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(57) ABSTRACT 

Provided is a hydrophobic catalyst layer for a polymer 
electrolyte fuel cell to Which hydrophobicity is imparted so 
that the dissipation property of produced Water is improved 
and Which simultaneously has an increased effective surface 
area and an increased utilization ratio of a catalyst, and a 
method of producing the same. The catalyst layer for a 
polymer electrolyte fuel cell includes a catalyst obtained by 
reducing a platinum oxide, a hydrophobic agent, and a 
proton conductive electrolyte, Wherein the hydrophobic 
agent is mainly composed of alkylsiloxane. An Si compound 
containing a hydrophobic substituent is brought into contact 
With a platinum oxide to subject the Si compound to 
hydrolysis and a polymerization reaction by the catalytic 
action of the platinum oxide, and then it is reduced, thereby 
obtaining a hydrophobic catalyst layer carrying an alkylsi 
loxane polymer. 
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FIG. 4 
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FIG. 6 
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HYDROPHOBIC CATALYST LAYER FOR 
POLYMER ELECTROLYTE FUEL CELL AND 
METHOD OF PRODUCING THE SAME, AND 
POLYMER ELECTROLYTE FUEL CELL AND 
METHOD OF PRODUCING THE SAME 

[0001] This application is a continuation of International 
Application No. PCT/JP2006/309356, ?led Apr. 28, 2006, 
Which claims the bene?t of Japanese Patent Application No. 
2005-132957, ?led Apr. 28, 2005. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a hydrophobic 
catalyst layer for a polymer electrolyte fuel cell and a 
method of producing the same, and a polymer electrolyte 
fuel cell and a method of producing the same. 

[0004] 2. Description of the Related Art 

[0005] A polymer electrolyte fuel cell is expected to be an 
energy generating apparatus in the future because the cell 
has high energy conversion e?iciency, and is clean and quiet. 
Investigation has been recently conducted into the applica 
tion of the polymer electrolyte fuel cell to not only a poWer 
source for an automobile, a domestic generator, or the like 
but also a poWer source for, for example, a small-siZe 
electrical apparatus such as a portable phone, a notebook 
personal computer, or a digital camera because the polymer 
electrolyte fuel cell has a high energy density and can 
operate at a loW temperature. The polymer electrolyte fuel 
cell has been attracting attention because it may be driven 
for a long time period as compared to a conventional 
secondary battery. 

[0006] The polymer electrolyte fuel cell has an advantage 
in that it can be driven even at an operating temperature of 
1000 C. or loWer. On the other hand, the polymer electrolyte 
fuel cell has a problem in that the voltage of the cell 
gradually reduces With the lapse of an electricity generating 
time, and ?nally the cell stops generating electricity. 

[0007] Such problem results from a so-called “?ooding 
phenomenon” in Which Water produced as a result of a 
reaction resides in gaps of a catalyst layer, and Water clogs 
the gaps in the catalyst layer to inhibit the supply of a fuel 
gas as a reactant, so that an electricity generation reaction is 
stopped. Flooding is apt to occur particularly in a catalyst 
layer on a cathode side Where Water is produced. 

[0008] In addition, a reduction in siZe of the entire system 
is essential to the practical use of the polymer electrolyte 
fuel cell for a small-siZe electrical apparatus. In particular, in 
the case Where the fuel cell is mounted on a small-siZe 
electrical apparatus, not only the siZe of the entire system but 
also the siZe of the cell itself must be reduced. Accordingly, 
a mode (air breathing) in Which the air is supplied from an 
air hole to an air electrode through natural diffusion Without 
the use of a pump, bloWer, or the like is considered to be 
promising. 

[0009] In such case, the produced Water is discharged to 
the outside of the fuel cell only by natural evaporation, so 
that the produced Water resides in a catalyst layer to cause 
?ooding in many cases. Accordingly, imparting hydropho 
bicity to the catalyst layer to improve the dissipation prop 
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er‘ty of the produced Water is considered to be an important 
factor on Which the stability of the performance of the fuel 
cell depends. 

[0010] A conventionally knoWn method of making a cata 
lyst layer hydrophobic involves mixing a ?uorine resin 
based ?ne particle poWder made of polytetra?uoroethylene 
(PTFE) or the like as a hydrophobic agent With a solvent or 
a surfactant upon formation of the catalyst layer. 

[0011] In addition, there have been proposed a method 
involving imparting the concentration distribution of hydro 
phobicity to the thickness direction of a catalyst layer to 
improve the dissipation property of produced Water addi 
tionally (Japanese Patent No. 3245929), and a method 
involving making a part to Which hydrophobicity is imparted 
maldistributed in the surface of a catalyst layer (Japanese 
Patent Application Laid-Open No. 2004-171847). 

[0012] In addition, Japanese Patent Application Laid 
Open No. 2001-76734 discloses a method of mixing ?ne 
particles composed of dimethylpolysiloxane in addition to 
?uorine-based resin ?ne particles. Japanese Patent Applica 
tion Laid-Open No. 2001-76734 describes that the particle 
siZe of each of the hydrophobic ?ne particles is equal to that 
of a carbon carrier particle, and is preferably 10 pm or less. 

[0013] MeanWhile, Japanese Patent Application Laid 
Open No. 2006-49278 and Japanese-translated version’s 
National Publication No. 2001-51959 each disclose a 
method of forming a catalyst layer for a fuel cell by means 
of a sputtering method or an ion plating method. 

[0014] As described above, an approach of forming a 
catalyst layer by means of a vacuum ?lm formation process 
such as a sputtering method has been recently developed. A 
conventional method involves: mixing catalyst particles, an 
electrolyte, and a solvent to prepare slurry; and mixing the 
slurry With hydrophobic particles to make the slurry hydro 
phobic. On the other hand, such production method as 
described in each of Japanese Patent Application Laid-Open 
No. 2006-49278 and Japanese-translated version’s National 
Publication No. 2001 -5 1 959 does not involve mixing hydro 
phobic ?ne particles upon formation of a catalyst layer. That 
is, hydrophobicity is not imparted by means of a mixing 
method. 

SUMMARY OF THE INVENTION 

[0015] Hydrophobic ?ne particles that have been conven 
tionally used such as those described in Japanese Patent 
Application Laid-Open No. 2001-76734 have neither con 
ductivity nor proton conductivity, and are mixed With and 
randomly dispersed into catalyst particles, an electrolyte, 
carrier particles, and the like. 

