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ABSTRACT

The present invention is to provide a carbon powder that can
provide a catalyst having excellent durability and a catalyst. A
carbon powder for catalyst of the present invention 1s a carbon powder
containing as a main component carbon, which has a BET specific
surface area per unit weight of 900 m?/g or greater, and a ratio R'
(D'/G intensity ratio) of peak intensity for a D'-band (D' intensity)
measured in the vicinity of 1620 cm'! to peak intensity for a G-band
(G intensity) measured in the vicinity of 1580 cm'! by Raman

spectroscopy of 0.6 or less.
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DESCRIPTION
CARBON POWDER FOR CATALYST, CATALYST, ELECTRODE CATALYST LAYER,

MEMBRANE ELECTRODE ASSEMBLY, AND FUEL CELL USING THE CARBON POWDER

Technical Field
[0001]

The present invention relates to a carbon powder for catalyst,
and more particularly, to a carbon powder for catalyst used in a fuel
cell, a catalyst using the carbon powder for catalyst, an electrode
catalyst layer, a membrane electrode assembly, and a fuel cell.
Background Art
[0002]

A polymer electrolyte fuel cell using a proton conductive solid
polymer membrane operates at a low temperature in comparison to other
types of fuel cells, for example, a solid oxide fuel cell or a molten
carbonate fuel cell. For this reason, the polymer electrolyte fuel
cell has been expected to be used as a power source for energy storage
system or a driving power source for a vehicle such as a car, and
practical uses thereof have been started.

[0003]

In general, expensive metal catalysts such as Pt (platinum)
and Pt alloys have been used for such a polymer electrolyte fuel cell.
Also graphitized carbon has been used as a support for supporting
a metal catalyst 1i1in terms of water repellency and corrosion
resistance. For example, Patent Literature 1 discloses a technique
using a support having an average lattice spacing of (002) plane,
dooz, of 0.338 to 0.355 nm, a specific surface area of 80 to 250 m?/qg,

and a bulk density of 0.30 to 0.45 g/ml. Patent Literature 1
discloses that durability can be improved by using the graphitized

support.



10

15

20

25

30

CA 02925618 2016-03-29

Citation List

Patent Literature

[0004]

Patent Literature 1: JP 2005-26174 A

Summary of Invention

Problem to be Solved by the Invention

[0005]

In the support disclosed 1n the Patent Literature 1, however,
since the support has excellent durability but small specific surface

area, there has been a problem 1n terms of decreased activity over

time.

[0006]

Accordingly, the present invention has been made in light of
the aforementioned circumstances and aims at providing a carbon
powder for catalyst which can suppress the decrease in catalytic
activity while maintaining durability of support.

[0007]

Another object of the present 1invention is toprovide a catalyst,
an electrode catalyst layer, a membrane electrode assembly, and a

fuel cell which are excellent in durability and power generation

performance.

Means to Solve the Problem

[(0008]

The present inventors have intensively studied to solve the
aforementioned problems, to find that the problems can be solved by
using as a support a carbon powder for catalyst having a specified

specific surface area and a D' /G intensity ratio, and eventually the

present invention has been completed.
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Brief Description of Drawings

[0009]

Fig. 1 is a cross-sectional view schematically illustrating
a basic configuration of a polymer electrolyte fuel cell according
to an embodiment of the present invention. In Fig. 1, reference sign
1 represents a polymer electrolyte fuel cell (PEFC) ; reference sign
2 represents a solid polymer electrolyte membrane; reference sign
3a represents an anode catalyst layer; reference sign 3C represents
a cathode catalyst layer; reference sign 4a represents an anode gas
diffusion layer; reference sign 4c represents a cathode gas diffusion
layer; reference sign 5a represents an anode separator; reference
sign 5c represents a cathode separator; reference sign 6a represents
an anode gas passage; reference sign 6c represents a cathode gas
passage; reference sign 7 represents a coolant passage; and reference
sign 10 represents a membrane electrode assembly (MEA) .

