture produces an electrode with a high
electrode density and excellent conductive property irrespective of the blending method of the conductive carbon mixture
and the particles of the electrode active material.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0025] In the electrode of the present invention that has an active material layer comprising an electrode active material
particle and a paste-like conductive carbon that is derived from an oxidized carbon obtained by giving an oxidizing
treatment to a carbon raw material and covers a surface of the electrode active material particle, the paste-like conductive
carbon that is derived from the oxidized carbon is densely filled not only into the gaps formed between the particles of
an active material but also into the inside of the pores that exist on the surface of the particles of the active material, so
that the amount of the active material per unit volume in the electrode is increased, and the electrode density is increased.
Also, the paste-like conductive carbon that is densely filled has a sufficient conductive property to function as a conductive
agent and does not inhibit the impregnation of the electrolytic solution in the electric storage device. Therefore, the
energy density of the electric storage device is improved. Also, probably because the surface of the active material
particles is covered by the oxidized carbon that spreads in a paste-like manner up to the inside of the pores that exist
on the surface of the active material particles in the electrode of the present invention, dissolution of the active material
in the electrolytic solution is inhibited and the cycle characteristic of the electric storage device is improved when the
electrode of the present invention is used in the electric storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 shows a graph in which the relationship between the contained amount of a hydrophilic part of an oxidized
carbon and the electrode density is shown for electrodes of working examples and comparative examples.
Fig. 2 shows SEM images of the cross-section of an electrode of a working example: (A) at a magnification of 1,500
and (B) at a magnification of 25,000.
Fig. 3 shows SEM images of the cross-section of an electrode of a comparative example: (A) at a magnification of
1,500 and (B) at a magnification of 25,000.
Fig. 4 shows a graph that shows the result of measuring the distribution of pores in electrodes shown in Figs. 2 and
3 by the mercury intrusion method.
Fig. 5 shows the rate characteristics of a lithium ion secondary battery that has an electrode of a working example
or a comparative example.
Fig. 6 shows a graph that shows the cycle characteristics of a lithium ion secondary battery, the rate characteristics
of which are shown in Fig. 5.
Fig. 7 shows the rate characteristics of a lithium ion secondary battery that has an electrode of a working example
or a comparative example.
Fig. 8 shows a graph that shows the cycle characteristics of a lithium ion secondary battery, the rate characteristics
of which are shown in Fig. 7.
Fig. 9 shows the rate characteristics of a lithium ion secondary battery that has an electrode of a working example
or a comparative example.
Fig. 10 shows a graph that shows the cycle characteristics of a lithium ion secondary battery, the rate characteristics
of which are shown in Fig. 9.
Fig. 11 shows an SEM image at a magnification of 50,000 of a mixture that is obtained by dry blending of an oxidized
carbon, acetylene black and particles of an active material.
Fig. 12 shows the rate characteristics of a lithium ion secondary battery that has an electrode of a working example
or a comparative example.
Fig. 13 shows a graph that shows the cycle characteristics of a lithium ion secondary battery, the rate characteristics
of which are shown in Fig. 12.
Fig. 14 shows SEM images at a magnification of 50,000 of a mixture that is obtained by dry blending of an oxidized
carbon or acetylene black and fine particles of an active material.
Fig. 15 shows SEM images at a magnification of 100,000 of a mixture that is obtained by dry blending of an oxidized
carbon or acetylene black and gross particles of an active material.
Fig. 16 shows a SEM image at a magnification of 50,000 of a conductive carbon mixture.
Fig. 17 shows TEM images of a conductive carbon mixture: (A) at a magnification of 100,000 and (B) at a magnification
of 500,000.
Fig. 18 shows a SEM image at a magnification of 25,000 of the cross-section of the electrode of a working example
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that is manufactured with a conductive carbon mixture.
Fig. 19 shows a graph that shows the result of measuring the DC internal resistance of a lithium ion secondary
battery in which an electrode of a working example or a comparative example is used.

DETAILED DESCRIPTION OF THE INVENTION

[0027] An electrode for an electric storage device of the present invention has an active material layer that comprises
an electrode active material particle and a paste-like conductive carbon that is derived from an oxidized carbon obtained
by giving an oxidizing treatment to a carbon raw material with an inner vacancy and covers a surface of the electrode
active material particle. The oxidized carbon before it is gelatinized is described first, and then the electrode of the
present invention and an electric storage device provided with the electrode is described.

(1) Oxidized carbon

[0028] In the electrode of the present invention, the oxidized carbon that leads to the paste-like conductive carbon
comprised in the active material layer is produced by using as a raw material a carbon with an inner vacancy such as
porous carbon powder, Ketjen Black, furnace black with pores, carbon nanofiber and carbon nanotube. It is preferable
to use a carbon with an inner vacancy whose specific surface area as measured by the BET method is 300 m2/g or
more as a carbon raw material because the carbon is prone to become an oxidized carbon that is gelatinized by oxidizing
treatment. Above all, spherical particles such as Ketjen Black and furnace black with pores are preferable. An oxidized
carbon that is gelatinized is hard to be obtained even if a solid carbon is used as a raw material and oxidizing treatment
is given.
[0029] A heretofore-known oxidizing treatment can be used without any restriction for oxidizing treatment of the carbon
raw material with an inner vacancy. For example, the oxidized carbon can be obtained by treating the carbon raw material
in a solution of acid or hydrogen peroxide. For the acid, nitric acid, a mixture of nitric acid and sulfuric acid, and hy-
pochlorous acid aqueous solution can be used. Also, the oxidized carbon can be obtained by heating the carbon raw
material in an oxygen-containing atmosphere, water vapor or carbon dioxide. Moreover, the oxidized carbon can be
obtained by plasma treatment, ultraviolet irradiation, corona discharge treatment, and glow discharge treatment of the
carbon raw material in an oxygen-containing atmosphere.
[0030] When the oxidizing treatment is applied to the carbon raw material with an inner vacancy, the surface of its
particle is oxidized, and a hydroxy group, a carboxy group and an ether bond are introduced into the carbon, and a
conjugated double bond of the carbon is oxidized so that a carbon single bond is formed, a carbon-carbon bond is
partially severed, and a part having high hydrophilicity is formed on the surface of the particle. The oxidized carbon with
such hydrophilic part easily attaches to the surface of the particles of an active material and aggregation of the particles
of an active material is effectively inhibited. Then, as the intensity of the oxidizing treatment is increased, the ratio of the
hydrophilic part in the carbon particle is increased and the oxidized carbon that is gelatinized in the process of producing
an electrode is obtained. It is preferable that the contained amount of the hydrophilic part in the oxidized carbon is 10
% by mass or more of the entire oxidized carbon. It is especially preferable that the contained amount of the hydrophilic
part in the oxidized carbon is 12 % by mass or more and 30 % by mass or less of the entire oxidized carbon.
[0031] The oxidized carbon having a hydrophilic part that account for 10 % by mass or more of the entire oxidized
carbon can be suitably obtained by the manufacturing method comprising:

(a) a process in which acidic treatment is given to a carbon raw material with an inner vacancy;
(b) a process in which the product after the acidic treatment and a transition metal compound are mixed;
(c) a process in which the mixture obtained is pulverized to produce a mechanochemical reaction;
(d) a process in which the product after the mechanochemical reaction is heated in a nonoxidizing atmosphere; and
(e) a process in which the aforementioned transition metal compound and/or its reaction product is removed from
the product after heating.

[0032] In the (a) process, the carbon raw material with an inner vacancy, preferably Ketjen Black, is left immersed in
acid. An ultrasonic wave can be irradiated during this immersion. As acid, an acid usually used for an oxidizing treatment
of carbon such as nitric acid, a mixture of nitric acid and sulfuric acid, and an aqueous solution of hypochlorous acid can
be used. The immersion time depends on the concentration of acid or the quantity of the carbon raw material to be
treated, and is usually within the range of 5 minutes to 5 hour. The carbon after acidic treatment is sufficiently washed
by water and dried, and then mixed with the transition metal compound in the (b) process.
[0033] For the chemical compound of transition metal to be added to the carbon raw material in the (b) process, an
inorganic metallic salt of transition metal such as a halide, nitrate, sulfate and carbonate; an organic metallic salt of
transition metal such as formate, acetate, oxalate, methoxide, ethoxide and isopropoxide; or a mixture thereof can be
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used. These chemical compounds can be used alone, or two or more kinds can be used as a mixture. Chemical
compounds that contain different transition metals can be mixed in a prescribed amount and used. Also, a chemical
compound other than the chemical compound of transition metal, such as an alkali metal compound, can be added
concurrently unless it has an adverse effect on the reaction. Since the oxidized carbon is mixed with particles of an
active material and used in manufacturing an electrode of an electric storage device, it is preferable that a chemical
compound of an element constituting the active material is added to the carbon raw material so that adulteration of an
element that can serve as impurities against the active material can be prevented.
[0034] In the (c) process, the mixture obtained in the (b) process is pulverized and a mechanochemical reaction is
produced. Examples of a powdering machine for this reaction are a mashing machine, stone mill, ball mill, bead mill,
rod mill, roller mill, agitation mill, planetary mill, vibrating mill, hybridizer, mechanochemical composite device and jet
mill. Milling time depends on the powdering machine used or the quantity of the carbon to be treated and has no strict
restrictions, but is generally within the range of 5 minutes to 3 hours. The (d) process is conducted in a nonoxidizing
atmosphere such as a nitrogen atmosphere and an argon atmosphere. The temperature and time of heating is chosen
in accordance with the chemical compound of transition metal used. In the subsequent (e) process, the oxidized carbon
having a hydrophilic part that account for 10 % by mass or more of the entire oxidized carbon can be obtained by
removing the chemical compound of transition metal and/or its reaction product from the product that has been heated
by means of acid dissolution etc., then sufficiently washing and drying.
[0035] In the manufacturing method, the chemical compound of transition metal promotes the oxidation of the carbon
raw material by the mechanochemical reaction in the (c) process, and the oxidation of the carbon raw material rapidly
proceeds. By this oxidation, the oxidized carbon that comprises a hydrophilic part, which is 10 % by mass or more of
the entire oxidized carbon, can be obtained.
[0036] The oxidized carbon having a hydrophilic part that accounts for 10 % by mass or more of the entire oxidized
carbon can be obtained by giving a strong oxidizing treatment to a carbon raw material with an inner vacancy, and it is
also possible to facilitate the oxidation of the carbon raw material with an inner vacancy by a method other than the
abovementioned method of production.
[0037] The oxidized carbon obtained is used for an electrode of an electric storage device such as a secondary battery,
an electric double layer capacitor, a redox capacitor and a hybrid capacitor in an embodiment in which the oxidized
carbon is mixed with an electrode active material that realizes its capacity by a faradaic reaction that involves the transfer
of an electron between an ion in an electrolyte of an electric storage device or a nonfaradaic reaction that does not
involve the transfer of an electron.

(2) Electrode

[0038] The electrode for an electric storage device of the present invention can be suitably obtained by a method of
production that comprises:

(A) a preparation process of blending an electrode active material particle and the oxidized carbon so that an
electrode material, in which at least part of the oxidized carbon is gelatinized and attached to the surface of the
electrode active material particle, is prepared; and
(B) a pressure process of forming an active material layer on a current collector with the electrode material and
applying pressure to the active material layer.

