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Description

[0001] The present invention relates to a mixed reac-
tant fuel cell stack.
[0002] A fuel cell is a power generation system for pro-
ducing electrical energy through an electrochemical re-
dox reaction of an oxidant and hydrogen in a hydrocar-
bon-based material such as methanol, ethanol, or natural
gas.
[0003] Representative exemplary fuel cells include a
polymer electrolyte membrane fuel cell (PEMFC) and a
direct oxidation fuel cell (DOFC). The direct oxidation fuel
cell includes a direct methanol fuel cell, which uses meth-
anol as a fuel.
[0004] The polymer electrolyte fuel cell has an advan-
tage of a high energy density, but it also has problems
in the need to carefully handle hydrogen gas and the
requirement of accessory equipment such as a fuel re-
forming processor for reforming methane or methanol,
natural gas, and the like in order to produce hydrogen as
the fuel gas. In comparison, a direct oxidation fuel cell
has a lower energy density than that of the polymer elec-
trolyte fuel cell, but it has the advantages of easy handling
of a fuel, being capable of operating at a room tempera-
ture due to its low operating temperature, and no need
for additional fuel reforming processors.
[0005] WO01/73881 discloses a mixed reactant fuel
cell in which a mixture of fuel and oxidant is delivered to
a fuel cell stack. US2005/0170227, DE10 2005 010 039,
WO2004/034495 and the articles "PEFC Stack Operat-
ing in Anodic Dead End Mode", Dumercy et al., presented
at 2nd European PEFC Forum, July 2003, "Efficiency of
Hydrogen Fuel Cell, Diesel-SOFC-Hybrid and Battery
Electric Vehicles", Bossel, presented at the European
Fuel Cell Forum July 2003, and "PEM Fuel Cells Theory
and Practice", Frano Babir, July 2005, disclose fuel cells
in which the fuel cell path is closed at one end.
[0006] The article "Compact mixed-reactant fuel cells",
Priestnall et al, Journal of Power Sources 106(2002)
21-30 discusses mixed-reactant fuel cell technology.
[0007] According to the invention, there is provided a
mixed reactant fuel cell stack according to claim 1 and a
method of generating electricity according to claim 11.
[0008] One embodiment of the present invention pro-
vides a stack for a mixed reactant fuel cell that can im-
prove the fuel cell performance due to smooth diffusion
of a fuel and an oxidant into an electrode. Another em-
bodiment of the present invention provides a mixed re-
actant fuel cell system including the stack.
[0009] According to one embodiment of the present
invention, a stack for a mixed reactant fuel cell includes:
at least one membrane-electrode assembly including a
polymer electrolyte membrane; an anode and a cathode
disposed at opposite sides of the polymer electrolyte
membrane; and an electrode substrate disposed on at
least one of the anode or the cathode.
[0010] The present invention, in one embodiment, also
provides a fuel cell system including the stack and a fuel

supplier connected to the stack and supplying fuel. The
stack, in one embodiment, includes an oxidant supply
path and a fuel supply path that penetrate the membrane-
electrode assembly. Both ends of the oxidant supply path
are open, and one end of the fuel supply path is closed,
and the other end is open. When the fuel cell system is
prepared by using the stack, in one embodiment, the
open end of the fuel supply path is connected to the fuel
supplier, and the other end of the fuel supply path is
closed in the fuel cell system. In this embodiment, both
ends of the fuel supply path are closed to the outside.
[0011] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1 is a perspective view showing a stack for a
mixed reactant fuel cell according to one embodi-
ment of the present invention.
FIG. 2 is a schematic view showing a mixed reactant
fuel cell system according to an embodiment of the
present invention.

