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ELECTRICAL APPLIANCE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a variety of electri-
cal appliances, particularly a battery, including a particulate
material.

[0003] 2. Description of the Related Art

[0004] Inamanganese battery, an alkaline battery, a nickel-
hydride battery, a lithium ion secondary battery, and the like,
a particulate material is used as an active material for storing
electricity. In some cases where the particulate material (ac-
tive material particles) has low conductivity, a conduction
auxiliary agent such as acetylene black, graphite particles, or
carbon fibers is mixed into the material so as to increase the
conductivity (see Patent Document 1).

[0005] Specifically, the active material particles, the con-
duction auxiliary agent, and a binder are mixed, and the
mixture is applied onto a current collector, molded, and then
dried to be used as an electrode such as a positive electrode or
a negative electrode.

[0006] A procedure similar to the above is applied to other
electrical appliances including a particulate material, without
limitation to a battery, to improve its conductivity.

REFERENCE
Patent Document

[0007] [Patent Document 1] Japanese Published Patent
Application No. H6-60870

[0008] [Patent Document 2] United States Published Patent
Application No. 2009/0110627

[0009] [Patent Document 3] United States Published Patent
Application No. 2007/0131915

Non-Patent Document

[0010] [Non-Patent Document 1] P. Blake et. al.,
“Graphene-Based Liquid Crystal Device”, Nano Lett. 8,
1704 (2008)

SUMMARY OF THE INVENTION

[0011] In the case where graphite particles are used as a
conduction auxiliary agent in a manganese dry battery or the
like, natural graphite is generally used by reason of cost.
However, in that case, iron, lead, copper, or the like contained
in the graphite particles as an impurity reacts with an active
material or a current collector, so that the potential and the
capacitance of the battery are decreased. In addition, natural
graphite has poor electrolyte retention characteristics. These
factors cause a problem of reduction in use efficiency of the
active material.

[0012] Further, when graphite is used as a conduction aux-
iliary agent for a positive electrode of a battery, such as a
lithium ion battery, in which charge and discharge are per-
formed by transfer of alkali ions, there is a problem in that
graphite particles absorb the alkali ions, thereby decreasing
the use efficiency of current.

[0013] Meanwhile, acetylene black contains fewer impuri-
ties and has a better developed chain structure than graphite
particles and therefore has excellent electrolyte retention
characteristics, thereby improving the use efficiency of an
active material. However, a battery including acetylene black
as a conduction auxiliary agent has a disadvantage that the
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potential and discharge capacitance are greatly reduced, since
a functional group having a high reducing property with
respect to an active material exists on a surface of acetylene
black.

[0014] Furthermore, since acetylene black is micropar-
ticles with diameters of about 10 nm, current is conducted
from the active material particles to a current collector by
hopping between acetylene black particles. Therefore, resis-
tance is generated every time hopping occurs. FIG. 2 sche-
matically illustrates an example where acetylene black is
used as a conduction auxiliary agent. In the drawing, particles
shown by oblique lines are active material particles and black
dots are acetylene black particles. The above problem is also
caused in the case where graphite particles are used.

[0015] On the other hand, in the case where carbon fibers
are used as a conduction auxiliary agent as in Patent Docu-
ment 1, it is expected that a decrease in conductivity due to the
above-described excessive hopping is suppressed. However,
the active material and the current collector are not connected
via a single carbon fiber; thus, current is conducted by hop-
ping between a plurality of carbon fibers.

[0016] Evenifall the carbon fibers are aligned in one direc-
tion, the probability of carbon fibers being in contact with (or
sufficiently close to) each other is less than 50%, which is
insufficient in terms of conductivity.

[0017] Moreover, it is difficult to align all the carbon fibers
in one direction in an electrode which is shaped by mixture of
a binder; thus, the actual conductivity is lower than that in the
above assumption.

[0018] The conductivity can be improved by using two-
dimensional carbon including 1 to 100, preferably 1 to 10
graphenes as a conduction auxiliary agent. Note that in this
specification, a graphene refers to a sheet of carbon molecules
having sp* bonds with a thickness of one atomic layer. FIG. 1
is a schematic view illustrating the case where such a con-
duction auxiliary agent extending two-dimensionally is used.
Here, three sheets of two-dimensional carbon and a large
number of active material particles form a complicated struc-
ture, whereby the conductivity can be increased.

