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(57) ABSTRACT 

Disclosed is an electrode catalyst comprising: (a) a support 
With a speci?c surface area of at least 1200 mZ/g; and (b) 
platinum or platinum-containing alloy particles on the sup 
port, Wherein the platinum is supported on the electrode 
catalyst in an amount of 56~90 Wt % based on the total 
Weight of the electrode catalyst. A membrane electrode 
assembly (MEA) comprising the electrode catalyst and a 
fuel cell using the MEA are also disclosed. The electrode 
catalyst comprises platinum or platinum-containing alloy 
particles highly dispersed on a support With a large surface 
area in an amount of 56 Wt % or more, and thus has an 
extended catalytically active region, resulting in improve 
ment in the quality of a fuel cell. 
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ELECTRODE CATALYST FOR FUEL CELL 

TECHNICAL FIELD 

[0001] The present invention relates to a catalyst for an 
anode or cathode, Which contains platinum as a catalytic 
substance for a fuel cell, a membrane electrode assembly 
comprising the electrode catalyst, and a fuel cell comprising 
the membrane electrode assembly. More particularly, the 
present invention relates to an electrode catalyst that has an 
extended active region by virtue of the platinum particles 
highly dispersed and precipitated on a support having a large 
surface area, a membrane electrode assembly comprising the 
electrode catalyst, and a fuel cell that comprises the mem 
brane electrode assembly, and thus has improved quality by 
solving the problem of delayed reduction of oxygen, occur 
ring in a conventional cathode. 

BACKGROUND ART 

[0002] Fuel cells are poWer generation systems that con 
vert chemical energy generated from oxidation of fuel into 
electric energy. Fuel cells have a higher ef?ciency compared 
to other internal combustion engines, and are substantially 
free from emission of pollutants. Therefore, fuel cells have 
become the focus of attention as alternative energy technol 
O 

[0003] In general, a fuel cell comprises an anode, a 
cathode and an electrolyte. Fuel cells may be classi?ed into 
low-temperature fuel cells and high-temperature fuel cells 
depending on the electrolyte used therein. In the case of a 
loW temperature fuel cell that operates at a temperature of 
3000 C. or loWer, the fuel cell is necessary to shoW high 
catalyst reactivity and ion permeability at loW temperature in 
order to obtain a desired level of energy. Therefore, an 
electrode catalyst as Well as an electrolyte is a critical factor 
determining the overall quality of a fuel cell. Currently, most 
electrode catalysts for loW temperature fuel cells are com 
prised of Pt/support (i.e. platinum loaded on a support), or 
non-supported platinum black. Herein, it is important to 
reduce the amount of platinum or to maximiZe the activity 
of platinum per unit Weight, because of the high cost of 
platinum. To achieve this, it is necessary to increase the 
active region of a catalyst by controlling the siZe of the 
platinum particles carried on a support to a nano-scaled siZe. 
MeanWhile, When preparing a membrane electrode assem 
bly, degradation of the quality caused by degradation of 
mass dilfusion decreases as the thickness of a catalyst layer 
decreases. Therefore, it is necessary to reduce the amount of 
a support, so that a highly supported catalyst can be 
obtained. Further, it is necessary to provide a highly dis 
persed Pt/ support catalyst comprising Pt microparticles. 

[0004] Conventional methods for preparing Pt/support 
poWder by loading Pt particles on a support are broadly 
classi?ed into a precipitation method and a colloidal 
method. 

[0005] The precipitation method is carried out in a liquid 
phase for the most part and is not signi?cantly a?fected by 
process parameters. Therefore, the precipitation method is 
relatively simple, and is readily amenable to scale-up. HoW 
ever, it has the disadvantages of non-uniform dispersion of 
platinum particles and a relatively large siZe of particles. On 
the contrary, according to the colloid method, it is possible 
to obtain ?ne platinum particles With a narroW siZe distri 
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bution of 1.5-3 nm and to accomplish uniform dispersion of 
particles, When platinum is supported in an amount of 20~40 
Wt % based on the total Weight. HoWever, the colloid method 
has the folloWing problems: platinum particle siZe increases 
rapidly as the amount of Pt increases to 50 Wt % or more; an 
additional hydrogen reduction step is required; and Water 
should be introduced at quantities of 10 times or greater than 
the amount needed for the precipitation method. Therefore, 
an optimiZed method for preparing an electrode catalyst is 
needed, so as to simplify the processing steps and to obtain 
?ne Pt particles. 

[0006] MeanWhile, most supports developed for use in 
electrode catalysts have a speci?c surface area of 300 m2/g 
or less. Even in the case of a high-surface area support used 
in commercially available catalysts, the support generally 
has a surface are of 800 m2/g or less. When preparing an 
electrode catalyst by using the above support, the particle 
siZe of Pt decreases merely to a limited level, and Pt particles 
cannot be dispersed uniformly on the support surface. As a 
result, there is a serious problem in that the active region of 
the Pt catalyst cannot be increased suf?ciently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The foregoing and other objects, features and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description When taken 
in conjunction With the accompanying draWings in Which: 

[0008] FIG. 1 is a graph shoWing the test results for the 
quality of fuel cells that comprise the electrode catalysts 
according to Example 1, Comparative Example 1 and Com 
parative Example 2; 
[0009] FIG. 2 is a graph shoWing the test results for the 
quality of fuel cells that comprise the electrode catalyst 
according to Example 1, and commercially available cata 
lysts according to Comparative Example 3 and Comparative 
Example 4; 

[0010] FIG. 3 is a graph shoWing the test results for the 
quality of fuel cells that comprise the electrode catalyst 
according to Example 1, and commercially available cata 
lysts according to Comparative Example 3 and Comparative 
Example 4; and 

[0011] FIG. 4 is a graph shoWing the results of the X-ray 
di?fraction analysis for the electrode catalysts according to 
Examples l~4. 

