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Description

[Technical Field]

[0001] The present invention relates to a cathode cat-
alyst layer for fuel cells, a method of manufacturing the
same and a membrane-electrode assembly including the
same.

[Background Art]

[0002] A fuel cell is an electric power generating sys-
tem for directly converting chemical reaction energy of
oxygen and hydrogen contained in a hydrocarbon-based
material such as methanol, ethanol, or natural gas, into
electrical energy.
[0003] Such a fuel cell is a clean energy source which
can replace fossil energy, which has an advantage of
providing a variety of range of power based on stack con-
figuration via lamination of unit cells, and attracts much
attention as a small portable power supply owing to 4 to
10-times higher energy density than small lithium batter-
ies.
[0004] Representative examples of fuel cells include
polymer electrolyte membrane fuel cells (PEMFCs) and
direct oxidation fuel cells. A direct methanol fuel cell (DM-
FC) refers to a type of direct oxidation fuel cell which uses
methanol as a fuel.
[0005] The polymer electrolyte membrane fuel cell has
advantages of high energy density and high power, but
has disadvantages of requiring care in handling hydrogen
gas and additional facilities such as fuel modification de-
vices for modifying methane, methanol, natural gas or
the like in order to produce hydrogen as a fuel gas.
[0006] On the other hand, the direct oxidation fuel cell
has lower energy density than the polymer electrolyte
membrane fuel cell, but has advantages of easy handling
of fuels, operation availability at a low operation temper-
ature such as room temperature and in particular, and
no need for fuel modification devices.
[0007] In such a fuel cell system, the stack actually
generating electricity has a structure in which several to
several dozen unit cells, each consisting of a membrane-
electrode assembly (MEA) and a separator (also called
a "bipolar plate"), are laminated. The membrane-elec-
trode assembly has a structure in which a polymer elec-
trolyte membrane including a hydrogen ion conducting
polymer is interposed between an anode (also called a
"fuel electrode" or "oxidation electrode") and a cathode
(also called an "air electrode" or "reduction electrode").
[0008] Electricity is generated by a fuel cell based on
the following principle. A fuel is supplied to a fuel elec-
trode, i.e., the anode, is adsorbed on a catalyst of the
anode, and is then oxidized to produce a hydrogen ion
and an electron. The generated electron moves to an
oxidation electrode, i.e., a cathode via an exterior circuit,
while the hydrogen ion passes through the polymer elec-
trolyte membrane and then moves to the cathode. An

oxidizing agent is supplied to the cathode, the oxidizing
agent, the hydrogen ion and electron react with one an-
other on the catalyst of the cathode to produce water
and, at the same time, generate electricity.
[0009] Research to improve activity of catalysts is ac-
tively underway because the performance of the fuel cell
is greatly affected by the performance of catalysts of the
anode and cathode.
[0010] In particular, the polymer electrolyte membrane
fuel cell is commercially available and practically appli-
cable earlier than other fuel cells due to the advantage
of providing high-efficiency high power at low operation
temperature.
[0011] Cost reduction via reduction of the amount of
platinum used is the most potential issue in order to com-
mercialize polymer electrolyte membrane fuel cells.
However, reduction in amount of platinum used can have
adverse influences on both power and durability.
[0012] Generally, a Pt/C catalyst wherein nano-scale
Pt is supported on carbon having a high specific surface
area is most commonly used, but there is a problem of
decrease in durability caused by deterioration of the cat-
alyst.
[0013] Therefore, research is continuing to design
structures of catalyst layers capable of solving problems
associated with performance and durability resulting
from decreased platinum content.

[Disclosure]

[Technical Problem]

[0014] Therefore, the present invention has been
made in view of the above problems, and it is one object
of the present invention to provide a cathode catalyst
layer for fuel cells with excellent durability and power per-
formance as well as superior economic efficiency.
[0015] It is another object of the present invention to
provide a method of manufacturing a cathode catalyst
layer for fuel cells.
[0016] It is yet another object of the present invention
to provide a membrane-electrode assembly including the
cathode catalyst layer for fuel cells.

