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Description

[0001] The present invention relates to a fuel cell, and
more precisely a fuel cell using a polymeric membrane
as the electrolyte.
[0002] Fuel cells are electrochemical generators of
electric energy in the form of direct current; in other
words, they convert the free energy of reaction of a fuel
(for example a gaseous mixture containing hydrogen,
or a light alcohol such as methanol or ethanol) with an
oxidant (for example air or oxygen) without its complete
degradation to thermal energy, and therefore without
being submitted to the limitation of the Camot cycle. To
achieve the desired conversion of chemical energy to
electrical energy, the fuel is oxidised at the anode of the
cell, with the concurrent release of electrons and H+

ions, while the oxidant is reduced at the cathode, where
H+ ions are consumed; the two poles of the generator
must be separated by a suitable electrolyte, allowing a
continuous flow of H+ ions from the anode to the cath-
ode, at the same time hindering the transfer of electrons
from one pole to the other, thereby maximising the elec-
trical potential difference between the two electrodes.
[0003] This potential difference represents in fact the
driving force of the process itself. The fuel cells are con-
sidered as an excellent alternative to the traditional sys-
tems of electric generation; especially in view of their
extremely favourable environmental impact (absence of
polluting emissions and noise, formation of water as the
only by-product), they are used both in the field of sta-
tionary power generation of various sizes (electrical
power stations, back-up power generators, etc.) as well
as in the field of mobile applications (electric vehicle ap-
plications, generation of automotive energy or auxiliary
energy for space, submarine and naval applications).
[0004] The polymeric membrane fuel cells offer, com-
pared with other fuel cells, further advantages, due to
their fast start-up and quick achievement of the optimum
operation conditions, the high power density, the intrin-
sic reliability connected both to the lack of moving parts
and to the absence of corrosion phenomena and severe
thermal cycles; in fact, among all the fuel cells of the
prior art, the polymer electrolyte fuel cells exhibit the
overall lowest operating temperature (usually,
70-100°C).
[0005] The polymeric electrolyte used for this purpose
is an ion-exchange membrane, and more precisely a
cation-exchange membrane, that is a chemically inert
polymer, partially functionalised with groups capable of
undergoing acid-base hydrolysis leading to a separation
of electric charge; said hydrolysis consists more pre-
cisely in the release of positive ions (cations) and in the
formation of fixed negative charges on the polymer con-
stituting the membrane. Porous electrodes are applied
on the surface of the membrane, which allow for the re-
actants to flow therethrough up to the membrane inter-
face. A catalyst is applied on said interface on the elec-
trode and/or on the membrane side, such as for example

