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Description

Device and method for carbon dioxide electrolysis or carbon

monoxide electrolysis

The invention relates to an anode-side half-cell for an
electrochemical cell of an electrolysis device for carbon
dioxide electrolysis and/or for carbon monoxide electrolysis.
The invention further relates to an electrochemical cell for an
electrolysis device for carbon dioxide electrolysis and/or for
carbon monoxide electrolysis, having a cathode region that has
an electrical cathode connection, a gas diffusion electrode, a
first feed connection for supply of carbon dioxide, and a first
drain connection for draining of electrolysis substances at
least partly formed in the 1intended operation of the
electrochemical cell, an anode region which is formed separately
from the cathode region by means of a separator and has an
electrical anode connection, an anode plate, a second feed
connection for supply of a proton-releasing substance and a
second drain connection for draining of electrolysis residues
at least partly formed 1in the intended operation of the
electrochemical cell, wherein the cathode connection and the
anode connection are designed to be electrically coupled to
corresponding electrical connections of an energy source that
provides an electrical electrolysis voltage. The invention
further relates to an electrolysis device for carbon dioxide
electrolysis and/or for carbon monoxide electrolysis. Finally,
the invention also relates to a method of producing an anode-
side half-cell for an electrochemical cell of an electrolysis
device for carbon dioxide electrolysis and/or for carbon

monoxide electrolysis.

Anode-side cells, electrochemical cells, electrolysis devices
for carbon dioxide electrolysis and/or for carbon monoxide
electrolysis and methods of producing anode-side cells are
basically known in the prior art, and so there is no need for

any separate published evidence thereof. Electrochemical cells



DK/EP 4093901 T3

2019P29544WE

and electrolysis devices formed therefrom serve for at least
partial conversion of carbon dioxide to carbon monoxide and/or
to other hydrocarbons. As well as carbon dioxide, it 1is
alternatively or additionally also possible to utilize carbon
monoxide 1in order to at least partly generate the other

hydrocarbons.

Carbon dioxide is a substance which is formed in the utilization
of fossil fuels in particular and is released into the atmosphere
in large volumes. Carbon dioxide is a greenhouse gas and 1is
therefore an unwanted substance in the atmosphere. The invention
addresses the question of making carbon dioxide utilizable for
a broad range of the chemical industry. Carbon monoxide, by
contrast, 1is a starting material for the chemical industry and
can be utilized for the production of a multitude of chemical
products. The generation of carbon monoxide from carbon dioxide
can achieve this aim in an improved manner, 1f not actually for
the first time. Furthermore, in the context of carbon dioxide
electrolysis, it is also possible to produce other hydrocarbons,
for example methane, alcohols and/or the 1like. These other
substances may also be obtained by an electrolysis of carbon

monoxide.

In practice, i1t has been found that the production of carbon
monoxide or of the other hydrocarbons from carbon dioxide or
carbon monoxide not only entails a high level of complexity but
is additionally also associated with problems. For example in
relation to carbon dioxide electrolysis, it is necessary for the
carbon dioxide to be at least partly converted to carbon monoxide
by reduction. For this purpose, 1t is necessary to provide an
environment suitable for the reduction and a substance that
permits the reduction of the carbon dioxide wvia oxidation
thereof.



DK/EP 4093901 T3

2019P29544WE

In many applications, it is therefore customary to use an ion-
conducting solution or a water-based electrolyte within the
electrochemical cell. In an anode-side region of the
electrochemical cell, the ion-conducting solution or the water-
based electrolyte is split, such that protons can be provided
and oxygen 1is released. The water from the ion-conducting
solution or the water-based electrolyte here is thus a proton-
releasing substance. This part of the reaction generally takes

place in the region of the anode or anode region.

After passing through a suitable separator which is preferably
permeable exclusively to protons, the protons can then be
provided in a cathode region of the electrochemical cell for the
reduction of the carbon dioxide. A reaction in the cathode region
then at least partly splits the carbon dioxide, which produces
carbon monoxide. In addition, the oxygen released can then, for

example, form water together with the protons.

The electrochemical cell generally has at least a cathode
region, and an anode region formed separately from the cathode
region by means of the separator. For performance of the
electrochemical reaction in the electrochemical cell, an anode
is disposed in the anode region and a cathode in the cathode
region, which are subjected to a suitable electrical potential.
Additionally disposed at least in the anode region is a catalyst

that assists or enables the desired reaction in the anode region.

For the performance of the desired chemical reaction in the
electrochemical cell, the desired substances may either be at
least partly in liquid form or at least partly in gaseous form.
If at least the carbon dioxide is supplied in gaseous form, the
cathode may have a gas diffusion electrode, for example. The gas
diffusion electrode permits reacting of a solid substance, a
liquid substance and a gaseous substance with one another, such

that the desired electrochemical reaction can be achieved. A gas
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diffusion electrode is known, for example, from European patent
application EP 3 757 253 Al.

The reaction in the electrochemical cell preferably uses an
electrolyte. The electrolyte may be formed, for example, by a
preferably aqueous salt solution. If the salt solution is used
as electrolyte, the electrolyte on the anode side and cathode
side may be the same. The electrolyte may therefore be provided
from a single reservoir. Such an electrolyte is occasionally
also called monolyte. In addition, it is of course also possible
to utilize different electrolytes in the anode region and in the
cathode region, in which case the cathode region has a catholyte
and the anode region an anolyte. In the anode region, the anolyte
may be formed by water, whereas the catholyte in the cathode
region may be formed by a catholyte in the form of a salt
solution. Furthermore, further electrolyte arrangements are

conceivable.

In electrolysis devices of the generic type, it is found to be
problematic, especially in relation to the anode, to achieve a
uniform current density distributed over the reaction area
envisaged 1in order that a good action of the electrochemical
cell can be achieved. Problematic substances are especially
found to be substances that are simultaneously also to serve as
catalyst and provide electrical conductivity. Furthermore, it
has been found to be problematic, especially on the anode side,
to arrange the different components in a defined position and
to connect them to one another in a defined manner. This results
in complex assembly and construction. Reliability may be
impaired both in the production of the electrochemical cell and

in operation as intended.