[0039] In process (A), aggregation of the active material particles can be inhibited because the oxidized carbon is
attached to the surface of the active material particles and covers the surface. Also, by the pressure applied to the
oxidized carbon in the process of blending, at least part of the oxidized carbon spreads in a paste-like manner and the
surface of the active material particles is partially covered.
[0040] As the electrode active material used in process (A), an active material that is used in a conventional electric
storage device as an active material for a positive electrode or an active material for a negative electrode can be used
without any specific restrictions. The active material can be a single chemical compound or a mixture of two or more
kinds of chemical compound.
[0041] Examples of a positive electrode active material for a secondary battery are, among all, LiMO2 having a laminar
rock salt structure, laminar Li2MnO3-LiMO2 solid solution, and spinel LiM2O4 (M in the formula signifies Mn, Fe, Co, Ni
or a combination thereof). Specific examples of these are LiCoO2, LiNiO2, LiNi4/5Co1/5O2, LiNi1/3Co1/3Mn1/3O2,
LiNi1/2Mn1/2O2, LiFeO2, LiMnO2, Li2MnO3-LiCoO2, Li2MnO3-LiNiO2, Li2MnO3-LiNi1/3Co1/3Mn1/3O2,
Li2MnO3-LiNi1/2Mn1/2O2, Li2MnO3-LiNi1/2Mn1/2O2-LiNi1/3Co1/3Mn1/3O2, LiMn2O4 and LiMn3/2Ni1/2O4. Other examples
include sulfur and a sulfide such as Li2S, TiS2, MoS2, FeS2, VS2 and Cr1/2V1/2S2, a selenide such as NbSe3, VSe2 and
NbSe3, an oxide such as Cr2O5, Cr3O8, VO2, V3O8, V2O5 and V6O13 as well as a complex oxide such as
LiNi0.8Co0.15Al0.05O2, LiVOPO4, LiV3O5, LiV3O8, MoV2O8, Li2FeSiO4, Li2MnSiO4, LiFePO4, LiFe1/2Mn1/2PO4, LiMnPO4
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and Li3V2(PO4)3.
[0042] Examples of a negative electrode active material for a secondary battery are an oxide such as Fe2O3, MnO,
MnO2, Mn2O3, Mn3O4, CoO, Co3O4, NiO, Ni2O3, TiO, TiO2, SnO, SnO2, SiO2, RuO2, WO, WO2 and ZnO, metal such
as Sn, Si, Al and Zn, a complex oxide such as LiVO2, Li3VO4 and Li4Ti5O12, and a nitride such as Li2.6Co0.4N, Ge3N4,
Zn3N2 and Cu3N.
[0043] As an active material in a polarizable electrode of an electric double layer capacitor, a carbon material with a
large specific surface area such as activated carbon, carbon nanofiber, carbon nanotube, phenol resin carbide, polyvi-
nylidene chloride carbide and microcrystal carbon is exemplified. In a hybrid capacitor, a positive electrode active material
exemplified for a secondary battery can be used as a positive electrode. In this case, a negative electrode is composed
of a polarizable electrode using activated carbon etc. Also, a negative electrode active material exemplified for a secondary
battery can be used as a negative electrode. In this case, a positive electrode is composed of a polarizable electrode
using activated carbon etc. As a positive electrode active material of a redox capacitor, a metal oxide such as RuO2,
MnO2 and NiO is exemplified, and a negative electrode is composed of an active material such as RuO2 and a polarizable
material such as activated carbon.
[0044] There is no restriction as to the shape and particle diameter of the electrode active material particles that are
mixed with the oxidized carbon in process (A), but it is preferable that the average particle diameter of the particles of
the active material is more than 2 mm and not more than 25 mm. The particles of the active material that have such a
relatively large diameter improve electrode density on their own, and in the process of blending with the oxidized carbon,
gelatinization of the oxidized carbon is promoted by the compressing strength of the particles. Also, in process (B) shown
below, during the step of applying pressure to the active material layer on the current collector, the particles of the active
material that have such a relatively large particle diameter further press the oxidized carbon, at least a part of which is
gelatinized, and make the oxidized carbon further spread in a paste-like manner, and make the carbon denser. As a
result, the electrode density further increases and the energy density of an electric storage device further improves.
[0045] Also, it is preferable that the active material particles are composed of fine particles with an average diameter
of 0.01 to 2 mm and gross particles with an average diameter of more than 2 mm and not more than 25 mm that are
operable as an active material of the same electrode as the fine particles. It is said that particles with a small particle
diameter easily aggregate, but the oxidized carbon is attached to and covers the surface not only of the gross particles
but also of the fine particles, so that aggregation of the particles of the active material can be inhibited, and the blending
state of the particles of the active material and the oxidized carbon can be uniformalized. Also, as mentioned above, the
gross particles promote gelatinization and densification of the oxidized carbon, increase the electrode density, and
improve the energy density of the electric storage device. Further, in process (B), during the step of applying pressure
to the active material layer on the current collector, the fine particles press the oxidized carbon, at least part of which is
gelatinized, and are pushed out into and fill the gaps that are formed between the adjacent gross particles together with
the paste-like oxidized carbon, so that the electrode density further increases and the energy density of the electric
storage device further improves. It is preferable to select gross particles and fine particles within the range of 80:20 to
95:5 by mass, and it is more preferable to select them within the range of 90:10 to 95:5 by mass.
[0046] The mass ratio of the electrode active material particles and the oxidized carbon that are used in process (A)
is preferably within the range of 90:10 to 99.5:0.5 and more preferably within the range of 95:5 to 99:1 in order to obtain
an electric storage device with a high energy density. If the ratio of the oxidized carbon is lower than the abovementioned
range, the conductive property of the active material layer tends to become insufficient, and the cycle characteristic
tends to decrease because the coverage rate of the oxidized carbon over the active material particles decreases. Also,
if the ratio of the oxidized carbon is larger than the abovementioned range, the electrode density tends to decrease and
the energy density of the electric storage device tends to decrease.
[0047] In process (A), in addition to the electrode active material particles and the oxidized carbon, a conductive carbon
different from the oxidized carbon, a binder and a solvent for blending can be used as needed, in order to produce an
electrode material, in which at least part of the oxidized carbon is gelatinized and attached to the surface of the electrode
active material particles. By using a solvent, an electrode material in the form of slurry can be obtained.
[0048] For the different conductive carbon, carbon black such as Ketjen Black, furnace black, acetylene black and
channel black, fullerene, carbon nanotube, carbon nanofiber, graphene, amorphous carbon, carbon fiber, natural graph-
ite, artificial graphite, graphitized Ketjen Black, mesoporous carbon, and vapor grown carbon fiber etc., which are used
in an electrode in a conventional electric storage device, can be used. The usage of a conductive carbon that has a
higher conductive property than the paste-like conductive carbon derived from the oxidized carbon, and especially the
usage of acetylene black, is preferable. Aggregation of the different conductive carbon can be inhibited because the
oxidized carbon is attached to and covers not only the surface of the particles of the active material, but also the surface
of the different conductive carbon. Moreover, in process (B) shown below, the energy density of the electric storage
device further improves because the different conductive carbon are pushed out into and fill the gaps that are formed
between adjacent particles together with the paste-like oxidized carbon during the step of applying pressure to the active
material layer on the current collector and the conductive property of the whole electrode is improved. The ratio of the
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oxidized carbon and the different conductive carbon is preferably within the range of 3:1 to 1:3 by mass and more
preferably within the range of 2.5:1.5 to 1.5:2.5 by mass. Moreover, in cases where the different conductive carbon is
used, the ratio of the electrode active material particles and the total amount of the different conductive carbon and the
oxidized carbon is preferably within the range of 10:90 to 0.5:99.5 by mass and more preferably within the range of 5:95
to 1:99 by mass.
[0049] As the binder, a heretofore known binder such as polytetrafluoroethylene, polyvinylidene fluoride, tetrafluor-
oethylene-hexafluoropropylene copolymer, polyvinyl fluoride and carboxymethylcellulose can be used. It is preferable
that the amount of the binder used is 1 to 30% by mass of the total amount of the electrode material. If the amount of
the binder used is 1% by mass or less, the strength of the active layer is not sufficient, and if the amount of the binder
used is 30% by mass or more, drawbacks such as a decrease in the discharge capacity of an electrode or excessive
internal resistance arise. As the solvent for blending, a solvent such as N-methyl pyrrolidone that does not adversely
affect the other component elements in the electrode material can be used without any restriction. There is no restriction
as to the amount of the solvent provided each component element within the mixture is evenly blended. The binder can
be used under the condition of being dissolved in the solvent.
[0050] In process (A), there is no restriction as to the method and order of blending the electrode active material
particles and the oxidized carbon, and if needed, the conductive carbon different from the oxidized carbon, the binder
and the solvent for blending.
[0051] However, if the conductive carbon different from the oxidized carbon is not used, it is preferable to dry blend
the particles of the electrode active material and the oxidized carbon in process (A). By sufficiently kneading the obtained
product with a binder as necessary and a solvent, an electrode material in the form of slurry can be obtained. For dry
blending, a mashing machine, stone mill, ball mill, bead mill, rod mill, roller mill, agitation mill, planetary mill, vibration
mill, hybridizer, mechanochemical composite device and jet mill can be used. Especially, it is preferable to give a
mechanochemical treatment to the active material particles and the oxidized carbon because the coatability and the
evenness of the coverage of the active material particles by the oxidized carbon are improved. The time for dry blending
can vary according to the total amount of the active material particles and the oxidized carbon to be blended and the
blending device used, but generally it is within the range of 1 to 30 minutes. Also, there is no special restriction as to the
method of kneading with the binder and the solvent, which can be done manually with a mortar or which can be done
with a heretofore known kneading device such as a stirring machine or a homogenizer. If each component element in
the electrode material is evenly blended, the mixing time can be short.
[0052] If the active material particles are composed of fine particles and gross particles, and the different conductive
carbon is not used, all of the fine particles, the gross particles and the oxidized carbon can be introduced into a blending
device and dry blended in process (A). By sufficiently kneading the product obtained by dry blending together with a
binder as needed and a solvent, an electrode material in the form of slurry can be obtained. However, it is preferable to
conduct the dry blending in the following two steps:

(A1) obtaining a preliminary mixture by dry blending the oxidized carbon and the fine particles, and
(A2) dry blending the preliminary mixture obtained and the gross particles.

[0053] Conducting the dry blending by step (A1) and step (A2) is preferable because an electrode material, in which
the gross particles and fine particles that are covered by the oxidized carbon are evenly blended in a highly dispersed
manner, can be obtained. Moreover, because the product obtained in step (A2) is compatible with a binder and a solvent,
an electrode material in the form of slurry, in which each component element is evenly blended, can be easily obtained.
The ratio of the fine particles and the oxidized carbon in the step of obtaining the preliminary mixture is preferably within
the range of 70:30 to 90:10 by mass and more preferably within the range of 75:25 to 85:15.
[0054] If the conductive carbon different from the oxidized carbon is used, all of the active material particles, the
oxidized carbon and the different conductive carbon can be introduced into a blending device and dry blended in process
(A). By sufficiently kneading the product obtained by dry blending with a binder as needed and a solvent, an electrode
material in the form of slurry can be obtained. However, it is preferable to conduct the dry blending in the following two steps:

(AA1) dry blending the oxidized carbon and the different conductive carbon, and
(AA2) dry blending the mixture obtained in step (AA1) and the active material particles.

[0055] The mixture obtained in step (AA1) is a "conductive carbon mixture." In this step, the oxidized carbon is attached
to the surface of the different conductive carbon, the gelatinization of the oxidized carbon partially proceeds, and the
conductive carbon mixture, in which the oxidized carbon, at least part of which is gelatinized, is attached to the surface
of the different conductive carbon, is obtained. Then, in step (AA2), the oxidized carbon, at least part of which is gelatinized,
is also attached to the surface of the electrode active material particles, and an electrode, in which the electrode active
material particles and the different conductive carbon which are covered with the oxidized carbon are evenly blended
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in a highly dispersed manner, is obtained. Also, because this conductive carbon mixture is compatible with a binder and
a solvent, one of the following steps can be conducted instead of step (AA2) and the subsequent kneading with a binder
and a solvent in order to obtain an electrode material in the form of slurry:

(aa1) wet blending the conductive carbon mixture, the active material particles, the binder and the solvent, or
(aa2) wet blending the conductive carbon mixture, the binder and the solvent, further adding the active material
particles and wet blending, or
(aa3) wet blending the conductive carbon mixture, the active material particles and the solvent, further adding the
binder and wet blending.

[0056] Fine carbon particles are said to be poorly compatible with a binder and a solvent, but by using the conductive
carbon mixture, an electrode material in which each component is evenly blended can be easily obtained regardless of
the blending method of this mixture and the electrode active material particles. Also, various production lines can be
established if the conductive carbon mixture is prepared previously because the subsequent blending of the active
material particles and the binder can be conducted by both wet blending and dry blending.
[0057] Also, if the active material particles are composed of fine particles and gross particles, and the different con-
ductive carbon is used, all of the fine particles, the gross particles, the oxidized carbon and the different conductive
carbon can be introduced into a blending device and dry blended in process (A). An electrode material in the form of
slurry can be obtained by sufficiently kneading the product obtained by dry blending with a binder as needed and a
solvent. However, it is preferable to conduct the dry blending in the following steps:

(AB1) dry blending the oxidized carbon and the different conductive carbon,
(AB2) dry blending the mixture obtained in step (AB1) and the fine particles, and
(AB3) dry blending the mixture obtained in step (AB2) and the gross particles.

It is also preferable to conduct the dry blending in the following steps:

(AC1) dry blending the oxidized carbon and the fine particles,
(AC2) dry blending the mixture obtained in step (AC1) and the different conductive carbon, and
(AC3) dry blending the mixture obtained in step (AC2) and the gross particles.