DISCLOSURE OF THE INVENTION 

[0012] Therefore, the present invention has been made in 
vieW of the above-mentioned problems. The present inven 
tors have found that When a support With a large surface area 
(for example, a surface area of 1200 m2/ g or more) is used 
to prepare an electrode catalyst via the precipitation method, 
platinum as a catalytic substance is highly dispersed on the 
support, the siZe of the supported platinum particles or 
platinum-containing alloy particles decreases uniformly to a 
nano-scaled siZe, thereby increasing the surface area of 
platinum particles that can participate in reactions on the 
support, resulting in maximization of the active region of the 
catalyst and improvement of the quality of a fuel cell. 

[0013] Therefore, it is an object of the present invention to 
provide an electrode catalyst comprising a catalytic sub 
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stance highly dispersed on a support and thus having a 
maximized catalytically active region, a membrane elec 
trode assembly comprising the electrode catalyst, and a fuel 
cell that comprises the membrane electrode assembly and 
thus has improved quality. 

[0014] According to an aspect of the present invention, 
there is provided an electrode catalyst comprising: (a) a 
support With a speci?c surface area of 1200 m2/g or more; 
and (b) platinum or platinum-containing alloy particles 
supported on the support, Wherein the platinum is supported 
on the electrode catalyst in an amount of 56~90 Wt % based 
on the total Weight of the electrode catalyst. There are also 
provided a membrane electrode assembly (MBA) and a fuel 
cell comprising the same. 

[0015] According to another aspect of the present inven 
tion, there is provided a method for preparing an electrode 
catalyst comprising platinum supported thereon in an 
amount of 56~90 Wt % based on the total Weight of the 
electrode catalyst, the method including the steps of: (a) 
dispersing a support With a speci?c surface area of 1200 
m2/ g or more into a solvent to form a support dispersion, and 
adding a pH modi?er thereto to provide an alkali?ed support 
dispersion; (b) adding a platinum precursor or platinum 
containing alloy precursor compound and a pH modi?er to 
the dispersion obtained from step (a), and further adding a 
reducing agent thereto to perform reaction of the mixture; 
and (c) drying the poWder obtained from step (b). 

[0016] According to still another aspect of the present 
invention, there is provided a method for preparing an 
electrode catalyst With a particle siZe of 3.5 mm or less by 
controlling the amount of platinum theoretically on a sup 
port With a speci?c surface area of 1200 m2/g or more to an 
amount of 60 Wt % or more. 

[0017] Hereinafter, the present invention Will be explained 
in more detail. 

[0018] The present invention provides an electrode cata 
lyst, for example platinum/ or platinum-containing alloy/ 
support particle, Which comprises a catalytic substance 
capable of participating in catalytic reactions, highly dis 
persed on a support, and has a maximized surface area of the 
particles containing the catalytic substance, so as to maxi 
miZe the active region of the catalyst. 

[0019] PlatiniZed carbon (Pt/C) comprising carbon poW 
der, on Which platinum is supported, used as a material for 
a catalyst layer in a gas diffusion electrode for a fuel cell, 
serves to extend the reactive region of the fuel introduced to 
the fuel cell, thereby alloWing oxidation and reduction of 
reaction gases, such as hydrogen and oxygen, to occur. 
HoWever, as described above, conventional electrode cata 
lysts permit the siZe of platinum particles loaded on a 
support to be reduced to a limited degree. This is because 
conventional electrode catalysts use a support With a speci?c 
surface area of 300 m2/ g or less. Moreover, uniform disper 
sion of platinum particles cannot be obtained from conven 
tional electrode catalysts, and thus improvement in the 
quality of a fuel cell cannot be accomplished. Even in the 
case of a support With a speci?c surface area of 900~1200 
m2/g, the amount of platinum on the support is 55 Wt % or 
less based on the total Weight of the catalyst. Therefore, it is 
not possible to provide a catalyst With an extended active 
region according to the prior art. 
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[0020] On the contrary, according to the present invention, 
it is possible to cause platinum particles as a catalytic 
substance to be highly dispersed and loaded on a support to 
an amount of 56~90 Wt %, and to decrease the siZe of the 
supported platinum particles to a nano-scaled siZe. There 
fore, it is possible to provide a catalyst having a signi?cantly 
increased surface area of platinum particles that can partici 
pate in the reaction on a support, and thus to contribute to 
maximization of the catalytically active region and improve 
ment of the quality of a fuel cell. Additionally, according to 
the present invention, a cost-ef?cient electrode catalyst can 
be provided using a reduced amount of platinum due to such 
an increased catalytically active region and increased elec 
trical activity. Additionally, the electrode catalyst according 
to the present invention can reduce the thickness of a 
conventional electrode and can reduce the resistance against 
mass transfer, thereby improving the quality of a fuel cell. 

[0021] In addition to the use of a support With a large 
speci?c surface area, according to the present invention, it is 
also possible to obtain a catalyst With a uniform nano-scaled 
siZe by adding a catalyst-containing solution in portions to 
a support dispersion during the preparation of a highly 
supported and dispersed electrode catalyst via the precipi 
tation method in order to control the reaction rate. Such 
portionWise addition of the catalyst-containing solution pre 
vents the resultant catalyst-containing compound from being 
formed all at once and from agglomerating rapidly. 

[0022] There is no particular limitation in the support used 
for the catalytic supporting substance for the inventive 
electrode catalyst that has a maximiZed catalytically active 
region, as long as it is a porous material With a surface area 
of 1200 m2/g or more. This is because platinum particles or 
platinum-containing alloy particles should be dispersed and 
loaded uniformly on the support using the greater amount as 
possible, in order to extend the catalytically active region, as 
Well as to control the siZe of the platinum particles or 
platinum-containing alloy particles to a nano-scaled siZe 
With ease. 

