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Description

Technical Field

[0001] This invention relates to a polymer electrolyte fuel cells system which makes use of a solid polymer as an
electrolyte, and in particular to a polymer electrolyte fuel cells system having a mechanism for preventing the drying of
a solid polymer electrolyte membrane.

Background Art

[0002] A fuel cells system is designed such that a fuel gas such as hydrogen or a reactive gas is rendered to electro-
chemically react with an oxidizing gas such as air so as to directly convert the chemical energy of the fuel to an electric
energy.
[0003] This fuel cells system can be classified into various types depending on the kind of electrolyte. As one type of
fuel cells system, there is known a polymer electrolyte fuel cells system which makes use of a solid polymer as an
electrolyte.
[0004] FIG. 1 shows a cross-sectional view of one example of the structure of such a polymer electrolyte fuel cells
system.
[0005] Referring to FIG. 1, each cell 4 comprises a pair of gas-diffusing electrodes consisting of a fuel electrode
(hereinafter, referred to as an anode) 1a and an oxidizing electrode (hereinafter, referred to as a cathode) 1b, and a
polymer electrolyte membrane 3 having ion conductivity and gas-separating function which is interposed between the
pair of gas-diffusing electrodes with a catalyst layer 2a or 2b (made of Pt for example) being interposed between the
solid polymer electrolyte membrane 3 and each of the gas-diffusing electrodes. This cell 4 is capable of generating an
electric output through a power generation by an electrochemical reaction between a fuel gas or a reactive gas and an
oxidizing gas.
[0006] This fuel cells system is constituted by a plurality of cells 4 and a gas-impermeable separator 5 provided with
grooves for feeding a reactive gas to each of the electrodes of the cells 4.
[0007] According to this fuel cells system, a fuel gas such as hydrogen is fed to the anode 1a, while an oxidizing gas
such as air is fed to the cathode 1b so as to allow an electrochemical reaction to take place, thereby generating an
electromotive force at each cell 4. This electromotive force of each cell 4 is as low as about 1V at most. Therefore, in
order to obtain a high output, a cell stack comprising a laminate body of a plurality of cells 4 is put to practical use as a
fuel cells system.
[0008] Since the electrochemical reaction in this fuel cells system is exothermic reaction, heat is caused to generate.
For the purpose of removing this superfluous heat, a cooling plate 7 allowing a cooling medium to pass therethrough is
disposed beside every cell laminate body 6 comprising a plurality of cells 4 which are laminated with a separator 5 being
interposed between neighboring cells.
[0009] Further, if the fuel gas leaks outside the system, not only the utilization of fuel gas is deteriorated, but also there
is a danger of explosion by the fuel gas. Therefore, a gas seal is applied, by making use of a sealing material 8, to a
space between the solid polymer electrolyte membrane 3 and the gas-impermeable separator 5.
[0010] Additionally, at the location of the cathode 1b, water is generated due to an electrode reaction. When this water
is condensed at the electrode reaction site, the diffusion of gas is badly affected. Therefore, the water thus produced is
required to be discharged together with unreacted gas outside the cell.
[0011] On the other hand, as for the material for the solid polymer electrolyte membrane 3, a perfluorosulfonate film
which is a fluorinated ion-exchange membrane is known. This solid polymer electrolyte membrane 3 contains an exchange
group or hydrogen ion in its molecule and hence, functions as an ion conductive material when it is saturated with water.
[0012] However, once this solid polymer electrolyte membrane 3 is dried on the contrary, the ion conductivity thereof
is lowered, thus prominently deteriorating the performance of cell. Therefore, there have been taken various measures
to prevent the drying of the solid polymer electrolyte membrane 3.
[0013] For example, there is known a method wherein a humidifier constructed to allow water and a reactive gas to
pass therethrough is disposed on both sides of a steam-permeating film such as the solid polymer electrolyte membrane
3 so as to allow the reactive gas to be wetted before it is fed to the solid polymer electrolyte membrane 3.
[0014] In this case, the humidifier is generally formed integral with the cell stack. Further, it is also known that if a
reactive gas to be fed to the anode 1a and cathode 1b is allowed to flow to face each other and at the same time, the
operation temperature is controlled to not more than 60°C so as to increase the relative humidity of the reactive gas,
the generation of power can be achieved without necessitating to humidify the reactive gas.
[0015] On the other hand, as shown in Japanese Patent Unexamined Publication H6-132038, there has been also
proposed a method of humidifying unreactive gas by introducing both reacted gas and unreacted gas into a gas chamber
partitioned by means of a steam permeating film.
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[0016] In this case, since water vapor is caused to generate on the cathode side 1b due to an electrode reaction, the
reacted gas is rendered to contain saturated or nearly saturated water vapor.
[0017] On the other hand, since the quantity of water vapor contained in the unreacted gas is relatively small, a
difference in partial pressure of water vapor is caused to generate between the reacted and unreacted gases, so that
this difference in partial pressure of water vapor can be utilized as a driving force for effecting the concentration diffusion
of water vapor.
[0018] Further, as shown in Japanese Patent Unexamined Publication H8-273687, there is also proposed to use a
hollow fiber as a water vapor-permeating film, wherein unreacted gas is fed through the interior of the hollow fiber and
the reacted gas is fed through the exterior of the hollow fiber, thereby humidifying the reactive gas.
[0019] Since the contact area between the reacted gas and the unreacted gas can be increased due to the employment
of this hollow fiber, it becomes possible to provide a compact humidifier having a high humidification efficiency. Moreover,
since a hollow fiber is employed, it becomes possible to incorporate the humidifier inside the gas manifold of the cell stack.
[0020] However, these conventional polymer electrolyte fuel cells systems as mentioned above are accompanied with
various problems that when the reactive gas is to be humidified by means of a humidifier or through a humidity exchange,
the resultant system becomes inevitably sophisticated and difficult to make it compact, and also may raise various
problems when it is used in a low temperature environment such as an air atmosphere of 0°C or less.
[0021] In the case of the humidifier having a structure wherein water and reactive gas are allowed to flow along both
sides of a water vapor-permeating film, the freezing of water passageway may be caused to generate when an external
temperature is lowered, thus possibly inviting the closing of the passageway, the fracturing of the water vapor-permeating
film due to the expansion in volume of ice, and the deformation of the separator 5.
[0022] On the other hand, if a non-humidifying operation is to be performed without employing a humidifier, it may
become difficult to ensure the long term stability of the solid polymer electrolyte membrane 3 and of the cell performance.
In addition to this problem, when the fuel cell is operated at a temperature of not more than 60°C which is lower than
the ordinary operating temperature of 70 to 90°C by making use of a fuel gas containing CO as in the case of a reformed
gas, the catalyst in the anode 1a is badly affected by this CO, thus resulting in the promotion of anodic polarization and
hence, badly deteriorating the cell performance.
[0023] In the case of humidifying the reactive gas by respectively introducing reacted gas and unreacted gas into a
gas chamber which is partitioned by means of a water vapor-permeating film, the transfer of water is effected only through
a difference in partial pressure between these gases. Therefore, it has been impossible to obtain a sufficient degree of
humidification because of a very large magnitude of diffusion resistance of water vapor such as the resistance to diffusion
due to the concentration gradient of water vapor on the reacted gas side, the resistance to diffusion inside the water
vapor-permeating film, and the resistance to diffusion on the unreacted gas side.
[0024] Further, there is also a problem as the cell stack and the humidifier are separately disposed that part of water
vapor in the reacted gas is caused to condense in a midway of the tubing for introducing a reacted gas discharged from
the cell stack into the humidifier, thereby decreasing the partial pressure of water vapor of the reacted gas to be fed to
the humidifier, thus further deteriorating the humidifying efficiency.
[0025] When a hollow fiber is employed as a water vapor-permeating film on the other hand, since the transfer of
water is effected only through a difference in partial pressure between the reacted gas and the unreacted gas, it has
been impossible to obtain a sufficient degree of humidification though the contact area between the reacted gas and
the unreacted gas can be increased. Further, if water vapor is condensed inside the hollow fiber to generate liquid water,
the discharging of liquid water from the hollow fiber by means of a gas pressure would become difficult due to the capillary
force, thus increasing the pressure loss of the gas and hence, deteriorating the efficiency of the system as a whole.
[0026] DE 42 01 632 A1 discloses a system including a fuel cell, which is characterized in that a humidifier for at least
one reactant is arranged upstream of said fuel cell, wherein the humidifier contains at least two gas spaces separated
from each other by a semipermeable membrane, wherein fresh reactant flowing to the fuel cell is flowing through the
one of the gas spaces and the same reactant flowing out of the fuel cell is flowing through the other one of the gas spaces.
[0027] US 3,553,026 discloses a process and a fuel cell battery comprising porous gas diffusion electrodes, which is
operated to remove water of reaction by passing one or both gas mixtures containing gaseous reactants and inert gas
through a first group or groups of interconnected gas spaces of electrodes of equal polarity, dehumidifying a portion or
all of the effluent gas mixture containing gaseous reactant, recycling dehumified gas to the first group of gas spaces
and passing a portion of the effluent gas from the first group of gas spaces to a second group of gas spaces connected
in series for gas flow, and venting the inert gases from the last gas space in the series with a minimum loss of the reactant
gases.
[0028] EP 1 098 381 A1 discloses a polymer electrolyte fuel cell comprising a unit cell composed of a polymer electrolyte
membrane, a cathode and an anode each having a catalyst reaction layer and disposed across said polymer electrolyte,
a separator having a means for supplying a fuel gas to said anode, a separator having a means for supplying an oxidant
gas to said cathode, a current collector plate, an insulating plate and an end plate laminated, wherein said fuel cell further
comprises a total heat exchanger for concurrently moving heat and humidity from a discharged gas toward said fuel gas
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and oxidant gas being installed inside the end plates disposed on both ends of said polymer electrolyte fuel cell, or
between said insulating plate and either said current collector plate or said end plate.

