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(57) Abrege(suite)/Abstract(continued):

Compared to the conventional carbon particles having platinum deposited thereon, etc., the carbon particles are effective in greatly
reducing the amount of platinum to be used. The carbon particles are characterized by comprising carbon particles and, deposited
on the surface of the carbon particles, fine particles of a perovskite type composite metal oxide in each of which fine noble-metal
particles are present throughout the whole particle.Also provided Is a process for producing the carbon particles. The carbon
particles having deposited fine particles have a constitution in which fine particles of a perovskite type composite metal oxide each
having fine noble-metal particles present throughout the whole perovskite type oxide particle and having a crystallite size of 1-20
nm are deposited on carbon particles. The process for producing such carbon particles having fine particles deposited thereon
comprises preparing a solution containing fine perovskite type composite oxide particles and complex lons of a metal for
constituting fine noble-metal particles, subsequently repeating the step of infiltrating the solution into carbon particles and drying the
particles to thereby adsorb complex ions of the metal onto the carbon particles, and then subjecting the resultant particles to heat
treatment.
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ABSTRACT

Carbon particles having fine particles deposited thereon
which can be used as a substitute for the carbon particles

having platinum deposited thereon and metallic platinum

particles which are presently 1n general use as, e.g., a

catalyst for electrodes 1n fuel cells. Compared to the

conventional carbon particles having platinum deposited

P

thereon, etc., the carbon particles are effective 1n

gr—

greatly reducing the amount of platinum to be used. The

carbon particles are characterized by comprising carbon

ﬁ

particles and, deposited on the surface of the carbon

F

particles, fine particles of a perovskilite type composite

metal oxide 1n each of which fine noble-metal particles are

present throughout the whole particle. Also provided 1s a

process for producing the carbon particles.

The carbon particles having deposited fine particles have a

constitution 1n which fine particles of a perovskite type

composilite metal oxlde each having fine noble-metal
particles present throughout the whole perovskite type

oxlde particle and having a crystallite size of 1-20 nm are

deposited on carbon particles. The process for producing

such carbon particles having fine particles deposited

thereon comprises preparing a solution containing fine

perovskite type composite oxide particles and complex ions

of a metal for constituting fine noble-metal particles,

subsequently repeating the step of 1mpregnating the
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solution 1nto carbon particles and dried the particles to
thereby adsorb complex 1ons of the metal onto the carbon
particles, and then subjecting the resultant particles to

heat treatment.
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DESCRIPTION

Carbon particle having deposited fine particles, process

for producing the same, and electrode for fuel cell

Technical Field
(0001 ]
The present patent applilication claims priority under the

Paris Convention based on Japanese Patent Application No.

2000-104095 (fl1led on June 13, 2006), and the entire

content of the aforementioned application 1s herein

incorporated by reference.

The present 1nvention relates to carbon particles that
support thereon fine particles and a production process
thereof, and more specifically, 1t relates to fine
particle-supporting carbon particles that support thereon
fine perovskite type composite metal oxide ©particles
whereln fine noble metal particles exist throughout the

perovskite type oxlide particles, and also to a production

process thereof and an electrode for fuel cells composed

thereotf.

Background Art

(0002 ]

Conventionally, metal particles, alloy particles, metal
oxlde particles, etc., supported on carrier particles have

peen used as catalysts for wvarious uses 1ncluding
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deodorants, antibacterial agents, automobile exhaust gas

purifiers, fuel cells, and NOx reducers. Materials widely
used for such carrier particles 1nclude carbon and metal

oxlides such as titanium oxide, zirconlum oxlde, 1ron oxilde,

nickel oxide, and cobalt oxide. In particular, catalysts

comprising electrically conductive carbon particles as

carrier can serve effectively as catalyst for fuel cell
electrodes.

[0003]

Among others, materials comprising a carbon carrier that

supports platinum-ruthenium alloy particles and those

comprising a carbon carrier that supports fine metallic

—

platinum particles along wilith specific metal oxide

particles, such as molybdenum oxide and cerium dioxide, as

co-catalyst have Dbeen known to serve effectively as

catalyst for electrodes. Patent document 1, for 1nstance,
describes that agglomeration of platinum particles can be
reduced by depositing particles of a corrosion resistant

oxide, such as cerium dioxlde and zirconium ox1lde, oOn

platinum particles followed by depositing the platinum
particles on a carbon carrier. Patent documents 2 and 3

have proposed an electrode material that 1s produced by
depositing particles of noble metal, such as platinum, on
the surface of perovskite type titanlum oxlide particles
and applylng a paste of sailid noble metal-supporting oxide
over a carbon membrane and described that the perovskite
type titanium oxlide works as co-catalyst to 1mprove the

catalytic ability.
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(0004 ]

On the other hand, some specific perovskite type composite
metal oxides are known to be able to decompose NOx
effectively, and Patent document 4 has proposed NOX
contact catalysts comprlising a carrler supporting such
oxldes. Patent document 5 describes that <catalysts
produced by depositing a noble metal, such as Pt, Pd and
Rh, on such a perovskite type composite metal oxide
carrier show high catalytic ability at very high
temperatures above 500°C.

[0005]

Processes avallable to deposit metal compound particles on

the surface of a carrier include the following:

(1) To allow a carrilier to adsorb metal colloid particles,
(2) To disperse carrier particles in an aqueous metal salt
solution, and use an alkaline chemical agent to allow

metal hydroxide to preclpitate on the carrier surface

(3) To disperse fine particles to prepare a fine particle

dispersion liquid, and then allow the fine particles to be

fixed on the surface of a carrier.

[0006]

Known methods that use such liquid phase processes are
proposed 1n Patent documents 6 and 7. In Patent document 6,
platinum-supporting carbon particles are dispersed 1in a

—

mixed solution of appropriate metal salts, and the

F

hydroxides of sald metals are precipitated on the carbon

particles using an alkaline chemical agent, followed by

heating the solution in a reducing environment at 1000°C
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or above to allow the carbon particles to support fine

-

alloy particles (fine particles of four metal alloy of

platinum, molybdenum, nickel, and 1ron). The document

specifies that the fine alloy particles should have a silze

F

of about 3 nm or more.

10007]

In the process to produce carbon particles supporting
vanadium pentoxide ©proposed 1in Patent document 7/, an
organic solvent is added to the organic vanadium solution
for solvation to produce organic complexes, whilich are then
adsorbed on the carbon particles. In this case, the
vanadium pentoxide supported on the carbon particles 1s 1n

an amorphous state.

0008 ]

Besides, Patent document 8 describes a method using

mlcrowave plasma treatment to deposit metal oxlde

particles on carbon-based material. In the processes given

as example, titanium oxide, nickel oxide, and cobalt oxilde

are deposited on carbon, and the document describes that
the method can be applied to perovskite type composite
metal oxides. With this method, 1t 1s possible to allow a
carbon-based carrier to support a metal oxide that cannot
be deposited easily on a carbon material because 1t
regquires a high oxidation temperature where the carbon
material starts to burn. However, this method requires
special equipment to carry out the plasma treatment.

[0009]

 Patent document 1] Japanese Unexamilned Patent
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Publication (Kokai) No. 2004-363056

| Patent document 2] Japanese Unexamined Patent
Publication (Kokai) No. 2005-50759

| Patent document 3] Japanese Unexamined Patent

Publication (Kokai) No. 2005-50760

[Patent document 4 ] Japanese Unexamined Patent

Publication (Kokai) No. 5-261289

| Patent document o] Japanese Unexamlined Patent

Publication (Kokail) No. 2001-269578

| Patent document o] Japanese Unexamined Patent
Publication (Kokal) No. 5-217586

| Patent document 7] Japanese Unexamlned Patent
Publication (Kokai) No. 2000-36303

[Patent document 8 ] Japanese Unexamined Patent
Publication (Kokai) No. 11-28357

F

Disclosure of Invention

10010]

Conventlonally, however, metal particles, alloy particles,

metal oxide particles, and carrier particles supporting
them as described above do not have a sufficiently high

corrosion reslstance to serve as a catalyst for fuel cell

electrodes. In the case of the conventional fuel cell

electrode catalysts comprising metallic platinum particles,

for 1nstance, thelr catalytic ability is reduced largely
because degradation 1is caused by the carbon monoxide

polsoning of metallic platinum particles during use and

also because adherence among platinum particles and their
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grain growth cannot be prevented completely as they are
repeatedly exposed to a high temperature atmosphere at
100°C or above. Furthermore, the use of platinum 1n
currently required amounts in these electrode catalysts 1s

ﬁ

disadvantageous in terms of costs, and the reduction 1in

the usage of platinum 1is now an urgent 1ssue to prevent

depletion of platinumnm.