platinum black, which favours the corresponding half-
reaction of fuel oxidation or oxidant reduction. This ar-
rangement provides also for the continuous flow of cat-
ions when a potential gradient is established between
the two faces of the membrane and the external electric
circuit is concurrently closed; being the H+ ion the trans-
ported cation in this case, as previously mentioned, the
potential difference generated upon feeding a species
with a lower electrochemical potential at the anode, and
a species with a higher electrochemical potential at the
cathode, causes protonic conduction across electron
flow (i.e. electric current) across the external circuit, as
soon as the latter is closed.
[0006] The protonic conduction is an essential condi-
tion for the operation of a fuel cell and is one of the de-
cisive parameters to assess its efficiency. An insufficient
protonic conduction causes a remarkable drop in the po-
tential difference at the poles of the cell (cell voltage
drop) once the electric circuit is closed on the external
resistive load which exploits the produced electric out-
put. This, in turn, causes an increased degradation of
the energy of reaction to thermal energy and the conse-
quent decrease of the fuel conversion efficiency.
[0007] Several cation-exchange membranes, offering
optimum protonic conduction characteristics, are avail-
able on the market and are widely used in industrial fuel
cells, such as for example those commercialised under
the trademark Nafion® by Dupont de Nemours, U.S.A.,
Gore Select® by Gore, U.S.A., Aciplex® by Asahi
Chemicals, Japan. All these membranes are negatively
affected by an intrinsic process limitation associated
with their operation mechanism: being the separation of
electric charge which enables the protonic conduction
set by a hydrolysis mechanism, such membranes de-
velop their conductivity only in the presence of liquid wa-
ter. Although the formation of water is an intrinsic con-
sequence of the operation of a fuel cell, its extent results
almost always insufficient to maintain the correct hydra-
tion state of the membrane, especially when operating
at a sufficiently high current density.
[0008] Operation at high current density in fact in-
volves a decrease in the investment costs for a given
power output, but also a decrease in the energy efficien-
cy and the generation of a higher amount of heat. The
large amount of heat generated in a fuel cell operating
at a current density of practical use (for example be-
tween 150 and 1500 mA/cm2) must be efficiently re-
moved to permit the thermal regulation of the system,
not only in view of the limited thermal stability of the ion-
exchange membrane, usually unfit for operation above
100°C, but also to reduce as much as possible the evap-
oration of the produced water and its consequent re-
moval by the flow of inerts and unconverted reactants
from the cell. Furthermore, as the voltage at the poles
of a single fuel cell is too small to allow a practical ex-
ploitation, said cells are usually connected in electrical
series by means of bipolar junctions and assembled in
a filter-press arrangement feeding the reactants in par-
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allel, as illustrated in U.S. Patent No. 3,012,086. In such
a fuel cell battery arrangement, usually called a "stack",
the problem of heat removal is amplified with respect to
the case of a single cell, wherein it is possible to take
advantage of the thermal convection through the exter-
nal walls. For this reason, all the designs of prior art fuel
cells provide suitable hydraulic circuits for the removal
of heat by thermal exchange with a circulating fluid; such
fluid may be fed inside serpentines formed in the bipolar
plates or in appropriate sections intercalated between
single cells in electrical connection therewith; both so-
lutions further complicate the construction of the stacks,
increasing weights and volumes, thereby reducing the
power density, a parameter whose maximisation is high-
ly desired especially in the case of mobile applications.
[0009] A less burdensome solution under this aspect
is described in the PCT patent application no. WO
98/28809, wherein the cooling fluid is circulated in a pe-
ripheral section of the bipolar plate adjacent to the active
surface of the cell; however, in this way a transversal
temperature profile is obtained with the central area of
the membrane operating at a temperature higher than
that of the peripheral area, thereby establishing a ther-
mal gradient which is potential very dangerous for the
integrity of the membrane itself.
[0010] Finally, even if the extent of the heat removal
needed to set the system temperature below 100°C ap-
pears to be achievable although quite demanding, the
concurrent water drain from fuel cell stacks remains too
high for the produced water to maintain a sufficient hy-
dration level of the membranes alone; the stack designs
of the prior art have therefore introduced a second aux-
iliary system, in addition to the cooling system, which
provides for injecting the required additional amount of
water into the generator. This circuit generally provides
for pre-humidifying the reactants at the inlet of the anode
and cathode compartments of the fuel cells, for example
by bubbling in liquid water or by diffusion of water vapour
though suitable membranes in auxiliary cells. Also this
second circuit involves an evident increase in weight,
volumes and investment costs; moreover, the quantity
of water to be fed to the system must be strictly control-
led as an excess of liquid in the cell compartments would
lead to the dramatic consequence of blocking the ac-
cess of the gaseous reactants to the surface of the elec-
trodes. The only possibility to achieve a calibration, al-
beit indirect, of the water supplied by the above system
is acting on the temperature of the water itself and thus
on its vapour pressure. This in turn brings to the need
of thermostating the humidification system of the fuel
cell stacks, further complicating the construction design.
[0011] A more advantageous solution to ensure a
suitable water supply to the reactant flow is disclosed in
the European Patent Publication No. 316 626 where it
is described the humidification of said flow through in-
jection of atomised water thereto, for example by means
of a ultrasonic aerosol generator. This solution partially
mitigates the need of cooling the stack by a burdensome

auxiliary heat exchange circuit, as part of the water fed
thereto is vaporised inside the cell, thereby removing a
substantial amount of heat. The system however is neg-
atively affected by a basic drawback represented by the
construction complexity associated with the aerosol
generator which, besides being expensive, consumes a
certain portion of the electric output generated by the
fuel cells.
[0012] In addition, the time of permanence of water in
the cell is too short to ensure at the same time the hu-
midification of the membrane and the cooling of the
stack without recurring to auxiliary circuits, especially at
a high current density and with stacks comprising a high
number of cells.
[0013] Furthermore, the humidification of the reac-
tants or the addition of atomised water prior to sending
said reactants to the inlet manifold may cause some wa-
ter condensation or droplet formation therein, having the
consequence of feeding an excess amount of water to
some cells of the stack (typically those closer to the re-
actants inlet) and an insufficient amount to some other
cells (typically those farther from the reactants inlet).
[0014] The present invention consists in a fuel cell
stack comprising a reticulated electrically and thermally
conductive material interposed between the bipolar
plate and the electrodic surface as described for exam-
ple in U.S. Patent No. 5,482,792, wherein humidification
of the reactants and thermal control are obtained by a
single-circuit direct injection of a suitable flow of water
which partially evaporates inside the reticulated material
exploiting its high surface and its thermal conductivity
which allows an efficient extraction of heat from the elec-
trodes.
[0015] In one embodiment of the invention, the injec-
tion point of the water in the gaseous flow is positioned
downstream the reactant inlet manifold.
[0016] In another embodiment, said injection point is
positioned in correspondence of the periphery of the re-
ticulated material, in areas physically separated from
the ones where the reactants are fed.
[0017] In another embodiment, water is injected in
correspondence of depressions formed inside the retic-
ulated material.
[0018] In another embodiment, water is injected in
correspondence of serpentine-shaped depressions pro-
vided inside the reticulated material and running along
the whole surface of the same.
[0019] In another embodiment, water is injected in
correspondence of offset double comb-shaped depres-
sions provided inside the reticulated material.
[0020] The invention will be now described making
reference to the figures, wherein:

Fig.1 shows a general scheme of a membrane fuel
cell stack of the invention, assembled in a filter-
press arrangement.
Fig. 2A shows a general scheme of a membrane
fuel cell stack of the prior art, assembled in a filter-
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press arrangement; fig. 2B shows a bipolar plate of
the prior art.
Figs. 3, 4, 5 and 6 show various types of gaskets
for fuel cells.
Figs. 7, 8, 9 and 10 show various types of reticulated
elements for the distribution of fluids and the con-
nection between the bipolar plates and the elec-
trodes inside the fuel cell stacks.