[0058] In these methods, at least in one of steps (AB1), (AB2), (AC1) and (AC2), the oxidized carbon is attached to
the surface of the fine particles or the different conductive carbon, and the gelatinization of the oxidized carbon partially
proceeds, and therefore a mixture in which the oxidized carbon, the gross particles, the fine particles and the different
carbon are evenly blended in a highly dispersed manner can be obtained. Also, because the conductive carbon mixture
obtained in step (AB1) is compatible with a binder and a solvent as mentioned above, one of the following steps can be
conducted in order to obtain an electrode material in the form of slurry instead of step (AB2), step (AB3) and the
subsequent kneading with a binder and a solvent:

(ab1) wet blending the conductive carbon mixture, the fine particles, the gross particles, the binder and the solvent, or
(ab2) wet blending the conductive carbon mixture, the binder and the solvent, further adding the fine particles and
the gross particles and wet blending, or
(ab3) wet blending the conductive carbon mixture, the fine particles, the gross particles and the solvent, further
adding the binder and wet blending.

[0059] In cases where process (A) is conducted by using these methods, the amount of the different conductive carbon
used is chosen so that the ratio of the fine particles and the total amount of the oxidized carbon and the different conductive
carbon is within the range of 70:30 to 90:10 by mass and preferably within the range of 75:25 to 85:15 by mass.
[0060] In process (B), an active material layer is formed by applying the electrode material obtained in process (A)
onto a current collector to constitute a positive electrode or negative electrode of an electric storage device, this active
material layer is dried as necessary, pressure is applied to the active material layer by rolling treatment, and an electrode
is obtained. The rolling treatment can be given after the electrode material obtained in process (A) has been shaped
into a predefined form and press-fitted onto the current collector.
[0061] In process (B), as pressure is applied to the active material layer, the oxidized carbon at least part of which is
gelatinized further spreads and has become dense while covering the surface of the active material particles, the active
material particles approach each other, and accordingly the paste-like oxidized carbon is pushed out not only into the
gaps formed between the adjacent particles of the active material, but also into the pores that exist on the surface of
the particles of the active material, and densely fills the gaps and pores while covering the surface of the particles of the
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active material. Therefore, the amount of the active material per unit volume in the electrode is increased and the
electrode density is increased. Moreover, the paste-like oxidized carbon that is densely filled has a sufficient conductive
property to serve as a conductive agent.
[0062] As the current collector for an electrode of an electric storage device, an electroconductive material such as
platinum, gold, nickel, aluminum, titanium, steel and carbon can be used. For the form of the current collector, any form
such as a film, foil, plate, net, expanded metal, or cylinder can be adopted. To dry the active material layer, the solvent
can be removed, if needed, by heating under reduced pressure. The pressure applied to the active material layer by
rolling treatment is generally within the range of 50,000 to 1,000,000 N/cm2 and preferably within the range of 100,000
to 500,000 N/cm2. Also, there is no special restriction as to the temperature of the rolling treatment, and the rolling
treatment can be given at a normal temperature or under a heating condition.
[0063] In the electrode obtained by the method according to the present invention, the paste-like conductive carbon
in the active material layer also exists inside the gaps formed between the adjacent particles of the electrode active
material and/or the pores that exist on the surface of the particles of the electrode active material. Therefore, the coverage
of the surface of the particles of the active material by the paste-like conductive carbon is increased, the conductive
property of the entire active material layer is improved and the electrode density is also improved. Conductive carbon
such as carbon black, natural graphite and carbon nanotube, which are used as a conductive agent in an electrode of
a conventional electric storage device, can hardly intrude into gaps or pores of such narrow width.
[0064] It has been found that, although the electrode obtained by the method according to the present invention has
the active material layer comprising the paste-like conductive carbon that is densely filled, impregnation of an electrolytic
solution in an electric storage device into the electrode is not inhibited. In a preferred embodiment of the electrode
obtained by the method according to the present invention, the measurement of pore distribution in the active material
layer of the electrode by the mercury intrusion method reveals that the active material layer has pores with a diameter
of 5 to 40 nm. These fine pores, which are considered to be mainly pores in the paste-like conductive carbon that is
derived from the oxidized carbon and that has become dense, are large enough to allow an electrolytic solution in an
electric storage device to pass through the paste-like conductive carbon to the particles of the active material. Therefore,
the paste-like conductive carbon in the electrode has a sufficient conductive property and does not inhibit the impregnation
of the electrolytic solution in the electric storage device. As a result, the energy density of the electric storage device is
improved.
[0065] Moreover, it has been found that, probably because the surface of the particles of the active material in the
active material layer of the electrode obtained by the method according to the present invention is covered by the dense
oxidized carbon that spreads in a paste-like manner up to the inside of the pores that exist on the surface of the particles
of the active material, dissolution of the active material in the electrolytic solution is inhibited and the cycle characteristic
of the electric storage device is improved although the impregnation of the electrolytic solution in the electric storage
device into the electrode is not inhibited. In a preferred embodiment of the electrode obtained by the method according
to the present invention, the amount of dissolution of the active material is decreased by as much as 40 % or more
compared with when an electrode is composed of a conventional conductive agent such as acetylene black and the
particles of the active material. Moreover, because the dissolution of the active material is significantly inhibited, the
cycle characteristic of the electric storage device is significantly improved.
[0066] Especially, the oxidized carbon with a hydrophilic part that account for 10 % by mass or more of the whole
oxidized carbon is likely to be integrally compressed and spread in a paste-like manner when pressure is applied, cover
most or all of the surface of the particles of the active material up to the inside of the pores that exist on the surface of
the particles of the active material, and become dense. As a result, an electrode, in which 80 % or more, preferably 90
% or more and especially preferably 95 % or more of the surface of the particles of the active material in the active
material layer of the electrode contacts the paste-like conductive carbon that is derived from the oxidized carbon and
has become dense, is obtained.

(3) Electric storage device

[0067] The electrode obtained by the method according to the present invention is used for an electrode of an electric
storage device such as a secondary battery, an electric double layer capacitor, a redox capacitor and a hybrid capacitor.
The electric storage device comprises a pair of electrodes (positive electrode and negative electrode) and an electrolyte
that is placed therebetween as essential components. At least either of the positive electrode or the negative electrode
is produced by the method of producing in the present invention.
[0068] The electrolyte that is placed between a positive electrode and a negative electrode in an electric storage device
can be an electrolytic solution that is held by a separator, a solid electrolyte, or a gel electrolyte, that is, an electrolyte
that is used in a conventional electric storage device can be used without any restrictions. Representative electrolytes
are as follows. For a lithium ion secondary battery, an electrolytic solution in which a lithium salt such as LiPF6, LiBF4,
LiCF3SO3 and LiN(CF3SO2)2 is dissolved in a solvent such as ethylene carbonate, propylene carbonate, butylene



EP 3 147 970 B9

14

5

10

15

20

25

30

35

40

45

50

55

carbonate and dimethylcarbonate can be used and held by a separator such as polyolefin fiber nonwoven fabric and
glass fiber nonwoven fabric. Further, an inorganic solid electrolyte such as Li5La3Nb2O12, Li1.5Al0.5Ti1.5(PO4)3,
Li7La3Zr2O12 and Li7P3S11, an organic solid electrolyte that is composed of a complex of a lithium salt and a macromol-
ecule compound such as polyethylene oxide, polymethacrylate and polyacrylate, and a gel electrolyte in which an
electrolytic solution is absorbed into polyvinylidene fluoride and polyacrylonitrile etc. are also used. For an electric double
layer capacitor and a redox capacitor, an electrolytic solution in which a quaternary ammonium salt such as (C2H5)4NBF4
is dissolved in a solvent such as acrylonitrile and propylene carbonate is used. For a hybrid capacitor, an electrolytic
solution in which a lithium salt is dissolved in propylene carbonate etc. or an electrolytic solution in which a quaternary
ammonium salt is dissolved into propylene carbonate etc. is used.
[0069] However, if a solid electrolyte or a gel-like electrolyte is used as the electrolyte between a positive electrode
and a negative electrode, an electrode material is prepared by adding a solid electrolyte to each of the abovementioned
component elements in the abovementioned process (A) for the purpose of securing an ion conduction path in the active
material layer.

EXAMPLES

[0070] The present invention is explained in the following examples, though the present invention is not limited to the
following examples.

(1) Production of oxidized carbon and electrode

Example 1

[0071] Ketjen Black (trade name: EC300J, manufacturer: Ketjen Black International Co., the BET specific surface
area: 800m2/g) weighing10 g was added to 300 mL of 60% nitric acid and then the fluid obtained was irradiated by an
ultrasonic wave for 10 minutes, and then the fluid was filtered and the Ketjen Black was retrieved. The retrieved Ketjen
Black was washed with water three times and then dried, so that acid-treated Ketjen Black was obtained. Then, 0.5g of
the acid-treated Ketjen Black obtained was mixed with 1.98 g Fe(CH3COO)2, 0.77 g Li(CH3COO), 1.10 g C6H8O7•H2O,
1.32 g CH3COOH, 1.31 g H3PO4, and 120 mL distilled water, and the mixed fluid obtained was agitated by a stirrer for
1 hour, and then the mixed fluid was evaporated, dried and solidified at 100°C in air and a mixture was collected. Then,
the mixture obtained was introduced into a vibratory ball mill device and pulverization was conducted at 20 hz for 10
minutes. The powder obtained by pulverization was heated at 700°C for 3 minutes in nitrogen, and a complex in which
LiFePO4 was supported by Ketjen Black was obtained.
[0072] 1g of the complex obtained was added to 100 mL of 30% hydrochloric acid aqueous solution, then the LiFePO4
in the complex was dissolved by irradiating the fluid obtained with an ultrasonic wave for 15 minutes, and the remaining
solid matter was filtered, washed with water and dried. A part of the solid matter after drying was heated to 900°C in air
and its weight loss was measured by TG analysis. Until it was confirmed that the weight loss was 100%, that is, no
LiFePO4 remained, the abovementioned process of dissolving LiFePO4 in the hydrochloric acid aqueous solution, filtering,
washing with water and drying was repeated, so that an oxidized carbon that did not contain any LiFePO4 was obtained.
[0073] Then, 0.1 g of the oxidized carbon obtained was added to 20 ml of ammonia solution with pH 11, and ultrasonic
irradiation was conducted for 1 minute. The fluid obtained was left for 5 hours and a solid phase area was precipitated.
After the precipitation of the solid phase area, the supernatant fluid was removed, the remaining part was dried, and the
weight of the solid object after drying was measured. By subtracting the weight of the solid object after drying from the
weight of the initial oxidized carbon (0.1 g) and calculating the weight ratio of the subtracted result against the initial
weight of the oxidized carbon (0.1 g), the contained amount of the "hydrophilic part" in the oxidized carbon was evaluated.
[0074] Fe(CH3COO)2, Li(CH3COO), C6H8O7•H2O, CH3COOH and H3PO4 were introduced into distilled water, and
the compound fluid obtained was agitated by a stirrer for 1 hour, and then the compound fluid was evaporated, dried
and solidified at 100°C in air and then heated at 700°C for 3 minutes in nitrogen, and LiFePO4 fine particles with an
initial particle diameter of 100 nm (the average particle diameter: 100 nm) were obtained. Then, commercially available
LiFePO4 gross particles (initial particle diameter: 0.5 to 1 mm, secondary particle diameter: 2 to 3 mm, the average particle
diameter: 2.5 mm), the fine particles obtained and the oxidized carbon were mixed at the ratio of 90:9:1, and an electrode
material was obtained. Then, 5% by mass of the total mass of polyvinylidene fluoride and an adequate quantity of N-
methyl pyrrolidone were added to the electrode material and kneaded sufficiently so that a slurry was formed, and this
slurry was coated on an aluminum foil, dried and then given a rolling treatment, and an electrode with an active material
layer was obtained. The electrode density of the electrode was calculated from the measured values of the volume and
weight of the active material layer on the aluminum foil in the electrode.
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Example 2

[0075] The procedure of Example 1 was repeated except that the process in which 0.5 g the acid-treated Ketjen Black,
1.98 g Fe(CH3COO)2, 0.77 g Li(CH3COO), 1.10 g C6H8O7•H2O, 1.32 g CH3COOH, 1.31 g H3PO4 and 120 mL distilled
water were mixed was changed into a process in which 1.8 g the acid-treated Ketjen Black, 0.5 g Fe(CH3COO)2, 0.19
g Li(CH3COO), 0.28 g C6H8O7•H2O, 0.33 g CH3COOH, 0.33 g H3PO4 and 250 mL distilled water were mixed.

