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Electrode of an electrolysis cell for gas-producing electrochemical processes, consisting of a plurality of horizontal lamellar
elements, which, In the design of a flat C profile, consist of a flat belly section and one or more flank part/s, and one or more
transitional section/s of random shape being arranged between the flat belly section and the one or more flank part/s, the lamellar
elements being provided with a plurality of through-going holes,

* the lamellar elements having a plane surface area without constructional elevations and depressions and

« the flat belly section being provided with a plurality of through-going holes lined up in rows and arranged diagonally to one
another.
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ABSTRACT
Electrode of an electrolysis cell for gas-producing electrochemical processes,
consisting of a plurality of horizontal lamellar elements, which, in the design of aflat C
orofile, consist of a flat belly section and one or more flank part/s, and one or more
transitional section/s of random shape being arranged between the flat belly section
and the one or more flank part/s, the lamellar elements being provided with a plurality

of through-going holes,

e the lamellar elements having a plane surface area without constructional

elevations and depressions and

o the flat belly section being provided with a plurality of through-going holes linea

up in rows and arranged diagonally to one another.
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Electrode for electrolysis cells

[0001] The invention relates to an electrode and a method for gas-producing
electrochemical processes, the installed electrode being located in parallel to a face-to-
face ion exchange membrane and consisting of a plurality of horizontal lamellar elements,
which, in the design of a flat C profile, consist of a flat "belly" section and one or more
flank part/s, and one or more transitional section/s of random shape being arranged
between the flat belly section and the one or more flank part/s, the lamellar elements

being provided with a plurality of through-going holes.

[0002] The method for gas-producing electrochemical processes is known according to
prior art; the same also applies to suitable electrodes which are used in electrolysers.
These electrodes are, inter alia, described in DE 198 16 334 A1 owned by the applicant.
The said patent describes an electrolyser for the generation of halogen gases from
aqueous alkali halide solutions. As the flow conditions during the product gas production
In the electrolyte are exposed to detrimental effects in the membrane/electrode zone, DE
198 16 334 A1 suggests to install the individual louvre-type elements in inclined position
towards the horizontal level. This method produces a lateral flow in the cell because the
gas bubbles that gather under the individual lamellar elements follow the upward stream

through the opening provided by this design.

[0003] DE 198 16 334 A1, however, does not suggest any solution to the problem, i.e. a
defined gas quantity remains underneath the louvre-type elements. Hence, the bubble
settling causes a reduction of the electrode contact and a considerable portion of the
membrane surface area becomes "blank". The blanking is understood to mean that the
fluid cannot flow which prevents gas production in this zone. Moreover, this gas
stagnation contributes to the "blanking” and causes a membrane isolation, which
iInevitably leads to an increase in current density in the other membrane sections so that

the cell voltage goes up and the current consumption rises.

[0004] In order to eliminate the "blanking" problem, EP 0 095 039 reveals to provide
crosswise recesses in the lamellar elements of the electrode. DE 44 15 146 A1, however,
states that the said recesses are insufficient to prevent "blanking”.

DE 44 15 146 A1 consequently suggests to provide holes or bores in the lamellar element
part pointing downwards and so to enhance the gas discharge flow. Unsolved in this
context is the problem of the residual gas portion that remains in the vicinity of the contact

area and thus hinders the electrolyte flow.



CA 02800845 2012-11-27

2

[00035] This problem is improved by the subject matter in DE 10 2005 006 555 A1 by
which such "blanking" effect is minimised. This is achieved by an electrolysis electrode of
an electrolysis cell for gas-producing electrochemical processes, the installed electrode
being located in parallel to a face-to-face ion exchange membrane and consisting of a
plurality of horizontal lamellar elements, which are structured and of three-dimensional
design and being in direct contact with the membrane via a surface section of the lamellar
element, said lamellar elements having grooves and holes and the majority of the holes
being arranged in the grooves, the complete surface areas of such holes or part thereof
being located in the grooves or extending into the grooves. By installing electrodes of this
kind it was possible to achieve a significant decrease in voltage of more than 50 mV with

a current density of 6 kA/m*as compared to a conventional electrode of similar outer

dimensions.

