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Abstract

The present invention 1s

made to provide a carbon

catalyst which has high catalytic activity and can achieve

high catalyst performance.

A carbon catalyst has nitrogen introduced therein. The

F

value of energy peak area ratio of a first nitrogen atom whose

electron 1n the 1s orbital has a binding energy of 398.5 + 1.0

eV to a second nitrogen atom whose electron 1n the 1s orbital

has a binding energy of 401 = 1.0

eV (i1.e., the wvalue of (the

first nitrogen atom)/(the second nitrogen atom)) of the

introduced nitrogen is 1.2 or less
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CARBON CATALYST, METHOD FOR PRODUCING CARBON

CATALYST, FUEL CELL, ELECTRICITY STORAGE DEVICE,

AND USE OF CARBON CATALYST

5 Technical Field
[0001]
The present invention relates to a carbon catalyst and a
method for producing the carbon catalyst.
Further, the present 1nvention relates to a fuel cell
10 using the carbon catalyst, an electricity storage device using
the carbon catalyst, and use of the carbon catalyst.
Background Art
[0002]
Currently, a large amount of noble metal catalysts such
15 as platinum catalyst and the 1like are being used for
industrial activities.
Particularly, a large amount of platinum catalyst 1is
needed to produce a fuel cell, and due to the high cost of the
platinum catalyst, the fuel cell 1is prevented from being

20 widely used.

Therefore, efforts are being made to develop techniques

for forming a catalyst without using platinum.

[0003]

Among the catalysts for the fuel cell, a carbon material
25 containing nitrogen has long been studied, focusing on its

activity for oxygen reduction reaction (see, for example,
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Patent Documents 1 to 4).

[Prior art documents]
[Patent documents]

(0004 ]

[Patent Document 1] Japanese Unexamined Patent
Application Publication No. 47-21388

[Patent Document 2 ] Japanese Unexamilned Patent
Applicaticn Publication No. 2004-330181

[Patent Document 3] Japanése Unexamined Patent
Application Publication No. 2006-331846

[ Patent Document 4 ] Japanese Unexamined Patent
Application Publication No. 2007-2070662
Disclosure of the Invention
Problems to be Solved by the Invention

[0005]

It is disclosed in Patent Documents 1 to 4 that nitrogen-

containing carbon material has activity for oxygen reduction
reaction. However, 1n order to realize practical use of such

material, the material must have high catalytic activity.

o

Thus, the content of nitrogen has also been considered 1n

the documents, however, a material with sufficient high

catalytic activity has not been achieved.

[0006]

Further, presence of a nitrogen atom whose electron 1i1n
the 1ls orbital has a binding energy of 398.5 £ 0.5 eV and a

nitrogen atom whose electron i1n the 1s orbital has a binding
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energy of 401 * 0.5 eV has been mentioned in Patent Document 2,
however, since abundance ratio of the both nitrogen atoms has
not been specified, 1t 1s impossible to obtain a catalyst with
high performance.

10007]

Thus, there 1s a desire to obtain a configuration to

achleve a high catalyst performance using a carbon material.

[0008]

To solve the above problems, the present 1nvention 1is
directed to provide a carbon catalyst with sufficiently high
catalytic activity and high catalyst performance, and a method
for producing the carbon catalyst.

Further, the present 1nvention 1s alsc directed to

provide a fuel cell using the carbon catalyst, an electricity
storage device wusing the carbon catalyst, and use of the
carbon catalyst.

Means for Solving the Problems

[0009]

A carbon catalyst according to an aspect of the present
invention 1s a carbon catalyst having nitrogen introduced

therein, wherelin the value of energy peak area ratio of a

first nitrogen atom whose electron in the 1s orbital has a

binding energy of 398.5 + 1.0 eV to a second nitrogen atom

whose electron in the 1s orbital has a binding energy of 401 #+
1.0 ev (1.e., the wvalue of (the first nitrogen atom)/(the

second nitrogen atom)) of the introduced nitrogen is 1.2 or
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less.

[0010]

In the carbon catalyst according to the aforesaild aspect
of the present invention, the first nitrogen atom 1s oI a
pyridine-type; and the second nitrogen atom is of a pyrrole-
type, a pyridine-type, or a graphene-substituted-type.

Further, there is a possible configuration in which the
content of the nitrogen atoms on the surface of the catalyst

is within a range of 0.01 to 0.3 by atomic ratio, with respect

to the carbon atoms on the surface.

Further, there are a possible configuration in which the
carbon catalyst contains a metal or a metal compound, and a
possible configuration in which the carbon catalyst contains a
transition metal or a transition metal compound.

[0011]

A first method for producing a carbon catalyst according

to another aspect of the present invention comprises the steps

of: preparing a nitrogen-containing carbon precursor polymer;
and carbonizing the carbon precursor polymer.

[0012]

A second method for producing a carbon catalyst according
to further another aspect of the present invention comprises
the steps of: preparing a carbon precursor  polymer;
carbonizing the carbon precursor polymer; and adding nitrogen

into the carbonized carbon precursor polymer.

[0013]
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Incidentally, by combining the first method for producing

the carbon catalyst and the second method for producing the

carbon catalyst according to the present invention, 1t 1s
possible to prepare a nitrogen-contalning carbon precursor
polymer and, after carbonization, add nitrogen 1into the
carbonized carbon precursor polymer.

10014]

In the first method for producing the carbon catalyst and
the second method for producing the carbon catalyst according
to the present invention, 1t 1s possible to prepare a metal

atom-contalining carbon precursor polymer 1n the step of

preparing the carbon precursor polymer,

Further, 1t 1s possible to mix a metal or a metal
compound 1nto the carbon precursor polymer after the step of
preparing the carbon precursor polymer, and carbonize the
mixture of the metal or the metal compound and the carbon
precursor polymer.

Further, 1t i1s possible to mix a transition metal or a

transition metal compound 1into the carbon precursor polymer

after the step of preparing the carbon precursor polymer, and
carbonize the mixture of the transition metal or the
transition metal compound and the carbon precursor polymer.

Further, 1t 1s possible to perform the carbonization at a
temperature of 300 °C to 1500 °C.

[0015]

A fuel cell according to further another aspect of the
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present invention comprises: a solid electrolyte; and a pair
of electrodes facing each other with the solid electrolyte
interposed therebetween, wherein at least one of the pair of
electrodes 1includes the carbon catalyst according to the
present invention.

An electricity storage device according to further
another aspect of the present 1invention comprises: an
electrode material; and an electrolyte, wherein the electrode
material includes the carbon catalyst according to the present
invention.

