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(57) ABSTRACT

A method is provided for producing an electrochemically
active unit that includes a membrane and at least one
assembly, which includes a gas diffusion layer and a sealing
element produced on the gas diffusion layer. The method is
reliably performable with less expenditure on process appa-
ratuses and process time and includes the following: pro-
ducing the sealing element on the gas diffusion layer;
connecting the sealing element and/or the gas diffusion layer
to a support element; and assembling the membrane and the
at least one assembly, which includes the gas diffusion layer
and the sealing element, to form the electrochemically active
unit.
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METHOD FOR PRODUCING AN
ELECTROCHEMICALLY ACTIVE UNIT AND
SUPPORT ELEMENT FOR AN ASSEMBLY
OF AN ELECTROCHEMICALLY ACTIVE
UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of international
application number PCT/EP2019/067367, filed on Jun. 28,
2019, which claims the benefit of German application num-
ber 10 2018 115 997.8, filed on Jul. 2, 2018, which are
incorporated herein by reference in their entirety and for all
purposes.

FIELD OF DISCLOSURE

[0002] The present invention relates to a method for
producing an electrochemically active unit that comprises an
membrane and at least one assembly, which comprises a gas
diffusion layer and a sealing element produced on the gas
diffusion layer.

BACKGROUND OF THE INVENTION

[0003] Such an assembly is referred to as a gas diffusion
layer sealing element unit.

[0004] An electrochemically active unit, which comprises
a membrane and at least one such assembly, may form,
together with a respective bipolar plate, an electrochemical
unit of an electrochemical device, which is configured e.g.,
as a fuel cell device or as an electrolyzer.

[0005] The electrochemical device preferably comprises a
plurality of electrochemical unit arranged one on top of the
other in a stacking direction, as well as preferably two end
plates, between which the stack of electrochemical units is
arranged and which are braceable against each other by
means of a clamping device in order to apply the electro-
chemical units arranged therebetween and in particular the
sealing elements thereof with a clamping force directed
along the stacking direction.

[0006] In fuel cell devices and in electrolyzers, different
media are guided in different planes of an electrochemical
unit and, depending on design, in different regions of the
same plane. Said media may, in particular, be an anodic fluid
(fuel gas), a cathodic fluid (oxidizing agent) and optionally
also a fluid cooling agent.

[0007] The media to be supplied to the electrochemical
device (cathodic fluid, anodic fluid, cooling agent) are
supplied to the different planes of the electrochemical device
or discharged from the different planes of the electrochemi-
cal device by means of a media distribution structure (also
called “manifold”) with medium supply channels and
medium discharge channels, which extend in the stacking
direction of the electrochemical device, and must each be
supplied from a medium supply channel to the flow field of
the respective medium in an electrochemical unit and be
discharged from the flow field back into a medium discharge
channel. Both the medium supply channels and medium
discharge channels as well as the flow fields must thereby be
sealed in order to prevent leakage into the outside space of
the electrochemical device and between the spaces through
which the different media flow.

Apr. 29, 2021

[0008] The media guided through the electrochemical
device may neither mix with one another nor exit the
electrochemical units, which is why seals are necessary in a
plurality of planes.

[0009] Said seals may be realized, for example, on the
basis of elastomer materials.

[0010] In electrochemical units with metallic bipolar
plates, the seals can be achieved completely or partially by
beads in the bipolar plate or by seals on the basis of
elastomer materials.

[0011] The bipolar plates (also called separators or inter-
connectors) may be of one-part configuration or comprise at
least two individual layers (bipolar plate layers).

[0012] The bipolar plate layers of a multi-layer bipolar
plate may be connected together by joining methods like
welding or adhesion.

[0013] A seal may be inserted as a separate component
into the stack of electrochemical units or be fixed to a bipolar
plate or to another constituent part of an electrochemical
unit, for example to a gas diffusion layer.

[0014] If a sealing element is connected directly to a gas
diffusion layer, a smooth transition between the seal and the
gas diffusion layer is created.

[0015] A membrane pressed between two assemblies of in
each case a gas diffusion layer and a sealing element is not
subjected to excessive voltage peaks.

[0016] A cell structure with assemblies of in each case a
gas diffusion layer and a sealing element can be constructed
very compactly in comparison to a sealing solution with a
rim reinforcing arrangement, because no additional space
needs to be provided for the overlap between the rim
reinforcing arrangement and the membrane electrode
arrangement.

[0017] The connection of the sealing element to the gas
diffusion layer may be effected e.g., in an injection molding
process. A gas diffusion layer is thereby placed in a (pref-
erably multi-part) injection molding tool and a sealing
material or injection molding material is injection molded
around said gas diffusion layer at its outer periphery.
[0018] This produces a penetration region at the transition
between the gas diffusion layer and the sealing element, in
which the injection molding material penetrates a portion of
the porous gas diffusion layer.

[0019] Said penetration region creates a substance-to-
substance and/or positive-locking connection between the
gas diffusion layer and the sealing element, such that the gas
diffusion layer and the sealing element are mechanically
connected to each other sufficiently well during the subse-
quent assembly steps and during the operation of the elec-
trochemical device.

[0020] In the penetration region, the pores of the gas
diffusion layer are filled with the injection molding material,
which forms the sealing material after curing, such that in
this region, the transport of a cathodic fluid or an anodic fluid
to the electrochemically active region of the electrochemical
unit is impeded. The penetration region should therefore
comprise a smallest possible portion of the gas diffusion
layer, but should still be large enough to ensure a stable
mechanical connection between the gas diffusion layer and
the sealing element.

