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(57)  Theinventionrelates toapercolator (9)forusein
an electrolysis cell, the percolator (9) being designed as a
textile mesh structure made of at least one thread system
(20) and extending in a longitudinal (L) and a transverse
direction (T), wherein the textile mesh structure com-
prises strands (23) that extend in the longitudinal direc-
tion (L) and are disposed at regular intervals (24) from
one another in the transverse direction (T), wherein the
strands (23) have a strand width (SW) and a strand

PERCOLATOR FOR USE IN AN ELECTROLYSIS CELL

thickness (ST) that defines an overall thickness of the
percolator (9) in an unloaded state, and wherein the
strands (23) are connected by connecting threads (25)
spanning the intervals (24) between adjacent strands
(23), which intervals (24) have an interval width (IW) in
the range of 0.5 to 3 times the strand width (SW), as well
as an electrolysis cell and an electrolyzer comprising
such a percolator, and a method to of operating such
an electrolyzer.
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Description
Background of the invention

[0001] The invention relates to a percolator for use in
an electrolysis cell according to the preamble of claim 1,
as well as an electrolysis cell and an electrolyzer com-
prising a percolator according to the preambles of claims
10 and 12, and a method to of operating such an electro-
lyzer according to claim 15.

[0002] Chlorine is of enormous industrial importance.
Well-known applications are for example polycarbonate,
polyurethane, drugs, semiconductor silicon and Teflon. A
prominent example of a chlorine-containing end product
is polyvinyl chloride, which is used, among other things, in
cable insulation, floor coverings or artificial leather. Over-
all, chlorine is involved in about 60% of chemical produc-
tion (A. Behr, D.W. Agar, J. Jérissen, A.J. Vorholt, Ein-
fihrung in die Technische Chemie, Springer-Verlag
GmbH Germany 2016).

[0003] Caustic sodais alsoimportantinindustry andis
used, for example, in the aluminum, paper, textile and
chemical industries, as well as for water treatment.
[0004] An important manufacturing process for the
production of chlorine and caustic soda is chlor-alkali
electrolysis, and within chlor-alkali electrolysis especially
the so-called oxygen depolarized cathode (ODC) tech-
nology. A special oxygen-depolarized cathode is used in
an electrolysis cell on the cathode side, through which
caustic soda flows. This type of cathode is characterized
by the fact that it has a highly porous oxygen diffusion
surface behind of which oxygenis introduced into the cell.
The oxygen is reduced to hydroxide ions together with
water at the ODC. An electrocatalyst may be applied to
the ODC to support the reaction. The electrocatalyst may
comprise silver, for example. During this process - in
contrast to the reduction of the water that occurs in
conventional chlor-alkali electrolysis - no hydrogen gas
is generated, resulting in a decreasing of the operating
cell voltage by about 1 V. This corresponds to a saving in
electrical energy of about 25% compared to conventional
chlor-alkali electrolysis technology.

[0005] In ODC chlor-alkali electrolysis as described
above, the distribution of the electrolyte in the cathode
half-cell between the membrane and the ODC may be
effected by the electrolyte flowing through a so-called
percolator, which is arranged as a planar element be-
tween the membrane and the ODC. The general setup of
an ODC electrolysis cell with a percolator is described
e.g. in WO 2003/042430 A2.

[0006] In such an electrolysis cell, the percolator en-
sures the proper functioning of the pore systems of the
ODC throughoutthe complete area of the cathode. This is
achieved by electrolyte flowing through the percolator
from the top to the bottom of the cell, thereby forming a
falling film and avoiding a hydrostatic column to form on
the electrolyte side of the ODC. The better the perfor-
mance of the percolator, the less is the pressure differ-
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ence of electrolyte between the top and the bottom of the
cell, such that an essentially fixed, optimized pressure
difference between the electrolyte and the gas side of the
ODC can be established throughout the complete area of
the ODC.

[0007] Generally, the geometry, structure and thick-
ness of the percolator in such an electrolysis cell deter-
mines the flow rate of the electrolyte in the cell, at which
the percolator is completely wetted by percolating elec-
trolyte, without a hydrostatic column to form. Thus, for a
given percolator there is a predetermined flow rate at
which the electrolysis cell is to be operated, defining a
narrow range of permissible operating currents for the
electrolysis reaction.