In a use of carbon catalyst according to further another
aspect of the present invention, the carbon catalyst according
to the present invention 1s used to accelerate chemical
reactions due to the catalytic action of the carbon catalyst.
Advantages of the Invention

[00106]

With the carbon catalyst of the present 1nvention, energy
peak area ratio of the first nitrogen atom and the second
nitrogen atom whose electron in the 1ls orbital has a binding
energy of 401 + 1.0 eV (1.e., the wvalue of (first nitrogen
atom) / (second nitrogen atom)) is 1.2 or lower, and thereby a
carbon catalyst having high activity can be achieved.

[0017]

With the first method for producing the carbon catalyst
according to the present i1invention, since a nitrogen-

containing carbon precursor polymer is prepared and the carbon
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precursor polymer 1is carbonized, 1t 1s possible to produce a
nitrogen-introduced carbon catalyst having high activity.

With the second method for producing the carbon catalyst
according to the present invention, since the step of adding
nitrogen to the carbonized carbon precursor polymer 1s
provided, it 1is possible to produce a nitrogen-introduced
carbon catalyst having high activity.

(0018]

Further, with the carbon catalyst of the present
invention, since a carbon catalyst having high activity can be

achieved, it is possible to i1mprove chemical reactions such as

oxidation-reduction reactions using a low-cost carbon catalyst
widely available in nature, 1instead of using a high-priced

noble metal catalyst such as platinum catalyst, which has

N

limited reserve 1n nature.

Further, it 1s possible to make use of low-quality

petrified resource. For example, by applying the present
invention to introduce nitrogen 1into low-value coal, of the

extracted coal, the coal can be utilized as carbon catalyst.

[0019]
With the fuel cell o0f the present invention and the
electricity storage device of the present invention, since the

carbon catalyst of the present invention 1s used as electrode

catalyst and electrode material, it 1s possible to achieve a

fuel cell and electricity storage device with high performance

with relatively low cost.
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Brief Description of Drawings

[0020]

FIG. 1A and FIG. 1B each show an X-ray photoelectron

spectrum of binding energy of an electron in the 1ls orbital of

a nitrogen atom introduced into a carbon catalyst;

FIG. 2 1s a graph for comparing activity for oxygen
reduction reaction of the carbon catalyst whose spectrum 1s
shown in FIG. 1A and FIG. 1B;

FIG. 3 is a view showing a schematic configuration of an
embodiment of a fuel cell according to the present invention;
and

FIG. 4 is a view showing a schematic configuration of an
electric double layer <capacitor of an embodiment of an
electricity storage device according to the present i1nvention.
Best Modes for Carrying Out the Invention

[0021]

A carbon catalyst according to the present invention 1s a
carbon catalyst having nitrogen introduced thereiln.

Further, the wvalue of energy peak area ratio of a first

nitrogen atom whose electron i1n the 1s orbital has a binding
energy of 398.5 * 1.0 eV to a second nitrogen atom whose

electron 1in the 1s orbital has a binding energy of 401 + 1.0
eV (i.e., the value of (first nitrogen atom)/(second nitrogen

atom)) of the introduced nitrogen 1is 1.2 or less.

10022}

In the carbon catalyst of the present invention, there
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exists graphene which is an aggregation of carbon atoms bonded

N

together through S@F—hybridized orbitals to form a two-

dimensional hexagonal network structure.

Further, when nitrogen atoms are introduced 1into the

hexagonal network structure, the nitrogen atom has a pyrrole-

type structure, a graphene-substituted-type structure, a
pyridine-type structure, or a pyridone-type structure, and
thereby the carbon catalyst exhibits catalytic activity.

The pyrrole-type structure 1s formed when the hexagonal
shape of the graphene changes 1into a pentagonal shape
containing nitrogen atom.

The graphene-substituted-type structure 1s formed when a

—
p—

carbon atom in the boundary of bordering hexagonal shapes of

the graphene network 1s substituted by a nitrogen atom,

wherein the nitrogen atom is bonded with three carbon atoms.
The pyridine-type structure 1s formed when a carbon atom

not 1n the Dboundary of hexagonal shapes of the graphene

network (mainly in the periphery of a molecule) 1s substituted

by a nitrogen atom, wherein the nitrogen atom 1s bonded with

two carbon atoms to configure a hexagonal shape.

The pyridone-type structure 1s formed when a nitrogen

atom 1s bonded with two carbon atoms to configure a hexagonal

shape, and an OH group or O 1s bonded with one of the two
carbon atoms bonded with the nitrogen atom.

10023]

The pyridine-type 1s 1ncluded as the first nitrogen atom
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whose electron 1n the 1s orbital has a bilnding energy of 398.5

+ 1.0 eV.
Further, the pyrrole-type, the graphene-substituted-type,
and the pyridine-type are 1ncluded as the second nitrogen atom

whose electron 1n the 1s orbital has a binding energy of 401 #

1.0 eV.

[0024 ]

The energy peak area ratio can be calculated by measuring
the quantitative ratio of the respective binding energies by
XPS (X-ray photoelectron spectroscopy) .

Further, the carbon catalyst exhibits high activity when

the value of (first nitrogen atom)/(second nitrogen atom) 1is

1.2 or less. It 1s more preferred that the value of (first
nitrogen atom)/(second nitrogen atom) is 1.1 or less. The

activity of the carbon catalyst will be remarkably reduced if

the value of (first nitrogen atom)/(second nitrogen atom)
exceeds 1.Z2.

[0025]

This feature will be described in more detail below with

reference to FIG. 1A, FIG. 1B and FIG. 2.

FIG. 1A and FIG. 1B each show a spectrum of the binding

energy of an electron in the 1ls orbital of a nitrogen atom of
the carbon catalyst having nitrogen introduced therein, the

spectrum being obtailned by performing XPS measurement.

FIG. 1A shows a case of a carbon catalyst having low

activity (i1.e., a carbon catalyst having nitrogen atom

10
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introduced therein according to a prior art), and FIG. 1B

shows a case of a carbon catalyst having high activity (1.e.,

a carbon catalyst according to the present invention).

In the present invention, the nitrogen atom whose
electron in the 1s orbital has a binding energy of 398.5 = 1.0
eV i1s referred to as a “first nitrogen atom”, and the nitrogen
atom whose electron in the 1ls orbital has a binding energy of
401 + 1.0 eV is referred to as a “second nitrogen atom”.

[0026]

The first nitrogen atom is indicated by a thick broken
line mainly shown in FIG. 1A and FIG. 1B.

Further, the second nitrogen atom 1s indicated by a thick
solid line mainly shown in FIG. 1A and FIG. 1B.

