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FUEL CELL STACK WITH COMPRESSION MEANS

Corresponding application

The present application claims priority to earlier Swiss application N°CH 00146/19, filed on February
7™ 2019 in the name of EH GROUP Engineering SA, the content of this earlier application being
incorporated by reference in its entirety in the present application.

Background
The present invention relates to a fuel cell module and a method for manufacturing and
assembling the same.

Prior art and Summary of the invention

There are several patent applications published that introduces a structure or a method by
which a multi-layer stack is compressed and kept under load. For example, patent application
US2017025701A1 proposed a few metallic frames that encapsulate the stack on the sides in
order to keep it compressed during operation. Patent application US2018316039A1 designed
a new compression mechanism where wires are wrapped around the stack. There are several
other applications such as US2006093890A1, US2008145713A1, US2008311457A1,
US2008305380A1, US2002086199, JP2010198861A, JP2012028194A, GB2509152A,
US2006046127A1, W02017131569A1 where various concepts are proposed for the same
goal.

In all the above-mentioned applications there are two end plates at the top and bottom of
the stacks, several compression springs are integrated between the end plate and last stack
cell, which are compressed with the use to external compression kit. The force applied on the
end plate is distributed on the active area of the cells and also the surrounding manifolds in
order to minimise contact resistance between the cells and also make the assembly leakage
free.

In the proposed designs there is one set of compression mechanism that is applied on the
assembled stack and distributed on the active area and also the manifold area at the same
time. However, key challenge is to have the possibility to apply compression on the active
area and also the manifolds independently and to be able to adjust the applied force
accurately. Based on the design and material used it may be necessary to apply a different
compression force on the sealings around the active area than the cell itself. For instance,
there are sealing materials that are prepared by injection moulding, screen printing or
dispensing and the required compression force varies based on the design.

The present invention proposes a new solution which overcome this issue regardless of the
design of the external compression kit. One of the main advantages of the new invention is
that It provides a method with complete flexibility in the assembly that allows accurate
adjustment of pressure applied either on the active area or the sealings around the cells
before assembly.

Another advantage is the possibility to tweak the load applied on the active area after
assembly.
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Another advantage is that it assists to optimise thickness of the sealing material, which could
simplify design of the plate in an assembly.

Another advantage is that, it guarantees a uniform pressure distribution on the active area
especially around the cell edges that are closer to the gas manifolds.

Furthermore, the proposed solution can be used not only in low temperature fuel cells such
as PEM but also any other type of low/high temperature fuel cells including SOFC, where
pressure applied on the sealants are critical.

In embodiments the invention concerns a fuel cell, comprising at least one cell with an active
area and a manifold area, preferably several such cells, a top end plate, a bottom end plate,
a top cover, compression means, wherein said top end plate comprises a first top end plate
and a second top end plate.

In embodiments, the first top end plate and/or the second end plate may each comprise
compression means.

In embodiments, the first top end plate may cover the manifolds area of the fuel cell.
In embodiments, the second top end plate may cover the active area of the fuel cell.

In embodiments, the compression means may comprise springs. Other equivalent means are
of course possible.

In embodiments, the springs of the first and second top end plates may be the same springs
or different springs.

In embodiments, the fuel cell may further comprise compression bolts or other equivalent
means.

In embodiments, the compression force on the sealant (manifold area) and around the active
area may be achieved by dedicated springs on the first top end plate. In embodiments the
second top end plate may be left without any compression.

In embodiments, the fuel cell may further comprise external compression means.
In embodiments, the external compression means may comprise belts or rods or other
equivalent means.

In embodiments, the invention concerns a fuel cell stack with the proposed compression
system and means as described herein.

In embodiments, the invention concerns a fuel cell stack where compression force on the
active area and manifolds with sealants can be different.

In embodiments, the invention concerns a fuel cell stack where compression force applied on
the sealants can be independent than the force applied on the active area.
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In embodiments, the invention concerns a fuel cell stack where compression force on the
active area can be adjusted before or after assembly.

In embodiments, the invention concerns a fuel cell stack where the compression system can
be used to cure various sealing materials before or after stack assembly.

In embodiments, the invention concerns a compression system where heat or pressure can
be concentrated only on the sealant around the cell.

