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Description

Gas diffusion electrode, an electrolysis system, and a method

for operating an electrolysis system

The invention relates to a gas diffusion electrode according to
Claim 1, an electrolysis plant for the conversion of carbon
dioxide according to Claim 9 and also a method for operating an

electrolysis plant according to Claim 12.

To utilize the fluctuating electric power from renewable energy
sources, for example wind and photovoltaics, it is possible to
synthesize organic materials of value which are obtained from
the carbon dioxide-containing offgases of industry and fossil
fuel ©power station ©processes by means of aqueous COz
electrolysis. One process step here is to reduce carbon dioxide
to carbon monoxide with the aid of electric energy, with the
carbon monoxide serving as versatile material of value and as
starting material for the further synthesis of organic
materials. For this purpose, electrolysis plants in the form of
electrolyzers which have a gas diffusion electrode (GDE) as a
central component are employed. These gas diffusion electrodes
are usually produced on the basis of a silver catalyst bound in
a polymer matrix, with a metal mesh, for example, also being
introduced into this matrix to effect mechanical stabilization.
However, a problem associated with such gas diffusion electrodes
is that they have too low a long-term stability, in particular
intrusion of electrolyte liquid into the gas diffusion electrode
and precipitation of salts from the electrolyte solution occur.
This is referred to as salting of the gas diffusion electrode,

which makes the latter unusable in the long term.

The publication WU JINGJIE ET AL: “Electrochemical reduction of
carbon dioxide: IV dependence of the Faradaic efficiency and
current density on the microstructure and thickness of tin
electrode”, JOURNAL OF POWER SOURCES, ELSEVIER SA, CH, vol. 258,
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13 February 2014, pages 189-194, describes the structure of a
gas diffusion electrode comprising a carbon paper layer, a
diffusion layer and a catalyst layer consisting of Nafion and

tin.

The publication ENDRODI B ET AL : “Continuous-flow
electroreduction of carbon dioxide”, PROGRESS IN ENERGY AND
COMBUSTION SCIENCE, ELSEVIER SCIENCE PUBLISHERS, AMSTERDAM, NL,
vol. 62, 13 June 2017, pages 133-154, describes the suitability

of silver particles as catalyst.

It is an object of the invention to provide a gas diffusion
electrode and also an electrolysis plant having a gas diffusion
electrode and a method for operating an electrolysis plant which
has a longer life than is the case for the conventional construc-

tion.

The object is achieved by a gas diffusion electrode according
to Claim 1 and also by an electrolysis plant according to Claim 9
and by the method for operating an electrolysis plant according
to Claim 12,

The gas diffusion electrode according to Claim 1 has at least
two layers of which a first layer has an electrically conductive
woven fabric which is at least partially embedded in a hydro-
phobic polymer matrix. Furthermore, the gas diffusion electrode
has a second layer which has an open porosity in which
catalytically active particles are present and has a thickness
in the range from 1 pm to 50 um.

The first layer having the electrically conductive woven fabric
serves essentially to stabilize the gas diffusion electrode
mechanically and to effect electrical contacting. This is a
feature which is already known for the GDEs of the prior art.
However, as a difference from the prior art, this woven fabric
is surrounded by a hydrophobic polymer matrix which has a contact

angle with water or the adjoining ligquid electrolyte which 1is
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greater than 90°. This prevents intrusion of a 1liquid
electrolyte into the first layer of the GDE. This in turn results
in "salting™ by precipitation of salts from the electrolyte in
the matrix of the GDE being prevented. This is additionally
prevented by the presence of a second layer 1in which
catalytically active particles, in particular or for example
silver particles, are present in an open porosity of the second
layer. These catalytically active particles, 1in particular
silver particles, are, in contrast to the matrix of the first
layer, hydrophilic and draw in the liquid electrolyte and lead
it to an interface between the first layer and the second layer.
The actual chemical reaction of a starting material occurs at
or in the wvicinity of this interface, with the electrons for
conversion of the starting material being made available by the
electrically conductive woven fabric which extends to the inter-
face between the two layers. Further intrusion of the liquid
electrolyte beyond this interface into the first, hydrophobic

layer is avoided.