Similar problems can arise 1in the electrolysis of carbon

monoxide.
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In addition, WO 2019/096540 Al discloses an ethylene-selective
electrode having a mixed-valency Cus0Os3 catalyst. WO 2019/011577
Al further discloses a membrane-coupled cathode for reduction
of carbon dioxide in acid-based electrolytes without mobile
cations. Finally, WO 2017/192787 Al discloses a reactor having
improved architecture for the electrochemical reaction of COgz,
CO and other chemical compounds. US 2018/0258542 Al discloses a
synthetic photosynthesis module. US 2019/0085473 Al discloses a

catalyst body for the reduction of carbon dioxide.

It is an object of the invention to improve an anode-side half-
cell of generic type, an electrochemical cell, an electrolysis
device of generic type, and also a process for production
thereof, such that the homogeneity of current density in the
region of the anode 1is improved and the production or
construction of the electrochemical cell, especially of the

anode-side half-cell, can be improved.

The solution proposed by the invention is an anode-side half-
cell, an electrochemical cell, an electrolysis device and a
process for production thereof according to independent Claims
1, 11, 13 and 14.

Advantageous developments will be apparent from features of the

dependent claims.

In relation to an anode-side half-cell of the generic type, what
is proposed is more particularly that the anode-side half-cell
has a separator which is in the form of a membrane and has an
anode-side separator surface and a cathode-side separator
surface on the opposite side from the anode-side separator
surface, a catalyst layer having a first catalyst surface and a
second catalyst surface on the opposite side from the first
catalyst surface, wherein the first catalyst surface faces the

anode-side separator surface, and a fluid-permeable anode plate
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having a first anode surface, wherein the first anode surface

faces the second catalyst surface.

In addition, 1in relation to an electrochemical cell of the
generic type, what 1is proposed 1s more particularly that the
anode region and the separator take the form of the anode-side

half-cell according to the invention.

In relation to an electrolysis device of the generic type, what
is proposed is more particularly that the electrochemical cells
are designed according to the invention, wherein  the
electrochemical cells are in a spatially directly adjoining

arrangement.

In relation to a method of the generic type, what is proposed
more particularly by the invention is that it has the following
steps:

- arranging an anode-side separator surface of a separator which
is in the form of a membrane and has a cathode-side separator
surface on the opposite side from the anode-side separator
surface at a first catalyst surface of a catalyst layer, which
catalyst layer has a second catalyst surface on the opposite
side from the first catalyst surface, and

- arranging a first anode surface of a fluid-permeable anode

plate at the second catalyst surface.

One concept of the invention is to construct the electrochemical
cell in a modular manner, such that not just efficacy but also
reliability and manufacturing technology can be improved.
Furthermore, 1t is possible to achieve a modular construction
that permits improvement of the electrical coupling in relation
to the electrical anode connection on the anode side, such that
an 1mprovement 1in homogeneity can be achieved overall in
relation to the electrical current density of the anode.

Overall, the invention permits firstly simplification of
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assembly and simultaneously also an increase in reliability in
assembly, and secondly an improvement in efficiency, especially
Faraday efficiency, and also 1in reliability in operation as
intended. As a result, it is also possible to improve efficiency

overall in relation to the carbon dioxide electrolysis.

The anode-side half-cell is preferably a construction unit which
is part of a construction, especially a modular construction,
of the electrochemical cell. The anode-side half-cell 1is
preferably an assembly that can be handled separately. The
anode-side half-cell provides the anode space and the separator,
and can thus be connected in a simple manner to the further
components or construction elements of the electrochemical cell.
It is the construction of the anode-side half-cell here that
permits provision of a ready-tested construction unit for the
completion of the electrochemical cell, such that the assembly
can be simplified overall. Furthermore, 1t 1is possible to
increase reliability in the region of the assembly. At least the
anode-side half-cell preferably has a stacked construction. In
particular, the elements thereof are arranged 1in direct
succession. The stacked construction may be at least partly
fixed by means of mechanical connecting elements. The connection
may be designed so as to be partable or else unpartable. In
addition, the anode-side half-cell may have a dedicated housing
or partial housing. The housing or partial housing may at least
partly serve as connecting element. In addition, it is possible
to provide clamps, c¢lips, screws, rivets and/or the 1like as
connecting elements. It is also possible to provide an adhesive,
a solder and/or the 1like as connecting elements. These
construction features may of course equally also be provided for
the cathode-side half-cell or else for the electrochemical cell
that has the anode-side half-cell and the cathode-side half-
cell.
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It is preferably also possible to provide a cathode-side half-
cell comprising the corresponding elements of the cathode space.
For completion of the electrochemical cell, all that is then
needed is arrangement of at least these two elements, namely the
anode-side half-cell and the <cathode-side half-cell, in
combination with one another, in order to form the
electrochemical «cell. According to the construction and

requirements, however, additional elements may also be provided.

In particular, 1t may of course Dbe the case that the
electrochemical cell has a housing in which at least the anode-
side half-cell is disposed. This may also be the case for the
cathode-side half-cell. At least on the cathode side, however,
it may also be the case that some of the elements or components
of the anode-side half-cell are disposed in a defined manner as
elements that can be handled individually. They may then be
bonded to one another with mechanical connecting elements in
order to obtain or to fix the desired arrangement. The connecting
elements may, for example, be clamp rings, screw connections,

clip connections and/or the like.

The electrochemical cell provides a reaction region that permits
at least partial conversion of the carbon dioxide which 1is
preferably supplied in gaseous form to carbon monoxide. However,
the carbon dioxide may also be supplied in liquid form by means
of a solvent. The solvent may simultaneously form an electrolyte

in the electrochemical cell, but at least a catholyte.

The electrochemical cell may, for example, have an electrical
cathode connection 1in the cathode region that permits the
establishment of an electrical connection to the electrical
energy source that can subject the cathode connection to an
electrical cathode potential. The electrical cathode potential
is different than the electrical anode potential and is

preferably chosen such that the desired electrochemical reaction
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can be achieved. The electrical potential difference between the
electrical anode potential and the electrical cathode potential
is, for example, about 7 V, preferably less than about 7 V, more

preferably 5 V or less, especially about 3.8 V.

The cathode region further comprises a gas diffusion electrode
and a first feed connection for supply of carbon dioxide,
especially in the form of a gas, and a first drain connection
for draining of electrolysis substances at least partly formed
in the intended operation of the electrochemical cell. The
electrolysis substances especially include the carbon monoxide
generated by the intended electrolysis, which 1is preferably
likewise in the form of a gas. In addition, the electrolysis
substances may also include residues of carbon dioxide that has
not been converted 1in the intended ©operation of the
electrochemical cells. Finally, further substances may be
present as electrolysis substances, for example water,
especially in the form of water vapor, hydrogen and/or the like.
As required, the electrolysis substances may be separated from
one another by separating methods, such that, in particular, the
carbon monoxide generated by the intended operation of the
electrochemical «cell can be separated from the further

substances.