[0008] Ifanelectrolysis cellis to be operated ata higher
current density in order to achieve increased chlorine or
caustic soda production, it is necessary to set a corre-
spondingly higher flow rate of electrolyte, not only to
improve the supply of reaction educts, but also to en-
hance heat removal from the cell. In known electrolysis
cells, itis then necessary to change the percolator, i.e. to
shutdown the electrolyzer, remove the old percolator and
install a new one. This causes a considerable assembly
effort. Also, according to conventional design, it may be
necessary to turn down current density to remove excess
heat from the cell, because the flow rate of electrolyte
cannot be enhanced for cooling purposes, due to the
fixed percolator properties.

Brief Summary of Invention

[0009] The object of the invention is to provide a per-
colator, an electrolysis cell and an electrolyzer, as well as
amethod to operate the electrolyzer that allow for a more
flexible operation with respect to the permissible current
densities and electrolyte flow rates.

[0010] This objectis achieved by a percolator for use in
an electrolysis cell according to the features of claim 1.
[0011] Hereby apercolator for use in an electrolysis cell
is provided, the percolator extending in a longitudinal and
a transverse direction. The percolator is designed as a
textile mesh structure made of at least one thread sys-
tem. The textile mesh structure comprises strands that
extend in the longitudinal direction and are disposed at
regular intervals from one another in the transverse
direction. The strands have a strand width and a strand
thickness that defines an overall thickness of the perco-
lator in an unloaded state. The strands are connected by
connecting threads spanning the intervals between ad-
jacent strands, which intervals have an interval width in
the range of 0.5 to 3 times the strand width.

[0012] The percolatorbeing designed as a textile mesh
structure has the advantage that the individual threads of
the at least one thread system forming the textile mesh
are interlaced within the textile mesh without being fixed
to each other at their crossing points. This results in an
overall structural stability of the textile mesh, which none-
theless allows for a high amount of compressibility in the
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thickness direction of the percolator.

[0013] Moreover, textile mesh structures have the ad-
vantage that they can be fabricated in various ways so as
to exhibit the 3D structure defined in claim 1. The perco-
lator according to the invention is characterized by long-
itudinal strands that define the thickness of the percolator
andi.e. in operation of the electrolysis fill the gap between
the separator and the electrode. The interval between the
strands is spanned by connecting threads. The intervals
between the strands form longitudinal channels for the
flow of electrolyte, resulting in a large free flow cross-
section in the unloaded state of the percolator. Under
load, however, due to the textile structure of the strands,
the strand thickness decreases and the strand width
increases, both effects resulting in a decreased free-flow
cross-section for the electrolyte. Thus, by compressing
the percolator within an electrolysis cellin a compartment
flown through by electrolyte, the flow rate of electrolyte
can be very sensitively controlled through compressing
the percolator by external forces.

[0014] The interval width in the range of 0.5 to 3 times
the strand width (in the unloaded state) has turned out to
be an optimal choice for solving the trade-off between
high electrolyte throughput at a low percolator thickness
and a low hydrostatic pressure differences building up
between the top and the bottom of the cell.

[0015] In advantageous embodiments, the textile
mesh structure of the percolator is made of polytetra-
fluoroethylene (PTFE), perfluouroalkoxy alkane (PFA),
polysulfone (PSU), polypropylene random copolymer
(PP-R), temperature resistant polypropylene (TROL®)
or polyethylene (PE). These plastic materials have pro-
ven to be chemically resistant under the harsh conditions
within an electrolysis cell. Moreover, the materials exhibit
an inherent rigidity to the threads that provides the textile
mesh structure of the percolator with a restoring force,
that it reliably returns into its original shape, when ex-
ternal compressive forces are relieved.

[0016] Preferably, the strands have an elasticity in a
thickness direction of the percolator which, at a surface
pressure of the percolator in a range from 50 to 300 mbar,
preferably 110 to 190 mbar, causes a reversible compres-
sion of the strands to a compressed strand thickness in
the range of 0.1 to 0.5 times the strand thickness in the
unloaded state. These surface level pressures are pre-
ferred, because they achieve a sufficient compression of
the percolator at typical compression force levels of
electrolyzer stacks.