[0021] Inorder to delimit the penetration region on the gas
diffusion layer side, the gas diffusion layer, which is
mechanically compressible in its thickness direction (in
parallel to the stacking direction of the electrochemical
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device), is locally pressed in an injection molding tool by
means of a pressing edge. As a result, the capillary pressure
in the pores of the gas diffusion layer rises locally, and the
penetration of the gas diffusion layer with the injection
molding material is delimited in the x and y directions
perpendicular to the thickness direction (z direction).
[0022] The pressing edge must press the gas diffusion
layer with a minimum pressure to delimit the penetration of
the gas diffusion layer with the injection molding material.
However, the local pressing of the gas diffusion layer by the
pressing edge also may not be too high, as the gas diffusion
layer may be damaged upon excessive pressing, for example
due to fiber breakage.
[0023] The level of penetration of the gas diffusion layer
with the injection molding material is dependent on the local
pressure, in the respective region of the gas diffusion layer,
of the injection molding composition in the injection mold-
ing tool. In addition, the degree of penetration of the gas
diffusion layer with the injection molding material depends
on the viscosity of the injection molding material, on the
temperature of the injection molding material (which influ-
ences, among other things, the viscosity of the injection
molding material) and on the properties of the gas diffusion
layer in the region of the pressing edge and in the remaining
region of the gas diffusion layer, in particular on the porosity,
on the tortuosity (i.e., on the degree of the twistedness of the
transport paths within the gas diffusion layer), on the cap-
illary pressure and on the hydrophobization.
[0024] Upon the connection of a sealing element to a gas
diffusion layer in an injection molding process or a similar
method, injection molding material is introduced at an
injection point or at a plurality of injection points into the
cavity of the injection molding tool and then spreads along
flow paths while forming a flow front in the cavity.
[0025] The production of the sealing element on the
respective gas diffusion layer preferably takes place in an
injection molding tool at a temperature, which is typically
higher than 100° C. and lower than 200° C.
[0026] After the injection molding operation and a heating
time for cross-linking the injected sealing material, in par-
ticular an elastomer material, the injection molding tool is
opened and the assembly of the gas diffusion layer and the
sealing element injection molded on the outer rim of the gas
diffusion layer is removed from the injection molding tool.
[0027] Inknown methods for producing electrochemically
active units, which comprise a membrane and at least one
assembly in the form of a gas diffusion layer sealing element
unit, the gas diffusion layer sealing element units are pro-
duced and further processed in individual part processes.
[0028] The following disadvantages arise in that case:
[0029] In the manufacture of a gas diffusion layer
sealing element unit in an injection molding tool, a
strong adhesion may arise between the sealing material
of the sealing element on the one hand and the delim-
iting walls of the injection molding tool cavity on the
other hand. The demolding of the sealing element
without damaging the same then requires increased
expenditure (for example a coating of the injection
molding tool for reducing the adhesion, gripper sys-
tems, or ejector systems), because the gas diffusion
layer and the sealing element can be very easily dam-
aged.
[0030] The handing of the gas diffusion layer sealing
element unit requires increased effort due to the
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mechanical instability of this assembly. In particular
the outside regions of the sealing element are very
unstable, which is why the deposit of the assembly in
a process apparatus in a manner reproducible in form
and position cannot be ensured.

[0031] The gas diffusion layer sealing element unit
cannot be deposited in a manner reproducible in form
and position in support systems that serve for process-
ing in an individual part process. In each process in
which the position of the assembly has to be deter-
mined exactly, a complex measurement or mapping of
the assembly is thus also necessary.

[0032] The measurement of the gas diffusion layer
sealing element unit is made more difficult by the
non-reproducible deposit position of this assembly.

[0033] The assembling of the electrochemically active
unit (also called membrane electrode arrangement
(MEA)), which comprises a (for example catalyst-
coated) membrane and preferably two gas diffusion
layer sealing element units, is a laborious individual
part process, because each individual gas diffusion
layer sealing element unit must be received, measured,
and positioned (for example using linear robots or the
like). Further, each gas diffusion layer sealing element
unit must be brought into the shape and location
required for the assembling of the electrochemically
active unit. The process time required for an assem-
bling with such systems is very long.

[0034] Sealing materials may have a very strong ten-
dency to adhere to one another and to other materials,
for example a process device. The separation of the gas
diffusion layer sealing element units and receiving the
same from process apparatuses may be made more
difficult by the adhesion.

SUMMARY OF THE INVENTION

[0035] In accordance with an embodiment of the inven-
tion, a method for producing an electrochemically active
unit of the kind stated at the outset is provided, which is
reliably performable with little expenditure on process
devices and process time.

[0036] In accordance with an embodiment of the inven-
tion, a method for producing such an electrochemically
active unit is provided, which comprises the following:

[0037] producing the sealing element on the gas diffu-
sion layer;
[0038] connecting the sealing element and/or the gas

diffusion layer to a support element;

[0039] assembling the membrane and the at least one
assembly, which comprises the gas diffusion layer and
the sealing element, to form the electrochemically
active unit.

[0040] Underlying the solution in accordance with the
invention is the concept of connecting the assembly (gas
diffusion layer sealing element unit) at its outer periphery, at
least in regions, to a support element, which makes it
possible to subsequently process the assembly in rolling
processes or e.g., as a Leporello.

[0041] In particular, the demolding of the assembly from
an injection molding tool, by means of which the sealing
element is produced on the gas diffusion layer, can thereby
be significantly simplified, because a demolding force can
be exerted on the sealing element by way of the support
element.
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[0042] In further process steps, in particular upon assem-
bling the electrochemically active unit (which comprises at
least one gas diffusion layer sealing element unit and a
membrane), the processing of the gas diffusion layer sealing
element units can take place directly from the support
element, which may be wound up to a roll, for example.
[0043] If positioning elements are provided on the support
element, a very high positioning accuracy of the gas diffu-
sion layer sealing element units can be ensured in the
assembling operation, without elaborate position recogni-
tion systems being required for this purpose.

[0044] The processing speed in a process in which the gas
diffusion layer sealing element units are arranged on the
support element can be selected to be very high in compari-
son to individual part processes, in particular when the gas
diffusion layer sealing element units are processed from a
support element roll.

[0045] The gas diffusion layer sealing element unit can be
positioned and/or held in a processing operation, for
example in a coating operation, by means of the support
element.

