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reaction raw material and a reaction product. This carbon material is characterized by: consisting of a carbon mesoporous dendrite
body having a three-dimensional structure where rod- or ring-shaped, carbon-containing bodies are linked to each other in a
branched state; having a pore diameter of 1 to 20 nm and a cumulative pore volume of 0.2 to 1.5cc/g as determined by analyzing a
nitrogen adsorption isotherm by the Dollimore-Heal method; and exhibiting, in the powder X-ray diffraction spectrum, a peak
corresponding to a diffracted ray assignable to the (002) plane of graphite at a diffraction angle (27: degree) between 20 to 30
degrees and a peak having a half width of 0.1 to 1.0 degree at 25.5 to 26.5 degrees.
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ABSTRACT

A carbon material for catalyst support use which,
when used as a catalyst support, maintains a high
porosity while being stable chemically, having electrical
conductivity, being excellent in durability, and being
excellent in diffusibility of the reaction starting
materials and reaction products is provided. It is
characterized by comprising dendritic carbon mesoporous
structures which have 3D structures of branched carbon-
containing rod shapes or carbon-containing ring shapes,
having a pore size of 1 to 20 nm and a cumulative pore
volume of 0.2 to 1.5 cc/g found by analyzing a nitrogen
adsorption isotherm by the Dollimore-Heal method, and
having a powder X-ray diffraction spectrum which has a
peak corresponding to a 002 diffraction line of graphite
between diffraction angles (20: degrees) of 20 to 30
degrees and has a peak with a half value width of 0.1
degree to 1.0 degree at 25.5 to 26.5 degrees.
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DESCRIPTION

Title of Invention: Carbon Material for Catalyst Support

Use

Technical Field

[0001] The present invention relates to a carbon
material which is used for a catalyst support and a
method for producing the same.

Background Art

[0002] A catalyst which metal particles are dispersed
in a porous support is widely used in hydrogenation
reactions, dehydrogenation reactions, etc. As the
support, silica, alumina, and activated carbon are widely
used.

[0003] As the characteristics which are sought from a
support, there are the shape, size, composition,
structure, chemical stability in the environment of use,
heat stability, durability, affinity with metal particles
which are supported, efficiency of contact with the gas
and liquid starting materials, etc. In particular, a
support which has a high surface area is being sought.
[0004] A metal catalyst is dispersed on the surface of
the porous substance (support) in the form of fine
particles. A catalytic reaction occurs on the surface of
the metal catalyst. For this reason, to raise the
reaction efficiency, it is extremely preferable that the
diffusibility of the reaction starting materials to the
surface of the catalyst metal be good and the products
which are produced in the reaction be quickly diffused
and removed from the surface of the catalyst metal.
[0005] Activated carbon has electrical conductivity
and is excellent in chemical stability, but is consumed
by oxidation in an oxidizing atmosphere. Further,
activated carbon is unstable heat-wise. To raise the
catalytic activity of the supported metal catalyst, the

temperature for treatment of the supported metal catalyst
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is restricted to the region of heat stability of
activated carbon or less. Activated carbon is mostly
comprised of micropores with diameters of 2 nm or less.
The diffusibility of the reaction starting materials to
the catalyst metal which is dispersed inside the pores
cannot necessarily be said to be good.

[0006] Silica and alumina are excellent in oxidation
resistance and heat resistance, but are insulators and
are difficult to use in catalyst systems where electron
transfer occurs. The diffusibility of the reaction
starting materials and the diffusibility of the reaction
products in the catalyst metal inside the pores are not
necessarily good in the same way as activated carbon.
[0007] As a catalyst support obtained by improving an
existing carbon material, a carbon material which is

produced by heating activated carbon which has a specific

surface area of 1700 m?/g or more at 1600 to 2500°C, has
an average pore size of 2.5 to 4.0 nm, has a specific

surface area of 800 m?/g or more, and has an average

particle size of 1 to 5 um is described in PLT 1.
[0008] Further, high surface area graphitized carbon
suitable for catalyst applications comprised of ketjen

black, one type of carbon black, which is heat treated at

800 to 2700°C in range and treated by oxidation is
described in PLT 2.