[0017] In some embodiments, the textile mesh struc-
ture is a weft-knitted fabric made from one thread system,
wherein the strands are formed by wales of the weft-
knitted fabric each comprising a sequence of stitches, in
which each stitch is suspended from its precursor in the
longitudinal direction and wherein the stitches of trans-
versely adjacent wales are connected by the connecting
threads to form a stitch course extending in the trans-
verse direction. Percolators of this type may be produced
with comparatively low production effort, due to only one
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thread system being used in the weft-knitting process.
[0018] In other preferred embodiments, the textile
mesh structure is a warp-knitted fabric made from atleast
a first and a second thread system. The strands are
formed from the first thread system and have a plait-like
structure and the connecting threads are formed from the
second thread system, with the connecting threads and
the strands being interlaced. The use of a warp-knitted
fabric made from at least two thread systems has the
advantage that the properties of the strands and the
connecting threads can be tailored individually to their
purposes. In particular, the strands are fabricated to
provide the compressibility properties of the percolator,
while the connecting threads merely need to provide the
regular spacing of the strands, but should not occupy too
much of the volume of the electrolyte channels formed in
the intervals between the strands.

[0019] To this end, it is preferred if the connecting
threads of the second thread system form a grid pattern
between the strands, which introduces an additional
stability of the fabric against parallel displacement of
the strands. In particular, it is preferred if the connecting
threads form zigzag lines between adjacent strands.
[0020] Further, in preferred embodiments, the threads
of the first thread system have a greater thread thickness
than the connecting threads of the second thread system.
Larger thread thicknesses within the strands have the
advantage of providing sufficient restoring force even for
larger percolator thicknesses, while the smaller thread
thicknesses of the connecting threads obstruct the elec-
trolyte flow within the intervals between the strands to a
lesser extent. In particular, it is preferred if the thread
thickness of the first thread system is at least twice as
large as the thread thickness of the second thread sys-
tem.

[0021] The object is further solved by an electrolysis
cell for electrolytic treatment of a liquid electrolyte, com-
prising a cathode half-shell accommodating a cathode
and an anode half-shell accommodating an anode. The
half-shells of the electrolysis cell are separated from one
another by a separator. A percolator of the above-de-
scribed design is arranged within the cathode half-cell
and/or the anode half-cell. Preferably, the percolator is
arranged within the cathode half-shell and the cathode is
an oxygen depolarized cathode. Even more preferred,
the percolator is arranged in the gap between the se-
parator and the oxygen depolarized cathode.

[0022] The object is also solved by an electrolyzer
comprising a cell rack, a cell stack comprising a plurality
of electrolysis cells describes above, which are sus-
pended in the cell rack, and feed and discharge piping
connected to the electrolysis cells of the cell stack for
connecting the electrolyzer to a liquid electrolyte cycle.
The feed piping and the discharge piping are connected
within the electrolysis cells via the percolator. Moreover,
the electrolyzer comprises compression means to apply
a variable compressive force onto the cell stack. Under
the variable compressive forces of the compressing
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means acting on the cell stack, the percolators within the
cells are compressed to a variable extent, allowing the
electrolyte flow through the cells to be varied, without
exchanging the percolator.

[0023] Preferably, the electrolyzer further comprises
an electronic control unit for controlling the compressive
force exerted by the compression means. Such a control
unit allows the electrolyte flow to be controlled online, i.e.
during production, e.g. as part of an overall plant control
system.

[0024] It is further advantageous if the electrolyzer
comprises at least one flow-meter connected to the elec-
tronic control unit for measuring the throughput of liquid
electrolyte percolating through the percolator forming a
control-loop for the flow of liquid electrolyte. The closed-
loop control allows for an even more accurate control of
the electrolyte flow.

[0025] Finally, the object is solved by a method of
operating the electrolyzer as described above, wherein
the compressive force exerted by the compression
means onto the cell stack is adjusted in such a way, that
a throughput of liquid electrolyte percolating through the
percolator is adjusted to a target value by a reversible
compression of the strands of the percolator within the
electrolysis cells.

[0026] Further advantages of the invention are de-
scribed in the following with regard to the embodiments
shown in the attached drawings.

Brief Description of Drawings

[0027]
Fig. 1 shows schematically an electrolyzer
according to the invention comprising
a stack of inventive electrolysis cells
and electronically controlled com-
pression means,

shows schematically a detailed view
of one of the electrolysis cells of the
cell stack of Fig. 1,

shows schematically a first embodi-
ment of the percolator according to
the invention with the textile mesh
structure being a weft-knitted fabric
made from one thread system,
shows schematically a second embo-
diment of the percolator according to
the invention with the textile mesh
structure being a warp-knitted fabric
made from two thread systems,
show schematically the compression
of the percolator under external load,
shows schematically the flow rate of
electrolyte through the percolator as
a function of external pressure and
temperature of the electrolyte.