[0046] In such a coating operation, for example a catalyst
layer and/or an ionomer layer may be applied completely or
partially to the gas diffusion layer sealing element unit.
[0047] The assembly of one or more gas diffusion layer
sealing element units and a support element may be wound
up on a roll. As a result, both the storage of the gas diffusion
layer sealing element units and the positioning and/or the
positionally accurate accommodation of the gas diffusion
layer sealing element in further process steps is made easier.
[0048] When storing the assembly of one or more gas
diffusion layer sealing element units and the support element
in the form of a roll, one or more intermediate layers may be
provided, which are placed between layers of the support
element. Thus, in particular, an adhesion of the gas diffusion
layer sealing element units or the support element and/or
damage to the gas diffusion layer sealing element units or the
support element can be avoided.

[0049] In the method in accordance with the invention for
producing an electrochemically active unit, provision may
be made for the gas diffusion layer of the assembly, which
comprises a gas diffusion layer and a sealing element
produced on the gas diffusion layer, to already be connected
to the support element before the production of the sealing
element.

[0050] Alternatively or in addition hereto, provision may
be made for the sealing element to be connected to the
support element upon the production of said sealing ele-
ment.

[0051] The sealing eclement may, in particular, be pro-
duced by means of an injection molding operation, by means
of a screen printing operation, or by means of a dispenser
application operation.

[0052] In a particular embodiment of the invention, pro-
vision is made for the sealing element to be in contact with
the support clement along the entire periphery of said
sealing element.

[0053] Alternatively hereto, provision may be made for
the sealing element to be in contact with the support element
at a plurality of contact regions spaced at a distance from one
another along a peripheral direction of the sealing element.
[0054] The support element may comprise and foil and/or
a band.
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[0055] In particular, provision may be made for the sup-
port element to be configured as a foil and/or as a band.
[0056] The material thickness of the support element is
preferably less than 1 mm, in particular less than 0.4 mm,
particularly preferably less than 0.1 mm.

[0057] In principle, provision may be made for one only
one sealing element and/or only one gas diffusion layer to be
connected to the support element.

[0058] However, provision is preferably made for a plu-
rality of sealing elements and/or a plurality of gas diffusion
layers to be connected to the same support element.
[0059] The support element with the at least one sealing
element arranged thereon and/or the at least one gas diffu-
sion layer arranged thereon may be wound up, in particular
for the purposes of storage, transport, or for use in a process,
which is configured as a rolling process.

[0060] When winding up the support element, at least one
intermediate element may be introduced between successive
wound layers of the support element in order to avoid an
adhesion of the successive wound layers of the support
element to each other and/or to avoid damage to the wound
layers of the support element.

[0061] In a particular embodiment of the method, provi-
sion is made for at least one sealing element arranged on the
support element and/or at least one gas diffusion layer
arranged on the support element to be coated with a coating
material.

[0062] Such a coating material may, in particular, be a
catalyst material or a membrane material, for example an
ionomer material.

[0063] The assembling of the membrane and the at least
one assembly, which comprises a gas diffusion layer and a
sealing element, preferably takes place in a rolling process,
in which the at least one assembly arranged on the support
element and the membrane arranged on a membrane support
element are joined together.

[0064] In order to be able to position or move the support
element with the assembly arranged thereon of gas diffusion
layer and sealing element, or the support element before the
arrangement of the gas diffusion layer and/or the sealing
element on the support element, or in order to be able to
connect the support element to the gas diffusion layer and/or
to the sealing element, provision may be made for the
support element to be provided with at least one positioning
element and/or with at least one holding element.

[0065] In a particular embodiment of the invention, pro-
vision is made for a support element core region connected
to the sealing element and/or to the gas diffusion layer to be
separated out of the support element.

[0066] The separation of the support element core region
out of the support element may take place e.g., by means of
punching, cutting, roll-cutting, laser cutting, or water jet
cutting.

[0067] In particular, provision may be made for the sup-
port element to have a predetermined breaking point and/or
a perforation, along which the support element core region
connected to the sealing element and/or to the gas diffusion
layer is separated out of the support element.

[0068] Alternatively or in addition hereto, a separation of
a sealing element core region from the support element may
also be effected by the sealing element having a predeter-
mined breaking point, along which the sealing element core
region is separated from a sealing element outside region.
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The sealing element outside region is thereby preferably
connected to the support element.

[0069] The present invention thereby further relates to a
support element for an assembly, which comprises a gas
diffusion layer and a sealing element produced on the gas
diffusion layer.

[0070] Underlying the present invention is the further
object to create a possibility of reliably positioning such an
assembly with little expenditure on process apparatuses and
process time.

[0071] This object is achieved in accordance with the
invention by the sealing element and/or the gas diffusion
layer being connected to the support element.

[0072] Particular embodiments of the support element in
accordance with the invention have already been described
above in conjunction with particular embodiments of the
method in accordance with the invention for producing an
electrochemically active unit that comprises a membrane
and at least one assembly, which comprises a gas diffusion
layer and a sealing element produced on the gas diffusion
layer.

[0073] The support element in accordance with the inven-
tion is suited in particular for use in the method in accor-
dance with the invention for producing an electrochemically
active unit.

[0074] The electrochemically active unit preferably forms
a constituent part of an electrochemical device, which is
configured e.g., as a fuel cell device or as a electrolyzer.
[0075] Ifthe electrochemical device is configured as a fuel
cell device, it is then preferably a polymer electrolyte
membrane fuel cell device.

[0076] Inaccordance with the invention, at least one of the
two gas diffusion layer sealing element units of an electro-
chemically active unit is connected to the support element,
preferably during the manufacturing process of the sealing
element.

[0077] The support element may be a foil with recesses in
which in each case a gas diffusion layer sealing element unit
is fixed.

[0078] A plurality of gas diffusion layer sealing element
units may be fixed to a band-shaped support element one
behind the other, such that a support element with successive
gas diffusion layer sealing element units is created.

[0079] Each gas diffusion layer sealing element unit may
be connected completely or only partially to the support
element over the periphery of said gas diffusion layer sealing
element unit.

[0080] The support element may be in contact only with
the sealing element of the gas diffusion layer sealing element
unit.

[0081] Alternatively hereto, the support element may in
contact with both the sealing element and the gas diffusion
layer of the gas diffusion layer sealing element unit.
[0082] Positioning elements may be provided on the sup-
port element, which serve to position the support element
during the manufacturing process of the gas diffusion layer
sealing element unit.