[0023] The support that may be used in the present inven 
tion includes catalyst support s generally knoWn to one 
skilled in the art, such as porous carbon, conductive poly 
mer, conductive porous metal oxides, or the like. Non 
limiting examples of the porous carbon include active car 
bon, carbon black, carbon ?ber or carbon nanotube, or the 
like. Non-limiting examples of the conductive polymer 
include polyvinyl carbaZole, polyaniline, polypyrrole, or 
derivatives thereof. Additionally, non-limiting examples of 
the metal oxides include at least one metal oxide selected 
from the group consisting of oxides of tungsten, titanium, 
nickel, ruthenium, tin, indium, antimony, tantalum or cobalt. 
Among these, porous carbon is particularly preferred. Also, 
there is no particular limitation in the siZe, porosity and pore 
siZe of the support, and such parameters can be controlled in 
a conventional manner. 

[0024] Preferably, the catalytic substance on a support in 
the electrode catalyst that has a maximiZed catalytically 
active region according to the present invention is platinum 
or platinum-containing alloy, Which is applicable to an 
anode as Well as a cathode. 

[0025] More particularly, there is no particular limitation 
in the metal contained in the platinum-containing alloy, as 
long as it is capable of forming alloy With platinum. Pref 
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erably, the metal is a transition metal such as ruthenium 
(Ru), palladium (Pd), gold (Au), silver (Ag), iridium (Ir), 
rhodium (Rh) or osmium (Os). 

[0026] Although there is no particular limitation in the 
shape of the platinum or platinum-containing alloy, platinum 
or platinum-containing alloy is generally used in the form of 
particles. The particles have a siZe of 3.5 nm or less, 
preferably of 1.0~3.5 nm. If the particle siZe is less than 1.0 
nm, crystals of the platinum particles become amorphous, 
and thus have very loW activity per unit surface area. 
Moreover, even if the surface area increases due to such 
small particle siZe, the overall catalytic activity decreases. 
Additionally, When a membrane electrode assembly is 
formed using such particles and a single cell is operated, the 
metal particles agglomerates With ease, so that the service 
life is shortened. On the other hand, When the particle siZe 
is greater than 3.5 nm, the particle surface shoWs improved 
crystallinity, and the activity per unit surface area increases 
and is saturated at a certain level. HoWever, the ef?cient 
surface area decreases due to the increased particle siZe, 
resulting in degradation of the overall catalytic activity. 

[0027] The platinum particles or platinum-containing 
alloy particles are supported on the electrode catalyst suit 
ably in an amount of 56~90 Wt % Pt based on the total 
Weight of the electrode catalyst. When the amount of plati 
num based on the total Weight of the electrode catalyst is less 
than 56 Wt %, active region of the electrode catalyst cannot 
be increased sufficiently, resulting in insufficient quality of 
the electrode catalyst. When the amount of platinum is 
greater than 90 Wt %, agglomeration of metal particles, ie 
a so-called coarsening phenomenon occurs, so that a catalyst 
comprising uniformly dispersed nano-siZed metal particles 
cannot be formed. 

[0028] Additionally, according to the present invention, 
When the amount of platinum on the support is controlled 
under the same speci?c surface area, it is possible to control 
the siZe of the platinum particles on the support With ease. 

[0029] In fact, When the amount of platinum is controlled 
to 60 Wt %, 70 Wt %, 80 Wt % and 90 Wt %, based on the 
total Weight of the electrode catalyst, in the presence of a 
support With a speci?c surface area of 1200 m2/ g or more, 
the actual siZe of the platinum particles on the support is 
l.6~2.2 nm, 1.8~2.4 nm, 2.2~2.8 nm and 3.0~3.5 nm, 
respectively. Additionally, it can be seen from the folloWing 
Experimental Example that the theoretical amount of sup 
ported platinum has little difference to the actual amount of 
supported platinum in each case (56 Wt %, 65 Wt %, 75 Wt 
% and 83 Wt %). 

[0030] Therefore, the electrode catalyst according to the 
present invention comprises platinum or platinum-contain 
ing alloy particles With a siZe of 3.5 nm or less, loaded on 
a support With a speci?c surface area of 1200 m2/g or more, 
Wherein the amount of platinum on the support is at least 56 
Wt % based on the total Weight of the electrode catalyst. In 
one preferred embodiment of the present invention, the 
electrode catalyst comprises platinum or platinum-contain 
ing alloy particles With a siZe ofless than 3 nm (e.g., l.5~2.9 
nm), loaded on a support With a speci?c surface area of 1200 
m2/g or more, Wherein the amount of platinum on the 
support is at least 70 Wt % based on the total Weight of the 
electrode catalyst. In another preferred embodiment of the 
present invention, the electrode catalyst comprises platinum 
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or platinum-containing alloy particles With a siZe of 3~3.5 
nm, loaded on a support With a speci?c surface area of 1200 
m2/g or more, Wherein the amount of platinum on the 
support is at least 80 Wt % based on the total Weight of the 
electrode catalyst. HoWever, the scope of the present inven 
tion is not limited to the above-mentioned combinations of 
the speci?c surface area of the support, the amount of the 
catalytic substance and the siZe of the catalyst particles. 

[0031] MeanWhile, the electrode catalyst that has a maxi 
miZed catalytically active region according to the present 
invention may be prepared by a conventional method cur 
rently used in the art (for example, the precipitation 
method). HoWever, the scope of the present invention is not 
limited thereto. 