The separator is preferably a separator which is permeable to
protons. The separator 1s preferably permeable exclusively to
protons, being formed, for example, from a substance such as
Nafion or the like. The separator may, for example, also have
an 1lon-conducting membrane, a porous material that allows
liquids through, for example a frit or porous material on a
support grid, polymer-bound porous material and/or the 1like,
where the aforementioned materials may, for example, also serve
as carrier. The separator may take the form of a thin film or
layer, especially of the membrane type. Furthermore, the

separator may also be formed in one piece together with at least
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one of the adjacent elements of the electrochemical cell,

especially together with the catalyst layer.

The catalyst layer 1is a layer that extends at least partly
parallel to the separator. The catalyst layer and an anode-side
separator surface are preferably connected to one another and
form a one-piece unit. The catalyst layer comprises a suitable
substance that permits release of protons from a proton-
releasing substance supplied to the anode region via a second
feed connection, and supply thereof to the cathode region via
the separator. The proton-releasing substance may, for example,
be water, a salt solution and/or the like. The anode region may
additionally have a second drain connection for draining of
electrolysis residues at least partly formed in the intended
operation of the electrochemical cell. If the electrolyte or
anolyte 1s formed by water, the residue may comprise, for

example, oxygen, especially in gas form.

In addition, the anode region may have an electrical anode
connection that can be electrically coupled to the electrical
energy source 1in a corresponding manner to the cathode
connection in the cathode region, such that the anode of the

anode region can be subjected to the electrical anode potential.

The separator has an anode-side separator surface and a cathode-
side separator surface on the opposite side from the anode-side
separator surface. The catalyst layer likewise has a first
catalyst surface and a second catalyst surface on the opposite
side from the first catalyst surface. The first catalyst surface
faces the anode-side separator surface. One possible meaning of
“facing” is that the first catalyst surface and the anode-side
separator surface are arranged opposite one another. These
surfaces may preferably be in contact with one another. More
preferably, these two surfaces are bonded to one another,

especially bonded to one another in a fixed manner, such that
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they can form, for example, an integral construction unit. In
particular, the catalyst layer may be arranged in the manner of
a coating on the anode-side separator surface. This can improve
the production of the electrochemical cell and also of the anode-
side half-cell, and can also increase reliability in operation

as intended.

The anode-side half-cell further comprises the fluid-permeable
anode plate having a first anode surface and a second anode
surface on the opposite side from the first anode surface. The
first anode surface faces the second catalyst surface. Here too,
it is possible for the two surfaces to be arranged opposite one
another. These two surfaces are preferably bonded to one
another, for example bonded to one another in a fixed manner.
The anode plate is preferably composed of a material of good
electrical conductivity, for example titanium or a titanium
alloy or the like. The anode plate is additionally preferably
formed 1in such a way that it permits the supply of the
electrolyte, especially of the anolyte, to the catalyst surface,
specifically to the second catalyst surface. The anolyte - like
the catholyte too - may be ligquid and/or gaseous. In addition,
the construction of the anode plate can also achieve the effect
that the electrolysis residues can be removed from the region
of the second catalyst surface. This can enable sustained

intended operation of the electrochemical cell.

The anode plate preferably comprises a second anode surface on
the opposite side from the first anode surface and a contact
plate disposed on the second anode surface, wherein at least the
anode plate or the contact plate serves for electrical
connection to an electrical energy source that provides an
electrical anode potential. The contact plate can reduce, if not
entirely avoid, electrical stress dgradients in the intended

operation of the electrochemical cell.
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The contact plate is disposed on the second anode surface, and
preferably makes not just mechanical but also electrical contact
therewith. At least the anode plate or the contact plate serve
for electrical connection to the electrical energy source. The
contact plate is preferably likewise formed from a material of
good electrical conductivity. The contact plate is preferably
formed from titanium or a titanium alloy. In addition, the
contact plate, however, may also have additional structures of
good electrical conductivity, for example made of a different
material having good electrical conductivity, such as silver,
silver alloys, copper, copper alloys and/or the 1like. This
construction can improve a homogeneous distribution of the anode
potential over the second anode surface and hence also over the
first anode surface, it being possible to reduce effects owing
to different current density over the anode surface. This
permits better homogenization of the functionality of the
electrochemical cell over the available surface area, such that

efficiency can be improved overall.

The contact plate may take the form of a rigid plate and
preferably has dimensions like the anode plate. At least with
regard to the first and second anode surfaces, the anode plate
has dimensions that are preferably matched to the second
catalyst surface 1in order to be able to achieve high

functionality.

The cathode connection and the anode connection of the
electrochemical cell are preferably designed to be electrically
coupled to corresponding electrical connections of the energy
source that provides the electrical electrolysis voltage. For
this purpose, corresponding electrical connections may be
provided, which in the usual manner permit electrical contact
connection, for example plug connections, screw connections,

weld connections and/or the like.
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With regard to the electrolysis device, it is further proposed
that the electrochemical cells are 1in a spatially directly
adjoining arrangement. This can achieve a compact construction
of the electrolysis device overall, and it is simultaneously
also possible to achieve simple connection of the
electrochemical cells. In particular, the first and second feed
connections and the first and second drain connections may be
connected in parallel for flow purposes, such that the
electrochemical cells can be supplied essentially uniformly with
the required substances, and the corresponding products can
simultaneously be drained off by the intended operation of the
electrochemical cell. In addition, it is possible in a simple
manner to achieve electrical interconnection of the
electrochemical cells for the operation as 1intended. The
electrochemical cells may at least partly be connected in series

and/or in parallel.