[0011]

Here, these catalysts comprising carrier particles that
support both oxide particles and noble metal particles
have been already known generally, and specific perovskite

type composite metal oxides have also been used as Kknown

catalyst material for exhaust gas purifiers.
Notwithstanding, any material that comprises a carbon

carrier that supports dispersed composite particles that

consist of perovskite type composite metal oxide particles

and noble metal particles scattered not only on the

surface but also throughout the interior of the former

particles 1s not found in literature. The conventionally

available materials contaln various metal oxide particles

(hereinafter simply referred to as “oxide particles”) only

to serve mainly as a co-catalyst to improve the catalytic

ability of noble metal particles. For these materials to

show catalytic ability, the noble metal particles need to

exist on the outermost face of the catalyst or on the

outermost face of the metal oxide particles (carriler

particles) that work as co-catalyst (hereinafter simply

referred to as “Youtermost face”), but on the other hand,
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Che existence of noble metal particles on the outermost

F

face can lead to problems because the corrosion of the

noble metal particles by oxidation and carbon monoxide

polsoning will not be prevented. Noble metal particles are

P

provided on the outermost face in spite of these problems

pecause contact between the noble metal particles and the

reactant gas should be ensured for the noble metal

particles to show their catalytic ability. If the noble

metal particles are completely covered by oxide particles,

the noble metal particles will be unable to come in

contact with the reactant gas and will fail to work as

catalyst.
[0012]

I'o solve such problems as described above, the invention

aims to provide highly corrosion resistant, fine particle-
supporting carbon particles that can serve as alternative

to platinum-supporting carbon particles and metallic

platinum particles that are generally used as fuel cell
electrode catalyst and that can largely decrease the usage
of platinum, which 1is a precious resource, as compared

with the conventional platinum-supporting carbon particles,

The 1nvention adopts a constitution where noble metal

elements having a catalyst function exist not only on the

ocutermost face but also throughout perovskite type oxide

particles to form oxide-metal composite particles and such

noble metal particle-containing perovskite type oxide
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particles are deposlited on the surface of carbon particles

g

so that corrosion of said noble metal particles (typically

fine platinum particles) by oxidation and carbon monoxide

poisonling are prevented to improve their corrosion

reslistance.

(0014 ]

Specifically, the fine particle-supporting carbon
particles of the 1nvention comprise carbon particles

supporting fine perovskite type composite metal oxide

particles and fine noble metal particles, said fine

perovskite type composite metal oxide particles having a

ﬁ

crystallite s1ze 1n the range of 1 to 20 nm, and fine

noble metal particles (for 1nstance, fine platinum

particles) smaller 1n  particle dliameter than the

perovskite type particles exlsting throughout the

perovsklite type oxide particles, rather than only inside

the particles or on theilir surfaces.

[0015]

Here, said fine perovskite type composite metal oxide

particles completely contain said fine noble metal
particles without any gaps between them (as schematically
shown 1in Figure 3), forming, for instance, (1) a composite
structure consisting of metal oxide particles that are
porous throughout thelr bodles, rather than only in their

1nteriors or on their surfaces, and noble metal particles

that exist i1n the pores of the former, or (2) a composite

r—

structure conslisting of noble metal phases scattered in an

oxlde phase (as schematically shown in Figure 1), which is
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apparently an particle-structure Dbasket that contailns

noble metal particles in the meshes. Such a configuration

where fine noble metal particles exist throughout the

particle structure of fine perovskite type composite metal
oxide particles makes 1t ©possible to contribute to

catalytic reactions, ©prevent corrosion, adherence and

grain growth of the fine noble metal particles, and

achieve high durability. Said configuration where fine

noble metal particles exist throughout the particle

structure does not mean that said fine noble metal

particles exist only on the particle surface (including

the surface in the pores), but it means that said fine

noble metal particles exist at least 1in the 1interior part

below the particle surface.

[00106]

In obtalning sald fine particle-supporting carbon

particles, the inventors produced a solution of mixed

ﬁ

complex ions of metals that would constitute said fine

perovskite type composite metal oxide particles and fine
noble metal particles, allowed them to be adsorbed on the
surface of carbon particles, and heat-treated them, and

they found that this process served to allow noble metal

particle-containing fine perovskite type oxide particles
to be supported on carbon particles while maintalning a
monodisperse state for the primary particles.

[0017]

Thus, the production process for the fine particle-

supporting carbon particles of the lnvention 1S
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characterized in that a solution containing complex ions

of metals that will constitute fine perovskite type
composite metal oxide particles and noble metal particles

1s prepared first, and the operation of 1mpregnating

carbon particles with the resulting solution and drying

F

them 1s then repeated to allow the complex ions of said

metals to be adsorbed on the carbon particles, followed by

heat treatment. This process serves to allow said noble

metal ©particle-containing fine ©perovskite type oxide

particles to be supported on said carbon particles while

malntaining a monodisperse state for the primary particles.

1 0018]

Typical and preferred embodiments of the invention are

described below.

<l> Flne particle-supporting carbon particles comprilising

carpon particles supporting fine perovskite type composilite

metal oxide particles and fine noble metal particles

whereln the weight of the supported fine noble metal

particles 1s from 1 to 20% based on that of the fine
perovskite type composite metal oxide particles, said fine
perovskite type composite metal oxide particles having a

F

crystallite size of 1 to 20 nm, and fine noble metal

particles smaller in particle dlameter than sald

perovskite type oxide particles existing throughout the
podies of said perovskite type oxide particles.
<Z> Fine particle-supporting carbon particles as described

in  paragraph <1> wherein said fine ©perovskite type

composlite metal oxide particles are represented by the
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general formula ABO: wherelin A denotes one oOr more

St®

elements selected from the group consisting of lanthanum,

strontium, cerium, calcium, yttrium, erbium, praseodymlum,

neodymium, samarium, europium, magnesium, and barium, and

B denotes one or more transition metal elements selected

ﬁ

from the group consisting of 1ron, cobalt, manganese,

copper, titanium, chrome, nickel, niobium, lead, bismuth,
antimony, and molybdenum.

<3> Fine particle-supporting carbon particles as described
in paragraph <2> wherein said fine noble metal particles
comprise one or more noble metal elements selected from
the group consisting of platinum, ruthenium, palladium,
and gold, or an alloy of said one or more noble metal
elements and one or more transition metal elements
selected from the group consisting of 1ron, cobalt,
manganese, copper, titanium, chrome, nickel, nioblum, lead,
bismuth, antimony, and molybdenum.

<4> Fine particle-supporting carbon particles as described
in any of paragraphs <1> to <3> wherein the ratio by

pr——

weight of said supported fine perovskite type composite

metal oxide particles and fine noble metal particles

([weight of fine perovskite type composite metal oxilde

particles and fine noble metal particles]/[total welght of

the fine particle-supporting carbon particles]) 1s 1n the

g

range of 5 to 50 wtx.

<5> Fine particle-supporting carbon particles as described

in any of paragraphs <1> to <3> whereln the average

ﬁ

particle diameter of sald carbon particles that support
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fine perovskite type composite metal oxide particles and

g

fine noble metal particles 1s 1in the range of 20 to 70 nm.