[0032] A embodiment of the method for preparing the 
electrode catalyst according to the present invention, com 
prises the steps of: (a) dispersing a support With a speci?c 
surface area of 1200 m2/ g or more into a solvent to form a 
support dispersion, and adding a pH modi?er thereto in 
order to provide an alkali?ed support dispersion; (b) adding 
a platinum precursor or platinum-containing alloy precursor 
compound and a pH modi?er to the dispersion obtained 
from step (a), and further adding a reducing agent thereto to 
perform reaction of the mixture; and (c) drying the poWder 
obtained from step (b). 

[0033] 1) First, a support for loading platinum or plati 
num-containing particles is dispersed into a solvent to form 
a support dispersion, and a pH modi?er is further added 
thereto to provide an alkali?ed support dispersion. 

[0034] The support is the same as de?ned above. Although 
there is no particular limitation in the solvent, distilled Water 
is preferably used. 

[0035] Herein, the ratio of the solvent to the support is 
preferably 100:1 or less. The support is dispersed into the 
solvent according to methods generally knoWn to one skilled 
in the art, for example by Way of mechanical stirring or 
magnetic stirring, With no particular limitation. 

[0036] Additionally, the temperature of the solution, in 
Which the support is dispersed, is 500 C. or higher, prefer 
ably 80° C. or higher, and the support dispersion preferably 
has a pH of 8~11. To modify the pH, a pH modi?er is added 
to the dispersion. Non-limiting examples of the pH modi?er 
include basic compounds such as sodium carbonate, sodium 
hydroxide or aqueous ammonia. Preferably, such pH modi 
?ers may be introduced into the dispersion in the form of an 
aqueous solvent. HoWever, the scope of the present inven 
tion is not limited thereto. 

[0037] 2) Next, a platinum precursor or platinum-contain 
ing alloy precursor compound and a pH modi?er are added 
to the support dispersion obtained as described above, and a 
reducing agent is further added thereto to cause the platinum 
or platinum-containing alloy particles to be precipitated 
uniformly on the support. 

[0038] Although there is no particular limitation in the 
platinum precursor or the precursor containing a metal such 
as Ru, Pd, Au, Ag, Ir, Rh or Os present in the platinum 
containing alloy, chlorides, nitrides or sulfates, containing 
the above metal elements alone or in combination, may be 
used. Particularly, H2PtCl6 is preferred as a platinum salt. 
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[0039] In order to control the amount of platinum or 
platinum-containing alloy on the support to 56~90 Wt %, 
amount of the platinum precursor and/or platinum-contain 
ing alloy precursor, corresponding to the above range, is 
determined, and then the precursor is dissolved into distilled 
Water to provide a platinum-containing solution. Herein, 
because the platinum precursor or platinum-containing alloy 
precursor is a chloride, nitride or sulfate, the resultant 
platinum-containing solution shoWs strong acidity corre 
sponding to a pH of l~3. 

[0040] In order to add the platinum-containing solution 
and a pH modi?er to the support dispersion obtained as 
described above, the folloWing methods may be used: (1) the 
platinum-containing solution is added to the support disper 
sion, and then the pH modi?er is added thereto to control the 
pH to an alkaline range; or (2) the platinum-containing 
solution is added to the support dispersion simultaneously 
With the pH modi?er to control the pH to an alkaline range 
in a continuous manner. 

[0041] Preferably, the platinum-containing solution and 
the pH modi?er are added to the support dispersion sepa 
rately or simultaneously, in a portionWise manner by using 
an amount of l/N of the total amount of the platinum 
containing solution and/or the pH modi?er (l §N<l00, 
Wherein N is an integer). More preferably, a half (1/2) of the 
total amount is added. Such portionWise addition minimiZes 
rapid agglomeration of a platinum-containing compound, 
caused by the instant formation of the platinum-containing 
compound due to the single addition of the platinum 
containing solution and the pH modi?er. Therefore, it is 
possible to obtain a catalyst comprising ?ne platinum par 
ticles. 

[0042] The strongly acidic platinum-containing solution is 
used in combination With the pH modi?er to control the pH 
to a range of 8~l 1. This is because the reduction of the 
platinum or platinum-containing alloy particles can be facili 
tated, if the hydroxy groups (OH‘) needed for the reduction 
(precipitation) of the platinum or platinum-containing alloy 
particles are controlled. 

[0043] The addition of the platinum-containing solution 
and the pH modi?er permits precipitation of platinum par 
ticles on the support. HoWever, it is preferable to use a 
reducing agent to enhance the precipitation of platinum. As 
the reducing agent, conventional reducing agents knoWn to 
one skilled in the art may be used. Non-limiting examples of 
the reducing agent include sodium borohydride (NaBH4), 
hydrazine (N 2H4), sodium thiosul?te, nitrohydraZine, 
sodium formate (HCOONa), formaldehyde, alcohol, or the 
like. 

[0044] When the platinum-containing solution having a 
pH controlled as described above and the reducing agent are 
added dropWise to the preformed support dispersion, Pt ions 
are precipitated, While they are supported uniformly on the 
surface of the support (for example, carbon particles). Par 
ticularly, When formaldehyde is used as the reducing agent, 
Pt ions are reduced according to the folloWing Reaction 
Scheme 1. More particularly, formaldehyde is oxidized via 
the reaction With hydroxy groups to generate electrons, and 
Pt ions acquire the electrons and are reduced into platinum. 
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[0046] The platinum or platinum-containing alloy par 
ticles in the platinum or platinum-containing alloy/ support, 
obtained as described above, have a particle siZe of 3.5 nm 
or less, and such particles are dispersed and loaded uni 
formly on the support in an amount of 56~90 Wt %. 

