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(57) Abrege(suite)/Abstract(continued):
disposéee sur la plague (10, 20) cathodigue ou, respectivement, anodique, de la derniere cellule (30) de 'empilement, ladite

premiere plague d'extremite (21) délimitant un circuit pour le fluide de refroidissement de la derniere cellule (30) et en ce que cette
premiere plague d'extremité (21) est une plagque anodique respectivement cathodigque, identiqgue aux plagues (10, 20) anodiques,
respectivement cathodigues, des cellules (30) mais etant depourvue d'orifice de distribution de réactif. || est ainsi possible de
simplifier le developpement et le montage d'un empilement de cellules de pile a combustible a membrane échangeuse de protons
tout en assurant une bonne etancheité et un refroidissement satisfaisant a I'extremité de I'empilement.
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(57) Abstract : The invention relates to a stack of cells of a fuel cell comprising an anode plate and a cathode plate, at a first one of

the two ends thereot, the stack ending 1n a first anode or cathode end plate (21), respectively, arranged on the cathode or anode plate

(10, 20), respectively, of the last cell (30) of the stack, said first end plate (21) defining a circuit for the cooling tluid of the last cell
(30) and said first end plate (21) being an anode or cathode plate, respectively, identical to the anode and cathode plates (10, 20),

respectively, of the cells (30) but missing the opening for dispensing reagent. It 1s thus possible to simplify the development and the

assembly of a stack of cells of a fuel cell with proton-exchange membrane while ensuring a good seal and satistactory cooling at the
end of the stack.

(57) Abrégé : Empilement de cellules de pile a combustible comprenant une plaque anodique et une plaque anodique,
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Publiée :

— avec rapport de recherche internationale (Art. 21(3))

a une premicre de ses deux extrémites, I'empilement est terminé par une premiere plaque d'extrémité (21) anodique ou respective-
ment, cathodique, disposée sur la plaque (10, 20) cathodique ou, respectivement, anodique, de la derniere cellule (30) de l'empile -
ment, ladite premiere plaque d'extrémite (21) delimitant un circuit pour le fluide de refroidissement de la derniere cellule (30) et
en ce que cette premiere plaque d'extrémite (21) est une plaque anodique respectivement cathodique, identique aux plaques (10,
20) anodiques, respectivement cathodiques, des cellules (30) mais étant dépourvue d'orifice de distribution de réactif. Il est ainsi
possible de simplifier le developpement et le montage d'un empilement de cellules de pile a combustible a membrane ¢changeuse
de protons tout en assurant une bonne etanché¢ite et un refroidissement satisfaisant a 'extrémité de I'empilement.
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Stack of cells of a fuel cell and fuel cell comprising such a stack

The present invention concerns a stack of cells of a fuel cell and a fuel cell
comprising such a stack.

More particularly, the invention concerns a stack of cells of a fuel cell with a
proton exchange membrane in which the cells each comprise an anode plate and
a cathode plate, holding in sandwich fashion a Membrane Electrode Assembly,
each plate having two opposite faces, respectively a reactive face and a cooling
face, the reactive face of each plate being intended to face the Membrane
Electrode Assembly and being provided with relief points and hollows forming at
least one channel for the circulation of a reagent, the cooling face defining a path
for a cooling fluid of the cell, the at least one channel for circulation of a reagent
having an inlet communicating with an orifice for distribution of reagent, formed
through the plate, the plate furthermore comprising a reagent inlet collector orifice
which is distinct from the reagent distribution orifice, the reagent inlet collector
orifice being provided to supply reagent to the inlet of the channel via a passage
located on the cooling face and producing a fluidic connection between the inlet
collector orifice and the reagent distribution orifice, each plate having a peripheral
seal disposed on the reactive face and comprising a portion forming a loop around
the inlet collector orifice.

The cells of a fuel cell (anode side and cathode side) generate heat (the
chemical reactions within the cell are exothermic) and need to be cooled by a
cooling circuit.