Disclosure of Invention

[0029] Therefore, an object of the present invention is to provide a polymer electrolyte fuel cells system which makes
it possible to circulate water generated at an oxidizing electrode within the cell without sacrificing not only the property
of cell but also the simplification and compactness of the system, thereby preventing a solid polymer electrolyte membrane
from being dried, and which is excellent in performance and in compactness and capable of reliably actuating the cell
system within a short time even if the ambient temperature is as low as not more than 0°C.
[0030] The aforementioned object is achieved by a polymer electrolyte fuel cells system according to claim 1. Further
developments of the present invention are set out in the dependent claims.
[0031] In particular, the system according to the present invention comprises a main cell body, composed of a cell
stack constituted by a laminated body of a plurality of cells each having a solid polymer electrolyte membrane, which is
featured in that:

the main cell body is provided with temperature/humidity exchange means which enables a reacted gas passed
through the cell stack to be contacted, through a water retentive-porous body, with an unreacted gas prior to a
passage of the unreacted gas through the cell stack; and that
the temperature of the unreacted gas is controlled lower than the temperature of the reacted gas, so that the water
vapor contained in the reacted gas is caused to condense on the reacted gas side of the porous body and that the
resultant condensed water is allowed to pass from the reacted gas side to the unreacted gas side through the porous
body.

[0032] According to this invention as explained above, the unreacted gas of lower temperature is allowed to contact
face-to-face with the reacted gas of higher temperature so as to produce the condensation of water vapor contained in
the reacted gas in the interior of the water retentive-porous body, thereby allowing water to permeate close to an interface
contacting with the unreacted gas due to an osmotic pressure of the interior of the porous body. Accordingly, a difference
in partial pressure of water vapor at the interface contacting with the unreacted gas is caused to increase, thus making
it possible to greatly decrease the diffusion resistance of water vapor on the occasion when the water vapor inside the
reacted gas is transferred, via the porous body, to the unreacted gas through a temperature/humidity exchange.
[0033] In a preferred embodiment of the present invention, the polymer electrolyte fuel cells system further comprises,
means for condensing water vapor contained in the reacted gas, the means being attached to the porous body.
[0034] According to this preferred embodiment, since water contained in the reacted gas can be removed, it is possible
to prevent water from being kept remained in the discharge line of the reacted gas. At the same time, if the air inside a
vehicle is employed as air of low temperature, the air can be utilized for heating the interior of the vehicle during a winter
season, thus enhancing the efficiency of the system. Moreover, the condensed water can be utilized for the steam
modification of a fuel modifier.
[0035] Therefore, it is now possible according to the present invention to circulate water generated at an oxidizing
electrode within the cell without sacrificing not only the property of cell but also the simplification and compactness of
the system, thereby preventing a solid polymer electrolyte membrane from being dried even if the quantity of water vapor
in the reactive gas to be fed is small in a non-humidifying operation. Additionally, it is possible to provide a polymer
electrolyte fuel cells system which is excellent in performance and in compactness and capable of reliably actuating the
cell system within a short time even if the ambient temperature is as low as not more than 0°C.