Fig. 2

Fig. 3

Fig. 4

Fig. 5A and 5B

Fig. 6
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Detailed Description of Invention

[0028] In the drawings same parts are consistently
identified by the same reference signs and are therefore
generally described and referred to only once.

[0029] In Fig. 1, an electrolyzer 100 according to the
invention is shown. The electrolyzer 100 comprises a cell
rack 110 and a cell stack 120 formed by a plurality of
electrolysis cells 1 suspended in the cell rack 110. In
addition, the electrolyzer 100 comprises feed and dis-
charge piping 130, 131 connected to the electrolysis cells
1 of the cell stack 120 for connecting the electrolyzer 100
to a liquid electrolyte cycle. The feed piping 130 and the
discharge piping 131 are connected within the electro-
lysis cells 1 via a percolator 9 according to the invention
that is described in more detail below. Besides the feed
and discharge piping 130, 131 shown in Fig. 1 that are
connected via the percolator 9 the electrolyzer 100 com-
prises additional pipeworks (not shown) for providing
additional electrolysis educts and discharging electroly-
sis products. For operation of the electrolyzer 10, a
voltage can be applied to the outer halfshells 2, 7 of
the outmost electrolysis cells 1 of the cell stack 120,
resulting in an electrical current flowing through all elec-
trolysis cells 1 of the cell stack 120 that are connected in
series by the backwalls of their half-shells 2, 7.

[0030] Further, the electrolyzer 100 comprises com-
pression means 140 to apply a variable compressive
force onto the cell stack 120. The compression means
140 may for example be formed by hydraulic cylinders.
The variable compressive force may in this case be
varied by varying the pressure of the hydraulic medium
actuating the cylinders. For reasons of simplicity, details
of the hydraulic circuit actuating the hydraulic cylinders
have been omitted.

[0031] As shown in Fig. 1, the electrolyzer 100 may
comprise an electronic control unit 150 for controlling the
compressive force exerted by the compression means
140. Further, the electrolyzer 100 may comprise at least
one flow-meter 160 connected to the electronic control
unit 150 for measuring the throughput of liquid electrolyte
percolating through the percolator 9 forming a control-
loop for the flow of liquid electrolyte. Based on a compar-
ison of the flow value measured by the flow-meter 160
and a target value of the electronic control unit 150, the
force exerted by the compression means 140 may be
adapted to reach the target value. The measured flow
value may be transmitted to the electronic control unit
150, e.g. via a signal line 152, and the compression
means 140 may be controlled by the electronic control
unit 150, e.g. via a control line 151.

[0032] Fig. 2 shows a more detailed view of one of the
electrolysis cells 1 of Fig. 1. The electrolysis cell 1 for
electrolytic treatment of a liquid electrolyte comprises a
cathode half-shell 7 accommodating a cathode 10 and an
anode half-shell 2 accommodating an anode 3. The half-
shells 2, 7 are separated from one another by a separator
16, for example an ion exchange membrane or a dia-



7 EP 4 516 966 A1 8

phragm. The separator 16 is pressed between the two
half-shells 2, 7 and sealed by circumferential seals 8.
[0033] A percolator 9 of the design to be described in
more detail below may be arranged within the cathode
half-cell 7 and/or the anode half-cell 2. In the electrolysis
cell 1 shown in Fig. 2, the percolator 9 is arranged in the
cathode half-cell 7 and the cathode 10 is an oxygen
depolarized cathode.

[0034] On the left hand side, the anode half-shell 2 is
shown. In the anode half-shell 2, anolyte, typically brine,
is provided through anolyte inlet 5 and depleted anolyte
as well as produced chlorine is discharged through ano-
lyte outlet 6. The interior of the anode half-shell 2 is only
shown very schematically in Fig. 2. The anode 3, e.g.
being an expanded metal sheet or metal mesh, typically
made from titanium is supported on an anode support
structure 4 within the anode half-shell 2. The anode
support structure 4 has the purpose to support the anode
4 over its complete surface area and to conduct the
electrical current between the backwall of the half-shell
2 and the anode 3. The anode support structure 4 often
comprises vertically extending ribs (not shown) that form
vertical channels within the half-shell 2 through which the
anolyte flows from anolyte inlet 5 to anolyte outlet 6.
[0035] In the cathode half-shell 7, the cathode 10 is
supported on the backwall by means of a cathode support
structure 12 and a current distributor 11. The cathode
support structure 12 provides mechanical support and
electrical conductivity between the cathode 10 and the
cathode half-shell 7. The current distributor 11 serves the
purpose of equalized current distribution over the com-
plete surface area of the cathode 10.