[0083] Said positioning elements may also be used in
subsequent process steps in order to position and/or move
the support element and thus the gas diffusion layer sealing
element unit.

[0084] The support element may be wound up on a roll.
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[0085] One or more intermediate elements may thereby be
introduced between the wound layers of the support element
(with the gas diffusion layer sealing element units arranged
thereon).

[0086] The gas diffusion layer may already be arranged on
the support element before the manufacture of the sealing
element. This may take place in a rolling process, for
example. As a result, the gas diffusion layer may, for
example, be positioned for the manufacturing process of the
sealing element by means of positioning elements arranged
on the support element.

[0087] Before the production of the sealing element run-
ning around the periphery of the gas diffusion layer or
locally or in parts, said gas diffusion layer may be connected
to the support element at a plurality of contact regions
succeeding one another along the peripheral direction of the
gas diffusion layer and spaced at a distance from one another
in the peripheral direction of the gas diffusion layer.
[0088] The connection between the sealing element and/or
the gas diffusion layer on the one hand and the support
element on the other hand may be designed such that a
simple release of the connection is possible in a subsequent
process step, for example in a process step for assembling
the electrochemically active unit and/or for mounting the gas
diffusion layer sealing element unit.

[0089] The support clement may be provided with a
perforation.
[0090] The support element may be provided with a folded

edge at least in parts in a rim region of the support element
facing toward the sealing element.

[0091] The folded edge may be configured such that it is
easily releasable from the sealing element through the
application of a force.

[0092] The support element may be removed completely
from the gas diffusion layer sealing element unit or remain
partially on the gas diffusion layer sealing element unit
before or during the assembling of the electrochemically
active unit (membrane electrode arrangement) and/or before
or during the mounting of a stack of electrochemically active
units.

[0093] Provision may also be made for the support ele-
ment to be respectively partially detached from the gas
diffusion layer sealing element unit in a plurality of sepa-
ration steps.

[0094] The support element may be provided with one or
more positioning elements, which, for example in the assem-
bling of the electrochemically active unit and/or in the
mounting of a stack of electrochemically active units, may
be used to position the gas diffusion layer sealing element
unit.

[0095] Such a positioning element may be produced on the
support element, for example, by means of a separating
operation, in particular by means of punching, cutting or the
like.

[0096] Alternatively or in addition hereto, an additional
element that enables a positioning may be attached to the
support element.

[0097] The at least one positioning element may be con-
figured such that it reduces the positioning tolerance.
[0098] In particular, the at least one positioning element
may have a high rigidity.

[0099] The gas diffusion layer sealing element unit
arranged on the support element may be coated in a coating
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operation with a coating material, for example with a
catalyst material, a membrane material, or an ionomer
material.

[0100] In such a coating operation, at least one positioning
element that is arranged on the support element may be used
for positioning the gas diffusion layer sealing element unit
relative to a coating apparatus and thus for achieving a
positionally correct coating.

[0101] A roller-supported process may preferably be used
for the coating of the gas diffusion layer sealing element
unit.

[0102] For the assembling of a plurality of, for example
two, gas diffusion layer sealing element units and a (for
example catalyst-coated) membrane (CCM) to form an
electrochemically active unit, in particular a membrane
electrode arrangement (MEA), the gas diffusion layer seal-
ing element units, which are each connected to a support
element, and a membrane arranged on a membrane support
element may be connected to one other in one or more
rolling processes.

[0103] A roller-supported processing enables a very exact
positioning of the individual components of the electro-
chemically active unit relative to one another and/or a very
high process speed.

[0104] Further, provision may be made for the sealing
element to first be connected to the support element and for
the gas diffusion layer of the gas diffusion layer sealing
element unit to then, in a further step, be arranged on the
support element and/or on the sealing element, for example
be placed in the sealing element support element unit.
[0105] The connection between the gas diffusion layer and
the sealing element may hereby be produced e.g., by means
of positive engagement.

[0106] Further features and advantages of the invention
are subject matter of the subsequent description and the
graphical representation of exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0107] FIG. 1 shows a sectional plan view of a band-
shaped support element on which a plurality of gas diffusion
layer sealing element units are arranged;

[0108] FIG. 2 shows an enlarged depiction of one of the
gas diffusion layer sealing element units from FIG. 1, which
shows that the sealing element of the gas diffusion layer
sealing element unit is in contact with the support element
along the entire periphery of said gas diffusion layer sealing
element unit;

[0109] FIG. 3 shows a sectional cut through a gas diffusion
layer, which is connected to a support element;

[0110] FIG. 4 shows a sectional cut through a gas diffusion
layer sealing element unit, the gas diffusion layer and sealing
element of which are connected to a support element;
[0111] FIG. 5 shows a schematic perspective depiction of
a support element gas diffusion layer sealing element unit
roll to which the band-shaped support element from FIG. 1,
which bears a plurality of gas diffusion layer sealing element
units, can be wound up;

[0112] FIG. 6 shows a sectional cut through a support
element with a gas diffusion layer sealing element unit
arranged thereon, wherein the gas diffusion layer sealing
element unit is coated with a coating material, for example
with a catalyst material and/or with an ionomer/membrane
material;
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[0113] FIG. 7 shows a schematic depiction of an assem-
bling operation in which, in a rolling process, first gas
diffusion layer sealing element units that are arranged on a
first band-shaped support element are connected to (for
example catalyst-coated) membranes that are arranged on a
membrane support element, and then the membranes are
connected to second gas diffusion layer sealing element
units that are arranged on a second band-shaped support
element in order to thus assemble electrochemically active
units, which each comprise two gas diffusion layer sealing
element units and a membrane arranged therebetween;
[0114] FIG. 8 shows a sectional plan view of a support
element on which a gas diffusion layer sealing element unit
is arranged, wherein the sealing element is in contact with
the support element at a plurality of contact regions spaced
at a distance from one another along a peripheral direction
of the sealing element;