Brief Description of Drawings

[0036]

FIG. 1 is a cross-sectional view showing an example of a polymer electrolyte fuel cells system according to the prior art;
FIGS. 2A and 2B show respectively a first embodiment of the polymer electrolyte fuel cells system according to this
invention; wherein FIG. 2A is a schematic view thereof, and FIG. 2B is an exploded view thereof;
FIGS. 3A and 3B show respectively an exploded perspective view showing a humidity-exchanging portion in the
polymer electrolyte fuel cells system according to a first embodiment of this invention;
FIG. 4 is a graph for illustrating the effects of the polymer electrolyte fuel cells system according to the first embodiment
of this invention;
FIG. 5 is an exploded perspective view of the polymer electrolyte fuel cells system according to a second embodiment
of this invention;
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FIG. 6 is a perspective view illustrating the structure of the cells constituting the cell stack in the polymer electrolyte
fuel cells system according to a second embodiment of this invention;
FIG. 7 is an exploded perspective view of the polymer electrolyte fuel cells system according to a third embodiment
of this invention;
FIG. 8 is a perspective view illustrating the structure of the cells constituting the cell stack in the polymer electrolyte
fuel cells system according to a third embodiment of this invention;
FIG. 9 is a perspective view of the polymer electrolyte fuel cells system according to a fourth embodiment of this
invention;
FIG. 10 is a perspective view illustrating the structure of the cells constituting the cell stack in the polymer electrolyte
fuel cells system according to a fourth embodiment of this invention;
FIG. 11 is a cross-sectional view of the polymer electrolyte fuel cells system according to a fifth embodiment of this
invention;
FIG. 12 is a cross-sectional view of the polymer electrolyte fuel cells system according to a sixth embodiment of
this invention;
FIG. 13 is a cross-sectional view of the polymer electrolyte fuel cells system according to a seventh embodiment of
this invention;
FIG. 14 is a cross-sectional view of the polymer electrolyte fuel cells system according to a modified seventh
embodiment of this invention;
FIG. 15 is a cross-sectional view of the polymer electrolyte fuel cells system according to an eighth embodiment of
this invention;
FIG. 16 is a cross-sectional view of the polymer electrolyte fuel cells system according to a modified eighth embod-
iment of this invention; and
FIG. 17 is a cross-sectional view of the polymer electrolyte fuel cells system according to a ninth embodiment of
this invention.

Best Mode for Carrying Out the Invention

[0037] Various embodiments of this invention will be explained in details with reference to the drawings as follows.

(A first embodiment)

[0038] FIG. 2A shows a schematic view illustrating the principle of humidity exchange of the humidity exchange section
of the polymer electrolyte fuel cells system according to this invention; FIG. 2B is an exploded view illustrating the
structures of the cell stack and humidity exchange section of the polymer electrolyte fuel cells system according to the
embodiment shown in FIG. 2A; and FIGS. 3A and 3B show respectively an exploded perspective view showing the
aforementioned humidity-exchanging portion in the polymer electrolyte fuel cells system. In these FIGURES. the same
portions or members as those of FIG. 1 are represented by the same reference numerals, thereby omitting the illustration
thereof. Therefore, only the portions or members which differ from those of FIG. 1 will be mainly explained hereinafter.
[0039] Referring to FIG. 2A, the polymer electrolyte fuel cells system according to this embodiment comprises a cell
stack 9 and a temperature/humidity exchange portion 10. In this case, a reacted gas (gas that has been already subjected
to a reaction) 100 of high temperature that has been discharged from the cell stack 9 is guided to temperature/humidity
exchange portion 10 and allowed to pass through gas grooves 12 (12a and 12b) so as to be contacted through a porous
body 14 with an unreacted gas 101 of low temperature. As a result, the water vapor contained in the reacted gas 100
is caused to condense in the porous body 14, the resultant condensed water being allowed to permeate to the unreacted
gas 101 side. The water thus permeated is then caused to evaporate due to a difference in partial pressure, thus
humidifying the unreacted gas 101. In this case, the temperature/ humidity exchange portion 10 may be disposed so as
to be contacted with or spaced away from the cell stack 9. In FIG. 2A, the temperature/humidity exchange portion 10 is
shown as disposed away from the cell stack 9 for the convenience of explanation. As a matter of fact however, in this
embodiment, the temperature/humidity exchange portion 10 is actually disposed to contact with the cell stack 9.
[0040] In FIG. 2B, the polymer electrolyte fuel cells system is designed such that the temperature/humidity exchange
portion 10 is disposed to contact with the cell stack 9, thus integrating the temperature/humidity exchange portion 10
with the cell stack 9.
[0041] As shown in FIG. 3A, the temperature/humidity exchange portion 10 is composed of a carbon separator 5
provided with gas grooves 11a or 11b for allowing the unreacted gas 101 of the anode 1a or cathode 1b to pass
therethrough prior to passing through the cell stack, a carbon separator 5 provided with gas grooves 12a or 12b for
allowing the reacted gas 100 of the anode 1a or cathode 1b to pass therethrough after passing through the cell stack,
and a water retentive porous body 14 which is sandwiched, through the sealing material 8, between aforementioned
separators 5.
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[0042] In this embodiment, this water retentive porous body 14 is formed of a hydrophilized non-woven fabric adhered
on the surface thereof with a porous membrane having pore diameter of as small as 1 Pm or less. It is possible to employ
other kinds of material for this porous body 14 such as a hydrophilized carbon plate, a sintered metal sheet, a fluorinated
ion-exchange membrane, a composite film comprising a fluorinated porous film laminated with a fibrous polymer material,
etc.
[0043] What is required for this porous body 14 is that it is capable of holding water condensed from water vapor
included in the reacted gas, that the condensed water is allowed to pass through the porous body 14 by the effect of
osmotic pressure and then enabled to evaporate due to a difference in partial pressure of water vapor at the interface
facing the unreacted gas side, and that the permeability of gases other than water vapor is minimal.
[0044] As shown in FIGS. 2B and 3A, the separator 5 is provided with an anode reactive gas inlet manifold 15a, an
anode reactive gas outlet manifold 15b, a cathode reactive gas inlet manifold 15c, a cathode reactive gas outlet manifold
15d, a cooling water inlet manifold 15e and a cooling water outlet manifold 15f.
[0045] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, when a temperature/humidity exchange is allowed to take place between the reacted gas 100 and the unreacted
gas 101 at the temperature/humidity exchange portion 10, the water vapor that has been contained in the reacted gas
100 of high temperature that has passed through the cell stack 9 is caused to condense by the effect of the unreacted
gas 101 of low temperature, thereby causing this condensed water to cover the region of the porous body 14 which
contacts with the reacted gas 100. The condensed water is then caused, due to the osmotic pressure in the interior of
the porous body 14, to further penetrate into the porous body 14 up to the vicinity of an interface which contacts with
the unreacted gas 101. Therefore, the diffusion resistance of water vapor can be greatly minimized at the moment when
the water vapor in the reacted gas 100 is subjected via the porous body to a temperature/humidity exchange with the
unreacted gas 101.
[0046] Further, since the temperature/humidity exchange portion 10 is disposed to contact with the cell stack 9, a
tubing that has been conventionally employed for introducing the unreacted gas 101 into the humidifier (not shown) can
be omitted. As a result, the system can be made compact and at the same time, the condensation of water vapor in the
reacted gas due to a heat radiation at the tubing can be prevented, thus making it possible to prevent the quantity of
water vapor in the reacted gas 101 which is to be fed to the temperature/humidity exchange portion 10 from being
decreased.
[0047] FIG. 4 is a graph illustrating the relationship between the area of the temperature/humidity exchange portion
10 and the relative humidity of the unreacted gas that has been humidified by the humidity exchange. As shown in FIG.
4, it is possible, on account of the structure of this embodiment, to minimize the diffusion resistance of water vapor at
the interface of porous body 14 in the temperature/humidity exchange portion 10 as compared with the conventional
humidifying method wherein the permeation of water vapor is effected by way of only the difference in partial pressure
of water vapor between the gases, thereby making it possible to greatly increase the humidity exchange efficiency. As
a result, the area of the temperature/humidity exchange portion 10 can be decreased, thus making it possible to make
the system compact.