[0012] The present invention, in one embodiment, pro-
vides a stack for a mixed reactant fuel cell. Particularly,
the present invention, in one embodiment, provides a
stack for a passive type fuel cell, or an air-breathing type
fuel cell. Since the passive type fuel cell is appropriate
for direct oxidation using hydrocarbon fuel, the stack in
one embodiment of the present invention is suitable for
a passive type direct oxidation mixed reactant fuel cell.
[0013] The mixed reactant fuel cell according to one
embodiment of the present invention includes one cata-
lyst for selectively activating the oxidation reaction of the
fuel at the anode and another catalyst for selectively ac-
tivating the reduction reaction of the oxidant at the cath-
ode. Therefore, when the mixture of the fuel and the ox-
idant is injected into both the anode and the cathode,
only an oxidation reaction of the fuel is carried out at the
anode and only a reduction reaction of the oxidant is car-
ried out at the cathode.
[0014] The structure of the mixed reactant fuel cell ac-
cording to one embodiment of the present invention is
substantially the same as that of a conventional mixed
reactant fuel cell. However, the mixed reactant fuel cell
in one embodiment of the present invention does not in-
ject a mixture of a fuel and an oxidant but rather injects
a fuel and an oxidant individually or separately (e.g., in
a crossing direction) such that the fuel and the oxidant
are mixed in a stack.
[0015] By way of example, the mixed reactant fuel cell
in one embodiment of the present invention does not re-
quire separators that are needed to isolate each mem-
brane-electrode assembly in conventional fuel cells. Fur-
ther, the fuel cell according to the described embodiment
does not need to take into account the cross-over of a
fuel. Therefore, the mixed reactant fuel cell in one em-
bodiment of the present invention can significantly re-
duce production costs for a fuel cell and reduce the size
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of a fuel cell. Also, the present invention, according to
one embodiment, can resolve the problem associated
with supplying fuel and air in the conventional mixed re-
actant fuel cell that injects a mixture of a fuel and an
oxidant, by forming an oxidant supply path.
[0016] Also, since the mixed reactant fuel cell in one
embodiment of the present invention does not include
bipolar plates that supply fuel and an oxidant in a con-
ventional fuel cell, a new method for supplying a fuel and
an oxidant is provided.
[0017] A mixed reactant fuel cell stack according to
one embodiment of the present invention includes at
least one membrane-electrode assembly including a pol-
ymer electrolyte membrane, an anode and a cathode dis-
posed on opposite sides of the polymer electrolyte mem-
brane, and an electrode substrate disposed on one side
of at least one of the cathode or the anode. The mixed
reactant fuel cell stack also includes an oxidant supply
path and a fuel supply path.
[0018] The polymer electrolyte membrane, the anode,
the cathode, and the electrode substrate may be porous
to transfer the fuel and spread the oxidant supplied
through the oxidant supply path.
[0019] The oxidant supply path penetrates at least one
membrane-electrode assembly, and both ends of the ox-
idant supply path are open. The fuel supply path has one
end open and the other end closed. The oxidant supply
path and the fuel supply path may be formed alternately
in a single row, or they may be formed separately in dif-
ferent rows. The number of oxidant supply paths may be
the same as the number of fuel supply paths, or it may
be different, for example, two oxidant supply paths and
one fuel supply path. The oxidant supply path and the
fuel supply path may be formed in different rows and
arranged alternately to each other.
[0020] The oxidant is easily input to the inside of the
membrane-electrode assembly through both ends of the
oxidant supply path and spread in the entire membrane-
electrode assembly through the porous anode, cathode,
polymer electrolyte membrane, and electrode substrate.
Since the oxidant is input to the inside of the stack through
the oxidant supply path and spread in the entire stack
through the pores, mass transfer resistance is consider-
ably reduced, and the oxidant can be smoothly supplied
and spread.
[0021] As described above, since both ends of the ox-
idant supply path are open and exposed to air, the oxidant
can be supplied to the stack by a pressure difference,
rather than using a pump.
[0022] The area of a cross-section of the oxidant sup-
ply path perpendicular to the path propagation direction
may range from 1 mm2 to 20 mm2, and more specifically,
from 1.5 mm2 to 3 mm2. In one embodiment, when the
cross-sectional area is larger than 20 mm2, a ratio of an
external area of the oxidant supply path to the volume of
the oxidant supply path is so small that a fuel supply
efficiency is deteriorated. In the described embodiment,
when the cross-sectional area is smaller than 1 mm2, the