Fig. 2 is a schematic cross-sectional diagram illustrating a
shape and a structure of a catalyst according to an embodiment of
the present invention. In Fig. 2, reference sign 20 represents a
catalyst; reference sign 22 represents a catalyst metal; reference
sign 23 represents a support; reference sign 24 represents a

mesopore; and reference sign 25 represents a micropore.

Fig. 3 is a schematic diagram illustrating as an example a
relation between a catalyst and an electrolyte in a catalyst layer
when a carbon powder is as illustrated inFig. 2. InFig. 3, reference
sign 22 represents a catalyst metal; reference sign 23 represents

a support; reference sign 24 represents a mMesSOPOre; reference sign

25 represents a micropore; and reference sign 26 represents an

electrolyte.

Fig. 4 is a graph illustrating an evaluation result of platinum

coating of supports A and B produced in Examples 1 and 2 and a support
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E produced in Comparative Example 3, in Experiment 1.

Fig. 5 1s a graph 1illustrating an evaluation result of power
generation performance of MEA (1) produced in Example 6 and MEA (2)
produced in Comparative Example 7, in Experiment 3.

5 Description of Embodiments
[0010]

A carbon powder for catalyst (simply also referred to as a
"carbon powder" in this description) of the present invention
contains carbon as a main component. As used herein, the phrase

10 "contain(s) carbon as a main component" includes both "consist (s)
only of carbon" and "consist(s) substantially of carbon", and an
element other than carbon may be 1ncorporated. The phrase
"consist(s) substantially of carbon" means that 80 wt% or more,
preferably 95 wt% or more (upper limit: less than 100 wt%) of the

15 entire carbon power 1s composed of carbon.

[0011]

The carbon powder for catalyst of the present invention
satisfies the following configurations (a) and (b):

(a) a BET specific surface area per unit weight is 900 m?/g

200 or greater; and

(b) a ratio R' (D'/G intensity ratio) of peak intensity for
a D'-band (D' intensity) measured 1n the vicinity of 1620 cm! to
peak intensity for a G-band (G intensity) measured in the vicinity
of 1580 cm ! by Raman spectroscopy is 0.6 or less. Inthis description,

25 a G-band measured in the vicinity of 1580 cm! by the Raman
spectroscopy is also simply referred to as a "G-band". 1In this
description, a D'-band measured in the vicinity of 1620 cm™* by the
Raman spectroscopy is also simply referred to as a "D'-band". In

addition, peak intensity for G-band and D'-band is also simply

30 referred to as "G intensity" and "D' intensity", respectively.
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Moreover, a ratio of D' intensity to G intensity 1s also simply

referred to as an "R' value" or a "D'/G intensity ratio". In the
carbon powder for catalyst having the above configuration, a specific
surface area i1s large and an edge quantity serving as a starting point
of electrochemical corrosion 1s small. For this reason, by using

the carbon powder for catalyst of the present invention as a support,

a catalyst that 1s excellent 1n durability and can maintain catalytic
activity can be provided.

[0012]

The support disclosed in the Patent Literature 1 can be obtained
by graphitization of carbon particles through heat treatment at 2000
to 3000°C (see paragraph [0016]). The support disclosed in the Patent
Literature 1 can 1improve 1ts durability by the graphitization
treatment. However, since the support has a small specific surface
area as of 250 m?/g or less, a coating ratio of a catalyst metal (for
example, platinum) with an electrolyte in the formation of an
electrode catalyst layer is high. For this reason, gas transport

ability of the electrode catalyst layer 1s decreased, to lower
activity.
[0013]

In contrast, the carbon powder according to the present
invention satisfies the configuration (a) described above. Since
the carbon powder has a sufficient specific surface area due to the
configuration (a), electrical double layer capacitance is large. In
addition, the carbon powder according to the present 1invention
satisfies the configuration (b) described above. The G-band 1is a
peak resulting from graphite (oscillation in a hexagonal lattice of
a carbon atom) observed in the vicinity of 1580 cm'! by Raman

scattering analysis. The D'-band is observed as a shoulder of the

G-band in the vicinity of 1620 cm! by Raman scattering analysis.



