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(57) Abrége/Abstract:

The present invention relates to an electrochemical cell stack comprising alternately arranged membrane electrode assemblies
(2) and separator plates (1) having channel regions (3) via which the reactant or oxidant fluids are supplied to and removed from
the membrane electrode assembly (2), the separator plates (1), on one side, having a surface structure of channels (5) and
ridges (4) located therebetween and, on the other side, having a surface structure which Is negative with respect thereto.
According to the present invention, the separator plates (1) include a channel region (3) which Is offset from the geometric center
(M) In such a manner that, upon stacking the separator plates (1), with neighboring separator plates (1) being in each case
arranged such that they are rotated relative to each other by 180° about the surface normal (F), the separator plates (1) lie over
each otherin such a manner that forces acting from outside are transmitted without any flexural moment with respect to the MEA
(2) located between the separators plates (1).
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Abstract

The present invention relates to an electrochemical cell stack comprising alternately arranged
membrane electrode assemblies (2) and separator plates (1) having channel regions (3) via
which the reactant or oxidant fluids are supplied to and removed from the membrane
electrode assembly (2), the separator plates (1), on one side, having a surface structure of
channels (5) and ndges (4) located therebetween and, on the other side, having a surface
structure which 1s negative with respect thereto. According to the present invention, the
separator plates (1) include a channel region (3) which 1s offset from the geometric center (M)
in such a manner that, upon stacking the separator plates (1), with neighboring separator
plates (1) being 1n each case arranged such that they are rotated relative to each other by 180°
about the surface normal (F), the separator plates (1) lie over each other 1n such a manner that
forces acting from outside are transmitted without any flexural moment with respect to the

MEA (2) located between the separators plates (1).
(F1g. 3)
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ELECTROCHEMICAL CELL STACK

[0001]  The present invention relates to an electrochemical cell stack, in particular, a PEM

or DMFC fuel cell stack according to the definition of the species in Patent Claim 1.

[0002]  Electrolytic cells are electrochemical assemblies which produce chemical
substances such as water and oxygen at catalytic surfaces of electrodes while electric energy
1s being supplied. Fuel cells are electrochemical assemblies which produce electric energy by

conversion of chemical energy at catalytic surfaces of electrodes.

[0003]  Electrochemical cells of this kind include the following main components:

- a cathode electrode at which the reduction reaction takes place through the addition of
electrons. The cathode includes at least one electrode substrate layer which serves as a
carrier for the catalyst.

- an anode electrode at which the oxidation reaction takes place through the release of
electrons. The anode, just as the cathode, is constituted by at least one substrate layer
and catalyst layer.

- a matrix which 1s arranged between the cathode and the anode and serves as a carrier for
the electrolyte. The electrolyte can exist in a solid or liquid phase or as a gel.
Advantageously, the electrolyte 1s bound within a matrix in a solid phase, forming a so-
called “‘solid electrolyte”.

These three components specified above are also referred to as membrane-electrode assembly

(MEA), the cathode electrode being applied on one side of the matrix and the anode electrode

being applied on the other side.

- a separator plate which 1s arranged between the MEA’s and serves to collect the reactant
and oxidant 1n the electrochemical cells.

- sealing elements which prevent both mixing of the fluids in the electrochemical cells

and escape of the fluids from the cell to the surroundings.

[0004]  When stacking electrolytic cells or fuel cells one over another, then an electrolysis
stack or fuel cell stack results which will hereinafter also be referred to as a stack. In this
context, the current 1s routed from cell to cell 1n a series circuit. The fluid management of the

ox1dant and reactant is carried out via collecting and distributing channels to the individual



CA 02380732 2002-04-04

[510.1037)

cells. In electrochemical cells, the cells ot a stack are supplied with the reactant and oxidant
fluds, for example, in parallel via at least one distnibuting channel for each fluid, respectively.
The reaction products as well as excess reactant and oxidant fluids are led out of the cells and

of the stack via at least one collecting channel, respectively.