[0016] Accordingly, When conventional hydrophobic ?ne 
particles are used, the hydrophobicity of a catalyst layer 
improves, but there arises a problem in that part of the 
hydrophobic ?ne particles enter a gap betWeen adjacent 
catalyst particles or betWeen a catalyst and the electrolyte, so 
that a proton adsorption area of the surface of the catalyst, 
that is, an effective surface area reduces, and hence the 
utiliZation factor of the catalyst reduces. 

[0017] Furthermore, the diameter of each of ?uorine resin 
based hydrophobic ?ne particles that have been convention 
ally and generally used in a Wide variety of applications is 
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about 100 nm to several hundreds of micrometers, and the 
diameter of a secondary agglomerate particle is additionally 
large. Even the diameter of each of the hydrophobic particles 
described in Japanese Patent Application Laid-Open No. 
2001-76734 is about 10 um Which is almost equal to that of 
a carbon carrier particle. 

[0018] Since the conventional hydrophobic particles each 
have such particle siZe, it is impossible in principle to make 
the inside of a gap having a siZe of less than 100 nm in a 
catalyst layer (hereinafter referred to as the “micro-gap”) 
hydrophobic. In this case, the inside of the micro-gap 
remains hydrophilic. Accordingly, When the outside of the 
micro-gap is made hydrophobic by a large hydrophobic 
particle, produced Water is trapped in the micro-gap in some 
cases. As a result, there arises a problem in that local 
?ooding occurs in the micro-gap to reduce the utiliZation 
factor of a catalyst. 

[0019] In addition, a conventional hydrophobic agent is 
granular. Accordingly, When the siZe of each of hydrophobic 
?ne particles is almost equal to that of each of gaps, the gaps 
are clogged With the hydrophobic ?ne particles, and the gas 
permeability of a reactant gas reduces. Accordingly, a reac 
tion in each of the gaps stops. As a result, there arises a 
problem in that the utiliZation factor of a catalyst reduces. 

[0020] As described above, in the prior art there is a 
problem of imperfectly imparting hydrophobicity to a cata 
lyst layer, and simultaneously reducing the utiliZation factor 
of a catalyst occurs. 

[0021] As a result, conventionally, as compared to the case 
Where no hydrophobicity is imparted, the voltage of a fuel 
cell in a high-current-density region increases, but the volt 
age of the fuel cell in a loW-current-density region reduces. 

[0022] Accordingly, a technique for achieving compatibil 
ity betWeen the impartment of hydrophobicity to a catalyst 
layer and an increase in utiliZation factor of a catalyst has 
been requested. 

[0023] MeanWhile, When a catalyst layer is formed by 
means of a sputtering method or the like as shoWn in each 
of Japanese Patent Application Laid-Open No. 2006-49278 
and Japanese-translated version’s National Publication No. 
2001-51959, the catalyst layer cannot be formed by mixing 
hydrophobic ?ne particles unlike the prior art, so that 
hydrophobicity cannot be imparted by means of a conven 
tional mixing method. In this case, there arises the folloWing 
problem: even When conventional ?uorine resin-based 
hydrophobic ?ne particles are applied to a catalyst layer 
after the formation of the catalyst layer, most of the diam 
eters of the pores of the catalyst layer are about several 
hundreds of nanometers and smaller than that of each of the 
hydrophobic ?ne particles, so that the hydrophobic ?ne 
particles are not dispersed into the catalyst layer, and hydro 
phobicity cannot be effectively imparted to the inside of the 
catalyst layer. 

[0024] The present invention has been accomplished in 
vieW of such circumstances as described above, and pro 
vides a hydrophobic catalyst layer for a polymer electrolyte 
fuel cell, in Which hydrophobicity is effectively imparted to 
also a micro-gap inside the catalyst layer, and simulta 
neously an effective surface area and an increased utiliZation 
factor of a catalyst are increased. In addition, the present 
invention can provide hydrophobicity and an increase in 
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effective surface area for even a catalyst layer formed by 
means of a sputtering method. 

[0025] In addition, the present invention provides, at a loW 
cost, a polymer electrolyte fuel cell having stable electricity 
generation property by using the above hydrophobic catalyst 
layer to Which hydrophobicity is imparted. 

[0026] The present invention has been accomplished in 
order to solve the above-mentioned problems. 

[0027] That is, the present invention provides a hydropho 
bic catalyst layer for a polymer electrolyte fuel cell, includ 
ing: a catalyst, a hydrophobic agent, and a proton conductive 
electrolyte, Wherein the catalyst is a dendritic-shaped cata 
lyst obtained by reducing a platinum oxide, Wherein the 
hydrophobic agent is composed of a compound having an Si 
atom, an O atom, and a hydrophobic substituent, and 
Wherein a ratio Si/Pt of a number of Si atoms in the 
hydrophobic agent to a number of Pt atoms in the catalyst is 
in a range of 0.15 or more and 0.25 or less. 

[0028] The hydrophobic agent is preferably composed of 
a siloxane polymer having a hydrophobic substituent. 

[0029] In addition, the hydrophobic agent is preferably 
composed of alkylsiloxane. 

[0030] Further, the present invention provides a method of 
producing a hydrophobic catalyst layer for a polymer elec 
trolyte fuel cell, including the steps of: bringing an Si 
compound containing a hydrophobic substituent, Which 
causes a hydrolytic reaction oWing to a catalytic action of a 
platinum oxide to form a polymeriZable group, into contact 
With the platinum oxide; subjecting the Si compound to a 
polymeriZation reaction in a vicinity of the platinum oxide 
to form a hydrophobic agent on a surface of the platinum 
oxide; and reducing then the platinum oxide. 

[0031] The Si compound is preferably at least one or more 
compounds selected from the group consisting of 2,4,6,8 
tetraalkylcyclotetrasiloxane, 1,1,1,3 ,3,3-hexaalkyl-disila 
Zane, monoalkylsilane, dialkylsilane, and trialkylsilane, or a 
mixture thereof. 

[0032] Further, the present invention provides a polymer 
electrolyte fuel cell including the hydrophobic catalyst layer. 

[0033] According to the present invention, the hydrolysis 
and polymeriZation reaction of an Si compound containing 
a hydrophobic substituent are initiated on the surface of a 
platinum oxide so that a hydrophobic agent is formed in the 
inside of each pore of a catalyst layer including the inside of 
a micro-gap. After that, the oxide is reduced, Whereby the 
utiliZation factor of a catalyst and the dissipation property of 
produced Water can be simultaneously improved. 