[0009] As a novel catalyst support of a carbon
material, a porous conductive carbon substance which has
pores which are connected with each other in a first and
second size range of from 10 um to 100 nm and from less
than 100 nm to 3 nm and which has graphene structures is
described in PLT 3. Further, a mesoporous carbon
molecular sieve which has a 500 nm or less average
primary particle size, a 3 nm to 6 nm average mesopore
size, and a 500 to 2000 n@/g BET surface area is described
in PLT 4.

[0010] The inventors proposed a dendritic carbon
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nanostructure comprised of rod shapes or ring shapes
which contain carbon and are branched to form 3D
structures and which join with each other to form a
network and discovered that this structure can be used as
a support for supporting a catalyst (PLT 5). However,
along with recent advances in technology, the environment
of use of catalysts has become further harsher, so
further improvements in durability and other aspects of
performance have become necessary from catalyst supports
as well.

Citations List

Patent Literature

[0011] PLT 1: Japanese Patent Publication No. 2008-
290062A

PLT 2: Japanese Patent Publication No. 2011-514304A

PLT 3: Japanese Patent Publication No. 2009-538813A

PLT 4: Japanese Patent Publication No. 2005-154268A

PLT 5: W02009/075264

Summary of Invention

Technical Problem

[0012] The present invention provides a carbon
material for catalyst support use which, when used as a
support for supporting a catalyst, maintains a high
porosity while being stable chemically, having electrical
conductivity, being excellent in durability even in a
harsh environment of use, and being excellent in
diffusibility of the reaction starting materials and
reaction products.

Solution to Problem

[0013] The inventors etc. engaged in repeated in-depth
studies to solve the above problem and as a result
changed the structure of the carbon material which has
the 3D dendritic structure and discovered a carbon
material for catalyst support use which maintains a high
level of porosity while being excellent in diffusibility

of the reaction starting materials and reaction products
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in the pores, being chemically stable, having electrical
conductivity, and being excellent in durability even in a
harsh environment of use and thereby completed the
present invention.

[0014] The present invention provides a carbon
material for catalyst support use which is comprised of
dendritic carbon mesoporous structures which have 3D
structures of branched carbon-containing rod shapes or
carbon-containing ring shapes, has a pore size of 1 to 20
nm and a cumulative pore volume of 0.2 to 1.5 cc/g found
by analyzing a nitrogen adsorption isotherm by the
Dollimore-Heal method, and has a powder X-ray diffraction
spectrum which has a peak corresponding to a 002

diffraction line of graphite between diffraction angles

(20: degrees) of 20 to 30 degrees and has a peak with a
half value width of 0.1 degree to 1.0 degree at 25.5 to
26.5 degrees,

[0015] Furthermore, the present invention also
provides a method for producing the carbon material for
catalyst support use.

Advantageous Effects of Invention

[0016] The carbon material for catalyst support use of
the present invention, compared with the conventional
support, maintains a high porosity while being excellent
in diffusibility of the reaction starting materials and
reaction products in the pores and particularly being
extremely excellent in durability even in a harsh
environment of use.

[0017] In particular, if using a platinum catalyst
which uses the support of the present invention for a
polymer electrolyte fuel cell, a fuel cell can be
obtained which has a small rate of drop of the amount of
current over a long period of time and is excellent in
durability and, as a result, the amount of use of
platinum can be reduced, a large scale reduction of cost
can be realized, and the growth of the commercial market

for polymer electrolyte type fuel cells can be
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accelerated.

Brief Description of Drawings

[0018] FIG. 1 is an XRD (X-ray diffraction) image of a
carbon material of Example 1 of the present invention.
FIG. 2 is an enlarged view of an XRD image of a carbon
material of Example 1 of the present invention and shows
a method of measurement of a half value width.

FIG. 3 is an XRD image of a carbon material of Example 5
of the present invention.

FIG. 4 is an XRD image of a carbon material of
Comparative Example 1 of the present invention.

FIG. 5 is an XRD image of a carbon material of Reference
Example 3 of the present invention.

FIG. 6 is a scan electron microscope (SEM) image
(magnification 100K) of a carbon material of Example 1 of
the present invention.

FIG. 7 1s a scan electron microscope (SEM) image
(magnification 100K) of a carbon material of Comparative
Example 4 of the present invention.

FIG. 8 is a scan electron microscope (SEM) image
(magnification 100K) of a carbon material of Reference

Example 3 of the present invention.

Description of Embodiments

[0019] Embodiments of the present invention will be
explained below. Note that the present invention is not
limited to these embodiments.