(A modified embodiment 1)

[0048] It is also possible to provide the temperature/ humidity exchange portion 10 with a gas-feeding line so as to
cause the reacted gas and the unreacted gas to take a counterflow to each other with the porous body 14 being interposed
therebetween, thereby making it possible to make the system further compact.

(A modified embodiment 2)

[0049] As shown in FIG. 3B, a groove 13c for flowing a cooling medium therethrough may be provided on the back
surface of the separator 5, thereby further promoting the condensation of water vapor in the reacted gas, thus making
it possible to further improve the humidity exchange efficiency.
[0050] As explained above, according to the polymer electrolyte fuel cells system of this embodiment, the water vapor
in the reacted gas is caused to condense inside the water retentive porous body 14. As a result, the humidity exchange
efficiency can be improved and at the same time, the fuel cells system can be made more compact.
[0051] Additionally, since the reacted gas and the unreacted gas are caused to flow in a counter direction to each
other, it is possible to make the system further compact.
[0052] Further, since a heat exchange means is disposed close to the temperature/humidity exchange portion 10, the
quantity of condensation can be increased and hence, the humidity exchange efficiency can be further improved.
[0053] As for the cooling means, it is not limited to that shown in this embodiment, but a cooling passageway for
flowing a cooling medium such as an antifreezing fluid may be provided in the vicinity of the porous body 14, thus making
it possible to achieve almost the same effect as mentioned above.
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[0054] Although the conventional system where water is employed for the humidification is accompanied with a problem
of the freezing of water, water is not employed for the humidification according to the polymer electrolyte fuel cells system
of this embodiment, so that it is possible to obviate the problems such as the freezing of water, and the fracture and
deformation of the film due to the freezing thereof. As a result, it is possible to provide a polymer electrolyte fuel cells
system which is highly reliable and can be actuated within a short time, since a time for melting of ice is no more needed
for starting the system.
[0055] In the following, the second to eighth embodiments are not according to the present invention as claimed.

(A second embodiment)

[0056] FIG. 5 is an exploded perspective view illustrating the structure of the polymer electrolyte fuel cells system
according to this embodiment, and FIG. 6 is a perspective view illustrating the structure of the cells constituting the cell
stack in the polymer electrolyte fuel cells system of this embodiment. The arrow shown in FIG. 6 indicates the direction
of the flow of reactive gas to be fed to the cell.
[0057] Referring to FIG. 5, the cell 4 comprises a pair of gas-diffusing electrodes consisting of an anode 1a and a
cathode 1b, and a solid polymer electrolyte membrane 3 having ion conductivity and gas-separating function which is
interposed between the pair of gas-diffusing electrodes with a catalyst layer 2a or 2b (made of Pt for example) being
interposed between the solid polymer electrolyte membrane 3 and each of the gas-diffusing electrodes. This cell 4 is
capable of generating an electric output through a power generation by an electrochemical reaction between a fuel gas
or a reactive gas and an oxidizing gas.
[0058] This cell 4 is sandwiched between a gas-impermeable separator 5 provided with reactive gas grooves 13a and
13b for feeding a reactive gas to each electrode, and a cooling plate 7 provided with a groove 13c for flowing a cooling
medium, wherein a sealing material 8 is interposed between the cell 4 and the separator 5 as well as between the cell
4 and the cooling plate 7, thereby forming a laminate body. In this case, a plural number of this laminate body are further
laminated one another, and the groove 13c for flowing a cooling medium is arranged in such a manner that the upstream
portion of the cooling medium is positioned at the gate portion of each reactive gas.
[0059] Further, as shown in FIG. 6, the cell 4 is constructed in such a manner that the flow of reactive gas to be fed
to the anode 1a is directed so as to face the flow of reactive gas to be fed to the cathode 1b.
[0060] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, since the inlet of the cooling plate 7 is disposed at a downstream portion of reactive gas where the partial pressure
of water vapor is made higher due to water generated by the electrode reaction at the cathode 1b as well as due to the
consumption of reactive gas, the cooling efficiency on the downstream portion of reactive gas can be enhanced so that
the downstream portion of the reactive gas becomes oversaturated with water vapor, thus causing the condensation of
water to occur. The water thus condensed at the portion of the anode 1a or the cathode 1b which is located at the
downstream portion of the reactive gas is allowed to permeate into and evaporate from the upstream portion of the
reactive gas at the anode 1a or the cathode 1b (both electrodes facing each other with a solid polymer electrolyte
membrane 3 being interposed therebetween) where the partial pressure of water vapor is relatively low. As a result, the
partial pressure of water vapor at the upstream portion of the reactive gas can be increased.
[0061] Additionally, since the inlet of the cooling plate 7 is disposed at a downstream portion of reactive gas, the
relative humidity can be increased at the downstream portion of the reactive gas or the condensation of water can be
generated. Accordingly, it is possible to increase the quantity of water vapor to be transferred from the downstream
portion of reactive gas at the anode 1a or the cathode 1b where the partial pressure of water vapor is relatively high into
the upstream portion of reactive gas at the anode 1a or the cathode 1b where the partial pressure of water vapor is
relatively low.
[0062] By the way, it has been confirmed that when a non-humidified reactive gas was supplied according to the
system of this embodiment, it was possible to obtain almost the same cell performance as that of conventional cell at
the operation temperature of 80°C which is higher than the conventional operation temperature by about 25°C. Moreover,
since the operation temperature is higher as compared with that of the conventional cell, it was possible to prevent the
decrease of voltage by the effect of CO.
[0063] As mentioned above, according to the polymer electrolyte fuel cells system of this embodiment, since the partial
pressure of water vapor in the reactive gas to be fed to the cell stack can be increased by the presence of the temperature/
humidity exchange portion 10 even if a reactive gas of low relative humidity is fed to the cell stack, it is possible to obtain
an excellent cell property without requiring to decrease the cell temperature even in the case of a non-humidifying
operation.
[0064] As a result, the humidifier can be omitted, thus making it possible to make the system compact and to reduce
the manufacturing cost. Furthermore, since the cell system can be operated at a higher temperature than the cell
temperature on the occasion of feeding a non-humidifying gas according to the prior art, it is possible to inhibit the
decrease of voltage by the effect of CO.
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(A third embodiment)