[0034] The hydrophobic agent is formed from an Si com 
pound molecule smaller than a micro-gap in each pore of the 
catalyst layer by the polymerization reaction, so that the 
impartment of hydrophobicity to the inside of a micro-gap 
having a siZe of 100 nm or less Which has been convention 
ally dif?cult is attained. 

[0035] In addition, the present invention provides, at a loW 
cost, a polymer electrolyte fuel cell having stable charac 
teristics by using the above catalyst layer With improved 
dissipation property of the produced Water. 
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[0036] Further, the present invention can provide a poly 
mer electrolyte fuel cell having additionally stable charac 
teristics at a loW cost. 

[0037] Furthermore, according to the present invention, a 
contact area betWeen a catalyst and an electrolyte, that is, an 
effective surface area that can contribute to a catalytic 
reaction can be increased, Whereby the utiliZation factor of 
the catalyst can be increased. 

[0038] As a result, the simultaneous achievement of the 
impartment of hydrophobicity and an increase in utiliZation 
factor of a catalyst Which has been conventionally dif?cult 
is enabled. In addition, the increase in utiliZation factor of 
the catalyst can reduce a catalyst carrying amount, so that a 
production cost can be reduced. 

[0039] In addition, the present invention can provide, at a 
loW cost, a polymer electrolyte fuel cell having stable 
electricity generation property by using the above catalyst 
With improved dissipation property of the produced Water 
and an increased utiliZation factor of the catalyst (hereinafter 
referred to as “hydrophobic catalyst”). Furthermore, a 
method of producing a catalyst layer of the present invention 
can realiZe a catalyst layer for a polymer electrolyte fuel cell 
at a loW cost through an easy, inexpensive, and highly 
reproducible step. 

[0040] According to the present invention, there can be 
provided a hydrophobic catalyst layer for a polymer elec 
trolyte fuel cell Which has achieved compatibility betWeen 
an improvement in dissipation property of produced Water 
and an increase in utiliZation factor of a catalyst in the 
catalyst layer. 

[0041] In addition, the present invention can provide, at a 
loW cost, a polymer electrolyte fuel cell having stable 
electricity generation property by using the above hydro 
phobic catalyst layer to Which hydrophobicity is imparted. 

[0042] Further features of the present invention Will 
become apparent from the folloWing description of exem 
plary embodiments With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a schematic vieW shoWing the single cell 
structure of a polymer electrolyte fuel cell using a hydro 
phobic catalyst layer of the present invention. 

[0044] FIG. 2 is a schematic vieW shoWing an example of 
a hydrophobic catalyst in the hydrophobic catalyst layer of 
the present invention. 

[0045] FIG. 3 is a schematic vieW shoWing an apparatus 
for evaluating a polymer electrolyte fuel cell. 

[0046] FIG. 4 is a scanning electron micrograph (at a 
magni?cation of 2,500) of the surface of a hydrophobic 
catalyst layer of Example 1 of the present invention. 

[0047] FIG. 5 is a scanning electron micrograph (at a 
magni?cation of 20,000) of the surface of the hydrophobic 
catalyst layer of Example 1 of the present invention. 

[0048] FIG. 6 is a scanning electron micrograph (at a 
magni?cation of 100,000) of the surface of the hydrophobic 
catalyst layer of Example 1 of the present invention. 

[0049] FIG. 7 is a graph shoWing characteristics of poly 
mer electrolyte fuel cells of Example 1 and Comparative 
Example 1 of the present invention. 
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[0050] FIG. 8 is a graph shoWing changes With the elapse 
of time in voltages of the polymer electrolyte fuel cells of 
Example 1 and Comparative Example 1 of the present 
invention at an output current density of 600 mA/cm2. 

[0051] FIG. 9 is a graph shoWing characteristics of poly 
mer electrolyte fuel cells of Example 2 and Comparative 
Example 1 of the present invention. 

[0052] FIG. 10 is a graph shoWing changes With the elapse 
of time in voltages of the polymer electrolyte fuel cells of 
Example 2 and Comparative Example 1 of the present 
invention at an output current density of 500 mA/cm2. 

[0053] FIG. 11 is a graph shoWing characteristics of poly 
mer electrolyte fuel cells of Example 3 and Comparative 
Examples 2 to 5 and 7 and 8 of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0054] Hereinafter, an embodiment of a hydrophobic cata 
lyst layer for a polymer electrolyte fuel cell according to the 
present invention Will be shoWn and described With refer 
ence to the draWings. HoWever, materials, dimensions, 
shapes, arrangement, and the like described in this embodi 
ment do not limit the scope of the present invention unless 
otherWise speci?cally stated. The same is applied to a 
production method to be described later. 

[0055] FIG. 1 is a schematic vieW shoWing an example of 
the sectional constitution of a single cell of the fuel cell 
using the hydrophobic catalyst layer for a polymer electro 
lyte fuel cell according to the present invention (hereinafter 
abbreviated as “hydrophobic catalyst layer”). In FIG. 1, 
reference numeral 1 denotes a solid polymeric electrolyte 
membrane. A pair of catalyst layers, that is, a catalyst layer 
2 on an anode side and a catalyst layer 3 on a cathode side 
are arranged so that the solid polymeric electrolyte mem 
brane 1 is sandWiched betWeen them. 

[0056] In this example, a case in Which the hydrophobic 
catalyst layer of the present invention is arranged only on a 
cathode (air electrode) side is shoWn. HoWever, the arrange 
ment and constitution of the catalyst layer are not limited to 
this case. For example, the hydrophobic catalyst layer of the 
present invention may be arranged on each of both elec 
trodes, or may be arranged only on an anode side. In vieW 
of the fact that ?ooding is apt to occur in a catalyst layer on 
a cathode side Where Water is produced, the hydrophobic 
catalyst layer of the present invention is preferably arranged 
at least on the cathode side. 

[0057] The catalyst layer 3 on the cathode side is consti 
tuted by a hydrophobic catalyst 4 and a catalyst carrier 5 for 
supporting the hydrophobic catalyst 4. A gas-diffusion layer 
7 on the cathode side and an electrode (air electrode) 9 on 
the cathode side are arranged outside the catalyst layer 3 on 
the cathode side. 

[0058] A gas-diffusion layer 6 on the anode side and an 
electrode (fuel electrode) 8 on the anode side are arranged 
outside the catalyst layer 2 on the anode side. 