CA 02925618 2016-03-29

This D'-band results from disturbance (disorder) or defect of a

graphite structure, and appears when a crystal size oOf graphite 1s
small or numerous edges of graphene sheet exist. Anelectronic state
of the edge (end) of a graphene molecule is likely to be a starting
5 point of carbon corrosion, unlike a center (six-membered ring) of
a graphene molecule. That is, a small R' value indicates that an
edge quantity of carbon (graphene) existing in a graphite structure
and serving as a starting point of electrochemical corrosion is small.
Therefore, durability can be improved due to the above configuration

10 (b), and thus deterioration in catalytic activity can be effectively

suppressed and prevented.

[0014]

In addition, the carbon powder according to the present

invention preferably has a configuration (c) that a ratio R (D/G

15 intensity ratio) of peak intensity (D intensity) for a D-band
measured in the vicinity of 1360 cm'! to G intensity 1s 1.7 Or more.

In this description, a D-band observed in the vicinity of 1360 cm™

by Raman spectroscopy is also simply referred to as a "D-band". In
addition, peak intensity for the D-band is also referred to as "D

20 intensity". Moreover, a ratio of D intensity to G intensity is also
simply referred to as an "Rvalue" or a "D/G intensity ratio". Herein,

the D-band is observed in the vicinity of 1360 cm-! by Raman scattering
analysis, results from disturbance (disorder) or defect of a graphite
structure, and appears when orientation of graphene molecules 1s high

25 or a graphitization degree is high. That 1is, a large R value
indicates that a graphitization degree of a carbon powder (support)

is low. Therefore, by the above configuration (c), electrical double
layer capacitance per surface area of the carbon powder 1lncreases,
to improve catalytic activity more effectively.

30 [0015]
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The G-band, D'-band, and D-band, and peak intensities for these
bands have been well known in the art. For example, see R. Vidano
and D. B Fischbach, J. Am. Ceram. Soc. 61 (1978) 13-17 or G. Katagiri,
H. Ishida and A. Ishitani, Carbon 26 (1988) 565-571.

[0016]

Therefore, the carbon powder for catalyst of the present
invention has excellent durability and can exhibit and maintain high
catalytic activity when a catalyst metal is éupported thereon. For
this reason, the carbon powder for catalyst of the present invention
can be suitably used for a catalyst, particularly, as a support of
a catalyst used for fuel cell. That 1is, the present invention
involves a catalyst comprising a catalyst metal supported on the
carbon powder for catalyst of the present invention. The carbon
powder for catalyst (support) of the present invention has a high
specific surface area. Therefore, according to the catalyst of the
present invention, dispersability of the catalyst can be improved,
to increase an electrochemical reaction area, i.e., to improve power
generation performance. In addition, the carbon powder for catalyst
(support) of the present invention has a small carbon edge quantity.
Therefore, according to the catalyst of the present invention,
performance degradation due to carbon corrosion can be suppressed
and prevented, that 1is, durability can be improved. A catalyst

having a catalyst metal supported on the carbon powder for catalyst

of the present invention can have excellent durability, exhibit and
maintain high catalytic activity (to facilitate catalyst reaction).
Thus, a membrane electrode assembly and a fuel cell having a catalyst
layer using such a catalyst have excellent power generation
performance and durability. Accordingly, the present 1invention
provides an electrode catalyst layer for fuel cell including the

catalyst and an electrolyte, a membrane electrode assembly for fuel
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cell including the electrode catalyst layer for fuel cell, and a fuel
cell including the membrane electrode assembly for fuel cell.
[0017]

Hereinafter, embodiments of a catalyst according to the
present invention and embodiments of a catalyst layer, and a membrane
electrode assembly (MEA) and a fuel cell using the catalyst will be
described in detail appropriately with reference to the drawings.
However, the present invention is not limited to the following
embodiments. 1Inaddition, figures may be expressed in an exaggerated
manner for the convenience of description, and in the figures,
scaling factors of components may be different from actual values
thereof. In addition, in the description of the embodiments of the

present invention with reference to the drawings, the same components

are denoted by the same reference numerals, and redundant description

is omitted.