[0021] Making reference to fig. 1, each elementary
cell (1), which represents the repetitive unit of the mod-
ular assembly of the fitter-press arrangement, compris-
es, proceeding from the inside to the outside, an ion-
exchange membrane (2), a pair of porous electrodes
(3), a pair of catalytic layers (4) formed at the interface
between the membrane (2) and each of the electrodes
(3), a pair of electrically conductive reticulated elements
(5), a pair of gaskets (6) for the peripheral sealing, a pair
of bipolar plates (7) which delimit the boundary of the
elementary cell (1). The reticulated elements (5) have a
minimum porosity of 50%, and perform the functions of
electrically connecting the bipolar plates (7) to the elec-
trodes (3), and distributing the gaseous reactants and
the humidification water, finely subdividing the latter
through all the thickness of the reticulated element (5)
and thus favouring the evaporation inside the whole vol-
ume of the chamber delimited by the bipolar plate (7)
and the electrode (3). Suitable apertures on the periph-
eral area of the bipolar plates (7) and of the gaskets (6)
form, upon juxtaposition of the above mentioned com-
ponents, the two upper manifolds (8), only one of which
is shown in the figure, which may be used to feed the
reactants, and the two lower manifolds (9), which may
be used for discharging the produced water, the gase-
ous inerts and the non-converted portion of the reac-
tants, only one of which is shown in the figure. Alterna-
tively, the lower manifolds (9) may be used as feeding
ducts and the upper manifolds (8) as discharge ducts.
It is also possible to feed one of the two reactants
through one of the upper manifolds (8), using the corre-
sponding lower manifold (9) as the outlet, while feeding
the other reactant through the other lower manifold (9),
using the corresponding upper manifold (8) as the out-
let.
[0022] Externally to the elementary cell (1) assembly
in a filter-press arrangement, there are two end plates
(10), one of which is provided with fittings for the hydrau-
lic connection to the manifolds (8) and (9), not shown in
the figure, and both of which provided with suitable holes
for the tie-rods used to clamp the complete stack, also
not shown in the figure. Making reference to figures 2A
and 2B, each elementary cell (1'), which constitutes the
repetitive unit of the modular assembly of the filter-press
arrangement, comprises, proceeding from the inside to
the outside, an ion-exchange membrane (2'), a pair of
porous electrodes (3'). a pair of catalytic layers (4')
formed at the interface between the membrane (2') and
each of the electrodes (3'), a pair of planar gaskets (6')

for the hydraulic sealing, a pair of bipolar plates (7')
which delimit the boundary of the elementary cell (1').
The bipolar plates (7') have a ribbed profile (11). the pro-
jecting part of which ensures the electrical continuity
through the stack, while the depressed part allows the
circulation of gases and water. Suitable apertures in the
peripheral area of the bipolar plates (7') form, upon jux-
taposition of the above mentioned components, the two
upper manifolds (8'), only one of which is shown in the
figure, which may be used to feed the reactants, and the
two lower manifolds (9'), which may be used for dis-
charging the produced water, the gaseous inerts and the
non-converted portion of the reactants, only one of
which is shown in the figure. Also in this case it is pos-
sible to invert the function of the lower and upper man-
ifolds.
[0023] Externally to the elementary cell (1') assembly
in a filter-press arrangement, there are two end plates
(10'), one of which is provided with fittings for the hy-
draulic connection to the manifolds (8') and (9'), not
shown in the figure, and both of which provided with suit-
able holes for the tie-rods that clamp the complete stack,
also not shown in the figure.
[0024] Making reference to figs. 3, 4, 5 and 6, some
embodiments of gaskets (6) are shown which comprise
an upper hole (12), which forms the upper manifold (8),
by juxtaposition in a filter-press arrangement, a lower
note (13), which forms the lower manifold (9) by juxta-
position in a filter-press arrangement, the housing (14)
for the reticulated element (5) and, optionally, one or
more channels for the injection of water (15).
[0025] Making reference to fig. 7A, an embodiment of
the reticulated element (5), made of a flattened expand-
ed sheet having a rhomboidal mesh is shown; in fig. 7B,
a planar fine net, having a square mesh is shown.
[0026] Making reference to figs. 8, 9 and 10, some
embodiments of reticulated elements (5) are shown,
made of a deformable metallic material, such as a metal
foam; in the embodiments of figs. 9 and 10, depressions
(16) acting as preferential channels for injecting water,
are formed inside said metallic material, for example by
cold-pressing.

EXAMPLE 1

[0027] Two stacks, one made of 15 and one made of
30 elementary cells (1), were manufactured according
to the scheme of fig. 1, and equipped with the following
components:

- lon-exchange membranes (2) Nafion® 115, com-
mercialised by Dupont de Nemours

- Electrodes (3) commercialised by E-Tek, Inc., under
the trademark ELAT® , activated by a catalytic layer
(4) made of platinum particles supported on active
carbon, with an active surface of 200 cm2.