[0065] FIG. 7 is an exploded perspective view illustrating the structure of the polymer electrolyte fuel cells system
according to this embodiment, and, FIG. 8 is a perspective view illustrating the structure of the cells constituting the cell
stack in the polymer electrolyte fuel cells system of this embodiment. The arrow shown in FIG. 8 indicates the direction
of the flow of reactive gas to be fed to the cell.
[0066] Referring to FIG. 7, the cell 4 comprises a pair of gas-diffusing electrodes consisting of an anode 1a and a
cathode 1b, and a solid polymer electrolyte membrane 3 having ion conductivity and gas-separating function which is
interposed between the pair of gas-diffusing electrodes with a catalyst layer 2a or 2b (made of Pt for example) being
interposed between the solid polymer electrolyte membrane 3 and each of the gas-diffusing electrodes. This cell 4 is
capable of generating an electric output through a power generation by an electrochemical reaction between a fuel gas
or a reactive gas and an oxidizing gas.
[0067] This cell 4 is sandwiched between a gas-impermeable separator 5 provided with reactive gas grooves 13a and
13b for feeding a reactive gas to each electrode, and a cooling plate 7 provided with a groove 13c for flowing a cooling
medium, wherein a sealing material 8 is interposed between the cell 4 and the separator 5 as well as between the cell
4 and the cooling plate 7, thereby forming a laminate body. In this case, a plural number of this laminate body are further
laminated one another, and the groove 13c for flowing a cooling medium is constructed in such a manner that the interval
between the grooves is relatively narrowed at the gate portion of each reactive gas.
[0068] Further, as shown in FIG. 8, the cell 4 is constructed in such a manner that the flow of reactive gas to be fed
to the anode 1a is directed so as to face the flow of reactive gas to be fed to the cathode 1b.
[0069] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, almost the same effects and advantages as in the case of the aforementioned second embodiment can be
obtained.

(A fourth embodiment)

[0070] FIG. 9 is a perspective view illustrating the structure of the cell stack of the polymer electrolyte fuel cells system
according to this embodiment. The arrows in FIG. 9 show a flow of air by the effect of a cooling fan. FIG. 10 is a perspective
view illustrating the structure of the cells constituting the cell stack in the polymer electrolyte fuel cells system of this
embodiment. The arrow shown in FIG. 10 indicates the direction of the flow of reactive gas to be fed to the cell.
[0071] Referring to FIG. 9, radiation fins 16 and a cooling fan 17 are attached respectively to the upper surface and
bottom surface of the cell stack 9 which is located at the gate portion of the reactive gas so as to forcibly cool the cell stack 9.
[0072] Further, as shown in FIG. 10, the cell 4 is constructed in such a manner that the flow of reactive gas to be fed
to the anode 1a is directed so as to face the flow of reactive gas to be fed to the cathode 1b.
[0073] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, almost the same effects and advantages as in the case of the aforementioned third embodiment can be obtained.
[0074] In particular, when a cooling water is not employed in the cooling of the cell portion, it becomes possible to
realize a system where a cooling water is not employed, thus making it possible to improve the handleability of the system.

(A fifth embodiment)

[0075] FIG. 11 is a cross-sectional view illustrating the structure of the cells constituting the cell stack in the polymer
electrolyte fuel cells system of this embodiment. The arrow shown in FIG. 11 indicates the direction of the flow of reactive
gas to be fed to the cell.
[0076] Referring to FIG. 11, the cell 4 comprises a pair of gas-diffusing electrodes consisting of an anode 1a and a
cathode 1b, and a solid polymer electrolyte membrane 3 having ion conductivity and gals-separating function which is
interposed between the pair of gas-diffusing electrodes with a catalyst layer 2a or 2b (made of Pt for example) being
interposed between the solid polymer electrolyte membrane 3 and each of the gas-diffusing electrodes. Both anode 1a
and cathode 1b of the cell 4 are respectively provided in advance, at a portion thereof corresponding to the downstream
portion of the reactive gas, with a hydrophilization portion 25 which is formed of a coating of ink comprising carbon
powder (Vulcan XC-72R), a surfactant and pure water (solid matters: 67%), the coating of ink being dried at a temperature
of 120°C after being coated.
[0077] In this case, the entire portions of the anode 1a and the cathode 1b other than the hydrophilization portions 25
thereof are made hydrophobic for the purpose of preventing the gas diffusion layer from becoming poor in gas diffusion
due to the condensed water.
[0078] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, since an end portion of gas diffusion electrode which corresponds to the downstream portion of the reactive gas
is hydrophilized by a coating of ink comprising carbon powder, the condensed water can be trapped by this hydrophilization
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portion without being discharged. Namely, the water thus trapped at the downstream portion of reactive gas of the anode
1a or the cathode 1b is allowed to penetrate into the upstream portion of the reactive gas at the anode 1a or the cathode
1b (both electrodes facing each other with a solid polymer electrolyte membrane 3 being interposed therebetween)
where the partial pressure of water vapor is relatively low, and then, allowed to evaporate therefrom. As a result, the
partial pressure of water vapor at the upstream portion of the reactive gas can be increased.
[0079] As mentioned above, according to the polymer electrolyte fuel cells system of this embodiment, since the partial
pressure of water vapor in the reactive gas to be fed to the cell stack can be increased by the presence of the temperature/
humidity exchange portion 10 even if a reactive gas of low relative humidity is fed to the cell stack, it is possible to obtain
an excellent cell property without requiring to decrease the cell temperature even in the case of a non-humidifying
operation.
[0080] As a result, the humidifier can be omitted, thus making it possible to make the system compact and to reduce
the manufacturing cost. Furthermore, since the cell system can be operated at a higher temperature than the cell
temperature on the occasion of feeding a non-humidifying gas according to the prior art, it is possible to inhibit the
decrease of voltage by the effect of CO.
[0081] By the way, it is possible, in this embodiment, to employ an ink where a fine powder of SiC, SiO2, TiO2 or SnO2
is substituted for the aforementioned carbon powder, or to employ a solid polymer electrolyte to thereby achieve almost
the same effects as mentioned above.