[0018]

In this description, "X to Y" representing a range denotes "X

or more and Y or less". Unless otherwise noted, operation and the

measurement of physical properties are performed at a room
temperature (20 to 25°C) and a relative humidity of 40 to 50%.

[0019]

[Fuel Cell]

A fuel cell comprises a membrane electrode assembly (MEA) and
a pair of separators including an anode-side separator having a fuel
gas passage through which a fuel gas flows and a cathode-side
separator having an oxidant gas passage through which an oxidant gas
flows. The fuel cell according to the present embodiment has

excellent durability and can exhibit a high power generation

performance.

[0020]
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Fig. 1 is a schematic diagram illustrating a basic
configuration of a polymer electrolyte fuel cell (PEFC) 1 according
to an embodiment of the present invention. First, a PEFC 1 is
configured to comprise a solid polymer electrolyte membrane 2 and
a palr of catalyst layers (anode catalyst layer 3a and cathode
catalyst layer 3c¢) 1interposing the solid polymer electrolyte
membrane 2. A stacked body of the solid polymer electrolyte membrane
2 and the catalyst layers (3a, 3c¢) 1s sandwiched by a pair of gas
diffusion layers (GDLs) (anode gas diffusion layer 4a and cathode
gas diffusion layer 4c). 1In this manner, the solid polymer
electrolyte membrane 2, a pair of the catalyst layers (3a, 3c¢), and

apairof gasdiffusion layers (4a, 4c) in the stacked state constitute
a membrane electrode assembly (MEA) 10.

[0021]

In the PEFC 1, the MEA 10 1s sandwiched by a pair of separators
(anode separator 5a and cathode separator 5c¢). In Fig. 1, the
separators (5a, 5c¢) are illustrated to be positioned at two ends of
the MEA 10 1llustrated. In general, in a fuel cell stack where a
plurality of MEAs are stacked, the separator 1s also used as a
separator for adjacent PEFC (not shown). In other words, MEAs 1n
a fuel cell stack are sequentially stacked through the separator to

constitute the stack. In an actual fuel cell stack, a gas sealing
member 1s disposed between the separators (5a, 5¢) and the solid

polymer electrolyte membrane 2 and between the PEFC 1 and a different
PEFC adjacent thereto. However, it 1s omitted in Fig. 1.

[0022]

The separators (5a, 5c) are obtained by applylng a pressing
process to a thin board having a thickness of, for example, 0.5 mm
or less to form a corrugating shape illustrated in Fig. 1. Convex

portions of the separators 5a and 5c seen from the MEA side are in
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contact with the MEA 10. This secures an electrical connection with
the MEA 10. Concave portions (spaces between the separator and the
MEA formed by the corrugating shapes of the separators) of the
separators (5a and 5c¢) seen from the MEA side function as a gas passage
S for passing a gas during the operation of the PEFC 1. Specifically,
a fuel gas (for example, hydrogen) flows through a gas passage 6a
of the anode separator 5a, and an oxidant gas (for example, air) flows
through a gas passage 6c of the cathode separator >Sc.
[0023]
10 On the other hand, concave portions of the separators (5a, 5c)

seen from the side opposite to the MEA side function as a coolant

passage 7 for passing a coolant (e.g. water) for cooling the PEFC
during the operation of the PEFC 1. 1In addition, manifolds (not
shown) are typically installed in the separators. The manifold

15 functions as a connecting means for connecting cells when the stack
is configured. According to the configuration, a mechanical
strength of the fuel cell stack can be secured.