In terms of process technology, 1t may be the case that the
anode-side separator surface 1is disposed on the first catalyst
surface. This can be achieved, for example, in that the anode-
side separator surface 1is coated with the catalyst. This can
achieve a reliable fixed bond between the separator and the
catalyst. The second catalyst surface may then be bonded to
first anode surfaces, for example by means of an electrically
conductive adhesive or the like. However, it may in principle
also be the case that the first anode surface is prestressed by
means of a force with respect to the second catalyst surface,
in order to be able to achieve corresponding contact connection.
In addition, it may be the case that a first layer of catalyst
material is applied to the first anode surface of the anode
plate. The first layer of catalyst material formed thereby may
be bonded in the manner of a coating to the first anode surface.
A second layer of separator material may be applied to this
layer of catalyst material. The second layer of separator

material is preferably also bonded in the manner of a coating
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to the first layer of catalyst material. It is thus possible in
a simple manner to create a one-piece construction unit. It is
of course also possible to provide combinations of the

aforementioned executions.

In addition, the contact plate may be disposed on the second
anode surface, such that a good electrical contact connection
between the anode plate and the contact plate can be achieved.
This means that the anode potential may be essentially
homogeneous, preferably uniform, over the anode plate, such that
the anode potential in the second catalyst surface too 1is
available in a very substantially homogeneous manner. At least
the anode plate or the contact plate serves for electrical
connection to the electrical energy source, for which purpose
corresponding connection means may be provided, which permit
establishment of a reliable electrically conductive connection
to the electrical energy source. For this purpose, separate
connection means may be provided, which make contact with the
anode plate and/or the contact plate. In this way, it is possible
to achieve a simple production method which is at the same time
also of good suitability for mass production, especially
automated mass production. In this way, it is possible to achieve
not just reliability in the production of the electrochemical
cells, especially of the anode-side half-cell, but also in
intended operation since this production process permits
assurance of uniform production conditions with maximum

homogeneity.

It is additionally proposed that the catalyst layer at least
partly includes iridium(IV) oxide. This material is particularly
suitable for utilization as catalyst for performance of the
carbon dioxide electrolysis. Of course, the iridium(IV) oxide
may also be mixed with further substances that further improve
its function as catalyst, or at least improve the mechanical

properties of the catalyst layer. In addition, 1t 1s also
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possible to provide a different metal oxide. It is also possible

to provide combinations thereof.

It is further provided that the second catalyst surface has
projections that protrude from this surface and project into the
anode plate through the first anode surface for bonding to the
anode plate. This permits further improvement of the connection
of the second catalyst surface to the first anode surface. In
particular, in the region of the first anode surface, it is
possible to achieve a transition region on the anode plate side
in that catalyst material 1is already present, such that the
catalytic function can be improved further. Overall, it is thus
also possible to improve the efficiency of the anode-side half-

cell, and hence of the electrochemical cell as well.

In one development, it is proposed that at least the anode plate
or the contact plate includes titanium and/or a titanium alloy.
It has been found that titanium in the region of the anode is
particularly favorable for carbon dioxide electrolysis. At the
same time, titanium enables provision of good electrical
conductivity, such that anode potential may have maximum

uniformity over the surfaces of the anode plate.

In a further advantageous configuration, it is proposed that the
anode plate is at least partly porous. The porosity of the anode
plate enables, in a simple manner, supply of the fluid anolyte
or of the proton-releasing substance into the region of the
catalyst or of the catalyst layer. The porosity can be
established using known methods. In addition, it may of course
be the case that the anode plate provides supplementary passage
openings that open out in the respective opposite anode
surfaces. According to the construction, these passage openings
may be uniformly or else unsymmetrically distributed over the
extent of the anode surfaces. The porosity may be chosen in a

suitable manner depending on a viscosity and/or further physical
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properties, for example the temperature or the 1like, of the

anolyte and/or of the proton-releasing substance.

It is further proposed that the first anode surface is bonded
to the second catalyst surface by means of an electrically
conductive bonding technique. The electrically conductive
bonding technique enables fixed bonding of the first anode
surface to the second catalyst surface, such that a construction
unit, especially a one-piece construction unit, can be formed.
At the same time, it is possible to achieve a connection of good
electrical conductivity, preferably over a contacting area of
maximum size, between the first anode surface and the second
catalyst surface. This permits any potential gradient in
relation to the electrical anode potential in the intended
operation of the electrochemical cell to be largely reduced, 1if
not essentially completely suppressed. The electrically
conductive bonding technique may be implemented, for example,
by means of welding, adhesive bonding, soldering, combinations
thereof and/or the like. By means of the electrically conductive
bonding technique, it 1is possible to achieve an electrically
conductive connection at multiple points and/or over an area,
for example over the entire contact area or a definable subregion

of the contact area.

The bonding technique preferably utilizes an electrically
conductive adhesive. In this way, the first anode surface may
be bonded to the second catalyst surface by means of the
electrically conductive adhesive. In this way, the fixed bond
between the first anode surface and the second catalyst surface
can be achieved in a simple and reliable manner, such that a
fixed bond can be achieved, which can be handled separately.
Furthermore, this bond may be tested separately with regard to
its functionality. This enables an improvement in reliability.
The adhesive utilized may, for example, be an electrically

conductive adhesive based, for example, on 1-20 wt% PTFE, 1-
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20 wt% PVDF or the like. In addition, it is also possible to use

epoxy resin- or cyanoacrylate-based adhesion adhesives.

The adhesive preferably includes particles of iridium(IV) oxide.
This can achieve a particularly favorable transition between the
adhesive and the catalyst. The adhesive therefore need not have
an unfavorable effect on the action of the catalyst. Instead,

it may further assist the action of the catalyst.

The adhesive may be disposed over an area between the first
anode surface and the second catalyst surface. It may
alternatively be the case that the adhesive is disposed merely
partially between the two aforementioned surfaces, for example
to form a definable pattern or the 1like. This can firstly
minimize the demand for adhesive and secondly achieve a reliable

good bond of the respective surfaces to one another.

In addition, it is proposed that the projections are formed from
the same material as the catalyst layer. In this way, 1t 1is
possible not just to achieve a good bond, but also to improve

the function of the catalyst.

The projections may be designed to be pressed into the anode
plate and in this way to improve a fixed bond between the first
anode surface and the second catalyst surface. In particular,
this can achieve better absorption of any shearing effect

between the two surfaces.