[0059] Aper?uorocarbon polymer having a sulfonic group 
can be suitably used as the solid polymeric electrolyte 
membrane 1. 

[0060] An example of a per?uorosulfonic acid polymer is 
Na?on (registered trademark, manufactured by DuPont). 
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[0061] When a proton H+ moves in an electrolyte mem 
brane toward a cathode side, the proton moves along a 
hydrophilic part in the electrolyte membrane While using a 
Water molecule as a medium in many cases. Accordingly, the 
electrolyte membrane preferably has a function of holding a 
Water molecule. 

[0062] The solid polymeric electrolyte membrane prefer 
ably has a function of preventing unreacted reactant gases 
(hydrogen and oxygen) from passing While transmitting a 
proton H+ produced on the anode side toWard the cathode 
side and a predetermined function of holding Water. An 
arbitrary material can be selected from materials each hav 
ing such functions in consideration of various conditions, 
and can be used in the solid polymeric electrolyte mem 
brane. 

[0063] The gas-diffusion layers 6 and 7 each preferably 
have the folloWing functions: a function of uniformly and 
su?iciently supplying a fuel gas or the air to an electrode 
reaction region in a catalyst layer of a fuel electrode or an air 
electrode in such a manner that an electrode reaction can be 
e?iciently performed in plane, a function of releasing 
charges generated by the electrode reaction to the outside of 
the single cell, and a function of e?iciently discharging 
Water produced as a result of a reaction and an unreacted gas 
to the outside of the single cell. A porous material having 
electron conductivity such as carbon cloth or carbon paper 
can be preferably used as the gas-diffusion layer. 

[0064] Examples of a role of the catalyst carrier 5 to be 
expected include: a co-catalyst for improving catalytic activ 
ity; the maintenance of the form of the hydrophobic catalyst 
4; the securement of an electron conduction channel; and an 
increase in speci?c surface area. For example, a carbon 
black layer or a gold ?ne particle layer can be preferably 
used as the catalyst carrier. 

[0065] Next, FIG. 2 schematically shoWs the structure of 
the hydrophobic catalyst 4. The hydrophobic catalyst 4 is 
composed of a catalyst 11, a hydrophobic agent 12, and an 
electrolyte 13. The hydrophobic agent 12 also enters a 
micro-gap 14 in the catalyst layer. 

[0066] In a preferable production method of the present 
invention, after the hydrophobic agent 12 is formed on the 
catalyst 11, the electrolyte 13 is formed. Therefore, the 
electrolyte 13 covers the hydrophobic agent 12 in some 
positions as shoWn in FIG. 2. 

[0067] Here, the amount of the hydrophobic agent 12 is 
such that a ratio of the number of Si atoms in the hydro 
phobic agent 12 to the number of Pt atoms in the catalyst 11 
is in the range of preferably 0.15 or more and 0.25 or less, 
or more preferably 0.18 or more and 0.22 or less. 

[0068] When the amount of the hydrophobic agent 12 is 
excessively large, the performance of the catalyst layer 
reduces because (1) most of the pores of the catalyst layer 
are clogged so that gas diffusion property reduces and (2) the 
surface of the catalyst is excessively covered With the 
hydrophobic agent 12 so that a contact area betWeen the 
electrolyte and the catalyst reduces. 

[0069] In contrast, When the amount of the hydrophobic 
agent 12 is excessively small, the catalyst layer cannot 
obtain su?icient hydrophobicity. 
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[0070] The catalyst 11 is composed of the aggregate of 
platinum nano-particles obtained by reducing a platinum 
oxide, and has a dendritic shape. 

[0071] The term “dendritic” as used herein refers to a 
structure in Which a large number of ?aky tissues each 
constituted as a result of the aggregation of catalyst particles 
aggregate together While having branch points. 

[0072] One ?aky tissue preferably has a length in its 
shorter-side direction in the range of 5 nm or more and 200 
nm or less. The term “length in a shorter-side direction” as 
used herein refers to the minimum dimension in the surface 
of one ?ake. With regard to the aggregate of platinum 
nano-particles having a “dendritic” shape, the technique 
disclosed in Japanese Patent Application Laid-Open No. 
2006-49278 is applicable to the present invention. 

[0073] The platinum nano-par‘ticles each preferably have a 
diameter of about 3 to 20 nm because of high catalytic 
activity, and each particularly preferably have a diameter of 
3 to 10 nm because of a large surface area. 

[0074] When the diameter of each of the platinum nano 
particles is 20 nm or more, catalytic activity reduces, 
Whereby the performance of a fuel cell may reduce. 

[0075] A method of producing a hydrophobic catalyst 
layer of the present invention is characterized by including 
the steps of: bringing an Si compound containing a hydro 
phobic substituent that causes a hydrolytic reaction by the 
catalytic action of a platinum oxide to form a polymeriZable 
group into contact With the platinum oxide; subjecting the Si 
compound to hydrolysis and a polymerization reaction in the 
vicinity of the platinum oxide to from a hydrophobic agent 
on the surface of the platinum oxide; and then reducing the 
platinum oxide. 

[0076] It is not preferable to perform the step of bringing 
the Si compound into contact With the platinum oxide after 
the step of reducing the platinum oxide. When platinum after 
reduction and the Si compound are brought into contact With 
each other, a hydrolytic reaction proceeds at a high reaction 
rate, Whereby an excessive amount of alkylsiloxane is 
formed in the catalyst layer to degrade adhesiveness With an 
electrolyte membrane or to clog pores in the catalyst layer. 

[0077] In addition, the step of bringing the Si compound 
into contact With the platinum oxide is preferably conducted 
for 3 to 30 minutes. When the contact time of the Si 
compound in contact With the platinum oxide is excessively 
short, a su?icient effect of the contact may not be obtained. 
In contrast, When the contact time of the Si compound in 
contact With the platinum oxide is excessively long, an 
excessive amount of alkylsiloxane is formed to degrade 
adhesiveness With an electrolyte membrane or to clog pores 
in the catalyst layer, so that the output of a fuel cell reduces 
in some cases. 

[0078] Platinum dioxide or a mixture of metal oxides 
mainly composed of platinum dioxide is more preferably 
used as the platinum oxide for use in the above-described 
step because the catalyst 11 is of a dendritic shape and the 
porosity of the catalyst layer increases. 

[0079] In addition, the term “platinum dioxide” as used 
herein includes not only one represented by a chemical 
formula PtO2 but also one represented by a chemical for 
mula PtOX Q(>2). Even When one represented by the chemi 
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cal formula PtOx Q(>2) is used, an effect of the present 
invention can be obtained in the production method of the 
present invention. 