<6> Fine particle-supporting carbon particles as descrilbed

in any of paragraphs <1> to <3> wherein they have an

average particle diameter of from 20 to 90 nm.
<7> A process for producling fine particle-supportling

carbon particles as described in paragraph <1> comprising

the followling steps: first, preparing a solution

containing complex 1ons of metals and noble metals that

are to constitute sald fine perovskite type composite

metal oxide particles and noble metal particles, then

-

repeating the operation of 1mpregnating carbon particles

wlith the resulting solution and drying them to achieve

p—

adsorption of sald complex 1ons on saild carbon particles,

and heat-treating themn.
<8> A process Tfor producing fine particle-supporting

carbon particles as described 1n paragraph <1> comprising

the followling steps: first, preparing a solution
contalning complex 1ons of metals and noble metals that
are to constitute said fine perovskite type composilte
metal oxide particles and noble metal particles, then
repeatling the operation of 1mpregnating carbon particles
with the resulting solution and drving them tTo achieve

P

adsorption of salid complex 1ons on sald carbon particles,

drving them 1n a low humidity atmosphere, and heat-

treating them 1n an 1nert gas so that said fine perovskite
type composite metal oxlde particles are deposited and

supported on the surface of sald carbon particles.
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<9> An electrode for fuel cells comprising fine particle-

supporting carbon particles as described 1n any of
paragraphs <1> to <o>.

[0019]

The process to produce the fine particle-supporting carbon
particles of the invention comprises the following steps:

g
—

first, preparing a solution containing complex 1ons of

metals (the metals that are to constitute the 1ntended
fine perovskite type composite metal oxide particles and
fine noble metal particles), then repeating the operation
of impregnating carbon particles with this solution and

drying them to achieve adsorption of sald complex 1ons on

the surface of said carbon particles, drying them 1n a low
humidity atmosphere (said “low humidity atmosphere” beilng
defined as an environment with a humidity of 203 or less

which may be achieved by using an absorbent or other

agents for humidity control or Dby heating up to a
temperature range of 90°C or below) to allow said fine
metal oxide particle precursors to be precipilitated on the

surface of sailid carbon particles, followed Dby heat

treatment. This process, whilich 1s designed for adsorption

F

of complex 1ons of metals on the surface of carbon

particles, can allow a carbon carrier to support deposited
fine perovskite type composite oxide particles that have a

crystallite size 1n the range of 1 to 20 nm and contailn

fine noble metal particles scattered throughout the
particle bodies whille malntalning a monodisperse state for

the primary particles, which cannot be achieved by the
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conventional productlion processes.

[10020]

ﬁ
—

The fine particle-supporting carbon particles of the

invention thus obtained serve as functional material for

electrode catalysts for fuel cells etc. In thls invention,

fine noble metal particles that can work effectlvely as

catalyst for fuel cell electrodes exist throughout the
bodies of perovskite type composite metal oxide particles
including not only their outermost faces but also theilr
interiors. This prevents corrosion of said fine noble

metal particles during use, and also prevents adherence

and grain growth of said fine noble metal particles,

hopefully making it possible to produce highly durable

r— !

electrode catalysts. Thus, the invention can provide fine

particle-supporting carbon particles that can work as an

alternative to the conventional platinum-supporting carbon

particles used 1in catalysts for fuel <cell electrodes,

serving to largely reduce the wusage of platinum, a
precious resource, when used as such an alternative, as
compared wlth the conventional electrode catalyst

materials.

Brief Description of Drawings

(0021 ]

[Figure 1]

Figure 1 schematically shows perovskite type composite

metal oxide particles comprising fine noble metal

particles existing throughout the bodies of the perovskite
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type oxlide particles that are supported on carbon
particles.

[F1gure 2]

Figure 2 schematically shows fine noble metal particles

and metal oxlide particles that are i1ndependently supported
On carbon particles.

[Figure 3]

Figure 3 schematically shows fine noble metal particles
completely covered by oxide particles that are supported
on carbon particles.

[Figure 4]

Figure 4 schematically shows a cross-sectional view of the

structure of a typical membrane electrode assembly (MEA)

for solid-electrolyte fuel <cells produced of the fine

particle-supporting carbon particles, which is given as an
example of the application of the fine particle-supporting
carbon particles of the 1nvention to an electrode catalyst.

[FFigure 5]

Figure 5 shows an XRD spectrum of carbon particles

supporting 10 nm LaFeOs;/Pt particles produced in Example 1.

|Figure 6]

Figure 6 shows a TEM photograph (magnification: 3,000,000)

of carbon particles supporting 10 nm LaFeO:/Pt particles

produced 1n Example 1.
 Figure 7]

Figure 7 shows an XPS spectrum of Pt in carbon particles

supporting 10 nm LaFeOs:/Pt particles produced in Example 1.
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[Explanation of numerals]
[0022]
1 solid polymer electrolyte membrane
2 alr electrode
3 fuel electrode
4 gas diffusion layer for alr electrode
5 gas diffusion layer for fuel electrode
10 membrane electrode assembly (MEA)

1 0023]

Best Mode for Carrying Out the Invention

- —

The first step of the production of the fine particle-

supporting carbon particles of the invention 1s to prepare

a solution containing complex 1ons (metal complex) of

metals

that will constitute said perovskite type composite

ox1lde represented by the general formula ABOs.

(0024 ]

“A” represents one or more divalent or trivalent metal

elements such as, but not 1limited to, lanthanum (La),

strontium (Sr), cerium (Ce), calcium (Ca), yttrium (Y),

erbium

(Sm) ,

(Er), praseodymium (Pr), neodymium (Nd), samarium

europium (Eu), magnesium (Mg), and barium (Ra), and

it also may be any other elements that can form a

perovskite structure.

1 0025]

“B” represents one or more transition metal elements

selected from 1ron (Fe), cobalt (Co), manganese (Mn),

copper

(Cu), titanium (T1i), chrome (Cr), nicke. (N1),
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niopium (Nb), lead (Pb), bismuth (Bi), antimony (Sb),
molypbdenum (Mo), and the like.

[0026]

Said fine noble metal particles contained 1in said
perovskite particles (metal oxlde particles) that
constitute said perovskite type composite metal oxide
particles, which consist of said fine noble metal
particles scattered throughout said ©perovskite type

F

composlite metal oxide particle structure, may be of

platinum (Pt), ruthenium (Ru), palladium (Pd), or gold

(Au), whilich may be used singly or in combination, or of an

ﬁ

alloy consisting of at least one or more of said noble

metal elements and transition metal elements (such as i1ron

(Fe), cobalt (Co), manganese (Mn), copper (Cu), titanium

(T1), chrome (Cr), nickel (Ni), niobium (Nb), lead (Pb),

bismuth (B1), antimony (Sb), and molybdenum (Mo)). When

used to produce a catalyst for fuel cell electrodes, it 1is

preferred that at least platinum (Pt) 1is 1included. The

o

welght of the supported fine noble metal particles should

preferably be from 1 to 20 wt% based on that of the fine

ﬁ

perovskite type composite metal oxide particles. If the

welght of the supported fine noble metal particles is

below thilis range, the quantity of the noble metal is too

ﬁ

small as compared with that of the carbon particles that

work as carriler, making it difficult to show required

catalytlc performance, while if it is larger, although the

noble metal will] be still able to show catalytic

performance, 1ts volume will be too large to be fully
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contained in the perovskite type composite metal oxide

particles, and some of the fine noble metal particles will
be precipitated and oxidized, leading to an 1increased

proportion of noble metal particles that are degraded Dby

corrosion. Thus, 1t will be impossible to use the noble

metal efficiently, and therefore, such a weight range 1s

not preferred.