In the case of a cell composed of two plates hoiding a Membrane Electrode
Assembly in sandwich fashion, each plate (anode or cathode) comprises a side
devoted to the circulation of the reactive gases (air or hydrogen facing the
Membrane Electrode Assembly) and a side (turned toward the outside of the cell)
devoted to the circulation of the cooling fluid (liquid).

Thus, at each end of a stack it is necessary to close the circuit of the cooling
fluid. In fact, since a stack of cells terminates in one half of the cooling circuit, it is
thus necessary to find a means of closing this cooling half-circuit for these last

half-cells.
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In particular, the passage of cooling liquid via internal collectors requires a
proper sealing of the interface between the last half-cell and the end of the fuel
cell, while ensuring an effective cooling of the last active half-cell of the stack.

One purpose of the present invention is to solve this problem in a simple
and economical manner by mitigating some or all of the drawbacks of the prior art.

To this end, the stack of cells of a fuel cell according to the invention, and
furthermore according to the generic definition given in its preamble above, Is
basically characterized in that, at a first of its two ends, the stack is terminated by a
first anode or respectively cathode end plate, disposed on the cathode or
respectively anode end plate of the last cell of the stack, said first end plate
delimiting a circuit for the cooling fluid of the last cell, this first end plate being an
anode or respectively cathode plate similar to the anode or respectively cathode
plates of the cells, but lacking a reagent distribution orifice.

Furthermore, embodiments of the invention may comprise one or more of
the following characteristics:

- at its second end, the stack is terminated by a second cathode or
respectively anode end plate, disposed on the cathode or respectively anode plate
of the last cell of the stack, said second end plate delimiting a circuit for the cooling
fluid of the end cell of the stack, and in that this second end plate is a cathode or
respectively anode plate similar to the cathode or respectively anode plates of the
cells, but lacking a distribution orifice,

- the second end plate Is a plate identical to the cathode or respectively
anode plates of the cells, except that it does not have a distribution orifice,

- the first end plate is a plate identical to the anode or respectively
cathode plates of the cells, except that it does not have a distribution orifice,

- the plates of the cells are fabricated by molding and/or machining and/or
hydroforming and/or stamping and/or by three-dimensional printing,

- the plates of the cells are molded and in that the first end plate is a plate
Identical to the anode or respectively cathode plates of the cells, and it is obtained
by molding and making a plug in the area of the distribution orifice during the
molding,

- the plates of the cells are molded and in that the second end plate is a

plate identical to the anode or respectively cathode plates of the cells, and it is
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obtained by molding and making a plug in the area of the distribution orifice during
the molding,

- at least one channel for circulation of each plate comprises an outlet
with a reagent evacuation orifice formed through the plate, the plate furthermore
comprising a reagent outlet collector orifice which is distinct from the evacuation
orifice, the outlet collector orifice being provided to recuperate the reagent at the

outlet from the at least one channel via a passage producing a fluidic connection

between the outlet collector orifice and the evacuation orifice,

- the plates located at the ends of the stack are lacking in an evacuation
orifice,

- the first end plate has a cooling face defining a path for a cooling fluid,

- the second end plate has a cooling face defining a path for a cooling
fluid.

The invention also concerns a fuel cell comprising such a stack, in which
the first end plate is a current collector plate.

According to other possible features:

- the second end plate is a current coliector plate,

- In the position of use, the plates of the stack are disposed in parallel
vertical planes.

The invention may likewise concern any alternative device or method
comprising any combination of characteristics above or below.