In embodiments, the invention concerns a compression system as proposed herein that can
be integrated in stacks of cells forming a fuel cell, said stacks being compressed with belts,
rods, side panels or any other configuration or equivalent means.

In embodiments, the fuel cell stack assembly with the proposed compression system further
comprises at least gas inlet and outlet manifolds that may be positioned at the bottom, side
or top of the assembly/fuel cell.

In embodiments, the compression force on the active area may be adjusted before or after
assembly of the fuel cell.

In embodiments, the compression system may be used to cure (various) sealing materials
before or after stack assembly, for example in the manifold area.

In embodiments, the present invention concerns a compression system as defined in the
present application that may be used for different types of fuel cells; for example, high
temperature or low temperature operating fuel cells such as PEM: proton exchange

membrane fuel cell, SOFC: solid oxide fuel cell, DMFC: direct methanol fuel cell, etc.)

In embodiments the present invention concerns products, devices and systems comprising at
least one fuel cell as description in the present application.

Brief description of the drawings

FIGURE 1 illustrates examples of stack assemblies with various compression systems:
1A compression with external belts

1B compression with external rods

1C compression with side panels

FIGURE 2 illustrates an embodiment of the compression concept in a stack assembly.

FIGURE 3 illustrates a stack assembly according to an embodiment of the invention.

FIGURE 4 illustrates an example of separate compression springs for an active area and a
sealant/manifold area.

FIGURE 5 illustrates an embodiment of the compression of an active area.
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FIGURE 6 illustrates an embodiment of compression springs on an active area and
compression springs on the manifold/sealant area.

FIGURES 7A and 7B illustrate embodiments of complete assembly of fuel cells according to
embodiments of the present invention.

FIGURE 8 illustrates an embodiment of compression means for a high temperature fuel cell.

FIGURE 9A and 9B illustrate embodiments of gas supply and manifolds for an assembled fuel
cell.

Detailed description of embodiments of the invention

FIGURE 1 represents a conventional and state of the art stack assembly 1 with compression
means. The assembly forming a fuel cell comprises several cells 2 assembled on top of each
other that are encapsulated with two end plates 3, 4 at the top (plate 3) and the bottom (plate
4) and with a cover 5. As stated above, there are several techniques to keep the assembly in
compressed form and in FIGURE 1 different solutions are shown

FIGURE 1A compression with belts 6 (ex. US2006093890A1),
FIGURE 1B rods 7 and springs (ex. US2002110722A155) and
FIGURE 1C side-panels 8 (ex. JP2012181996A).

FIGURE 2 shows the stack assembly 1 of FIGURE 1 in an uncompressed state and exploded
view. The shape and structure of the integrated compression springs 9 for compression can
be different based on the design and application of the fuel cell; however, the main principle
in assembly is the same. There are several compression springs 9 located between the top
end plate 3 and top cover 5 or in case of rods 7 on top or bottom of the stack (FIGURE 1B).
The number of springs 9 and the force applied by the springs are evaluated based on the
required pressure on the cells 2. For example, a pressure between 1 to 2 [MPa] can be applied
on the surface of the end plates 3, 4. Different springs 9 with different compression forces
can be used in the centre or on the sides of the assembly if required or according to another
distribution.

In all the cases represented above, the applied pressure on the stack is distributed on the
active area of the cell 2 and its surroundings where the manifolds 11 and sealings 12 are
located. If it is required to increase the pressure on the sealing/manifold 11,12 area for any
reason, the external compression kit should be tightened more in that area or thicker sealing
materials should be used in order to compress them further and achieve this goal.

Those skilled in the art will understand the advantages of increasing pressure on the active
area to reduce resistivity; however, there is a limitation on how much it can be modified as
over-compression of the active area would cause damage and/or blockage of the channels.
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Furthermore, during operation of the cells, the stack goes through a thermal expansion that
often is larger than the expansion of the sealing materials; as a result, it may reduce the
compression force on the sealant, which in turn could cause leakages on the long run.

An aim of the present invention is therefore to improve the known devices and systems.

A further aim of the present invention is to propose simple and efficient solutions to allow a
proper compression of fuel cells, such assemblies and similar products.

Embodiments of the present invention introduce a new design structure (see FIGURES 3to 9
for example) that overcomes the issues and problems mentioned above of the known fuel
cells.