Example 3

[0076] 10g of Ketjen Black used in Example 1 was added to 300 mL of 40% nitric acid and then the fluid obtained was
irradiated by an ultrasonic wave for 10 minutes, and then the fluid was filtered and the Ketjen Black was retrieved. The
retrieved Ketjen Black was washed with water three times and then dried, so that acid-treated Ketjen Black was obtained.
Then, the procedure of Example 2 was repeated except that this acid-treated Ketjen Black 1.8 g was used instead of
the acid-treated Ketjen Black 1.8 g used in Example 2.

Comparative Example 1

[0077] 10g of Ketjen Black used in Example 1 was added to 300 mL of 60% nitric acid and then the fluid obtained was
irradiated by an ultrasonic wave for 1 hour, and then the fluid was filtered and the Ketjen Black was retrieved. The
retrieved Ketjen Black was washed with water three times and then dried, so that acid-treated Ketjen Black was obtained.
This acid-treated Ketjen Black was heated at 700°C for 3 minutes in nitrogen. For the oxidized carbon obtained, the
contained amount of the hydrophilic part was measured by using the same procedure as the procedure in Example 1.
Also, using the oxidized carbon obtained, an electrode containing LiFePO4 was produced by using the same procedure
as the procedure in Example 1 and its electrode density was calculated.

Comparative Example 2

[0078] 10 g of Ketjen Black used in Example 1 was added to 300 mL of 30% nitric acid and then the fluid obtained
was irradiated by an ultrasonic wave for 10 minutes, and then the fluid was filtered and the Ketjen Black was retrieved.
The retrieved Ketjen Black was washed with water three times and then dried, so that acid-treated Ketjen Black was
obtained. Then, without pulverization by vibratory ball mill, it was heated at 700°C for 3 minutes in nitrogen. For the
oxidized carbon obtained, the contained amount of the hydrophilic part was measured by using the same procedure as
the procedure in Example 1. Also, using the oxidized carbon obtained, an electrode containing LiFePO4 was produced
by using the same procedure as the procedure in Example 1 and its electrode density was calculated.

Comparative Example 3

[0079] To confirm the contribution of the hydrophilic part to electrode density, 40 mg of the oxidized carbon of Example
1 was added to 40 mL of pure water, ultrasonic irradiation was applied for 30 minutes to disperse the carbon in the pure
water, then the dispersion was left for 30 minutes, after which the supernatant fluid was removed, then the remaining
part was dried, and a solid object was obtained. For this solid object, the contained amount of the hydrophilic part was
measured by using the same procedure as the procedure in Example 1. Also, using the solid object obtained, an electrode
containing LiFePO4 was produced by using the same procedure as the procedure in Example 1 and its electrode density
was calculated.

Comparative Example 4

[0080] For the Ketjen Black raw material used in Example 1, the contained amount of the hydrophilic part was measured
by using the same procedure as the procedure in Example 1. Also, using the Ketjen Black raw material, an electrode
containing LiFePO4 was produced by using the same procedure as the procedure in Example 1 and its electrode density
was calculated.
[0081] Figure 1 is a graph that shows the relationship between the contained amounts of the hydrophilic part in the
carbons of Examples 1 to 3 and Comparative Examples 1 to 4 and the electrode densities of the electrodes of Examples
1 to 3 and Comparative Examples 1 to 4. As is evident from Figure 1, if the contained amount of the hydrophilic part
exceeds 8% by mass of the entire oxidized carbon, the electrode density begins to increase, and if it exceeds 9% by
mass of the entire oxidized carbon, the electrode density begins to increase sharply, and if the contained amount of the
hydrophilic part exceeds 10% by mass of the entire oxidized carbon, the high electrode density of 2.6 g/cc or more can
be obtained. Also, as is evident from the comparison of the result for Example 1 and the result for Comparative Example
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3, the hydrophilic part of the oxidized carbon largely contributes to the improvement of electrode density. Also, based
on the observation of SEM images it was confirmed that the gelatinization of the oxidized carbon rapidly progresses as
the contained amount of the hydrophilic part of the oxidized carbon is increased and the electrode density begins to
increase rapidly.

(3) Evaluation as a lithium ion secondary battery

(i) Active material: LiNi0.5Mn0.3Co0.2O2

Example 4

[0082] Li2CO3, Ni(CH3COO)2, Mn(CH3COO)2 and Co(CH3COO)2 were introduced into distilled water, the compound
fluid obtained was agitated by a stirrer for 1 hour, and then the compound fluid was evaporated, dried and solidified at
100°C in air, mixed by using a ball mill, and then heated at 800°C in air for 10 minutes, and LiNi0.5Mn0.3Co0.2O2 fine
particles with an average diameter of 0.5 mm were obtained. These fine particles and the oxidized carbon in Example
1 were mixed at the ratio by mass of 90:10 and a preliminary compound was obtained. Then, 86% by mass of commercially
available LiNi0.5Mn0.3Co0.2O2 gross particles (average diameter: 5 mm), 9% by mass of the abovementioned preliminary
compound and 2% by mass of acetylene black (primary particle diameter: 40 nm) were mixed, and then 3% by mass of
polyvinylidene fluoride and an adequate quantity of N-methyl pyrrolidone were added and kneaded sufficiently so that
a slurry was formed, and this slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a
positive electrode with an active material layer for a lithium ion secondary battery was obtained. The electrode density
of the positive electrode was calculated from the measured values of the volume and weight of the active material layer
on the aluminum foil in the positive electrode. The value of the electrode density was 4.00 g/cc. Further, using the positive
electrode obtained, a lithium ion secondary battery was manufactured in which 1M LiPF6 in a 1:1 ethylene carbonate/di-
ethyl carbonate solution was used as an electrolytic solution, and in which lithium was used as a counter electrode.
Charging/discharging characteristics of the lithium ion secondary battery obtained were measured for a broad range of
current densities.

Example 5

[0083] 94% by mass of commercially available LiNi0.5Mn0.3Co0.2O2 particles (average diameter: 5 mm), 2% by mass
of the oxidized carbon of Example 1 and 2% by mass of acetylene black (primary particle diameter: 40 nm) were mixed,
and then 2% by mass of polyvinylidene fluoride and an adequate quantity of N-methyl pyrrolidone were added and
kneaded sufficiently so that a slurry was formed, and this slurry was coated on an aluminum foil, dried and then given
a rolling treatment, and a positive electrode with an active material layer for a lithium ion secondary battery was obtained.
The electrode density of the positive electrode was calculated from the measured values of the volume and weight of
the active material layer on the aluminum foil in the positive electrode. The value of the electrode density was 3.81 g/cc.
Further, using the positive electrode obtained, a lithium ion secondary battery was manufactured in which 1M LiPF6 in
a 1:1 ethylene carbonate/diethyl carbonate solution was used as an electrolytic solution, and in which lithium was used
as a counter electrode. Charging/discharging characteristics of the lithium ion secondary battery obtained were measured
for a broad range of current densities.

Comparative Example 5

[0084] 94% by mass of commercially available LiNi0.5Mn0.3Co0.2O2 particles (average diameter: 5 mm) and 4% by
mass of acetylene black (primary particle diameter: 40 nm) were mixed, and then 2% by mass of polyvinylidene fluoride
and an adequate quantity of N-methyl pyrrolidone were added and kneaded sufficiently so that a slurry was formed, and
this slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an
active material layer for a lithium ion secondary battery was obtained. The electrode density of the positive electrode
was calculated from the measured values of the volume and weight of the active material layer on the aluminum foil in
the positive electrode. The value of the electrode density was 3.40 g/cc. Further, using the positive electrode obtained,
a lithium ion secondary battery was manufactured in which 1M LiPF6 in a 1:1 ethylene carbonate/diethyl carbonate
solution was used as an electrolytic solution, and in which lithium was used as a counter electrode. Charging/discharging
characteristics of the lithium ion secondary battery obtained were measured for a broad range of current densities.
[0085] Figure 2 shows SEM images of the cross-section of the positive electrode of the lithium ion secondary battery
of Example 5 and Figure 3 shows SEM images of the cross-section of the positive electrode of the lithium ion secondary
battery of Comparative Example 5. In both figures, (A) is an image at a magnification of 1,500 and (B) is an image at a
magnification of 25,000. In Figure 2(A) and Figure 3(A), the thickness of the active material layer is shown as t. It can
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be seen that the active material layer in the lithium ion secondary battery of Example 5 is thinner than the active material
layer in the lithium ion secondary battery of Comparative Example 5, even though the contained amount of the particles
of the active material and the contained amount of carbon in the active material layer are the same. Also, from the
comparison of Figure 2(A) and Figure 3(A), it was found that, in the active material layer of the lithium ion secondary
battery of Example 5, the particles of the active material approach each other and the ratio of the area occupied by
carbon to the area of the entire active material layer in the image is small. Further, the forms of carbon in Figure 2(B)
and Figure 3(B) are remarkably different. In the active material layer of the lithium ion secondary battery of Comparative
Example 5 (Figure 3(B)), the grain boundaries of carbon (acetylene black) primary particles are clear and there are large
gaps adjacent to the surface boundary between the particles of the active material and the carbon particles, especially
adjacent to the pores formed on the surface of the particles of the active material, in addition to the gaps between the
carbon particles, whereas in the active material layer of the lithium ion secondary battery of Example 5 (Figure 2(B)),
the grain boundaries of carbon primary particles are not discernible, the carbon is paste-like and this paste-like carbon
intrudes into the deep parts of the pores of the particles of the active material that have a width of 50 nm or less (ie.
gaps between the primary particles), and gaps are virtually absent. Moreover, it is shown that 90% or more of the surface
of the particles of the active material contact the paste-like carbon. It is assured that the difference between the electrode
densities in the positive electrodes of the lithium ion secondary batteries in Example 5 and Comparative Example 5 is
derived from the above-described difference in the forms of carbon.
[0086] As mentioned above, because the active material layer in Example 5 is thinner than the active material layer
in Comparative Example 5, it is assured that the material filling rate in the former is large, and the material filling rate
was confirmed in the following formulae. The theoretical electrode density refers to the electrode density when gaps in
the active material layer are assumed to be 0%. 

where:

a : % by mass of the active material against the entire active material layer
b : % by mass of carbon against the entire active material layer
100-a-b : % by mass of polyvinylidene fluoride against the entire active material layer
X : true density of the active material
Y : true density of carbon black
Z : true density of polyvinylidene fluoride

[0087] As a result, the material filling rate of the active material layer in Example 5 was 86.8% and the material filling
rate of the active material layer in Comparative Example 5 was 79.1%; in the electrode containing the paste-like conductive
carbon derived from the oxidized carbon, an improvement in the filling rate of as much as 7.7% was observed.
[0088] Figure 4 shows the result of the measurement of the pore distribution in the active material layer of Example
5 and the active material layer of Comparative Example 5 by the mercury intrusion method. The result shows that, in
the active material layer in Comparative Example 5, pores with a diameter of 20 nm or less are virtually absent, and
most of the pores show peaks at the diameter of approximately 30 nm, the diameter of approximately 40 nm, and the
diameter of approximately 150 nm. Presumably, the pores that show a peak at the diameter of approximately 150 nm
are pores that are mainly attributable to the particles of an active material and the pores that show peaks at the diameter
of approximately 30 nm and the diameter of approximately 40 nm are the pores that are mainly found between particles
of acetylene black. On the other hand, it is assured that, in the active material layer in Example 5, the number of pores
with a diameter of approximately 100 nm or more among the pores in the active material layer in Comparative Example
5 is decreased, and instead the number of pores with a diameter within the range of 5 to 40 nm is increased. It is
considered that the decrease in the number of pores with a diameter of approximately 100 nm or more is because the
pores of the particles of the active material are covered with the paste-like conductive carbon. Moreover, the pores with
a diameter within the range of 5 to 40 nm, which are presumably pores in the dense, paste-like conductive carbon that
is derived from the oxidized carbon, are of a sufficiently large size to allow for the electrolytic solution in an electric
storage device to go through the paste-like conductive carbon to contact the active material particles. Therefore, it is
concluded that the paste-like conductive carbon in the electrode does not inhibit the impregnation of the electrolytic
solution in the electric storage device.
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[0089] Figure 5 is a graph that shows the relationship between the rate and the discharge capacity per volume of the
positive electrode active material layer in the lithium ion secondary batteries of Example 4, Example 5 and Comparative
Example 5. The lithium ion secondary battery of Example 5 shows a higher capacity than the lithium ion secondary
battery of Comparative Example 5, and the lithium ion secondary battery of Example 4 shows a higher capacity than
the lithium ion secondary battery of Example 5. That is, as the electrode density of the positive electrode increases, the
discharge capacity per volume also increases. Also, these secondary batteries show almost the same rate characteristics.
This reveals that the paste-like conductive carbons contained in the active material layers in the secondary batteries of
Example 4 and Example 5, which are derived from the oxidized carbon and have become dense, have sufficient elec-
troconductivity to serve as a conductive agent and do not inhibit the impregnation of the electrolytic solution in the
secondary battery. Also, the positive electrode of the secondary battery in Example 4 shows a higher electrode density
than the positive electrode of the secondary battery in Example 5, even though the contained amount of the particles of
the active material and the contained amount of carbon in the active material layer are almost the same, which is
presumably because the fine particles are pushed out into and fill the gaps formed between the adjacent gross particles
together with the past-like oxidized carbon of Example 1 while pressing the oxidized carbon.
[0090] For the lithium secondary batteries of Example 5 and Comparative Example 5, charging/discharging was re-
peated within the range of 4.6 to 3.0 V under the condition of 60°C and the charging/discharging rate of 0.5 C. Figure 6
shows the result of the cycling characteristics obtained. The result shows that the secondary battery of Example 5 has
better cycle characteristics than the secondary battery of Comparative Example 5. From a comparison of Figure 2 and
Figure 3, it is considered that this is because almost all of the surface of the particles of the active material in the active
material layer in Example 5 is covered with the dense paste-like carbon up to the point of the depth of the pores on the
surface of the particles of the active material and that this paste-like carbon inhibits the degradation of the active material.