[0005] In order for electrolysis cells or fuel cells to be used 1n an economical manner for
mobile applications, it 1s required to achieve the production costs of internal combustion
engines for comparable ratings. Since, for operating mobile systems having electric motors,
cell stacks containing a multitude of cells (> 300 pieces) are needed, 1t 1s important that the
cell components be of low cost per picce. The piece cost includes both material and

manufacturing costs.

[0006)] Moreover, there 1s a demand for fuel cells having a thin cell thickness. In this
connection, one usually uses thin membrane electrode assemblies. These MEA’s are very
flexible and, beyond a certain mechanical load as occurs during the stacking of separator
plates, may be destroyed. The stacking of identical separator plates with MEA’s located
therebetween has the effect that the ridges and channels of the separator plates lie one over the
other, respectively, thus falling into one another. In this case, one speaks of an egg box effect.
Then, the MEA located therebetween can be damaged or destroyed because of 1ts flexibility.
Moreover, the flow through the channel 1s hindered or prevented. The problem of the egg box
effect occurs, in particular, when the stacked separator plates are pressed together. By
pressing the plates together, on one hand, an improved electrical contact between the plates 1s

produced and, on the other hand, a sealing of the plates 1s achieved.

[0007] In the non-prepublished German Patent Document DE 100 47 248, the egg-box
effect is prevented by using two different separator plates with the MEA being arranged
therebetween. In this connection, the separator plates are designed 1n such a manner that, upon
stacking, a channel of one plate lies over a ridge of the other plate. Neighboring separator
plates are supported in this manner, preventing the MEA from being destroyed. In this
context, it 1s a disadvantage that the production costs of the cell stack are increased because

two different separator plates are manufactured.

[0008] U.S. Patent No. 6,040,076 discloses a fuel cell stack which 1s formed by stacking

identical separator plates, i.e., only one type of separators plates 1s used. By embossing a flat
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pate, these separator plates have a surface structure for distributing the oxidant on one side
and, on the other side, feature a surface structure which 1s negative with respect thereto and
used for distributing the reactant. Upon stacking the separator plates, the MEA 1s arranged
between the separator plates, the MEA constituting a mechanically stable assembly. Due to
this very stable construction of the MEA, it is not possible for the so-called “egg box effect”
to have any effect. However, the large cell thickness of the fuel cells due to the relatively

large thickness of the MEA’s 1s a disadvantage.

[0009] In comparison, MEA’s on the basis of polymer electrolyte membranes (PEM) are
very thin and flexible. The present stage of development shows that there 1s a demand for

MEA’s of even smaller thickness on the order less than 0.5 mm.

[0010] The object of the present invention 1s to provide a fuel cell stack which 1s composed
of identical separator plates, and in which, when using thin MEA’s, the MEA’s are prevented
from being destroyed due to the egg box effect.

[0011] This objective 1s achieved by the subject matter of Patent Claim 1. Advantageous

embodiments of the present invention are the subject matter of sublaims.

|0012] According to the present invention, the separator plates include a channel region
which 1s offset from the geometric center in such a manner that, upon stacking the separator
plates, with neighboring separator plates being in each case arranged such that they are rotated
relative to each other by 180° about the surface normal, the separator plates lie over each
other 1n such a manner that forces acting from outside are transmitted without any flexural

moment with respect to the MEA located between the separators plates.

[0013] Thus, the separator plates have no centrally formed channel region but a channel
region which is arranged asymmetrically with respect to the geometric center. If now, a
separator plate according to the present invention and a separator plate which 1s rotated by
180° about the plate normal are arranged one above the other, then these will not fall into one
another but mutually support each other, whereby damage to the MEA located therebetween
due to the egg box effect or because of heavy shearing stresses on the MEA 1s prevented.
Moreover, malfunctions because of channels which are narrowed by deflections of the MEA
are avoilded. In this context, this support or direct support 1s achieved in that, upon stacking

the plates, the channels of one plate and the ridges of the neighboring plate lie one over the
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other. In this manner, destruction of the MEA or an impairment of the fluid flow upon

stacking the separator plates 1s prevented.