(0027 ]

Said metal complexes may be either inorganic ones such as
chloride complex and amine nitrate complex, or organic
ones such as citric acid complex, malic acid complex, and

pre—e

picolinic acid complex, of which the most suitable ones

that can exist as ions 1n the solution and sult the metal

clements used are selected for use. It 1s not preferred,
however, that metals other than the 1ntended ones are
contained 1in the solution. For instance, 1f existing
complex compounds such as rubidium salt, cesium salt and

other metal salt complexes are simply dissolved 1in the

solution, unintended metal elements will be contalined 1n
the solution, which 1S not preferable. Of the
aforementioned complexes, citric acilid complex and malilc
acid complex are particularly preferable because they are
adsorbed efficiently on the surface of carbon particles
and also because they are easily crosslinked to form a
perovsklite structure.

(0028]

In the next step, carbon particles wilith an average

particle diameter of 20 to 70 nm are impregnated with said
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solution containing metal complex ions. There are no
specific 1limitations on said carbon particles, but the

preferred carbon particles include acetylene black such as

Denka Black (registered trademark) supplied by Denki

Kagaku Kogyo Kabushiki Kaisha, Vulcan (registered
trademark) supplled by Cabot Corporation, and ketjen black.

Although carbon particles with an average ©particle

diameter of less than 20 nm will be able to show good

H

characteristics as a component of the final catalyst

product, they are not preferred because a smaller particle

diameter will lead to Theavier agglomeration, making

pr—
—

uniform dispersion difficult during the synthesis step. An

average particle diameter of more than 70 nm 1is also

unpreferable because a decreased specific surface area

will cause a decrease in catalytic ability, although the

particles will be still able to show good characteristics

as a component of the final catalyst product.

[0029]

The average particle diameter of carbon particles 1is
determined as the averaged size of 100 particles observed

in photographs taken with a transmission electron

microscope (TEM). For this measurement, an appropriate

—

volume of carbon particles are dispersed to ensure that

the volume of the metal elements contained in the solution

1s such that the total weight of the fine perovskite type

composlte metal oxide particles and the fine noble metal

particles (weight of supported fine particles) is 5 to 50

ﬁ
—

wts of the weight of the fine particle-supporting carbon
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particles, 1.e. the final product. Significant problems

will not take place 1f the percentage of the fine
particles supported on the fine particle-supporting carbon
particles 1s less than 5 wt%, but when used as catalyst,

—

the total volume of platinum will become smaller, making

1t difficult for the platinum to function effectively.

Significant problems will not take place either 1f the

p——

percentage of the flne particles supported on the fine

particle-supporting carbon particles 1s more than 50 wt?,
but as thelr percentage 1ncreases, the fine perovskite

type composite metal oxilide particles will be more likely

—

to overlap each other or agglomerate 1nstead of being

contained 1n a monolayer surface of the carbon particles.
[0030]

As described above, complex 1ons of metals that are to
constitute composite metal oxide particles and noble metal

ﬁ

particles are allowed to be adsorbed on the surface of

carbon particles, and then they are dried to deposit

—
—

precursory fine particles of the fine noble metal

particle-contalning perovsklte type composite metal oxide

on the surface of the carbon particles. The metal

P

complexes adsorbed on the surface of the carbon particles

are 1n the state of 1ons and dispersed at a molecular
level 1in the solution. They can be maintained in this
disperse state as they are adsorbed on adsorption points

in the carbon surface, and when dried, only the nearest

nelghboring complexes are crystallized together to deposit

b
e

precursory partlicles wilith a diameter of 20 nm or less of
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the perovskite type composite metal oxide and noble metal

particles. The drying operation may be performed in air or

1n a vacuum. There are no specific limitations on the

atmosphere to be wused, but drying in air is preferred
because 1t 1s the easiliest and low 1in cost.

[0031]

Furthermore, the fine particle-supporting carbon particles

thus obtalined are then heat-treated. The heat treatment

should preferably be carried out 1in an inert gas

atmosphere such as nitrogen and argon. An atmosphere

containling oxygen 1s not preferred because the carbon
particles, which act as carrier, may be burned, and a
reducing atmosphere 1is not preferred either because the

ﬁ
—

adsorbed precursory particles may fai: to form a

perovskite type composite metal oxide. The heat treatment

should preferably be carried out in the temperature range
of 500 to 1000°C, more preferably 550 to 700°C. The most
preferable heat treatment temperature depends on the

crystallization Cemperature of the perovskite type

composlite metal oxide and hence on the elements selected

as “component A” and “component B.” If A=La and B=Fe, for

instance, a perovskite type structure will not be formed

at 500°C or below, while the particles will be sintered at

a high temperature of 1000°C or above, making it difficult

Lo malintaln nanosized fine perovskite type composite metal

oxlde particles. Accordingly, the most preferable way is

ﬁ

Lo carry out the heat treatment at the lowest point of the

cemperature range where the metal elements 1in  the
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composition used can be crystallized.

[0032]

The method described above serves to produce fine
particle-supporting carbon particles with an average
particle diameter of 20 nm to 90 nm that support fine
perovskite type composite metal oxide particles having a
crystallite size of 1 nm to 20 nm and supporting

monodlsperse fine noble metal particles scattered

throughout the former particle structure. Said average

H

particle diameter of the fine particle-supporting carbon

o

particles 1s determined as the average size of 100

particles observed in TEM photographs.

1 0033]

Here, the aforementioned perovskite type composite oxide

particles are expected to function as catalyst if their

crystallite size 1s less than 1 nm, stable bonding will

not be achieved easily because the number of lattice

polnts 1s too small due to the features of the crystal
system of the perovskite structure, and accordingly, it

will be difficult to maintain a perovskite structure and

also to achleve stable production due to these reasons. On

the other hand, required catalyst characteristics will be

st1ll maintalined 1f the crystallite size is more than 20

nm, 1t will be difficult for the fine noble metal

particles existing at deep points in the oxide particles
to contribute to the catalytic reaction, and their
catalytic performance may be reduced. For these reasons,

F

the crystallite size of the fine perovskite type composite
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metal oxide particles that contain noble metal particles
in theilr particle bodies should preferably be in the range

of 1 to 20 nm.

10034 ]

In such fine particles with a size of 20 nm or less, it is

rare for a polycrystalline structure to form in a single

particle, but single crystal particles are produced in

most cases. Therefore, the average particle diameter of

the supported fine particles can be determined not only

from TEM photographic measurements but also from the

average crystallite size calculated from the powder X-ray

diffraction spectrum. For fine particles with a particle

diameter of several nanometers or less, 1in particular, it

should preferably be determined from the average

crystallite size because visual observation performed to

determine the particle diameter from TEM photographs wil]

g

1nvolve significant measurement errors. If there are large

particles with a polycrystalline structure, however, the

diameter measurements taken may be of the crystallites

contained 1n those large particles, and therefore, it

should be confirmed that the particle diameter determined

from the average crystallite size is consistent with the

particle size observed by TEM.

100351

— o~

IT the fine noble metal particles (for instance, fine

platinum particles) exist throughout the oxide particle

structure 1ncluding not only 1its surface but also its

interior (for 1instance, see Figure 1), TEM photographs



CA 02655277 2008-12-12

24

will show only the oxide particles, and it will be

impossible to observe the noble metal particles separately

pecause they are integrated with the oxide. In such cases,

P

furthermore, 1t wilill sometimes be difficult to identify

crystalline phases by X-ray diffraction (XRD). Therefore,

an appropriate measuring means such as X-ray photoelectron

spectroscopy (XPS) should be used to confirm that the

noble metal elements contained are actually metallic.
Moreover, 1f the fine noble metal ©particles exist
throughout the particle bodies including their surface and

interlior, the oxide particles and the fine noble metal

particles are scattered uniformly 1in the bodies, and

therefore surface composition analysis by means of XPS

wlll show that their existence ratio is nearly the same as

that for the entire bodies.