[0080] Examples of the hydrophobic substituent to be 
used in the present invention include alkyl groups (the 
carbon chain of each of Which may be branched or may have 
a double bond, and a hydrogen atom of each of Which may 
be substituted by a halogen atom). A methyl group can be 
particularly preferably used. 

[0081] In addition, the Si compound containing the hydro 
phobic substituent is preferably a compound selected from 
the group consisting of 2,4,6,8-tetraalkyl-cyclotetrasiloxane, 
l,l,l,3,3,3-hexaalkyldisilazane, monoalkylsilane, dialkylsi 
lane, and trialkylsilane, or a mixture thereof. 

[0082] It is generally knoWn that the contact of the above 
Si compound With a metal or the like causes a hydrolytic 
reaction to form SiiOH groups, Whereby a dehydration 
condensation polymerization reaction betWeen the Si4OH 
groups occurs to form a siloxane polymer having an Si atom, 
an O atom, and a hydrophobic substituent. Here, an alkyl 
siloxane polymer is produced When the hydrophobic sub 
stituent in the Si compound is an alkyl group. 

[0083] The above hydrolytic reaction is knoWn to occur 
oWing to contact With a metal, and also hydrolysis and a 
polymerization reaction proceed even oWing to contact With 
a platinum oxide. 

[0084] The production method of the present invention 
utilizes the phenomenon. The contact of a platinum oxide 
With the Si compound for an appropriate time period can 
produce an appropriate amount of an alkylsiloxane polymer 
in the catalyst layer, Whereby hydrophobicity can be effec 
tively imparted. 

[0085] When the hydrolytic reaction of the Si compound 
is caused by contact With platinum, there is a high possibility 
that a reaction rate becomes so high that an excessive 
amount of an alkylsiloxane polymer is produced in a short 
time period to degrade adhesiveness With an electrolyte 
membrane or to clog pores in the catalyst layer. 

[0086] Accordingly, it is strongly recommended that the 
step of bringing the Si compound into contact With the 
platinum oxide be performed prior to the step of reducing the 
platinum oxide. 

[0087] In addition, When l,l,l,3,3,3-hexaalkyldisilazane 
or trialkylsilane is used alone, since the number of poly 
merizable groups in one molecule is small, a part of hydro 
phobic substituents is preferably hydrolyzed to form 
SiiOH groups by substitution as means of an approach 
such as irradiation With UV so that a polymerization reaction 
can be promoted. 

[0088] A dehydration condensation polymerization reac 
tion betWeen SiiOH groups proceeds even at room tem 
perature, but an operation for heating the catalyst layer is 
more preferably added after the formation of the hydropho 
bic agent. In such case, heating can polymerize unpolymer 
ized Si4OH groups in the hydrophobic agent, Whereby 
hydrophobicity can be further improved. 

[0089] The temperature at the time of a heating treatment 
is preferably such that none of the hydrophobic substituent 
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and any material in the catalyst layer undergoes heat decom 
position, and is more preferably 200° C. or loWer. 

[0090] In general, it is also important to increase the 
utilization ef?ciency of a catalyst as Well as hydrophobicity 
in order to obtain a catalyst layer having high performance. 
The hydrophobic catalyst 4 of the present invention is 
characterized in that a proton adsorption area in the surface 
of the catalyst, that is, an effective surface area is larger than 
that in the case Where no hydrophobic treatment is per 
formed, so that the utilization factor of the catalyst is high. 

[0091] To obtain the above characteristic, a proton con 
ductive electrolyte is preferably formed in the catalyst layer 
by adding, for example, a per?uorosulfonic acid polymer 
solution after the formation of the hydrophobic agent. The 
proton conductive electrolyte is more preferably formed 
after the reduction of the platinum oxide. 

[0092] The above procedure improves Wettability betWeen 
the hydrophobic portion of an electrolyte molecule and the 
hydrophobic agent. This case is preferable because Wetta 
bility betWeen a part of the surface of the catalyst in no 
contact With the hydrophobic agent and the hydrophilic 
portion of a proton conductive electrolyte molecule rela 
tively improves, so that an effective surface area in the 
hydrophobic catalyst 4 is larger than that of a catalyst not 
subjected to any hydrophobic treatment. 

[0093] Examples of the method of producing the hydro 
phobic catalyst layer of the present invention include various 
methods. An example of the method Will be described beloW 
by taking the case of the constitution shoWn in FIG. 1 as an 
example. It should be noted that the present invention is not 
limited to the folloWing production method at all. 

[0094] (1) Prepare Catalyst Layer on Cathode Side 

[0095] After Au serving as a catalyst carrier has been 
formed into a ?lm by means of an electron beam evaporation 
method on a polytetra?uoroethylene (PTFE) sheet as a layer 
to be transferred onto a solid polymeric electrolyte mem 
brane, a porous platinum oxide catalyst layer is formed by 
means of a reactive sputtering method. 

[0096] (2) Subject Catalyst Layer to Hydrophobic Treat 
ment 

[0097] The catalyst layer obtained in the above item (1) is 
brought into contact With the gas of an Si compound 
containing a hydrophobic substituent, Whereby a hydropho 
bic agent is formed on the surface of a catalyst. After that, 
the polymerization reaction of the hydrophobic agent may 
be promoted by heating. 

[0098] Subsequently, the platinum oxide layer is subjected 
to a hydrogen reduction treatment, Whereby a porous plati 
num/ gold catalyst layer is obtained. After that, an appropri 
ate amount of a solution of Na?on serving as a proton 
conductive electrolyte in IPA (5 Wt. %, manufactured by 
Wako Pure Chemical Industries, Ltd.) is dropped onto the 
formed catalyst layer. After that, the solvent is volatilized in 
a vacuum, Whereby a proton path is formed on the surface 
of the catalyst. 

[0099] (3) Prepare Catalyst Layer on Anode Side 

[0100] A catalyst layer of platinum on carbon support is 
formed on a PTFE sheet by using a doctor blade in the same 
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manner as in the above item (1). The thickness of the catalyst 
layer is preferably in the range of 20 to 40 pm. 

[0101] A catalyst slurry to be used here is a kneaded 
product of platinum on carbon support (HiSPEC 4000 
manufactured by Jhonson Matthey), Na?on, PTFE, isopro 
pyl alcohol (IPA), and Water. 