(ii) Active material: LiCoO2

Example 6

[0091] Li2CO3, Co(CH3COO)2 and C6H8O7•H2O were introduced into distilled water, the compound fluid obtained was
agitated by a stirrer for 1 hour, and then the compound fluid was evaporated, dried and solidified at 100°C in air and
was then heated at 800°C in air for 10 minutes, and LiCoO2 fine particles with an average diameter of 0.5 mm were
obtained. These fine particles and the oxidized carbon obtained in Example 1 were mixed at the mass ratio of 90:10,
and a preliminary mixture was obtained. Then, 86% by mass of the total mass of commercially available LiCoO2 gross
particles (average particle diameter: 10 mm), 9% by mass of the preliminary mixture and 2 % by mass of acetylene black
(primary particle diameter: 40 nm) were mixed, and then 3 % by mass of polyvinylidene fluoride and an adequate quantity
of N-methyl pyrrolidone were added and kneaded sufficiently so that a slurry was formed, and this slurry was coated on
an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an active material layer for a
lithium ion secondary battery was obtained. The electrode density of the positive electrode was calculated from the
measured values of the volume and weight of the active material layer on the aluminum foil in the positive electrode.
The value of the electrode density was 4.25 g/cc. Further, using the positive electrode obtained, a lithium ion secondary
battery was manufactured in which 1M LiPF6 in a 1:1 ethylene carbonate/diethyl carbonate solution was used as an
electrolytic solution, and in which lithium was used as a counter electrode. Charging/discharging characteristics of the
lithium ion secondary battery obtained were measured for a broad range of current densities.

Example 7

[0092] 94% by mass of commercially available LiCoO2 particles (average diameter: 10 mm), 2% by mass of the oxidized
carbon of Example 1 and 2% by mass of acetylene black (primary particle diameter: 40 nm) were mixed, and then 2%
by mass of polyvinylidene fluoride and an adequate quantity of N-methyl pyrrolidone were added and kneaded sufficiently
so that a slurry was formed, and this slurry was coated on an aluminum foil, dried and then given a rolling treatment,
and a positive electrode with an active material layer for a lithium ion secondary battery was obtained. The electrode
density of the positive electrode was calculated from the measured values of the volume and weight of the active material
layer on the aluminum foil in the positive electrode. The value of the electrode density was 4.05 g/cc. Further, using the
positive electrode obtained, a lithium ion secondary battery was manufactured in which 1M LiPF6 in a 1:1 ethylene
carbonate/diethyl carbonate solution was used as an electrolytic solution, and in which lithium was used as a counter
electrode. Charging/discharging characteristics of the lithium ion secondary battery obtained were measured for a broad
range of current densities.



EP 3 147 970 B9

19

5

10

15

20

25

30

35

40

45

50

55

Comparative Example 6

[0093] 94% by mass of commercially available LiCoO2 particles (average diameter: 10 mm) and 4% by mass of
acetylene black (primary particle diameter: 40 nm) were mixed, and then 2% by mass of polyvinylidene fluoride and an
adequate quantity of N-methyl pyrrolidone were added and kneaded sufficiently so that a slurry was formed, and this
slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an active
material layer for a lithium ion secondary battery was obtained. The electrode density of the positive electrode was
calculated from the measured values of the volume and weight of the active material layer on the aluminum foil in the
positive electrode. The value of the electrode density was 3.60 g/cc. Further, using the positive electrode obtained, a
lithium ion secondary battery was manufactured in which 1M LiPF6 in a 1:1 ethylene carbonate/diethyl carbonate solution
was used as an electrolytic solution, and in which lithium was used as a counter electrode. Charging/discharging char-
acteristics of the lithium ion secondary battery obtained were measured for a broad range of current densities.
[0094] For the active material layer in Example 7 and the active material layer in Comparative Example 6, the material
filling rates were confirmed by using the abovementioned formulae (I) and (II). As a result, the material filling rate of the
active material layer in Example 7 was 85.6 % and the material filling rate of the active material layer in Comparative
Example 6 was 79.1 %; in the electrode containing the paste-like conductive carbon derived from the oxidized carbon,
an improvement in the filling rate of as much as 6.5 % was observed.
[0095] Figure 7 is a graph that shows the relationship between the rate and the discharge capacity per volume of the
positive electrode active material layer in the lithium ion secondary batteries of Example 6, Example 7 and Comparative
Example 6. In line with the result shown in Figure 5, Figure 7 shows that the discharging capacity increases as the
electrode density increases and almost the same rate characteristics are obtained. For the lithium ion secondary batteries
of Example 7 and Comparative Example 6, charging/discharging was repeated within the range of 4.3 to 3.0 V under
the condition of 60 °C and the charging/discharging rate of 0.5 C. Figure 8 shows the result of the cycling characteristics
obtained. In line with the result shown in Figure 6, Figure 8 shows that the secondary battery of Example 7 has better
cycle characteristics than the secondary battery of Comparative Example 6.

(iii) Active material: Li1.2Mn0.56Ni0.17Co0.07O2

Example 8

[0096] 1.66 g Li (CH3COO), 2.75 g Mn(CH3COO)2•4H2O, 0.85 g Ni(CH3COO)2•4H2O, 0.35 g Co(CH3COO)2•4H2O
and 200 mL distilled water were mixed, solvent was removed by using the evaporator, and a mixture was collected.
Then, the mixture collected was introduced into a vibratory ball mill device, pulverization at 15 hz was conducted for 10
minutes, and an even mixture was obtained. The mixture after pulverization was heated at 900 °C in air for 1 hour and
crystals of a lithium excess solid solution Li1.2Mn0.56Ni0.17Co0.07O2 with an average particle diameter of 1 mm or less
were obtained. 91 % by mass of these crystal particles and 4 % by mass of the oxidized carbon of Example 1 were
mixed, and then 5% by mass of polyvinylidene fluoride and an adequate quantity of N-methyl pyrrolidone were added
and kneaded sufficiently so that a slurry was formed, and this slurry was coated on an aluminum foil, dried and then
given a rolling treatment, and a positive electrode with an active material layer for a lithium ion secondary battery was
obtained. The electrode density of the positive electrode was calculated from the measured values of the volume and
weight of the active material layer on the aluminum foil in the positive electrode. The value of the electrode density was
3.15 g/cc. Further, using the positive electrode obtained, a lithium ion secondary battery was manufactured in which 1M
LiPF6 in a 1:1 ethylene carbonate/diethyl carbonate solution was used as an electrolytic solution, and in which lithium
was used as a counter electrode. Charging/discharging characteristics of the lithium ion secondary battery obtained
were measured for a broad range of current densities.

Comparative Example 7

[0097] 91% by mass of Li1.2Mn0.56 Ni0.17 Co0.07O2 particles that were obtained in Example 8 and 4% by mass of
acetylene black (primary particle diameter: 40 nm) were mixed, and then 5% by mass of polyvinylidene fluoride and an
adequate quantity of N-methyl pyrrolidone were added and kneaded sufficiently so that a slurry was formed, and this
slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an active
material layer for a lithium ion secondary battery was obtained. The electrode density of the positive electrode was
calculated from the measured values of the volume and weight of the active material layer on the aluminum foil in the
positive electrode. The value of the electrode density was 2.95 g/cc. Further, using the positive electrode obtained, a
lithium ion secondary battery was manufactured in which 1M LiPF6 in a 1:1 ethylene carbonate/diethyl carbonate solution
was used as an electrolytic solution, and in which lithium was used as a counter electrode. Charging/discharging char-
acteristics of the lithium ion secondary battery obtained were measured for a broad range of current densities.
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[0098] Figure 9 is a graph that shows the relationship between the rate and the discharge capacity per volume of the
positive electrode active material layer in the lithium ion secondary batteries of Example 8 and Comparative Example
7. In line with the result shown in Figure 5, Figure 9 shows that the discharging capacity increases as the electrode
density increases and almost the same rate characteristics are obtained. For the lithium ion secondary batteries of
Example 8 and Comparative Example 7, charging/discharging was repeated within the range of 4.8 to 2.5 V under the
condition of 25 °C and the charging/discharging rate of 0.5 C. Figure 10 shows the result of the cycling characteristics
obtained. As with the result shown in Figure 6, Figure 10 shows that the secondary battery of Example 8 has better cycle
characteristics than the secondary battery of Comparative Example 7.

(iv) Change of oxidized carbon

Example 9

[0099] 10 g of furnace black with pores (average primary particle diameter: 20 nm, the BET specific surface area:
1400 m2/g) was added to 300 mL of 60% nitric acid, an ultrasonic wave was irradiated for 10 minutes into the fluid
obtained, and the fluid was filtrated and the furnace black was retrieved. The retrieved furnace black was washed with
water three times and then dried, so that acid-treated furnace black was obtained. 0.5 g of this acid-treated furnace
black, 1.98 g Fe(CH3COO)2, 0.77 g Li(CH3COO), 1.10 g C6H8O7•H2O, 1.32 g CH3COOH, 1.31 g H3PO4, and 120 mL
distilled water were mixed. The compound fluid obtained was agitated for 1 hour by a stirrer, and then the compound
fluid was evaporated, dried and solidified at 100°C in air, and a mixture was collected. Then, the mixture obtained was
introduced into a vibratory ball mill device and pulverization was conducted at 20 hz for 10 minutes. The powder after
pulverization was heated at 700°C for 3 minutes in nitrogen, and a complex in which LiFePO4 was supported by the
furnace black was obtained.
[0100] 1 g of the complex obtained was added to 100 mL of 30% hydrochloric acid solution, and LiFePO4 in the
complex was dissolved while the fluid obtained was irradiated by an ultrasonic wave for 15 minutes, and then the
remaining solid body was filtered, washed by water, and dried. A part of the solid body after drying was heated to 900
°C in air and weight loss was measured by TG analysis. The process of dissolution of LiFePO4 by the aforementioned
hydrochloric acid solution, filtration, water washing and drying was repeated until it was confirmed that weight loss was
100%, that is, no LiFePO4 remained, so that a oxidized carbon that did not contain any LiFePO4 was obtained.
[0101] Then, 0.1 g of the oxidized carbon obtained was added to 20 mL of ammonia solution with pH 11, and ultrasonic
irradiation was applied for 1 minute. The fluid obtained was left for 5 hours and a solid phase area was precipitated.
After the precipitation of the solid phase area, the supernatant fluid was removed, the remaining part was dried, and the
weight of the solid object after drying was measured. By subtracting the weight of the solid object after drying from the
weight of the initial oxidized carbon (0.1 g) and calculating the weight ratio of the subtracted result against the initial
weight of the oxidized carbon (0.1 g), the contained amount of the "hydrophilic part" in the oxidized carbon was evaluated.
This oxidized carbon contained 13% of hydrophilic part. The contained amount of the hydrophilic part in the furnace
black with pores, which was used as a raw material, was only 2%.
[0102] 94% by mass of commercially available LiNi0.5Mn0.3Co0.2O2 particles (average diameter: 5 mm), 2 % by mass
of the oxidized carbon obtained, and 2% by mass of acetylene black (primary particle diameter: 40 nm) were mixed.
Figure 11 shows an SEM image of the mixture obtained at a magnification of 50,000. The surface of the particles is
partly covered with a paste-like material and their outline form is not clearly identifiable; this paste-like material is the
oxidized carbon that is obtained by oxidizing the furnace black raw material, which spreads while covering the surface
of the particles due to the pressure during mixing. Also, it can be observed that acetylene black with an average primary
particle diameter 40 nm is well dispersed. It is generally said that fine particles easily aggregate, but by virtue of the
oxidized carbon, aggregation of the fine particles is effectively inhibited.
[0103] Then, 2% by mass of the total mass of polyvinylidene fluoride and an adequate quantity of N-methyl pyrrolidone
were added to the mixture obtained and kneaded sufficiently so that a slurry was formed, and this slurry was coated on
an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an active material layer for a
lithium ion secondary battery was obtained. The electrode density of the positive electrode was calculated from the
measured values of the volume and weight of the active material layer on the aluminum foil in the positive electrode.
The value of the electrode density was 3.80 g/cc. Further, using the positive electrode obtained, a lithium ion secondary
battery was manufactured in which a solution of 1M LiPF6 in a 1:1 ethylene carbonate/diethyl carbonate solution was
used as an electrolytic solution, and in which lithium was used as a counter electrode. For the battery obtained, charg-
ing/discharging characteristics were evaluated for a broad range of current densities. Also, charging/discharging was
repeated within the range of 4.6 to 3.0 V under the condition of 60 °C and the charging/discharging rate of 0.5 C.
[0104] Example 9 and Comparative Example 5 are different in terms of the kind of carbon used for a positive electrode,
but otherwise the same. In Example 9, the oxidized carbon obtained from a furnace black raw material with pores and
acetylene black were used, whereas in Comparative Example 5, only acetylene black was used. The electrode density
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of the positive electrode in Comparative Example 5 was 3.40 g/cc, so the electrode density was significantly improved
by using the oxidized carbon. Example 9 and Example 5 are also different in terms of the kind of oxidized carbon used
for a positive electrode, but otherwise the same. In Example 5, the oxidized carbon that was obtained from the Ketjen
Black raw material was used, whereas in Example 9, the oxidized carbon obtained from the furnace black raw material
was used. The electrode density of the positive electrode in Example 5 was 3.81 g/cc, so almost the same electrode
density was obtained notwithstanding the difference in the raw materials in the oxidized carbon.
[0105] Figure 12 shows the relationship between the rate and the discharge capacity per volume of the positive
electrode active material layer of the lithium ion secondary batteries in Example 9 and Comparative Example 5, and
Figure 13 shows the result of the cycling characteristics of the lithium ion secondary batteries in Example 9 and Com-
parative Example 5. Figure 12 shows that the discharge capacity increases as the electrode density increases and
almost the same rate characteristics are obtained. Also, comparison of the rate characteristics of the secondary battery
of Example 5 in Figure 5 and the rate characteristics of the secondary battery of Example 9 in Figure 12 reveals that
almost the same rate characteristics are obtained notwithstanding the difference in the raw materials in the oxidized
carbon used for the positive electrodes. Figure 13 shows that the secondary battery of Example 9 has better characteristics
than the secondary battery of Comparative Example 5. Also, comparison of the cycling characteristics of the secondary
battery of Example 5 in Figure 6 and the cycling characteristics of the secondary battery of Example 9 in Figure 13
reveals that almost the same rate characteristics can be obtained notwithstanding the difference in the raw materials in
the oxidized carbon used for the positive electrodes.