The end plates 3, 4 in embodiments of the present invention are structured so that there is a
first separate end plate 20 ("outer or first top end plate") essentially, and preferably only, in
contact with the manifold area 12 and sealant and a second end plate 21 ("inner or second
top end plate") which is preferably surrounded by the first end plate 20. The second end plate
21 is essentially, and preferably only, in contact with the active area 22 of the cell; hence, the
current collector 22. Of course, it is also possible to separate the top end plate in more than
two plates, for example three or more. For example, the second top end plate may be formed
of two plates, attached to each other or not.

In embodiments of the present invention, the fuel cell comprises compression springs 23, 24
that are located on each end plate 20, 21 separately, springs 23 being on plate 20 and springs
24 on plate 21.

This configuration allows the total force to be applied on the manifold (sealant) area 12 and
active area 22 to be adjusted based on the number and type of the springs 23, 24 used in an
independent manner. For example, the total force on the sealant/manifold area 12 can be
adjusted to approximately 2 [MPa] and the total force on the active area 22 can be adjusted
to only approximately 1 [MPa] without any interference between the parts (for example the
sealant area). Springs 23 may all have the same characteristics or they may have different
characteristics and the same principle is applicable to springs 24 of the active area. The values
indicated are also non-limiting examples.

Another benefit is that with the current design of the embodiments according to the present
invention, the total weight of the assembly can be reduced significantly. For instance, the top
cover 5 and two integrated end plates 20, 21 can be produced by injection moulding with
reinforced plastic, which would be rigid enough to overcome deformation. The plate 21 in the
middle could be made of a lighter material as it is already encapsulated within an external
frame (i.e. plate 20). Other equivalent and suitable materials are of course possible.

Another advantage of the current setup according to embodiments of the present invention
is that it gives the possibility to adjust the pressure applied on the active area 22 even after a
final assembly of the fuel cell.
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An example is shown in FIGURES 5 and 6: the compression force on the manifold area /
sealant 12 and around the active area 22 is achieved by dedicated springs 26, 27 and top cover
5 and the end plate 21 in the middle is left without any compression means. However, in order
to provide compression force to the middle part / end plate 21, several additional
compression bolts 25 are added on the top of the end plate 5. The bolts 25 are in direct
contact with the end plate 21 in the middle and by tightening them, the compression force
applied on the active area 22 of the fuel cell can be increased gradually based on the springs
used. The total of the force applied can be easily evaluated by the distance the plate 21 moves
downwards. There are several other means to evaluate the force applied; for example, the
use of sensors or pressure sensitive films according to embodiments of the present invention
or other equivalent means.

Another advantage of the embodiments of the present invention is that the sealant 12 around
the active area 22 (in the manifold area 12) may need some special treatment for activation;
for example, if the sealant is made of a pressure sensitive material then it would be necessary
to provide sufficient pressure in order to activate and achieve the best sealing results. This
possible and simple to achieve with the principles of the present invention.

The embodiments of the present invention provide the opportunity to realise this goal
without applying any force on the active area 22. After achieving satisfactory force and results
on the sealant/manifold area 12, the compression in the middle part 21 can be applied
similarly to what is shown in FIGURES 5 and 6. The springs 27 that are dedicated for the active
area 10 will be compressed based on the force applied by the bolts 25 in the top cover 5.

Another advantage of the embodiments of the present invention is that it can be used with
various external compression mechanisms; for example (as illustrated in FIGURE 1), belts or
rods or any other design. An example is shown in FIGURE 7 where compression belts 6 hold
all the assembly together and the end plate 20, 21 configurations proposed in embodiments
described herein is integrated inside the stack. The addition of external bolts 25 on top of the
stack is an option and those skilled in the field can judge if they need to have such a flexibility
during operation or not, therefore use such bolts or not.

Another advantage of the embodiments of the present invention is that they can also be used
for fuel cells 1 operating at higher temperature such as SOFC (solid oxide fuel cell). For
instance, in an SOFC stack based on anode supported cell assembled with glass sealant it
would provide the flexibility and reliability on gas tightness of the stack. A stack can be
assembled with compression mechanism similar to FIGURE 1B with external springs, the
connections rods can be extended in order to minimise creep and deformation due to high
temperature, additional compression bars can be added in the middle of the end plates 21,22
in order to compress the active area at different pressure force — an example is shown in
FIGURE 8. External connection rods would compress the manifolds and sealants of the
assembly and connection rods 28 in the middle (single or several) would provide compression
on the active area 12.