It is provided that the woven fabric consists of or comprises
silver-containing or titanium-containing fibers. When the woven
fabric is protected against wetting by the electrolyte by the
polymer matrix except for the contact points to the second layer,
the fabric can also comprise nickel. Particular preference 1is
given to a woven fabric composed of silver fibers. In further,
non-claimed embodiments it is also possible that the fibers are
carbon-containing. A suitable matrix material for the polymer
matrix of the first layer is polytetrafluoroethylene. This is
sufficiently hydrophobic and is suitable for enclosing the woven
fabric very well. Such an enclosure of the woven fabric by the
polymer matrix 1is advantageous Dbecause it results in the
intrinsically catalytically and hydrophilically active surface
of the silver or other possible fiber materials not coming into
contact with the ligquid electrolyte. As mentioned above, it is

undesirable for a catalytic reaction between the electrolyte and
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the starting material to take place in the first layer, since

this could bring about salting of the first layer.

The expression polymer matrix does not refer to a closed dense
matrix but instead, as mentioned above, refers to a porous matrix
which allows gaseous starting materials to diffuse through this
polymer matrix and get to an interface between the first layer

and the second layer for reactive conversion.

The first layer of GDE preferably has a thickness in the range
from 50 pm to 1000 pm. The thickness of the first layer 1is
essentially determined by the thickness of the individual fibers
of the woven fabric. Fibers having a diameter of 100 pm are
quite usual, and the mesh opening is usually 0.3 mm. Greater
fiber thicknesses and thus greater layer thicknesses of the
first layer are quite possible: they give greater stability to
the GDE but lead to the starting materials, in particular gaseous
starting materials, having to diffuse through a thicker layer,
which in turn decreases the electrochemical reaction between the
first layer and the second layer. A balance between the wire
thickness or fiber thickness of the woven fabric and the
reactivity of the GDE thus has to be achieved in selecting the
thickness of the first layer. In general, the thickness of the

first layer is in the range from 100 um to 400 um.

Furthermore, it is advantageous for the polymer matrix of the
first layer to have a porosity in which 95% of the pores have a
diameter in the range from 0.1 um to 2 um, preferably from 0.6 um
to 0.9 pm. Pores of this size still allow gaseous starting
materials to diffuse readily but, owing to their hydrophobic
character, do not allow any, or barely any, liquid electrolyte
to intrude, even when the electrolyte has an overpressure of 0.2
bar relative to the gas phase in the first layer, as can occur

in relatively large cells and stacks.
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The catalytically active particles of the second layer have a
diameter which is in the range from 0.05 pm to 1 um, preferably
from 0.1 pm to 0.5 pum. Such fine particles, in particular silver
particles, in turn have a large catalytic surface area at which
the desired reaction can take place. The catalytically active
particles are, in particular, silver particles which firstly
have a hydrophilic surface which promotes the drawing-in of the
liquid electrolyte. Secondly, the surface of the silver
particles is particularly catalytically active for many desired
reactions, for example for the conversion of carbon dioxide into
carbon monoxide, with the interfering reduction of water to
hydrogen being suppressed. Furthermore, it is advantageous for
the catalytically active particles to be mixed with likewise
hydrophilic binders, so that a targeted porosity can be set and
particular bonding between the catalytically active particles
occurs. It 1s advantageous here for the contact angle of these

hydrophilic binders to be less than 90°.

Furthermore, it is also advantageous in this composition for 95%
of the pores of the second layer to have a diameter which is in
the range from 0.1 pm to 5 pm or preferably from 0.1 pm to 1 pm.
In measuring the porosity in all the layers described, recourse
is made to an image analysis method. Here, a cross section or
plan view is imaged microscopically and the pore abundance and
the diameter thereof at the largest position of the diameter is

evaluated.