Incidentally, another peak appearing 1in the vicinity of
402.7 eV is indicated by a thin solid line.

[0027]

As is known by comparing FIG. 1A with FIG. 1B that, in
the case of a carbon catalyst having low activity, the number
of the first nitrogen atoms 1s somewhat large; while 1in the

.

case of a carbon catalyst having high activity, the number of

the first nitrogen atoms becomes small, 1.e., (first nitrogen

atom) / (second nitrogen atom) becomes small.
[0028]
Next, the result of the measurement of the activity for

oxygen reduction reactlon performed respectlvely on the carbon

catalyst shown 1n FIG. 1A and the carbon catalyst shown 1n FIG.

11
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1B is shown in FIG. 2. The vertical axis of FIG. 2 represents

current density, and the horizontal axis represents potentilal

V with respect to the normal hydrogen electrode NHE.

It can be known from FIG. 2 that, in the case of the high

activity type, the variation of the current density caused by
the variation of the potential is larger, and the activity for
oxygen reduction reaction is larger, compared wilth the case of
the low activity type.

(0029]

Incidentally, in the case where almost all nitrogen atoms

are the second nitrogen atoms and almost no first nitrogen

atom exists, the value of (first nitrogen atom)/ (second

nitrogen atom) will be close to zero, and 1t 1s consldered

that high activity may also be obtained in such case.

The carbon catalyst according to the present 1nvention

also 1includes the aforesalid case where almost all nitrogen

atoms are the second nitrogen atoms.
(0030}

Further, it is preferred that, in the carbon catalyst of
the present 1invention, the content of the nitrogen atoms on
the surface of the carbon catalyst 1s wilithin a range of 0.01

to 0.3 by atomic ratio, with respect to the carbon atoms on

the surface. If the content of the nitrogen atoms 1s 0.01 or
lower, the catalytic activity will be low; and 1f the content

of the nitrogen atoms 1s 0.3 or higher, the catalytic activity

willl also be low.

12
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[0031]

The carbon catalyst of the present invention may contain

a metal or a metal compound. The kind of metal 1s not

particularly limited as long as 1t does not 1inhibit activity

5 O

M

the carbon catalyst, however 1t 1s preferred that the metal

1s a transition metal, and it 1s more preferred that the metal

is an element belonging to the third to twelfth groups 1n the

fourth period of the periocdic table. Examples of such

transition metal include cobalt (Co), 1ron (Fe), manganese

10 (Mn), nickel (Ni), copper (Cu), titanium (Ti), chromium (Cr),
zinc (Zn), zirconium (Zr), tantalum (Ta), and the 1like.

Incidentally, 1n the present 1nventilion, 1n addition to

the transition metal, other element (such as boron B) may also

be contalined as long as the aforesald as long as the element

15 falls within the aforesaid scope.

[0032]

The carbon catalyst of the present 1invention can be
produced by 1ntroducing nitrogen and carbonizing a carbon
precursor polymer.

20 Nitrogen may be introduced by any one of the following
methods: using a carbon precursor polymer which contains
nitrogen atom(s) as a constituent element; adding a carbon
precursor polymer which contains nitrogen atom(s) as a
constituent element 1into a carbon precursor polymer which

25 contains no nitrogen atom; and introducing nitrogen atom(s)

) =

after carbonization.

13
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Further, Nitrogen may also be introduced by using a
plurality of methods for introducing nitrogen in combination.

[0033]

A carbon catalyst containing high concentration of

5 nitrogen atoms can be obtained by producing the carbon
catalyst in the aforesald manner.

As described above, it is preferred that the content of
the nitrogen atoms on the surface of the formed carbon
catalyst is within a range of 0.01 to 0.3 by atomic ratio,

10 with respect to the carbon atoms on the surface. If the

content of the nitrogen atoms is 0.01 or lower, the catalytic

activity will be low; and if the content of the nitrogen atoms
is 0.3 or higher, the catalytic activity will also be low.
Examples of the methods for measuring atom-content on the
15 surface include XPS (X-ray photoelectron spectroscopy) and the
like.
10034 ]
Method for producing the carbon catalyst according to the

present invention will be described 1n detail below.
20 [0035]
First, the material of the carbon precursor polymer for

producing the carbon catalyst 1s not particularly limited as

long as the material 1s a polymer material capable of being
carbonized by heat curing.
25 For example, the following materlals may be used as the

~ -

carbon precursor polymer: polyacrylonitrile, chelating resin,

14
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cellulose, carboxymethyl cellulose, polyvinyl alcohol,

polyvacrylic acid, polyfurfuryl alcohol, fran resin, phenol

resin, phenol-formaldehyde resin, polyimidazol, melamine resin,
pitch, brown coal, polyvinylidene chloride,
polycarbodiimide, lignin, c¢oal, biomass, protein, humic acid,
polyimide, polyaniline, polypyrrole, polybenzimidazole,
polyamide, polyamide-imide and the like.

[0036]

Incidentally, the carbon precursor polymer may contailn

metal atoms as long as the carbon precursor polymer 1s a

polymer material capable of being carbonized by heat curing.

For example, the carbon precursor polymer may be a
nitrogen-contalining ligand polymer, metal coordination
compound and the like.

Further, the carbon precursor polymer suitable to produce

the carbon catalyst of the present invention may be prepared

g
p—

even from a polymer material unsuitable to be carbonized 1f

such polymer material i1s mixed or copolymerized wlith a polymer

material which prompts cross-linking.

[0037]
Further, a carbon precursor compound contalning nitrogen

atom(s) as a constituent element may be added, and such carbon
precursor compound 1s not particularly limited as long as 1t
can be carbonized.

For example, the following materials may be used as such

carbon precursor compound: acrylonitrile, acrylamide,

15
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methacrylamide, melamine, pyridine, urea, amino acid,
imidazole, pyrrole, indole, quinoline, quinoxaline, acridine,
pyridazine, cinnoline, oxazole, morpholine, carbodilmide and
the like.

(0038 ]

Furthermore, a metal or a metal compound may be mixed

into the carbon precursor polymer. The metal 1s not
particularly limited as long as it does not inhibit activity
of the carbon catalyst, however it 1s preferred that the metal
is a transition metal, and it is more preferred that the metal
is an element belonging to the third to twelfth groups 1in the
fourth period of the periodic table. Examples of such
transition metal include cobalt (Co), 1ron (Fe), manganese
(Mn), nickel (Ni), copper (Cu), titanium (Ti), chromium (Cr),
zinc (Zn), zirconium (Zr), tantalum (Ta), and the like.
Further, a salt, a hydroxide, an oxide, a nltride, a

sulfide, a carbide, a complex and the 1like of metal can be

used as the metal compound, and 1t 1s preferred that a

chloride, an oxide or a complex of metal 1s used as the metal

compound.