[0020] The carbon material for catalyst support use of
the present invention is obtained by synthesizing silver
acetylide, then performing a phase separation reaction.
[0021] First, acetylene gas 1is blown into an ammonia
water solution of silver nitrate while applying
ultrasonic waves to the solution so as to thereby form
silver acetylide as a precipitate. At this time, it is
preferable to stir the solution at the same time as

applying ultrasonic waves. Note that the ultrasonic waves
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can be applied by placing an ultrasonic transducer in the
container which contains the solution or by setting the
container in for example an ultrasonic cleaner. Further,
instead of silver nitrate, for example, silver oxide
(Ag,0) etc. can be used.

[0022] The precipitate is filtered, centrifuged, etc.
to roughly separate the water content, then is divided
into reaction tubes which are placed in a vacuum type

electric furnace or vacuum type high temperature tank and

heat treated at 60°C to 80°C in temperature, for example,
for 12 hours or more. This being done, the silver
acetylide segregates and metal-encapsulated dendritic
nanostructures, in which metal silver particles is
encapsulated, are formed.

[0023] Note that 1f causing the precipitate to
completely dry, the result becomes unstable and friction
or other stimulation will sometimes cause an explosive
reaction. Further, the precipitate can be subjected to
solvent substitution by for example, the method of
preparing a solvent other than the ammonia water solution
and using this solvent for washing etc.

[0024] The silver acetylide precipitate is heat

treated as is for 10 minutes to 30 minutes up to 160°C to

200°C (first heat treatment). The silver acetylide

undergoes an explosive phase separation reaction near

150°C whereby the encapsulated silver erupts and a large
number of mesopores are formed at the surface and inside.
By this, dendritic nanostructures of carbon (below,
referred to as "mesoporous carbon nanodendrites" or
simply "carbon nanodendrites") are obtained.

[0025] In this state, the carbon nancdendrites have
silver (particles) remaining on their surfaces, so these
silver and unstable carbon components are removed. In
this case, in particular, by using a nitric acid aqueous
solution to dissolve and wash them away, the removed

silver can be efficiently reutilized as silver nitrate. A
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nitric acid aqueous solution may be used for washing
repeatedly until the silver can be removed. The above
obtained carbon nanodendrites themselves have
sufficiently high specific surface areas, for example,
1500 m?/g or more.

[0026] Next, the carbon nanodendrites are heat treated

under a reduced pressure atmosphere or an inert gas

atmosphere at 1600°C or more (second heat treatment). As
the inert gas, for example, nitrogen, argon, helium, etc.
may be used. Among these as well, argon is preferably
used.

[0027] The temperature of the heat treatment is 1600
to 2200°C. The time of the heat treatment changes
depending on the heating temperature, but is preferably
0.5 to 4 hours. For the heating system, for example,
resistance heating, microwave heating, high frequency
induction heating, etc. may be used. The furnace type may
be a batch type furnace, tunnel furnace, or other
furnace. It is not limited so long as an inert or reduced
pressure atmosphere can be achieved. The above method can
obtain the carbon material for catalyst support use which
is targeted by the present invention.

[0028] The carbon material for catalyst support use of
the present invention has so-called "dendritic
structures" comprised of rod-shaped or ring-shaped unit
structures connected with each other three-dimensionally.
The dendritic structures can be observed by a scan
electron microscope (SEM). The lengths of this dendritic
parts are usually 50 to 300 nm, while the diameters of
the dendritic parts are 30 to 150 nm or so.

[0029] The carbon material for catalyst support use of
the present invention which is heat treated at 1600 to
2200°C has a BET specific surface area of 200 to 1300 m?/g
or a similar value to the catalyst support which is
obtained by heat treating activated carbon (PLT 1).

However, the pores of the carbon material for catalyst
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support use of the present invention are formed by
nanoscale explosive reactions which cause eruption of
encapsulated silver. The pores mainly form continuous
mesopores. When supporting the catalyst metal particles
inside pores, generally, the particle size is several
nancmeters, but in the carbon material for catalyst
support use of the present invention, sufficient space is
secured for diffusion of the reaction substances and
reaction products inside the pores. On the other hand,
even if the BET specific surface area is the same, in the
case of activated carbon, the pores are not continuous,
so even 1f supporting catalyst metal particles, it is
difficult and insufficient for the reaction substances
and reaction products to diffuse inside the pores.