- Reticulated elements (5) made of a nickel foam as
shown in fig. 8, having pores comprised between 1
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and 3 mm
- Gaskets (6) according to the scheme of fig. 3
- Bipolar plates (7) made of a 2 mm thick stainless

steel sheet.
- Aluminum end plates (10), electrically connected to

the bipolar plates (7) of the external cells, provided
with current collecting sockets connected to a vari-
able resistive load.

[0028] The stacks were connected, through suitable
fittings mounted on one of the end plates (10), to the
gaseous reactants supplies and to an external circuit
where demineralized water, thermostated at the desired
temperature by means of a heat exchanger, was circu-
lated. Through these connections, the stacks were fed
with a mixture containing 70% of hydrogen at the neg-
ative pole (anode), and with air at the positive pole (cath-
ode), by means of the upper manifolds (8), obtained by
the juxtaposition in a filter-press configuration of the up-
per holes (12) and the corresponding apertures in the
bipolar plates (7). The same manifolds (8) were fed with
a stream of demineralized water from the corresponding
circuit, the flow-rate of which was regulated as needed,
according to the dynamic responses of the system. The
stacks were not provided with auxiliary cooling in addi-
tion to the one supplied by the evaporation of the water
injected into the manifolds (8).
[0029] The stacks were operated for 12 hours at a cur-
rent density of 300 mA/cm2, regulating the temperature
of the cells at 70°C, and monitoring the voltage of the
single cells. The water flow-rate was manually regulated
so as to maximise the voltage of the single cells. At the
end of this manual regulation, a voltage comprised be-
tween 715 and 745 mV was detected on each cell of
both stacks. In the 30 cell stack, the cells having the
lowest voltage values were statistically distributed far-
ther away from the end plate connected to the reactants
and water inlets (tail cells); after the first hour of opera-
tion, the voltage of the single cells tended to remain gen-
erally constant.
[0030] The resistive load applied to the end plates
(10) was then varied in order to draw a current density
of 600 mA/cm2 from to the two stacks; the 15 cell stack
maintained a stable operation condition, with single cell
voltages comprised between 600 and 670 mV, the low-
est values being statistically distributed among the tail
cells; the 30 cell stack was shut-down after about one
hour, as the voltages exhibited by the end cells were
continuously decreasing, most probably as a conse-
quence of local overheating.
[0031] The same tests were repeated by atomising
water with a ultrasonic aerosol generator, before inject-
ing the same water to the upper manifolds (8). In all cas-
es, no variation in the performance was observed.

COMPARATIVE EXAMPLE 1

[0032] A 15 fuel cell stack was made according to the

prior art teachings, following the scheme of fig. 2.
[0033] The stack was equipped with the following
components:

- Nafion® 115 ion-exchange membranes (2'). com-
mercialised by Dupont de Nemours

- ELAT® electrodes (3') commercialised by E-Tek
Inc., activated by a catalytic layer (4') made of plat-
inum particles supported on active carbon, with an
active surface of 200 cm2.

- Planar sealing gaskets (6'), having the same thick-
ness as that of the electrodes (3')

- Bipolar plates (7') made of a ribbed graphite sheet
having a thickness of 5 mm.

- Copper end plates (10'), electrically connected to
the bipolar plates (7') of the external cells, provided
with a current collecting socket connected to a var-
iable resistive load.

[0034] Similarly to the previous Example, the stack
was connected, by suitable fittings provided on one of
the end plates (10'), to the feeding circuit of the gaseous
reactants and to an external circuit where demineralized
water, thermostated at the desired temperature by
means of a heat exchanger was circulated. Through
these connections, the stacks were fed with a mixture
containing 70% of hydrogen at the negative pole (an-
ode), and with air at the positive pole (cathode), through
the upper manifolds (8'); a flow of demineralized water
was fed from the corresponding circuit to the same man-
ifolds (8'). The stacks were not equipped with auxiliary
cooling in addition to the one provided by the evapora-
tion of the water injected into the manifolds (8'). Notwith-
standing all the attempts to regulate the water flow-rate,
in the same way as described for the previous exam-
ples, it was not possible to reach a current density of
300 mA/cm2, as the voltages of some cells, randomly
distributed, tended to decrease with time due to over-
heating.
[0035] By decreasing the current density, it was pos-
sible to obtain a stable operation at 70 mA/cm2; at such
value, the voltages of each single cell were distributed
in a range comprised between 800 and 550 mV; it was
possible to increase the current density up to 100 mA/
cm2 when water was atomised with the ultrasonic aer-
osol generator of the previous Example, but it was not
possible to further increase the current output. The out-
come of these tests indicated a scarce uniformity of the
water injection among the various cells of the stack and,
inside each cell, the irregular distribution of water inside
the ribbed structure; upstream atomisation of water
slightly mitigates the problem, without having the same
efficiency of the fine fragmentation throughout the whole
volume of the cell, produced by the reticulated element
of the previous Example.