[Technical Solution]

[0017] In accordance with the present invention, the
above and other objects can be accomplished by the
provision of a cathode catalyst layer for fuel cells includ-
ing heat-treated ordered mesoporous carbon, wherein
the heat-treated ordered mesoporous carbon is present
in an amount of 1% by weight to 15% by weight, with
respect to the total weight of the cathode catalyst layer
for fuel cells.
[0018] The heat treatment is carried out at 900°C to
3000°C for 30 minutes to 3 hours.
[0019] The heat-treated ordered mesoporous carbon
may include pores having a mean diameter of 3 nm to
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10 nm.
[0020] The heat-treated ordered mesoporous carbon
has a hydrophobic surface.
[0021] The heat-treated ordered mesoporous carbon
may take the shape of a nanorod.
[0022] The nanorod may have a length of 500 nm to
1000 nm.
[0023] A total pore diameter in the cathode catalyst
layer for fuel cells may be 40 nm to 120 nm.
[0024] The cathode catalyst layer for fuel cells may fur-
ther include Co, Ru, or a combination thereof.
[0025] In another aspect of the present invention, pro-
vided is a method of manufacturing a cathode catalyst
layer for fuel cells including heat-treating ordered mes-
oporous carbon containing a hydrophilic group, dispers-
ing the heat-treated ordered mesoporous carbon with an
ionomer in an organic solvent to prepare a composition,
and coating a support film with the composition and dry-
ing the support film.
[0026] The heat treatment has been described above.
[0027] The dispersion may be carried out using a 3-
roll mill.
[0028] The ionomer may be a sulfonated highly fluor-
inated polymer.
[0029] The support film may include a polyethylene
film, a Mylar film, a polyethylene terephthalate film, a Te-
flon film, a polyimide film or a combination thereof.
[0030] The heat-treated ordered mesoporous carbon
may take the shape of a nanorod.
[0031] The nanorod has been described above.
[0032] The heat-treated ordered mesoporous carbon
is present in an amount of 1% by weight to 15% by weight,
with respect to the total weight of the cathode catalyst
layer for fuel cells.
[0033] In yet another aspect of the present invention,
provided is a membrane-electrode assembly for fuel cells
including the cathode catalyst layer for fuel cells.
[0034] The fuel cell may be a polymer electrolyte mem-
brane fuel cell (PEMFC).

[Effects of the Invention]

[0035] The cathode catalyst layer for fuel cells exhibits
excellent durability, power performance and economic
efficiency.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0036] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a current-voltage graph of membrane-elec-
trode assemblies according to Example 1 and Com-
parative Example 1;
FIGs. 2 and 3 are graphs showing electrochemical
impedance spectroscopy (EIS) analysis results for

cathode catalyst layers of membrane-electrode as-
semblies according to Example 1 and Comparative
Example 1, respectively, and in FIGs. 2 and 3, Rcl
represents resistance applied to the catalyst layer
(interface resistance between the catalyst layer and
a layer (membrane) adjacent thereto), Rm repre-
sents membrane resistance, Rtr represents mass
transfer resistance, and Rct represents charge trans-
fer resistance;
FIGs. 4 and 5 are graphs comparatively showing
pore volume and pore size between cathode catalyst
layers in membrane-electrode assemblies accord-
ing to Example 1 and Comparative Example 1; and
FIG. 6 is a schematic view illustrating the structure
of a fuel cell system.

[Best Mode]