[0102] (4) A solid polymeric electrolyte membrane 
(Na?on 112 manufactured by DuPont) is sandWiched 
betWeen the pair of catalyst layers produced in the foregoing 
such that the PTFE sheets face outWard, and the sandWiched 
body is subjected to hot pressing. Furthermore, the PTFE 
sheets are peeled, Whereby the pair of catalyst layers is 
transferred onto the solid polymeric electrolyte membrane. 
Then, the electrolyte membrane and the pair of catalyst 
layers are assembled to obtain a membrane electrode assem 

bly (hereinafter abbreviated as “MEA”). 

[0103] (5) The MEA is sandWiched by carbon cloth (LT 
1400-W manufactured by E-TEK) serving as a gas baking 
layer, and further by a fuel electrode and an air electrode, 
Whereby a single cell is produced. 

[0104] The method of producing the catalyst layer of the 
present invention is applicable to not only the above poly 
mer electrolyte fuel cell having a single cell constitution but 
also a polymer electrolyte fuel cell constituted by stacking 
multiple single cells. 

EXAMPLES 

[0105] Next, the present invention Will be described in 
detail by Way of speci?c examples. 

Example 1 

[0106] In this example, a polymer electrolyte fuel cell 
having the constitution shoWn in FIG. 1 as the embodiment 
of the present invention Was produced. 

[0107] Hereinafter, the production steps of the polymer 
electrolyte fuel cell according to this example Will be 
described in detail. 

[0108] (Step 1) 
[0109] A gold thin ?lm having a thickness of 50 nm Was 
formed by means of an electron beam vacuum evaporation 
method on a PTFE sheet (NITFLON manufactured by 
NITTO DENKO CORPORATION) as a layer to be trans 
ferred onto a polymeric electrolyte membrane. A porous 
platinum oxide layer having a thickness of 2 pm Was formed 
thereon by means of a reactive sputtering method. The 
reactive sputtering Was performed under the conditions of: a 
total pressure of 5 Pa; an oxygen ?oW rate ratio (QO2/(QAr+ 
Q02) ) of 70%; a substrate temperature of 25° C.; and an RF 
input poWer of 5.4 W/cm2. 

[0110] (Step 2) 
[0111] Subsequently, the porous platinum oxide layer Was 
brought into contact With the steam of 2,4,6,8-tetramethyl 
cyclotetrasiloxane (hereinafter abbreviated as “TMCTS”) 
(having a partial pressure of 0.05 Pa) at 25° C. for 30 
minutes, Whereby a methylsiloxane polymer Was produced 
on the surface of platinum oxide. After that, it Was subjected 
to a heat treatment in the atmosphere at 180° C. for 3 hours, 
Whereby the condensation polymerization of unpolymeriZed 
SiiOH groups Was promoted. 
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[0112] (Step 3) 
[0113] Subsequently, the obtained catalyst layer Was sub 
jected to a reduction treatment in a 2% H2/He atmosphere at 
0.1 MPa for 30 minutes, Whereby a porous platinum catalyst 
layer Was obtained on the PTFE sheet. The Pt carrying 
amount in this case Was 0.85 mg/cm2. The equilibrium 
contact angle of the catalyst layer With respect to Water at 
this time Was 138°, and the surface of the catalyst layer Was 
hydrophobic. 
[0114] In addition, a scanning electron microscope Was 
used to observe that methylsiloxane polymers Were present 
on the catalyst layer as shoWn in each of FIGS. 4 to 6. In 
each of FIGS. 4 to 6, a dark spot-like part is a methylsiloxane 
polymer produced on a catalyst. 

[0115] As can be seen from FIG. 6, a methylsiloxane 
polymer enters even a micro-gap having a siZe of 100 nm or 
less in the catalyst layer. 

[0116] The methylsiloxane polymer shoWn in FIG. 6 is a 
relatively large polymer in the entire layer Which is Zoomed 
in for aiding the understanding of the gist of the present 
invention. A large number of polymers each having a siZe of 
several tens of nanometers and smaller than the above 
relatively large polymer Were also present in the catalyst 
layer. 
[0117] In addition, a part other than a dark spot-like part 
shoWn in FIG. 5 shoWs a dendritic-shaped catalyst, that is, 
the catalyst has a shape of aggregate of a large number of 
?aky tissues having branch points. Observation With a 
transmission electron microscope (TEM) con?rmed that 
each of the ?aky parts Was the aggregate of platinum ?ne 
particles each having a diameter of about 5 to 10 nm. 

[0118] A ratio Si/Pt of the number of Si atoms in the 
obtained catalyst layer to the number of Pt atoms in the layer 
measured by using a scanning ?uorescent X-ray analyZer 
(ZSX 100e manufactured by Rigaku Corporation) Was 0.22. 

[0119] After that, a 5-Wt. % Na?on solution (manufactured 
by Wako Pure Chemical Industries, Ltd.) Was dropped to the 
obtained catalyst layer in an amount of 8 [1.1 per 1 cm2 of a 
catalyst area, and the solvent Was volatiliZed in a vacuum, 
Whereby a proton path Was formed on the surface of the 
catalyst. 

[0120] (Step 4) 
[0121] In this step, a catalyst layer of platinum on carbon 
support Was produced as a catalyst layer to form a pair With 
the catalyst layer produced in (Step 3) described above. The 
catalyst layer of platinum on carbon support Was formed on 
a PTFE sheet as a layer to be transferred onto a solid 
polymeric electrolyte membrane by using a doctor blade. A 
catalyst slurry used here Was a kneaded product of platinum 
on carbon support (HiSPEC 4000 manufactured by Jhonson 
Matthey), Na?on, IPA, and Water. The Pt carrying amount in 
this case Was 0.35 mg/cm2. 

[0122] (Step 5) 
[0123] A solid polymeric electrolyte membrane (Na?on 
112 manufactured by DuPont) Was sandWiched betWeen the 
tWo catalyst layers produced in (Step 3) and (Step 4) 
described above, and they Were subjected to hot pressing 
under the pressing conditions of 8 MPa, 150° C., and 1 min. 
The PTFE sheets Were peeled, Whereby the pair of catalyst 
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layers Was transferred onto the solid polymeric electrolyte 
membrane. Then, the electrolyte membrane and the pair of 
catalyst layers Were assembled each other. 