7 8



EP 1 171 926 B1

6

5

10

15

20

25

30

35

40

45

50

55

EXAMPLE 2

[0036] The two stacks of Example 1 were fed with the
gaseous reactants and with water through the lower
manifolds (9), using the upper manifolds (8) for dis-
charging. Under these conditions, it was possible to op-
erate also the 30 cell stack at 600 mA/cm2, even though
the voltages of the five tail cells remained below 600 mV.
At the same current density, the voltages of the 15 cell
stack were distributed in a range comprised between
650 and 670 mV; although the maximum values were
close to those relative to the previous test, where injec-
tion was carried out through the upper manifolds, the
distribution of the cell voltage values resulted much
more homogeneous. The explanation resides in the fact
that when a plurality of cells are fed in parallel through
a manifold positioned at a higher level, it is possible that
part of the water be collected on the bottom of the man-
ifold itself, subsequently falling through the inlet of the
group of cells closer to the water injection point. In the
case of injection from the bottom, water does not fall into
the cells being instead suctioned by the inlet gas, pro-
viding a more uniform flow inside each single cell.

EXAMPLE 3

[0037] The tests of Examples 1 and 2 were repeated
feeding pure hydrogen as the fuel, closing the outlet
manifold on the anode side and injecting water only to
the air inlet manifold. In both cases it has been observed
that the performances of the stacks were substantially
the same as in the previous cases, the detected slight
increases in the cells voltages being due to the increase
of the fuel molar fraction. Furthermore, it has been ob-
served that in the case of total consumption of a pure
fuel at the anode (dead-end operation), it is sufficient to
humidify only the flow of the oxidant. In this case, the
upstream atomisation of water with the ultrasonic aero-
sol generator did not produce any positive effect.

EXAMPLE 4

[0038] The 30 cell stack of the previous examples was
rotated by 35° with respect to its main axis, so that for
each of the gaskets (6) fed with air, the lower hole (13)
was placed at a lower level with respect to its initial po-
sition, and consequently the whole lower manifold (9)
on the air side was at a lower level with respect to its
initial level. The stack was then fed with air from the cor-
responding lower manifold (9), where water was inject-
ed as in the previous examples. Pure hydrogen was fed
from the corresponding lower manifold (9) to total con-
sumption, without any humidification and closing the rel-
evant upper manifold (8), according to a dead-end mode
operation.

EXAMPLE 5

[0039] A 45 fuel cell stack was manufactured accord-
ing to the prior art teachings, following the scheme of
fig. 1, equipped with the following components:

- ion-exchange membranes (2) commercialised by
Gore, U.S.A. under the trademark Gore Select®,

- Electrodes (3) commercialised by E-Tek Inc, U.S.A.
under the trademark ELAT® , activated with a cat-
alytic layer (4) made of platinum particles supported
on active carbon, with an active surface of 900 cm2.

- Reticulated elements (5) made by superimposing a
flattened expanded sheet, as shown in fig. 7A,
against the bipolar plate (7), having a rhomboidal
mesh with side length of 3 mm, and planar fine net
against the electrode (3), as shown in fig. 7B, having
a square mesh with side length of 1 mm; both the
expanded sheet and the planar mesh were made of
stainless steel AISI 316L

- Gaskets (6) according to the scheme shown in fig. 4
- Bipolar plates (7) made of 2 mm thick stainless steel

sheet.
- End plates made of aluminum (10), electrically con-

nected to the bipolar plates (7) at each end of the
stack, provided with current collecting sockets con-
nected to a variable resistive load.

[0040] The stack was connected, through suitable fit-
tings provided on one of the end plates (10), to the feed-
ing circuit of the gaseous reactants and to an external
circuit where demineralized water, thermostated at the
desired temperature by means of a heat exchanger, was
circulated. Through these connections, the stacks were
fed with pure hydrogen at the negative pole (anode), and
with air at the positive pole (cathode), by means of the
lower manifolds (9) obtained by juxtaposing the lower
holes (13) and the corresponding holes, in the bipolar
plates (7) in a filter-press configuration. A flow of dem-
ineralized water, whose rate was regulated as needed,
according to the dynamic responses of the system, was
supplied from the relevant circuit to the injection chan-
nels (15). The stack was not equipped with auxiliary
cooling in addition to the one provided by the evapora-
tion of the water fed to the injection channels (15).
[0041] The stack was operated for 12 hours at a cur-
rent density of 700 mA/cm2, regulating the cell temper-
ature at 75°C and monitoring the voltages of the single
cells. The water flow rate was manually regulated up to
maximising the single cell voltages. At the end of this
manual regulation, all the cells of the stack displayed a
voltage comprised between 680 and 700 mV, which re-
mained stable with time. This test permitted to verify
that, compared to the type of gasket used in the previous
examples, which determined the mixing of gas and wa-
ter in the inlet manifold, the use of the gasket shown in
fig. 4, wherein the mixing of the two fluids occurs in a
smaller duct, downstream the inlet manifold, is more ad-
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vantageous.
[0042] Also in this case it has been verified that the
atomisation of the water injected in an air flow supplied
to the channels (15) does not offer any beneficial effect.

EXAMPLE 6

[0043] A 45 fuel cell stack was assembled, similar to
the one of the previous example with the only exception
of the gaskets which corresponded to those of fig. 5.
This type of design provides a separate feeding, in mu-
tually parallel directions, of the gas and water streams,
which are mixed only after the insertion into the reticu-
lated element (5), ensuring an even more uniform dis-
tribution of water inside the single cells. This stack, op-
erated at 700 mA/cm2 under the same operating condi-
tions of Example 5, displayed cell voltage values com-
prised between 700 and 715 mV.