(A sixth embodiment)

[0082] FIG. 12 is a cross-sectional view illustrating the structure of the cells constituting the cell stack in the polymer
electrolyte fuel cells system of this embodiment. The arrow shown in FIG. 11 indicates the direction of the flow of reactive
gas to be fed to the cell.
[0083] Referring to FIG. 12, the cell 4 comprises a pair of gas-diffusing electrodes consisting of an anode 1a and a
cathode 1b, and a solid polymer electrolyte membrane 3 having ion conductivity and gas-separating function which is
interposed between the pair of gas-diffusing electrodes with a catalyst layer 2a or 2b (made of Pt for example) being
interposed between the solid polymer electrolyte membrane 3 and each of the gas-diffusing electrodes. Both anode 1a
and cathode 1b of the cell 4 are respectively provided, at a portion thereof corresponding to the downstream portion of
the reactive gas, with a polymer electrolyte press-fitted portion 26 which is formed by hot-pressing the solid polymer
electrolyte membrane 3 at about glass transition temperature thereof.
[0084] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, since the press-fitted portion of the solid polymer electrolyte membrane 3, i.e. the end portion of the gas diffusion
electrode which corresponds to the downstream portion of the reactive gas is hydrophilized, the condensed water can
be trapped by this hydrophilization portion without being discharged. Namely, the water thus trapped at the downstream
portion of reactive gas of the anode 1a or the cathode 1b is allowed to penetrate into the upstream portion of the reactive
gas at the anode 1a or the cathode 1b (both electrodes facing each other with a solid polymer electrolyte membrane 3
being interposed therebetween) where the partial pressure of water vapor is relatively low, and then, allowed to evaporate
therefrom. As a result, the partial pressure of water vapor at the upstream portion of the reactive gas can be increased.
[0085] As mentioned above, according to the polymer electrolyte fuel cells system of this embodiment, since the partial
pressure of water vapor in the reactive gas to be fed to the cell stack can be increased by the presence of the temperature/
humidity exchange portion 10 even if a reactive gas of low relative humidity is fed to the cell stack, it is possible to obtain
an excellent cell property without requiring to decrease the cell temperature even in the case of a non-humidifying
operation.
[0086] As a result, the humidifier can be omitted, thus making it possible to make the system compact and to reduce
the manufacturing cost. Furthermore, since the cell system can be operated at a higher temperature than the cell
temperature on the occasion of feeding a non-humidifying gas according to the prior art, it is possible to inhibit the
decrease of voltage by the effect of CO.

(A seventh embodiment)

[0087] FIG. 13 is a cross-sectional view illustrating the structure of the cells constituting the cell stack in the polymer
electrolyte fuel cells system of this embodiment. The arrow shown in FIG. 11 indicates the direction of the flow of reactive
gas to be fed to the cell.
[0088] Referring to FIG. 13, the cell 4 comprises a pair of gas-diffusing electrodes consisting of an anode 1a and a
cathode 1b, and a solid polymer electrolyte membrane 3 having ion conductivity and gas-separating function which is
interposed between the pair of gas-diffusing electrodes with a catalyst layer 2a or 2b (made of Pt for example) being
interposed between the solid polymer electrolyte membrane 3 and each of the gas-diffusing electrodes. A portion of
each of the anode 1a and cathode 1b of the cell 4, which corresponds to the downstream portion of the reactive gas, is
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not provided with the catalyst layer 2a or 2b.
[0089] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, since the portion corresponding to the downstream portion of the reactive gas where the catalyst layer 2a or 2b
is not attached is incapable of generating a reaction heat by the electrode reaction, the temperature of this portion is
lower than that of the electrode reaction portion, thereby increasing the relative humidity or the effect of condensing
water at this downstream portion of the reactive gas. As a result, the water vapor on the reacted gas side at the downstream
portion of the anode 1a or the cathode 1b is caused to condense, and the water thus condensed at the downstream
portion of reactive gas of the anode 1a or the cathode 1b is allowed to penetrate into the unreacted gas side of the anode
1a or the cathode 1b (both electrodes facing each other with a solid polymer electrolyte membrane 3 being interposed
therebetween). As a result, the water vapor is allowed to diffuse into the unreacted gas side due to a difference in partial
pressure of water vapor, thus performing the humidification of the unreacted gas.
[0090] Accordingly, it is possible to increase the quantity of water vapor to be transferred from the downstream portion
of reactive gas at the anode 1a or the cathode 1b where the partial pressure of water vapor is relatively high into the
upstream portion of reactive gas at the anode 1a or the cathode 1b where the partial pressure of water vapor is relatively
low.
[0091] By the way, it has been confirmed that when a non-humidified reactive gas was supplied according to the
system of this embodiment, it was possible to obtain almost the same cell performance as that of conventional cell at
the operation temperature of 85°C which is higher than the conventional operation temperature by about 30°C. Moreover,
since the operation temperature is higher as compared with that of the conventional cell, it was possible to prevent the
decrease of voltage by the effect of CO.

(A modified embodiment)

[0092] As shown in FIG. 14, it is also possible to omit only the catalyst layer 2a which is located in the vicinity of the
outlet for the reactive gas of the anode 1a of the cell 4.
[0093] As mentioned above, according to the polymer electrolyte fuel cells system of this embodiment, since the partial
pressure of water vapor in the reactive gas to be fed to the cell stack can be increased by the presence of the temperature/
humidity exchange portion 10 even if a reactive gas of low relative humidity is fed to the cell stack, it is possible to obtain
an excellent cell property without requiring to decrease the cell temperature even in the case of a non-humidifying
operation.
[0094] As a result, the humidifier can be omitted, thus making it possible to make the system compact and to reduce
the manufacturing cost. Furthermore, since the cell system can be operated at a higher temperature than the cell
temperature on the occasion of feeding a non-humidifying gas according to the prior art, it is possible to inhibit the
decrease of voltage by the effect of CO.