[0115] FIG. 9 shows a sectional plan view of a support
element on which at least one positioning element is
arranged, which may serve for the positioning of the support
element, the gas diffusion layer sealing element unit, and/or
the gas diffusion layer during the manufacturing process of
the sealing element and/or in processes subsequent to the
manufacture of the sealing element, for example in a coating
operation or in the assembling of the electrochemically
active unit using the gas diffusion layer sealing element unit;
[0116] FIG. 10 shows a sectional plan view of a support
element on which a gas diffusion layer sealing element unit
is arranged, wherein a support element core region is sepa-
rable out of the support element along a separating line and
at least one positioning element is arranged on the support
element core region for use in a process step taking place
before or after the separating out of the support element core
region;

[0117] FIG. 11 shows a sectional plan view of a support
element with a gas diffusion layer sealing element unit
arranged thereon, wherein a support element core region is
separable out of the support element along a separating line
and at least one positioning element is arranged on the
support element outside of the separable support element
core region in order to serve for positioning the support
element, the gas diffusion layer sealing element unit and/or
the gas diffusion layer in a process step taking place before
the separating out of the support element core region;
[0118] FIG. 12 shows a perspective depiction of a support
element gas diffusion layer sealing element unit roll, which
is producible by winding up a band-shaped support element
on which a plurality of gas diffusion layer sealing element
units are arranged, wherein a band-shaped intermediate
element is wound up together with the band-shaped support
element, such that layers of the support element and of the
gas diffusion layer sealing element units that follow one
another in the winding in the radial direction are separated
from one another in each case by a layer of the intermediate
element;

[0119] FIG. 13 shows a sectional cut through a sealing
element that is connected to a support element;

[0120] FIG. 14 shows a sectional cut through a sealing
element that is connected to a support element, wherein the
support element has a folded edge portion bent back to the
support element;

[0121] FIG. 15 shows a sectional cut through a sealing
element that is connected to a support element, wherein the
support element has a curved folded edge portion;
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[0122] FIG. 16 shows a sectional cut through a sealing
element that is connected to a support element, wherein the
support element has an angled folded edge portion;

[0123] FIG. 17 shows a sectional cut through a sealing
element that is connected to a support element, wherein the
support element is provided with a holding element for
facilitating the connection of the sealing element to the
support element;

[0124] FIG. 18 shows a sectional cut through a sealing
element that is connected to a support element, wherein the
support element is provided with a predetermined breaking
point in a rim region of the support element that faces toward
the same;

[0125] FIG. 19 shows a sectional cut through a sealing
element that is connected to a support element, wherein the
support element is provided with a predetermined breaking
point in a rim region of the sealing element that faces toward
the same;

[0126] FIG. 20 shows a sectional plan view of a support
element on which a gas diffusion layer sealing element unit
is arranged, wherein the support element has a perforation,
along which a support element core region, at which the gas
diffusion layer sealing element unit is arranged, is detach-
able out of the support element; and

[0127] FIG. 21 shows a sectional plan view of a support
element on which a gas diffusion layer sealing element unit
is arranged, wherein the sealing element of the gas diffusion
layer sealing element unit is connected to the support
element only in an outside region of the sealing element and
wherein the sealing element has medium through-openings
and the support element does not overlap the medium
through-openings.

[0128] The same or functionally equivalent elements are
provided with the same reference numerals in all Figures.

DETAILED DESCRIPTION OF THE
INVENTION

[0129] A support element 100 depicted in FIG. 1 has the
form of a band 102, which extends in a longitudinal direc-
tion 104 and is delimited in a transverse direction 106
oriented perpendicular to the longitudinal direction 104 and
perpendicular to a thickness direction 108 of the support
element by two rims 110 running substantially in parallel to
the longitudinal direction 104 of the support element 100.

[0130] The support element 100 comprises e.g., a foil with
a small thickness of e.g., less than 1 mm, preferably less than
0.5 mm.

[0131] The support element may comprise e.g., a polytet-
rafluoroethylene, a polyvinylidene fluoride, a polyester, a
polyamide, a copolyamide, a polyamide elastomer, a poly-
imide, a polyurethane, a polyurethane elastomer, a silicone,
a silicone rubber, and/or a silicone-based elastomer, and in
particular may be made substantially entirely of one or more
of these materials.

[0132] Arranged on the support element 100 are prefer-
ably a plurality of assemblies 113 configured as gas diffusion
layer (GDL) sealing element units 114, which are spaced at
a distance from one another in the longitudinal direction 104
of the support element 100.

[0133] The gas diffusion layer sealing element units 114
are preferably also spaced at a distance from at least one of
the rims 110 of the support element 100, preferably from
both rims 110 of the support element 100, in the transverse
direction 106 of the support element 100.
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[0134] As can be seen in the enlarged depiction from FIG.
2, each gas diffusion layer sealing element unit 114 com-
prises a gas diffusion layer 116, which is provided with a
sealing element 118 at its periphery.

[0135] The gas diffusion layer 116 may be an anode-side
or a cathode-side gas diffusion layer.

[0136] The gas diffusion layer 116 has a porosity, such that
a fluid medium, for example a fuel gas or an oxidizing agent,
can pass through the gas diffusion layer 116 in the thickness
direction 108.

[0137] The sealing element 118 preferably comprises an
elastomer material and is formed in particular completely of
an elastomer material.

[0138] The sealing element 118 may be produced on the
gas diffusion layer 116 e.g., by means of an injection
molding operation, a screen printing operation, or a dis-
penser application operation.

[0139] As can be seen e.g., in FIG. 3, the gas diffusion
layer 116 may already be connected to the support element
100 before the production of the sealing element 118.
[0140] The support element 100 is preferably provided
with at least one recess 120, which is covered by a gas
diffusion layer sealing element unit 114 when same is
arranged on the support element 100.

[0141] Each gas diffusion layer sealing element unit 114 is
preferably associated with such a recess 120 in the support
element 100.

[0142] The recess 120 preferably extends in the thickness
direction 108 through the support element 100.

[0143] As depicted in FIG. 4, the sealing element 118 may
be produced on the gas diffusion layer 116 such that it is
connected both to the gas diffusion layer 116 and to the
support element 100.