oxidant cannot be easily supplied to the oxidant supply
path.
[0023] The fuel supply path penetrates at least one
membrane-electrode assembly, and has one end open
and the other closed. Fuel is easily input into the stack
through the open end of the fuel supply path and spread
to the entire membrane-electrode assembly through the
pores of the porous anode, cathode, polymer electrolyte
membrane, and electrode substrate. As described
above, since the fuel is input to the inside of the stack
through the fuel supply path and then spread to the entire
stack through the pores, mass transfer resistance is con-
siderably reduced, and the fuel can be smoothly supplied
and spread.
[0024] One end of the fuel supply path is closed by a
closing material. The closing material prevents the fuel
from being lost through the other end of the pores when
the fuel is input through one end of the pores, and it con-
tributes to supplying the fuel as much as is used in the
stack. Non-limiting examples of the closing material in-
clude acryl resin and Teflon® (tetrafluoroethylene). Also,
the closing material may be disposed only in an area
where the fuel supply path is in one side of the stack
composed of at least one membrane-electrode assem-
bly, or it may be disposed in the entire surface of a side
of the stack except the part where the oxidant supply
path is.
[0025] One end of the fuel supply path is connected to
a fuel tank such that the fuel can be supplied to the stack
by gravity or a capillary phenomenon without using a
pump.
[0026] The area of a cross-section perpendicular to
the path propagation direction of the fuel supply path, in
one embodiment, may range from 1 mm2 to 5 mm2, and
more specifically from 1 mm2 to 2 mm2. In the described
embodiment, when the cross-sectional area is larger than
5 mm2, a ratio of an external area of the fuel supply path
to the volume of the fuel supply path occupied in the stack
is so small that the performance of the stack is deterio-
rated, while when the cross-sectional area is smaller than
1 mm2, fuel cannot be smoothly supplied to the stack
through the fuel supply path.
[0027] The volume of the fuel supply path occupied in
the stack, in one embodiment, may range from 10% to
20%. In the described embodiment, when the fuel supply
path occupies more than 20% of the stack, the area of a
fuel cell catalyst reaction is reduced, while when it occu-
pies less than 10% of the stack, fuel is not supplied
smoothly.
[0028] The oxidant supply path and the fuel supply
path may be formed by stacking at least one membrane-
electrode assembly, disposing the closing material at one
side of the outermost membrane-electrode assembly,
and punching the stack. However, the methods for form-
ing the oxidant supply path and the fuel supply path are
not limited thereto. In one embodiment, one end of the
fuel supply path is closed by the closing material.
[0029] The stack for a mixed reactant fuel cell accord-
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ing to one embodiment of the present invention can be
provided with the fuel and the oxidant without a pump,
and can be efficiently applied to small and light fuel cells.
[0030] An anode catalyst layer includes a catalyst for
selectively activating the oxidation reaction of fuel. An
example of the catalyst is a platinum-ruthenium alloy cat-
alyst. However, the catalyst is not limited thereto.
[0031] The cathode catalyst layer, in one embodiment,
may include any catalyst for selectively activating an ox-
idant reduction reaction. Specifically, the catalyst, ac-
cording to one embodiment, is selected from the group
consisting of Fe-tetraphenylporphyrin (Fe-TPP), Co-tet-
raphenylporphyrin, (Co-TPP), Fe-tetramethoxyphenyl-
porphyrin (Fe-TMPP), Co-tetramethoxyphenylporphyrin
(Co-TMPP), Fe-phthalocyanine (Fe-PC), Co-phthalocy-
anine (Co-PC), Ru-S, Ru-Se, Ru-Mo-S, Ru-Mo-Se, Ru-
W-S, Ru-W-Se, and a combination thereof. The catalyst
has high activity and selectivity for an oxidant reduction
reaction.
[0032] The catalyst selected from Fe-tetraphenylpor-
phyrin (Fe-TPP), Co-tetraphenylporphyrin, (Co-TPP),
Fe-tetramethoxyphenyl porphyrin (Fe-TMPP), Co-te-
tramethoxyphenylporphyrin (Co-TMPP), Fe-phthalocya-
nine (Fe-PC), or Co-phthalocyanine (Co-PC) is subject-
ed to the heat-treatment to show excellent catalytic ac-
tivity, in one embodiment.
[0033] Catalysts included in the anode catalyst layer
and the cathode catalyst layer may be used in a form of
a metal itself (black catalyst) or can be used while being
supported on a carrier.
[0034] The carrier may include a carbon-based mate-
rial such as acetylene black, denka black, activated car-
bon, ketjen black, or graphite, or an inorganic particulate
such as alumina, silica, zirconia, or titania. The carbon-
based material is generally used in the art.
[0035] The cathode and anode catalyst layers may in-
clude a binder that is generally used in a catalyst layer
of a fuel cell. Non-limiting examples of the binder include
polytetrafluoroethylene, polyvinylidenefluoride, polyvi-
nylidene chloride, polyvinyl alcohol, cellulose acetate,
poly (perfluorosulfonic acid), and so on.
[0036] The polymer electrolyte membrane, in one em-
bodiment, plays a role of exchanging ions by transferring
the protons produced from an anode catalyst layer to a
cathode catalyst layer, and is made of a high proton con-
ductive polymer.
[0037] The proton conductive polymer may be a poly-
mer resin having a cation exchange group selected from
the group consisting of a sulfonic acid group, a carboxylic
acid group, a phosphoric acid group, a phosphonic acid
group, and derivatives thereof, at its side chain.
[0038] Non-limiting examples of the polymer resin in-
clude at least one proton conductive polymer selected
from the group consisting of fluoro-based polymers, ben-
zimidazole-based polymers, polyimide-based polymers,
polyetherimide-based polymers, polyphenylenesulfide-
based polymers, polysulfone-based polymers, poly-
ethersulfone-based polymers, polyetherketone-based