[0006] The disadvantage involved is that the grooves generate a surface area that is
characterised by constructional elevations and depressions, this being the reason for
disadvantageous gas stagnation and, as a consequence, uneven current density

distribution across the ion exchange membrane.

[0007] The aim of the present invention is to solve this problem. This is to be achieved by
providing an electrode which does not involve the aforementioned disadvantages, and a
method for the operation of the electrode according to the invention is to achieve a

decrease in the cell voltage and a correspondingly reduced electric energy demand.

[0008] Surprisingly this aim is achieved by a simplified design of the type described in DE
10 2005 006 555 A1.

[0009] According to the present invention the aim is achieved by using an electrode of an
electrolysis cell for gas-producing electrochemical processes. The installed electrode
Includes a plurality of horizontal lamellar elements, which, in the design of a flat C profile,
consist of a flat belly section and one or more flank part/s, and one or more transitional
sections of random shape being arranged between the flat belly section and the one or
more flank part/s, the lamellar elements being provided with a plurality of through-going
holes and a plane surface area without constructional elevations and depressions, and
the flat belly section having a plurality of through-going holes lined up in rows and

arranged diagonally to one another.
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[0010] The present invention differs from a continuous perforated plate as, for example,
suggested by DE 69600860 T2, DE 243256 A1 and DE 2630883 A1, as the electrode is
composed of a plurality of lamellar elements of three-dimensional design by intentional
cold-work elongation. Such bending increases the stability of the electrode and improves
the planarity of the surface area which is in contact with the membrane. A combination of

single elements of this kind is, as cited at the beginning, the state of the art.

[0011] The diagonal arrangement of the holes ensures that the surface of the belly
section be exploited to an optimum degree in order to provide as many holes as possible

and In this way achieve a further reduction of the gas stagnation. Optionally, the flank

parts are also provided with through-going holes.

[0012] In a preferred embodiment of the invention the through-going holes are arranged
In the contact area of the respective lamellar element with the ion exchange membrane if
the electrode has been installed in an electrolysis cell. This arrangement serves the
purpose of supplying the ion exchange membrane with electrolyte during operation of the

electrolysis cell and to ensure the gas discharge flow.

[0013] In a further embodiment of the invention, the through-going holes are punched
holes. These holes may be of any optional geometric form, preference being given to

holes of round cross-section.

[0014] Advantageously, the sheet thickness of the lamellar elements in the case of round
through-going holes is smaller than the hole diameter, and/or the sheet thickness of the
lamellar elements in the case of non-round through-going holes is smaller than the

hydraulic cross-section.

[0015] In a particularly advantageous embodiment of the electrode according to the

Invention, the one or more flank part/s is/are inclined at an angle of at least 10 degrees off
the membrane upon installation into an electrolysis cell. The transitional sections are

advantageously formed as chamfered edges.

[0016] The spacing between the single horizontally arranged lamellar elements in C
profile is preferentially 0 to 5 mm, preferably 0 to 2 mm and particularly preferably O mm.
By providing as little space as possible between the single lamellar elements, the process
Is optimised, as approx. 6 to 10 % of the membrane surface are recovered and can be

used for the actual electrolysis process.
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[0017] The electrolysis method related to by the present invention is characterised by the
use of a plane electrode as described above. For halogen gas production it is of

advantage to use electrolysers of the single-cell type or of filter-press design.

[0018] Figure 1 serves to describe the invention in more detail below. Fig. 1 shows: Top

view of a lamellar element according to the invention in C profile design

[0019] Fig. 1 shows a lamellar element 1 in flat C profile design. Flanks 2 and 3 which are
bent to the rear are kept very short in relation to flat belly section 6, which is many times
wider. Between flanks 2 and 3 and belly section 6, there are transitional sections 4a and
4b. In the flat belly section 6, lamellar element 1 is provided with holes 5 lined up in rows,
the rows of holes being arranged parallel to each other and the holes being arranged
diagonally from one row of holes to the next. This is the most efficient way to utilise the
avallable surface area of belly section 6 for electrolysis. Advantageously there is a further
row of holes in the transitional sections 4a or 4b and/or further additional rows of holes in
the flanks 2 and 3 themselves. An essential advantage of this design is the plane-parallel
arrangement of belly section 6 to the membrane upon installation, where the
electrochemical reaction can take place. In so doing, the membrane is supplied with

caustic or brine through holes 5.