(A eighth embodiment)

[0095] FIG. 15 is a cross-sectional view illustrating the structure of the cells constituting the cell stack in the polymer
electrolyte fuel cells system of this embodiment.
[0096] Referring to FIG. 15, the cell 4 comprises a pair of gas-diffusing electrodes consisting of an anode 1a and a
cathode 1b, and a solid polymer electrolyte membrane 3 having ion conductivity and gas-separating function which is
interposed between the pair of gas-diffusing electrodes with a catalyst layer 2a or 2b (made of Pt for example) being
interposed between the solid polymer electrolyte membrane 3 and each of the gas-diffusing electrodes. The cell 4 is
constructed in such a manner that the flow of reactive gas to be fed to the anode 1a is directed so as to face the flow of
reactive gas to be fed to the cathode 1b. A portion of each of the anode 1a and cathode 1b of the cell 4, which is located
in the vicinity of the gate of the reactive gas, is not provided with the catalyst layer 2a or 2b.
[0097] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, if the diffusion of gas is poor at the downstream portion of the reactive gas, the supply of proton would be
obstructed, thereby giving rise to the generation of erosion.
[0098] For example, when a carbon electrode is employed, the erosion would be generated according to the following
reaction.

C + 2H2O → CO2 + 4H+ + 4e-

[0099] In this connection, according to the structure of this embodiment, the catalyst layer 2a or 2b is not provided at
a portion of each of the anode 1a and cathode 1b which is located in the vicinity of the gate of the reactive gas. As a
result, the transfer of proton that has been generated at the anode 1a to the cathode 1b can be obstructed, thus making
it possible to prevent the generation of erosion.
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[0100] By the way, even when the power generation using this embodiment was performed under an operating condition
which may cause the deterioration of gas diffusion on the occasion of high load operation or low temperature operation,
the erosion of electrodes was not recognized at all.
[0101] As explained above, since erosion of electrodes can be prevented according to the polymer electrolyte fuel
cells system of this embodiment, the reliability of the cell can be enhanced.

(A modified embodiment)

[0102] As shown in FIG. 16, it is also possible to omit only the catalyst layer 2b which is located in the vicinity of the
outlet for the reactive gas of the cathode 1b of the cell 4.

(A ninth embodiment)

[0103] FIG. 17 is a schematic view of the polymer electrolyte fuel cells system according to this embodiment.
[0104] The polymer electrolyte fuel cells system according to this embodiment is featured in that it is provided with a
humidity exchange portion wherein the reacted gas that has passed through the cell stack is caused to contact, through
a water retentive porous body, with air of lower temperature than that of the reacted gas, thereby causing the water
vapor contained in the reacted gas to condense inside the water retentive porous body so as to perform a humidity
exchange.
[0105] Specifically, as shown in FIG. 17, this system comprises a cell stack 30 and a humidity exchange portion 3. In
this case, the reacted gas that has been discharged from the cell is allowed to pass through a reacted gas passageway
34 of the humidity exchange portion 31 and then, allowed to contact, via a water retentive porous body 35, with the
unreacted gas that has been transferred through a unreacted gas passageway 33. As a result, the water vapor is caused
to condense in the porous body 35, the water thus condensed being allowed to permeate into the porous body 35 to
reach the unreacted gas passageway 33. The condensed water reached the unreacted gas side is then caused to
evaporate and diffuse depending on a difference in partial pressure of water vapor. At the same time, part of the water
that has failed to evaporate is pushed forward due to the flow of water to a reformer 31 disposed at the downstream
side of the water flow, thereby enabling the water to be utilized in the reformer 31.
[0106] Although unreacted gas is employed in this embodiment, it is also possible to employ part of the gas for the
heating of a vehicle.
[0107] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, since water vapor is caused to be condensed into water in the porous body 35 and the water thus condensed
permeates through the porous body 35 to reach the unreacted gas side, the surface of the porous body 35 facing the
unreacted gas side is turned into a wet state, thus maximizing the difference in partial pressure of water vapor. As a
result, the unreacted gas is humidified. Further, the water failed to be absorbed as steam by the unreacted gas is utilized
as a water for the reforming in the reformer 31 that is disposed on a downstream side of the humidifying section.
[0108] According to the polymer electrolyte fuel cells system of this embodiment which is constructed as explained
above, since the water vapor contained in the reacted gas can be effectively transferred to the unreacted gas, a water-
feeding passageway for humidification is no more required to be provided, so that the problem of freezing can be obviated
even when the system is employed at a very cold temperature.
[0109] Furthermore, since water contained in the reacted gas is removed, the freezing of discharging line of the reacted
gas due to a residual water can be prevented, and at the same time, part of unreacted gas can be utilized as an internal
air inside a vehicle for the purpose of heating the interior of the vehicle in the winter season, thus making it possible to
improve the efficiency of the system.
[0110] Additionally, the water thus condensed can be utilized for the steam reforming of the reformer 31, thus dispensing
with the employment of a water tank for reforming and hence, making it possible to enable the system to become more
compact.

Industrial Applicability

[0111] As explained above, according to the polymer electrolyte fuel cells system of this embodiment, since the reacted
gas is contacted through a water retentive porous body with the unreacted gas, the water contained in the reacted gas
can be effectively transferred to the unreacted gas. As a result, even if an unreacted gas of low relative humidity is fed
to the cell stack, the diffusion resistance of the water vapor can be minimized, thus making it possible to transfer as
much quantity of water as possible toward the unreacted gas side, thus enabling to sufficiently humidify the unreacted
gas. As a result, even if the system is operated using an unreacted gas of non-humidified state, the power generation
can be ensured without lowering the cell temperature.
[0112] As explained above, since a humidifier employing water is no more required to be used, the problem of freezing
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can be obviated even if the ambient temperature is lowered to 0°C or less. Therefore, since a process of melting a frozen
water can be dispensed with, a fuel cell can be actuated within a shorter time and in a simple procedure.
[0113] Moreover, since the system can be simplified and made more compact, and at the same time, since the system
can be operated at a higher temperature as compared with the cell temperature to be employed where a non-humidified
gas is fed to the system according to the prior art, the lowering of voltage due to the effect of CO can be inhibited, thus
making it possible to obtain a polymer electrolyte fuel cells system which is excellent in performance and compact in size.

Claims

1. A polymer electrolyte fuel cells system comprising a main cell body composed of a cell stack (9) constituted by a
laminated body of a plurality of cells each having a solid polymer electrolyte membrane, which is featured in that:

said main cell body is provided with temperature/humidity exchange means (10) which enables a reacted gas
(100) passed through said cell stack (9) to be contacted, through a water retentive-porous body (14), with an
unreacted gas (101) to be passed through said cell stack (9); and that
the temperature of said unreacted gas (101) is controlled lower than the temperature of said reacted gas (100),
so that the water vapor contained in the reacted gas (100) is caused to condense on the reacted gas (100) side
of the porous body (14) and that the resultant condensed water is allowed to pass from the reacted gas (100)
side to the unreacted gas (101) side through the porous body (14).