[0030] The carbon material for catalyst support use of
the present invention has a cumulative pore volume of 0.2
cc/g to 1.5 cc/g in the diameter 1 nm to 20 nm region.
Catalyst metal particles which are usually prepared to
diameters of several nm (2 to 10 nm) are dispersed inside
the pores in a state of high dispersion. If the metal
particles are held in cylindrical shaped pores,
combination of catalyst particles with each other and
peeling off are suppressed. This is believed to
contribute to longer catalyst lifetime. Note that, there
are several analytical techniques for calculating the
pore size and cumulative pore volume, but they can be
calculated by analyzing the adsorption isotherm of the
adsorption process by the Dollimore-Heal method (DH
method) .

[0031] The carbon material for catalyst support use of
the present invention has an amount of adsorption per
unit area (ml/m®) (Vio/S: Q-value) when designating the
amount of steam adsorption at 25°C and a relative pressure
of 10% as (ml/g) (Vip) and designating the BET specific
surface area of the carbon material (n@/g) as (8) of
0.05x107° to 1.0x1073, preferably 0.7x107° or less. When

applying the support carbon material of the present
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invention to a cathode of a polymer electrolyte fuel
cell, it is essential that protons as the reaction
substances be transported to the metal particles which
are supported inside the pores. The protons move through
the medium of the water which is adsorbed on the inside
walls of the pores (protonic conduction), so control of
the hydrophilicity of the inside of the pores governs the
performance of the catalyst. The inventors etc. engaged
in in-depth studies and as a result discovered the Q-
value as the optimum indicator of hydrophilicity for
protonic conduction. To obtain protonic conduction in a
harsh operating environment of low moisture, control of
the amount of steam adsorption at a low relative pressure
is optimum. As a result of in-depth studies, a relative
pressure 10% amount of steam adsorption i1s most suitable.
Furthermore, by dividing the 10% amount of steam
adsorption by the BET value, expression as a standardized

indicator of the hydrophilicity per unit surface area

becomes possible. If the Q-value is smaller than 0.05x10"
3, the protonic conduction resistance at the time of
operation under low moisture conditions becomes large, so
the overvoltage becomes larger, so this is not suitable

for the cathode of a polymer electrolyte fuel cell. If
the Q-value is larger than 1.0x107%, the hydrophilicity is

too high, so when operating under high humidity
conditions, the so-called "flooding phenomenon”™ will
occur and power can no longer be generated.

[0032] The carbon material for catalyst support use of
the present invention is characterized in that the X-ray
diffraction spectrum by the powder X-ray diffraction
(XRD) method has a peak corresponding to the 002
diffraction line of graphite between the diffraction
angles (20: degrees) of 20 to 30 degrees and has a peak of
a half value width of 0.1 degree to 1.0 degree at 25.5 to
26.5 degrees. The carbon material of the present

invention can withstand even use under a high oxidizing
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harsh environment because of the stacked structures of
graphene grown due to the 1600 to 2200°C heat treatment.
Further, simultaneously, catalyst performance excellent
in diffusibility of the reaction starting materials and
reaction products can be exhibited because of the
amorphous structures comprised of nanosize graphene
derived from the mesoporous pore structures. The biggest
feature of the carbon material of the present invention
is the possession of a structure in which both grown
graphene stacked structures and nanosize graphene
amorphous structures are copresent. The grown graphene
stacked structures are specifically evaluated by the
presence of the peak at 25.5 to 26.5 degrees in the X-ray
diffraction. The line width is 0.1 to 1.0 degree. If
smaller than 0.1 degree, the stacked structures grow too
much, so the pores end up being crushed and the gas
diffusibility can no longer be maintained. If larger than
1.0 degree, the stacked structures do not sufficiently
grow, so the consumption by oxidation ends up becoming
remarkable and a harsh operating environment can no
longer be withstood. Further, amorphous structures
comprised of nanosize graphene are shown by the presence
of a broad peak between 20 to 30 degrees. If this broad
peak (corresponding to 002 diffraction line of graphite)
1s not present, it means the structures are comprised of
irregular carbon not containing even nanosize graphene,
mesoporous structures are not maintained, and the gas
diffusibility ends up falling.

[0033] The thus obtained carbon material for catalyst
support use of the present invention, when used as a
catalyst support, maintains a high porosity compared with
a conventional support while being excellent as well in
diffusibility of the reaction starting materials and
reaction products in the pores and particularly being
extremely excellent in durability even in a harsh
environment of use.