[0037] Hereinafter, embodiments of the present inven-
tion will be described in more detail such that a person
having ordinary knowledge in the field to which the
present invention pertains can easily implement the em-
bodiments. However, the embodiments of the present
invention can be implemented in various forms and
should not be construed as being limited to the embod-
iments described herein.
[0038] This application claims the benefit of Korean
Patent Application No. 10-2015-0076585 filed on May
29, 2015 with the Korean Intellectual Property Office.
[0039] In the drawings, the thicknesses of layers and
regions are exaggerated for better understanding of the
present invention.
[0040] It will be understood that when an element such
as a layer, film, region or substrate is referred to as being
"on" another element, it can be directly on the other ele-
ment or intervening elements may also be present. In
contrast, when an element is referred to as being "directly
on" another element, there are no intervening elements
present.
[0041] As used herein, the expression "a combination
thereof" means an alloy, mixture or laminate thereof.
[0042] An embodiment provides a cathode catalyst
layer for fuel cells including heat-treated ordered mes-
oporous carbon, wherein the heat-treated ordered mes-
oporous carbon is present in an amount of 1% by weight
to 15% by weight, with respect to the total weight of the
cathode catalyst layer for fuel cells.
[0043] The cathode catalyst layer for fuel cells includes
the heat-treated ordered mesoporous carbon, thereby
exhibiting excellent structural stability and reducing mass
transfer resistance and charge transfer resistance to
greatly improve durability and power performance of the
membrane-electrode assembly including the cathode
catalyst layer for fuel cells.
[0044] In addition, the heat-treated ordered mesopo-
rous carbon is present in an amount of 1% by weight to
15% by weight, with respect to the total weight of the
cathode catalyst layer for fuel cells. By including the heat-
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treated ordered mesoporous carbon in an amount within
the range defined above, pore volume can be controlled.
For this reason, power performance can be improved.
That is, when the content is within the range, pore volume
and pore particle size are increased, gas transfer routes
can be sufficiently secured and high power characteris-
tics can thus be accomplished. However, when the heat-
treated ordered mesoporous carbon is present in an
amount of less than 1% by weight, with respect to the
total weight of the cathode catalyst layer for fuel cells,
gas transfer routes cannot be sufficiently secured and
when the heat-treated ordered mesoporous carbon is
present in an amount exceeding 15% by weight, with
respect to the total weight of the cathode catalyst layer
for fuel cells, durability is disadvantageously deteriorat-
ed.
[0045] The heat treatment is carried out at 900°C to
3000°C for 30 minutes to 3 hours. When the ordered
mesoporous carbon is heat-treated under these condi-
tions, the ordered mesoporous carbon is surface-modi-
fied. That is, the ordered mesoporous carbon has hy-
drophilic groups such as hydroxyl groups on the surface
thereof. Through the heat-treatment, the surface of the
ordered mesoporous carbon becomes hydrophobic. For
this reason, dispersibility of the ordered mesoporous car-
bon in an organic solvent or the like can be improved.
That is, by heat-treating ordered mesoporous carbon
within the above temperature range, hydrophilicity and
hydrophobicity of the surface of the ordered mesoporous
carbon can be controlled so that dispersibility in an or-
ganic solvent or the like can be improved. In addition,
ultimately, the membrane-electrode assembly including
a cathode catalyst layer according to an embodiment can
accomplish high durability under high-humidity condi-
tions.
[0046] The heat-treated ordered mesoporous carbon
may include pores having a mean diameter of 3 nm to
10 nm, for example, 3 nm to 5 nm. For example, the mean
diameter of pores is 3.5 nm, but the present invention is
not limited thereto. In addition, the cathode catalyst layer
for fuel cells may have a total pore diameter of 40 nm to
120 nm. When the pores have a mean diameter within
the range defined above and the total pore diameter is
within the range, gas transfer route is sufficiently secured
and electrochemical activity such as high power can be
improved.
[0047] The heat-treated ordered mesoporous carbon
may take the shape of a nanorod. In this case, mass
transfer of gas can be facilitated.
[0048] The nanorod may have a length of 500 nm to
1000 nm. In this case, the nanorod can have a wide sur-
face area without agglomeration between particles.
[0049] The cathode catalyst layer for fuel cells may fur-
ther include Co, Ru or a combination thereof, but the
present invention is not limited thereto.
[0050] A method of manufacturing the cathode catalyst
layer for fuel cells having the configuration according to
an embodiment includes: heat-treating ordered mesopo-