[0039]

The shape of the carbon precursor polymer or the compound
of the carbon precursor polymer and a metal 1s not
particularly 1limited as long as the carbon catalyst has
activity.

For example, the carbon precursor polymer or the compound

16
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of the carbon precursor polymer may have a sheet-like shape,
fiber-like shape. block-like shape.particle-like shape or the
like.

[0040]

Next, 1in the case where a polymer material with poor
heat-curing property 1is used as the carbon precursor polymer,

it is possible to perform an infusibilization treatment.

By performing the infusibilization  treatment, the

the resin c¢can be maintained even under a

o )

structure O

temperature equal to or higher than the melting point or

softening point of the carbon precursor. The infusibilization

treatment can be performed using a known method.
[(0041]
The carbon precursor polymer 1s carbonized Dby Dbeilng

heated at a temperature of 300 °C to 1500 °C, preferably

400 °C to 1200 °C, for a holding time of 5 minutes to 180
minutes, preferably 20 minutes to 120 minutes.
At this time, the carbonization may also be performed

under a flow of an 1nert gas such as nitrogen gas. If the
carbonization temperature 18 lower than 300 °C, the

carbonization performed on the carbon precursor polymer will

be i1nsufficient; while 1f the carbonization temperature 1s

higher than 1500 °C, the carbonization will be excessive and

therefore catalytic activity will be remarkably reduced.

P

Further, 1f the holding time 1is shorter than 5 minutes,

1t will be impossible to evenly perform the heat treatment on

17
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the carbon precursor polymer; while 1f the holding time

exceeds 180 minutes, catalytic activity will Dbe remarkably

reduced.

[0042]

Further, nitrogen atoms may also be 1ntroduced after
carbonization.

At this time, the following methods can be used to
introduce nitrogen atoms: an ammoxidation method, a liquid-
phase doping method, a vapor-phase doping method, or a vapor-

ligquid-phases doping method. For example, nitrogen atoms can

be 1ntroduced 1into the surface of the carbon catalyst by
mixXxing ammonia, melamine, acetonitrile or the 1like (as a
nitrogen source) 1into the carbon catalyst, and performing a
heat treatment on the carbon catalyst by holding the carbon
catalyst at a temperature of 550 °C to 1200 °C for 5 minutes
to 180 minutes under an 1nert gas atmosphere, such as an
atmosphere of nitrogen, argon, helium or the like.
[004 3]

In the case where the carbon catalyst contains metal, the
metal can be removed by performing an acid treatment or
electrolytic treatment according to necessity.

There 1s a case where the metal becomes no longer

necessary after the carbonization. In such case, the metal can
pe removed by performing an acid treatment or electrolytic
treatment on the carbon catalyst according to necessity.

Particularly, in the case where the carbon catalyst is used as

18
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cathode catalyst of a fuel cell, since the metal will Dbe

eluted so as to decrease activity for oxygen reduction
reaction and deteriorate a solid polymer membrane, 1t 1s

necessary to remove the metal before use.

10044 ]

The carbon catalyst produced in the aforesalid manner has

a catalytic activity of 0.65 V vs. NHE (when current density
is -10 uA/cm®) or higher.

[0045]

The carbon catalyst according to the present 1nvention

can be used 1in various applications.

For example, the carbon catalyst according to the present

invention can be used to configure a fuel <cell or an

electricity storage device (such as a battery, an electric

double layer capacitor and the like), or be used as a general

catalyst for chemical reaction.

[0046]

gritm

As an application of the carbon catalyst of the present

invention, 1f the carbon catalyst is used to configure a fuel

.

cell, the fuel cell 1ncludes a solid electrolyte and two (a

palr of) electrode catalysts facing each other with the solid

N

electrolyte 1nterposed therebetween, wherein at least one of

the two (a palr of) electrode catalysts uses the carbon

catalyst of the present invention.

10047}

If the carbon catalyst of the present i1nvention 1s used

19
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to configure an electricity storage device, the electricity

storage device includes an electrode material and an
electrolyte, wherein the electrode material wuses the carbon

catalyst of the present invention.

10048 ]

Here, a schematic configuration of an embodiment of a

fuel cell wherein the carbon catalyst 1s used 1s shown in FIG.

3.

A fuel cell 10 includes a solid polyelectrolyte 1, a pair

of electrode catalyst layers 2, 3, and a pair of supports 4, 5,
wherein the pair of electrode catalyst layers 2, 3 face each
other with the solid polyelectrolyte 1 interposed therebetween,
and the pair of supports 4, 5 face each other with the solid

polyelectrolyte 1 and the pair of electrode catalyst layers 2,

3 1nterposed therebetween. The fuel <cell 10 has a

—

configuration of so-called T“polymer electrolyte fuel cell

(PFEC) .
The electrode catalyst layer 2 on the left side of the

drawing 1s an anode catalyst layer (fuel electrode).

The electrode catalyst layer 3 on the right side of the
drawling 1s a cathode catalyst layer (oxidilzer electrode).

10049

The fuel cell 10 can be configured in which the carbon

catalyst of the present 1nvention 1s applied to one or both of

o

the pair of electrode catalyst layers 2, 3.

10050]
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A fluorine-based catlion-exchange resin membrane,

represented by a perfluorosulfonic acid resin membrane, can be
used as the solid polyelectrolyte 1.

[0051]

The supports 4, 5 are also adapted to supply and
discharge reaction gases such as fuel gas H;, oxidizer gas O
and the 1like, 1in addition to supporting the anode catalyst
layer 2 and cathode catalyst 3.

[0052]

Incidentally, the supports 4, 5 each 1s typically

configured by a separator arranged on outer side and a gas

diffusion layer arranged on 1nner side (i1.e., electrolyte

side), however the support may be configured by the separator

only depending on the nature of the carbon catalyst, without

having the gas diffusion layer. For example, 1f a carbon
catalyst having large specific surface area and high gas
diffusivity 1s used as the electrode catalyst layer, since the
catalyst layer also functions as gas diffusion layer, 1t 1is

possible to omit the gas diffusion layer.

The separator can be formed by, for example, a resin
having a groove formed therein for passing the reaction gas.

The gas diffusion layer can be formed by, for example, a
porous sheet (for example, a carbon paper). The gas diffusion
layer also functions as a current collector.