A further aspect of the invention is an electrolysis plant for
the electrolytic conversion of carbon dioxide having a gas
diffusion electrode according to any of the preceding claims.
Such an electrolysis plant has a gas space and an electrolyte
chamber. The gas diffusion electrode is installed between the
gas space and the electrolyte chamber and separates these from
one another at least in regions. Here, the second layer of the
GDE is arranged so as to face the electrolyte chamber, while the

first layer 1is in contact with the gas space. With this
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construction, the above-described action of the gas diffusion
electrode can be implemented industrially. Furthermore, it 1is
advantageous for a contact web to contact the gas diffusion
electrode electronically and thus be in direct contact with

uncoated parts of the woven fabric.

A further aspect of the invention is a method for operating the
electrolysis plant, wherein a carbon dioxide-containing starting
material is introduced into the gas space where the starting
material is conveyed to the gas diffusion electrode and diffuses
through the first layer of the gas diffusion electrode. Here,
it arrives at an interface of the first layer and the second
layer of the gas diffusion electrode and is chemically converted
there. Here, the second layer 1s impregnated by a liquid
electrolyte.

As regards the method and the electrolysis plant, these have the
same modes of action and advantages described above for the gas
diffusion electrode. This applies particularly to the above-
mentioned configuration of the first and second layers, with the
first layer being hydrophobic and the second layer preferably
being hydrophilic and also containing catalytically active
particles. The desired reaction, in particular the reduction of
carbon dioxide to carbon monoxide, occurs at an interface

between the hydrophilic layer and the hydrophobic layer.

Further embodiments and further features of the invention will

be illustrated with the aid of the following figures, which

show:

figure 1 a schematic depiction of the arrangement of a gas
diffusion electrode in an electrolysis plant having
a gas space and electrolyte chamber,

figure 2 an enlarged schematic depiction of the microstruct-

ure of the gas diffusion electrode in a boundary

region between a first layer and a second layer and
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figure 3 a schematic depiction of the determination of the

contact angle.

Figure 1 shows a schematic depiction of a part of an electrolysis
plant 20. An electrolysis plant 20 can also be referred to as
an electrolyzer, with carbon dioxide being introduced as
starting material and carbon monoxide being formed as product
in this case. The electrolysis plant 20 has a gas space 22 and
an electrolyte chamber 24. The starting gas carbon dioxide 1is
brought into the gas space 22 via a starting material feed
device, which is not shown here, and is conveyed through the gas
space 22 to a gas diffusion electrode (GDE) 2. The gas diffusion
electrode 2 comprises essentially two layers, namely a first
layer 4 and a second layer 6. The first layer 4 is characterized
in that it assumes a supporting function for the entire GDE 2,
and a woven fabric 8, which consists, for example, of silver
threads, 1s embedded therein. The woven fabric 8 1is in turn
surrounded by a polymer matrix 10 which has, however, a porous
structure so that starting materials 28 in the form of carbon
dioxide can diffuse in gaseous form through the first layer 4
to an interface 30 of the GDE 2. The interface 30 marks the
boundary between the first layer 4 and the second layer 6. The
second layer 6 has a functional character compared to the first
layer 4. It is characterized in that it likewise has a porosity
and catalytically active particles 9 1in the form of silver
particles 9 are present on the surface of the pores. Here too,
the porosity is open but is infiltrated with a liquid electrolyte
32, which liquid electrolyte 32 1is present, 1in particular, in
the electrolyte space 24. Furthermore, contacting webs 26 which
adjoin and are physically fitted to the GDE 2 and press the
latter against a counter-web 27 and through which the electric
current is conducted to the woven fabric 8 and thus into the gas

diffusion electrode 2 are provided.
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Figure 2 shows an enlarged schematic part of the boundary region
between the first layer 4 and the second layer 6, and is intended
to schematically illustrate the microstructure of the GDE 2.
This depiction is not true to scale: in particular, the second
layer is shown comparatively densely. The first layer 4 with the
woven fabric 8 1s shown at the right-hand side of figure 2,
while the second layer 6 can be seen on the left-hand side. The
two layers 4, 6 adjoin at the interface 30. The part depicted
in figure 2 likewise shows part of two fibers of the woven fabric
8 on the right-hand side, with the fibers being silver fibers
in this case. The lower fiber of the woven fabric 8 is physically
fitted to the contact web 26. Via this, electric current is
introduced into the woven fabric 8 and is thus available to the
interface 30 and serves to conduct electrons into the GDE 2. It
is advantageous for the woven fabric 8 to be protected by an
inert matrix or coating. This is, in this embodiment, the polymer
matrix 10; the particles of the polymer matrix 10 are depicted
here as triangles by way of example and to enable them to be
distinguished more readily. In principle, a material other than
that used for the porous matrix between the individual fibers
of the woven fabric 8 can also be used for coating the woven

fabric 8.