polymers, polyether-etherketone-based polymers, and
polyphenylquinoxaline-based polymers. In an exemplary
embodiment, the proton conductive polymer is at least
one selected from the group consisting of poly(perfluor-
osulfonic acid), poly(perfluorocarboxylic acid), a copoly-
mer of tetrafluoroethylene and fluorovinylether having a
sulfonic acid group, defluorinated polyetherketone
sulfide, aryl ketone, poly(2,2’-(m-phenylene)-5,5’-biben-
zimidazole), or poly (2,5-benzimidazole). The thickness
of the polymer electrolyte membrane, in one embodi-
ment, may range from 10Pm to 200Pm. The crossover
of the fuel does not cause problems in the mixed reactant
fuel cell, but, in one embodiment, the thickness of the
polymer electrolyte membrane is between 10Pm and
100Pm in order to increase the proton conductivity.
[0039] The electrode substrate plays a role to support
a catalyst layer to diffuse the fuel and the oxidant into the
electrodes. This way, the fuel and the oxidant are easily
contacted to the electrodes. In one embodiment, the elec-
trode substrate is formed from a material such as carbon
paper, carbon cloth, carbon felt, or a metal cloth (a porous
film composed of metal fiber or a metal film disposed on
a surface of a cloth composed of polymer fibers). The
electrode substrate is not limited thereto.
[0040] FIG. 1 is a perspective view showing a stack
for a mixed reactant fuel cell according to one embodi-
ment of the present invention.
[0041] The stack 10 is composed of at least one mem-
brane-electrode assembly that includes a polymer elec-
trolyte membrane 15, an anode 13 and a cathode 17
disposed on opposite sides of the polymer electrolyte
membrane 15, and an electrode substrate 11 disposed
on the anode 13.
[0042] The stack also includes an oxidant supply path
10a that penetrates the electrode substrate 11, the anode
13, the polymer electrolyte membrane 15, and the cath-
ode 17 and has its both ends open, and a fuel supply
path 10b that penetrates the electrode substrate 11, the
anode 13, the polymer electrolyte membrane 15, and the
cathode 17, and has one end open. The other end of the
fuel supply path 10b is closed with a closing material 12.
The oxidant is supplied to the inside of the stack 10
through both open ends, and it is spread to the entire
stack 10 through pores connected to the oxidant supply
path 10a. Also, the fuel is supplied to the inside of the
stack 10 through an end of the fuel supply path 10b and
is spread to the entire stack 10 through pores connected
to the fuel supply path 10b to be thereby supplied to the
anode 13 and the cathode 17.
[0043] Both the fuel and the oxidant are supplied to
the anode 13 and the cathode 17. However, since the
anode 13 includes a catalyst for selectively activating the
fuel oxidation reaction, only the fuel oxidation reaction
occurs. Also, since the cathode 17 includes a catalyst for
selectively activating the oxidant reduction reaction, only
the oxidant reduction reaction occurs. Protons generated
from the fuel oxidation reaction are transferred from the
anode 13 to the cathode 17 through the polymer electro-
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lyte membrane 15 and react with electrons and the oxi-
dant transferred from the anode of an adjacent mem-
brane-electrode assembly, and produce water and elec-
tricity.
[0044] One embodiment of the present invention also
provides a mixed reactant fuel cell system. The mixed
reactant fuel cell system includes the stack according to
one embodiment of the present invention that is de-
scribed above, and a fuel supplier. The fuel supplier in-
cludes a fuel tank for storing fuel and supplying the fuel
to the stack, and it may further include a fuel suction part
(or fuel suction mechanism) to better supply the fuel to
the stack. The fuel suction part sucks in the fuel from the
fuel tank and supplies the fuel to the stack. As for the fuel
suction, any material chemically stable for fuel may be
used, such as glass fiber.
[0045] The mixed reactant fuel cell system of one em-
bodiment of the present invention may be used for a direct
oxidation fuel cell using liquid-type hydrocarbon fuel, spe-
cifically, for a direct methanol fuel cell. Examples of the
hydrocarbon fuel include methanol, ethanol, propanol,
butanol, and natural gas.
[0046] FIG. 2 is a schematic view showing a mixed
reactant fuel cell system according to an embodiment of
the present invention. The mixed reactant fuel cell system
will be described in detail with reference to FIG. 2.
[0047] The mixed reactant fuel cell system includes a
stack 10 and a fuel supplier 20 that supplies the fuel to
the stack 10.
[0048] The fuel supplier 20 includes a fuel tank 21 for
storing fuel and a fuel suction (or fuel suction part) 22
connected to the fuel tank 21. The fuel in the fuel tank
21 is supplied to the stack 10 by gravity. The fuel suction
part 22 is optionally set up in the mixed oxidant fuel cell
system to better supply the fuel from the fuel tank 21 to
the stack 10. The fuel suction part 22 includes a fuel
suction material such as glass fiber, and transfers the
fuel stored in the fuel tank 21 to the stack 10.
[0049] An oxidant is supplied through an oxidant sup-
ply path 10a without an additional oxidant tank or an ox-
idant pump, and the oxidant supply path 10a is exposed
to air to input air to the stack.
[0050] The fuel and the oxidant are input to the inside
of the stack 10 through the oxidant supply path 10a and
the fuel supply path 10b, spread to the entire stack 10
through the pores of the cathode, anode, polymer elec-
trolyte membrane, and electrode substrate, and are in-
volved in the fuel oxidation reaction in the anode and the
oxidant reduction reaction in the cathode.
[0051] As shown in FIGs. 1 and 2, one end of the fuel
supply path is closed and the other end is open and con-
nected to the fuel tank 21 through the fuel suction part
22 to be supplied with the fuel.
[0052] The following examples illustrate embodiments
of the present invention in more detail. However, it is
understood that the present invention is not limited by
these examples.