rous carbon containing a hydrophilic group; dispersing
the heat-treated ordered mesoporous carbon with an ion-
omer in an organic solvent to prepare a composition; and
coating a support film with the composition and drying
the support film.
[0051] The heat treatment has been described above.
[0052] The dispersion may be carried out using a 3-
roll mill. The ordered mesoporous carbon tends to ag-
glomerate and is thus difficult to disperse when mixed
with other catalysts or the like in a solvent. Accordingly,
ordered mesoporous carbon containing a hydrophilic
group, such as a hydroxyl group, is heat-treated. In ad-
dition to the heat treatment, a 3-roll mill is used to disperse
the heat-treated ordered mesoporous carbon with an ion-
omer in a small amount of organic solvent (such as water
and alcohol or the like).
[0053] A representative example of the ionomer is sul-
fonated highly fluorinated polymer (for example, Nafion:
DuPont™) which has a main chain containing fluorinated
alkylene and a side chain containing fluorinated vinyl
ether having a sulfonic acid group at an end thereof and
all polymers having similar properties thereto can be
used.
[0054] The support film may include a polyethylene
film, a Mylar film, a polyethylene terephthalate film, a Te-
flon film, a polyimide film or a combination thereof.
[0055] The heat-treated ordered mesoporous carbon
may take the shape of a nanorod. In this case, the effect
of facilitating mass transfer of gas can be achieved.
[0056] The nanorod may have a length of 500 nm to
1000 nm. In this case, the nanorod can have a wide sur-
face area without agglomeration between particles.
[0057] The heat-treated ordered mesoporous carbon
is present in an amount of 1% by weight to 15% by weight,
with respect to the total weight of the cathode catalyst
layer for fuel cells. By including the heat-treated ordered
mesoporous carbon present in the amount within the
range defined above, pore volume can be controlled and
power performance can thus be improved. That is, when
the content is within the range, pore volume and pore
particle size are increased, gas transfer route is suffi-
ciently secured and high power characteristics can thus
be accomplished.
[0058] Another embodiment provides a membrane-
electrode assembly for fuel cells including the cathode
catalyst layer for fuel cells.
[0059] The membrane-electrode assembly may fur-
ther include a cathode and/or an anode. That is, the mem-
brane-electrode assembly for fuel cells includes a cath-
ode and an anode which face each other, and a polymer
electrolyte membrane interposed between the cathode
and the anode, and the cathode may further include the
cathode catalyst layer for fuel cells according to the em-
bodiment.
[0060] The polymer electrolyte membrane is generally
used as a polymer electrolyte membrane for fuel cells
and any polymer electrolyte membrane may be used so
long as it is made of a polymer resin having the ability to
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conduct hydrogen ions. Representative examples in-
clude polymer resins having, at a side chain thereof, a
cationic exchanger selected from the group consisting of
a sulfonic acid group, a carboxylic acid group, a phos-
phoric acid group, a phosphonic acid group and a deriv-
ative thereof.
[0061] Representative examples of the polymer resin
include at least one of fluoro-based polymers, benzimi-
dazole-based polymers, polyimide-based polymers, pol-
yetherimide-based polymers, polyphenylene sulfide-
based polymers, polysulfone-based polymers, polyether
sulfone-based polymers, polyether ketone-based poly-
mers, polyether-ether ketone-based polymers and
polyphenylquinoxaline-based polymers. Representative
polymer resins include one or more selected from po-
ly(perfluorosulfonic acid) (generally, marketed under the
trademark of Nafion), poly(perfluorocarboxylic acid), and
copolymers of fluorovinylether and tetrafluoroethylene
including sulfonic acid groups, defluorinated polyether-
ketone sulfide, arylketone, poly(2,2’-(m-phenylene)-5,5’-
bibenzimidazole) and poly(2,5-benzimidazole).
[0062] In addition, hydrogen (H) of the hydrogen ion
conductive group of this hydrogen ion-conducting poly-
mer can be replaced by Na, K, Li, Cs, or tetrabutylam-
monium. When the hydrogen (H) of the hydrogen ion
conductive group of the hydrogen ion-conducting poly-
mer is replaced by Na, in case where NaOH is replaced
by tetrabutylammonium, tetrabutylammonium hydroxide
is used for the replacement, and K, Li, or Cs can be also
replaced by a suitable compound. This replacement
method is well-known in the art and detailed description
is omitted in the specification. In addition, after replace-
ment by Na, K, Li, Cs, or tetrabutylammonium, catalyst
layer acid-treatment is conducted so that a proton-type
(H+-form) polymer electrolyte membrane is obtained.
[0063] The fuel cell may be a polymer electrolyte mem-
brane fuel cell (PEMFC).
[0064] Yet another embodiment provides a fuel cell
system which includes at least one electricity generator,
a fuel feeder and an oxidizing agent feeder.
[0065] The electricity generator includes the mem-
brane-electrode assembly and a separator (also referred
to as a "bipolar plate"). The electricity generator functions
to generate electricity through oxidation of fuel and re-
duction of an oxidizing agent.
[0066] The fuel feeder functions to supply fuels to the
electricity generator and the oxidizing agent feeder func-
tions to supply an oxidizing agent such as oxygen or air
to the electricity generator.
[0067] In an embodiment, the fuel may include gas or
liquid hydrogen or hydrocarbon. Representative exam-
ples of the hydrocarbon include methanol, ethanol, pro-
panol, butanol or natural gas.
[0068] A schematic structure of the fuel cell system
according to the embodiment is shown in FIG. 6. The fuel
cell system will be described in more detail with reference
to FIG. 6. With regard to the structure shown in FIG. 6,
the system supplies fuel and an oxidizing agent using a