Other features and advantages will appear upon perusal of the following
description, given with reference to the figures in which:

- figure 1 shows In schematic and partial front view the reactive face of a
plate of a fuel cell illustrating a first detail of one possible sample embodiment of
the invention,

- figure 2 shows in schematic and partial front view the reactive face of a
plate of a fuel cell illustrating a second detail of one possible sample embodiment
of the invention,

- figure 3 shows a schematic and partial perspective view illustrating an
example of a stack of plates of cells of a fuel cell,

- figure 4 shows a schematic and partial sectional view illustrating a sample

embodiment of one end of a stack of cells of a fuel cell according to the invention,
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- figure 5 shows a schematic and partial perspective and sectional view
iHlustrating the end of the stack of figure 4.

As illustrated in figure 4, the plates 10, 20 of the fuel cell making up the
stacked cells 30 have two opposite faces, respectively a reactive face and a
cooling face.

Figure 1 shows schematically and partially the reactive face of a cathode
plate 10 having relief points and hollows forming at least one channel 2 for
circulation of a reagent.

The channel 2 for circulation of a reagent has an inlet communicating with a
reagent distribution orifice 12 formed through the plate 1. The plate 1 furthermore
comprises a reagent inlet collector orifice 3 which Is distinct from the reagent
distribution orifice 12. The reagent inlet collector orifice 3 is provided to supply
reagent to the inlet of the at least one channel 2 via a passage 7 formed on the
cooling face of the plate 1 and producing a fluidic connection between the inlet
collector orifice 3 and the reagent distribution orifice 12 (also see figures 4 and 5).

This passage 7 is diagrammed by dots and can be formed by one or more
hollows or channels formed In the thickness of the plate 10 in the area of the
separation between the two orifices 3, 12.

That is, the reactive gas arrives by the collector orifice 3 then transits via the
passage along the cooling face of the plate up to the distribution orifice 12. The
gas then passes through the thickness of the plate 10 via the distribution orifice 12
to reach the circulation channel 2 on the reactive face.

The Inlet collector orifice 3 may extend lengthwise In the plane of the plate 1
along a first longitudinal direction 13 between a first lower end 31 and a second
upper end 130. The distribution orifice 12 may extend lengthwise in the plane of
the plate 10 along a second longitudinal direction 13 between a first lower end 121
and a second upper end 120. The first 13 and second 22 longitudinal directions
are for example parallel to each other and vertical when the plate 10 is in the
vertical position of use (see figure 3).

Figure 2 illustrates the possible arrangement of the outlet collector 6 with

respect to the evacuation orifice which receives the reactive gas at the outlet from

the channel 2.
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The arrangement of the outlet collector 6 with respect to the evacuation
orifice 5 is for example symmetrically identical to the preceding one with respect to
the center of the plate 1 (the lower end 61 of the collector orifice 6 may in
particular be situated below the lower end of the evacuation orifice 5). Likewise,
the outlet collector 6 and the evacuation orifice 5 may have oblong shapes
extending in respective parallel directions 66, 55.

That is, the arrangements of the evacuation orifices 5 and of the outlet
collector 6 may be symmetricaily identical to the arrangements respectively of the
distribution orifice 12 and the inlet collector 3. That is, the collectors 3, 6 may be
identical and disposed symmetrically in relation to the center of the plate 1.
Likewise, the orifices 12, 5 may be identical and disposed symmetrically in relation
to the center of the plate 1. Thus, the plate may be symmetrical in the area of its
Inlets and outlets. That is, the plate does not have top and bottom sides and it can
be mounted without the need for a poka-yoke to arrange the iniet on top and the
outlet at the bottom or vice versa. This facilitates the assembly of the fuel cell.

The evacuation orifice 5 is, for example, usually positioned above the outlet
collector 6. This likewise prevents an accumulation of water in the gas channels
and prevents "water backup” from the outlet collector 6 to the evacuation orifice 5.

These structures thus enable better water management in the area of the
fluid inlet and outlets (collectors 3, 6, orifices 12, 5), especially at low temperature.

This allows for better performance and service life of the corresponding cell,
stack of cells, and fuel cell.