[0053]

The fuel cell 10 of the present

i

embodiment 1s configured
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as described above, and therefore operates in the following

marliner.

Further, when the reaction gases (i.e., the fuel gas H;
and oxidizer gas O0;) are respectively supplied to the anode
catalyst layer 2 and the cathode catalyst layer 3, a triphasic
interface of a gas phase (the reaction gas), a liquid phase
(the solid polyelectrolyte membrane) and a solid phase (the
catalyst of the both electrodes) 1s formed on the Dborder
between the carbon catalyst of the electrode catalyst layers 2,
3 and the solid polyelectrolyte 1.

At this time, a DC power 1s generated due to the

occurrence of an electrochemical reaction.

10054 ]

In the aforesaid electrochemical reaction, the following
reactions occur on the cathode side and the anode side:
Anode side: H, — 2H" + 2e

Cathode side: O, + 4H" + 4e~ — 2H,0

The H' ion generated on the anode side moves toward the

cathode side through the solid polyelectrolyte 1, and the e

(electron) generated on the anode side moves toward the

cathode side through an external load.
While on the cathode side, the oxygen contained 1in the

oxidizer gas is reacted with the H' ion and the e  moved from

the anode side to form water.

As a result, 1n the fuel cell 10, DC power 1s generated

from hydrogen and oxygen, and meanwhile water is formed.
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10055]

The fuel cell 10 of the present embodiment can be
produced 1n the same manner as a conventional polymer

electrolyte fuel cell (PFEC).

For example, by forming the carbon catalyst of the

present invention (as the anode catalyst layer 2 and cathode

catalyst layer 3) on both principal surfaces of the solid
polyelectrolyte 1 and bringing the carbon catalyst 1nto close
contact with the both principal surfaces of the solid
polyelectrolyte 1 by hot pressing, these components can be
integrated as a MEA (Membrane Electrode Assembly).

[0056]

With the configuration of the fuel <cell 10 of the
aforesaid embodiment, since the carbon catalyst having high
activity according to the present 1nvention 1s used 1n at
least one of Dboth the anode catalyst layer 2 and cathode

catalyst layer 3, the fuel cell 10 with high performance can

be achieved with sufficiently low cost compared with the case

where platinum catalyst 1s used.

(0057 ]
The fuel cell 10 of the aforesaid embodiment represents a
case where the fuel cell 10 according to the present invention

1s applied to the polymer electrolyte fuel cell (PFEC).

The fuel cell according to the present invention may also
pbe applied to other kinds of fuel cells as long as the carbon

catalyst can be used 1n these fuel cells, instead of being
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limited to the polymer electrolyte fuel cell (PFEC).

10058]

Next, a schematic configuration of an electric double
layer capacitor, as an embodiment of an electricity storage

device where the carbon catalyst 1s used, 1s shown 1n FIG. 4.

An electric double layer capacitor 20 1includes a first

electrode (a polarized electrode) 21, a second electrode (a
polarized electrode) 22, a separator 23, an exterior 1lid Z24a

and an exterior case 24b, wherein the first electrode 21 and

aling

the second electrode 22 face each other with the separator 23
interposed therebetween, and the exterior 1lid 24a and exterior
case 24b accommodate the first electrode 21, the second

electrode 22 and the separator 23.

The first electrode 21 and the second electrode 22 are

respectively connected to the exterior 1lid Z24a and the
exterior case 24b through a current collector 25.

Further, the separator 23 1s 1mpregnated with an
electrolytic solution.

Further, the exterior 1lid 24a and the exterior case 24Db

are S

.

caled to each other by caulking with a gasket 26

interposed therebetween to electrically-insulate the exterior

1l1d 24a and exterior case 24b from each other, and thereby the

i1nside 1s sealed.

[0059]

In the electric double layer capacitor 20 of the present

embodiment, the carbon catalyst according to the present
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clectrode 21 and/or the

.

invention can be applied to the first

second electrode 22. Further, it 1s possible to configure the
electric double layer capacitor having the electrode materilal
to which the carbon catalyst is applied.

[0060]

The carbon catalyst according to the present invention 1is

electrochemically 1nactive with respect to the electrolytic
solution and has proper electrical conductivity.
Therefore, by applying the carbon catalyst to the

electrodes of the capacitor, capacitance per unit volume of

the electrodes can be 1mproved.

[0061]

Further, similar to the aforesaid electric double layer
capacitor 20, the carbon catalyst according to the present

-y

invention can be applied to other electrodes formed of carbon

P

material, such as negatlive-electrode material of a lithium-1on

secondary battery.

[0062]

Next, cases where the carbon catalyst 1s used as an
alternative to an environmental catalyst containing a noble
metal such as platinum will be described below.

An environmental catalyst configured by a catalyst

material formed of a noble metal-based material, such as a

P

platinum-pbased material, or a compound thereof is used as an

exhaust gas purging catalyst for removing contaminated

materials (mainly gaseous substances) contained 1in the
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contaminated air by performing degradative treatment.

The carbon catalyst according to the present 1invention
can be used as an alternative to the exhaust gas purging

catalyst which contains a noble metal such as platinum.

Thus, since the noble metal such as platinum 1s
unnecessary to be used, 1t 1s possible to provide a low-cost
environmental catalyst. Further, since the specific surface
area 1is large, treatment area (in which the material-to-be-
treated i1s degraded) per unit volume can be 1ncreased, and
therefore it 1is possible to configure an environmental
catalyst excellent in degradation function per unit volume.

10063]

Incidentally, by carrying a noble metal-based material

used 1n a conventional environmental catalyst, such as a

platinum-based material, or a compound thereof on the
aforesaid carbon catalyst as a <carrier, 1t 1s possible to
configure an environmental catalyst more excellent in
catalytic action such as degradation function and the like.

Incidentally, the environmental catalyst having the

aforesaid carbon catalyst may also be used as a catalyst for

water treatment, 1n addition to beling used as the aforesaid
exhaust gas purglng catalyst.

(00064 ]

The carbon catalyst according to the present invention

may also pbe used as a catalyst for wvarious kinds of general

reactions.
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Particularly, the carbon catalyst according to the

present invention may also be used as an alternative to a
generic process catalyst containing noble metal such as
platinum used in the chemical industry.

[0065]

It should be understood that the present invention 1s not
limited to the aforesaid embodiments, but i1ncludes various

other configurations without departing from the spirit of the

present invention.
100006}

<Examples>

The carbon catalyst having nilitrogen 1ntroduced thereiln

was actually produced and the characteristics thereof were

checked.