(3) Solubility of active material

[0106] As mentioned above, it is considered that the excellent cycle characteristics of the lithium ion secondary battery
with a positive electrode obtained by the method according to the present invention is because almost all the surface of
the particles of the active material is covered with the paste-like carbon and this paste-like carbon inhibits the degradation
of the active material. To confirm this, the solubility of the active material was investigated.
[0107] Each of the oxidized carbon in Example 1 and acetylene black was mixed with LiFePO4 particles with an
average diameter of 0.22 mm, LiCoO2 particles with an average diameter of 0.26 mm, and LiNi0.5Mn0.3Co0.2O2 with an
average diameter of 0.32 mm at the ratio by mass of 5:95, and then 5% by mass of the total mass of polyvinylidene
fluoride and an adequate quantity of N-methyl pyrrolidone were added and kneaded sufficiently so that a slurry was
formed, and this slurry was coated on an aluminum foil, dried and then given a rolling treatment, and an electrode was
obtained. By using this electrode and an electrolyte in which 1,000 ppm water was added to a solution of 1M LiPF6 in
a 1:1 ethylene carbonate/diethyl carbonate solution, a coin-type battery was manufactured. In this test, fine particles
with a large specific surface area were used in order to increase the area of the active material that contacts the electrolytic
solution. Also, 1000 ppm water was added for the purpose of conducting an accelerated test because an active material
dissolves more easily when there is more water. This battery was left for 1 week at 60 °C, then it was disintegrated, and
then the electrolyte was collected and the amount of metal dissolved in the electrolyte was analyzed by using an ICP
emission analysis device. Table 1 shows the result obtained.

[0108] As is evident from Table 1, the paste-like conductive carbon that is derived from the oxidized carbon in Example
1 remarkably inhibits the dissolution of the active material into the electrolyte, compared with acetylene black. This is
conceivably because the oxidized carbon of Example 1, even if its active material is fine particles with an average particle
diameter of 0.22 to 0.32 mm, effectively inhibits the aggregation of these fine particles and covers almost all the surface
of the particles of the active material.

Table 1
amount of dissolution of active material / % decrease ratio (against acetylene 

black)Mn Fe Co Ni

LiFePO4 + acetylene black 1.52
LiFePO4 + carbon in Example 1 0.93 -39%
LiCoO2 + acetylene black 13.1
LiCoO2 + carbon in Example 1 6.05 -54%
LiNi0.5Mn0.3Co0.2O2 + acetylene 
black

4.5 1.59 1.32

LiNi0.5Mn0.3Co0.2O2 + carbon in 
Example 1

1.9 1.35 0.93 -44%



EP 3 147 970 B9

22

5

10

15

20

25

30

35

40

45

50

55

(4) Mixing state of oxidized carbon and active material

[0109] The following experiment was performed to confirm the mixing state of an active material and carbon.

(i) Mixture of fine particles and carbon

[0110] Each of the oxidized carbon of Example 1 and acetylene black was introduced into a mortar with
LiNi0.5Mn0.3Co0.2O2 fine particles with an average particle diameter of 0.32 mm at the ratio by mass of 20:80 and dry
blending was conducted. Figure 14 shows SEM images at a magnification of 50,000. It was found that, when acetylene
black is used as carbon, compared with the case where the oxidized carbon of Example 1 is used, the fine particles
aggregate even under the same mixing condition. Therefore, it was found that the oxidized carbon of Example 1 effectively
inhibits the aggregation of the fine particles.

(ii) Mixture of gross particles and carbon

[0111] Each of the oxidized carbon of Example 1 and acetylene black was introduced into a mortar with
LiNi0.5Mn0.3Co0.2O2 gross particles with an average particle diameter of 5 mm at the ratio by mass of 4:96 and dry
blending was conducted. Figure 15 shows SEM images at a magnification of 100,000. It was found that, when acetylene
black is used as carbon, the gross particles and acetylene black exist separately, but when the oxidized carbon of
Example 1 is used, the gross particles are covered by a paste-like object, and the outline form of the gross particles is
not clearly identifiable. This paste-like object is the oxidized carbon obtained in Example 1, which spreads while covering
the surface of the gross particles due to the pressure of blending. It is considered that, by a rolling treatment when an
electrode is produced, the oxidized carbon of Example 1 further spreads in a paste-like manner and becomes dense
while covering the surface of the particles of the active material, the particles of the active material approach each other,
and accordingly, the past-like oxidized carbon is pushed out into the gaps formed between the adjacent particles of the
active material and fills the gaps densely while covering the surface of the particles of the active material, so that the
amount of the active material per unit volume in the electrode is increased and the electrode density is increased.

(5) Usage of conductive carbon mixture

(i)Active material: LiNi0.5Mn0.3Co0.2O2

Example 10

[0112] The oxidized carbon obtained in Example 1 and acetylene black (primary particle diameter: 40 nm) were
introduced into a ball mill at the mass ratio of 1:1 and dry blended, and a conductive carbon mixture was obtained. Figure
16 shows a SEM image of the conductive carbon mixture obtained, and Figure 17 shows TEM images of the conductive
carbon mixture obtained. Figure 16 is an image at a magnification of 50,000, Figure 17(A) is an image at a magnification
of 100,000, and Figure 17(B) is an image at a magnification of 500,000. It reveals from the SEM image of Figure 16 the
existence of a paste-like carbon on the surface, because the outline of the carbon particles is not clearly shown. Also,
the TEM images of Figure 17 shows that the conductive carbon mixture is composed of a granulated substance and a
layered substance on the surface of the granulated substance. The dashed line in Figure 17(B) shows the surface of
the granulated substance. The granulated substance is the particles of acetylene black, and the layered substance is a
layer that is formed because the oxidized carbon is collapsed and attached to the surface of the particles of acetylene
black. Figure 17(B) shows that the layered object is composed of a paste-like part in which a non-granulated amorphous
carbon is linked, and a fibrous or acicular part.
[0113] Then, 4 % by mass of the conductive carbon mixture obtained, 2 % by mass of polyvinylidene fluoride, and an
adequate amount of N-methylpyrrolidone were wet blended, and then 94 % by mass of commercially-available
LiNi0.5Mn0.3Co0.2O2 particles (average particle diameter: 5 mm) was further added and wet blended, and a slurry was
formed. This slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode
with an active material layer for a lithium ion secondary battery was obtained. The electrode density of the positive
electrode was calculated from the measured values of the volume and weight of the active material layer on the aluminum
foil in the positive electrode. The value of the electrode density was 3.81 g/cc. Also, by using the positive electrode
obtained, a lithium ion secondary battery was produced, in which 1M LiPF6 in a 1:1 ethylene carbonate/diethyl carbonate
solution was used as an electrolytic solution, and in which lithium was used as a counter electrode. The discharging
curve of the battery obtained was measured within the range of 4.5 to 3.0 V under the condition of 25 °C and the
discharging rate of 0.5 C, and the direct current internal resistance (DCIR) was calculated from the voltage drop.
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Example 11

[0114] 4 % by mass of the conductive carbon material obtained in Example 10 and 94 % by mass of commercially
available LiNi0.5Mn0.3Co0.2O2 particles (average particle diameter: 5 mm) were dry blended, and then, 2 % by mass of
polyvinylidene fluoride and an adequate amount of N-methylpyrrolidone were wet blended and a slurry was formed. This
slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an active
material layer for a lithium ion secondary battery was obtained. The electrode density of the positive electrode was
calculated from the measured values of the volume and weight of the active material layer on the aluminum foil in the
positive electrode. The value of the electrode density was 3.80 g/cc. Further, by using the positive electrode obtained,
a lithium ion secondary battery was produced and the DCIR of the battery obtained was calculated in the same procedure
as Example 10.
[0115] The active material layers of the positive electrodes in Example 10 and 11 have the same composition as the
active material layer of the positive electrode in Example 5, but the order of blending each component element in the
preparation process of the electrode material is different. Figure 18 shows a SEM image of the cross-section of the
positive electrode in Example 10 at a magnification of 25,000. The SEM image in Figure 18 is similar to the SEM image
of the cross-section of the positive electrode in Example 5, which is shown in Figure 2(B). That is, the grain boundary
of the carbon primary particles does not appear, the carbon is paste-like, this paste-like carbon intrudes into the deep
parts of the pores having a width of 50 nm or less of the particles of the active material (ie. gaps between the primary
particles), and gaps are virtually absent. Also, 90 % or more of the surface of the particles of the active material contacts
the paste-like carbon. Since fine carbon particles are poorly compatible with a binder and a solvent, when an electrode
material in the form of slurry including a binder and a solvent is prepared, it is typical that electrode active material
particles and carbon are dry blended, and then a binder and a solvent are added and wet blended. However, the electrode
densities of the positive electrodes in Example 10, Example 11 and Example 5 are almost the same and the observation
results of the SEM images are similar, therefore it has been found that the conductive carbon mixture is compatible with
a binder and a solvent, and leads an electrode that shows a similarly high electrode density even if the conductive carbon
mixture is wet blended with active material particles in the presence of a binder and a solvent.
[0116] The DCIRs of the lithium ion secondary battery in Example 5 and the lithium ion secondary battery in Comparative
Example 5, which was produced by only using acetylene black as a carbon, were measured in the same procedure as
the procedure in Example 10, and were compared with the DCIRs of the lithium ion secondary batteries in Example 10
and Example 11. Figure 19 shows the result. The DCIR of the lithium ion secondary battery in Example 5 was remarkably
lower than the DCR of the lithium ion secondary battery in Comparative Example 5, which fact shows that remarkable
decrease in DCIR is achieved by using the electrode obtained by the method according to the present invention. Also
the DCIRs in the secondary batteries of Example 10 and Example 11 are still lower than the DCIR in the secondary
battery of Example 5, which fact shows that the conductive carbon mixture leads to a positive electrode with an excellent
conductive property regardless of the blending method of this mixture and electrode active material particles.