[0034] The carbon material for catalyst support use of
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the present invention can withstand up to 1000°C or so of
heating when heat treating the supported catalyst

particles to activate them compared with the conventional

activated carbon catalyst where substantially 500°C or so
was the upper limit temperature, so the restrictions on
the activation conditions are greatly eased. On top of
this, compared with the conventional activated carbon
support, the consumption of the component carbon by
hydrogen, CO, CO,, etc. is greatly suppressed.
Examples
[0035] Below, examples of the present invention will
be explained, but the present invention is not limited to
these.
[0036] The carbon material for catalyst support use
which was obtained in the present invention was evaluated
as follows:

For the structure of the carbon material, a Hitachi
High Technologies field emission scanning electron
microscope (SEM) Model SU-9000 was used to examine the
shape and confirm the presence of carbon nanodendritic
structures.
[0037] For measurement of the nitrogen adsorption BET
specific surface area pore size and cumulative pore
volume, a Quantachrome Instruments Autoscorb Model I-MP
was used. The pore size and cumulative pore volume were
calculated by analyzing the adsorption isotherm of the
adsorption process by the Dollimore-Heal method (DH
method). The analysis program built in the apparatus was
used to calculate the cumulative pore volume (cc/g)
between the pore sizes 1.0 to 20 nm.
[0038] The amount of steam absorption at 25°C was
measured using a Bel Japan high precision vapor
adsorption measuring apparatus BELSORP-aqua3. The samples
which were prepared from the examples and comparative

examples described below were pretreated for degassing at

120°C and 1 Pa or less for 2 hours, were held in a 25°C
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constant temperature tank, and were gradually supplied
with steam from a vacuum state to a saturated vapor
pressure of steam at 25°C to change the relative humidity
in stages. The amounts of steam adsorption were measured
there.

[0039] Adsorption isotherms were prepared from the
obtalined measurement results, the amounts of steam
adsorption at relative humidities of 10% and 90% were
read, and the amounts were converted to volumes of steam

in standard state per gram of sample. The amounts of

steam adsorption (ml/g) at 25°C and a steam relative
pressure of 10% (Vyp) were divided by the nitrogen
adsorption BET surface area (n@/g)(S) to calculate the
amounts of steam adsorption (ml/mz) per unit area (Vig/S:
Q-value) .

[0040] A Rigaku sample horizontal type strong X-ray
diffraction apparatus RINT TTRIII was used to measure the
powder X-ray diffraction pattern. The measurement was
performed at ordinary temperature. The measurements were
performed at 0.02 degree steps at one degree/min. The

position of the d002 diffraction line which is normally

seen in graphite crystals was 20 (=26.5 degrees), but in
Examples 1 to 6 of the present invention, a peak

corresponding to the 002 diffraction line is present

between the diffraction angle (20: degrees) of 20 to 30
degrees and a peak with a half value width of 0.1 degree
to 1.0 degree was observed at 25.5 to 26.5 degrees. This
state is shown in FIG. 1.

[0041] The carbon material for catalyst support use of
the present invention is obtained by the following
method. Further, the results of evaluation of the carbon
materials of Examples 1 to 6, Comparative Examples 1 to
4, and Reference Examples 1 to 3 are shown in Table 1.
[0042] Example 1

First, an ammonia aqueous solution which contains silver

nitrate in a concentration of 1.1 mol% (1.9%): 150 ml was
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prepared in a flask. Argon or dry nitrogen or other inert
gas was used to remove the residual oxygen. This solution
was stirred and an ultrasonic transducer was dipped in
the liquid to give vibration. While doing this, acetylene
gas was blown into this solution by a 25 ml/min flow rate
for about 4 minutes.