Example 1

[0053] A cathode catalyst slurry was prepared by mix-
ing Fe-tetraphenylporphyrin (Fe-TPP) 0.34 g, which was
obtained from a heat treatment performed in an atmos-
phere of argon gas at 750°C for 4 hours, 5 wt% polyper-
fluorosulfonate binder 2.08 g, and 7.4ml solvent mixture
of isopropyl alcohol and water prepared at a mixing ratio
of 9:1. A carbon paper electrode substrate was coated
with the catalyst slurry to thereby form a cathode on the
electrode substrate.
[0054] An anode catalyst slurry was prepared by mix-
ing platinum-ruthenium black 0.34 g, polyperfluorosul-
fonate binder 2.08 g, and 7.4 ml solvent mixture of iso-
propyl alcohol and water prepared at a mixing ratio of 9:
1. Another carbon paper electrode substrate was coated
with the anode catalyst slurry to thereby form an anode
on the electrode substrate.
[0055] A Nafion® (perfluorosulfonic acid) polymer
electrolyte membrane was disposed on each of the an-
ode and the cathode formed in the electrode substrate
and hot-pressed at 125°C at a pressure of 200 kgf/cm2

for 3 minutes to thereby produce a membrane-electrode
assembly, which was used as a unit cell. An oxidant sup-
ply path having a cross-sectional area of 2 mm2 and a
fuel supply path having a cross-sectional area of 1 mm2