[0124] (Step 6) 
[0125] The assembly including the hydrophobic catalyst 
layer of the present invention on a cathode side and the 
catalyst layer of platinum on carbon support on an anode 
side Was covered With carbon clothes (LT-1400W manufac 
tured by E-TEK) serving as a gas baking layer, and further 
With a fuel electrode and an air electrode in such order as 
shoWn in FIG. 1, Whereby a single cell Was formed. 

[0126] The single cell produced through the above steps 
Was evaluated for characteristics by using an evaluation 
apparatus having the constitution shoWn in FIG. 3. An 
electrical discharge test Was performed at a cell temperature 
of 80° C. While the anode electrode side Was ?lled With a 
hydrogen gas in a dead end manner and the cathode elec 
trode side Was opened to the air. As a result, current-voltage 
characteristics shoWn in FIG. 9 Were obtained. 

Comparative Example 1 

[0127] FIG. 7 shoWs, as Comparative Example 1, an 
example using a catalyst layer produced in the same manner 
as in Example 1 except that (Step 2) described above Was 
omitted. The Pt carrying amount of the catalyst layer Was the 
same as that of Example 1, that is, 0.85 mg/cm2. In addition, 
the equilibrium contact angle of the catalyst layer of Com 
parative Example 1 With respect to Water Was 63°, and the 
surface of the catalyst layer Was hydrophilic. In addition, the 
Si/Pt ratio of Comparative Example 1 Was Zero because 
methylsiloxane Was not applied thereto. 

[0128] First, comparison betWeen current densities at 0.9 
V as a reaction rate-determining region con?rmed that the 
current density of Example 1 Was 12.3 mA/cm2 though the 
current density of Comparative Example 1 Was 7.6 mA/cm2. 
Furthermore, comparison betWeen catalytic speci?c activi 
ties each obtained by dividing a current density by a Pt 
carrying amount con?rmed that the catalytic speci?c activity 
of Example 1 Was 14.5 A/g though the catalytic speci?c 
activity of Comparative Example 1 Was 8.9 A/g. 

[0129] That is, the deterioration of cell characteristics in 
the catalyst layer of Example 1 due to activation polariZation 
Was signi?cantly suppressed as compared to that in the 
catalyst layer of Comparative Example 1. This result shoWs 
that the methylsiloxane polymer of Example 1 does not 
inhibit an oxidation-reduction reaction on the surface of the 
catalyst, or rather improves the activity of the catalyst layer. 
This is probably due to an increase in effective surface area 
of the catalyst layer as described later. 

[0130] 2 In addition, comparison betWeen voltages at 600 
mA/cm as a diffusion polarization rate-determining region 
con?rmed that a voltage of 0.42 V or more Was taken from 
the single cell of Example 1 but only about 0.3 V Was taken 
from the single cell of Comparative Example 1. That is, the 
deterioration of cell characteristics in the catalyst layer of 
Example 1 due to diffusion polarization Was signi?cantly 
suppressed as compared to that in the catalyst layer of 
Comparative Example 1. This shoWs that the hydrophobic 
catalyst layer of Example 1 is superior to the catalyst layer 
of Comparative Example 1 in dissipation property of pro 
duced Water. 
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[0131] Next, FIG. 8 shoWs a change With the elapse of 
time in voltage When the single cell of Example 1 Was 
caused to generate electricity continuously at a current 
density of 600 mA/cm2 together With the result of the single 
cell of Comparative Example 1. 

[0132] The single cell using the hydrophobic catalyst layer 
of Example 1 had a voltage of 0.3 V or more even after the 
lapse of 1 hour and 40 minutes. In contrast, the voltage of the 
single cell of Comparative Example I became Zero in 12 
minutes, and electricity generation stopped. 

[0133] This shoWs that the hydrophobic catalyst layer of 
Example 1 signi?cantly improved the stability of the per 
formance of a fuel cell because the layer Was superior to the 
catalyst layer of Comparative Example 1 in dissipation 
property of produced Water. 

[0134] Next, cyclic voltammogram measurement Was per 
formed at a cell temperature of 80° C. While a hydrogen gas 
Was ?oWed at 20 sccm to the anode electrode side and an N2 
gas Was ?oWed at 40 sccm to the cathode electrode side, 
Whereby an H+ adsorption area per unit electrode area, that 
is, an effective surface area Was measured. 

[0135] While the effective surface area of the catalyst 
layer of Example 1 per unit area of the electrode Was 282 
cm2, the effective surface area of the catalyst layer of 
Comparative Example 1 Was 208 cm2. Although the hydro 
phobic catalyst layer of Example 1 and the catalyst layer of 
Comparative Example 1 had the same platinum carrying 
amount, the effective surface area of the hydrophobic cata 
lyst layer of Example 1 increased as compared to that of the 
catalyst layer of Comparative Example 1 by 30% or more, 
so that the utiliZation factor of the catalyst signi?cantly 
increased. 

[0136] Example 2 

[0137] In this example, the constitution of a polymer 
electrolyte fuel cell shoWn in FIG. 1 as the embodiment of 
the present invention Was produced by using the catalyst 
layer of the present invention and a method of producing the 
catalyst layer. 
[0138] Hereinafter, the production steps of the polymer 
electrolyte fuel cell according to this example Will be 
described in detail. 

[0139] (Step 1) 
[0140] A gold thin ?lm having a thickness of 50 nm Was 
formed by means of an electron beam vacuum evaporation 
method on a PTFE sheet (NITFLON manufactured by 
NITTO DENKO CORPORATION) as a layer to be trans 
ferred onto a solid polymeric electrolyte membrane. A 
porous platinum oxide layer having a thickness of 2 pm Was 
formed thereon by means of a reactive sputtering method. 
The reactive sputtering Was performed under the conditions 
of: a total pressure of 5 Pa; an oxygen ?oW rate ratio 
(QOZ/(QAI+QO2) ) of 70%; a substrate temperature of 25° C.; 
and an RF input poWer of 5.4 W/cm2. 

[0141] (Step 2) 
[0142] Subsequently, the porous platinum oxide layer Was 
brought into contact With the steam of l,l,l,3,3,3-hexam 
ethyldisilaZane (having a partial pressure of 105 hPa) at 50° 
C. for 10 minutes under irradiation With an ultraviolet, 
Whereby the ?lm of a methylsiloxane polymer Was formed 
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on the surface of a platinum oxide. After that, it Was 
subjected to a heat treatment in the atmosphere at 180° C. for 
3 hours, Whereby the condensation polymerization of unpo 
lymeriZed Si-OH groups Was promoted. 