Conventionally, the reactive face of the plate comprises a peripheral seal 4
delimiting the various inlets and outlets and in particular the seal delimits
(surrounds) the circulation channel 2. The seal 4 comprises a portion forming a
loop around the inlet collector orifice 3 (same for the outlet collector 6). The seal 4
Is intended to rest against the Membrane Electrode Assembly to separate the
different fluid circuits.

According to one advantageous feature, at a first of its two ends (the end in
the direction of the stack of plates), the stack is terminated by a first anode (or
respectively cathode) end plate 21, disposed on the cathode (or respectively

anode) end plate 10 of the last cell 30 of the stack (see figures 3 to 5).
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For example, and as illustrated in figures 3 to 5, the last cell 30 at the top of

the stack is terminated by a cathode plate 10 and a first anode upper end plate 21

Is disposed on this latter to close the cooling circuit.

Conversely, at the other end of the stack, the last plate 21 of the last cell 30
IS an anode plate covered by a second cathode end plate 11.

The end plates 11, 21 delimit (close) the circuits for the cooling fluid at the
ends of the stack.

According to one advantageous characteristic, these end plates 11, 21 are
similar respectively to the anode or respectively cathode plates 10, 20 but they are
lacking in a gas distribution orifice.

The first 21 and second 11 end plates thus only allow the passage of the
cooling fluid without letting the reactive gases pass through their thickness.

This makes it possible to prevent the risks of reactive fluid leaks (hydrogen
or air, for example, when these latter are the reagents used by the fuel cell), as
well as an overconsumption of gases. The use of these end plates 11, 21 plugged
in the area of the distribution orifice of reactive gases makes it possible to close
the last half-cell as regards the cooling circuit. This furthermore ensures a good
tightness between this last half-cell and the adjacent end element of the fuel cell.

After these end plates 11, 21, the fuel cell may conventionally have other
elements such as at least one of. a current collector plate, a thermal insulating
system of the stack, a stack clamping system, etc.

Preferably, the end plate 11, 21 (anode or cathode) is a plate identical to the
anode or respectively cathode plates of the cells, except that it does not have a
distribution orifice.

The elimination of this orifice 12 or 5 can be achieved during the molding of
the plate (plastic and/or composite) by adding or modifying or removing for
example an insert during the molding or by eliminating the step of piercing of the
distribution orifice in order to achieve a plate which is plugged in this location.

In the event that the piate Is made by machining, it will be enough to
program the machine tool so as not to make this orifice in the particular plate. In
the event that the plate is made by stamping or hydroforming, the fabrication

process will be designed so as not to generate this orifice in the particular plate.
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The plate can also be fabricated by a method known as three-dimensional printing
(“3D printing”).

This makes it possible to reduce the fabrication cost of the end plates
(minor modification of the standard plates for the cells).

This solution presents many advantages. Thus, it Is not necessary to
develop a particular piece at the end of the stacks of cells. For molding, for
example, it will be enough to position an insert, or not, in the mold used to
fabricate the other plates of the cells. For the other modes of fabrication
mentioned, only a slight adaptation is needed as compared to the plates with
orifice(s).

The end plates make it possible to simply close the last half-cell of the stack
(cooling circuit) while ensuring a good tightness between this last haif-cell and the
end element of the fuel cell.

This structure also makes it possible to avoid the risks of leakage of
reagents. The chemical risks can be avoided by the dimension and the integration
of this or these end plates in relation to the end elements of the stack (chemical
isolation of the different reagents).

Moreover, the plugged end plates may, if necessary, serve as current
collector plates and thus reduce the bulk of the stack and the number of elements
of which it is comprised.