[0019] As described below, in the case of using a material
extending two-dimensionally and whose thickness can be
ignored as a conduction auxiliary agent, an equivalent effect
can be obtained even when the volume of the conduction
auxiliary agent is reduced. Thus, the volume of the conduc-
tion auxiliary agent occupying the electrode can be reduced,
whereby the volume of the electrode can be reduced. For
example, the thickness of two-dimensional carbon including
10 graphenes is about 3 nm.

[0020] A graphene has a characteristic of achieving high
conductivity after being subjected to doping treatment. A
value of greater than or equal to 10° S/cm is obtained, which
is higher than or equal to the conductivity of silver. This fact
is advantageous in using the graphene as a conduction auxil-
iary agent. Doping can be performed by partly oxidizing the
graphene or adding an alkali metal such as potassium to the
graphene.

[0021] When a conduction auxiliary agent including two-
dimensional carbonis used for an electrical appliance, such as
a lithium ion secondary battery, in which charge and dis-
charge are performed by transfer of alkali metal ions or alka-
line earth metal ions, there are some cases where doping with
the two-dimensional carbon is performed automatically,
whereby the conductivity is improved.



US 2012/0045692 Al

[0022] The conductivity of two-dimensional carbon is
improved by stacking more graphenes. However, a stack of
101 or more graphenes is not preferable because it has too
strong graphitic characteristics.

[0023] Inthecaseofusinga material extending two-dimen-
sionally as a conduction auxiliary agent, its typical length
may be greater than or equal to 100 nm and less than or equal
to 100 pum, preferably greater than or equal to 1 pm and less
than or equal to 20 pum. In particular, in the case of using
two-dimensional carbon, two-dimensional carbon with a
typical length of less than or equal to 100 nm has semicon-
ductor characteristics and thus has low conductivity. On the
other hand, two-dimensional carbon with a typical length of
greater than or equal to 100 nm has electric characteristics
equivalent to those of a good conductor. However, in order to
reduce the number of times of hopping conduction (transfer
of electrons from two-dimensional carbon to another two-
dimensional carbon), the typical length is preferably greater
than or equal to 1 um.

[0024] Inthis specification, atypical length is defined as the
square root of the area of two-dimensional carbon. Although
two-dimensional carbon may actually have various shapes,
here, the length is defined assuming that all two-dimensional
carbon has rectangular shapes. Accordingly, a typical length
of rectangular two-dimensional carbon with a long side of 2
min and a short side of 50 nm (these values are not within the
above preferable range) is 10 um (this value is within the
above preferable range), for example.

[0025] Note that a conduction auxiliary agent may include,
in addition to two-dimensional carbon, acetylene black par-
ticles or carbon particles (such as carbon nanofibers) extend-
ing one-dimensionally, at a volume greater than or equal to
0.1 times and less than or equal to 10 times that of two-
dimensional carbon.

[0026] With the above structure, the resistance of the elec-
trical appliance can be reduced. In particular, when a conduc-
tion auxiliary agent according to the present invention is used
for a primary battery or a secondary battery, it is more pref-
erable that the resistance (internal resistance) of an electrode
be lower, which is suitable for applications where a large
amount of power is required instantaneously.

[0027] For example, a power source of an electric vehicle
consumes a relatively small amount of power when the elec-
tric vehicle is driven on flat ground. However, a large amount
of'power is consumed under hard acceleration or in ascending
a slope. In that case, the power source needs to feed a large
amount of current; however, when internal resistance is high,
a significant voltage drop and also a loss due to internal
resistance are caused.

[0028] Asaresult, part of the power which is expected to be
available is lost. In other words, although stored power can be
almost fully used if the vehicle is driven on flat ground, part of
the power is lost in ascending a slope or under acceleration.
Reduction in internal resistance can suppress such loss.
[0029] The reason why the conductivity can be improved
by using a material extending two-dimensionally and whose
thickness can be ignored will be described with reference to
FIGS. 3A to 3F.

[0030] FIGS. 3A to 3D are views for describing the reason
why the conductivity is not sufficiently improved by using a
material extending one-dimensionally, for example, carbon
fibers. FIG. 3A illustrates carbon fibers 101 arranged in a
certain ideal state. In other words, the plurality of carbon
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fibers 101 are arranged orderly in a square grid pattern. The
length directions of the carbon fibers 101 are perpendicular to
the paper.

[0031] A distance between a surface of one carbon fiber and
a surface of another carbon fiber is x. That is, a diameter of a
carbon fiber is obtained by subtraction of x from a grid inter-
val. There is an optimal value for the x depending on a particle
size of an active material or the like.