[0014] In this connection, it should be remarked that, way of looking at the separator plate,
a deflection in the plate can be regarded as a channel or as a ridge. In the following, the
negative deflections from the top side of the separator plate will be referred to as channels and
the positive deflections will be referred to as ridges. Consequently, the superposition of
channels of one plate and ridges of the other plate means that these plates mutually support

each other, which prevents the plates from falling into one another.

[0015] It is an advantage of the present invention that only 1dentical separator plates are
used for manufacturing the fuel cell stack, permitting a reduction of the production cost. A
further advantage is that the other parts of the separator plates remain unchanged, such as the
openings for the ports which serve for supplying and removing the reactant and oxidant fluids
of the separator plate, the distribution regions for influencing the fluid distribution from the

port regions to the channel regions, as well as sealing regions.

[0016] In an advantageous embodiment of the present invention, the channel region 1s
offset perpendicular to at least one channel direction, the distance by which the channel region
is offset corresponding to half the distance from the channel center to the ridge center or to a
whole-number multiple thereof. Through the arrangement according to the present invention
of the separator plates, the ridges of one plate and the channels of the neighboring plate thus
lie one over the other. In this manner, the MEA is prevented from being damaged. It 1s, of
course, also possible for the offset distance of the channel region to be selected in such a
manner that, upon stacking the separator plates, the ridges of one plate and the channels of the

neighboring plate lie just over one another.

[0017] An exemplary channel region having a parallel channel structure features channels
having only one direction. In the separator plate according to the present invention, the
channel region is offset by a corresponding distance perpendicular to this direction. In the
case of a channel region having a meander-shaped channel structure, however, there exist at
least two channel directions, i.e., the channels have bends. In this case, the channel region of

the separator plate according to the present invention is offset perpendicular to each channel
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direction by a corresponding distance. This distance 1s preterably just half the distance trom

the channel center to the ridge center or a whole-number multiple thereof.

[0018] In a further preferred embodiment of the present invention, the channels and the
ridges of the channel region have different cross-sections. In this manner, the reactant tlumd
flowing on one side of the separator plate and the oxidant fluid flowing on the other side can
be optimally rated to get optimum power from the electrochemical cell. This rating 1s

necessary, because different volume flows are required for the reactant and oxidant fluids.

[0019] Thus, the fuel cell stack according to the present invention allows neighboring
separator plates to be supported given an arbitrary surface structure of the channel region so
that the MEA's located therebetween are not destroyed. Moreover, it is achieved through the
inventive stacking of the separator plates that the fluidic conditions of the reactant and oxidant

fluids are the same in each cell, ensuring uniform cell performance in the stack.

[0020] The present invention and further advantageous embodiments of the invention will

be explained in greater detail with reference to drawings.

[0021] Fig. 1 is asectional view of a fuel cell stack having identical separator plates
according to the related art;
Fig. 2 is a sectional view of another fuel cell stack according to the related art,
featuring two different separator plates;
Fig. 3 shows a fuel cell stack according to the present invention, featuring

identical separator plates having a channel region which is offset from the

geometric center.

[0022] Fig. 1 is a sectional view of a fuel cell stack having 1dentical separator plates
according to the related art. An MEA 2 is arranged between the two 1dentical separator plates
1. In this context, separator plate 1 includes a channel region 3 featuring ridges 4 and channels
5. In the fuel cell stack, stacked separator plates 1 lie over one another in such a manner that
ridges 4 and channels 5 of separator plates 1 each lie one over the other, thus falling into one
another. Therefore, the MEA located therebetween is subjected to high shearing stress.