[0047] MeanWhile, in the case of a catalyst comprising 60 
Wt % or more of platinum supported thereon according to the 
prior art, the highly supported platinum particles agglomer 
ate among themselves to cause the so-called coarsening 
phenomenon, thereby increasing the siZe of the platinum 
particles and reducing the reactive surface area of the 
catalyst, resulting in degradation of the catalyst quality. On 
the contrary, When the same support is used and the amount 
of platinum on the support is controlled to 60 Wt % accord 
ing to the present invention, the supported platinum particles 
have a siZe of l.6~2.2 nm. Also, When the amount of the 
platinum particles on the support is controlled to 70 Wt %, 
80 Wt % and 90 Wt %, the platinum particles have a siZe of 
l.8~2.4 nm, 2.2~2.8 nm and 3.0~3.5 nm, respectively. 
Therefore, according to the present invention, use of the 
support With a speci?c surface area of 1200 m2/g or more 
and portionWise addition of the platinum-containing solu 
tion and pH modi?er, prevent the so-called coarsening 
phenomenon of platinum particles, and thus provide an 
increased number of nano-siZed platinum particles. As a 
result, it is possible to increase the reactive surface area of 
the electrode catalyst and to improve the quality of the 
electrode catalyst, according to the present invention. 

[0048] 3) The particles obtained as described above Were 
Washed With distilled Water and dried to provide a ?nal 
electrode catalyst comprising particles of platinum or plati 
num-containing alloy on a support. If desired, a heat treat 
ment step may be performed at a temperature of l50~600° 
C. under the atmosphere of nitrogen, air or hydrogen, so as 
to accomplish an adequate alloying degree. 

[0049] The electrode catalyst comprising platinum or 
platinum-containing alloy/ support particles according to the 
present invention may be used as an electrode catalyst for a 
fuel cell, and may be applied in an anode as Well as a 
cathode. 

[0050] When the platinum or platinum-containing alloy 
particles With a particle siZe of3.5 nm or less, highly loaded 
on a support With a speci?c surface area of 1200 m2/g or 
more, according to the present invention, is used as an 
electrode catalyst, the active region of the catalyst is maxi 
miZed, resulting in improvements of the catalyst quality. In 
fact, When a membrane electrode assembly (MBA) is formed 
using the electrode catalyst and the MBA is subjected to a 
single cell test, the quality is signi?cantly improved particu 
larly at the cathode (see FIGS. 1~3). 

[0051] According to another aspect of the present inven 
tion, there is provided an electrode for fuel cells, Which 
comprises the electrode catalyst obtained as described. 

[0052] The electrode for fuel cells comprises a gas diffu 
sion layer and a catalyst layer. It may comprise a catalyst 
layer alone. OtherWise, it may have a catalyst layer inte 
grally formed on a gas di?‘usion layer. 

[0053] The electrode for fuel cells according to the present 
invention can be manufactured by a conventional method 
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known to one skilled in the art. In one embodiment of the 
method, the electrode catalyst is mixed With catalyst ink that 
contains a highly proton conductive polymer material and a 
mixed solvent enhancing dispersion of the catalyst to pro 
vide slurry. Then, the slurry is applied on carbon paper by a 
printing, spraying, rolling or a brushing process, and then 
dried. 

[0054] According to still another aspect of the present 
invention, there is provided a membrane electrode assembly 
(MEA) for fuel cells, Which comprises: (a) a ?rst electrode 
having a ?rst catalyst layer; (b) a second electrode having a 
second catalyst layer; and (c) an electrolyte membrane 
interposed betWeen the ?rst electrode and the second elec 
trode, Wherein either or both of the ?rst catalyst layer and the 
second catalyst layer comprise the electrode catalyst accord 
ing to the present invention. 

[0055] One of the ?rst and the second electrodes is a 
cathode and the other is an anode. 

[0056] The membrane electrode assembly refers to an 
assembly of an electrode for carrying out an electrochemical 
catalytic reaction betWeen fuel and air With a polymer 
membrane for carrying out proton transfer. The membrane 
electrode assembly is a monolithic unit having a catalyst 
electrode adhered to an electrolyte membrane. 

[0057] In the membrane electrode assembly, each of the 
catalyst layers of the anode and cathode is in contact With the 
electrolyte membrane. The MEA can be manufactured by a 
conventional method knoWn to one skilled in the art. For 
example, the electrolyte membrane is disposed betWeen the 
anode and cathode to form an assembly. Next, the assembly 
is inserted into the gap betWeen tWo hot plates operated in 
a hydraulic manner While maintaining a temperature of 
about 140° C., and then pressurized to perform hot pressing. 

[0058] There is no particular limitation in the electrolyte 
membrane, as long as it is a material having proton con 
ductivity, mechanical strength suf?cient to permit ?lm for 
mation and high electrochemical stability. The electrolyte 
membrane includes, but not exclusively, tetra?uoroethyl 
ene-co-?uorovinyl ether, Wherein the ?uorovinyl ether moi 
ety serves to transfer protons. 

[0059] According to yet another aspect of the present 
invention, there is provided a fuel cell comprising the above 
membrane electrode assembly. 

[0060] The fuel cell may be a polymer electrolyte fuel cell 
or direct liquid fuel cell, Whose cathodic reaction is oxygen 
reduction, but is not limited thereto. Particularly, a direct 
methanol fuel cell, direct formic acid fuel cell, direct ethanol 
fuel cell, direct dimethyl ether fuel cell, etc., are preferred. 
A phosphate electrolyte fuel cell may be also used. 

[0061] All materials forming the fuel cell, other than the 
electrode catalyst according to the present invention, are 
those currently used in a conventional fuel cell. Also, there 
is no particular limitation in the method for manufacturing 
the fuel cell. The fuel cell may be manufactured by using the 
above membrane electrode assembly, Which comprises a 
cathode, an anode and a membrane electrode assembly 
comprising an electrolyte coated With an active layer con 
taining the electrode catalyst, and a bipolar plate in a 
conventional manner knoWn to one skilled in the art. 