[0043] In the solution, solids of silver acetylide
formed. After the silver acetylide completely
precipitated, the precipitate was obtained by filtration
by a membrane filter. At the time of filtration, the
precipitate was washed by methanol and some ethanol was
added to wet the precipitate with that methanol. The

silver acetylide precipitate in the state wet with
methanol was rapidly heated in a vacuum dryer up to 160°C

to 200°C in temperature and held at that temperature for
20 minutes (first heat treatment). While holding it,
nanoscale explosive reactions occurred and the silver
erupted whereby an intermediate product comprised of
carbon with silver deposited on its surface was obtained.
[0044] This intermediate product was washed by
concentrated nitric acid for 1 hour to dissolve away the
silver which remained at the surface etc. as silver
nitrate and to dissolve away unstable carbon compounds.
The intermediate product from which these were dissolved
away was rinsed, then placed in a graphite crucible and
heat treated in an argon atmosphere in a graphitization
furnace at 1600°C for 2 hours (second heat treatment) to
obtain a carbon material for catalyst support use. An
example of the XRD of the carbon material which was
obtained in Example 1 is shown in FIG. 1. An enlargement
of the extent of angle of FIG. 1 is shown in FIG. 2. From
the chart of FIG. 2, the peak position and half value
width of the peak were found. As a result, the peak
position was 25.9 degrees and the half value width was
0.7 degree. An SEM image of the carbon material which was

obtained in Example 1 is shown in FIG. 6. The diameter of
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the dendritic part was about 60 nm, while the length was
130 nm.

[0045] Example 2

Except for making the temperature of the second heat
treatment 1800°C, the same procedure was performed as in
Example 1 to obtain a carbon material.

[0046] Example 3

Except for making the temperature of the second heat
treatment 2000°C and making the treatment time 0.5 hour,
the same procedure was performed as in Example 1 to
obtain a carbon material.

[0047] Example 4

Except for making the heating time of the second heat
treatment 2 hours, the same procedure was performed as in
Example 3 to obtain a carbon material.

[0048] Example 5

Except for making the heating time of the second heat
treatment 4 hours, the same procedure was performed as in
Example 3 to obtain a carbon material. An example of the
XRD of the carbon material which is obtained at Example 5
is shown in FIG. 3.

[0049] Example 6

Except for making the temperature of the second heat

treatment 2200°C, the same procedure was performed as in
Example 1 to obtain a carbon material.

[0050] Comparative Example 1

Except for making the temperature of the second heat
treatment 200°C, the same procedure was performed as in
Example 1 to obtain a carbon material. An example of the
XRD of the carbon material which is obtained at
Comparative Example 1 is shown in FIG. 4.

[0051] Comparative Example 2

Except for making the temperature of the second heat
treatment 800°C, the same procedure was performed as in

Example 1 to obtain a carbon material.

[0052] Comparati?e Example 3
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Except for making the temperature of the second heat

treatment 1200°C, the same procedure was performed as in
Example 1 to obtain a carbon material.
[0053] Comparative Example 4

Except for making the temperature of the second heat

treatment 2600°C, the same procedure was performed as in
Example 1 to obtain a carbon material. A SEM image of the
carbon material which is obtained at Comparative Example
4 1s shown in FIG. 7.

[0054] As reference examples, samples of the carbon
material ketjen black (made by Lion, trade name: EC600JD)
used in the past as a catalyst support of a polymer
electrolyte fuel cell were prepared. Samples with no heat

treatment (Reference Example 1), samples with heat
treatment at 1800°C (Reference Example 2), and samples

with heat treatment at 2000°C (Reference Example 3) were
processed by methods similar to the examples and were
similarly measured for BET specific surface area S,
cumulative pore volume, Vip/S (Q value), and presence of
dendritic structures.

[0055] As shown in Table 1, Examples 1 to 6 have
structures which have both suitably grown stacked
structures of graphene and amorphous structures comprised
of nanosize graphene derived from the mesoporous pore
structures. Furthermore, these carbon materials have
dendritic structures. By combination with the amount of
steam adsorption per unit area expressed by the Q-value,
the catalyst dispersability is good and the moisture
retention characteristic of the catalyst layer when made
into a cell becomes a range suitable for operation in a
low moisture environment. On the other hand, in
Comparative Examples 1 to 3, there were dendritic
structures, but the graphene was insufficiently stacked,
while in Reference Examples 1 to 3, there were no
dendritic structures and, judging from the shape of the

X-ray diffraction spectrum and value of the Q-value, it
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was learned that the dispersability of the catalyst and
the diffusibility of the gas or the water produced when
made into a fuel cell are not sufficient compared with
the carbon material of the present invention.