[0036] The oxygen depolarized cathode 10 separates
the cathode half-shell 7 into two compartments. In opera-
tion, the compartment on the side that faces the half-shell
7 is supplied with fresh oxygen via the oxygen inlet port
17. Typically, oxygen is supplied with a 10-20% excess
with respect to the amount required for electrolysis and
excess oxygen is discharged via oxygen outlet port 14.
[0037] The compartmenton the side of the cathode 10
that faces the separator 16 comprises the percolator 9.
Catholyte, typically caustic soda, is supplied to the top of
the percolator 9 via catholyte inlet port 13 and percolates
through the percolator 9 down to the bottom of the elec-
trolysis cell 1, from which it is discharged through cath-
olyte outlet port 15. On its way down, the catholyte gets
more concentrated by the ions formed within the oxygen
depolarized cathode 10 and the ions permeating through
the separator 16.

[0038] For an optimal performance of the oxygen de-
polarized cathode 10 the pressure balance between the
two compartments should be adjusted such that the
oxygen enters the porous material of the cathode 10 to
a sufficient extent, while it does not permeate through the
cathode 10 into the catholyte. Since oxygen pressure will
be almost equal throughout the area of the cathode 10, a
hydrostatic column of catholyte is to be inhibited on the
catholyte side of the cathode 10. This is achieved by the
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use of percolator 9.

[0039] Fig. 3 shows the structure of a percolator 9
according to a first embodiment of the invention in a
detailed view. The percolator 9 for use in the electrolysis
cell 1 (cf. Fig. 1 and 2) extends in a longitudinal L and a
transverse direction T. The percolator 9 is designed as a
textile mesh structure made of one thread system 20,
wherein the textile mesh structure comprises strands 23
that extend in the longitudinal direction L and are dis-
posed at regular intervals 24 from one another in the
transverse direction T.

[0040] The strands 23 have a strand width SW and a
strand thickness ST that defines an overall thickness of
the percolator 9 in an unloaded state. The strands 23 are
connected by connecting threads 25 spanning the inter-
vals 24 between adjacent strands 23, which intervals 24
have an interval width IW in the range of 0.5 to 3 times the
strand width SW.

[0041] The strands 23 ofthe percolator 9 are preferably
disposed at an interval width IW in the range between 0.3
mm and 12 mm. The strand width SW of the strands in the
unloaded state of the percolator 9 is preferably in the
range of 0.6 mm to 4 mm. The overall thickness of the
percolator 9 in an unloaded state is preferably within the
range of 0.6 mm to 5 mm.

[0042] Preferably, the textile mesh structure is made of
polytetrafluoroethylene (PTFE), perfluouroalkoxy alkane
(PFA), polysulfone (PSU), polypropylene random copo-
lymer (PP-R), temperature resistant polypropylene
(TROL®) or polyethylene (PE). These materials show a
sufficient chemical stability for use in an electrochemical
cell. Moreover, their inherent mechanical stiffness cre-
ates a restoring force of the textile to restore its original
shape, once external compressive forces are relieved. In
addition, the hydrophobic character of those materials
supports in inhibiting a hydrostatic column of electrolyte
to form within the percolator 9.

[0043] In preferred embodiments, the strands 23 have
an elasticity in a thickness direction of the percolator 9
which, at a surface pressure of the percolator 9in arange
from 50 to 300 mbar, preferably 110 to 190 mbar, causes
a reversible compression of the strands 23 to a com-
pressed strand thickness CST1, CST2in the range of 0.1
to 0.5times the strand thickness ST in the unloaded state.
[0044] In the first embodiment of the percolator shown
in Fig. 3, the textile mesh structure is a weft-knitted fabric
made from one thread system 20. The strands 23 are
formed by wales 26 of the weft-knitted fabric. Each wale
26 comprises a sequence of stitches 27, 28 in which each
stitch is suspended from its precursor in the longitudinal
direction L. The stitches 27, 28 of transversely adjacent
wales 26 are connected by the connecting threads 25 to
form a stitch course extending in the transverse direction
T.