EXAMPLE 7

[0044] A 45 fuel cell stack was assembled, similar to
the one of the previous example with the only exception
of the gaskets, which corresponded to those of fig. 6,
and the reticulated element (5), which was made of a
nickel foam similar to that of Example 1. The stack was
connected so as to feed the reactants from the upper
manifolds (8) and to discharge the same from the lower
manifolds (9). With this gasket design, the injected gas
and water streams, besides being separated until after
insertion into the reticulated element (5), mix in mutually
orthogonal directions. In this case, in order to ensure a
sufficient humidification of the upper zone of the reticu-
lated element, the water flow was split so as to enter to
a large extent into the channels (15), and to a minor ex-
tent into the upper manifolds (8), used for feeding the
cells. The portion of water injected into the channels (15)
was set around 90% of the total, and in any case not
below 80%. This stack, operated at 700 mA/cm2 under
the same operating conditions of the Examples 5 and 6,
displayed cell voltage values comprised between 710
and 730 mV.

EXAMPLE 8

[0045] A 45 fuel cell stack was assembled, similar to
the one of Example 6 with the only exception of the re-
ticulated element (5), which was made of a nickel foam
as shown in fig. 9. In this case, the deformability of the
metal foam was exploited to produce two small channels
or depressions (16) for the preferential distribution of
water in a substantially parallel direction with respect to
the gas flow; said channels were in the form of serpen-
tines which crossed the whole surface of the foam. In
order to form the depressions (16), it is sufficient to cold-
press a metal wire with the desired thickness into the
metal foam. in this case, 3 mm wide serpentines were
obtained by cold-pressing a steel wire with the same

thickness. It is obviously possible to form a single ser-
pentine (16), to be fed from a single channel (15), or also
more than two serpentines. This stack, operated at 700
mA/cm2 under the same operating conditions of Exam-
ples 5, 6 and 7, displayed cell voltage values comprised
between 715 and 730 mV.

EXAMPLE 9

[0046] A 45 fuel cell stack was assembled, similar to
the one of Example 7 with the only exception of the gas-
kets (6), which corresponded to those of fig. 6 and the
reticulated element (5), which was made of the nickel
foam illustrated in fig. 10. Also in this case, the perma-
nent deformability of the metal foam was exploited to
produce two small channels for the preferential distribu-
tion of water; in this case, however, an offset double
comb-shaped geometry was chosen to create a series
of parallel ducts which were fed with water in a substan-
tially orthogonal direction with respect to the direction of
the gas flow. This increases the overall pressure drop
inside the reticulated element (5) and forces the gase-
ous reactants to follow more tortuous paths, distributing
the same along the whole active surface of the cell and
avoiding stagnation or depletion areas. This stack, op-
erated at 700 mA/cm2 under the same operating condi-
tions of Examples 5, 6 and 7, displayed cell voltage val-
ues comprised between 730 and 740 mV.
[0047] Although the invention has been described
making reference to specific embodiments, the latter are
not intended to limit the invention, the scope of which is
defined in the following appended claims.

Claims

1. A stack of polymeric membrane fuel cells fed with
gaseous reactants, wherein said membrane sepa-
rates an anodic compartment from a cathodic com-
partment comprising bipolar plates, gaskets option-
ally provided with channels for feeding and dis-
charging fluids, porous electrodes, catalytic layers
interposed between the membranes and the elec-
trodes, manifolds for feeding the flow of reactants,
manifolds for the discharge of the unconverted por-
tions of the reactants, of the inerts and of the pro-
duced water, and at least an injection point connect-
ing a hydraulic circuit for injecting a water flow inside
at least one compartment of the cells, said water
flow provides contemporaneously for the humidifi-
cation of the membranes and for the removal of the
generated heat, characterised In that at least one
compartment of the cells fed with the reactants and
water coming from the injection point comprises an
electrically and thermally conductive reticulated el-
ement interposed between the electrodes and the
bipolar plates, which distributes said water flow
through the whole volume occupied by the gaseous
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reactants.

2. The stack of claim 1 characterised in that the in-
jection point of water is positioned outside said at
least one compartment

3. The stack of claim 2 characterised in that said in-
jection point of water is positioned at the inlet of the
manifold for feeding the flow of reactants.

4. The stack of claim 3 characterised in that said
manifold for feeding the flow of reactants is a lower
manifold.

5. The stack of claim 4 characterised in that said
stack is rotated with respect to its main axis and said
manifold is in the lowest position.

6. The stack of the preceding claims characterised in
that only one of the compartments of the cells is fed
with water.

7. The stack of claim 6 characterised in that said only
one compartment fed with water is the cathodic
compartment.

8. The stack of claim 2 characterised in that said in-
jection point of water is positioned in channels
formed in the gaskets, downstream the manifold for
feeding the flow of reactants.

9. The stack of claim 1 characterised in that said in-
jection point of water is positioned inside the cells.

10. The stack of claim 8 characterised in that the ori-
entation of the injection of water is substantially par-
allel to directions of the reactants flow.

11. The stack of claim 8 characterised in that the ori-
entation of the injection of water is substantially or-
thogonal to the direction of the reactants flow.