were formed in the unit cell by punching the membrane-
electrode assembly.
[0056] A stack was fabricated by stacking the mem-
brane-electrode assembly. Both ends of the oxidant sup-
ply path were left open, and one end of the fuel supply
path was left open and the other end was closed with
Teflon® (tetrafluoroethylene).
[0057] The fuel cell system using the stack has an ad-
vantage in that it typically has a small volume compared
to a conventional fuel cell system of the same power out-
put.
[0058] The stack for a mixed reactant fuel cell in one
embodiment according to the present invention can im-
prove fuel cell efficiency by smoothly supplying fuel and
an oxidant through diffusion. Particularly, since the stack
is configured to supply the fuel and the oxidant without
using a pump, it can make a fuel cell small and light.
[0059] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
scope of the appended claims.

Claims

1. A mixed reactant fuel cell stack (10), in which fuel
and an oxidant are separately supplied to the stack
and mixed in the stack, comprising:
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a membrane-electrode assembly comprising a
polymer electrolyte membrane (15), an anode
(13) and a cathode (17) disposed on opposite
sides of the polymer electrolyte membrane, and
an electrode substrate (11) disposed on one or
both of the anode and the cathode;
the anode (13) including a catalyst for selectively
activating a fuel oxidation reaction and the cath-
ode (17) including a catalyst for selectively ac-
tivating an oxidant reduction reaction; and
separate oxidant and fuel supply paths (10a,
10b) that penetrate the membrane-electrode as-
sembly,
wherein the oxidant supply path has both ends
open, and the fuel supply path has one end open
and the other end closed.

2. The stack of claim 1, wherein an area of a cross-
section of the oxidant supply path perpendicular to
a path propagation direction ranges from 1 mm2 to
20 mm2.

3. The stack of claim 2, wherein the area of the cross-
section of the oxidant supply path perpendicular to
the path propagation direction ranges from 1.5 mm2

to 3 mm2.

4. The stack of claim 1, 2 or 3, wherein an area of a
cross-section of the fuel supply path perpendicular
to a path propagation direction ranges from 1 mm2

to 5 mm2.

5. The stack of claim 4, wherein the area of the cross-
section of the fuel supply path perpendicular to the
path propagation direction ranges from 1 mm2 to 2
mm2.

6. The stack of any one of the preceding claims, where-
in the fuel supply path occupies 10% to 20% of the
at least one membrane-electrode assembly.

7. The stack of any one of the preceding claims, where-
in the polymer electrolyte membrane, the anode and
the cathode have pores for distributing the fuel and
the oxidant in the at least one membrane-electrode
assembly by diffusion.

8. A mixed reactant fuel cell system, comprising:

a stack (10) according to any one of the preced-
ing claims; and
a fuel supplier (20) for supplying the fuel to the
stack through the open end of the fuel supply
path.

9. The mixed reactant fuel cell system of claim 8, further
comprising a fuel suction part (22) for supplying the
fuel from the fuel supplier to the stack.

10. The mixed reactant fuel cell system of claim 8 or 9,
wherein the mixed reactant fuel cell is a direct oxi-
dation fuel cell.

11. A method of generating electricity using a mixed re-
actant fuel cell stack (10) according to any one of
claims 1 to 8, the method comprising:

supplying a fuel into the stack via the fuel supply
path (10b); and
supplying an oxidant into the stack via the oxi-
dant supply path (10a),
wherein the fuel and the oxidant are mixed in
the stack, supplied to the anode (13) for an ox-
idation reaction of the fuel, and supplied to the
cathode (17) for a reduction reaction of the ox-
idant.

12. The method of claim 11, wherein said supplying the
fuel comprises supplying the fuel from a fuel tank
using fuel suction.