[0032] FIG. 3B illustrates the carbon fibers observed in a
direction indicated by an arrow “a” in FIG. 3A. In FIG. 3B, an
arrow “b” indicates a direction in which the carbon fibers are
observed in FIG. 3A. The case is considered where the carbon
fibers 101 are in contact with upper carbon fibers 102. For
example, with an arrangement illustrated in FIG. 3C, it seems
that the carbon fibers 101 are in close contact with the upper
carbon fibers 102, so that the resistance therebetween can be
minimum.

[0033] However, there may be a case where the carbon
fibers 101 and the upper carbon fibers 102 do not overlap (are
not in contact) with each other at all when seen from another
angle (indicated by the arrow “b”), as illustrated in FIG. 3D.
Thus, the probability of such an orderly arranged carbon fiber
grid overlapping with an upper similar carbon fiber grid is not
high.

[0034] InFIGS.3Ato3D, the diameters of the carbon fibers
101 and 102 are set to one-tenth of the grid intervals. In that
case, the probability of the carbon fibers 101 at least partly
overlapping (being in contact) with the upper carbon fibers
102 is about 12.6%.

[0035] Meanwhile, the probability is greatly increased
when a material extending two-dimensionally is used. For
example, a structure illustrated in FIG. 3E (two-dimensional
carbon 103) is assumed, in which a material extending two-
dimensionally is bent in a region corresponding to the region
in FIG. 3A. Here, the bending margin is set to x. This is to
obtain an effect equivalent to that in FIG. 3A.

[0036] Itcan be understood that if there is two-dimensional
carbon above the two-dimensional carbon 103, bended simi-
larly thereto, it is impossible that they are not in contact with
each other at all. FIGS. 3C and 3D show an example of a case
where carbon fibers seem to be in contact with each other
when seen from a certain angle but are not in contact with
each other when seen from another angle. Meanwhile, a
material extending two-dimensionally as in FIG. 3E seems to
be in contact with an upper material seen from any angle if
they seem to be in contact with each other when seen from a
certain angle, and they are actually in contact with each other.

[0037] Note that the volume of a material extending two-
dimensionally is to be focused on here. For example, the area
of the two-dimensional carbon 103 in FIG. 3E is 2.2 times as
large as a surface area of the carbon fibers 101 in the corre-
sponding region in FIG. 3A; however, if the thickness is
sufficiently small, the volume of the two-dimensional carbon
103 is smaller than that of all the carbon fibers 101 in FIG. 3A.

[0038] Forexample, in the case where the two-dimensional
carbon 103 is formed of 10 graphenes, its thickness is 3.4 nm,
and when the two-dimensional carbon 103 is formed of a
smaller number of graphenes, its thickness is less than 3.4 nm.
Accordingly, in the case that the radiuses of the carbon fibers
101 are greater than or equal to 3.86 nm, the volume is larger
when the carbon fibers are used. The radius of a carbon fiber
or any other material extending one-dimensionally is actually
greater than 5 nm; thus, even larger volume is required.
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[0039] Although FIG. 3E illustrates the case where the
material extending two-dimensionally has a structure bent in
a special shape, in general, the material extends two-dimen-
sionally within a considerable range. For example, there is a
case as illustrated in FIG. 3F, where two-dimensional carbon
104 arranged at regular intervals in the direction “a” extends
infinitely. In such a case, under the assumption that there is
two-dimensional carbon extending two-dimensionally in a
similar manner above the two-dimensional carbon 104, a
contact state therebetween is examined.

[0040] Firstly, in the case where the upper two-dimensional
carbon is arranged in the same direction as the two-dimen-
sional carbon 104, it is difficult for the upper two-dimensional
carbon to be in contact with the two-dimensional carbon 104
except in the case of overlapping with the two-dimensional
carbon 104. However, the case where the upper two-dimen-
sional carbon is arranged in the same direction as the two-
dimensional carbon 104 hardly occurs, and usually there is a
certain angle therebetween. Accordingly, contact between the
upper two-dimensional carbon and the two-dimensional car-
bon 104 can be expected in most cases if the length of two-
dimensional carbon in the direction “a” is infinite.

[0041] Furthermore, even if the length of the two-dimen-
sional carbon 104 in the direction “a” is finite, the probability
of'the upper two-dimensional carbon being in contact with the
two-dimensional carbon 104 is sufficiently high. For
example, in the case where the length of the two-dimensional
carbon 104 is equal to the length x, the two-dimensional
carbon 104 does not overlap with the upper two-dimensional
carbon if an angle formed therebetween is greater than or
equal to 0° and less than 45°, but overlaps therewith if the
angle is greater than or equal to 45° and less than or equal to
90°. Thus, the probability of overlapping is 50% even in such
a case. This value is significantly high as compared with
12.6% in the case of carbon fibers.