(ii) Active material: LiCoO2

Example 12

[0117] 4 % by mass of the conductive carbon mixture obtained in Example 10, 2 % by mass of polyvinylidene fluoride
and an adequate amount of N-methylpyrrolidone were wet blended, and then 94 % by mass of commercially available
LiCoO2 particles (average particle diameter: 10 mm) were further added and wet blended, and a slurry was formed. This
slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an active
material layer for a lithium ion secondary battery was obtained. The electrode density of the positive electrode was
calculated from the measured values of the volume and weight of the active material layer on the aluminum foil in the
positive electrode. The value of the electrode density was 4.05 g/cc.

Example 13

[0118] 4 % by mass of the conductive carbon mixture obtained in Example 10 and 94 % by mass of commercially
available LiCoO2 particles (average particle diameter: 10 mm) were dry blended, and then, 2 % by mass of polyvinylidene
fluoride and an adequate amount of N-methylpyrrolidone were wet blended and a slurry was formed. This slurry was
coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode with an active material
layer for a lithium ion secondary battery was obtained. The electrode density of the positive electrode was calculated
from the measured values of the volume and weight of the active material layer on the aluminum foil in the positive
electrode. The value of the electrode density was 4.05 g/cc.
[0119] The active material layers of the positive electrodes in Example 12 and 13 have the same composition as the
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active material layer of the positive electrode in Example 7, but the order of blending each component element in the
preparation process of the electrode material is different. As the electrode densities in the positive electrodes of Example
12, Example 13 and Example 7 are the same, it has been found that the conductive carbon mixture is compatible with
a binder and a solvent, and leads an electrode that shows a similarly high electrode density even if the conductive carbon
mixture is wet blended with active material particles in the presence of a binder and a solvent.

(iii) Change of carbon to be blended with oxidized carbon

Example 14

[0120] The oxidized carbon obtained in Example 1 and vapor grown carbon fiber (average fiber diameter: 150 nm,
average fiber length: 3.9mm) were introduced into a ball mill at the mass ratio of 1:1 and dry blended, and then a
conductive carbon mixture was obtained. Then, 4 % by mass of the conductive carbon mixture obtained, 2 % by mass
of polyvinylidene fluoride and an adequate amount of N-methylpyrrolidone were wet blended, and then 94 % by mass
of commercially available LiNi0.5Mn0.3Co0.2O2 particles (average particle diameter: 5 mm) were further added and wet
blended, and a slurry was formed. This slurry was coated on an aluminum foil, dried and then given a rolling treatment,
and a positive electrode with an active material layer for a lithium ion secondary battery was obtained. The electrode
density of the positive electrode was calculated from the measured values of the volume and weight of the active material
layer on the aluminum foil in the positive electrode. The value of the electrode density was 3.66 g/cc.

Comparative Example 8

[0121] 4 % by mass of the vapor grown carbon fiber used in Example 14, 2 % by mass of polyvinylidene fluoride and
an adequate amount of N-methylpyrrolidone were wet blended, then 94 % by mass of commercially available
LiNi0.5Mn0.3Co0.2O2 particles (average particle diameter: 5 mm) were further added and wet blended, and a slurry was
formed. This slurry was coated on an aluminum foil, dried and then given a rolling treatment, and a positive electrode
with an active material layer for a lithium ion secondary battery was obtained. The electrode density of the positive
electrode was calculated from the measured values of the volume and weight of the active material layer on the aluminum
foil in the positive electrode. The value of the electrode density was 3.36 g/cc.
[0122] Comparison of Example 14 and Comparative Example 8 shows that the electrode density is significantly im-
proved by using the conductive carbon mixture containing the oxidized carbon obtained in Example 1.

Example 15

[0123] The procedure of Example 14 was repeated except that graphene (plane direction length: 2mm, cross direction
length: several nm) was used instead of the vapor grown carbon fiber. The value of the electrode density was 3.69 g/cc.

Comparative Example 9

[0124] The procedure of Comparative Example 8 was repeated except that the graphene that was used in Example
15 was used instead of the vapor grown carbon fiber. The value of the electrode density was 3.45 g/cc.
[0125] Comparison of Example 15 and Comparative Example 9 shows that the electrode density is significantly im-
proved by using the conductive carbon mixture containing the oxidized carbon obtained in Example 1.

Example 16

[0126] The procedure of Example 14 was repeated except that furnace black (average particle diameter: 35 nm) was
used instead of the vapor grown carbon fiber. The value of the electrode density was 3.76 g/cc.

Comparative Example 10

[0127] The procedure of Comparative Example 8 was repeated except that the furnace black that was used in Example
16 was used instead of the vapor grown carbon fiber. The value of the electrode density was 3.42 g/cc.
[0128] Comparison of Example 16 and Comparative Example 10 shows that the electrode density is significantly
improved by using the conductive carbon mixture containing the oxidized carbon obtained in Example 1.



EP 3 147 970 B9

25

5

10

15

20

25

30

35

40

45

50

55

Example 17

[0129] The procedure of Example 14 was repeated except that graphite (average particle diameter: 6 mm) was used
instead of the vapor grown carbon fiber. The value of the electrode density was 3.81 g/cc.

Comparative Example 11

[0130] The procedure of Comparative Example 8 was repeated except that the graphite that was used in Example 17
was used instead of the vapor grown carbon fiber. The value of the electrode density was 3.48 g/cc.
[0131] Comparison of Example 17 and Comparative Example 11 shows that the electrode density is significantly
improved by using the conductive carbon mixture containing the oxidized carbon obtained in Example 1.

INDUSTRIAL APPLICABILITY

[0132] By using the electrode obtained by the method according to the present invention, an electrode device with a
high energy density can be obtained.

Claims

1. A conductive carbon mixture for producing an electrode for an electric storage device, comprising:

an oxidized conductive carbon obtained by giving an oxidizing treatment to a carbon raw material selected from
a group consisting of porous carbon powder, Ketjen Black, furnace black with pores, carbon nanofiber and
carbon nanotube and having a hydrophilic part accounting for 10 % by mass or more of the entire oxidized
conductive carbon, in which the hydrophilic part is a part that is dispersed in a supernatant fluid obtained by the
process of adding 0.1 g of the oxidized conductive carbon to 20 ml of an ammonia aqueous solution with pH
11, applying ultrasonic irradiation for 1 minute, and leaving a fluid obtained for 5 hours to precipitate its solid
phase part; and
a different conductive carbon which is different from the oxidized conductive carbon,

wherein at least part of the oxidized conductive carbon is deformed into a paste-like state in which the grain boundary
of carbon primary particles is not observed and non-particulate amorphous carbons are connected with each other
in an SEM image at a magnification of 25,000, and the deformed oxidized conductive carbon is attached to a surface
of the different conductive carbon.

2. A method of producing the conductive carbon mixture for producing an electrode for an electric storage device
according to Claim 1, comprising:

a carbon-oxidizing step of obtaining an oxidized conductive carbon by giving an oxidizing treatment to the carbon
raw material;
a carbon-selecting step of obtaining a contained amount of the hydrophilic part in the oxidized conductive carbon
obtained in the carbon-oxidizing step by the process of adding 0.1 g of the oxidized conductive carbon obtained
in the carbon-oxidizing step to 20 ml of an ammonia aqueous solution with pH 11, applying ultrasonic irradiation
for 1 minute, leaving a fluid obtained for 5 hours to precipitate its solid phase part, removing a supernatant fluid
having the hydrophilic part, drying a remaining part, measuring the weight of a solid object after drying, obtaining
the weight of the hydrophilic part by subtracting the weight of the solid object after drying from the initial weight
0.1g of the oxidized conductive carbon, and calculating the ratio of the weight of the hydrophilic part against
the initial weight 0.1g of the oxidized conductive carbon, and then selecting the oxidized conductive carbon
having the hydrophilic part in the amount of 10 % by mass or more of the entire oxidized conductive carbon; and
a combining step of dry blending the oxidized conductive carbon selected with the different conductive carbon
so that at least part of the oxidized conductive carbon selected is deformed into the paste-like state and the
deformed oxidized conductive carbon is attached to a surface of the different conductive carbon.

3. The method of producing the conductive carbon mixture for producing an electrode for an electric storage device
according to Claim 2, wherein the carbon raw material has 300 m2/g or more of a specific surface area as measured
by the BET method.
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4. The method of producing the conductive carbon mixture for producing an electrode for an electric storage device
according to Claim 2 or 3, wherein the different conductive carbon has higher electroconductivity than the deformed
oxidized conductive carbon.

5. The method of producing the conductive carbon mixture for producing an electrode for an electric storage device
according to any of Claims 2 to 4, the ratio by mass of the oxidized conductive carbon selected and the different
conductive carbon is within the range of 3:1 to 1:3.

6. A method of producing an electrode material for an electric storage device comprising conductive carbon and an
electrode active material particle, comprising:
a compounding step of dry blending or wet blending the conductive carbon mixture produced by the method of any
of Claims 2 to 5 and the electrode active material particle so that the deformed oxidized conductive carbon is also
attached to a surface of the electrode active material particle.

7. The method of producing an electrode material for an electric storage device according to Claim 6, wherein the ratio
by mass of the electrode active material particle and the conductive carbon mixture is within the range of 95:5 to 99:1.

8. The method of producing an electrode material for an electric storage device according to Claim 6 or 7, wherein the
electrode active material particles have an average diameter of within a range of 0.01 to 2 mm.

9. The method of producing an electrode material for an electric storage device according to any of Claims 6 to 8,
wherein the electrode active material particles are composed of fine particles with an average diameter of 0.01 to
2 mm that are operable as a positive electrode active material or a negative electrode active material and gross
particles with an average diameter of more than 2 mm and not more than 25 mm that are operable as an active
material of the same electrode as the fine particles.

10. A method of producing an electrode for an electric storage device, comprising:

a mounting step of forming an active material layer by applying the electrode material produced by the method
according to any of Claims 6 to 9 on a current collector; and
a pressurizing step of adding pressure to the active material layer so that the oxidized conductive carbon selected
is further deformed into the paste-like state, and the deformed oxidized conductive carbon is pushed out not
only into a gap that is formed between the adjacent particles of the active material but also into a pore that
exists on the surface of the active material particle and fills the gap and pore while covering the surface of the
active material particle.

Patentansprüche

1. Leitfähige Kohlenstoffmischung zur Herstellung einer Elektrode für eine Stromspeichervorrichtung, umfassend:

einen oxidierten leitfähigen Kohlenstoff, der dadurch erhalten wird, dass ein Kohlenstoffrohmaterial, ausgewählt
aus einer Gruppe bestehend aus porösem Kohlenstoffpulver, Ketjenblack, Ofenruß mit Poren, Kohlenstoff-
Nanofaser und Kohlenstoff-Nanoröhre, und mit einem hydrophilen Teil, der 10 Masseprozent oder mehr des
gesamten oxidierten leitfähigen Kohlenstoffs ausmacht, einer Oxidierungsbehandlung unterzogen wird, wobei
der hydrophile Teil ein Teil ist, der in einem überschüssigen Fluid dispergiert ist, das durch den Prozess des
Hinzufügens von 0,1 g des oxidierten leitfähigen Kohlenstoffs zu 20 ml einer wässrigen Ammoniaklösung mit
einem pH-Wert von 11, des Anwendens einer Ultraschallbestrahlung während 1 Minute sowie des Stehenlas-
sens eines erhaltenen Fluids während 5 Stunden, um seinen festen Phasenteil abzulagern, erhalten wurde; und
einen anderen leitfähigen Kohlenstoff, der von dem oxidierten leitfähigen Kohlenstoff verschieden ist,
wobei zumindest ein Teil des oxidierten leitfähigen Kohlenstoffs in einen pastenartigen Zustand verformt wird,
in dem die Korngrenze von primären Kohlenstoffteilchen nicht eingehalten wird und nicht teilchenförmige amor-
phe Kohlenstoffe in einem SEM-Bild bei einer Vergrößerung von 25.000 miteinander verbunden sind und der
verformte oxidierte leitfähige Kohlenstoff an einer Oberfläche des anderen leitfähigen Kohlenstoffs angelagert ist.