2. The polymer electrolyte fuel cells system according to claim 1, wherein said temperature/humidity exchange means
(10) is provided with a gas-feeding line so as to cause the reacted gas (100) and the unreacted gas (101) to take
a counterflow to each other with the porous body (14) being interposed therebetween.

3. The polymer electrolyte fuel cells system according to claim 1 or 2, wherein said temperature/humidity exchange
means (10) is provided with cooling means (13c) for flowing a cooling medium for cooling the reacted gas (100),
the cooling means (13c) being provided on the back surface of a separator (5) for defining the first gas groove (12a)
in the temperature/humidity exchange means (10).

4. The polymer electrolyte fuel cells system according to any of claims 1-3, wherein said temperature/humidity exchange
means (10) is disposed to contact with the cell stack (9).

5. The polymer electrolyte fuel cells system according to any of claims 1-4, further comprising means for condensing
water vapor contained in the reacted gas (100), said means being attached to said porous body (14).

Patentansprüche

1. Polymerelektrolyt-Brennstoffzellensystem, das einen Hauptzellenkörper umfasst, der aus einem Zellenstapel (9)
zusammengesetzt ist, der durch einen laminierten Körper von einer Mehrzahl von Zellen aufgebaut ist, die jeweils
eine Festpolymerelektrolytmembran aufweisen, wobei das Polymerelektrolyt-Brennstoffzellensystem die Merkmale
aufweist, dass
der Hauptzellenkörper mit einem Temperatur/Feuchtigkeit-Austauschmittel (10) ausgestattet ist, das den Kontakt
eines umgesetzten Gases (100), das durch den Zellenstapel (9) hindurchgetreten ist, über einen wasserrückhal-
tenden porösen Körper (14) mit einem nicht-umgesetzten Gas (101), das durch den Zellenstapel (9) geleitet werden
soll, ermöglicht, und dass
die Temperatur des nicht-umgesetzten Gases (101) so eingestellt wird, dass sie niedriger ist als die Temperatur
des umgesetzten Gases (100), so dass bewirkt wird, dass der Wasserdampf, der in dem umgesetzten Gas (100)
enthalten ist, auf der Seite des umgesetzten Gases (100) des porösen Körpers (14) kondensiert, und dass ermöglicht
wird, dass das resultierende kondensierte Wasser von der Seite des umgesetzten Gases (100) durch den porösen
Körper (14) auf die Seite des nicht-umgesetzten Gases (101) hindurchtreten kann.

2. Polymerelektrolyt-Brennstoffzellensystem nach Anspruch 1, bei dem das Temperatur/Feuchtigkeit-Austauschmittel
(10) mit einer Gaszuführungsleitung ausgestattet ist, so dass das umgesetzte Gas (100) und das nicht-umgesetzte
Gas (101) im Gegenstrom zueinander vorliegen, wobei der poröse Körper (14) dazwischen angeordnet ist.

3. Polymerelektrolyt-Brennstoffzellensystem nach Anspruch 1 oder 2, bei dem das Temperatur/Feuchtigkeit-Aus-
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tauschmittel (10) mit einer Kühleinrichtung (13c) zum Leiten eines Kühlmittels zum Kühlen des umgesetzten Gases
(100) ausgestattet ist, wobei die Kühleinrichtung (13c) auf der Rückfläche eines Separators (5) zur Festlegung der
ersten Gasrille (12a) in dem Temperatur/Feuchtigkeit-Austauschmittel (10) bereitgestellt ist.

4. Polymerelektrolyt-Brennstoffzellensystem nach einem der Ansprüche 1 bis 3, bei dem das Temperatur/Feuchtigkeit-
Austauschmittel (10) so angeordnet ist, dass es mit dem Zellenstapel (9) in Kontakt ist.

5. Polymerelektrolyt-Brennstoffzellensystem nach einem der Ansprüche 1 bis 4, das ferner ein Mittel zum Kondensieren
von Wasserdampf umfasst, der in dem umgesetzten Gas (100) enthalten ist, wobei das Mittel an dem porösen
Körper (14) angebracht ist.

Revendications

1. Système de piles à combustible du type à électrolyte polymère comprenant un corps de piles principal composé
d’un empilement de piles (9) constitué d’un corps stratifié d’une pluralité de piles ayant chacune une membrane
d’électrolyte polymère solide, qui est caractérisé en ce que :

ledit corps de piles principal est muni d’un moyen d’échange de température/humidité (10) qui permet à un gaz
ayant réagi (100) qui est passé à travers ledit empilement de piles (9) d’être mis en contact, à travers un corps
poreux retenant l’eau (14), avec un gaz n’ayant pas réagi (101) devant passer à travers ledit empilement de
piles (9) ; en ce que :
la température dudit gaz n’ayant pas réagi (101) est réglée pour être inférieure à la température dudit gaz ayant
réagi (100), de sorte que la vapeur d’eau contenue dans le gaz ayant réagi (100) soit amenée à se condenser
du côté gaz ayant réagi (100) du corps poreux (14) et en ce que l’eau condensée obtenue est amenée à passer
du côté gaz ayant réagi (100) au côté gaz n’ayant pas réagi (101) à travers le corps poreux (14).

2. Système de piles à combustible du type à électrolyte polymère selon la revendication 1, dans lequel ledit moyen
d’échange de température/humidité (10) est muni d’un conduit d’alimentation en gaz afin d’amener le gaz ayant
réagi (100) et le gaz n’ayant pas réagi (101) à couler à contre-courant l’un par rapport à l’autre, le corps poreux (14)
étant intercalé entre eux.

3. Système de piles à combustible du type à électrolyte polymère selon la revendication 1 ou 2, dans lequel ledit moyen
d’échange de température/humidité (10) est muni d’un moyen de refroidissement (13c) pour faire couler un agent
de refroidissement pour refroidir le gaz ayant réagi (100), le moyen de refroidissement (13c) étant agencé sur la
surface arrière d’un séparateur (5) afin de définir la première rainure de gaz (12a) dans le moyen d’échange de
température/humidité (10).

4. Système de piles à combustible du type à électrolyte polymère selon l’une quelconque des revendications 1 à 3,
dans lequel ledit moyen d’échange de température/humidité (10) est disposé pour être en contact avec l’empilement
de piles (9).

5. Système de piles à combustible du type à électrolyte polymère selon l’une quelconque des revendications 1 à 4,
comprenant en outre un moyen pour condenser la vapeur d’eau contenue dans le gaz ayant réagi (100), ledit moyen
étant fixé audit corps poreux (14).
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