[0024]
In the embodiment illustrated in Fig. 1, each of the separators

20 (5a, 5c) is formed in a corrugating shape. However, the separator
is not limited to such a corrugating shape. If 1t can serve as a
gas passage and a coolant passage, arbitrary shape such as a flat
shape and a partially corrugating shape may be employed.

[0025]

25 The fuel cell including the MEA according to the present
invention as described above has excellent performance of power
generation and durability. Herein, the type of the fuel cell is not
particularly limited. In the above description, the polymer

electrolyte fuel cell is exemplified, but besides, an alkalili fuel

30 cell, a direct methanol fuel cell, a micro fuel cell, and the like
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may be exemplified. Among the fuel cells, due to a small size and

capabllity of obtaining high density and high power, a polymer

electrolyte fuel cell (PEFC) 1is preferred. In addition, the fuel
cell 1s useful as a power source for energy storage system besides
a power source for a vehicle such as a car where a mounting space
1s limited. Among the power sources, the fuel cell is particularly
preferably used as a power source for a vehicle such as a car where
a high output voltage 1s required after the stopping of operation
for a relatively long time.

[0026]

A fuel used for operating the fuel cell is not particularly
limited. For example, hydrogen, methanol, ethanol, 1-propanol,
2-propanol, l-butanol, secondary butanol, tertiary butanol,
dimethyl ether, diethyl ether, ethylene glycol, diethylene glycol,
or the like can be used. Among them, in view of capability of high

output, hydrogen or methanol 1is preferably used.

[0027]

In addition, although application use of the fuel cell is not
particularly limited, the fuel cell is preferably applied to vehicles.
The electrolyte membrane-electrode assembly according to the present
invention has excellent power generation performance and durability,
and can be downsized. Therefore, i1n terms of mountability on a

vehicle, the fuel cell according to the present invention is

particularly advantageous in the case where the fuel cell 1s applied

to a vehicle.

(0028]

Hereinafter, members constituting the fuel cell according to
the present i1nvention will be described i1in brief, but the scope of

the present invention i1is not limited only to the following forms.

[0029]
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[Catalyst (Electrode Catalyst)]

A catalyst (electrode catalyst) is composed of a carbon powder
(support) and a catalyst metal supported on the carbon powder. The
carbon powder (support) satisfies the following configurations (a)

5 and (b):

(a) it has a BET specific surface area per unit weight of 900
m?/g or greater; and

(b) it has a ratio R' (D'/G intensity ratio) of D' intensity
to G intensity of 0.6 or less.

10 [0030]

Since the carbon powder has a sufficient specific surface area
due to the configuration (a), 1large electrical double layer
capacitance can be attained. For this reason, a catalyst having a

catalyst metal supported on the carbon powder satisfying the
15 configuration (a) can exhibit highactivity. On the other hand, when
a BET specific surface area per unit weight of a carbon powder 1is
less than 900 m2/g, a coating ratio of a catalyst with an electrolyte
in the formation of an electrode catalyst layer by using a catalyst
having a catalyst metal supported on the carbon powder increases due
20 to its small specific surface area. For this reason, gas transport
ability in the electrode catalyst layer is lowered to decrease
activity. In view of further improvement of electrical double layer

capacitance, the BET specific surface area of the carbon powder 1s

preferably 1000 to 3000 m?/g, and more preferably 1100 to 1800 m2/qg.

25 [0031]

In this description, the "BET specific surface area (m?/g
support) " is measured by a nitrogen adsorption method. Specifically,

about 0.04 to 0.07 g of a sample (carbon powder or catalyst powder)
is accurately weighed and sealed in a sample tube. The sample tube

30 is preliminarily dried in a vacuum drier at 90°C for several hours,
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to obtain a sample for measurement. For the weighing, an electronic
balance (AW220) produced by Shimadzu Co., Ltd. is used. 1In the case
of a coated sheet, about 0.03 to 0.04 g of a net weight of a coat
layer obtained by subtracting a weight of Teflon (registered
trademark) (substrate) having the same area from a total weight of
the coated sheet is used as a sample weight. Next, under the
following measurement conditions, a BET specific surface area 1is
measured. In an adsorption side of adsorption and desorption
isotherms, a BET plot is produced from a relative pressure (P/PO)

range of about 0.00 to 0.45, and a BET specific surface area 1is

calculated from the slope and the intercept.