However, it is important that the matrix 10 has an open porosity
16 with individual pores 17, so that the starting material 28,
i.e. the carbon dioxide, can diffuse through the first layer 4
to the interface 30. This diffusion path is indicated by the
arrow 28 next to which CO2 has been written. It is also important
that the material of the polymer matrix 10 is a hydrophobic
material in order to prevent liquid electrolyte 32 from passing
through the interface 30 into the first layer 4 of the GDE 2.
This prevents an electrochemical reaction from taking place in
the first layer 4, which would, in the case of the reaction
equations which apply for conversion of the carbon dioxide into

carbon monoxide in conjunction with the electrolyte, lead to
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salting of the GDE 2 in the important regions of the first layer
4,

For the present purposes, hydrophobic means that the capillary
forces which act on the liquid electrolyte 32 at the interfaces
with the particles of the matrix 10 are sufficient to prevent
this liquid electrolyte from intruding into the layer 4. It is
usually assumed that a material surface 33 has hydrophobic
properties when the contact angle, which is schematically shown
in figure 3, is greater than 90°. However, the contact angle is
preferably > 95°. This is shown in the left-hand half of the
depiction in figure 3. Furthermore, it should be remarked that
it is advantageous for the matrix 10 in the first layer 4 to be
configured so that it envelopes the fibers of the woven fabric
8 as protective layer, so that even when silver threads are used
for the woven fabric 8 no catalytic effect between the surface
of the woven fabric 8 and the electrolyte or the carbon dioxide
as starting material 28 can occur. For this reason, the trian-
gular matrix parts of the matrix 10 are here shown schematically
as representing a protective surface layer on the fibers of the
woven fabric 8. However, there can 1in principle also be a
separate coating for the woven fabric 8 which is different from
the remaining matrix 10 in respect of the material. In principle,
the layer on the silver fibers can also be porous as long as the
pore radius 1is small enough to prevent wetting of the silver
fibers with electrolyte in conjunction with the hydrophobic

property of the matrix material.

Two 1mportant properties of the first layer 4 are thus the
supporting function of the woven fabric 8 and also the fact that
it is very hydrophobic and very unreactive. The second layer 6
which i1s generally applied to the first layer 4 by means of a
further coating process is quite different therefrom. This layer
comprises, in particular, catalytically active particles 9 which
are, 1in particular, in the form of silver particles. These

particles 9 can preferably also be provided with a binder, which
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here is a hydrophilic binder 18 shown schematically as oval
particles in figure 2. The surface structure of this hydrophilic
binder 18 is characterized in that it displays very good wetting
by the liquid electrolyte solution 32, so that the layer 6 can
be infiltrated by the electrolyte 32 even when an overpressure
in the range of 0.2 bar prevails on the gas side. This 1is
achieved, in particular, when the surface of the hydrophilic
binder has a surface tension which leads to the contact angle
relative to water or a water droplet 15 or relative to the liquid
electrolyte as shown on the right-hand side of figure 3 being
less than 85°. These binders 18 have, as the name suggests, a
bonding action between the individually catalytically active
particles 9 and are, depending on the structure and nature of
the particles 9, optionally however advantageous for production

of the layer 6.