Moreover, the deflection of the MEA gives rise to a narrowing of the channel cross-section.
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[0023] Fig. 2 depicts another fuel cell stack according to the related art. Here, two different
separator plates la, 1b are used. In this context, separator plates la, 1b are designed in such a
manner that, upon stacking, a channel 5 of plate 1b and a rnidge 4 of neighboring plate 1a lie
one over the other. Because of this, MEA 2 located therebetween 1s loaded in a force-locking

manner. No flexural moments occur in MEA 2, as a result of which damage 1s prevented.

[0024]  Fig. 3, in the representation on the left, shows a lateral view of a fuel cell stack
having identical separator plates. Channel region 3 of separator plates 1 advantageously
includes an identical number of ridges 4 and channels 5. The two neighboring separator plates
1 are identical and arranged in such a manner that they are rotated relative to each other by
180° about surface normal F of separator plate 1. Moreover, channel region 3 of separator
plates 1 is offset from geometric center M (representations on the right). In this context,
separator plates 1, which are arranged one over another with an MEA 2 located therebetween,
mutually support each other, a channel 5 of the one plate 1 and a ndge 4 of neighboring plate
1 lying one over the other. Not shown are the openings for the ports for supplying and

removing the fluids and the distribution regions for distributing the fluids into the channel

region.

[0025] In the upper nght representation in Fig. 3, an exemplary separator plate featuring a
parallel channel structure i1s shown 1n a top view. The upper representation shows a separator
plate 1 featuring a channel region 3 which is offset from geometric center M of plate 1. In this
connection, the offset is accomplished in a direction perpendicular to the channel direction,
the offset length corresponding to half the distance between the channel center and the ridge
center. As a result of this, right border A and left border B of separator plate 1 have different
widths.

[0026] The bottom right representation shows the same separator plate 1 rotated by 180°
about surface normal F. In this context, in separator plate 1, left border B of the lower -
representation now corresponds to right border A from the upper representation, and right
border A of the lower representation corresponds to left border B of the upper representation.
Broken line G indicates geometric center M which 1s projected onto the surface of separator
plate 1. It 1s recognizable from the two representations that, by rotating separator plate 1

(lower representation), channels 5 and rndges 4 of the stacked separator plates do not lie one

over another and thus, do not fall into one another.
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TRANSLATION KEY OF THE DRAWING

FIGURES 1 AND 2

Stand der Technik Prior Art
FIGURE 3

Markierung Marking
Markierung Marking



CA 02380732 2002-04-04

(510.1037]

What 1s claimed 1s:

1.  An electrochemical cell stack comprising alternately arranged membrane electrode
assemblies and separator plates having channel regions via which the reactant or oxidant
fluids are supplied to and removed from the membrane electrode assembly, the separator
plates, on one side, having a surface structure of channels and ridges located
therebetween and, on the other side, having a surface structure which 1s negative with
respect thereto,
wherein the separator plates (1) include a channel region (3) which is offset from the
geometric center (M) in such a manner that, upon stacking the separator plates (1), with
neighboring separator plates (1) being in each case arranged such that they are rotated
relative to each other by 180° about the surface normal (F), the separator plates (1) lie
over each other in such a manner that forces acting from outside are transmitted without

any flexural moment with respect to the MEA (2) located between the separators plates

().

2.  The cell stack as recited 1in Claim 1,
wherein the channel region (3) is offset perpendicular to at least one channel direction,
the distance by which the channel region (3) is offset corresponding to half the distance

from the channel center to the ridge center or to a whole-number multiple thereof.

3.  The cell stack as recited in one of the preceding Claims,

wherein the channel region (3) features an identical number of channels (5) and ridges

(4).

4.  The cell stack as recited in one of the preceding Claims,

wherein the cross-section of the channels (5) and the cross-section of the ndges (4) are

different.

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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Fig. 1
(Prior Art)
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