Jun. 22, 2006 

[0062] Further, the present invention provides a method 
for preparing an electrode catalyst that comprises platinum 
particles on a support With a speci?c surface area of 1200 
m2/ g or more, Wherein the platinum particles have a particle 
siZe of 3.5 nm or less by controlling the theoretical amount 
of Pt on the support to 60 Wt % or more. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0063] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention. It is to be 
understood that the folloWing examples are illustrative only 
and the present invention is not limited thereto. 

EXAMPLES 1-4 

Preparation of Electrode Catalyst for Fuel Cell, and 
Manufacture of Membrane Electrode Assembly and 

Fuel Cell 

Example 1 

[0064] 
[0065] First, 0.4 g of carbon black (KB600JD) With a 
surface area of 1200 m2/ g, used as a support, Were intro 
duced into 30 ml of distilled Water, and stirred rigorously to 
obtain a colloidal solution. The colloidal solution Was heated 
to 90° C. Then, 1M sodium carbonate solution Was added to 
the colloidal solution to control the pH to a range of pH 8~9. 
After the pH value is stabiliZed, 4 ml of the aqueous solution 
containing 1.54 q of hexachloroplatinate (H2PtCl6.xH2O), 
corresponding to the target amount (60 Wt %) of platinum on 
the support, Were added to the colloidal solution. Next, 1M 
sodium carbonate solution Was added thereto, so that the pH 
value decreased by hexachloroplatinate Was controlled back 
to a pH value of 8~9. To the resultant solution, formaldehyde 
solution Was added to perform reduction of platinum in a 
liquid phase. Then, the solution Was ?ltered, and the poWder 
Was Washed and dried under vacuum at 80° C. to obtain 
platinum/carbon poWder. 

[0066] 
bly 
[0067] The Pt catalyst obtained from Example 1-1 Was 
diluted With isopropyl alcohol in a Weight ratio of 1:100 to 
form a solution. Next, a Nation solution Was added to the 
solution and the catalyst Was dispersed by mechanical 
stirring to form catalyst slurry, Then, a required amount of 
the catalyst Was determined from the catalyst slurry, and Was 
sprayed on a gas diffusion layer (GDL). Herein, the catalyst 
Was introduced into an anode (Pt catalyst comprising 60 Wt 
% of Pt supported on a support; HISPEC9100 available from 
Johnson Matthey Co.) and a cathode (the electrode catalyst 
according to Example 1-1), in an amount of 0.4 mg Pt/cm2 
and 0.2 mg Pt/cm2, respectively, to determine the difference 
betWeen the anode activity and the cathode activity. The 
anode, a polymer electrolyte membrane and the cathode 
Were laminated and then pressed to form a membrane 
electrode assembly (MEA). 

[0068] 1-3. Manufacture of Fuel Cell 

[0069] A single cell of a fuel cell Was provided as 
described above and maintained at a temperature of 70° C. 
To the cathode, completely moistened air Was supplied at 

1-1. Preparation of Electrode Catalyst for Fuel Cell 

1-2. Manufacture of Membrane Electrode Assem 
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800 C. To the anode, completely moistened H2 Was supplied 
at 850 C. Then, current density generated by applying a 
constant voltage of 0.6V to the single cell Was measured to 
evaluate the quality of the fuel cell. 

Example 2 

[0070] Pt/C poWder Was formed in the same manner as 
described in Example 1-1, except that 0.3 g of carbon black 
(KB600JD) as a support and 1.80 g of hexachloroplatinate 
(H2PtCl6.xH2O) Were used to provide a catalyst comprising 
70 Wt % of platinum supported thereon. 

Example 3 

[0071] Pt/C poWder Was formed in the same manner as 
described in Example 1-1, except that 0.2 g of carbon black 
(KB600JD) as a support and 2.06 g of hexachloroplatinate 
(H2PtCl6.xH2O) Were used to provide a catalyst comprising 
80 Wt % of platinum supported thereon. 

Example 4 

[0072] Pt/C poWder Was formed in the same manner as 
described in Example 1-1, except that 0.1 g of carbon black 
(KB600JD) as a support and 2.31 g of hexachloroplatinate 
(H2PtCl6.xH2O) Were used to provide a catalyst comprising 
80 Wt % of platinum supported thereon. 

COMPARATIVE EXAMPLES 1-4 

Preparation of Electrode Catalyst for Fuel Cell, and 
Manufacture of Membrane Electrode Assembly and 

Fuel Cell 

Comparative Example 1 

[0073] Example 1 Was repeated to provide a catalyst 
comprising 60 Wt % of platinum supported thereon, a 
cathode comprising the same catalyst and a single cell 
comprising the same cathode, except that the catalyst Was 
prepared by using V72R With a surface area of 250 m2/g 
instead of the carbon black (KB600JD) With a surface area 
of 1200 m2/g, used as a support in Example 1-1. 

Comparative Example 2 

[0074] Example 1 Was repeated to provide a catalyst 
comprising 60 Wt % of platinum supported thereon, a 
cathode comprising the same catalyst and a single cell 
comprising the same cathode, except that the catalyst Was 
prepared by using carbon black (KB300J) With a surface 
area of 800 m2/g instead of the carbon black (KB600JD) 
With a surface area of 1200 m2/g, used as a support in 
Example 1-1. 

Comparative Example 3 

[0075] To provide a single cell for this Example, Example 
1 Was repeated, except that the cathode used in the single cell 
Was manufactured by using a catalyst (HISPEC9100 avail 
able from Johnson Matthey Co.) comprising 60 Wt % of 
platinum on a support With a speci?c surface area of about 
700 m2/g instead of the electrode catalyst (KB600JD) 
according to Example 1. 