[0032]

[Chem. 1]

< Measurement Conditions >

Measurement Apparatus :BELSORP 36, High - Precise Automatic Gas Adsorpt‘ion Apparatus
produced by BEL Japan,Inc.

Adsorption Gas : N2

Dead Volume Measurement Gas :He

Adsorption Temperature : 77 K (Liquid Nitrogen Temperature)

Measurement Preparation : Vacuum Dried at 90° C for several hours (After He Purging, Set on Measurement Stage)

Measurement Mode : Adsorption Process and Desorption Process in isotherm
Measurement Relative Pressure P/Po :about 0 to 0.99

Equilibrium Setting Time : 180 sec for 1 relative pressure

[0033]

In addition, the configuration (b) can sufficiently reduce an
edge quantity of carbon (graphene) which exists 1in a graphite
structure and serves as a starting point of electrochemical corrosion.
Therefore, when such a carbon powder is used in a catalyst, durability
can be improved, and decrease in catalytic activity in the support
of a catalyst metal thereon can effectively suppressed and prevented.

In view of further improvement of the durability, the R' value (D' /G

intensity ratio) of the carbon powder is preferably 0 to 0.6, and
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more preferably 0 to 0.51.

[0034]

In addition, the carbon powder according to the present
invention preferably has a configuration (c) that a ratio R (D/G
intensity ratio) of D intensity to G intensity is 1.7 or more. Since
such a carbon powder (support) has a low graphitization degree,
electrical double layer capacitance per surface area of the carbon
powder increases, and catalytic activity can be more effectively
improved. In view of further improvement of electrical double layer

capacitance (catalytic activity), the R value (D/G intensity ratio)

of the carbon powder is preferably more than 1.75 and 2.5 or less,
and more preferably 1.8 to 2.4.

[0035]

In this description, the R' value can be determined by obtaining
a Raman spectrum of a carbon material with a Micro-Raman spectroscope,
and calculating a relative intensity ratio between peak intensity
in the vicinity of 1620 cm'! called a D'-band (D' intensity) and peak
intensity in the vicinity of 1580 cm-! called a G-band (G intensity),
that is, a peak area ratio (D' intensity/G intensity). Similarly,
the R value can be determined by obtaining a Raman spectrum of a carbon
material with a Micro-Raman spectroscope, and calculating a relative
intensity ratio between peak intensity in the vicinity of 1360 cm™
called a D-band (D intensity) and peak intensity in the vicinity of
1580 cm-! called a G-band (G intensity), that is, a peak area ratio
(D intensity/G intensity). The peak area 1is obtalned by Raman
spectroscopic measurement to be described below.
[0036]
(Raman spectroscopic measurement method)

A Raman spectrum is obtained using micro laser Raman SENTERRA

(manufactured by Bruker Optics) as a measurement apparatus at a room
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temperature (25°C) for an exposure time of 30 seconds by four times

as a cumulated number under the following conditions. Peaks of

G-band, D'-band, and D-band can be determined by peak fitting with

Gaugs distribution.

[0037]

[Chemical Formula 2]

<Measurement conditions>
Excitation wavelength: Nd: SHG of YAG, 532 nm

Laser output: 3 mW

Spot size: 1 um or less
Detector: CCD

[0038]

A size of the carbon powder is not particularly limited. From
a viewpoint of easy supporting, utilization rate of a catalyst, and
controllability of a thickness of an electrode catalyst layer within
an adequate range, an average particle size (diameter) of the carbon
powder is preferably in the approximate range of 5 to 2000 nm, more
preferably 10 to 200 nm, and particularly preferably 20 to 100 nm.