In addition, it is proposed that the projections are formed by
mutually spaced pins and the anode plate, especially the first
anode surface, has receiving openings for receiving the pins.
This makes it possible to at least mechanically, but preferably
also electrically, couple the anode plate to the catalyst layer
in the manner of a plug connection. For this purpose, the

receiving openings may be adapted to mechanical dimensions of
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the pins, in order to enable not only mechanical bonding but
also electrical connection. This can further improve the
homogeneity of the electrical anode potential in the region of
the catalyst layer. The plug connection may take the form of a
pin-grid array (PGA) in which the contacts, here the receiving
openings and the pins, are arranged in a defined pattern.
Likewise possible 1is the arrangement of the contacts in the
manner of a staggered pin-grid array (SPGA) in which the contacts
are arranged offset fo one another 1in adjacent rows. For
establishment of the plug connection, the pins may be formed in
relation to the receiving openings in such a way that a defined
force 1is required to insert the plug. The connection may
preferably take the form of a low-insertion-force (LTF)
connection. In addition, the connection may take the form of a
zero—-insertion-force (ZIF) connection, in which the connection
can be achieved with essentially zero force. It may be the case
here that, in the inserted state, by means of a clamp device, a
clamp connection is provided between the pins and the receiving
openings. The clamp connection may be actuated by means of a
preferably manually actuatable drive element, such that it is
possible to switch between a locked state and an unlocked state.
This can not only achieve a reliable connection, but it is also

possible to achieve releasability of the connection.

In one development, it is proposed that the contact plate has a
contact plate surface which is on the opposite side from the
second anode surface and has connecting elements at least for
mechanical connection of the contact plate surface to the second
anode surface. In this way, it is possible to connect the contact
plate to the second anode surface in a mechanically fixed manner.
Furthermore, 1t is possible simultaneously to also establish a
good electrical connection between the second anode surface and
the contact plate. This connection can further improve the
homogeneity of the anode potential of the anode plate. The

contact plate is preferably likewise formed from a material of
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good electrical conductivity which can be selected in a suitable
manner for the material of the anode plate. For example, the
contact plate may likewise be formed from titanium or a titanium
alloy. The contact plate may additionally at least partly also
have connection regions that may be formed from a material of
good electrical conductivity such as silver, silver alloys,
copper, copper alloys and/or the like. In addition, the contact
plate may also have corresponding conduction patterns over its
two-dimensional extent that further improve the electrical
conductivity of the contact plate overall and hence further

assist the homogeneity of the anode potential.

Preferably, the connecting elements and the contact plate are
electrically conductive. The connecting elements may, for
example, be formed from the same material as the contact plate.
The connecting elements may be formed, for example, by
projections of the contact plate. The projections may be
designed to be able to make mechanical and electrical contact
with the second anode surface in a defined manner. In this way,
it is possible in a simple manner to achieve a reliable
connection between the contact plate surface and the second
anode surface which can reduce, if not largely avoid, gradients
in the anode potential over the two-dimensional extent of the
anode plate. The connecting elements may be bonded to the second
anode surface by means of a force effect. In addition, they may

also be welded or soldered.

In addition, it is suggested that the connecting elements and/or
the projections are formed by pins in a spaced apart arrangement.
The pins may be formed in the manner of a pattern on the contact
plate surface. The pins preferably have a diameter which is less
than the thickness of the contact plate. The pins may have a
round or else a square cross section in their longitudinal
extent. The pins are preferably formed so as to be able to

establish a good electrical contact on the anode side with the
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second anode surface and anode plate. For this purpose, axial

ends may be formed with a spike or else a hemispherical shape.

In relation to the electrochemical cell, it is further proposed
that the elements of the cathode region and the anode region are
arranged in a stack. By alternating arrangement of the elements
of the cathode region and the anode region, it is thus possible
to achieve a modular layer construction which is particularly
favorable with regard to production. In addition, the stack
formed thereby can be mechanically stabilized in a simple
manner, such that the electrochemical c¢ell can be handled
individually from assembly. In addition, the electrochemical

cell may also be tested separately.

This construction is particularly advantageously suitable for

automated production of electrochemical cells.

FIG 1 shows a schematic function Dblock view of an
electrolysis device for carbon dioxide electrolysis
having a multitude of electrically series-connected

electrochemical cells;

FIG 2 shows a schematic section view of an electrochemical

cell of the electrolysis device according to FIG 1;

FIG 3 shows a schematic section view of the anode-side half-
cell of the electrochemical cell according to FIG 2 in

a first configuration (not according to the invention);

FIG 4 shows a schematic section view like FIG 3 in a second

configuration (not according to the invention);

FIG 5 shows a schematic section view like FIG 3 in a third

configuration (not according to the invention);
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FIG 6 shows a schematic enlarged representation of a region
VI in FIG 5;
FIG 7 shows a schematic section view based on FIG 3 in a
fourth configuration;
FIG 8 shows a schematic perspective diagram of a catalyst

surface with projections in the form of pins, in the

configuration according to FIG 7;

FIG 9 shows an enlarged representation of a region IX in FIG
8; and

FIG 10 shows a schematic top view of a first anode surface of
an anode plate which serves for connection to the

catalyst layer according to FIG 8.

FIG 1 shows, in a schematic function block diagram, an
electrolysis device 12 for carbon dioxide electrolysis, in which
carbon monoxide is produced at least in part from carbon dioxide
in operation as intended. The electrolysis device 12 comprises
a multitude of electrochemical cells 10 in which the carbon
dioxide electrolysis takes place, two of which are shown by way
of example in FIG 1. 1In the present configuration, the
electrochemical cells 10 are electrically connected in series,
with the series connection being connected to an electrical
energy source 36 by means of electrical wires 82 in order to
subject the electrochemical cells 10 in a corresponding manner
to electrical potentials on the respective electrodes, as

elucidated hereinafter.

Fach of the electrochemical cells 10 has a cathode region 14 and
an anode region 26 that are separated from one another by means
of a separator 24. The cathode region 14 comprises an electrical

cathode connection 16, a gas diffusion electrode 18 electrically
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coupled to the cathode connection 16, a first feed connection
20 for supply of carbon dioxide and a first drain connection 22
for draining of electrolysis substances that have formed at
least in part in the intended operation of the electrochemical
cell 10, which include carbon monoxide. In addition, it is of
course also possible for the electrolysis substances to include
a residue of carbon dioxide that has not been converted in the
electrochemical cell 10. In addition, further residues are
possible. Furthermore, the cathode region 14 is connected to
conduits 30 for supply and draining of a catholyte, here a salt

solution.

The anode region 26 comprises an electrical anode connection 28,
an anode plate 50 electrically coupled to the electrical anode
connection 28, a second feed connection 32 for supply of a
proton-releasing substance, and a second drain connection 34 for
draining of electrolysis residues at least partly formed in the

intended operation of the electrochemical cell 10.