The embodiments of the present invention don’t bring in additional complexity or limitation
on gas supply and manifolds 29. A couple of examples are shown in FIGURE 9. Gas connectors
29 (as examples) may be positioned on the left or right sides of the bottom end plates for they
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can be positioned at the bottom of the end plate 4. also, there is a possibility to integrate
them on the top end plate, which is not shown here (ex. US2008311457A1).

The present description is neither intended nor should it be construed as being representative
of the full extent and scope of the present invention. The present invention is set forth in
various levels of detail herein as well as in the attached drawings and in the detailed
description of the invention and no limitation as to the scope of the present invention is
intended by either the inclusion or non-inclusion of elements, components, etc. Additional
aspects of the present invention have become more readily apparent from the detailed
description, particularly when taken together with the drawings.

Moreover, exemplary embodiments have been described to provide an overall understanding
of the principles of the structure, function, manufacture, and use of the systems and methods
disclosed herein. One or more examples of these embodiments are illustrated in the
accompanying drawings. Those skilled in the art will understand that the systems and
methods specifically described herein and illustrated in the accompanying drawings are non-
limiting exemplary embodiments and that the scope of the present invention is defined not
solely by the claims. The features illustrated or described in connection with an exemplary
embodiment may be combined with the features of other embodiments. Such modifications
and variations are intended to be included within the scope of the present invention. A
number of problems with conventional methods and systems are noted herein and the
methods and systems disclosed herein may address one or more of these problems. By
describing these problems, no admission as to their knowledge in the art is intended. A person
having ordinary skill in the art will appreciate that, although certain methods and systems are
described herein with respect to embodiments of the present invention, the scope of the
present invention is not so limited. Moreover, while this invention has been described in
conjunction with a number of embodiments, it is evident that many alternatives,
modifications and variations would be or are apparent to those of ordinary skill in the
applicable arts. Accordingly, it is intended to embrace all such alternatives, modifications,
equivalents and variations that are within the spirit and scope of this invention.
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Claims
1. Afuel cell (1), comprising at least a cell (2) with an active area (21) and a manifold (12)

area, a top end plate (3), a bottom end plate (4), a top cover (5) and compression means (9),
wherein said top end plate comprises a first top end plate (20) and a second top end plate
(21).

2. The fuel cell according to claim 1, wherein said first top end plate and/or said second
end plate comprise compression means (23, 24).

3. The fuel cell according to one of the preceding claims, wherein said first top end plate
(23) covers the manifold (12) area of the cell (1).

4, The fuel cell according to one of the preceding claims, wherein said second top end
plate (24) covers the active area (21) of the cell (1).

5. The fuel cell according to one of the preceding claims, wherein said compression
means comprise springs (23, 24).

6. The fuel cell according to the preceding claim, wherein said springs (23, 24) of the first
and second top end plates (20,21) are the same springs or different springs.

7. The fuel cell according to one of the preceding claims, wherein the fuel cell (1) further
comprises compression bolts (25).

8. The fuel cell according to one of the preceding claims, wherein the compression force
on the manifold area (12) and around the active area (22) is achieved by dedicated springs
(26, 27) on said first top end plate.

9. The fuel cell according to one of the preceding claims, wherein said cell further
comprises external compression means (6).

10. The fuel cell according to one of the preceding claims, wherein said external
compression means comprise belts or rods.

11. The fuel cell according to one of the preceding claims, wherein said cell further
comprises at least gas inlet and outlet manifolds that are positioned at the bottom, side or
top of the assembly;

12. The fuel cell according to one of the preceding claims wherein the compression force
on the active area can be adjusted before or after assembly;

13. A fuel cell according to one of the preceding claims, wherein the compression system
is used to cure sealing materials before or after stack assembly

14. A fuel cell according to one of the preceding claims, wherein the fuel cell is configured
to operate at high temperature or low temperature.
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FIGURE 1C
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FIGURE 3
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FIGURE 4

FIGURE 5
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FIGURE 6

FIGURE 7A FIGURE 7B
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