N

[0067/]

(Example 1)

[Preparation of (nitrogen compound and cobalt compound)-added
polyacrylonitrile-polymethacrylic acid copolymer (PAN-co-PMA) ]
1.5 g of polyacrylonitrile~-polymethacrylic acid copolymer

(referred to as “PAN-co-PMA” hereinafter) was dissolved 1in 20

g ©of dimethylformamide. Thereafter, 1.5 g of cobalt chloride
hexahydrate and 1.5 g of Z2Z2-methylimidazole were added, and

agltation was performed for 2 hours to obtain a blue solution.

Next, the blue solution was vacuum-dried at a temperature

P

of 60 °C to obtain a (nitrogen compound and cobalt compound) -

added PAN-co-PMA.
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10068]

[Infusibilization treatment]

Next, an infusibilization treatment was performed.
First, the obtained (nitrogen compound and cobalt
compound) —added PAN-co-PMA was set 1nto a forced circulation-

type dryer.

Further, under air atmosphere, the temperature was raised

from room temperature to 150 °C over 30 minutes, then raised
from 150 to 220 °C over 2 hours, and then the temperature was

held at 220 °C for 3 hours.

By the above steps, the 1nfusibilization treatment was

completed.

[0069]
[Carbonization Process]

Next, a carbonization process was performed.

First, the (nitrogen compound and cobalt compound)-added
PAN-co-PMA having Dbeen subjected to the infusibilization
treatment was put 1nto a quartz tube to be subjected to
nitrogen purge for 20 minutes 1n an ellipsoidal reflection
type 1infrared gold 1mage furnace and then the temperature was

raised from room temperature to 900 °C over 1.5 hours.

Thereafter, the temperature was held at 900 °C for 1 hour.

By the above steps, the carbonization process for the

(n1trogen compound and cobalt compound)-added PAN-co-PMA was

completed.

[0070]
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[Crushing process]

A crushing process was performed after performing the
carbonization process.

First, the (nitrogen compound and cobalt compound)-added
PAN-co-PMA having been subjected to the carbonization process

was set in a planetary ball mill (P-7, manufactured Dby

Fritsch), along with zirconia balls having a size of 1.5 mmd.
Further, crushing process was performed at a rotatilional
spéed of 800 rpm for 5 minutes.
Thereafter, the crushed (nitrogen compound and cobalt
compound) —added PAN-co-PMA was taken out from the planetary

ball mill and sieved using a slieve having a mesh size of 105

um. The (nitrogen compound and cobalt compound)-added PAN-co-

PMA passed through the sieve was used as a specimen of Example

1.

[0071]
(Example 2)

1.5 g of PAN-co-PMA was dissolved 1in 20 g ©of
dimethylformamide. Thereafter, 0.75 g of cobalt chloride

hexahydrate and 0.75 g of Z2-methylimidazole were added, and

agltation was performed for 2 hours to obtalin a blue solution.

Next, the blue solution was vacuum-driled at a temperature
of 60 °C to obtain a (nitrogen compound and cobalt compound) -

added PAN-co-PMA.

The 1infusibililization treatment and the steps after the

infusibllization treatment described 1n Example 1 were also
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performed on the obtained (nitrogen compound and cobalt
compound) ~added PAN-co-PMA to obtain a carbon catalyst, which
was used as a specimen of Example 2.

[0072]
(Example 3)

1.5 g of PAN-co-PMA was dissolved 1n 20 g of

dimethylformamide. Thereafter, 1.5 g of cobalt chloride

hexahydrate and 0.75 g of Z-methylimidazole were added, and

agitation was performed for 2 hours to obtain a blue solution.

Next, the blue solution was vacuum-dried at a temperature

P

of 60 °C to obtain a (nitrogen compound and cobalt compound) -

added PAN-co-PMA.

The infusibilization treatment and the steps after the

infusibilization treatment described 1in Example 1 were also

performed on the obtained (nitrogen compound and cobalt

compound) —added PAN-co-PMA to obtalin a carbon catalyst, which

was used as a specimen of Example 3.

[0073]

(Example 4)
[Preparation of cobalt compound added polybenzimidazole]

1.5 g of polybenzimidazole was dissolved 1in 20 g of
dimethylacetamide. Thereafter, 1.5 g of <cobalt chloride
hexahydrate was added, and agitation was performed for 2 hours

to obtain a blue solution.

Next, the blue solution was vacuum-dried at a temperature

gt

of 60 °C to obtain a cobalt compound added polybenzimidazole.
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(10074 ]

[Infusibilization treatment]

Next, an infusibilization treatment was performed.

First, the obtained cobalt compound added

5 polybenzimidazole was set into a forced circulation-type dryer.

Further, under air atmosphere, the temperature was ralsed

from room temperature to 150 °C over 30 minutes, then raised

from 150 to 220 °C over 2 hours, and then the temperature was

held at 220 °C for 3 hours.

10 [0075]

[Carbonization Process]

Next, a carbonization process was performed.
First, the cobalt compound added polybenzimidazole having
been subjected to the infusibilization treatment was put into
15 a quartz tube to be subjected to nitrogen purge for 20 minutes

in an ellipsoidal reflection type 1nfrared gold image furnace

and then the temperature was raised from room temperature to

900 °C over 1.5 hours.

Thereafter, the temperature was held at 900 °C for 1 hour.

20 Thus, the cobalt compound added polybenzimidazole was

subjected to a carbonization process to obtain the carbon

catalyst.
10076]

[NPitrogen introducing process]

25 The carbon catalyst obtained by performing the

carbonization process was put 1into a quartz tube to be
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subjected to a nitrogen gas purge for 20 minutes 1n an

ellipsoidal reflection type infrared gold 1image furnace, and

then the temperature was raised from room temperature tTO

600 °C over 20 minutes, and then the atmosphere was changed to

P
p—

a mixed gas atmosphere of ammonia and air (ammonia : air =

3) and temperature was held at 600 °C for two hours to

introduce nitrogen.
[0077]

[Crushing Process]

A crushing process was performed after performing the
nitrogen introducing process.
First, the cobalt compound added polybenzimidazole having

been subjected to the carbonization process was set 1n a

planetary ball mill (P-7, manufactured by Fritsch), along with

pr—

zirconilia balls having a size of 1.5 mmod.

Further, a crushing process was performed at a rotational

g

speed of 800 rpm for 5 minutes.

Thereafter, the crushed cobalt compound added

polybenzimidazole was taken out from the planetary ball mill

g

and sieved using a sieve having a mesh size of 105 um. The

cobalt compound added polybenzimidazole passed through the

g

sieve was used as a specimen of Example 4.