A targeted porosity is set both in the layer 4 and in the layer
6, so that the gas molecules can diffuse through the first layer
4 and the liquid electrolyte 32 can infiltrate into the second
layer 6. It has been found to be advantageous here for the pore
structure of the first layer 4 to be configured so that 95% of
the pores have a diameter in the range from 0.6 pm to 0.9 um.
From a processing engineering point of wview, 1t is not always
possible to set such a precise pore structure without an
increased engineering outlay. For this reason, larger pores up
to 2 pym and also smaller pores down to 0.1 pm are also quite
acceptable to a minor extent. The layer thickness of the first
layer 4 1is determined, in particular, by the diameter of the
fibers of the woven fabric 8. It is usually in the range from
100 pm to 500 pm. Thicker layers and thus also thicker fibers
of the woven fabric 8 would have a better load-bearing capability
but would also result in a longer diffusion path of the gas
carbon dioxide and the product 29, CO, through the first layer
4., This would possibly have an adverse effect on the efficiency
and the selectivity of the GDE 2 for CO production. The second

layer 6 can be made significantly thinner than the first layer



DK/EP 3728698 T3

2018P04388WE

4; the second layer 6 1s generally ultimately applied to the
load-bearing first layer 4 by means of a particular coating
process. From the purely chemical processes which proceed, the
second layer 6 could be very thin; strictly speaking, one layer
of catalytically active particles 9 would be sufficient. From a
process engineering point of view, somewhat greater layer thick-
nesses are obtained, particularly when using binders 18, while
the layer thickness 5 of the first layer 4 1is, as mentioned
above, in the range from 100 um to 500 pm, so the layer thickness
7 of the second layer 6 is in the range from 5 pm to 50 um.
Here, each individual particle 9 of the second layer 6 has a
diameter which is 1in the range from 0.5 pym to 3 um, very
particularly preferably from 0.1 pym to 0.5 um. As regards the
accuracy of these wvalues, what has been said above in respect
of the first layer applies; these particle sizes are preferably
restricted so that process irregularities up to a certain extent
are not damaging. The same also applies to the porosity of the
second layer 6, with 95% of the pores also being in the range
from 0.1 pm to 5 pm here, preferably from 0.1 pm to 1 pm. Hollow
particles 9, which are not depicted here and have an inner hollow
space which 1is accessible from the outside and has this pore
size are also advantageous. At larger external dimensions, the
pores between particles are necessarily also larger and are then
no longer suitable for holding the electrolyte against a gas

pressure present in the pore.

The conversion of the starting material, generally carbon
dioxide 28 into the product carbon monoxide 29, then proceeds
at the interface 30 or in the wvicinity of from 2 to 3 particle
sizes into the respective layer 4 or 6. For this purpose, the

following reaction equations preferably or generally proceed:

2C02 + H2O0 + 2= — CO + 2HCOs” Equation 1

CO2 + H20 + 2~ = CO + 20H- Equation 2
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The electrons required for the reaction equations are supplied
via the contact web 26 and the woven fabric 8 to the interface
30. The water concerned 1is present in a large excess 1in the
electrolyte which penetrates through the second layer 6 to the
interface 30. The carbon dioxide is supplied along the illus-
trated path 28 in figure 2, and the carbon monoxide is discharged
along the same route through the first layer 4. The hydrogen-
carbonate ions or the hydroxide ions are returned in agueous
solution through the layer 6 into the liquid electrolyte and
this is replaced by a volume flow, so that a constant concen-
tration is present in each case. Due to the second layer being
thin, the transport of all electrolyte components is favored,
so that precipitation of hydrogencarbonate 1is countered. The
hydrophobic effect of the matrix 10 in the first layer 4 prevents
the electrolyte 32 from getting into the first layer 4 and salts

precipitating there after the reaction.

The thickness of the second layer is comparatively small at from
1 pym to 50 pm. This ensures that a sufficient electronic conduc-
tivity is available within the catalyst layer in order to ensure
supply to the GDE within the mesh openings of the conductive
mesh 8. On the other hand, there is sufficient catalytically
active surface area of the particles 9 available within the
range of the diffusing and dissolved carbon dioxide in order to
carry out a current density in the desired form for reduction
of the carbon dioxide. The second layer 6 can consequently be
in principle made of few monolayers of particles 9 having a
diameter of 0.1 um. Particles 9, in particular silver particles
having a diameter of about 1 um, are also in the region of this,
which leads to successful catalysis but is not gquite as suitable.
However, essentially only the surfaces within a region from the
interface into the layer 6 which is in the order of a diffusion
length of the dissolved carbon dioxide, i.e. in the range from
0.1 to 1 pm, are electrochemically active. The regions of the
second layer 6 which extend further into the electrolyte space

contribute only insignificantly to the reduction of CO; compared
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to those regions of the layer 6 which are close to the interface
30. The evolution of hydrogen is also possible to only a small
extent, 1f at all, because of a low decrease in voltage in the
electrolyte of the GDE 2 since virtually no concentration gra-
dient 1s established in the porous second layer 6 over this

small distance.