[0056] Evaluation Test of Catalyst

Using the example of a hydrogenation catalytic reaction,
the carbon materials of Examples 1 to 6 and Comparative
Examples 1 to 4 were used as catalyst supports to prepare
metal-containing catalysts. The durability as a fuel cell
was evaluated in the following way. Platinum was used as
the catalyst seed, and the cell performance was evaluated
using a fuel cell measurement apparatus for initial
performance and results in a cycle deterioration test.
The results of evaluation are shown in Table 1.

[0057] A chloroplatinic aqueous solution and polyvinyl

pyrrolidone were placed in distilled water and stirred at

90°C while pouring in sodium borohydride dissolved in
distilled water so as to reduce the chloroplatinic acid.
To this aqueous solution, the carbon material of each of
Examples 1 to 6 and Comparative Examples 1 to 4 was added

and stirred for 60 minutes, then filtered and washed. The

obtained solids were dried at 90°C in wvacuum, then

pulverized and heat treated in a hydrogen atmosphere at

250°C for 1 hour to thereby prepare a catalyst for fuel
cell use. Further, the amount of supported platinum of
the catalyst was adjusted to 30 mass$%.

[0058] The particle size of the platinum particles was
estimated by the formula of Scherrer from the half value
width of the platinum (111) peak in the powder X-ray
diffraction spectrum of the catalyst obtained by using an
X-ray diffraction apparatus (made by Rigaku, RAD).

[0059] The catalyst was added in a stream of argon to
a 5%-Nafion solution (made by Aldrich) to give a mass of
the Nafion solids of 3 times the mass of the catalyst.
The mixture was lightly stirred, then ultrasonic waves

were used to crush the catalyst. Butyl acetate was added
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while stirring to give a solids concentration of the
platinum catalyst and Nafion combined of 2 mass$% and
thereby prepare a catalyst layer slurry.

[0060] The catalyst layer slurry was coated on a
single surface of a Teflon® sheet by the spray method and

dried in an 80°C stream of argon for 10 minutes, then

dried in a 120°C stream of argon for 1 hour to obtain an
electrode sheet with a catalyst contained in the catalyst
layer. Further, the spray conditions etc. were set so
that the electrode sheet had an amount of platinum used

of 0.15 mg/cmZ. The amount of platinum used was found by

measuring the dry mass of the Teflon® sheet before and
after spraying and calculating the difference.

[0061] Furthermore, two 2.5 cm square size electrodes
each were cut out from the obtained electrode sheet, two
of the same type of electrodes were placed sandwiching an
electrolyte film (Nafion 112) so that the catalyst layers

contacted the electrode film, and the assembly was hot

pressed at 130°C and 90 kg/cm® for 10 minutes. The

assembly was cooled in this state down to room

temperature, then only the Teflon® sheets were carefully
peeled off so that the catalyst layers of the two
electrodes (below, anode and cathode) were fixed to the
Nafion film. Furthermore, commercially available carbon
cloth (made by ElectroChem, EC-CC1-060) was cut into two
sheets of 2.5 cm square size which were placed
sandwiching the anode and cathode fixed to the Nafion
film and the assembly was hot pressed at 130°C and 50
kg/cm® for 10 minutes to prepare four types of membrane
electrode assemblies (MEA).

[0062] The prepared MEAs were loaded into commercially
available fuel cell measuring devices and measured for
cell performance. The cell performance was measured by
changing the voltage between cell terminals from the no-
load voltage (normally 0.9 to 1.0V) to 0.2V in stages and

measuring the current density when the voltage between
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cell terminals 1s 0.8V. Further, as the durability test,
a cycle of holding the assemblies at the no-lcad voltage
for 15 seconds and holding the voltage across the cell ‘
terminals at 0.5V for 15 seconds was performed 4000
times, then the cell performance was measured in the same
way as before the durability test. For the gas, air was
supplied to the cathode and pure hydrogen as supplied to
the anode to give rates of utilization of respectively
50% and 80%. The respective gas pressures were adjusted
to 0.1 MPa by backing pressure valves which were provided

downstream of the cell. The cell temperature was set to

70°C, while the supplied air and pure hydrogen were

respectively bubbled in distilled water which was warmed

to 50°C to wet them. The cell characteristics were
evaluated by the amount of current (mA/cmz) per platinum
unit area. The durability of the cell was evaluated by
the rate of drop. The rate of drop was calculated by the
following formula.