12. The stack of claim 1 characterised in that said re-
ticulated element is deformable by cold-pressing.

13. The stack of claim 12 characterised in that said
reticulated element deformable by cold-pressing is
a metal foam.

14. The stack of claim 13 characterised in that said
metal foam contains nickel.

15. The stack of claim 12 characterised in that said
reticulated element comprises at least one depres-
sion for water distribution.

16. The stack of claim 15 characterised in that said at
least one depression is obtained by cold-pressing.

17. The stack of claim 15 characterised in that the ori-
entation of said at least one depression is substan-
tially parallel to the direction of the reactant flow.

18. The stack of claim 17 characterised in that said
depressions have the form of a serpentine.

19. The stack of claim 15 characterised in that the ori-
entation of said at least one depression is substan-
tially orthogonal to the direction of the reactant flow.

20. The stack of claim 19 characterised in that said
depressions are disposed according to an offset
double comb-shaped geometry.

Patentansprüche

1. Stapel aus mit gasförmigen Reaktionsteilnehmern
versorgten Polymermembran-Brennstoffzellen,
wobei die Membran eine Anodenkammer von einer
Kathodenkammer trennt, mit Bipolarplatten, gege-
benenfalls mit Kanälen zur Zufuhr und Ableitung
von Fluiden versehenen Dichtungen, porösen Elek-
troden, zwischen den Membranen und den Elektro-
den angeordneten katalytischen Schichten, Vertei-
lungsleitungen zur Zufuhr des Strom der Reaktions-
teilnehmer, Sammelleitungen zur Ableitung von
nicht umgewandelten Teilen der Reaktionsteilneh-
mer, von Inerten und von dem erzeugten Wasser;
und mit wenigsten einem Einspritzpunkt, der einen
hydraulischen Kreislauf zum Einspritzen eines
Wasserstroms in wenigstens eine Kammer der Zel-
len verbindet, wobei der Wasserstrom gleichzeitig
für die Befeuchtung der Membranen und die Ablei-
tung der erzeugten Wärme sorgt, dadurch ge-
kennzeichnet, dass wenigstens eine Kammer der
mit Reaktionsteilnehmern und mit von dem Ein-
spritzpunkt kommendem Wasser versorgten Zellen
ein elektrisch und thermisch leitfähiges, netzartiges
Element umfasst, das zwischen den Elektroden und
den Bipolarplatten angeordnet ist, welches den
Wasserstrom in dem gesamten von den gasförmi-
gen Reaktionsteilnehmern ausgefüllten Volumen
verteilt.

2. Stapel gemäß Anspruch 1, dadurch gekennzeich-
net, dass der Einspritzpunkt des Wassers außer-
halb der wenigstens einen Kammer angeordnet ist.

3. Stapel gemäß Anspruch 2, dadurch gekennzeich-
net, dass der Einspritzpunkt des Wassers an dem
Einlass der Verteilerleitung zur Zufuhr des Stroms
an Reaktionsteilnehmern angeordnet ist.

4. Stapel gemäß Anspruch 3, dadurch gekennzeich-
net, dass die Verteilungsleitung zur Zufuhr des
Stroms an Reaktionsteilnehmern eine untere Lei-
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tung ist.

5. Stapel gemäß Anspruch 4, dadurch gekennzeich-
net, dass der Stapel bezüglich seiner Hauptachse
rotiert ist und sich die Verteilungsleitung in der tief-
sten Position befindet.

6. Stapel gemäß einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass nur eine der
Kammem der Zellen mit Wasser versorgt wird.

7. Stapel gemäß Anspruch 6, dadurch gekennzeich-
net, dass die eine mit Wasser versorgte Kammer
die Kathodenkammer ist.

8. Stapel gemäß Anspruch 2, dadurch gekennzeich-
net, dass der Einspritzpunkt des Wassers in, in den
Dichtungen gebildeten Kanälen stromabwärts von
der Verteilungsleitung zur Zufuhr des Stroms an
Reaktionsteilnehmern angeordnet ist.

9. Stapel gemäß Anspruch 1, dadurch gekennzeich-
net, dass der Einspritzpunkt des Wassers im Inne-
ren der Zellen angeordnet ist.

10. Stapel gemäß Anspruch 8, dadurch gekennzeich-
net, dass die Orientierung des Einspritzen des
Wassers im Wesentlichen parallel zur Richtung des
Stroms an Reaktionsteilnehmern ist.

11. Stapel gemäß Anspruch 8, dadurch gekennzeich-
net, dass die Orientierung des Einspritzen des
Wassers im Wesentlichen senkrecht zur Richtung
des Stroms an Reaktionsteilnehmern ist.

12. Stapel gemäß Anspruch 1, dadurch gekennzeich-
net, dass das netzartige Element durch Kaltpres-
sen verformbar ist.

13. Stapel gemäß Anspruch 12, dadurch gekenn-
zeichnet, dass das durch Kaltpressen verformbare
netzartige Element ein Metallschaum ist.

14. Stapel gemäß Anspruch 13, dadurch gekenn-
zeichnet, dass der Metallschaum Nickel enthält.

15. Stapel gemäß Anspruch 12, dadurch gekenn-
zeichnet, dass das netzartige Element wenigstens
eine Vertiefung zur Wasserverteilung aufweist.