[0144] The sealing element 118 may be produced on the
gas diffusion layer 116 in such a way that the sealing
material of the sealing element 118 penetrates into the
porous material of the gas diffusion layer 116 in a penetra-
tion region 122, such that the sealing element 118 is con-
nected to the gas diffusion layer 116 in a substance-to-
substance and/or positive-fitting and mechanically stable
manner.

[0145] As depicted in FIG. 5, the band-shaped support
element 100, which bears at least one gas diffusion layer
sealing element unit 114, preferably a plurality of gas
diffusion layer sealing element units 114, may be wound up
to a roll 124 for storage and transport or for other process
steps, for example for a heat treatment operation.

[0146] As can be seen in FIG. 12, when winding up the
support element 100, a band-shaped intermediate element
126 may be wound up together with the support element
100, such that layers of the support element 100 and of the
gas diffusion layer sealing element units 114 arranged
thereon following one another in a radial direction 128 of the
roll 124 are each separated from one another by a respective
layer of the intermediate element 126 arranged therebe-
tween.

[0147] This serves to protect the support element 100
and/or the gas diffusion layer sealing element units 114 from
damage and/or to reduce adhesion between the layers of the
support element 100 and the gas diffusion layer sealing
element units 114 arranged thereon following one another in
the radial direction 128 of the roll 124.

[0148] As depicted in FIG. 6, a gas diffusion layer sealing
element unit 114 arranged on the support element 100 may
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be subject to a treatment operation, in particular a coating
operation, in particular before or after winding up the
support element 100 to a roll 124.

[0149] For example, provision may be made for the gas
diffusion layer 116 and/or the sealing element 118 to be
provided with a coating of a coating material 130, for
example a catalyst material and/or an ionomer/membrane
material.

[0150] The coating material 130 may be applied e.g., from
a coating material outlet 132 onto a surface 134 of the gas
diffusion layer sealing element unit 114, in particular of the
gas diffusion layer 116.

[0151] The gas diffusion layer sealing element unit 114
may thereby be stopped during the coating operation, or the
support element 100 with the gas diffusion layer sealing
element unit 114 arranged thereon may be moved during the
coating operation relative to the coating material outlet 132
along a movement direction 136, which may be oriented
substantially in parallel to the longitudinal direction 104 of
the support element 100.

[0152] As will be described in more detail below, provi-
sion may be made for the support element 100 to be
provided with one or more positioning elements 166 for
increasing the positional accuracy during the coating opera-
tion.

[0153] A support element gas diffusion layer sealing ele-
ment unit material 138 wound up to a roll can be assembled
to form an electrochemically active unit 142 in a rolling
process with a membrane support element membrane mate-
rial 140 wound up to a roll and a further support element gas
diffusion layer sealing element unit material 138' wound up
to a roll, as is depicted in FIG. 7.

[0154] Thereby, in a first process step, a respective first gas
diffusion layer sealing element unit 114 that is arranged on
a band-shaped support element 100, after being unwound
from the roll 124, is connected to a (for example catalyst-
coated) membrane 144, which is arranged on the unwound
membrane support element 146. The membrane 144 is
thereby detached from the membrane support element 146.
[0155] The membrane support element 146 runs via two
guide rollers 148, 148' to a winding roller 150 (driven to a
rotational movement).

[0156] The first support element 100 runs from the
unwound roll 124 to a winding roller 152 (driven to a
rotational movement).

[0157] The unit, produced in the first process step, of the
first gas diffusion layer sealing element unit 114 and the
membrane 144 is thereby conveyed together with the first
support element 100 along a conveying direction 154 of the
assembling apparatus denoted as a whole with 156.

[0158] In a further process step, a second gas diffusion
layer sealing element unit 114' from the second support
element 100", which is unwound from the second roll 124',
is assembled, in particular laminated, onto the side of the
membrane 144 opposite the first gas diffusion layer sealing
element unit 114. The second gas diffusion layer sealing
element unit 114' is thereby detached from the second
support element 100'.

[0159] The second support element 100' runs via two
guide rollers 158, 158' to a winding roller 160 (driven to a
rotational movement).

[0160] The electrochemically active unit (membrane elec-
trode arrangement; MEA) formed of the first gas diffusion
layer sealing element unit 114, the membrane 144, and the
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second gas diffusion layer sealing element unit 114' is
wound up on the winder roller 152 together with the first
support element 100'".

[0161] The wound up support element MEA material can
then later be unwound in order to be mounted together with
the bipolar plates (not depicted) upon the mounting of the
electrochemical device, which contains the electrochemi-
cally active units 142.

[0162] Inthe rolled up state, the support element MEA roll
can be stored and/or transported.

[0163] In an alternative embodiment, depicted in FIG. 8,
of'a support element 100 with at least one gas diffusion layer
sealing element unit 114 arranged thereon, the gas diffusion
layer sealing element unit 114 is connected to the support
element 100 not across its entire periphery, but rather only
in a plurality of contact regions 162, which follow one
another along a peripheral direction 164 of the gas diffusion
layer sealing element unit 114 and are spaced at a distance
from one another along the peripheral direction 164 of the
gas diffusion layer sealing element unit 114.

[0164] The sealing element 118 and/or the gas diffusion
layer 116 may thereby be connected to the support element
100 in the contact regions 162.

[0165] In this embodiment, the support element 100 is
thus connected to the gas diffusion layer sealing element unit
114 only partially along the periphery of the gas diffusion
layer sealing element unit 114.

[0166] In an alternative embodiment, depicted in FIG. 9,
of'a support element 100 on which at least one gas diffusion
layer sealing element unit 114 is arranged, the support
element 100 has one or more positioning elements 166,
which may serve to position the support element 100 with
the gas diffusion layer 116 arranged thereon before the
production operation of the sealing element 118 and/or to
position the gas diffusion layer sealing element unit 114 after
the production of the sealing element 118 on the gas diffu-
sion layer 116 in a processing operation or in an assembling
operation.

[0167] Provision may thereby be made for each gas dif-
fusion layer sealing element unit 114 to each be associated
with at least one respective positioning element 166, pref-
erably at least two positioning elements 166.

[0168] Each positioning element 166 may be configured
e.g., as an aperture 168 in the support element 100.

