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(57) Abstract: The invention relates to a construction for ventilation of hydrogen gas comprising at least a first metallic layer (1),

o sensitive to hydrogen embrittiement, a second (2) metallic layer, and a mesh (4), wherein the first layer (1) is joined to the second

layer (2), and said mesh (4), forming venting channels (5) through which channels (5) hydrogen can be vented, is joined to, and in
between, said first (1) and second (2) metallic layers. The invention further concerns a method for production thereof.
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Method and construction for ventilation of hydrogen gas
The present invention relates to a construction for ventilation of hydrogen gas

and a method for production thereof. More specifically, the invention reiates to a
construction comprising at least a first and a second metallic layer joined together and a
mesh joined to, and in between, said layers. The construction comprising the mesh
imparts ventilation channels between the mesh and the layers thereby preventing

formation of hydrogen blisters and reducing the hydrogen embrittlement of the first layer.

Backaround of the invention
Many metals used in constructions in contact with hydrogen are sensitive to

hydrogen, e.g. such used in electrochemical cells for production of alkali metal chlorate.
Various solutions have been proposed to overcome this problem.

US 3,992,279 discloses an electrode assembly comprising a Ti-based anode, a
cathode, of an iron-based material, and an intermediate layer, of silver or gold, in
between said anode and cathode. In an electrolytic cell, e.g. for production of sodium
chlorate from sodium chioride, a portion of adsorbed atomic hydrogen deriving from the
cathodic reaction at the cathode will start to diffuse from the cathode through the
electrode assembly towards the hydrogen-sensitive anode, i.e. the titanium layer. The
intermediate layer of the electrode provides for a hydrogen barrier which blocks the flow
of hydrogen thereby providing protection of the hydrogen sensitive anode. CA 914,610
also discloses an electrolytic cell assembly, of a muiti-monopolar cell, comprising a
cathode-intemediate layer-anode structure.

However, in US 3,992,279, atomic hydrogen will recombine to hydrogen gas at
the interface zone, i.e. the joint between the cathode and the intermediate layer. This may
lead to formation of hydrogen blisters which, in turn, will reduce the strength of the
cathode-intermediate layer joint of the electrode assembly as a consequence of the
increased pressure which may cause separation thereof.

US 4,116,807 shows one concept of how the formation of hydrogen blisters can
be prevented. It discloses a method for connecting, by use of explosion bonding, anode
and cathode backplates, carrying an anode and a cathode, to metallic strip conductors,
thereby forming an air space between the backplates, which in turn allows hydrogen gas
to escape. Explosion bonding, or explosive welding, as such, has been known for a long
time to join and reinforce metal constructions. This is described in e.g. an article by
Gonzalez, A. et al. pages 199-207 "Explosive welding of Al'uminium and Aluminium Alloy
Sheet Composites”, 7" International Conference on High energy rate fabrication, 14-18
September 1981, in which aluminium constructions are reinforced with steel meshes.

Explosive bonding technique is also described in US 3,137,937.
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In assemblies as described in US 4,116,807, however, the explosion bonded
backplates are difficult and complicated to manufacture due to the difficulties to
distribute energy evenly on the surface on which the strips are placed. The strips
can therefore also be difficult to explosion bond at specific fixed points on the
backplates. Another drawback with this type of embodiment is that the connection
areca, which 1s unventilated, between the strips and the backplates must be
considerably large to guarantee good strength and good electrical contact. Further,
these types of electrode constructions are only applicable to multimonopolar cells
and cell lines, 1.€., cells in which the backplates are placed between the cells.

The invention

In accordance with the invention, there is provided a method for producing
a construction comprising at least two metallic layers, said method comprising
joining a first metallic layer sensitive to hydrogen embrittlement to a second
hydrogen-resistant metallic layer, and a mesh to form venting channels between
said first and second metallic layers, and said mesh through which channels
hydrogen can be vented, wherein the joining of said mesh is made between the
first and the second metallic layers.

In accordance with another aspect of the invention, there is provided
construction comprising at least two metallic layers wherein a first metallic layer,
sensitive to hydrogen embrittlement, is joined to a hydrogen-resistant second
metallic layer, a mesh joined to, and in between, said first and second metallic
layers, and venting channels between said first and second metallic layers and said
mesh.