[0143] The subsequent steps ((Step 3) to (Step 6)) Were 
performed in the same manner as in Example 1, Whereby a 
single cell Was formed. The Pt carrying amount in this 
example Was 0.85 mg/cm2. In addition, the equilibrium 
contact angle of the catalyst layer With respect to Water Was 
138°, and the surface of the catalyst layer Was hydrophobic. 
In addition, the Si/Pt ratio in this example Was 0.18. 

[0144] The single cell produced through the above steps 
Was evaluated for characteristics by using an evaluation 
apparatus having the constitution shoWn in FIG. 3. An 
electrical discharge test Was performed at a cell temperature 
of 80° C. While a hydrogen gas Was ?oWed to the anode 
electrode side and the air Was ?oWed to the cathode elec 
trode side. As a result, current-voltage characteristics shoWn 
in FIG. 9 Were obtained. 

[0145] First, comparison betWeen current densities at 0.9 
V as a reaction rate-determining region con?rmed that the 
current density of Example 2 Was 14.9 mA/cm2 though the 
current density of Comparative Example 1 Was 7.6 mA/cm2. 
Furthermore, comparison betWeen catalytic speci?c activi 
ties each obtained by dividing a current density by a Pt 
carrying amount con?rmed that the catalytic speci?c activity 
of Example 2 Was 17.5 A/g though the catalytic speci?c 
activity of Comparative Example 1 Was 8.9 A/g. 

[0146] That is, the deterioration of cell characteristics in 
the catalyst layer of Example 2 due to activation polariZation 
Was signi?cantly suppressed as compared to that in the 
catalyst layer of Comparative Example 1. This result shoWs 
that the methylsiloxane polymer of Example 2 does not 
inhibit an oxidation-reduction reaction on the surface of the 
catalyst, or rather improves the activity of the catalyst. 

[0147] 2 In addition, comparison betWeen voltages at 500 
mA/cm as a dilfusion polarization rate-determining region 
con?rmed that a voltage of 0.53 V Was taken from the single 
cell of Example 2 but only 0.4 V or less Was taken from the 
single cell of Comparative Example 1. That is, the deterio 
ration of cell characteristics in the catalyst layer of Example 
2 due to dilfusion polariZation Was signi?cantly suppressed 
as compared to that in the catalyst layer of Comparative 
Example 1. This shoWs that the hydrophobic catalyst layer 
of Example 2 is superior to the catalyst layer of Comparative 
Example 1 in dissipation property of produced Water. 

[0148] Next, FIG. 10 shoWs a change With the elapse of 
time in voltage When the single cell of Example 2 Was 
caused to generate electricity continuously at a current 
density of 500 mA/cm2 together With the result of the single 
cell of Comparative Example 1. 

[0149] The single cell using the hydrophobic catalyst layer 
of Example 2 had a voltage of 0.48 V even after the lapse of 
50 minutes. In contrast, the voltage of the single cell of 
Comparative Example 1 became Zero in about 27 minutes, 
and electricity generation stopped. This shoWs that the 
hydrophobic catalyst layer of the present invention signi? 
cantly improved the stability of the performance of a fuel 
cell because the layer Was superior to the catalyst layer of 
Comparative Example 1 in dissipation property of produced 
Water. 
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[0150] Next, cyclic voltammogram measurement Was per 
formed at a cell temperature of 80° C. While a hydrogen gas 
Was ?oWed at 20 sccm to the anode electrode side and an N2 
gas Was ?oWed at 40 sccm to the cathode electrode side, 
Whereby an effective surface area Was measured. 

[0151] While the effective surface area of the catalyst 
layer of Example 1 per unit area of the electrode Was 236 
cm2, the effective surface area of the catalyst layer of 
Comparative Example 1 Was 208 cm2. The effective surface 
area of the hydrophobic catalyst of Example 2 increased by 
13% or more, as compared to that in the case Where a 
catalyst not subjected to any hydrophobic treatment Was 
used, so that the utiliZation ratio of the catalyst signi?cantly 
increased. 

Example 3 

[0152] (Step 1) 
[0153] A porous platinum oxide layer having a thickness 
of 2 pm Was formed by means of a reactive sputtering 
method on a surface composed of carbon ?ne particles of 
carbon cloth (LT-1400W manufactured by E-TEK) as a 
substrate for a catalyst layer serving also as a gas-dilfusion 
layer. The reactive sputtering Was performed under the 
conditions of: a total pressure of 5 Pa; an oxygen ?oW rate 
ratio (QO2/(QAI+QOZ)) of 70%; a substrate temperature of 
25° C.; and an RF input poWer of 5.4 W/cm2. 

[0154] (Step 2) 
[0155] Subsequently, the composite of the porous plati 
num oxide layer and the gas-dilfusion layer Was brought into 
contact With the steam of TMCTS (having a partial pressure 
of 0.05 Pa) at 25° C. for 5 minutes, Whereby a methylsi 
loxane polymer Was formed on the surface of a platinum 
oxide. In Example 3, a heat treatment like Example 1 Was 
not performed as a subsequent step. 

[0156] (Step 3) 
[0157] Subsequently, the obtained catalyst layer Was sub 
jected to a reduction treatment in a 2% H2/He atmosphere at 
0.1 MPa for 30 minutes, Whereby a porous platinum catalyst 
layer-gas baking layer composite Was obtained. The Pt 
carrying amount in this case Was 0.85 mg/cm2. The equi 
librium contact angle of the catalyst layer With respect to 
Water at this time Was 131°, and the surface of the catalyst 
layer Was hydrophobic. 

[0158] After that, a 5-Wt % Na?on solution (manufactured 
by Wako Pure Chemical Industries, Ltd.) Was dropped to the 
obtained catalyst layer in an amount of 8 [1.1 per 1 cm2 of a 
catalyst area, and the solvent Was volatiliZed in a vacuum, 
Whereby a proton path Was formed on the surface of the 
catalyst. 

[0159] (Step 4) 
[0160] A solid polymeric electrolyte membrane (Na?on 
112 manufactured by DuPont) Was sandWiched betWeen the 
hydrophobic catalyst layer produced in (Step 3) described 
above and the catalyst layer of platinum on carbon support 
obtained in (Step 4) of Example 1, and they Were subjected 
to hot pressing under the pressing conditions of 4 MPa, 150° 
C., and 20 min. The PTFE sheet on the side of the catalyst 
layer of platinum on carbon support Was peeled, Whereby the 
pair of catalyst layers Was transferred onto the solid poly 