[ 0036]

On the other hand, 1t 1s reported that if the fine noble

metal particles are supported only on the outermost face

(for 1nstance, see Figure 2), the catalytic ability will

pe highest when those fine noble metal particles have a

particles silze of 3 to 5 nm, and XRD can serve for

ldentification of the crystalline phases. In this case,

furthermore, the fine noble metal particles on the oxide

particles can be identified by TEM observation. All

exlsting fine noble metal particles exist on the surface,

and therefore, the comparison between their existence

ratio determined by XPS surface composition analysis and

the existence ratio for the entire bodies will suggest
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that there are excess noble metal elements.

1 0037]

nople

fine

Furthermore, 1f the

completely covered by the oxide particles

see Flgure 3), those

—

matter ot wil]

course,

and the noble metal elements will

elemental analysis. 1In

surface

—
—

metal

not be observed

such

fine noble metal particles,

particles

are

(for 1nstance,

as 4a

in TEM photographs,

not be found 1n XPS

Cases,

1t will

sometimes be difficult for XRD analysis to identify the

=

crystallline phases o:

- the noble metal particles.

|0038]
From the above description, the evaluation results for
different fine noble metal particle compositions are
summarized as follows.
1 0039]
[ Table 1]
Structure Exlsting 1n Supported on | Completely
of fine oxlide outermost covered
noble metal face
particles
Measuring | TEM not observable | observable not
means observable
XRD difficult 1n detectable difficult
some cases 1n some
cases
XPS detectable, detectable, undetectable
1nitial ratio excess
platinum
(0040 ]
Here, a composlite structure comprising noble metal phases

scattered 1n oxlide phases 1s shown as an example of

noble metal particles existing

particles,

throughout

the

fine

oxX1lde

but similar evaluation results will be obtained
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1n a case where noble metal particles exist 1in the pores

—
—

of porous oxide particles. In a case where noble metal

particles exist in the pores of oxide particles that are

porous only 1n their surface, however, the results

obtained willl be the same as those for the case where the

fine noble metal particles are supported only on the

outermost face as shown 1in Figure 2, and such cases are

not i1ncluded in the present invention. For the evaluation,

at least all of the aforementioned methods, including XRD

for 1dentifying the crystal structure of the oxide
particles, should be used to carry out careful
1dentification.

10041 ]

Next, a membrane electrode assembly (MEA) for fuel cells

produced from Che fine particle-supporting carbon

particles of the invention 1is described below as an

ﬁ

example of the application of the fine particle-supporting

carbon particles to electrode catalysts.

10042 ]

Figure 4 schematically shows a cross-sectional structure

of tThe membrane electrode assembly (MEA) for fuel cells.
The membrane electrode assembly 10 comprises a solid
polymer electrolyte membrane 1, an air electrode 2

provided on one side 1in the thickness direction of the

membrane, a fuel electrode 3 provided on the other side, a

gas diffusion layer 4 for the air electrode provided on

Che outer side of the air electrode 2, and a gas diffusion

layer 5 for the fuel electrode provided on the outer side
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of the fuel electrode 3. 0Of these, the solid polymer

electrolyte membrane 1 may be a polyperfluorosulfonic acid

resin membrane such as Nafion (trade name) supplied by Du
Pont, Flemlon (trade name) supplied by Asahi glass Co.,

Ltd., and Aclplex (trade name) supplied by Asahi Chemical

Industry Co., Ltd. The gas diffusion layers 4 and 5 may be
a plece of porous carbon cloth or a carbon sheet. A common
process as described below may be used to produce the
membrane electrode assembly 10.

(004 3]

Catalyst—-supporting carbon particles, polymers, and
requlred agents such as bilinder are added to a solvent
malnly comprising a lower alcohol such as ethanol and

propanol, and dispersed by using a common dispersion

apparatus such as magnetic stirrer, ball mill, and

ultrasonic dispersion apparatus to produce a catalyst

pr—

palint. For this process, the quantity of the solvent 1is

adjusted so as to produce a paint with an optimum
viscoslity for the coating method used. Then, the catalyst
palnt obtalined 1s used to produce the air electrode 2 or

Che fuel electrode 3, followed 1n most cases by one of the

three steps (1) to (3) described below. Any of the

evaluation means may be used for the fine particle-

F

supporting carbon particles of the invention, but the same

production process should be used when comparative
evaluations are to be made.

10044 ]

(1) The catalyst paint obtained 1is applied uniformly with
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an approprilate tool such as bar coater over a releasable

base plate such as polytetrafluoroethylene (PTFE) film,

polyethylene terephthalate (PET) film, polyimide film,

PTFE-coated polyimide film, PTFE-coated silicon sheet, and

PTFE-coated glass cloth, and dried to produce an electrode

membrane over the releasable base plate. This electrode

P

membrane 1s peeled off, and cut 1into pileces with a

predetermined electrode size. Two such electrode membranes

are produced, and used as either the air electrode or the

—

fuel electrode. Then, each of these electrode membranes 1is

adhered to elther side of the solid polymer electrolyte
mempbrane wilth a hot press or hot roll press, and a gas

diffusion layer 1s provided on the air electrode and on

the fuel electrode, followed by integrating them with a

hot press to produce a membrane electrode assembly.

(004 5]

(2) The catalyst paint obtained is applied on the gas
diffusion layer for the air electrode and on the gas

ﬁ

diffusion layer for the fuel electrode, and dried to

produce an ailr electrode and a fuel electrode. Spray

coating and screen printing may be used for the coating in

thls step. Then, these gas diffusion layers coated with an
electrode membrane are used to sandwich the solid polymer
electrolyte membrane, followed by integrating them with a

not press to produce a membrane electrode assembly.

1004 06]

(3) The catalyst paint obtained is applied on both sides

ﬁ

of the solid polymer electrolyte membrane with an
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appropriate method such as spray coating, and dried to

produce a alr electrode and a fuel electrode. Then, a gas

diffusion layer 1s provided on either side of the air

electrode and the fuel electrode, followed by integrating
them with a hot press to produce a membrane electrode
assembly.

(0047 ]

For the membrane electrode assembly 10 thus obtained as
shown 1n Figure 1, a current collector (not shown in
Figure 1) 1s then provided on the air electrode 2 side and
the fuel electrode 3 side to achieve electric connection,

and hydrogen and air (oxygen) are supplied to the fuel

electrode 3 and the air electrode 2, respectively, to

serve as a fuel cell.

[Example 1]

[0048]

< LaFeOs3/Pt = 94/6 by weight, 40 wt$? supported
particles/carbon >

A 2.23g portion of lanthanum nitrate hexahydrate, 2.08g of
l1ron nitrate nonahydrate, and 0.14qg of Hydrogen

hexachloroplatinate hexahvdrate were dissolved 1in a

solution comprising 80 ml of water and 20 ml of ethanol,

—

and 2.l6g of citric acid was added to prepare an aqueous

P

solution containing citrate complex 1ons of lanthanum,

1ron and platinum.

10049]

r—

Then, 2g of Vulcan XC-72 (registered trademark, carbon

plack product supplied by Cabot Corporation, average
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particle diameter 30 nm, the same applyling hereinafter),

used as carbon particles, was 1mpregnate with about 2 ml

ﬁ

of said aqueous solution contalning citrate complex 1ions,

and dried at 90°C. It was mixed in a mortar, impregnated

again with 2 ml of sald aqueous solution contalining
cltrate complex ions, dried at 90°C, followed by mixing in

a mortar. This step was repeated, and as a result, a total

of 100 ml of the aqueous solution contalning citrate
complex 1ons was used for the 1mpregnation to allow said

complex compound to be adsorbed on the Vulcan surface.

Then, 1t was dried for about 10 hours 1in a low-humidity

atmosphere at 90°C to produce carbon particles (powder)

ﬁ

supporting a compound of lanthanum, iron and platinum. The

carbon particles were heat-treated in nitrogen at 600°C,
and rinsed to produce LaFeOs/Pt-supporting carbon

particles. 1.e., carbon particles that supported platinum

particle-containing fine perovskite type oxide particles.