The fact that the thickness of the second layer 6 can neverthe-
less be larger than the abovementioned few particle layers is
due to an electrical ftrace resistance present in the layer 6
having to be low enough to ensure supply of electronic current

between the individual contact webs 26.

Furthermore, it has to be ensured that the pore diameter in the
second layer 6 in the vicinity of the interface 30 is actually
smaller than the above-described upper limit of 1 um. The pores
preferably have a diameter of only from 0.1 pm to 0.5 um, so
that it is ensured that the hydrophilic surface of the catalyti-
cally active particles 9 of these pores 13 are filled with
electrolyte 32, which leads to a diffusion barrier for the carbon
dioxide. In this way, a stable gas-electrolyte interface 1is
created at the boundary layer 30, which has to be stable over
considerable pressure differences of at least 0.2 bar because
of the hydrophobic pore structure in the first layer 4. The
catalytically active particles 9 should therefore accordingly
be anchored, preferably by means of an additional binder, on the
hydrophobic structure of the first layer 4 at the interface 30.
It is in principle advantageous for the pore systems both in the
first layer 4 which has a supporting function, and the second
layer 6, which has a catalytic function, to have a very high
porosity. It has been found that porosities above 25% are well
suited to allowing firstly the gas transport of carbon dioxide
and carbon monoxide through the first layer 4 and secondly the
infiltration of the second layer 6 by the liquid electrolyte 32
to occur. Compared to conventional gas diffusion electrodes, the

path which has to be covered by the ligquid electrolyte 32 into
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the gas diffusion electrode 2 is here shortened, while the path
28 which the carbon dioxide has to cover through the first layer
4 is not appreciably increased, as a result of which the
polarization of the above-described gas diffusion electrode 2

decreases compared to conventional GDEs.

A working example of the production of a gas diffusion electrode
2 as described above will now be given below. A layer of Dyneon
TF 2021 is sieved onto a woven silver fabric 8 having a wire
diameter of 180 pm and a mesh opening of 250 um with the aid of
500 pm thick templates (having an opening of 60 mm x 120 mm) and
subsequently struck off by means of a doctor blade. The layer
is rolled with a two-roll calender having a roller gap of 0.3 pum,
so that the peaks of the wire mesh project from the membrane.
In a further step, a 1 pm-20 um thick second layer 6, which
serves a catalyst layer, of silver nanoparticles having a
primary particle diameter of 0.1 pum is sprayed onto the rear
side with the aid of an air brush. The particle suspension is
produced as follows: 60 mg of silver nanoparticles (purity
> 99.9%) and 30 mg of a hydrophilic binder (anion-exchange
ionomer) are dispersed in 3 ml of n-propancl in an ultrasonic
bath for 10-15 minutes. A loading of from 0.5 mg to 3 mg of
catalyst/cm? is sought. The electrode is dried under a continuous
stream of argon for 12 hours. Electrical contacting of the
nanoparticles 1s effected by percolation or via the projecting
tips of the woven silver fabric 8. The electrode has a trace
resistance of 0.001 Q and can advantageously be contacted from

the gas side.