The cathode connection 16 and the anode connection 28 are
designed to be electrically coupled to a suitable or appropriate
electrical electrolysis voltage from the electrical energy
source 36. The respective first and second feed connections 20,
32, and the respective first and second drain connections 22,
34, are each correspondingly connected in parallel for flow
purposes, such that the electrochemical cells 10 can be supplied
from respective sources for the appropriate substances in

operation as intended.

FIG 2 shows, 1n a schematic section diagram, one of the
electrochemical cells 10 according to FIG 1. For the sake of
clarity, the feed connections 20, 32 and the drain connections

22, 34 are not shown.
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FIG 2 shows a section view of one of the electrochemical cells
10. It is apparent that the electrochemical cell 10 has a stacked
construction. The cathode region 14 comprises a catholyte
element 74 adjoining a gas diffusion electrode 18 which, in the
present context, at least partly constitutes the cathode. The
gas diffusion electrode 18 also adjoins a contact frame 76 which,
in the present context, is formed from silver or a silver alloy.
The contact frame 76 adjoins a gas spacer element 78, one purpose
of which 1is to supply carbon dioxide and to remove carbon
monoxide. The gas spacer element 78 adjoins a window 18 that
concludes the cathode region 14. In alternative configurations,
rather than the window 18 or in addition thereto, it 1is also

possible to provide an end plate or the like.

The catholyte element 74 also adjoins the separator 24,
specifically a cathode-side separator surface 42. On the
opposite side from the cathode-side separator surface, the
separator 24 has an anode-side separator surface. The separator
24 in the present context is formed from a substance which is
permeable to protons. In the present configuration, the material
provided for the separator 24 is ©Nafion. In alternative
configurations, 1t is of course possible here too to provide a

different, correspondingly suitable material.

The construction and function of the gas diffusion electrode 18
is known, for example, from European patent application
19 182 017.4. Therefore, reference is made in this regard to the

disclosure in this regard.

In the present configuration, the anode region 26 is formed as
a construction unit together with the separator 24. In this way,
it i1s possible to create a unit that can be handled separately,
which simplifies the production of the electrochemical cell 10

and, with regard to reliability, 1is <capable of providing
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improvement not Jjust in production but also in operation as

intended.

For this purpose, in the anode region 26, the separator 24 is
formed with a catalyst layer 44 in the manner of a membrane-
electrode assembly (MEA). For this purpose, the separator 24
likewise takes the form of a membrane. The separator 24 has the
anode-side separator surface 40 and the cathode-side separator
surface 42 on the opposite side from the anode-side separator
surface 40. In addition, the catalyst layer 44 has a first
catalyst surface 46 and a second catalyst surface 48 on the
opposite side from the first catalyst surface 46. The first
catalyst surface 46 faces the anode-side separator surface 40.
In the present configuration, the first catalyst surface 46 is
bonded in a fixed manner to the anode-side separator surface 40.
The catalyst layer 44 may therefore be applied in the manner of
a coating on the anode-side separator surface 40. This achieves
a reliable fixed connection between the catalyst layer 44 and

the separator 24.

The anode region 26 further comprises a fluid-permeable anode
plate 50 having a first anode surface 52 and a second anode
surface 54 on the opposite side from the first anode surface 52.
The first anode surface 52 faces the second catalyst surface 48.
In the present configuration, the first anode surface 52 is
bonded to the second catalyst surface 48. As will be set out
hereinafter, this connection can be implemented in different
ways, specifically in accordance with the different working

examples discussed hereinafter.

In the present context, the anode plate 50 is porous, in order
to be able to achieve the desired gas permeability or else the
desired permeability for a 1liquid, for example water or the
like.
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A contact plate 56 is disposed on the second anode surface 54.
In this regard, the contact plate 56 has a contact plate surface
68 connected to the second anode surface 54. The contact plate
56 1s electrically coupled to the electrical anode connection
28. At an opposite surface of the contact plate 56 from the
contact plate surface 68 1is disposed an end plate 72 that

concludes the anode region 26 in the outward direction.

The separator 24, the catalyst layer 44 and the anode plate 50
form an anode-side half-cell 38 as a construction unit.
According to the construction and requirements, the construction
unit may also include the contact plate 56. The anode-side half-
cell 38, especially the construction thereof, is elucidated in
detail with reference to the further working examples that
follow.

The catalyst layer 44 1in the present context 1is formed
predominantly from iridium(IV) oxide. However, it 1s also
possible in principle - according to the desired functionality

— to use a different metal oxide or else mixtures thereof.

The anode plate 50 and also the contact plate 56 in the present
context are formed from a titanium alloy. This can achieve good
electrical conductivity, such that the electrical anode
potential over the anode surfaces 52, 54 1s very substantially
uniform or homogeneous. This promotes the efficacy of the

electrolysis operation in the electrochemical cell 10.

The anolyte used may be water or else a salt solution, which
simultaneously also provides the proton-releasing substance,
such that protons can be provided for the desired

electrochemical reaction of the carbon dioxide electrolysis.

At the anode, it 1is possible to achieve a chemical reaction

according to the following equation:
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2H,0(l) + 40H-  —  0O3(g) + 4 e- + 4H0(l)

At the cathode, a main reaction takes place according to the

following chemical equation:

COz(g) + H20(l) + 2 e —> CO(g) + 20H-

2H,0(l) + 2 e— Hy(g)+ 20H-

FIG 3 shows a first embodiment of the anode-side half-cell 38.
It is apparent from FIG 3 that the second catalyst surface 48
is bonded to the first anode surface 52 by means of an adhesive
58. The adhesive 58 in this configuration is a diffusion-open
adhesive that establishes a cohesive bond between the second
catalyst surface 48 and the first anode surface 52. The adhesive
may, for example, include PTFE, PVDF and also N-methyl-2-
pyrrolidone as solvent. N-Methyl-2-pyrrolidone dissolves the two
aforementioned ©polymers after addition and then, after
evaporation, forms a solid adhesive layer. However, it is also
possible in principle to use other adhesion adhesives, for

example based on epoxy resin or based on cyanoacrylate.