[0045] Inthe lower part of Fig. 3 a sectional view of the
percolator 9 is shown. In the sectional view, the three-
dimensional structure of the strands 3 becomes visible.
Due to the stitches 27, 28 each being suspended from its
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precursorin the longitudinal direction L, the threads of the
thread system 20 overlap, with the overlapping points
forming lines extending in the longitudinal direction, that
delimitthe wales 26. The overlapping points are arranged
such that within the wales 26 the threads of the thread
system 20 extend in a plane thatis shifted in relation to the
plane of the connecting threads 25. The structure of the
wales 26 thereby defines the strand thickness ST of the
strands 23 in the unloaded state.

[0046] In Fig. 4 the structure of a percolator 9 accord-
ing to a second embodiment of the invention is shownina
detailed view. The percolator 9 of the second embodi-
ment is characterized in that the textile mesh structure is
a warp-knitted fabric made from at least a first 21 and a
second thread system 22. The strands 23 of the textile
mesh structure are formed from the first thread system 21
and have a plait-like structure. The connecting threads 25
are formed from the second thread system 22, wherein
the connecting threads 25 and the strands 23 are inter-
laced.

[0047] By using atleast two different thread systems to
manufacture strands 23 and connecting threads 25 the
thread properties can be optimized to the respective
function of the strands 23 and connecting threads 25.
Preferably, the threads of the first thread system 21 have
a greater thread thickness than the connecting threads
25 of the second thread system 22. In particular, it is
preferred if the thread thickness of the first thread system
21 is at least twice as large as the thread thickness of the
second thread system 22.

[0048] In order to improve dimensional stability of the
textile mesh structure within the percolator plane with low
thread thicknesses of the connecting threads 25, it is
preferred that the connecting threads of the second
thread system form a grid pattern between the strands
23. In particular, it is preferred, if the connecting threads
25 form zigzag lines between adjacent strands 23, as
shown in Fig. 4.

[0049] In all other respects, the description of the first
embodiment shown in Fig. 3 is applicable to the second
embodiment shown in Fig. 4, accordingly.

[0050] Fig. 5A and 5B show schematically cross-sec-
tion of the percolators according to Fig. 3 and 4 under the
action of an external surface pressure p1and p2, respec-
tively. In Fig. 5A the external surface pressure p1 is just
large enough to hold the percolator 9 in its position
between the cathode 10 and the separator 6. The strands
23 of the percolator 9 are only slightly compressed,
resulting in a first compressed strand thickness CST1.
[0051] Fig. 5B shows the same situation at a higher
surface pressure p2. The strands 23 are compressed toa
lower second compressed strand thickness CST2. Thus,
the resulting thickness of the percolator 9 is reduced and
the intervals between the strands 23 get partly occupied
by the deformed strands 23. Both effects result in less
free flow volume for the electrolyte through the percolator
9.

[0052] Fig. 6 visualizes this effect in a pressure / elec-
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trolyte flow diagram. When the external surface pressure
acting on the percolator 9 is increased from p1 to p2, the
electrolyte flow decreases from V1/t to V2/t. The absolute
amount of electrolyte flowing through the percolator 9, in
addition, depends on the temperature of the electrolyte,
wherein a higher electrolyte temperature generally pro-
motes the flow.

[0053] Based on these findings the electrolyzer 100 of
Fig. 1 can be operated according to a method, in which
the compressive force exerted by the compression
means 140 onto the cell stack 120 is adjusted in such
a way, that a throughput of liquid electrolyte percolating
through the percolator 9 is adjusted to a target value by a
reversible compression of the strands 23 of the perco-
lator 9 within the electrolysis cells 1.

List of Reference Signs

[0054]

1 electrolysis cell

2 anode half-shell

3 anode

4 anode support structure
5 anolyte inlet

6 anolyte outlet

7 cathode half-shell

8 gasket

9 percolator

10 cathode

11 current distributor

12 cathode support structure
13 catholyte inlet port

14 oxygen outlet port

15 catholyte outlet port

16 separator

17 oxygen inlet port
20,21,22 thread system

23 strand

24 interval

25 connecting thread

26 wale

27,28 stitches

100 electrolyzer

110 cell rack

120 cell stack

130 feed piping

131 discharge piping

140 compression means
150 electronic control unit
151 control line

152 signal line

160 flow meter

CST1, CST2 compressed strand thickness
1\ interval width

L longitudinal direction
T transverse direction
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SW strand width

ST strand thickness

Claims

1. Percolator for use in an electrolysis cell (1), the

percolator (9) extending in a longitudinal (L) and a
transverse direction (T), characterized in that the
percolator (9) is designed as a textile mesh structure
made of at least one thread system (20, 21, 22), the
textile mesh structure comprising strands (23) that
extend in the longitudinal direction (L) and are dis-
posed at regular intervals (24) from one another in
the transverse direction (T), wherein the strands (23)
have a strand width (SW) and a strand thickness (ST)
that defines an overall thickness of the percolator (9)
in an unloaded state, and wherein the strands (23)
are connected by connecting threads (25) spanning
the intervals (24) between adjacent strands (23),
which intervals (24) have an interval width (IW) in
the range of 0.5 to 3 times the strand width (SW).