Patentansprüche

1. Ein Stapel von Brennstoffzellen mit gemischten Re-
aktanden (10), in dem Brennstoff und ein Oxidati-
onsmittel getrennt an den Stapel geliefert werden
und in dem Stapel gemischt werden, umfassend:

eine Membran-Elektroden-Anordnung, umfas-
send eine Polymerelektrolytmembran (15), eine
Anode (13) und eine Kathode (17), die auf ge-
genüberliegenden Seiten der Polymerelektroly-
tmembran angeordnet sind, sowie ein Elektro-
densubstrat (11), das auf einer oder beiden der
Anode und der Kathode angeordnet ist;
wobei die Anode (13) einen Katalysator zum se-
lektiven Aktivieren einer Brennstoffoxidations-
reaktion beinhaltet und die Kathode (17) einen
Katalysator zum selektiven Aktivieren einer Oxi-
dationsmittelreduktionsreaktion beinhaltet; und
getrennte Oxidationsmittel- und Brennstofflie-
ferpfade (10a, 10b), die in die Membran-Elek-
troden-Anordnung eindringen,
wobei bei dem Oxidationsmittellieferpfad beide
Enden offen sind und bei dem Brennstoffliefer-
pfad ein Ende offen und das andere Ende ge-
schlossen ist.

2. Der Stapel nach Anspruch 1, wobei eine Fläche ei-
nes Querschnitts des Oxidationsmittellieferpfades
senkrecht zu einer Pfadausbreitungsrichtung zwi-
schen 1 mm2 und 20 mm2 beträgt.

3. Der Stapel nach Anspruch 2, wobei die Fläche des
Querschnitts des Oxidationsmittellieferpfades senk-
recht zu der Pfadausbreitungsrichtung zwischen 1,5

9 10 



EP 1 821 362 B1

7

5

10

15

20

25

30

35

40

45

50

55

mm2 und 3 mm2 beträgt.

4. Der Stapel nach Anspruch 1, 2 oder 3, wobei eine
Fläche eines Querschnitts des Brennstofflieferpfa-
des senkrecht zu einer Pfadausbreitungsrichtung
zwischen 1 mm2 und 5 mm2 beträgt.

5. Der Stapel nach Anspruch 4, wobei die Fläche des
Querschnitts des Brennstofflieferpfades senkrecht
zu der Pfadausbreitungsrichtung zwischen 1 mm2

und 2 mm2 beträgt.

6. Der Stapel nach irgendeinem der vorhergehenden
Ansprüche, wobei der Brennstofflieferpfad zwischen
10% und 20% der mindestens einen Membran-Elek-
troden-Anordnung einnimmt.

7. Der Stapel nach irgendeinem der vorhergehenden
Ansprüche, wobei die Polymerelektrolytmembran,
die Anode und die Kathode Poren zum Verteilen des
Brennstoffs und des Oxidationsmittels in der minde-
stens einen Membran-Elektroden-Anordnung mit-
tels Diffusion aufweisen.

8. Ein System von Brennstoffzellen mit gemischten Re-
aktanten, umfassend:

einen Stapel (10) gemäß irgendeinem der vor-
hergehenden Ansprüche; und
einen Brennstofflieferanten (20) zum Liefern
des Brennstoffs durch das offene Ende des
Brennstofflieferpfades an den Stapel.

9. Das System von Brennstoffzellen mit gemischten
Reaktanten nach Anspruch 8, ferner umfassend ei-
nen Brennstoffansaugteil (22) zum Liefern des
Brennstoffs von dem Brennstofflieferanten an den
Stapel.

10. Das System von Brennstoffzellen mit gemischten
Reaktanten nach Anspruch 8 oder 9, wobei die
Brennstoffzelle mit gemischten Reaktanten eine Di-
rektoxidationsbrennstoffzelle ist.

11. Ein Verfahren zum Erzeugen von Strom unter Ver-
wendung eines Stapels von Brennstoffzellen mit ge-
mischten Reaktanten (10) gemäß irgendeinem der
Ansprüche 1 bis 8, wobei das Verfahren Folgendes
umfasst:

Liefern eines Brennstoffs über den Brennstoff-
lieferpfad (10b) in den Stapel; und
Liefern eines Oxidationsmittels über den Oxida-
tionsmittellieferpfad (10a) in den Stapel,
wobei der Brennstoff und das Oxidationsmittel
in dem Stapel gemischt werden, der Anode (13)
für eine Oxidationsreaktion des Brennstoffs ge-
liefert werden und der Kathode (17) für eine Re-

duktionsreaktion des Oxidationsmittels geliefert
werden.