As a value of the "average particle size of the carbon powder", unless

otherwise noted, a value calculated as an average value of particle

diameters of particles observed within several or several tens of
fields by using observation means such as a scanning electron
microscope (SEM) or a transmission electron microscope (TEM) 1s
employed. In addition, the "particle size (diameter)" denotes a
maximum distance among distances between arbitrary two points on an
outline of a particle.

[0039]

As long as the carbon powder satisfies the configurations (a)

and (b) described above, and particularly preferably satisfies the

configurations (a), (b), and (c), the structure of the carbon powder
is not particularly limited. Preferably, the carbon powder further

satisfies the following configurations (i) and (11):
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(1) the carbon powder contains pores (primary pores) having

a radius of less than 1 nm and pores (primary pores) having a radius

of 1 nm or more: and

(ii) a pore volume of pores having a radius of less than 1 nm

is 0.3 cc/g-support or more.

[0040]

Alternatively, it is preferred that the carbon powdéf further
satisfies the following configurations (i) and (1v):
(i) the carbon powder contains pores having a radius of less

than 1 nm and pores having a radius of 1 nm or more; and

(iv) a mode radius of pore distribution of pores having a radius
of less than 1 nm is 0.3 nm or more and less than 1 nm.
[0041]

In this description, a pore having a radius of less than 1 nm

is also referred to as "micropore". Also, in this description, a
pore having a radius of 1 nm or more is referred to as "mesopore'.
[0042]

By the configuration (ii) described above, a sufficient pore
volume of micropores which a little or no electrolyte or catalyst
metal can enter can be attained. By the configuration (iv) described
above, a mode diameter of micropores can be set to be large. For
this reason, a gas transport path can be sufficiently secured in a
catalyst having a the catalyst metal supported on such a carbon powder.
Accordingly, a gas such as oxygen can be efficiently transported to
a catalyst metal existing in the mesopores. That 1s, gas transport
resistance can be reduced. By the configuration, a gas (for example,

oxygen) passes through the micropores (to improve gas transport

ability), to efficiently contact with the catalyst.

[0043]

Alternatively, it is preferred that the carbon powder further
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satisfies the above configurations (i), (ii), and (1iv).

[0044]

In the above configuration (ii), in view of effect of improving
gas transportability, the pore volume of micropores 1s more
preferably in the range of 0.3 to 2 cc/g-support, further more
preferably in the range of 0.4 to 1.5 cc/g-support, and particularly
preferably in the range of 0.4 to 1.0 cc/g-support. 1In the above
configuration (iv), the mode radius of pore distribution of
micropores is more preferably in the range of 0.4 to 1 nm, and
particularly preferably in the range of 0.5 to 0.8 nm. When the pore
volume and/or mode diameter of micropores 1s within the range as
described above, sufficient micropores to transport a gas can be
secured, and gas transport resistance canbe small. Therefore, since
a sufficient amount of gas can be transported to a surface of catalyst
metal existing in a mesopore(s) through a micropore(s) (path), a
catalyst using the carbon powder according to the present invention
can exhibit a higher catalytic activity, and namely, catalyst
reaction can be more efficiently facilitated. In addition, an
electrolyte (ionomer) or liquid (for example, water) cannot enter
a micropore, and only a gas can selectively pass through the
micropore (s) (gas transport resistance can be reduced). In this
description, a pore volume of pores having a radius of less than 1
nm is also simply referred as a "pore volume of micropores".
Similarly, in this description, a mode radius of a pore distribution

of micropores is also simply referred to as a "mode diameter ot

micropores".