The adhesive 58 preferably consists of an identical or similar
substance to the separator 24. It should generally be noted
that, when Nafion, being a perfluorinated copolymer containing
a sulfone group as ionic group, is used as material for the
separator 24 as in the present context, a similar substance
should as far as possible be used for the adhesive, which is
capable of introducing no extraneous chemical components into
the electrolysis process 1f at all possible, such that the
electrolysis process can remain unimpaired 1f ©possible.
Accordingly, the use of other adhesives 1s limited essentially

in that the electrolysis process is not significantly impaired.
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The second anode surface 54 is mechanically and electrically
connected to the contact plate 56 via connecting elements 70.
The connecting elements 70 may provide punctiform or continuous
mechanical and electrical connection, for example by means of
weld points or bonding points or by means of soldering or the

like, according to suitability.

In the present configuration, the anode plate 50 is electrically
coupled to the electrical energy source 36, specifically to the
electrical anode potential thereof. By means of the contact
plate 56, 1in the case of the porous anode plate 50, 1t is
possible to achieve an essentially homogeneous adjustment of the
electrical anode potential over the anode surfaces 52, 54 even

in the case of high current density.

FIG 4 shows a further configuration of an anode-side half-cell
38 based on the configuration according to FIG 3. By contrast
with the configuration according to FIG 3, in the configuration
according to FIG 4, the adhesive 58 is replaced by the adhesive
60. The further construction corresponds to the working example

according to FIG 3.

The adhesive 60 may in principle take the same form as the
adhesive 58, but it also comprises fibers of iridium(IV) oxide.
This can further improve function, especially with regard to
catalytic action. Otherwise, the construction of the anode-side
half-cell 38 corresponds to the construction as already
elucidated with reference to FIG 3. The adhesive 60 especially

has higher electrical conductivity compared to the adhesive 58.

FIG 5 shows a further configuration for an anode-side half-cell
38 based on the configuration according to FIG 4, and reference

is therefore made additionally to the details in this regard.
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In the configuration according to FIG 5, iridium(IV) oxide
fibers or diridium(IV) oxide-coated separator strips or
optionally also other plastic or metal fibers or strips are
applied on one side of the separator 24 as early as in the
production of the separator 24, specifically on the anode-side
separator surface 40. In a subsequent manufacturing step, the
separator 24, which already contains the catalyst layer 44 as a
result, 1s then bonded to the first anode surface 52 of the
anode plate 50. The connection can be effected as elucidated
with reference to FIG 3 and 4. In this way, it is possible to
bond the catalyst layer 44 to the separator 24 1in a more

mechanically stable manner.

The adhesive 58, 60 between the catalyst layer 44 and the anode
plate 50 may, according to the application, be arranged over the
whole area or else in a punctiform manner. FIG 6 shows an

enlarged detail of FIG 5 in region VI.

FIG 7 shows a further configuration of an anode-side half-cell
38, which is based in principle on the above-described
configurations according to FIGS 3 to 6, and reference 1is
therefore made additionally to the details in this regard. By
contrast with the configurations according to FIGS 3 to 6, no
adhesive is provided in the configuration according to FIG 7.
Instead, the second catalyst surface 48 of the catalyst layer
44 has projections 62 of catalyst material that project through
the first anode surface 52 into the anode plate 50. In this
configuration, the electrical energy source 36 is additionally
electrically coupled to the contact plate 56. In this way, it
is possible to achieve both good electrical and mechanical
connection, and simultaneously also good efficacy in relation

to the envisaged electrolysis of carbon dioxide.

FIGS 8 to 10 show a configuration based on the configuration

according to FIG 7. As apparent from FIGS 8 to 10, the membrane
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arrangement composed of the separator 24 and the catalyst layer
44 may be connected to the anode plate 50 in a plug-connectable
manner. This can achieve not Jjust simple assembly but also
releasability, which permits, 1f required, separability of the
anode plate 50 from the membrane construction composed of the
separator 24 and the catalyst layer 44. For this purpose, the
configuration according to FIG 7 envisages that the catalyst
layer 44 provides the projections 62 as pins 66. These project
from the second catalyst surface 48 (FIG 8). FIG 9 shows an
enlarged detail in the region IX of FIG 8.

FIG 10 shows, in a schematic top view of the first anode surface
52, the anode plate 50. It is apparent that, according to the
arrangement of the pins 66 in the catalyst layer 44 according
to FIG 8, receiving openings 64 are provided. In the case of
bonding of the catalyst layer 44 to the anode plate 50, the pins
66 are introduced into the receiving openings 64. This can
achieve a reliable mechanical and electrical connection between

the anode plate 50 and the catalyst layer 44.

It may advantageously be the case that the connection is
releasable. This can be achieved by means of an appropriate
separation force, such that, ultimately, the anode plate 50 can
be separated again in a simple manner from the catalyst layer
44, However, it 1is also possible in principle to provide an
essentially force-free connection in that the anode plate 50
comprises a locking element that permits, in a first locking
state, virtually force-free introduction of the pins 66 into the
receiving openings 64 and, in a second locking state, fixing of
the pins 66 in the receiving openings 64. In this way, it is
simultaneously also possible to achieve simple releasable

assembly.

Overall, the invention can achieve distinct simplification of

the construction of the electrochemical cell 10 and of the
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electrolysis device 12. Furthermore, it 1s also possible to
increase reliability. The catholyte used may, for example, be
potassium hydrogencarbonate or else potassium sulfate or the
like.

The anode-side half-cell 38 of the invention can achieve a
Faraday efficiency within a range from about 90% to 100%,
preferably about 95%. The electrolysis 1s preferably effected
in a temperature range above room temperature. The temperature
range may preferably be chosen from about 40°C to about 90°C,
more preferably at about 60°C.

The invention can achieve the following advantages:

e A fixed connection can be achieved between a contact

structure on an anodic side by a composite composed of the

catalyst layer and the separator.

e Frequent contact connection can achieve the effect that the

anode potential, even in the case of a high current density, is

essentially uniform over the area.

e The construction unit composed of the separator and the

catalyst layer has much less of a tendency to swell and hence

also less of a tendency to buckle from the contact connection.

e The coating of the separator with the <catalyst can be

protected from mechanical abrasion 1in the case of further

handling in the realm of manufacturing or else in operation as

intended.

e There is no need to expend any great force for the contact
connection.

e Tt is possible to achieve improved handling in production and

simplified assembly.