[0042] According to the above examination, it can be said
that the probability of overlapping is nearly 90% if the length
of the two-dimensional carbon in the direction “a” is greater
than orequal to 5 times as large as the length x. Itis preferable
that x be greater than or equal to 1 time and less than or equal
to 5 times as large as the size of an active material particle, and
the length of two-dimensional carbon can be accordingly
determined. In other words, a typical length of two-dimen-
sional carbon is preferably greater than or equal to 1 time,
further preferably greater than or equal to 5 times as large as
an average value of the sizes of the active material particles.
[0043] The above examination is described using
extremely brief models; however, it indicates that excellent
characteristics can be obtained by using a material extending
two-dimensionally as a conduction auxiliary agent. From
these models, it can be easily understood that a conduction
auxiliary agent extending two-dimensionally has a high prob-
ability of being in contact with active material particles and
other conduction auxiliary agents and that an electrode
including these has high conductivity. Needless to say, the
improvement in conductivity based on the above principle
can be applied to not only active material particles but also
other particles with low conductivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a schematic view of two-dimensional car-
bon and active material particles.

[0045] FIG. 2 is a schematic view of acetylene black par-
ticles and active material particles.
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[0046] FIGS. 3A to 3F are views for describing the differ-
ence between the conductivity of carbon fibers and that of
two-dimensional carbon.

[0047] FIG. 4illustrates an example of a secondary battery.

DETAILED DESCRIPTION OF THE INVENTION

[0048] Hereinafter, embodiments will be described with
reference to drawings. However, the embodiments can be
implemented with various modes. It will be readily appreci-
ated by those skilled in the art that modes and details can be
changed in various ways without departing from the spiritand
scope of the present invention. Thus, the present invention
should not be interpreted as being limited to the following
description of the embodiments.

Embodiment 1

[0049] In this embodiment, a method for manufacturing a
lithium ion secondary battery which is one embodiment of the
present invention will be described. First, two-dimensional
carbon which is to be used as a conduction auxiliary agent is
manufactured. As a method for manufacturing the two-di-
mensional carbon, a CVD method (Patent Document 2), a
coating method (Patent Document 3), or a method in which
two-dimensional carbon is chemically separated from graph-
ite (Non-Patent Document 1) may be used.

[0050] For example, in the case where a CVD method is
used, a metal film of nickel, iron, or the like serving as a
catalyst is formed over a substrate, the substrate is placed in a
chamber and heated at a temperature of 600° C. to 1100° C.,
and a gas containing hydrocarbon, such as methane or ethane,
is introduced into the chamber, so that a two-dimensional
carbon film including 1 to 10 graphene sheets is provided over
the substrate.

[0051] Next, the metal film is etched with acid or the like,
whereby a self-supported two-dimensional carbon film is
obtained. The obtained film is cut and processed into rect-
angles in which the length of one side is 1 pm to 100 pm.
[0052] In the case where a coating method is used, a sulfu-
ric acid solution of potassium permanganate, hydrogen per-
oxide water, or the like is mixed into single crystal graphite
powder to cause oxidation reaction; thus, a graphene oxide
aqueous solution is obtained. The obtained graphene oxide
aqueous solution is applied onto an appropriate substrate
provided with a separation layer and dried. As the separation
layer, a film of a metal which is soluble in acid, with a
thickness of 1 nm to 100 nm, may be used.

[0053] Then, graphene oxide is reduced by high-tempera-
ture heating in vacuum, addition of a reducing agent such as
hydrazine, or the like, so that a two-dimensional carbon film
including 1 to 10 graphene sheets is obtained.

[0054] Next, the separation layer is etched with acid or the
like, whereby a self-supported two-dimensional carbon film
is obtained. The obtained film is cut and processed into rect-
angles in which the length of one side is 1 um to 100 um. Note
that the processing into rectangles may be performed at the
stage where the graphene oxide aqueous solution is applied
onto the substrate and dried.

[0055] Inamethod using a reducing agent, reduction reac-
tion proceeds from a surface; therefore, the reduction reaction
can be terminated at an appropriate depth by controlling
reaction time. In this state, reduced two-dimensional carbon
is obtained at the surface, while graphene oxide remains in a
deeper portion. Since graphene oxide is suspended in water, a
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self-supported film of two-dimensional carbon (insoluble in
water) can be obtained by soaking the substrate in water. The
graphene oxide dissolved in water can be collected and
applied onto a substrate again.