[0169] Alternatively or in addition to the positioning ele-
ments 166, movement elements (not depicted) may also be
provided on the support element 100, which movement
elements may serve to move the support element 100
(together with a gas diffusion layer sealing element unit 114
arranged thereon or without a gas diffusion layer sealing
element unit 114).

[0170] As is depicted in FIG. 10, provision may be made
for a support element core region 170, at which a gas
diffusion layer sealing element unit 114 is arranged, to be
separated out of the support element 100 along a separating
line 172.

[0171] The support element core region 170 may have one
or more positioning elements 166.

[0172] The separation of the support element core region
170 out of the support element 100 may place take by means
of a multitude of suitable separation methods, for example
by means of punching, cutting, roll-cutting, laser cutting, or
water jet cutting.
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[0173] The gas diffusion layer sealing element unit 114
with the support element core region 170 arranged thereon
may be reused in a subsequent process, for example in the
assembling of an electrochemically active unit 142 or in the
mounting of an electrochemical device from the electro-
chemically active units 142, after being removed from the
support element 100.

[0174] An exact positioning of the gas diffusion layer
sealing element unit 114 can thereby be effected by means
of the positioning elements 166 provided on the support
element core region 170.

[0175] After processing in a subsequent processing step,
for example upon the assembling of an electrochemically
active unit 142 or of the electrochemical device, the support
element core region 170 initially remaining on the gas
diffusion layer sealing element unit 114 can be removed
entirely or partially from the gas diffusion layer sealing
element unit 114. This, in turn, may take place by means of
a multitude of suitable separation methods, for example by
means of punching, cutting, roll-cutting, laser cutting, or
water jet cutting.

[0176] Alternatively or in addition hereto, provision may
also be made for the support element core region 170 to be
released from the gas diffusion layer sealing element unit
114 by pulling the support element core region 170 off of the
gas diffusion layer sealing element unit 114 and/or by
detaching a folded edge of the support element core region
170 from the gas diffusion layer sealing element unit 114, in
particular from the sealing element 118 thereof.

[0177] As is depicted in FIG. 11, the support element core
region 170 on which the gas diffusion layer sealing element
unit 114 is arranged may also be separated out of the support
element 100 such that positioning elements 166 provided on
the support element 100 are located outside of the support
element core region 170.

[0178] In this case, too, the support element core region
170 may be separated or detached completely or partially
from the gas diffusion layer sealing element unit 114 after a
subsequent process step.

[0179] In an alternative embodiment, depicted in FIG. 20,
of a support element 100 on which at least one gas diffusion
layer sealing element unit 114 is arranged, a perforation 177
extending along a perforation line 175 is provided, along
which perforation 177 a support element core region 170 can
be separated out of the support element 100.

[0180] The connection between the support element 100
and the sealing element 118 and/or the gas diffusion layer
116 may be designed in all embodiments of the support
element 100 such that a separation of the support element
100 from the gas diffusion layer sealing element unit 114 is
possible with little force.

[0181] The connection between the support element 100
and the gas diffusion layer sealing element unit 114 may in
particular be designed such that the support element can be
completely released or removed from the sealing element
118 and/or from the gas diffusion layer 116 with little effort.
[0182] As is depicted in FIG. 13, the support element 100
may be connected to the sealing element 118 of the gas
diffusion layer sealing element unit 114 only by means of
adhesion, without positive engagement.

[0183] As is depicted in FIGS. 14 to 16, the support
element 100 may comprise a folded edge portion 174 at
which the sealing element 118 is connected to the support
element 100.
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[0184] As is depicted in FIG. 14, the folded edge portion
174 may be bent back to the support element 100, such that
the folded edge portion 174 abuts substantially in surface-
to-surface contact against an abutment portion 176 of the
support element 100.

[0185] As is depicted in FIG. 15, the folded edge portion
174 of the support element 100 may be bent by an acute
angle o of more than 90°, preferably more than 120°, and/or
preferably less than 160°, such that a rim 178 of the folded
edge portion 174 of the support element 100 faces away
from the sealing element 118.

[0186] As is depicted in FIG. 16, the folded edge portion
174 of the support element 100 may be angled at an angle
of substantially 90° and abut substantially in surface-to-
surface contact against the sealing element 118 of the gas
diffusion layer sealing element unit 114.

[0187] In an embodiment, depicted in FIG. 17, of a
support element 100 on which a gas diffusion layer sealing
element unit 114 is arranged, the support element 100 is
provided with one or more holding elements 180, which
serve to connect the support element 100 to the sealing
element 118.

[0188] The at least one holding clement 180 may be
arranged on the support element 100 before or after the
production of the sealing element 118 on the gas diffusion
layer 116 of the gas diffusion layer sealing element unit 114.
[0189] The at least one holding clement 180 may be
removed from the support element 100 and/or from the gas
diffusion layer sealing element unit 114 before the assem-
bling process of the electrochemically active unit 142.
Alternatively thereto, the at least one holding element 180
may also remain on the gas diffusion layer sealing element
unit 114 in the completely mounted state of the electro-
chemically active unit 142.

[0190] The at least one holding element 180 may simul-
taneously serve as a positioning element for positioning the
support element 100 and/or the gas diffusion layer sealing
element unit 114 in different process steps, for example in
the production of the sealing element 118 on the gas diffu-
sion layer 116, in the assembling of the electrochemically
active unit 142, in the measurement of the gas diffusion layer
sealing element unit 114, in the measurement of the elec-
trochemically active unit 142 or in other process steps.
[0191] For a particularly exact positioning by means of the
at least one holding element 180, provision may be made for
at least one positioning feature to be provided on the
respective holding element 180, for example in the form of
a bore or a marking.

[0192] The at least one holding element 180 and/or the at
least one positioning element 166 may be used, in particular,
to position the gas diffusion layer sealing element unit 114
in a positioning unit, before or after the gas diffusion layer
sealing element unit 114 has been released from the support
element 100.

[0193] The gas diffusion layer sealing element unit 114
released from the support element 100 can then be received
from such a positioning unit by means of a handling appa-
ratus and be processed in a subsequent process step, for
example in the assembling of the electrochemically active
unit 142.