The aforementioned working examples serve exclusively to

elucidate the invention and are not intended to restrict it.
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Patentkrav

1. Halvcelle (38) pa anodesiden til en elektrokemisk celle (10) i en elektrolyse-
indretning (12) til kuldioxidelektrolyse og/eller til kulilteelektrolyse, med

- en separator (24) i form af en membran, som har en separatoroverflade pa
anodesiden (40) og en separatoroverflade pa katodesiden (42) over for sepa-
ratoroverfladen pa anodesiden (40),

- et katalysatorlag (44), som har en ferste katalysatoroverflade (46) og en an-
den katalysatoroverflade (48) over for den ferste katalysatoroverflade (46),
hvor den farste katalysatoroverflade (46) vender mod separatoroverfladen (40)
pa anodesiden, og

- en fluidgennemtreengelig anodeplade (50) med en fgrste anodeoverflade
(52), hvor den farste anodeoverflade (52) vender mod den anden katalysator-
overflade (48),

- hvor den anden katalysatoroverflade (48) har fremspring (62), der rager ud
fra denne overflade, og som rager gennem den farste anodeoverflade (52) ind

i anodepladen (50) til forbindelse med anodepladen (50).

2. Halvcelle pa anodesiden ifalge krav 1, kendetegnet ved, at anodepladen
(50) har en anden anodeoverflade (54) over for den ferste anodeoverflade
(52), hvor en kontaktplade (56) er anbragt pa den anden anodeoverflade (52),
og hvor mindst anodepladen (50) eller kontaktpladen (56) tjener til elektrisk
forbindelse med en elektrisk energikilde (36), som tilvejebringer et elektrisk

anodepotentiale.

3. Halvcelle pa anodesiden ifglge et af de foregaende krav, kendetegnet ved,
at mindst anodepladen (50) eller kontaktpladen (56) omfatter titanium og/eller

en titaniumlegering.
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4. Halvcelle pa anodesiden ifelge et af de foregaende krav, kendetegnet ved,

at anodepladen (50) er i det mindste delvist porgs.

5. Halvcelle pa anodesiden ifglge et af de foregaende krav, kendetegnet ved,
at den forste anodeoverflade (52) er forbundet med den anden katalysator-

overflade (48) ved hjeelp af en elektrisk ledende forbindelsesteknik.

6. Halvcelle pa anodesiden ifelge krav 5, kendetegnet ved, at forbindelses-
teknikken anvender et elektrisk ledende kleebemiddel (58, 60), hvor kleebemid-

let (60) fortrinsvis omfatter partikler af iridium(I1V)oxid.

7. Halvcelle pa anodesiden ifglge et af de foregaende krav, kendetegnet ved,
at fremspringene (62) er dannet af det samme materiale som katalysatorlaget
(44).

8. Halvcelle pa anodesiden ifglge krav 7, kendetegnet ved, at fremspringene
(62) er dannet af stifter (66), der er anbragt med indbyrdes afstand, og anode-
pladen (50), iseer den ferste anodeflade (52), har optagelsesabninger (64) til
optagelse af stifterne (66).

9. Halvcelle pa anodesiden ifglge et af de foregaende krav 2 til 8, kendetegnet
ved, at kontaktpladen (56) har en kontaktpladeoverflade (68), som er over for
den anden anodeoverflade (54), og som har forbindelseselementer (70) i det
mindste til mekanisk at forbinde kontaktpladeoverfladen (68) med den anden

anodeoverflade (54).

10. Halvcelle pa anodesiden ifalge krav 9, kendetegnet ved, at forbindelses-
elementerne (70) og kontaktpladen (56) er udformet til at veere elektrisk le-

dende.
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11. Elektrokemisk celle (10) til en elektrolyseindretning (12) til kuldioxidelek-
trolyse og/eller til kulilteelektrolyse, med

- et katodeomrade (14), som har en elektrisk katodeforbindelse (16), en gasdif-
fusionselektrode (18), en ferste forsyningsforbindelse (20) til tilfersel af kuldi-
oxid og/eller kulilte og en ferste udledningsforbindelse (22) til udledning af
elektrolysestoffer, der i det mindste delvist er dannet under den tilsigtede drift
af den elektrokemiske celle (10),

- et anodeomrade (26), som er dannet adskilt fra katodeomradet (14) ved hjeelp
af en separator (24), og som har en elektrisk anodeforbindelse (28), en ano-
deplade (50), en anden forsyningsforbindelse (32) til tilfarsel af et protonfrige-
rende stof og en anden udledningsforbindelse (34) til udledning af elektrolyse-
rester, der i det mindste delvist er dannet under den tilsigtede drift af den elek-
trokemiske celle (10),

- hvor katodeforbindelsen (16) og anodeforbindelsen (28) er udformet til at
veere elektrisk koblet til tilsvarende elektriske tilslutninger af en elektrisk ener-
gikilde (36), der leverer en elektrisk elektrolysespaending,

kendetegnet ved, at

anodeomradet (26) og separatoren (24) er udformet som en halvcelle (38) pa

anodesiden ifelge et af de foregaende krav.

12. Elektrokemisk celle ifalge krav 11, kendetegnet ved, at elementerne i ka-

tode- og anodeomraderne (14, 26) er anbragt i en stabel.

13. Elektrolyseindretning (12) til kuldioxidelektrolyse og/eller til kulilteelektro-
lyse, kendetegnet ved elektrokemiske celler (10) ifalge krav 11 eller 12, hvor

de elektrokemiske celler (10) er anbragt rumligt direkte ved siden af hinanden.

14. Fremgangsmade til fremstilling af en halvcelle pa anodesiden (38) til en
elektrokemisk celle (10) af en elektrolyseindretning (12) til kuldioxidelektrolyse

og/eller til kulilteelektrolyse, omfattende trinene
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- anbringelse af en separatoroverflade pa anodesiden (40) af en separator (24)
i form af en membran, som har en separatoroverflade pa katodesiden (42) over
for separatoroverfladen pa anodesiden (40), pa en ferste katalysatoroverflade
(46) af et katalysatorlag (44), hvilket katalysatorlag (44) har en anden kataly-
satoroverflade (48) over for den farste katalysatoroverflade (46),

- anbringelse af en fgrste anodeflade (52) af en fluidgennemtraengelig anode-
plade (50) pa den anden katalysatorflade (48), hvor den anden katalysator-
flade (48) har fremspring (62), som rager ud fra denne overflade, og som rager
gennem den farste anodeflade (52) ind i anodepladen (50) til forbindelse med

anodepladen (50).
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