10050 ]

The LaFeOs/Pt-supporting carbon particles thus obtained

were observed by XRD. As shown 1n Figure 5, a distinct

single phase peak of the perovskite type structure was

seen while no peaks relating to platinum particles were

found. In this observation, the average crystallite size

gr—

of the oxilde particles determined from the half-width of

the diffraction peak was 12.2 nm. As seen from Figure 6,

TEM observations 1ndicated that fline composite metal oxide

particles of about 10 to 15 nm were supported on the

surface of the carbon particles, while apparently platinum
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particles were not found. In addition, X-ray fluorescence

(XRE) analysis was carrled out to determine the

B

composition and the quantity of the supported particles,

and results showed that the measurements were nearly

consistent with the ratio of the i1nitially fed components.

XPS analysis was also performed to observe the state of

the elements on the surface, and results showed that the

existence ratio for platinum was nearly consistent with

the original component ratio of LaFeOs/Pt = 94/6 by weight.

Furthermore, 1t was confirmed from the XPS spectrum given
in Figure 7 that the platinum component was 1n the

metallic single phase state.

[Example 2]

[0051]

< LaFeO:/Pt = 94/6 Dby welght, 20 wt? supported
particles/carbon >

The same procedure for producing fine particle-supporting

F

carbon particles as 1n Example 1 except that 5g of Vulcan

XC-72 was 1impregnated wilith the agueous solution contalining
citrate complex 1ons of lanthanum, 1ron and platinum was
carried out to  produce LaFeOz/Pt-supporting carbon
particles. 1.e., carbon particles that supported platinum
particle-containing fine perovskite type oxide particles.

10052 ]

The LaFeO:/Pt-supporting carbon particles thus obtained

were observed by XRD. A distinct single phase peak of the

perovskite type structure was seen as 1n Example 1 while

no peaks relating to platinum particles were found. 1In
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this observation, the average crystallite size determlned

——

from the half-width of the diffraction peak was 8.6 nm.

TEM observations indicated that fine composite metal oxide

particles of about 5 to 10 nm were supported on the

i

surface of the carbon particles, while apparently platinum

particles were not found. In addition, XPS analysis was

performed, and results showed that as 1n Example 1, the

existence ratio for platinum was nearly consistent with

the original component ratio of LaFeO:/Pt = 94/6 by welght.

Furthermore, it was confirmed that the platinum component

was 1n Tthe metallic state.

' Example 3]
(0053]
< LaFeO3z/Pt = 85/15 by welght, 40 wt% supported

particles/carbon >

The same procedure for producing fine particle-supporting

carbon particles as 1n Example 1 except that 1.89g of

lanthanum nitrate hexahydrate, 1.77g of 1ron nitrate

nonahydrate, and 0.42g of Hydrogen hexachloroplatinate
hexahydrate were dissolved 1n a solution consisting of 80
ml of water and 20 ml of ethanol was carried out to
produce LaFeO-/Pt-supporting carbon particles. i.e.,
carbon particles that supported platinum particle-
contalning fine perovskite type oxide particles.

(0054 ]

The LaFeO:/Pt-supporting carbon particles thus obtalned

were observed by XRD. As 1n Example 1, a distinct single

phase peak of the perovskite type structure was seen while
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no peaks relating to platinum particles were found. In

this observation, the average crystallite size determined

from the half-width of the diffraction peak was 18.3 nm.

TEM observations 1ndicated that fine composite metal oxide

P

particles of about 15 to 20 nm were supported on the

ﬁ

surface of the carbon particles, while apparently platinum

particles were not found. In addition, XPS analyslis was

performed, and results showed that the existence ratio for
platinum was nearly consistent with the original component

ratio of LaFeO:/Pt = 85/15 by weight. Furthermore, 1t was

confirmed that the platinum component was 1in the metallic

state.,

[Example 4]

[ 0055]

< La(FEqs.7 COp.3)0:/Pt = 94/6 by weight, 40 wt$% supported

particles/carbon >

The same procedure as 1n Example 1 except that 1.85g of

lanthanum chloride heptahydrate, 0.77g of 1ron chloride
hexahydrate, 0.45g of cobalt chloride monohydrate, and
0.12g o0f Hydrogen hexachloroplatinate hexahvydrate was

dissolved 1n a solution consisting of 80 ml of water and

20 ml of ethanol was carrled out to produce La(FE; -
COn.=) O3/ Pt-supporting carbon particles. i.e., carbon
particles that supported platinum particle-containing fine
perovskite type oxlide particles.

10050 ]

The La(FEq..; COpn.2)03/Pt-supporting carbon particles thus

obtained were observed by XRD. As 1n Example 1, a distinct
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ﬁ

single phase peak of the perovskite type structure was

seen while no peaks relating to platinum particles were

found. In this observation, the average crystallite size

determined from the half-width of the diffraction peak was

9.8 nm. TEM observations 1ndicated that fine composite

.

metal oxlide particles of about 10 nm were supported on the

surface of the carbon particles, while apparently platinum

particles were not found. In addition, XPS analyslis was

performed, and results showed that the existence ratio for

platinum was nearly consistent with the original component

ratio of La(FEq 7 COn.:x)0:/Pt = 94/6 by weight. Furthermore,
1t was confirmed that the platinum component was 1n the

metalllc state.

[0057]

[Comparative example 1] (excess amount of supported
platinum, larger than 20 wt?%)
< LaFeO:/Pt = 70/30 by weight, 40 wt% supported particles

>

The same procedure for producling fine particle-supporting

ﬁ

carbon particles as 1n Example 1 except that 1.66g of

lanthanum nitrate heXxXahydrate, 1.55g of 1ron nitrate

nonahydrate, and 0.70g of Hydrogen hexachloroplatinate
hexahydrate were dissolved in a solution consisting of 80
ml of water and 20 ml of ethanol was carried out to
produce LaFeOsz/Pt-supporting carbon particles. 1.e.,
carbon particles that supported platinum particle-
containing fine perovskite type oxide particles.

10058 ]
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The LaFeOs;/Pt-supporting carbon particles thus obtained
were observed by XRD. Weak 1ntensitles attributable to
platinum particles were found 1n addition to a distinct

ﬁ

peak of the perovskite type structure. In this observation,

the average crystallite size of the oxide particles

determined from the half-width of the diffraction peak was

11.4 nm. It was 1impossible to determine the crystallite

size relating to the platinum particles because the

intenslities were too weak. These TEM observations

ﬁ

indicated that fine composite metal oxide particles of

o

about 10 nm were supported on the surface of the carbon

particles, while apparently platinum particles with a

diameter of 3 nm were found though thelr number was small.

In addition, XPS analysis was performed, and results
showed that a large quantity of platinum was found as
compared with the original component ratio of LaFeOs/Pt =
70/30. Actually, the ratio was about 66/34 by weight,

indicating that the platinum component was 1n the metallic

state.

[0059]

[Comparative example 2] (Pt particles supported only on
outermost face as shown 1n Figure 2)

< LaFeO:/Pt = 94/6 Dby weight, total 40 wt% supported

separately >

The same procedure for producing fine particle-supporting

H

carbon particles as 1n Example 1 except that said 0.14g of

Hydrogen hexachloroplatinate hexahydrate was not added to

produce a water/ethanol solution contalning complex 1ons
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of lanthanum and 1ron. The carbon partilicles were

impregnated with this solution as 1n example 1 to produce

ﬁ
e

carbon particles (powder) that supported a compound of

lanthanum and i1ron. The carbon particles were heat-treated
in nitrogen at 550°C to produce LaFeOs:-supporting carbon
particles. Then, 0.14g of Hydrogen hexachloroplatlnate
hexahydrate was dissolved 1n ©0g of ethanol to produce an
ethanol solution containing platinum 1ons. The oxide-
supporting carbon particles were impregnated with this

solution, dried at 60°C, heat-treated in hydrogen at 600°C,

and rinsed to produce fine perovskite type composite metal

oxide (LaFeO:) particles and fine platinum (Pt) particle-
supporting carbon particles.