[0078]

(Comparative Example 1)

Methanol (manufactured by Wako Pure Chemical Industries,

Ltd.) 100 ml was mixed with furfuryl alcochol (manufactured by

32



CA 02725738 2010-11-24

TSIPO09-010 spec

Wako Pure Chemical Industries, Ltd.) 10 g to prepare a mixed

solution, and a cobalt phthalocyanine complex (manufactured Dby

Wako Pure Chemical Industries, Ltd.) 2.090 g and melamine

(manufactured by Wako Pure Chemical Industries, Ltd.) 7.499 g

5 were added into the mixed solution, and the mixture was

stirred at room temperature for one hour with a magnetic

stirrer.

The solvent was removed with a rotary evaporator at 60 °C

while irradiating ultrasonic waves to the mixture.

10 Thereafter, the resultant was moved to a dish under a

I

nitrogen gas atmosphere of a pressure of 0.1 MPa and a

temperature of 80 °C and maintained for 24 hours, so that a

polymerization reaction occurred to synthesize a polyfurfuryl
alcohol (carbon precursor polymer) contalning a cobalt

15 phthalocyanine complex and melamilne.

The carbonization process and the steps after the
carbonization process described 1n Example 1 were also
performed on the obtained carbon precursor polymer to obtaln a

carbon catalyst, which was used as a specimen of Comparative

20 Example 1.

(00791

(Comparative Example 2)
Further, nitrogen was 1ntroduced by an ammoxidation
method, wusing the carbon catalyst obtained 1in Comparative

25 Example 1.

The carbon catalyst obtained in Comparative Example 1 was
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put into a quartz tube to be subjected to a nitrogen gas purge
for 20 minutes in an ellipsoidal reflection type 1infrared gold

image furnace, and then the temperature was ralsed from room

temperature to 600 °C over 20 minutes, and then the atmosphere

5 was changed to a mixed gas atmosphere of ammonia and air

(ammonia : air = 7 : 3) and temperature was held at 600 °C for

two hours.

The carbon catalyst obtained in such a manner was used as

a specimen of Comparative Example 2.

10 [0080]

(Comparative Example 3)
Ketjen Black EC600JD (manufactured by Lion Corporation),

which is a high conductive carbon material, was used as a

specimen of Comparative Example 3.

15 [0081]

(Comparative Example 4)

Further, nitrogen was 1introduced 1into Ketjen Black

EC600JD (manufactured by Lion Corporation) by an ammoxidation

method.

20 To be specific, Ketjen Black EC600JD was put into a

quartz tube to be subjected to a nltrogen gas purge for 20

minutes 1in an ellipsoidal reflection type 1infrared gold 1image

furnace, and then the temperature was raised from room
temperature to 600 °C over 20 minutes, and then the atmosphere

25 was changed to a mixed gas atmosphere of ammonia and air

(ammonia : air = 7 : 3) and temperature was held at 600 °C for
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two hours.

In such a manner, a specimen of Comparative Example 4 was

produced.
[0082]
(Comparative Example 5)
Vulcan XC-72R (manufactured by Electrochem), which 1s a

high conductive carbon material, was used as a specimen of

Comparative Example 5.
[0083]
(Comparative Example 6)

Further, nitrogen was introduced into Vulcan XC-72R

(manufactured by Electrochem) by an ammoxidation method.

To be specific, Vulcan XC-72R was put 1nto a quartz tube
to be subjected to a nitrogen gas purge for 20 minutes 1n an
ellipsoidal reflection type infrared gold image furnace, and
then the temperature was raised from room temperature to
600 °C over 20 minutes, and then the atmosphere was changed to
a mixed gas atmosphere of ammonia and air (ammonla : air = 7

3) and temperature was held at 600 °C for two hours.

=

In such a manner, a specimen of Comparative Example 6 was

produced.
(0084 ]

<Characteristic Evaluation>

Characteristics of the produced specimen of each of the

aiine

aforesailid examples and comparatlive examples were measured as

described below.
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[0085]
(X-ray photoelectron spectroscopy (XPS))

XPS measurement was performed on each specimen using an

J

ESCA 5600 (manufactured by Perkin Elmer).

5 [0080]

(Ratio of nitrogen atoms to carbon atoms on the surface)
Surface elemental concentration of nitrogen, carbon and

oxygen was obtained based on each peak area of the spectrum

obtalned by performing XPS measurement and detection

10 sensitivity coefficient, and the wvalue of the ratio of

nitrogen atoms to carbon atoms on the surface (i1.e., the value

of nitrogen/carbon) was calculated based on the obtained

surface elemental concentration of nitrogen, carbon and oxygen.

(0087]
15 ((first nitrogen atom)/ (second nitrogen atom))
Peak area ratio (i.e., (first nitrogen atom)/(second

nitrogen atom)) was calculated based on each peak area of the
spectrum obtained by performing XPS measurement.
[0088]
20 (Test of electrode activity associliated with oxygen reduction)

Flectrode activity associated with oxygen reduction was

measured using a three-electrode cell.

Further, a voltammogram (which represents a relationship

between potential and current density as shown in FIG. 2) was

25 plotted based on the electrode activity obtained Dby

measurement.
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Further, based on the voltammogram, potential at a
current density ot -107%?mA/cm® was obtained as Eo2, and a
reduction current density at a potential of 0.7 V vs. NHE was
obtained as the wvalue of activity for oxygen reduction
reaction.

[0089]

As measurement results of each specimen, the EoZ, the

value of activity for oxygen reduction reaction,

nitrogen atom to carbon atom on the surtface,

the first

nitrogen

atom t€oO

indicated in Table 1.

the

second nltrogen

the ratio of
and the ratio of

atom are

10090}

[ Table 1]

-0 w;s:;ngg:z;i;ion [ Nitrogen/Carbon (First nitrogen atom)/ |

(Vvs. NHE) . (Second nitrogen atom)

| (mA/em®)
|Example 1 0800 -0.431 0.045 0.65
1Example 2 0./861 -0210 0.013 1.11
|Example 3 0.762 —(.356 0036 0.82
[Example 4 0729 1 0167 0.076 116
IComparative Example 1 0.602 ~0.008 0.008 1.26
IComparative Example 2 0.636 0010 0016 1.23
{Comparative Example 3 0260 No current value 0.000 { — B
Comparative Example 4 0.301 | —-0 001 0.026 1.78 |
|Comparative Example 5 0.221 No current value 0.000 | =
Comparative Example 6] 0265 —0.002 0.046 142

[0091]

It can be known from FIG.

carbon

having high activity has large

current density at a certaln potential).