A particular advantage of this electrode structure is that the
site of the reaction at the interface between first and second
layers 1is fixed within certain 1limits independently of the
pressure difference between gas side and liquid side. This is
ensured by the pressure which 1s necessary to press the

electrolyte out from the preferably hydrophilic second layer
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being in the region of preferably more than 0.2 bar and con-
versely an overpressure of this magnitude from the electrolyte
side not being sufficient to allow the electrolyte to penetrate
into the first 1layer. This creates very suitable operating
conditions in the reaction zone without the pressure between gas
side and electrolyte side having to be set carefully. The GDE
described is robust against pressure fluctuations as occur due
to weight in relatively large cells and cell stacks or else
during flow through the cells in operation. In a conventionally
constructed GDE, which consists of a single layer, the penetrat-
ion depth of the electrolyte is locally different and depends
on the pressure difference in the mbar range. Accordingly, the
pores filled with electrolyte or gas have different lengths to
the site of the reaction and there are therefore places at which

the undesirable reduction of water is favored.
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Patentkrav

1. Gasdiffusionselektrode (2) med mindst to lag (4, 6), hvoraf et farste lag (4)
har et elektrisk ledende veevet stof (8), som i det mindste delvist er indlejret i
en hydrofobisk virkende polymermatrix (10), hvor polymermatrixen (10) er ud-
formet hydrofobisk og har en kontaktvinkel (14) i forhold til vand pa mere end
90°, og hvor et andet lag (6) har en aben porasitet (12), som omfatter katalytisk
virkende partikler (9), og som har en tykkelse pa mellem 1 ym og 50 um, ken-
detegnet ved, at det veevede stof (8) omfatter en salv-, titanium- eller nikkel-
holdig fiber.

2. Gasdiffusionselektrode ifglge krav 1, kendetegnet ved, at polymermatrixen
(10) omfatter polytetrafluorethylen.

3. Gasdiffusionselektrode ifelge et af de foregaende krav, kendetegnet ved,
at det forste lag (4) har en tykkelse, som ligger mellem 50 pm og 1000 pm,
iseer mellem 100 pm og 400 pm.

4. Gasdiffusionselektrode ifalge et af de foregaende krav, kendetegnet ved,
at polymermatrixen (10) har en porgsitet (16), og at 95 % af porerne (17) har
en diameter, som ligger mellem 0,1 um og 2 um, foretrukket mellem 0,6 um og
0,9 um.

5. Gasdiffusionselektrode ifelge et af de foregaende krav, kendetegnet ved,
at de katalytisk virkende partikler (9) i det andet lag (6) har en diameter, som
ligger mellem 0,05 um og 1 um, foretrukket mellem 0,1 pm og 0,5 um.

6. Gasdiffusionselektrode ifelge et af de foregaende krav, kendetegnet ved,
at det andet lag (6) omfatter s@lvpartikler som katalytisk virkende partikler (9).

7. Gasdiffusionselektrode ifelge et af de foregaende krav, kendetegnet ved,
at partiklerne (9) i det andet lag (6) er blandet med et hydrofilt bindemiddel
(18), som har en kontaktvinkel (14) i forhold til vand pa mindre end 90°.
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8. Gasdiffusionselekirode ifglge et af de foregdende krav, kendetegnet ved,
at mindst 85 % porer (13} § det andet lag {6) har en diameter, som ligger mel-
lem 0,1 pm og Spm, foretrukket mellem 0,1 um og 1 pm.

9. Elekirolyseanlaeyg il elekirolytisk reaktion af kuldioxid, med en gasdiffusions-
elekirode ifoige et af de foregaende krav.

10. Elektrolyseanieeg ifplge krav 9, kendetegnet ved, at elekirolyseanleegget
har et gasrum {22) og et elekirolytkammer {24}, hvor det andet lag (8) af gasdif-
fusionselekiroden {2} er rettet mod elekirolytkammeret (243,

11. Elektrolyseanieeg Holge et af kravene 9 eller 10, kendetegnet ved, at en
kontakbane (26) kommer i elektrisk kontakt med gasdiffusionselektroden {2).

12. Fremgangsmade til drift af et elekirolyseaniaeg ifelge et af kravene 9 til 11,
hvor der indferes et kuldioxidholdigt edukt (28) | gasrummet (22), eduktet {28)
fares hen mod gasdiffusionselekiroden (2}, og diffunderer igennem det farste
tag {4} af gasdiffusionselekiroden (2}, hvorefter det rammer en greensefiade
{30} mellem det forste lag (4} og det andet lag (6) af gasdiffusionselekiroden
{2} og her reduceres, hvor det andet lag (6) er gennemveedet af en fiydende
elekiroiyt.
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