Comparative Example 4 

[0076] To provide a single cell for this Example, Example 
1 Was repeated, except that the cathode used in the single cell 
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Was manufactured by using a catalyst (TEC10E60E avail 
able from Tanaka Co.) comprising 60 Wt % of platinum on 
a support With a speci?c surface area of about 700 m2/g 
instead of the electrode catalyst (KB600JD) according to 
Example 1. 

EXPERIMENTAL EXAMPLE 1 

Analysis for Electrode Catalysts 

[0077] 
[0078] The catalysts according to Examples 1~4 Were 
subjected to elemental analysis With an ICP instrument. 
After the analysis, it could be seen that the electrode 
catalysts according to Examples 1~4 comprises 56 Wt %, 65 
Wt %, 75 Wt % and 83 Wt % of platinum, respectively, 
supported on carbon. Additionally, such experimental 
amounts of platinum shoW only a slight difference to the 
theoretical amounts (60 Wt %, 70 Wt %, 80 Wt % and 90 Wt 
%, respectively). 

[0079] 1-2. X-Ray Diffraction Analysis @(RD) 

[0080] The electrode catalysts according to Examples 1~4 
Were analyZed by X-ray dilfraction. After the analysis, it 
could be seen that the platinum particles on the carbon 
supports according to Examples 1~4 have a particle siZe of 
1.6~2.2 nm, 1.8~2.4 nm, 2.2~2.8 nm, and 3.0~3.5 nm, 
respectively (see FIG. 4). Here, determination of each 
particle siZe based on the XRD data Was made by the 
folloWing Debye-Scherrer equation. 
[0081] [Debye-Scherrer equation] 
[0082] t=0.9 MB cos 0B (Wherein t is a particle size, 7» is 
a Cu Wavelength of XRD beams, and 20 is the angle of 
dilfraction) 
[0083] B=HW/100W (Wherein HW is a half maximum 
Width, and 100W is the Width corresponding to a range of 10 
degrees in the XRD graph) 

1-1 . Elemental Analysis 

Experimental Example 2 

Evaluation for Quality of Fuel Cells 

[0084] The folloWing test Was performed to evaluate the 
quality of the fuel cell obtained by using the electrode 
catalyst according to the present invention. 

[0085] 2-1. Evaluation for Quality of Fuel Cells Using 
Supports With Different Surface Areas 

[0086] The single cell obtained by using the electrode 
catalyst comprising the carbon support (KB600JD) With a 
surface area of 1200 m2/g according to Example 1 Was 
evaluated. As controls, the single cells comprising the elec 
trode catalysts obtained by using the V72R support With a 
surface area of 250 m2/ g according to Comparative Example 
1, and the carbon support (KB300J) With a surface area of 
800 m2/g according to Comparative Example 2, Were used. 

[0087] Each single cell Was measured for the current 
density generated upon application of a constant voltage of 
0.6V. FIG. 1 shoWs variations in the current density over 
time. To ensure the reproducibility, the test Was repeated at 
least three times. 

[0088] After the test, the electrode catalyst obtained by 
using the V72R support With a surface area of 250 m2/g 
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according to Comparative Example 1, showed a current 
density of 0.40 A/cm2 under 0.6V, and the electrode catalyst 
obtained by using the carbon support (KB300J) With a 
surface area of 800 m2/ g according to Comparative Example 
2, shoWed a current density of 0.43 A/cm2 under 0.6V. On 
the contrary, the electrode catalyst obtained by using the 
carbon support (KB600JD) With a surface area of 1200 m2/ g 
according to Example 1 shoWed a current density of 0.50 
A/ cm under 0.6V. Therefore, it can be seen that the electrode 
catalyst according to the present invention can improve the 
quality of a fuel cell (see FIG. 1). 

[0089] 2-2. Evaluation for Quality of Inventive Fuel Cell 
Compared to Fuel Cells Using Conventional Electrode Cata 
lysts 

[0090] The single cell obtained by using the electrode 
catalyst comprising the carbon support (KB600JD) With a 
surface area of 1200 m2/g according to Example 1 Was 
evaluated. As controls, the single cells obtained by using the 
conventional electrode catalysts available from Johnson 
Matthey Co. and Tanaka Co., each comprising 60 Wt % of 
platinum, according to Comparative Examples 3 and 4, Were 
used. 

[0091] Each single cell Was measured for the current 
density generated upon application of a constant voltage of 
0.6V. To ensure the reproducibility, the test Was repeated at 
least three times. 

[0092] After the test, the single cell obtained by using the 
electrode catalyst available from Johnson Matthey Co. 
according to Comparative Example 3, shoWed a current 
density of 0.38 A/cm2 under 0.6V, and the single cell 
obtained by using the electrode catalyst available from 
Tanaka Co. according to Comparative Example 4, shoWed a 
current density of 0.34 A/cm2 under 0.6V. On the contrary, 
the single cell obtained by using the electrode catalyst 
according to Example 1 shoWed a current density of 0.56 
A/ cm under 0.6V. Therefore, it can be seen that the electrode 
catalyst according to the present invention can improve the 
quality of a fuel cell (see FIGS. 2 and 3). 

[0093] As can be seen from the above test results, the 
electrode catalyst according to the present invention has a 
catalytically active region extended to the highest degree, 
and thus solves the problem of delayed oxygen reduction 
occurring in knoWn cathodes, resulting in improvement of 
the quality of a fuel cell. 

INDUSTRIAL APPLICABILITY 

[0094] As can be seen from the foregoing, the electrode 
catalyst according to the present invention comprises 56 Wt 
% or more of platinum or platinum-containing alloy par 
ticles, loaded on a support With a surface area of at least 
1200 m2/g, Wherein platinum particles have a ?ne and 
uniform particle siZe While maintaining their dispersibility. 
Therefore, the electrode catalyst according to the present 
invention has an extended catalytically active region, and 
thus can improve the overall quality of a fuel cell. 