[0092]

catalyst having

low

for oxygen reduction reactilion

37

activity,

(1.e.,

2 that,

EoZ2 and large

—: Since content of nitrogen is out of detection limit, calculation is impossible

compared with the

the carbon catalyst

value of activity

the absolute wvalue of
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It can be known from Table 1 that, compared with the

" amd

specimen of each of comparative examples, the specimen of each

of Example 1 to Example 4 has large EoZ and large value of

activity for oxygen reduction reaction, and has high activity.

It can be known from Table 1 that the specimen of Example
1 not only has large ratio of nitrogen atoms to carbon atoms
on the surface, but also has a ratio of the first nitrogen
atom to the second nitrogen atom of 0.65, which 1is
sufficiently small value compared with the specimen of each otf

comparative examples.

Further, the specimens of Example 2, Example 3 and

Example 4 not only have large ratio of nitrogen atoms to

carbon atoms on the surface, but also have a ratio of the

first nitrogen atom to the second nitrogen atom of 1.11, 0.8Z2

and 1.16, which are smaller than that of the specimen of each

of comparative examples.

Further, 1n the case of Example 1 to Example 3, the
catalyst was caused only by nitrogen contained i1n the starting

material, while in the case of Example 4, nitrogen was further
introduced after carbonization, however high nitrogen content
and activity can be obtained in the both cases.

[0093]

On the other hand, 1t 1s known from the result of

Comparative Example 3 and Comparative Example 5 that activity

will be low 1f nitrogen is not introduced.

Further, 1t 1s known from the result of Comparative
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Example 2, Comparative Example 4 and Comparative Example 6
that, compared with the case where nitrogen 1s not introduced,
the case where nitrogen 1is introduced has improved activity,

-y

however high activity like the case of Example 1 can not be

achieved by simply introducing nitrogen.

In the case of the specimen of Comparative Example 6, the

ratio of nitrogen atoms to carbon atoms on the surface 1s

large, however the ratio of the first nitrogen atom to the

second nitrogen atom 1s 1.42, which is a large value, and the

FEo2 and value of activity for oxygen reduction reaction are

gt

far smaller than those of the specimen of Example 1.

This means that simply increasing introduced nitrogen
atoms does not necessarily improve activity.

[0094 ]

Thus, as the specimen of each of examples, high activity
can be achieved by a configuration in which not only the ratio
of nitrogen atoms to carbon atoms on the surface 1s large, but
also the ratio of the first nitrogen atom to the second

nitrogen atom 1s small.

Explanation of Reference Numerals

[0095]
1 Solid polyelectrolyte
2z Anode catalyst layer (fuel electrode)
3 Cathode catalyst layer (oxidlzer electrode)

4, 5 Support

10 Fuel cell
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20 Electric double layer capacitor
21 First electrode
22 Second electrode

23 Separator

24a Exterior 1lid

24D Exterior case

25 Current collector

26 Gasket
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Claims (Amended)

1. (Amended) A carbon catalyst having nitrogen 1introduced
therein comprising:

at least one transition metal or a compound thereotf

selected from the group consisting of cobalt (Co), 1i1iron (Fe},
manganese (Mn), nickel (Ni), copper (Cu), titanium (T1),

chromium (Cr), zinc (Zn), zirconium (Zr), and tantalum (Ta),

wherein the value of energy peak area ratio of a first

nitrogen atom whose electron in the 1ls orbital has a binding

energy of 398.5 * 1.0 eV to a second nitrogen atom whose

electron in the 1ls orbital has a binding energy of 401 = 1.0

'-h

eV (i.e., the wvalue of (the first nitrogen atom)/(the second

=

nitrogen atom)) of the introduced nitrogen 1s 1.2 or less.

2. (Amended) The carbon catalyst according to claim 1,

wherein the carbon catalyst 1s a catalyst for oxygen reduction.

3. The carbon catalyst according to claim 1 or 2, wherein

the content of the nitrogen atoms on the surface 1s within a

P

range of 0.01 to 0.3 by atomic ratlio, with respect to the

carbon atoms on the surface.

4, (Amended) The carbon catalyst according to any one of

claims 1 to 3, wherein the wvalue of (the first nitrogen

atom) / (the second nitrogen atom) is within a range of 0.8 to
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. (Amended) A method for producing a carbon catalyst

LB

comprising the steps of:
preparing a carbon precursor polymer using a
polyacrylonitrile-polymethacrylic acid copolymer;

mixing at least one transition metal or a compound

thereof and a carbon precursor compound containing nitrogen
atoms as a constituent element 1nto the carbon precursor
polymer; and

ﬁ

carbonizing the mixture of the carbon precursor compound,

the transition metal or a compound thereof, and the carbon
precursor polymer,

whereln the transition metal 1s selected from the group

consisting of cobalt (Co), 1iron (Fe), manganese (Mn), nickel
(N1), copper (Cu), titanium (Ti), chromium (Cr), =zinc (Zn),

zlrconium (Zr), and tantalum (Ta).

7. The method for producing the carbon catalyst according to
claim 6, wherein the carbon precursor compound contalning

nitrogen atoms as a constituent element 1s an i1midazole.

8. (Cancelled)

9. (Cancelled)
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10. (Cancelled)

11 (Amended) A method for producing a carbon catalyst
comprising the steps of:
5 preparing a carpbon precursor polymer using a

polybenzimidazole;

mixing at least one transition metal or a compound
thereof into the carbon precursor polymer;
carbonizing the mixture of the carbon precursor compound
10 and the carbon precursor polymer; and

adding nitrogen to the carbonized carbon precursor

polymer,

wherein the transition metal 1s selected from the group

consisting of cobalt (Co), 1i1ron (Fe), manganese (Mn), nicke.
15 (Ni1), copper (Cu), titanium (Ti), chromium (Cr), zinc (Zn),

zirconium (Zr), and tantalum (Ta).

12. (Cancelled)

20 13. (Cancelled)
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14. (Cancelled)
15. (Cancelled)
16. (Amended) A fuel cell comprising:

a solid electrolyte; and
a palr of electrodes facing each other with the solid

electrolyte interposed therebetween,
wherein at least one of the pair of electrodes includes a

carbon catalyst described in any one of claims 1 to 4.

17. (Amended) An electricity storage device comprising:

an electrode material; and

an electrolyte,

wherein the electrode material 1ncludes a carbon catalyst

described 1in any one of claims 1 to 4.

F

18. A use of carbon catalyst wherein the carbon catalyst

described 1n any one of claims 1 to 4 1s used to accelerate

-

chemical reactions due to the catalytic action of the carbon

catalyst.
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