The time to assemble the stack is also reduced.
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CLAIMS

1. A stack of cells of a fuel cell with a proton exchange membrane In
which the cells (30) each comprise an anode plate (10) and a cathode plate
(20), holding in sandwich fashion a Membrane Electrode Assembly (16), each
plate (10, 20) having two opposite faces, respectively a reactive face and a
cooling face, the reactive face of each plate (10, 20) being intended to face
the Membrane Electrode Assembly (16) and being provided with relief points
and hollows forming at least one channel (2) for the circulation of a reagent,
the cooling face defining a path for a cooling fluid of the cell (30), the at least
one channel (2) for circulation of a reagent having an inlet communicating
with an orifice (12) for distribution of reagent, formed through the plate (10,
20), the plate (10, 20) furthermore comprising a reagent inlet collector orifice
(3) which is distinct from the reagent distribution orifice (12), the reagent iniet
collector orifice (3) being provided to supply reagent to the inlet of the
channel (2) via a passage (/) located on the cooling face and producing a
fluidic connection between the inlet collector orifice (3) and the reagent
distribution orifice (12), each plate (10, 20) having a peripheral seal (4)
disposed on the reactive face and comprising a portion forming a loop around
the inlet collector orifice (3), characterized in that, at a first of its two ends, the
stack is terminated by a first anode or respectively cathode end plate (21),
disposed on the cathode or respectively anode end plate (10, 20), of the last
cell (30) of the stack, said first end plate (21) delimiting a circuit for the
cooling fluid of the last cell (30), and in that this first end plate (21) is a plate
identical to the anode or respectively cathode plates of the cells (30), except
that it does not have a distribution orifice.

2. The stack as claimed in claim 1, characterized in that at its second
end, the stack is terminated by a second cathode or respectively anode end
plate (11), disposed on the cathode or respectively anode plate (20) of the
last cell (30) of the stack, said second end plate (11) delimiting a circuit for

the cooling fluid of the end cell (30) of the stack, and in that this second end

plate (11) 1S a cathode or respectively anode plate similar to the cathode or
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respectively anode plates (20, 10) of the cells (30), but lacking a distribution

orifice.

3. The stack as claimed in claim 2, characterized in that the second end
plate (11) is a plate identical to the cathode or respectively anode plates of
the cells (30), except that it does not have a distribution orifice.

4. The stack as claimed in any one of claims 1 to 3, characterized in that
the plates of the cells (30) are fabricated by molding and/or machining and/or
hydroforming and/or stamping and/or by three-dimensional printing.

5. The stack as claimed in claim 4, characterized in that the plates of the
cells (30) are molded and in that the first end plate (21) is a plate identical to
the anode or respectively cathode plates of the cells (30), and it is obtained
by molding and making a plug in the area of the distribution orifice (12) during
the molding.

6. The stack as claimed in claim 4 or 5, taken in combination with any
one of claims 2 or 3, characterized in that the plates of the cells (30) are
molded and in that the second end plate (11) is a plate identical to the anode
or respectively cathode plates of the cells (30), and it Is obtained by molding
and making a plug in the area of the distribution orifice (12) during the
molding.

7. The stack as claimed in any one of claims 1 to 6, characterized in that
the at least one channel (2) for circulation of each plate (10, 20) comprises an
outlet with a reagent evacuation orifice (5) formed through the plate (10, 20),
the plate (1) furthermore comprising a reagent outlet collector orifice (6)
which is distinct from the evacuation orifice (9), the outlet collector orifice (6)
being provided to recuperate the reagent at the outlet from the at least one
channel (2) via a passage (17) producing a fluidic connection between the
outlet collector orifice (6) and the evacuation orifice (5).

8. The stack as claimed in claim 7, characterized in that the plates (11,
21) located at the ends of the stack are lacking in an evacuation orifice (5).

9. A fuel cell comprising a stack of cells (30) as claimed in any one of

clams 1 to 8, characterized in that the first end plate (21) is a current

collector plate.
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10. The fuel cell as claimed in claim 9, characterized in that the second

end plate (11) is a current collector plate.
11. The fuel cell as claimed in any one of claims 1 to 10, characterized
in that, in the position of use, the plates (10, 20, 11, 21) of the stack are

disposed in parallel vertical planes.
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