pump to the electricity generator, but the fuel cell system
is not limited to this structure and the fuel cell system
using a diffusion method without using a pump may be
used.
[0069] The fuel cell system 1 according to an embod-
iment includes at least one electricity generator 3 which
generates electrical energy through oxidation of fuel and
reduction of an oxidizing agent, a fuel feeder 5 for sup-
plying the fuel, and an oxidizing agent feeder 7 for sup-
plying an oxidizing agent to the electricity generator 3.
[0070] In addition, the fuel feeder 5 for supplying the
fuel may include a fuel tank 9 for storing fuel and a fuel
pump 11 connected to the fuel tank 9. The fuel pump 11
functions to discharge the stored fuel in the fuel tank 9
via a predetermined pumping power.
[0071] The oxidizing agent feeder 7 for supplying the
oxidizing agent to the electricity generator 3 includes at
least one oxidizing agent pump 13 for absorbing the ox-
idizing agent via a predetermined pumping power.
[0072] The electricity generator 3 includes a mem-
brane-electrode assembly 17 for oxidizing and reducing
fuel and an oxidizing agent, and separators 19 and 19’
for supplying fuel and the oxidizing agent to both sides
of the membrane-electrode assembly 17, and one or
more electricity generators including such electricity gen-
erator 3 are joined to form a stack 15.

[Mode for the Invention]

[0073] Now, the present invention will be described in
more detail with reference to preferred examples and
comparative examples. However, these examples are
provided only for illustrative purpose and should not be
construed as limiting the scope of the present invention.

(Example)

Example 1: Production of cathode catalyst layer including 
ordered mesoporous carbon (OMC)

[0074] A solvent consisting of ultra-pure water and an
organic solvent was prepared. A catalyst, a thickening
agent and an ionomer (for example, Nafion produced by
DuPont or the like) were added to the prepared solvent,
and ordered mesoporous carbon (OMC) which had been
surface-modified by heat treatment at 1500°C to 2000°C
for 1 to 2 hours was added thereto. Then, the resulting
material was dispersed by mixing using a 3-roll mill to
prepare a slurry. The prepared slurry was coated to pro-
duce a cathode catalyst layer.

Comparative Example 1: Production of cathode catalyst 
layer not including ordered mesoporous carbon (OMC)

[0075] A solvent consisting of ultra-pure water and an
organic solvent was prepared. A catalyst, a thickening
agent and an ionomer (for example, Nafion produced by
DuPont, or the like) were added to the prepared solvent.
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Then, the material was dispersed by mixing using a 3-
roll mill to prepare a slurry. The prepared slurry was coat-
ed to produce a cathode catalyst layer.

Test 1: Dispersibility

[0076] Transmission electron microscope (TEM) and
scanning electron microscope (SEM) images of the cath-
ode catalyst layers according to Example 1 and Compar-
ative Example 1 were obtained and dispersibility of or-
dered mesoporous carbon was measured.
[0077] The transmission electron microscope (TEM)
image of ordered mesoporous carbon in the cathode cat-
alyst layer for fuel cells is shown in FIG. 1 of Korean
Patent Application No.10-2015-0076585, and the scan-
ning electron microscope (SEM) image is shown in FIG.
2 of Korean Patent Application No. 10-2015-0076585.
[0078] As can be seen from the TEM image shown in
FIG. 1 of Korean Patent Application
No.10-2015-0076585 and the SEM image shown in FIG.
2 of Korean Patent Application No. 10-2015-0076585,
cathode catalyst layers with excellent dispersibility were
produced. In addition, the mean particle size of pores
was found to be 3.5 nm.