[0194] The at least one holding element 180 may comprise
e.g., a head 196, which may abut against the support element
100, and/or a shank 198, which may extend through a
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through-opening in the support element 100 and in particular
extend into the sealing element 118.

[0195] In one embodiment, depicted in FIG. 18, of a
support element 100 on which a gas diffusion layer sealing
element unit 114 is arranged, the sealing element 118 of the
gas diffusion layer sealing element unit 114 is provided with
a predetermined breaking point 184 in a rim region 182
facing toward the support element 100, such that the gas
diffusion layer sealing element unit 114 can be easily
released from the support element 100 without a portion of
the support element 100 remaining on the removed gas
diffusion layer sealing element unit 114.

[0196] A sealing element outside region 187 may hereby
remain on the support element 100, while a sealing element
core region 185 separated from the sealing element outside
region 187 along the predetermined breaking point 184
remains on the gas diffusion layer 116.

[0197] In the embodiment, depicted in FIG. 19, of a
support element 100 on which a gas diffusion layer sealing
element unit 114 is arranged, the support element 100 is
provided with a predetermined breaking point 188 in a rim
region 186 facing toward the sealing element 118 of the gas
diffusion layer sealing element unit 114, wherein the gas
diffusion layer sealing element unit 114 is separable out of
the support element 100 in a simple manner in such a way
that a residual region 190 of the support element 100
arranged on the side of the predetermined breaking point
188 facing toward the sealing element 118 remains on the
sealing element 118 after the separation of the gas diffusion
layer sealing element unit 114 and thus forms a support
element core region 170 arranged on the gas diffusion layer
sealing element unit 114.

[0198] In the embodiment, depicted in FIG. 21, of a
support element 100 on which at least one gas diffusion layer
sealing element unit 114 is arranged, the sealing element 118
of the gas diffusion layer sealing element unit 114 has
medium through-openings 192 which, in the mounted state
of the electrochemical device, form constituent parts of at
least one respective medium channel, by means of which a
fluid medium (for example a fuel gas, an oxidizing agent, or
a cooling agent) is suppliable to the electrochemically active
units 142 of the electrochemical device or is dischargeable
from the electrochemically active units 142 of the electro-
chemical device.

[0199] The sealing element 118 is connected to the support
element 100 only in an outside region 194, and the support
element 100 does not overlap the medium through-openings
192 in the sealing element 118. Thus, in particular, the
outside region 194 of the sealing element 118, which can be
very instable and difficult to position, is stabilized by the
support element 100.

[0200] In this embodiment, the gas diffusion layer 116 is
preferably not connected to the support element 100.

1. A method for producing an electrochemically active
unit that comprises a membrane and at least one assembly,
which comprises a gas diffusion layer and a sealing element
produced on the gas diffusion layer, wherein the method
comprises the following:

producing the sealing element on the gas diffusion layer;

connecting the sealing element and/or the gas diffusion

layer to a support element;

assembling the membrane and the at least one assembly,

which comprises the gas diffusion layer and the sealing
element, to form the electrochemically active unit.
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2. The method in accordance with claim 1, wherein the
gas diffusion layer is connected to the support element
before the production of the sealing element.

3. The method in accordance with claim 1, wherein the
sealing element, in the production thereof, is connected to
the support element.

4. The method in accordance with claim 1, wherein the
sealing element is produced by means of an injection
molding operation, by means of a screen printing operation,
or by means of a dispenser application operation.

5. The method in accordance with claim 1, wherein the
sealing element is in contact with the support element along
the entire periphery of said sealing element.

6. The method in accordance with claim 1, wherein the
sealing element is in contact with the support element at a
plurality of contact regions spaced at a distance from each
other along a peripheral direction of the sealing element.

7. The method in accordance with claim 1, wherein the
support element comprises a foil and/or a band

8. The method in accordance with claim 1, wherein only
one sealing element is connected to the support element.

9. The method in accordance with claim 1, wherein a
plurality of sealing elements and/or a plurality of gas dif-
fusion layers are connected to the same support element.

10. The method in accordance with claim 1, wherein the
support element is wound up with the at least one sealing
element arranged thereon and/or the at least one gas diffu-
sion layer arranged thereon.

11. The method in accordance with claim 10, wherein at
least one intermediate element is introduced between suc-
cessive wound layers of the support element.

12. The method in accordance with claim 1, wherein at
least one sealing element arranged on the support element
and/or at least one gas diffusion layer arranged on the
support element is coated with a coating material.

13. The method in accordance with claim 1, wherein the
assembling of the membrane and the at least one assembly,
which comprises a gas diffusion layer and a sealing element,
takes place in a rolling process in which the at least one
assembly arranged on the support element and the mem-
brane arranged on a membrane support element are joined.

14. The method in accordance with claim 1, wherein the
support element is provided with at least one positioning
element and/or with at least one holding element.

15. The method in accordance with claim 1, wherein a
support element core region connected to the sealing ele-
ment and/or to the gas diffusion layer is separated out of the
support element.

16. The method in accordance with claim 1, wherein the
sealing element has a predetermined breaking point, along
which a sealing element core region is separated from a
sealing element outside region.

17. The method in accordance with claim 1, wherein the
support element remains on the assembly after the assem-
bling of the electrochemically active unit.

18. A support element for an assembly, which comprises
a gas diffusion layer and a sealing element produced on the
gas diffusion layer, wherein the sealing element and/or the
gas diffusion layer is connected to the support element.

19. An electrochemically active unit, comprising a mem-
brane,

at least one assembly, which comprises a gas diffusion

layer and a sealing element produced on the gas dif-
fusion layer, and
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at least one support element,

wherein the sealing element and/or the gas diffusion layer

is connected to the support element.

20. The electrochemically active unit in accordance with
claim 19, wherein the assembly is connected at its outer
periphery, at least in regions, to the support element.

21. The electrochemically active unit in accordance with
claim 19, wherein the sealing element is in contact only with
the sealing element of the assembly.

22. The electrochemically active unit in accordance with
claim 19, wherein an outside region of the sealing element
is stabilized by the support element.
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