0000 ]

The LaFeOz/Pt-supporting carbon particles thus obtained

were observed by XRD. A peak attributable to platinum

F

particles was found 1in addition to a distinct peak of the

perovskite type structure. In this observation, the

average crystallite size of the fine oxlde particles

determined from the half-width of the diffraction peak was

9.2 nm, and that of the fine platinum particles was 4.3 nm.

These TEM observations showed that flne composite metal
oxide particles of about 10 nm and platinum particles of
about 4 nm are supported on the carbon particles. 1In
addition, XPS analysilis was performed, and results showed
that an extremely large quantlity of platinum was found as
compared with the original component ratio of LaFeOs/Pt =

94/6 by weight. Actually, the ratio was about 69/31,
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indicating that the platinum component was 1n the metallic

state.

(0061 ]

[Comparative example 3] (ox1de completely covering Pt
particles, as shown 1n Figure 3)

< LaFeOz/Pt = 94/6 by weight, total 40 wt%, oxide covering

supported particles >

The same procedure for producing fine particle-supporting
carbon particles as 1n Comparative example 2 was carried
out except that Vulcan XC-72 was not used for 1mpregnating
carbon particles with a solution contailning complex 10ns
of lanthanum and 1ron, but platlinum-supportling carbon
particles (platinum particles having an average particle

g

diameter of 5 nm) produced by depositing 2.4 wt? platinum

particles on carbon particles were impregnated to provide
carbon particles (powder) supporting a compound of
lanthanum and 1ron and platinum particles, followed by
heat-treating the carbon particles 1in nitrogen at 600°C to
produce carbon particles supporting platinum (Pt)
particles covered by perovskite type composite metal oxilide
(LaFeOx) .

[0062]

The LaFeO:/Pt-supporting carbon particles thus obtained

were observed by XRD. Weak 1ntensities attributable to

platinum particles were found 1n addition to a distinct

pr—

preak of the perovskite type structure. In this observation,

che average crystallite si1ze of the oxide particles

determined from the half-width of the diffraction peak was
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22.0 nm. It was 1mpossible to determine the crystallite

gri—

size of the platinum particles because the 1intensities

were too weak. These TEM observations indicated that only

fine composite metal oxide particles of about 20 nm were

supported on the carbon particle. In addition, XPS

analysis was performed, and results showed that the
quantity of platinum was Dbelow the measuring limit,

1ndicating that wvirtually no platinum existed on the

surface.

 Example 5]

1 0063]

In thls example, membrane electrode assemblies (MEA) for
fuel cells were produced and their output characteristics
as fuel cells were determined to evaluate the catalyst
characteristics of the fine particle-supporting carbon

particles produced 1n the above examples and comparative

examples. In a membrane electrode assembly (MEA)

gy

comprising electrodes of such fine particle-supporting

carbon particles as produced above, the air electrode and

the fuel electrode require different oxide contents in the
fine particle-supporting carbon particles (the contents of
the fine oxide ©particles supported on the carbon
particles) to achleve maximum effects. In this example,

—

therefore, an electrode membrane of fine particle-

supporting carbon particles was used as the fuel electrode
while a standard electrode membrane shown below was used
as the ailr electrode to achieve impartial evaluation.

10064 ]
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< electrode membrane of fine particle-supporting carbon
particles >

One part by mass of the fine particle-supporting carbon

particles produced 1n the aforementioned examples and

[~

comparative examples were added to 9.72 parts by mass of a

Nafion (trade name, EW = 1000) solution supplied by
Aldrich, which was a 5 mass? solution of

e

polyperfluorosulfonic acid resin, 2.52 parts by mass of a

Nafion (trade name) solution supplied by Du Pont, which

was a 20 mass?® solution of polyperfluorosulfonic acid

ﬁ

resin, and 1 part by mass of water, and a catalyst paint

was prepared by stirring the liquid mixture sufficiently

to achieve uniform dispersion. The aforementioned catalyst

palnt was applied over a PTFE film while adjusting the

quantity of the supported platinum to 0.03 mg/cm®, and

Chen the paint was dried and peeled off to provide an

electrode membrane of fine particle-supporting carbon
particles.

1 00065]

< standard electrode membrane >

As the standard electrode, 10E50E (trade name), platinum-
supporting carbon (which supports 50 mass% platinum)

supplied by Tanaka Kikinzoku Kogyo, was used to prepare a

catalyst paint by the same procedure as described above.

film while

L]

The catalyst paint was applied over a PTF.
adjusting the quantity of the supported platinum to 0.5
mg/cm”, and then the paint was dried and peeled off to

provide a standard electrode membrane.
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[0066]
< membrane electrode assembly >
To provide a solid polymer electrolyte membrane, Nafion

112 (trade name), a polyperfluorosulfonic acid resin

membrane product supplied by Du Pont, was cut 1nto pileces

of a predetermined size. The electrode membrane of fine
particle-supporting carbon particles and the standard
electrode membrane produced above were attached to eilther

ﬁ

side of the solid polymer electrolyte membrane and they

were adhered to each other using a hot press under the

conditions of a temperature of 160°C and a pressure of 4.4

MPa. Then, carbon nonwoven fabric (TGP-H-120 supplied by

Toray Industries, Inc.) that had been subjected to water

repellent finishing and the solid polymer electrolyte

membrane having an electrode membrane on each silde were
adhered with a hot press to produce a membrane electrode
assembly.

[0067]

< output characteristics evaluation >

The membrane electrode assembly produced above was used to

measure the output characterilistics (specifilically, maximum

output density) expected from a fuel cell comprising the
assembly. For the measurement, the measuring system
including the membrane electrode assembly was malntailned
at 60°C, and hydrogen gas humidified and heated to adjust

the dew point to 60°C is supplied to the fuel electrode

while alr humidified and heated to adjust the dew point to

60°C 1s supplied to the air electrode.
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[0068]

Table 2 summarizes measurements for the fine particle-

supporting carbon particles produced in Examples 1 to 4

and Comparative examples 1 to 3 described above, and

measurements for Che membrane electrode assemblies

produced 1n Example 5 using these fine particle-supporting
carbon particles. Here, the “supported particle diameter”
1s the diameter of the supported oxide ©particles

determined from the average crystallite size, the “TEM

observatlion particle diameter” Dbeing a rough diameter

value of the supported oxide particles determined from

visual observation with TEM, and the “average particle

diameter” being the average diameter of the fine particle-

supporting carbon particles determined from 100 particles

observed 1n TEM photographs.
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[0070]
< evaluation for resistance to oxidation >
To evaluate the oxidation resistance of the fine particle-

supporting carbon particles, the fine particle-supporting

carbon particles produced 1in Example 1 and Comparative
examples 1 and 2 were used because they had typilcal

compositions, and changes in thelr physical properties 1in

alr were measured. Before the measurement, each sample was
oxidized in air at 150°C for 48 hours.

(0071 ]

For the fine particle-supporting carbon particles treated

as described above, powder X-ray diffraction spectra were

measured to determine their crystal structures. The fine

Y
—

particle-supporting carbon particles of Example 1 showed

ﬁ

the existence of the perovskite type structure, and no

changes were found as compared wlth the observation made
before the treatment. On the other hand, the fine particle-
supporting carbon particles of Comparative example 1 showed

weak 1intensities from the metallic platinum structure

before the treatment, but the 1ntensities dilsappeared,

_—

indicating that the quantity of the platinum 1n the

metallic phase decreased to such a very low level that 1t

was not detected by XRD analysis. The fine particle-
supporting carbon particles of the Comparative example 2
comprised two phases, 1.e. perovskite type structure and

metallic platinum structure, before the treatment, Dbut

three phases, 1.e. perovskite type structure, metallic

platinum structure, and platinum oxide (PtQO), were detected
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after the treatment.