[0095] While this invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodiment 
and the draWings. On the contrary, it is intended to cover 
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various modi?cations and variations Within the spirit and 
scope of the appended claims. 

1. An electrode catalyst comprising: 

(a) a support With a speci?c surface area of 1200 m2/g or 
more; and 

(b) platinum or platinum-containing alloy particles sup 
ported on the support, 

Wherein the platinum is supported on the electrode cata 
lyst in an amount of 56~90 Wt % based on the total 
Weight of the electrode catalyst. 

2. The electrode catalyst according to claim 1, Wherein the 
support is selected from the group consisting of porous 
carbon, conductive polymers and metal oxides. 

3. The electrode catalyst according to claim 1, Wherein the 
platinum-containing alloy comprises at least one metal 
selected from the group consisting of ruthenium (Ru), pal 
ladium (Pd), gold (Au), silver (Ag), iridium (Ir), rhodium 
(Rh) and osmium (Os). 

4. The electrode catalyst according to claim 1, Wherein the 
platinum or platinum-containing alloy particles have a par 
ticle siZe of 3.5 nm or less. 

5. The electrode catalyst according to claim 1, Which 
comprises platinum or platinum-containing alloy particles 
With a siZe of less than 3 nm, loaded on the support With a 
speci?c surface area of 1200 m2/g or more, Wherein plati 
num is loaded on the support in an amount of at least 70 Wt 
% based on the total Weight of the electrode catalyst. 

6. The electrode catalyst according to claim 5, Wherein the 
particle siZe of the platinum or platinum-containing alloy 
particles is 1.5~2.9 nm. 

7. The electrode catalyst according to claim 1, Which 
comprises platinum or platinum-containing alloy particles 
With a siZe of 3~3.5 nm, loaded on the support With a speci?c 
surface area of 1200 m2/g or more, Wherein platinum is 
loaded on the support in an amount of at least 80 Wt % based 
on the total Weight of the electrode catalyst. 

8. A membrane electrode assembly (MEA), Which com 
prises: 

(a) a ?rst electrode having a ?rst catalyst layer; 

(b) a second electrode having a second catalyst layer; and 

(c) an electrolyte membrane interposed betWeen the ?rst 
electrode and the second electrode, 

Wherein either or both of the ?rst catalyst layer and the 
second catalyst layer comprise the electrode catalyst as 
de?ned in claim 1, Which comprises (i) a support With 
a speci?c surface area of 1200 m2/g or more; and (ii) 
platinum or platinum-containing alloy particles loaded 
on the support, Wherein platinum is supported on the 
electrode catalyst in an amount of 56~90 Wt % based on 
the total Weight of the electrode catalyst. 

9. The membrane electrode assembly (MEA) according to 
claim 8, Wherein the support is selected from the group 
consisting of porous carbon, conductive polymers and metal 
oxides. 

10. The membrane electrode assembly (MEA) according 
to claim 8, Wherein the platinum-containing alloy comprises 
at least one metal selected from the group consisting of 
ruthenium (Ru), palladium (Pd), gold (Au), silver (Ag), 
iridium (Ir), rhodium (Rh) and osmium (Os). 
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11. The membrane electrode assembly (MEA) according 
to claim 8, Wherein the platinum or platinum-containing 
alloy particles have a particle siZe of 3.5 nm or less. 

12. The membrane electrode assembly (MEA) according 
to claim 8, Which comprises platinum or platinum-contain 
ing alloy particles With a siZe of less than 3 nm, loaded on 
the support With a speci?c surface area of 1200 m2/g or 
more, Wherein platinum is loaded on the support in an 
amount of at least 70 Wt % based on the total Weight of the 
electrode catalyst. 

13. The membrane electrode assembly (MEA) according 
to claim 12, Wherein the particle siZe of the platinum or 
platinum-containing alloy particles is 1.5~2.9 nm. 

14. The membrane electrode assembly (MEA) according 
to claim 8, Which comprises platinum or platinum-contain 
ing alloy particles With a siZe of 3~3.5 nm, loaded on the 
support With a speci?c surface area of 1200 m2/ g or more, 
Wherein platinum is loaded on the support in an amount of 
at least 80 Wt % based on the total Weight of the electrode 
catalyst. 

15. A fuel cell comprising the membrane electrode assem 
bly as de?ned in claim 8. 

16. A method for preparing an electrode catalyst com 
prising 56-90 Wt % of platinum supported thereon, Which 
comprises the steps of: 

(a) dispersing a support With a speci?c surface area of 
1200 m2/g or more into a solvent to form a support 
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dispersion, and adding a pH modi?er thereto to provide 
an alkali?ed support dispersion; 

(b) adding a platinum precursor or platinum-containing 
alloy precursor compound and a pH modi?er to the 
dispersion obtained from step (a), and further adding a 
reducing agent thereto to perform reaction of the mix 
ture; and 

(c) drying the poWder obtained from step (b). 
17. The method according to claim 16, Wherein the 

dispersion in step (b) has a pH of 8~11. 
18. The method according to claim 16, Wherein steps (a) 

and (b) are performed at a temperature of 500 C. or higher. 
19. The method according to claim 16, Wherein step (b) is 

performed by adding the platinum-containing solution and 
the pH modi?er to the support dispersion, in a portionWise 
manner by using an amount of UN (Wherein (1 §N<100, and 
N is an integer) of the total amount of the platinum 
containing solution and the pH modi?er. 

20. A method for manufacturing an electrode catalyst that 
comprises platinum particles on a support With a speci?c 
surface area of 1200 m2/g or more, Wherein the platinum 
particles have a particle siZe of 3.5 nm or less by controlling 
the theoretical amount of Pt on the support to 60 Wt % or 
more. 