Test 2: Power and resistance characteristics

[0079] The power and resistance characteristics of
membrane-electrode assemblies including cathode cat-
alyst layers according to Example 1 and Comparative
Example 1 were measured and results are shown in
FIGs. 1 to 3.
[0080] As can be seen from FIG. 1, the membrane-
electrode assembly including a cathode catalyst layer
including ordered mesoporous carbon exhibited better
power characteristics, as compared to the membrane-
electrode assembly including a cathode catalyst layer
not including ordered mesoporous carbon. In addition,
as can be seen from FIGs. 2 and 3, the membrane-elec-
trode assembly including a cathode catalyst layer includ-
ing ordered mesoporous carbon had lower resistance
than the membrane-electrode assembly including a cath-
ode catalyst layer not including ordered mesoporous car-
bon.

Test 3: Pore characteristics

[0081] The pore volume and pore diameter in the cath-
ode catalyst layer according to Example 1 and Compar-
ative Example 1 were tested and results are shown in
FIGs. 4 and 5.
[0082] As can be seen from FIGs. 4 and 5, the mem-
brane-electrode assembly including a cathode catalyst
layer including ordered mesoporous carbon had effective
gas channels due to increased overall pore volume and
pore diameter, and thus reduced mass transfer resist-
ance, as compared to the membrane-electrode assem-
bly including a cathode catalyst layer not including or-

dered mesoporous carbon.
[0083] Although the preferred embodiments of the
present invention have been disclosed for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope of the claims.

[Industrial Applicability]

[0084] The present invention relates to a cathode cat-
alyst layer for fuel cells, a method of manufacturing the
same and a membrane-electrode assembly including the
same. The present invention relates to a cathode catalyst
layer for fuel cells including heat-treated ordered mes-
oporous carbon wherein the heat-treated ordered mes-
oporous carbon is present in an amount of 1% by weight
to 15% by weight, with respect to the total weight of the
cathode catalyst layer for fuel cells, and a method of man-
ufacturing the same. The cathode catalyst layer for fuel
cells exhibits excellent durability, power performance
and economic efficiency.

Claims

1. A cathode catalyst layer for fuel cells comprising a
catalyst, heat-treated ordered mesoporous carbon,
and an ionomer,
wherein the heat-treated ordered mesoporous car-
bon is present in an amount of 1% by weight to 15%
by weight, with respect to the total weight of the cath-
ode catalyst layer for fuel cells, and
characterized in that the heat-treated ordered mes-
oporous carbon is formed by heat-treating ordered
mesoporous carbon containing a hydrophilic group
at 900°C to 3000°C for 30 minutes to 3 hours, where-
in the heat-treated ordered mesoporous carbon has
a hydrophobic surface.

2. The cathode catalyst layer according to claim 1,
wherein the heat-treated ordered mesoporous car-
bon comprises pores having a mean diameter of 3
nm to 10 nm.

3. The cathode catalyst layer according to claim 1,
wherein the heat-treated ordered mesoporous car-
bon takes the shape of a nanorod.

4.  The cathode catalyst layer according to claim 3,
wherein the nanorod has a length of 500 nm to 1000
nm.

5. The cathode catalyst layer according to claim 1,
wherein a total pore diameter in the cathode catalyst
layer for fuel cells is 40 nm to 120 nm.

6. The cathode catalyst layer according to claim 1,
wherein the cathode catalyst layer for fuel cells fur-
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ther comprises Co, Ru, or a combination thereof.

7. A method of manufacturing a cathode catalyst layer
for fuel cells comprising:

heat-treating ordered mesoporous carbon con-
taining a hydrophilic group wherein the heat-
treated ordered mesoporous carbon is present
in an amount of 1% by weight to 15% by weight,
with respect to the total weight of the cathode
catalyst layer for fuel cells, characterized in
that the heat-treating is carried out at 900°C to
3000°C for 30 minutes to 3 hours such that the
heat-treated ordered mesoporous carbon has a
hydrophobic surface;
dispersing the heat-treated ordered mesopo-
rous carbon with a catalyst and an ionomer in
an organic solvent to prepare a composition; and
coating a support film with the composition and
drying the support film.

8. The method according to claim 7, wherein the dis-
persion is carried out using a 3-roll mill.

9. The method according to claim 7, wherein the iono-
mer is a sulfonated fluorinated polymer.

10. The method according to claim 7, wherein the sup-
port film comprises a polyethylene film, a polyethyl-
ene terephthalate film, a polyimide film or a combi-
nation thereof.

11. The method according to claim 7, wherein the heat-
treated ordered mesoporous carbon takes the shape
of a nanorod.

12. The method according to claim 11, wherein the na-
norod has a length of 500 nm to 1000 nm.

13. A membrane-electrode assembly for fuel cells com-
prising the cathode catalyst layer for fuel cells ac-
cording to any one of claims 1 to 6.