[0056] In the case of using a chemical method for separat-
ing two-dimensional carbon from graphite, graphite is placed
in a polar solvent such as chloroform, N,N-dimethylforma-
mide (DMF), or N-methylpyrrolidone (NMP) and bonding
between graphite layers is broken by ultrasonic vibration, so
that two-dimensional carbon can be obtained.

[0057] It is considered to be difficult to obtain a planar
two-dimensional carbon film by this method. However, since
planarity is not required in the case of using two-dimensional
carbon as a conduction auxiliary agent, poor planarity is not a
problem. On the contrary, this method is more efficient than
other methods in terms of productivity.

[0058] In cutting of the obtained self-supported two-di-
mensional carbon film, a layer of a material which is to be
mixed with the two-dimensional carbon later, such as active
material particles, is preferably applied onto one surface of
the self-supported two-dimensional carbon film with a thick-
ness of 10 nm to 100 nm. Although the two-dimensional
carbon is likely to aggregate after being cut, aggregation can
be prevented by providing a layer of another material on one
surface thereof.

[0059] The two-dimensional carbon having an appropriate
area manufactured in the above manner is mixed with a posi-
tive electrode active material and a binder, whereby a slurry is
obtained. Other conduction auxiliary agents such as acety-
lene black may be additionally mixed as appropriate. As the
positive electrode active material, lithium iron phosphate,
lithium manganese phosphate, lithium manganese silicate,
lithium iron silicate, or the like can be used; however, one
embodiment of the present invention is not limited thereto.
Positive electrode active material particles preferably have
sizes within the range of 20 nm to 100 nm. Further, a carbo-
hydrate such as glucose may be mixed at the time of baking of
the positive electrode active material particles, so that the
positive electrode active material particles are coated with
carbon. This treatment can improve the conductivity.

[0060] Description is made below with reference to FIG. 4.
FIG. 4 shows the structure of a coin-type secondary battery.
The above slurry is applied onto a positive electrode current
collector 228, molded, and then dried, whereby a positive
electrode active material layer 230 is formed. As a material of
the positive electrode current collector 228, aluminum is pref-
erably used.

[0061] As illustrated in FIG. 4, the coin-type secondary
battery includes a negative electrode 204, a positive electrode
232, aseparator 210, an electrolyte (not illustrated), a housing
206, and a housing 244. Besides, the coin-type secondary
battery includes a ring-shaped insulator 220, a spacer 240,
and a washer 242. As the positive electrode 232, the electrode
that is obtained in the above step by forming the positive
electrode active material layer 230 over the positive electrode
current collector 228 is used.

[0062] The electrolyte in which LiPFg is dissolved in a
mixed solvent of ethylene carbonate (EC) and diethyl carbon-
ate (DEC) is preferably used; however one embodiment of the
present invention is not limited hereto.

[0063] The negative electrode 204 includes a negative elec-
trode active material layer 202 over a negative electrode cur-
rent collector 200. As the negative electrode current collector
200, copper is used, for example. As a negative electrode
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active material, graphite, polyacene, or the like is used. The
negative electrode active material layer 202 is preferably
formed using such a material alone or a mixture of the mate-
rial and a binder. Alternatively, two-dimensional carbon
obtained by any of the above methods may be used as the
negative electrode active material.

[0064] An insulator with pores (e.g., polypropylene) may
beused for the separator 210. Alternatively, a solid electrolyte
which can transmit lithium ions may be used.

[0065] The housing 206, the housing 244, the spacer 240,
and the washer 242 each of which is made of metal (e.g.,
stainless steel) are preferably used. The housing 206 and the
housing 244 have a function of electrically connecting the
negative electrode 204 and the positive electrode 232 to the
outside.

[0066] The negative electrode 204, the positive electrode
232, and the separator 210 are soaked in the electrolyte. Then,
as illustrated in FIG. 4, the negative electrode 204, the sepa-
rator 210, the ring-shaped insulator 220, the positive elec-
trode 232, the spacer 240, the washer 242, and the housing
244 are stacked in this order inside the housing 206. The
housing 206 and the housing 244 are subjected to pressure
bonding. In such a manner, the coin-type secondary battery is
manufactured.