Rate of drop (%)={(Initial characteristic-Characteristic

after deterioration)/ Initial characteristic}x100

[0063] As shown in Table 1, the rates of drop in
current of cells using the carbon materials which were
obtained in the present invention (Examples 1 to 6) as
catalyst supports are extremely small compared with
Comparative Examples 1 to 4. This result shows that by
using the carbon material for catalyst support use of the
present invention, the initial performance was maintained
while the durability of the cell was improved. This
improvement in the rate of drop of current is believed to
be a result of the carbon material for catalyst support
use of the present invention having a structure where
both stacked structures of graphene and amorphous
structures comprised of nanosize graphene are copresent.
[0064] Coke, carbon fiber, activated carbon, and other
easily graphitizable carbon materials made using pitch as

a starting material transform to graphite if heated to a
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high temperature. Graphite is generally high in oxidation
resistance, so using graphite for a support is effective
for improvement of the durability of a cell. On the other
hand, there are the problems that in the process of heat
treatment, the graphite crystal structure becomes
rearranged, a fall occurs in the BET specific surface
area which is required for the dispersion of the
catalyst, and the pore structures end up being crushed.
For this reason, in PLT 1, to compensate for the crushing
of pores when using activated carbon constituted by a
precursor of easily graphitizable carbon, the practice
has been to pretreat the carbon in advance to activate it
to a high degree, secure a large BET surface area, then
secure the pore structures after heat treatment. The
present invention uses dendritic carbon material
comprised of nanosize graphene as a starting material and
heat treats this (second heat treatment) to impart a
structure having both suitably grown graphene stacked
structures and amorphous structures comprised of nanosize
graphene derived from the mesoporous pore structures. For
this reason, unlike the carbon material of PLT 1, when
used as a support, it is possible to secure gas
diffusibility and catalyst activity derived from nanosize
graphene and thereby otherwise secure initial performance
and doubly achieve durability, so a high cell performance
is exhibited.

[0065] The carbon material of the present invention is
a material which is effective not only for applications
of a metal-carrying catalyst support which is introduced
here, but also fields in which diffusibility of the gas
or liquid is demanded, for example, activated carbon
electrodes for electric double-layer capacitor use, air

electrodes of lithium air secondary batteries, etc.
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CLAIMS

1. A carbon material comprising dendritic carbon
mesoporous structures which have 3D structures of
branched carbon-containing rod shapes or carbon-
containing ring shapes, wherein the dendritic carbon
mesoporous structures comprise dendritic parts having
lengths of 50 to 300 nm,

having a pore size of 1 to 20 nm and a
cumulative pore volume of 0.2 to 1.5 cc/g found by
analyzing a nitrogen adsorption isotherm by the
Dollimore-Heal method, and

having a powder X-ray diffraction spectrum

which has a peak corresponding to a 002 diffraction line

of graphite between diffraction angles (20: degrees) of 20
to 30 degrees and has a peak with a half value width of
0.1 degree to 1.0 degree at 25.5 to 26.5 degrees.
2. The carbon material according to claim 1, wherein

a BET specific surface area is 200 m?/g to 1300
m?*/g and

a ratio Vi,/S (ml/mz) of an amount of steam
adsorption (ml/g) at 25°C and a relative pressure of 10%

(Vip) and a nitrogen adsorption BET specific surface area

(m®’/g) of the carbon material (S) is 0.05x107° to 1.0x107°.
3. A method for producing a carbon material comprising:

a step of preparing a solution which contains a
metal or a metal salt,

a step of blowing in acetylene gas in a state
of applying ultrasonic waves to said solution and
producing dendritic carbon nanostructures comprising
branched rod shapes or ring shapes which are comprised of
a metal acetylide which contains said metal,

a step of heating said dendritic carbon
nanostructures at 60°C to 80°C in temperature, causing
segregation of said metal of said metal acetylide, and
producing metal-encapsulated dendritic carbon

nanostructures in which said metal is encapsulated in
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sailid dendritic carbon nanostructures,

a step of heating said metal-encapsulated

dendritic carbon nanostructures to 160°C to 200°C, causing
said metal to erupt, and producing dendritic carbon
mesoporous structures which have a large number of
mesopores at the surface and inside, and

a step of heat treating said dendritic carbon
mesoporous structures under a reduced pressure atmosphere
or under an inert gas atmosphere at 1600°C to 2200°C for
0.5 hour to 4.0 hours.
4. The method for producing the carbon material

according to claim 3, wherein said metal is silver.
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