2. Verfahren zur Herstellung der leitfähigen Kohlenstoffmischung zur Herstellung einer Elektrode für eine Stromspei-
chervorrichtung gemäß Anspruch 1, umfassend:
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einen Kohlenstoff-oxidierenden Schritt des Erhaltens eines oxidierten leitfähigen Kohlenstoffs, indem das Koh-
lenstoffrohmaterial einer oxidierenden Behandlung unterzogen wird;
einen Kohlenstoff-Auswahlschritt des Erhaltens einer enthaltenen Menge des hydrophilen Teils in dem oxidierten
leitfähigen Kohlenstoff, der in dem Kohlenstoff-oxidierenden Schritt erhalten wurde, durch den Prozess des
Hinzufügens von 0,1 g des in dem Kohlenstoff-oxidierenden Schritt erhaltenen oxidierten leitfähigen Kohlenstoffs
zu 20 ml einer wässrigen Ammoniaklösung mit einem pH-Wert von 11, des Anwendens einer Ultraschallbe-
strahlung während 1 Minute, des Stehenlassens eines erhaltenen Fluids während 5 Stunden, um seinen festen
Phasenteil abzulagern, des Entfernens eines überschüssigen Fluids mit dem hydrophilen Teil, des Trocknens
eines verbleibenden Teils, des Messens des Gewichts eines festen Objekts nach dem Trocknen, des Erhaltens
des Gewichts des hydrophilen Teils durch Subtrahieren des Gewichts des festen Objekts nach dem Trocknen
von dem Anfangsgewicht 0,1 g des oxidierten leitfähigen Kohlenstoffs, und des Berechnens des Verhältnisses
des Gewichts des hydrophilen Teils gegenüber dem Anfangsgewicht 0,1 g des oxidierten leitfähigen Kohlen-
stoffs, und dann des Auswählens des oxidierten leitfähigen Kohlenstoffs mit dem hydrophilen Teil in der Menge
von 10 Masseprozent oder mehr des gesamten oxidierten leitfähigen Kohlenstoffs; und
einen Kombinationsschritt des trockenen Vermischens des ausgewählten oxidierten leitfähigen Kohlenstoffs
mit dem anderen leitfähigen Kohlenstoff, sodass zumindest ein Teil des ausgewählten oxidierten leitfähigen
Kohlenstoffs in den pastenartigen Zustand verformt wird und der verformte oxidierte leitfähige Kohlenstoff an
einer Oberfläche des anderen leitfähigen Kohlenstoffs angelagert wird.

3. Verfahren zur Herstellung der leitfähigen Kohlenstoffmischung zur Herstellung einer Elektrode für eine Stromspei-
chervorrichtung gemäß Anspruch 2, wobei das Kohlenstoffrohmaterial 300 m2/g oder mehr einer spezifischen Ober-
fläche aufweist, gemessen durch das BET-Verfahren.

4. Verfahren zur Herstellung der leitfähigen Kohlenstoffmischung zur Herstellung einer Elektrode für eine Stromspei-
chervorrichtung gemäß Anspruch 2 oder 3, wobei der andere leitfähige Kohlenstoff eine höhere elektrische Leitfä-
higkeit hat als der verformte oxidierte leitfähige Kohlenstoff.

5. Verfahren zur Herstellung der leitfähigen Kohlenstoffmischung zur Herstellung einer Elektrode für eine Stromspei-
chervorrichtung gemäß einem der Ansprüche 2 bis 4, wobei das Masseverhältnis des oxidierten leitfähigen Koh-
lenstoffs und des anderen leitfähigen Kohlenstoffs im Bereich von 3:1 bis 1:3 liegt.

6. Verfahren zur Herstellung eines Elektrodenmaterials für eine Stromspeichervorrichtung, umfassend leitfähigen Koh-
lenstoff und ein aktives Elektrodenmasseteilchen, umfassend:
einen Kompoundierungsschritt des trockenen Mischens oder nassen Mischens des durch das Verfahren nach einem
der Ansprüche 2 bis 5 hergestellten leitfähigen Kohlenstoffs und des aktiven Elektrodenmasseteilchens, sodass
der verformte oxidierte leitfähige Kohlenstoff auch an einer Oberfläche des aktiven Elektrodenmasseteilchens an-
gelagert wird.

7. Verfahren zur Herstellung eines Elektrodenmaterials für eine Stromspeichervorrichtung gemäß Anspruch 6, wobei
das Masseverhältnis des aktiven Elektrodenmasseteilchens und der leitfähigen Kohlenstoffmischung im Bereich
von 95:5 bis 99.1 liegt.

8. Verfahren zur Herstellung eines Elektrodenmaterials für eine Stromspeichervorrichtung gemäß Anspruch 6 oder 7,
wobei die aktiven Elektrodenmasseteilchen einen durchschnittlichen Durchmesser in einem Bereich von 0,01 bis
2 mm aufweisen.

9. Verfahren zur Herstellung eines Elektrodenmaterials für eine Stromspeichervorrichtung gemäß einem der Ansprüche
6 bis 8, wobei die aktiven Elektrodenmasseteilchen aus feinen Teilchen mit einem durchschnittlichen Durchmesser
von 0,01 bis 2 mm, die als positive aktive Elektrodenmasse oder negative aktive Elektrodenmasse funktionsfähig
sind, und groben Teilchen mit einem durchschnittlichen Durchmesser von mehr als 2 mm und nicht mehr als 25 mm
zusammengesetzt sind, die als aktive Masse derselben Elektrode wie die feinen Teilchen funktionsfähig sind.

10. Verfahren zur Herstellung einer Elektrode für eine Stromspeichervorrichtung, umfassend:

einen Montageschritt des Bildens einer aktiven Masseschicht durch Aufbringen des Elektrodenmaterials, das
durch das Verfahren gemäß einem der Ansprüche 6 bis 9 hergestellt wurde, auf einen Stromabnehmer; und
einen Schritt des Unterdrucksetzens zum Hinzufügen von Druck zu der aktiven Masseschicht, sodass der
ausgewählte oxidierte leitfähige Kohlenstoff weiter zu dem pastenförmigen Zustand verformt wird und der ver-
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formte oxidierte leitfähige Kohlenstoff nicht nur in einen Spalt, der zwischen den angrenzenden Teilchen der
aktiven Masse gebildet ist, sondern auch in eine Pore ausgestoßen wird, die auf der Oberfläche des aktiven
Masseteilchens vorliegt, und den Spalt und die Pore füllt, während die Oberfläche des aktiven Masseteilchens
bedeckt wird.

Revendications

1. Mélange de carbone conducteur destiné à la fabrication d’une électrode pour un dispositif de stockage de l’électricité,
comprenant :

un carbone conducteur oxydé obtenu en appliquant un traitement oxydant à une matière première de carbone
choisie parmi un groupe constitué par de la poudre de carbone poreuse, du noir de Ketjen, du noir de fourneau
avec des pores, de la nanofibre de carbone et du nanotube de carbone et ayant une partie hydrophile repré-
sentant 10 % en poids ou davantage du carbone conducteur oxydé total, dans lequel la partie hydrophile est
une partie qui est dispersée dans un liquide surnageant obtenu par le procédé d’ajout de 0,1 g de carbone
conducteur oxydé à 20 ml d’une solution aqueuse d’ammoniaque à pH 11, l’application d’une irradiation ultra-
sonore pendant 1 minute, et en laissant un liquide obtenu précipiter pendant 5 heures sa partie en phase solide ;
et
un carbone conducteur différent qui est différent du carbone conducteur oxydé,
dans lequel au moins la partie du carbone conducteur oxydé est déformée dans un état de type pâteux, dans
lequel le joint de grain des particules primaires de carbone n’est pas observé, et les éléments de carbone
amorphe non particulaire sont reliés l’un à l’autre dans une image par MEB à un grossissement de 25 000, et
le carbone conducteur oxydé déformé est fixé à une surface du carbone conducteur différent.

2. Procédé de fabrication du mélange de carbone conducteur destiné à la fabrication d’une électrode pour un dispositif
de stockage de l’électricité selon la revendication 1, comprenant :

une étape d’oxydation du carbone pour obtenir un carbone conducteur oxydé en appliquant un traitement
oxydant à la matière première de carbone ;
une étape de choix du carbone pour obtenir une quantité contenue de la partie hydrophile dans le carbone
conducteur oxydé obtenu dans l’étape d’oxydation du carbone par le procédé d’ajout de 0,1 g du carbone
conducteur oxydé obtenu dans l’étape d’oxydation du carbone à 20 ml d’une solution aqueuse d’ammoniaque
à pH 11, l’application d’une irradiation ultrasonore pendant 1 minute, le fait de laisser un liquide obtenu précipiter
pendant 5 heures sa partie en phase solide, l’élimination d’un liquide surnageant ayant la partie hydrophile, le
séchage d’une partie restante, la mesure du poids d’un objet solide après séchage, l’obtention du poids de la
partie hydrophile par la soustraction du poids de l’objet solide après séchage du poids initial de 0,1 g du carbone
conducteur oxydé, et le calcul du ratio du poids de la partie hydrophile par rapport au poids initial de 0,1 g du
carbone conducteur oxydé, et ensuite le choix du carbone conducteur oxydé ayant la partie hydrophile dans la
quantité de 10 % en poids ou davantage du carbone conducteur oxydé total ; et
une étape de combinaison d’un mélange à sec du carbone conducteur oxydé choisi avec le carbone conducteur
différent de sorte qu’au moins la partie du carbone conducteur oxydé choisi est déformé en l’état de type pâteux
et le carbone conducteur oxydé déformé est fixé à une surface du carbone conducteur différent.

3. Procédé de fabrication du mélange de carbone conducteur destiné à la fabrication d’une électrode pour un dispositif
de stockage de l’électricité selon la revendication 2, dans lequel la matière première de carbone a 300 m2/g ou
davantage de surface spécifique telle que mesurée par le procédé BET.

4. Procédé de fabrication du mélange de carbone conducteur destiné à la fabrication d’une électrode pour un dispositif
de stockage de l’électricité selon la revendication 2 ou la revendication 3, dans lequel le carbone conducteur différent
a une conductivité électrique supérieure à celle du carbone conducteur oxydé déformé.

5. Procédé de fabrication du mélange de carbone conducteur destiné à la fabrication d’une électrode pour un dispositif
de stockage de l’électricité selon l’une quelconque des revendications 2 à 4, le ratio en poids entre le carbone
conducteur oxydé choisi et le carbone conducteur différent se situe à l’intérieur de la plage allant de 3 : 1 à 1 : 3.

6. Procédé de fabrication d’un matériau d’électrode destiné à un dispositif de stockage de l’électricité comprenant du
carbone conducteur et une particule de matériau actif d’électrode, comprenant :
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une étape de compoundage du mélange à sec ou du mélange humide du mélange de carbone conducteur fabriqué
par le procédé selon l’une quelconque des revendications 2 à 5 et de la particule de matériau actif d’électrode de
sorte que le carbone conducteur oxydé déformé est aussi fixé à une surface de la particule de matériau actif
d’électrode.

7. Procédé de fabrication d’un matériau d’électrode destiné à un dispositif de stockage de l’électricité selon la reven-
dication 6, dans lequel le ratio en poids entre la particule de matériau actif d’électrode et le mélange de carbone
conducteur se situe dans la plage allant de 95 : 5 à 99 : 1.

8. Procédé de fabrication d’un matériau d’électrode destiné à un dispositif de stockage de l’électricité selon la reven-
dication 6 ou la revendication 7, dans lequel les particules de matériau actif d’électrode ont un diamètre moyen à
l’intérieur d’une plage allant de 0,01 à 2 mm.

9. Procédé de fabrication d’un matériau d’électrode destiné à un dispositif de stockage de l’électricité selon l’une
quelconque des revendications 6 à 8, dans lequel les particules de matériau actif d’électrode sont composées de
particules fines avec un diamètre moyen allant de 0,01 à 2 mm, qui sont utilisables en tant que matériau actif
d’électrode positive ou matériau actif d’électrode négative, et de particules grossières avec un diamètre moyen de
plus de 2 mm et ne dépassant pas 25 mm qui sont utilisables en tant que matériau actif de la même électrode,
comme les particules fines.

10. Procédé de fabrication d’une électrode destinée à un dispositif de stockage de l’électricité, comprenant :

une étape de montage pour former une couche de matériau actif par l’application du matériau d’électrode
fabriqué par le procédé selon l’une quelconque des revendications 6 à 9 sur un collecteur de courant ; et
une étape de mise sous pression pour ajouter de la pression à la couche de matériau actif afin que le carbone
conducteur oxydé choisi soit en outre déformé dans l’état de type pâteux, et le carbone conducteur oxydé
déformé est expulsé non seulement dans un espace qui est formé entre les particules voisines du matériau
actif, mais également à l’intérieur d’un pore qui existe à la surface de la particule de matériau actif et remplit
l’espace et le pore pendant qu’il recouvre la surface de la particule de matériau actif.
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