14. The membrane-electrode assembly according to
claim 13, wherein the fuel cell is a polymer electrolyte
membrane fuel cell (PEMFC).

Patentansprüche

1. Kathodenkatalysatorschicht für Brennstoffzellen,
umfassend einen Katalysator, wärmebehandelten,
gerichteten, mesoporösen Kohlenstoff und ein Iono-
mer,
wobei der wärmebehandelte, gerichtete, mesoporö-
se Kohlestoff in einer Menge von 1 Gew.-% bis 15
Gew.-%, mit Bezug auf das Gesamtgewicht der Ka-
thodenkatalysatorschicht für Brennstoffzellen, vor-

liegt, und
dadurch gekennzeichnet, dass der wärmebehan-
delte, gerichtete, mesoporöse Kohlenstoff gebildet
ist durch Wärmebehandeln von eine hydrophile
Gruppe enthaltendem, gerichtetem, mesoporösem
Kohlenstoff bei 900 °C bis 3000 °C während 30 Mi-
nuten bis 3 Stunden, wobei der wärmebehandelte,
gerichtete, mesoporöse Kohlenstoff eine hydropho-
be Oberfläche aufweist.

2. Kathodenkatalysatorschicht nach Anspruch 1, wo-
bei der wärmebehandelte, gerichtete, mesoporöse
Kohlenstoff Poren mit einem mittleren Durchmesser
von 3 nm bis 10 nm umfasst.

3. Kathodenkatalysatorschicht nach Anspruch 1, wo-
bei der wärmebehandelte, gerichtete, mesoporöse
Kohlenstoff die Form eines Nanostäbchens an-
nimmt.

4. Kathodenkatalysatorschicht nach Anspruch 3, wo-
bei das Nanostäbchen eine Länge von 500 nm bis
1000 nm aufweist.

5. Kathodenkatalysatorschicht nach Anspruch 1, wo-
bei der gesamte Porendurchmesser in der Katho-
denkatalysatorschicht für Brennstoffzellen 40 nm bis
120 nm beträgt.

6. Kathodenkatalysatorschicht nach Anspruch 1, wo-
bei die Kathodenkatalysatorschicht für Brennstoff-
zellen weiterhin Co, Ru oder eine Kombination hier-
von umfasst.

7. Verfahren zur Herstellung einer Kathodenkatalysa-
torschicht für Brennstoffzellen, umfassend:

Wärmebehandeln von eine hydrophile Gruppe
aufweisendem, gerichtetem, mesoporösem
Kohlenstoff, wobei der wärmebehandelte, ge-
richtete, mesoporöse Kohlenstoff in einer Men-
ge von 1 Gew. % bis 15 Gew.-%, mit Bezug auf
das Gesamtgewicht der Kathodenkatalysator-
schicht für Brennstoffzellen, vorliegt, dadurch
gekennzeichnet, dass die Wärmebehandlung
bei 900 °C bis 3000 °C während 30 Minuten bis
3 Stunden durchgeführt wird, sodass der wär-
mebehandelte, gerichtete, mesoporöse Kohlen-
stoff eine hydrophobe Oberfläche aufweist;
Dispergieren des wärmebehandelten, gerichte-
ten, mesoporösen Kohlenstoffs mit einem Kata-
lysator und einem Ionomer in einem organi-
schen Lösungsmittel, um eine Zusammenset-
zung herzustellen; und
Beschichten einer Trägerfolie mit der Zusam-
mensetzung und Trocknen der Trägerfolie.

8. Verfahren nach Anspruch 7, wobei die Dispersion
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unter Verwendung einer 3-Walzenmühle durchge-
führt wird.

9. Verfahren nach Anspruch 7, wobei das Ionomer ein
sulfoniertes fluoriertes Polymer ist.

10. Verfahren nach Anspruch 7, wobei die Trägerfolie
eine Polyethylenfolie, eine Polyethylenterephtalatfo-
lie, eine Polyimidfolie oder eine Kombination hiervon
umfasst.

11. Verfahren nach Anspruch 7, wobei der wärmebe-
handelte, gerichtete, mesopolöse Kohlenstoff die
Form eines Nanostäbchens einnimmt.