12. Das Verfahren nach Anspruch 11, wobei besagtes
Liefern des Brennstoffs Liefern des Brennstoffs von
einem Brennstofftank unter Verwendung von Brenn-
stoffansaugung umfasst.

Revendications

1. Empilement (10) de piles à combustible à réactif mé-
langé, dans lequel du combustible et un oxydant sont
séparément amenés à l’empilement et mélangés
dans l’empilement, comprenant :

un ensemble membrane-électrodes compre-
nant une membrane (15) électrolyte polymère,
une anode (13) et une cathode (17) disposées
sur des côtés opposés de la membrane électro-
lyte polymère, et un substrat (11) d’électrodes
disposé sur l’une de l’anode et de la cathode ou
sur les deux ;
l’anode (13) comportant un catalyseur pour ac-
tiver sélectivement une réaction d’oxydation de
combustible et la cathode (17) comportant un
catalyseur pour activer sélectivement une réac-
tion de réduction de l’oxydant ; et
des chemins (10a, 10b) d’alimentation en com-
bustible et en oxydant séparés qui pénètrent
dans l’ensemble membrane-électrodes,
où le chemin d’alimentation en oxydant a ses
deux extrémités ouvertes, et le chemin d’alimen-
tation en combustible a une extrémité ouverte
et l’autre extrémité fermée.

2. Empilement de la revendication 1, dans lequel une
surface d’une coupe transversale du chemin d’ali-
mentation en oxydant perpendiculaire à une direc-
tion de propagation de chemin se trouve dans une
plage de 1 mm2 à 20 mm2.

3. Empilement de la revendication 2, dans lequel la sur-
face de la coupe transversale du chemin d’alimen-
tation en oxydant perpendiculaire à la direction de
propagation de chemin se trouve dans une plage de
1,5 mm2 à 3 mm2.

4. Empilement de la revendication 1, 2 ou 3, dans lequel
une surface d’une coupe transversale du chemin
d’alimentation en combustible perpendiculaire à une
direction de propagation de chemin se trouve dans
une plage de 1 mm2 à 5 mm2.

5. Empilement de la revendication 4, dans lequel la sur-
face de la coupe transversale du chemin d’alimen-
tation en combustible perpendiculaire à la direction
de propagation de chemin se trouve dans une plage
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de 1 mm2 à 2 mm2.

6. Empilement de l’une quelconque des revendications
précédentes, dans lequel le chemin d’alimentation
en combustible occupe 10% à 20% de l’au moins un
ensemble membrane-électrodes.

7. Empilement de l’une quelconque des revendications
précédentes, dans lequel la membrane électrolyte
polymère, l’anode et la cathode ont des pores pour
distribuer le combustible et l’oxydant dans l’au moins
un ensemble membrane-électrodes par diffusion.

8. Système de piles à combustible à réactif mélangé,
comprenant :

un empilement (10) selon l’une quelconque des
revendications précédentes ; et
une alimentation en combustible (20) pour ali-
menter en combustible l’empilement par l’extré-
mité ouverte du chemin d’alimentation en com-
bustible.

9. Système de piles à combustible à réactif mélangé
de la revendication 8, comprenant en outre une par-
tie (22) d’aspiration de combustible pour amener le
combustible de l’alimentation en combustible à l’em-
pilement.

10. Système de piles à combustible à réactif mélangé
de la revendication 8 ou 9, dans lequel la pile à com-
bustible à réactif mélangé est une pile à combustible
à oxydation directe.

11. Procédé de génération d’électricité utilisant un em-
pilement (10) de piles à combustible à réactif mélan-
gé selon l’une quelconque des revendications 1 à 8,
le procédé comprenant le fait :

d’amener du combustible dans l’empilement par
le chemin (10b) d’alimentation en combustible ;
et
d’amener un oxydant dans l’empilement par le
chemin (10a) d’alimentation en oxydant,
où le combustible et l’oxydant sont mélangés
dans l’empilement, amenés à l’anode (13) pour
une réaction d’oxydation du combustible, et
amenés à la cathode (17) pour une réaction de
réduction de l’oxydant.

12. Procédé de la revendication 11, dans lequel ladite
alimentation en combustible comprend le fait d’ame-
ner le combustible à partir d’un réservoir de combus-
tible en utilisant une aspiration de combustible.
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