Embodiment 2

[0067] As examples of an electrical appliance according to
the present invention, a variety of dry batteries, storage bat-
teries, and the like are given. As a conduction auxiliary agent
for a positive electrode or a negative electrode of any of these
batteries, the conduction auxiliary agent including two-di-
mensional carbon described in Embodiment 1 may be used
for example.

[0068] In addition, as examples of an electrical appliance
according to the present invention, electric vehicles, electric
power tools, personal computers, mobile phones, and the like
can be given. Such an electrical appliance is not always sup-
plied with power by a wire and therefore includes a storage
battery inside. As a conduction auxiliary agent for a positive
electrode or a negative electrode of the storage battery, the
conduction auxiliary agent including two-dimensional car-
bon described in Embodiment 1 may be used for example.
[0069] In particular, a storage battery with low internal
resistance is required for applications where a large amount of
current needs to be fed instantaneously or where a required
current value varies greatly. Therefore, a sufficient effect can
be obtained by using the present invention.

EXPLANATION OF REFERENCE

[0070] 101: carbon fibers, 102: upper carbon fibers, 103:
two-dimensional carbon, 104: two-dimensional carbon,
200: negative electrode current collector, 202: negative
electrode active material layer, 204: negative electrode,
206: housing, 210: separator, 220: ring-shaped insulator,
228: positive electrode current collector, 230: positive
electrode active material layer, 232: positive electrode,
240: spacer, 242: washer, and 244: housing.

[0071] This application is based on Japanese Patent Appli-

cation serial no. 2010-183888 filed with Japan Patent Office

on Aug. 19, 2010, the entire contents of which are hereby
incorporated by reference.
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What is claimed is:
1. An electrical appliance comprising an electrode, the
electrode comprising:

an active material particle;

a binder; and

a conduction auxiliary agent comprising two-dimensional
carbon.

2. The electrical appliance according to claim 1,

wherein a square root of an area of the two-dimensional
carbon is greater than or equal to 100 nm and less than or
equal to 100 pm.

3. The electrical appliance according to claim 1,

wherein a square root of an area of the two-dimensional
carbon is greater than or equal to 1 time as large as an
average value of a particle size of the active material
particle.

4. The electrical appliance according to claim 1,

wherein a surface of the active material particle is coated
with carbon.

5. The electrical appliance according to claim 1,

wherein the two-dimensional carbon includes 1 to 100
graphenes.

6. The electrical appliance according to claim 1,

wherein the electrode is used as an electrode of a battery.

7. An electrical appliance comprising an electrode, the

electrode comprising:

an active material particle;

a binder;

a conduction auxiliary agent comprising two-dimensional
carbon; and

a current collector.

8. The electrical appliance according to claim 7,

wherein a square root of an area of the two-dimensional
carbon is greater than or equal to 100 nm and less than or
equal to 100 pm.

9. The electrical appliance according to claim 7,

wherein a square root of an area of the two-dimensional
carbon is greater than or equal to 1 time as large as an
average value of a particle size of the active material
particle.

10. The electrical appliance according to claim 7,

wherein a surface of the active material particle is coated
with carbon.
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11. The electrical appliance according to claim 7,

wherein the two-dimensional carbon includes 1 to 100
graphenes.

12. The electrical appliance according to claim 7,

wherein the current collector is aluminum.

13. The electrical appliance according to claim 7,

wherein the electrode is used as an electrode of a battery.

14. An electrical appliance comprising:

a first electrode, the first electrode comprising:
an active material particle;
a binder; and
a conduction auxiliary agent comprising two-dimen-

sional carbon;

a second electrode; and

a separator between the first electrode and the second elec-
trode.

15. The electrical appliance according to claim 14,

wherein a square root of an area of the two-dimensional
carbon is greater than or equal to 100 nm and less than or
equal to 100 pm.

16. The electrical appliance according to claim 14,

wherein a square root of an area of the two-dimensional
carbon is greater than or equal to 1 time as large as an
average value of a particle size of the active material
particle.

17. The electrical appliance according to claim 14,

wherein a surface of the active material particle is coated
with carbon.

18. The electrical appliance according to claim 14,

wherein the two-dimensional carbon includes 1 to 100
graphenes.

19. The electrical appliance according to claim 14,

wherein the second electrode comprises at least one of
graphite and polyacene.

20. The electrical appliance according to claim 14,

wherein the second electrode comprises copper.

21. The electrical appliance according to claim 14,

wherein the separator is an insulator with pores.

22. The electrical appliance according to claim 14,

wherein the first electrode and the second electrode are
used as electrodes of a battery.
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