[0020] In addition, the cell voltage of an electrolysis cell using an electrode which
consists of lamellar elements of C profile design according to the present invention was
determined. In comparison to this, the cell voltage of an electrolysis cell using an
electrode of C profile design as disclosed by DE 102005006555 A1 was determined, the
electrode being different in so far as the holes provided are arranged in grooves and the
surface area of the lamellar elements is thus characterised by constructional elevations
and depressions. In addition, the holes of the flat belly section are not arranged
diagonally to one another. Hence the designs of the two C profiles used differ only in the
surface quality. Both C profiles used in the experiment had 11 x 62 holes which, in the
case of the design according to the invention, were arranged in rows of holes arranged
diagonally to one another. The hole diameter was 1.5 mm and the height of the C profile

was 23 mm.

[0021] The description of the invention according to DE 10 2005 006 555 A1 emphasises
the advantageous effect of the grooves explained by the fact that the section with the
highest current density, i.e. the contact area, is on the one hand supplied with educt in an
ideal manner via the grooves by the continued stream of fluid from below, and on the

other hand the product gas obtained and of a multiple greater volume is conveyed
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upwards via the grooves or via the holes to the rear side of the electrolysis electrode. On

account of this, the person skilled in the art would, at first glance, not strive for any

constructional modification of the lamellar elements.

[0022] Surprisingly, the comparative experiment yielded a significant decrease in voltage
of approx. 60 mV (standardised to 90°C, 32 % by wt. NaOH and 6 kA/m?) if the groove

structure of the lamellar elements is dispensed with and the holes are arranged

diagonally to one another. This is attributed to a gas stagnation inside the grooves, which
was not considered by DE 10 2005 006 555 Af1.

[0023] Advantages created by the invention:

Simplified construction of the lamellar elements of the electrode
Significant decrease in voltage as compared to prior-art design types
Even current distribution ensured across the membrane

Elimination of problem of gas stagnation in grooves

Cost-efficient method as a result of the significant decrease in cell voltage

[0024] List of reference numbers and designations

Lamellar elements
Upper flank

Lower flank

Bent transitional section
Holes

Belly section



CLAIMS:

1. An electrode of an electrolysis cell for gas-producing electrochemical processes,
consisting of a plurality of horizontal lamellar elements, which, in the design of a flat C
profile, consist of a flat belly section and one or more flank part/s, and one or more
transitional section/s of random shape being arranged between the flat belly section and the
one or more flank part/s, the lamellar elements being provided with a plurality of
through-going holes,
characterised 1n that

1) the lamellar elements have plane surface areas which are free of elevations

and depressions; and
11) the flat belly section is provided with a plurality of through-going holes lined

up in rows and arranged diagonally to one another.

2. The electrode according to claim 1, characterised in that the through-going holes are

punched holes.

3. The electrode according to claim 1 or 2, characterised in that the sheet thickness of the
lamellar elements in the case of round through-going holes is smaller than the hole diameter,

and/or the sheet thickness of the lamellar elements in the case of non-round through-going

holes is smaller than the hydraulic cross-section.

4. The electrode according to any one of claims 1 to 3, characterised in that the flank parts

are provided with through-going holes.

5. The electrode according to any one of claims 1 to 4, characterised in that the spacing

between the single horizontally arranged lamellar elements 1s from greater than 0 to 5 mm.

6. The electrode according to claim 5, characterised in that the spacing between the single

horizontally arranged lamellar elements is from greater than 0 to 2 mm.
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7. The electrode according to claim 5, characterised in that the spacing between the

single horizontally arranged lamellar elements 1s 0 mm.

8. Use of the plane electrodes according to any one of claims 1 to 7 in an electrolysis

cell for generation of halogen gases from aqueous alkali halide solutions.

9. The use of claim 8, characterised in that electrolysers of the single-cell type or of

filter-press design are used for halogen gas production.
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