[0045]

In addition, a pore volume of pores (mesopores) having a radius
of 1 nm or more of the carbon powder is not particularly limited,

but it is preferably 0.4 cc/g-support or more, more preferably 1in
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the range of 0.4 to 3 cc/g-support, further more preferably 1in the
range of 0.4 to 1.5 cc/g-support, and particularly preferably in the
range of 0.5 to 1.2 cc/g-support. When the pore volume 1is within
the range as described above, a larger number of catalyst metals can
be placed (supported) in the mesopores of the carbon powder, an
electrolyte and a catalyst metal in a catalyst layer can be physically
separated from each other (contact between catalyst metals and an
electrolyte can be more effectively suppressed and prevented).
Therefore, a catalyst using such a carbon powder can more effectively
use activity of the catalyst metal. Also, due toexistence of a large
number of mesopores, the function and effects by the présent
invention can be further remarkably exhibited, so that catalyst

reaction can be more effectively facilitated. In addition, a

micropore(s) functions as a gas transport path, and thus, a

three-phase boundary with water is more remarkably formed, so that
catalytic activity can be more improved. In this description, a pore
volume of pores having a radius of 1 nm or more is simply referred
to as a "pore volume of the mesopores”.

[0046]

A mode radius (mode diameter) of a pore distribution of pores
(mesopores) having a radius of 1 nm or more of the carbon powder 1s

not particularly limited, but it is preferably in the range of 1 to
5 nm, more preferably in the range of 1 to 4 nm, and particularly
preferably in the range of 1 to 3 nm. When the mode diameter of pore

distribution of mesopores is within the range as described above,
since a sufficient amount of catalyst metals can be placed
(supported) in the mesopores of the carbon powder, an electrolyte
and a catalyst metal in a catalyst layer can be physically separated
from each other (contact between catalyst metals and an electrolyte

can be more effectively suppressed and prevented). Therefore, a
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catalyst using such a carbon powdexr can more effectively use activity
of the catalyst metal. Also, due to existence of a large volume of
mesopores, the function and effects by the present invention can be
further remarkably exhibited, so that catalyst reaction can be more
5 effectively facililitated. 1In addition, a micropore(s) functions as
a gas transport path, and thus, a three-phase boundary with water
1s more remarkably formed, so that catalytic activity can be more
improved. In this description, a mode radius of a pore distribution

of mesopores 1s also simply referred to as a "mode diameter of the

10 mesopores".

[0047]

The "pore radius (nm) of micropores" denotes a radius of pores
measured by a nitrogen adsorption method (MP method). In addition,
the "mode radius (nm) of a pore distribution of micropores" denotes

15 a pore radius at a point taking a peak value (maximum frequency) in
a differential pore distribution curve obtained by a nitrogen
adsorption method (MP method). Herein, a lower limit of the pore
radius of micropores is a lower limit value which can be measured
by the nitrogen adsorption method, that is, 0.42 nm or more.

20 Similarly, the "pore radius (nm) of mesopores" denotes a radius of
pores measured by a nitrogen adsorption method (DH method). 1In
addition, the "mode radius (nm) of a pore distribution of mesopores"
denotes a pore radius at a point taking a peak value (maximum
frequency) in a differential pore distribution curve obtained by a

25 nitrogen adsorption method (DH method). Herein, an upper limit of

the pore radius of mesopores is not particularly limited, but it is

5 nm or less.

[10048]

The "pore volume of micropores" denotes a total volume of

30 micropores having a radius of less than 1 nm existing in a carbon
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powder, and is expressed by volume per 1 g of support (cc/g support).

The "pore volume (cc/g support) of micropores" is calculated as an
area (integration value) under a differential pore distribution

curve obtained according to a nitrogen adsorption method (MP method) .
Similarly, the "pore volume of mesopores" denotes a total volume of
mesopores having a radius of 1 nm or more existing in a carbon powder,
and is expressed by volume per 1 g of support (cc/g support). The
"pore volume (cc/g support) of mesopores" 1s calculated as an area
(integration value) under a differential pore distribution curve

obtained according to a nitrogen adsorption method (DH method) .

[004 9]

The "differential pore distribution" is a distributilon curve
obtained by plotting a pore diameter in the horizontal axis and a
pore volume corresponding to the pore diameter in a carbon powder
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