16. Stapel gemäß Anspruch 15, dadurch gekenn-
zeichnet, dass man die wenigstens eine Vertiefung
durch Kaltpressen erhält.

17. Stapel gemäß Anspruch 15, dadurch gekenn-
zeichnet, dass die Orientierung der wenigstens ei-
nen Vertiefung im Wesentlichen parallel zur Rich-
tung des Reaktionsteilnehmerstroms ist.

18. Stapel gemäß Anspruch 17, dadurch gekenn-
zeichnet, dass die Vertiefungen die Form einer
Serpentine aufweisen.

19. Stapel gemäß Anspruch 15, dadurch gekenn-
zeichnet, dass die Orientierung der wenigstens ei-
nen Vertiefung im Wesentlichen senkrecht zur Rich-
tung des Reaktionsteilnehmerstroms ist.

20. Stapel gemäß Anspruch 19, dadurch gekenn-
zeichnet, dass die Vertiefungen entsprechend ei-
ner Geometrie angeordnet sind, die der Form von
zwei versetzten Kämmen entspricht.

Revendications

1. Une batterie de piles à combustible à membrane
polymère alimentée avec des réactifs gazeux, où
ladite membrane sépare un compartiment anodi-
que d'un compartiment cathodique comprenant des
plaques bipolaires, des joints d'étanchéité option-
nellement équipés de canaux pour alimenter et dé-
charger des fluides, des électrodes poreuses, des
couches catalytiques interposées entre les mem-
branes et les électrodes, des collecteurs pour ali-
menter l'écoulement des réactifs, des collecteurs
pour la décharge des parties non converties des
réactifs, des inerts et de l'eau produite, et au moins
un point d'injection reliant un circuit hydraulique
pour injecter un écoulement d'eau dans au moins
un compartiment des piles, ledit écoulement d'eau
réalise simultanément l'humidification des membra-
nes et l'extraction de la chaleur produite, caracté-
risée en ce qu'au moins un compartiment des piles
alimenté avec les réactifs et avec de l'eau venant
du point d'injection comprend un élément réticulé
conducteur électriquement et thermiquement inter-
posé entre les électrodes et les plaques bipolaires,
qui distribue ledit écoulement d'eau dans le volume
entier occupé par les réactifs gazeux.

2. La batterie de la revendication 1 caractérisée en
ce que le point d'injection d'eau est placé en dehors
dudit au moins un compartiment.

3. La batterie de la revendication 2 caractérisée en
ce que ledit point d'injection d'eau est placé à l'en-
trée du collecteur pour alimenter l'écoulement des
réactifs.

4. La batterie de la revendication 3 caractérisée en
ce que ledit collecteur pour alimenter l'écoulement
des réactifs est un collecteur inférieur.

5. La batterie de la revendication 4 caractérisée en
ce que ladite batterie est tournée sur son axe prin-
cipal et le collecteur est en position la plus basse.
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6. La batterie des revendications précédentes carac-
térisée en ce que seulement un des comparti-
ments des piles est alimenté avec de l'eau.

7. La batterie de la revendication 6 caractérisée en
ce que ledit seulement un compartiment alimenté
avec de l'eau est le compartiment cathodique.

8. La batterie de la revendication 2 caractérisée en
ce que ledit point d'injection d'eau est placé dans
des canaux formés dans les joints d'étanchéité, en
aval du collecteur pour alimenter l'écoulement des
réactifs.

9. La batterie de la revendication 1 caractérisé en ce
que ledit point d'injection d'eau est placé à l'intérieur
des piles.

10. La batterie de la revendication 8 caractérisée en
ce que l'orientation de l'injection de l'eau est essen-
tiellement parallèle à la direction de l'écoulement
des réactifs.

11. La batterie de la revendication 8 caractérisée en
ce que l'orientation de l'injection de l'eau est essen-
tiellement orthogonale à la direction de l'écoule-
ment des réactifs.

12. La batterie de la revendication 1 caractérisée en
ce que ledit élément réticulé est déformable par
compression à froid.

13. La batterie de la revendication 12 caractérisée en
ce que ledit élément réticulé déformable par com-
pression à froid est une mousse métallique.

14. La batterie de la revendication 13 caractérisée en
ce que ladite mousse métallique contient du nickel.

15. La batterie de la revendication 12 caractérisée en
ce que ledit élément réticulé comprend au moins
une dépression pour la distribution d'eau.

16. La batterie de la revendication 15 caractérisée en
ce que ladite au moins une dépression est obtenue
par compression à froid.

17. La batterie de la revendication 15 caractérisée en
ce que l'orientation de ladite au moins une dépres-
sion est essentiellement parallèle à la direction de
l'écoulement des réactifs.

18. La batterie de la revendication 17 caractérisée en
ce que lesdites dépressions ont la forme d'une ser-
pentine.

19. La batterie de la revendication 15 caractérisée en
ce que l'orientation de ladite au moins une dépres-

sion est essentiellement orthogonale à la direction
de l'écoulement des réactifs.

20. La batterie de la revendication 19 caractérisée en
ce que lesdites dépressions sont disposées selon
une géométrie en double peigne décalé.
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