12. Verfahren nach Anspruch 11, wobei das Nanostäb-
chen eine Länge von 500 nm bis 1000 nm aufweist.

13. Membran-Elektroden-Anordnung für Brennstoffzel-
len, umfassend die Kathodenkatalysatorschicht für
Brennstoffzellen nach irgendeinem der Ansprüche
1 bis 6.

14. Membran-Elektroden-Anordnung nach Anspruch
13, wobei die Brennstoffzelle eine Polymer-Elektro-
lyt-Membran-Brennstoffzelle (PEMFC) ist.

Revendications

1. Couche de catalyseur cathodique pour piles à com-
bustible, comportant un catalyseur, du carbone mé-
soporeux ordonné traité thermiquement et un iono-
mère,
dans laquelle le carbone mésoporeux ordonné traité
thermiquement est présent en une quantité de 1 %
en poids à 15 % en poids, par rapport au poids total
de la couche de catalyseur cathodique pour piles à
combustible, et
caractérisée en ce que le carbone mésoporeux or-
donné traité thermiquement est formé en traitant
thermiquement du carbone mésoporeux ordonné
contenant un groupe hydrophile à 900 °C jusqu’à
3000 °C pendant 30 minutes jusqu’à 3 heures, dans
laquelle le carbone mésoporeux ordonné traité ther-
miquement a une surface hydrophobe.

2. Couche de catalyseur cathodique selon la revendi-
cation 1, dans laquelle le carbone mésoporeux or-
donné traité thermiquement comporte des pores
ayant un diamètre moyen de 3 nm à 10 nm.

3. Couche de catalyseur cathodique selon la revendi-
cation 1, dans laquelle le carbone mésoporeux or-
donné traité thermiquement prend la forme d’une na-
notige.

4. Couche de catalyseur cathodique selon la revendi-

cation 3, dans laquelle la nanotige a une longueur
de 500 nm à 1000 nm.

5. Couche de catalyseur cathodique selon la revendi-
cation 1, dans laquelle un diamètre de pore total dans
la couche de catalyseur cathodique pour piles à com-
bustible est de 40 nm à 120 nm.

6. Couche de catalyseur cathodique selon la revendi-
cation 1, dans laquelle la couche de catalyseur ca-
thodique pour piles à combustible comporte en outre
du Co, du Ru ou une combinaison de ceux-ci.

7. Procédé de fabrication d’une couche de catalyseur
cathodique pour piles à combustible, comportant les
étapes consistant à :

traiter thermiquement du carbone mésoporeux
ordonné contenant un groupe hydrophile dans
lequel le carbone mésoporeux ordonné traité
thermiquement est présent en une quantité de
1 % en poids à 15 % en poids, par rapport au
poids total de la couche de catalyseur cathodi-
que pour piles à combustible, caractérisé en
ce que le traitement thermique est réalisé à 900
°C jusqu’à 3000 °C pendant 30 minutes jusqu’à
3 heures de telle sorte que le carbone mésopo-
reux ordonné traité thermiquement a une surfa-
ce hydrophobe ;
disperser le carbone mésoporeux ordonné traité
thermiquement avec un catalyseur et un iono-
mère dans un solvant organique pour préparer
une composition ; et
déposer un film de support avec la composition
et sécher le film de support.

8. Procédé selon la revendication 7, dans lequel la dis-
persion est réalisée en utilisant une broyeuse à 3
cylindres.

9. Procédé selon la revendication 7, dans lequel le io-
nomère est un polymère fluoro-sulfoné.

10. Procédé selon la revendication 7, dans lequel le film
de support comporte un film de polyéthylène, un film
de polyéthylène téréphtalate, un film de polyimide
ou une combinaison de ceux-ci.

11. Procédé selon la revendication 7, dans lequel le car-
bone mésoporeux ordonné traité thermiquement
prend la forme d’une nanotige.

12. Procédé selon la revendication 11, dans lequel la
nanotige a une longueur de 500 nm à 1000 nm.

13. Assemblage membrane-électrode pour piles à com-
bustible comportant la couche de catalyseur catho-
dique pour piles à combustible selon l’une quelcon-
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que des revendications 1 à 6.

14. Assemblage membrane-électrode selon la revendi-
cation 13, dans lequel la pile à combustible est une
pile à combustible à membrane électrolyte polymère
(PEMFC).
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