Percolator according to claim 1, characterized in
that the textile mesh structure is made of polytetra-
fluoroethylene (PTFE), perfluouroalkoxy alkane
(PFA), polysulfone (PSU), polypropylene random
copolymer (PP-R), temperature resistant polypropy-
lene (TROL®) or polyethylene (PE).

Percolator according to claim 1 or 2, characterized
in that the strands (23) have an elasticity in a thick-
ness direction of the percolator (9) which, at a sur-
face pressure of the percolator (9) in a range from 50
to 300 mbar, preferably 110 to 190 mbar, causes a
reversible compression of the strands (23) to a com-
pressed strand thickness (CST1, CST2)in the range
of 0.1 to 0.5 times the strand thickness (ST) in the
unloaded state.

Percolator according to any one of the claims 1 to 3,
characterized in that the textile mesh structure is a
weft-knitted fabric made from one thread system
(20), wherein the strands (23) are formed by wales
(26) of the weft-knitted fabric each comprising a
sequence of stitches (27, 28) in which each stitch
is suspended from its precursor in the longitudinal
direction (L) and wherein the stitches (27, 28) of
transversely adjacent wales (26) are connected by
the connecting threads (25) to form a stitch course
extending in the transverse direction (T).

Percolator according to any one of the claims 1 to 3,
characterized in that the textile mesh structure is a
warp-knitted fabric made from at least a first (21) and
a second thread system (22), wherein the strands
(23) are formed from the first thread system (21) and
have a plait-like structure and wherein the connect-
ing threads (25) are formed from the second thread
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system (22), with the connecting threads (25) and
the strands (23) being interlaced.

Percolator according to claim 5, characterized in
that the connecting threads (25) of the second
thread system (22) form a grid pattern between
the strands (23).

Percolator according to claim 5 or 6, characterized
in that the connecting threads (25) form zigzag lines
between adjacent strands (23).

Percolator according to any one of the claims 5to 7,
characterized in that the threads of the first thread
system (21) have a greater thread thickness than the
connecting threads (25) of the second thread system
(22).

Percolator according to claim 8, characterized in
that the thread thickness of the first thread system
(21) is at least twice as large as the thread thickness
of the second thread system (22).

Electrolysis cell for electrolytic treatment of a liquid
electrolyte, comprising a cathode half-shell (7) ac-
commodating a cathode (10), an anode half-shell (2)
accommodating an anode (3), the half-shells (2, 7)
being separated from one another by a separator
(16), characterized in that a percolator (9) accord-
ing to any one of the claims 1 to 9 is arranged within
the cathode half-cell (7) and/or the anode half-cell

(2).

Electrolysis cell according to claim 10, character-
ized in that the percolator (9) is arranged within the
cathode half-shell (7) and the cathode (10) is an
oxygen depolarized cathode.

Electrolyzer comprising

a cell rack (110),

a cell stack (120) comprising a plurality of elec-
trolysis cells (1) according to claim 10 or 11
suspended in the cell rack (110),

feed and discharge piping (130, 131) connected
to the electrolysis cells (1) of the cell stack (120)
for connecting the electrolyzer (100) to a liquid
electrolyte cycle, wherein the feed piping (130)
and the discharge piping (131) are connected
within the electrolysis cells (1) via the percolator
(9), and

compression means (140) to apply a variable
compressive force onto the cell stack (120).

Electrolyzer according to claim 12, characterized in
that the electrolyzer (100) comprises an electronic
control unit (150) for controlling the compressive
force exerted by the compression means (140).
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Electrolyzer according to claim 13, characterized in
that the electrolyzer (100) comprises at least one
flow-meter (160) connected to the electronic control
unit (150) for measuring the throughput of liquid
electrolyte percolating through the percolator (9)
forming a control-loop for the flow of liquid electro-
lyte.

Method of operating the electrolyzer (100) according
to any one of the claims 12 to 14, characterized in
that the compressive force exerted by the compres-
sionmeans (140) onto the cell stack (120) is adjusted
in such a way, that a throughput of liquid electrolyte
percolating through the percolator (9) is adjusted to a
target value by a reversible compression of the
strands (23) of the percolator (9) within the electro-
lysis cells (1).