10072 ]

—

Furthermore, TEM observation of these particles showed that

ﬁ
—

the fine particle-supporting carbon particles of Example 1

comprised about 10 to 15 nm particles supported on the

carbon particles, and significant changes were not seen 1n

particle diameter as compared with the particles before the
Creatment. For the fine particle-supporting carbon
particles of Comparative example 1, two types of particles,
i.e. about 10 nm composlite oxide particles and about 3 nm
particles contalning a platinum element that appeared to be

attributed to platinum oxlide, and no changes were detected

visually. On the other hand, about 10 nm oxide particles

and about 8 to 9 nm platinum particle-supporting carbon

particles were found 1n the platlinum-supporting carbon

particles of Comparative example 2, 1ndilcating that the

particle diameter increased as compared wlith the untreated

pm—

platinum particles that had a diameter of about 4 nm.

1 0073]

Then, the oxidation-treated fine particle-supporting carbon

particles were used to produce membrane electrode assembles

by carrying out the same procedure as 1n Example 5, and

p—

evaluation of theilr output characteristics was performed.

10074 ]

Table 3 shows results of theilir evaluation for oxidation

resistance and output characteristics.

[0075]

[ Table 3]
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< evaluation for resistance to oxidation >

XRD results TEM observation, Maxlmum output
nm density, mW/cm®
before after before after before after
treatment treatment treatment | treatment | treatment | treatment
Example 1 perovskite | perovskite | 10~15 10~15 178 171
type type
Comparative | perovskite | perovskite | ~10 ~10 209 114
example 1 type + Pt type Pt ~3 PtOx ~3
Comparative | perovskite | perovskite | ~10 ~10 224 103
example 2 type + Pt type + Pt Pt ~4 Pt 8~9
+ PtO
100 /0]
As obvious from Table 2 given ©previously, all filne
particle-supporting carbon particles produced 1n  the
examples had the following features: (1) TEM observation

detected only one type of particles, and there were no

XRD

particles that appeared to be of metallic platinum, (2)

observation detected a single phase of the perovskite

structure, and (3) XPS observation indicated that the ratio

of the initially fed components was nearly consistent wilth

In addition, thelr

~he surface element composition.

crystallite size was 20 nm or less.
[0077]

In Comparative example 1, on the other hand, the quantity

of 1nitially fed platinum was too large, and exXcess

platinum particles that failed to stay on the oxide

particles were separated and precipitated, resulting 1n

about 3 nm platinum particles being sometimes observed

exlstence low.

of theilr

though the fregquency was

Observation for Comparative example 2 showed platinum

particles that were supported on oxide particle-supporting:

F

and the existence ratio ot

carbon particles, platinum on

fed

the surface was much larger than that for the 1nitially
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components. In Comparative example 3, a perovskilite type
composlite oxide was deposited on the surface of carbon
particles that supported about 5 nm platinum particles and
allowed the perovskite type oxide to cover the platinum,
and as a result, no platinum appeared on the surface.

10078 ]

As seen from Table 2, furthermore, only a small output can

be obtained from carbon particles with platinum completely

covered Dby an oxide as 1n Comparatlive example 3. If

metallic platinum particles exist on the surface as 1n

Comparative examples 1 and 2, on the other hand, the

F

excellent catalyst characteristics of the metallic platinum

particles served to produce an equilivalent or higher i1nitial

output density as compared with the samples produced 1n the

F

other examples. Results of the evaluation for oxidation

resistance glven 1n Table 2 1indicate, however, that the

samples produced 1n Example 1 showed no significant changes
1n the output density while those produced in Comparative
examples 1 and 2 suffered degradation 1n characteristics.
This may be because part of the 1nitially fed platinum
component 1n Comparative example 1 stayed in the oxide
particles while the excess was preclpltated to form

1solated metallic platinum particles, and although their

exlstence ratio was low, serving to prevent their growth
into coarse particles due to agglutination, they were
precipltated on the surface and 1nevitably oxidized,

leading to deterioration 1n the catalytic ability per unit

—

quantity of platinum. Results for Comparative example 2




CA 02655277 2008-12-12

47

suggest that the metallic platinum particles were

m—

agglutinated to form coarse particles and part of them were

oxidized 1nto platinum oxide, leading to degradation 1n

thelr output characteristics.
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CLAIMS

1. Fine particle-supporting carbon particles comprising

carbon particles supporting fine perovskite type composite

metal oxide particles and fine noble metal particles

wherein the weilght of the supported fine noble metal
particles 1s from 1 to 20% Dbased on that of the filne
perovsklite type composlite metal oxide particles, saild fine

perovsklite type composlite metal oxide particles having a

crystallite size of 1 to 20 nm, and fine noble metal

particles smaller 1n particle diameter than saild perovskite
type oxlde particles exlisting throughout the bodies of said

perovsklte type oxide particles.

2. FFine particle-supporting carbon particles as claimed
in c¢laim 1 wherein sailid fine perovsklite type composite

metal oxilde particles are represented by the general

formula ABO; wherein A denotes one or more elements
selected from the group consisting of lanthanum, strontilium,

cerlum, calcium, vyttrium, erbium, praseodymium, neodymium,

samarlum, europlum, magnesium, and barium, and B denotes

one or more transition metal elements selected from the

F

group consisting of 1iron, <cobalt, manganese, copper,

titanium, chrome, nickel, niobium, lead, bismuth, antimony,

and molybdenum.

3. F'ine particle-supporting carbon particles as clalimed

in claim 2 whereln sailid fine noble metal particles comprise

one or more noble metal elements selected from the group
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consisting of platinum, ruthenium, palladium, and gold, or

an alloy of sald one or more noble metal elements and one

or more transition metal elements selected from the dJgroup

consisting of 1ron, cobalt, manganese, copper, tiltanium,

chrome, nickel, niobium, 1lead, bilismuth, antimony, and
mo 1l ybdenum.
4 . Fine particle-supporting carbon particles as claimed

in any of claims 1 to 3 wherein the ratio by weight of said

supported fine perovskite type composlite metal oxide

particles and fine noble metal particles ([welight of fine

perovskite type composite metal oxlide particles and fine

noble metal particles]/[total weilight of the fine particle-

supporting carbon particles]) 1s 1n the range of 5 to 50
wts.
5. FFine particle-supporting carbon particles as claimed

in any of claims 1 to 3 wherein the average particle

diameter of said carbon particles that support fine
perovskite type composite metal oxlde particles and fine

noble metal particles 1s 1n the range of 20 to 70 nm.

6. FFine particle-supporting carbon particles as clalmed

in any of claims 1 to 3 wherein they have an average

particle diameter of from 20 to 90 nm.

7. A process for producing flne particle-supporting

carbon particles as <claimed 1n claim 1 comprising the
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following steps: first, preparing a solutlion containing

’
—

complex 1ons of metals and noble metals that are to

constitute said fine perovskite type composite metal oxide
particles and noble metal particles, then repeating the
operation of 1mpregnating carbon particles with the

' ol

resulting solution and drying them to achieve adsorption of

sald complex 1ons on sald carbon particles, and heat-

treating them.

8 . A process for producing filne particle-supporting
carbon particles as claimed 1n c¢laim 1 comprising the
following steps: first, preparing a solution containlng
complex 1ons of metals and noble metals that are to
constitute said fine perovskite type composite metal oxide
particles and noble metal particles, then repeating the
operation of 1mpregnating carbon particles with the
resulting solution and drying them to achieve adsorption of
sald complex 1ons on sald carbon particles, dryilng them 1n
a low humidity atmosphere, and heat-treating them 1n an
inert gas so that sald fine perovskite type composite metal
oxlde particles are deposited and supported on the surface

of sailid carbon particles.

9. An electrode for fuel cells comprising fine particle-

supporting carbon particles as claimed 1n any of claims 1

to ©.
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[Figure 1]
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[Figure 3]
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[Figure 5]
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[Figure 7]
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