10

15

20

25

30

35

40

45

50

55

14



EP 4 516 966 A1

120

\

150

152

60

1

160

13

17

Fig. 2



EP 4 516 966 A1

10



EP 4 516 966 A1

11
10

23

16
Fig. 5A

1

10
L A A A 4 4 4 4 & 4 4 4 16

v VUV Vv VOUVvUvvvVVVVVYS

Fig. 5B

Vit

V1/t E

Vit

P1 P2 p

Fig. 6

1"



10

15

20

25

30

35

40

45

50

55

EP 4 516 966 A1

9

des

Europaisches
Patentamt

European
Patent Office

Office européen

brevets

=

EPQ FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 23 19 3747

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
Y WO 03/042430 A2 (UHDENORA TECHNOLOGIES SRL|1-11 INV.
[IT]; FAITA GIUSEPPE [IT] ET AL.) C25B1/46
22 May 2003 (2003-05-22) C25B9/77
A * page 19, line 3 - line 5 * 12-15 C25B15/02
* page 10, line 12 - line 14 * C25B15/08
* page 10, line 3 - line 12 *
Y CN 102 433 636 A (LIAONING BOLIAN FILTER 1-11
CO LTD) 2 May 2012 (2012-05-02)
A * abstract * 12-15
* paragraph [0022] =*
A US 2005/183951 Al (OLDANI DARIO [IT] ET 1-15
AL) 25 August 2005 (2005-08-25)
* the whole document *
A US 2016/160366 Al (POLCYN GREGOR [DE] ET 1-15
AL) 9 June 2016 (2016-06-09)
* the whole document *
TECHNICAL FIELDS
SEARCHED (IPC)
C25B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 28 May 2024 Thorner, Gentien

CATEGORY OF CITED DOCUMENTS

: theory or principle underlying the invention

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P :intermediate document

after the filing date
: document cited in the application
: document cited for other reasons

T
E : earlier patent document, but published on, or
D
L

& : member of the same patent family, corresponding
document

12




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 516 966 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 23 19 3747

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

28-05-2024
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 03042430 A2 22-05-2003 AT E509143 T1 15-05-2011
BR 0214015 A 13-10-2004
CA 2466498 Al 22-05-2003
CN 1585836 A 23-02-2005
EP 1446515 A2 18-08-2004
ES 2365604 T3 07-10-2011
HU 227835 B1 02-05-2012
IT MI20012379 Al 12-05-2003
JP 4209777 B2 14-01-2009
JP 2005509744 A 14-04-2005
KR 20050044403 A 12-05-2005
MA 26231 Al 01-07-2004
MX PA04004513 A 10-09-2004
PL 209191 B1 31-08-2011
RU 2303085 cC2 20-07-2007
uUs 2005000798 Al 06-01-2005
WO 03042430 A2 22-05-2003
ZA 200403438 B 27-07-2005

CN 102433636 A 02-05-2012 NONE

UsS 2005183951 Al 25-08-2005 AT E307915 T1 15-11-2005
AU 2003250820 Al 19-12-2003
CA 2488634 Al 11-12-2003
CN 1723300 A 18-01-2006
DE 60302067 T2 20-07-2006
EP 1509639 A2 02-03-2005
ES 2249730 T3 01-04-2006
JP 4768988 B2 07-09-2011
JP 2005528528 A 22-09-2005
MX PA04012140 A 21-09-2005
Us 2005183951 Al 25-08-2005
WO 03102271 A2 11-12-2003

US 2016160366 Al 09-06-2016 BR 112016000201 A2 28-11-2017
CA 2917787 Al 15-01-2015
CN 105683419 A 15-06-2016
DE 102013011298 A1l 12-02-2015
EA 201690166 Al 31-05-2016
EP 3019643 Al 18-05-2016
JP 6622197 B2 18-12-2019
JP 2016526609 A 05-09-2016
KR 20160083843 A 12-07-2016
Us 2016160366 Al 09-06-2016
WO 2015003932 Al 15-01-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13




EP 4 516 966 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 2003042430 A2 [0005]

Non-patent literature cited in the description
« A. BEHR ; D.W. AGAR ; J. JORISSEN ; A.J.

VORHOLT. Einfiihrung in die Technische Chemie.
Springer-Verlag GmbH, 2016 [0002]

14



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