In one embodiment, the construction of the invention is in the form of a
bipolar electrode.
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2a

In accordance with another aspect of the invention, there is provided an
electrochemical cell comprising the construction of the invention 1n the form of an
electrode.

In accordance with yet another aspect of the invention, there is provided use
of an electrochemical cell of the invention in the production of alkali metal
chlorate, alkali metal hydroxide or hypochlorite.

The construction of the invention has particular application in methods
where ventilation of hydrogen gas 1s required.

Suitably, the first metallic layer 1s selected from Fe, steel, Ti, Zr, Nb, Ta or
other valve metals or alloys thereof. The thickness of the first metallic layer is
suitably from about 1 to about 20 mm, pretferably from about 1 to about 15 mm.

Suitably, the second metallic layer is selected from Fe, steel, N1, Cr, W, or
alloys thereof, preferably from Fe, steel, Ni, or alloys thereof. The thickness of
the second metallic layer 1s suitably from about 2 to about 30 mm, preferably from
about 5 to about 20 mm.

The joiming of the layers 1s suitably accomplished by means of explosion
bonding, rolling, bolting or the like. Preferably, explosion bonding is employed.

According to one preferred embodiment, the invention provides a method
for ventilation of hydrogen gas comprising joining a first metallic layer, sensitive
to hydrogen embrittlement, to a second and a third metallic layer, and a mesh. The
first layer 1s joined to the third layer, the third layer 1s joined to the second layer,
and said mesh, forming
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3
venting channels, through which channels hydrogen can be vented, is joined to, and in

between, said second and third metallic layers.

According to this same preferred embodiment, the invention also relates to a
method for producing a construction comprising at least three metallic layers by joining a
first metallic layer sensitive to hydrogen embrittlement to a second and a third metallic
layer, and a mesh. The first metallic layer is joined to the third metallic layer, the third
metallic layer is joined to the second metallic layer, and said mesh is joined to, and in
between, the second and the third metallic layers. The joining of the third layer is suitably
performed by means of the joining methods as above described.

The at least three metallic layers can be joined together in any order. For
example, the first metallic layer can first be joined to the third metallic layer, whereatfter
the third layer can be joined to the second metallic layer while joining the mesh to, and In
between, the second and the third layers. The reversed order can also be applied. The
joining of the three layers is suitably accomplished by means as above described.

Suitably, the third metallic layer is selected from Ag, Fe, Cu, Al, Ni, Cr, or alloys
thereof, preferably from Ag, Fe. The thickness of the third layer is suitably from about 0.2
to about 10 mm, preferably from about 0.4 to about 5 mm.

Suitably, the thickness ratio between the second layer and the third layer is from
about 100 to about 0.1, preferably from about 50 to about 5.

According to a variation of this preferred embodiment of the invention, a fourth
layer is joined to, and in between, the third and the first metallic layers. The joining of the
fourth layer is suitably performed by means of the joining methods as above described.
The thickness of the fourth layer suitably is from about 0.2 to about 10 mm, preferably
from about 0.4 to about 5§ mm. The fourth metallic layer suitably is selected from Ag, Cu,
Al or alloys thereof, preferably from Ag.

Generally, the term mesh is meant to include any net or network or net-like
structure, e.g. foraminous sheet, screen, net, grid or network of threads or strands. The
mesh is suitably selected from plastic materials, ceramics or the like as well as Fe, steel,
hastelloy, Cu, Ag or alloys thereof, preferably from Fe or steel. The mesh suitably has a
diamond, rhomboidal, or quadratical form or the like. The size of the mesh apertures can
be from about 0.5 to about 10 mm, preferably from about 1 to about 5 mm. The thickness
of the mesh is suitably from about 0.1 to about 5 mm, preferably from about 0.1 to about
1 mm.

The joining of the mesh can be performed in various ways. Suitably, the mesh is

joined by means of expiosion bonding, rolling, bolting or the like. Preferably, explosion

bonding is used.
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The invention further concerns a construction comprising at least two metallic

layers; a first metallic layer , sensitive to hydrogen embrittiement, joined to a second
metallic layer, and a mesh, providing venting channels between said first and second
metallic layers, joined to, and in between, said first and second metallic layers. The

construction can be produced by the method as above described.

The venting channels are capable of venting out hydrogen gas derived from
recombined hydrogen atoms that have diffused into the construction via the second
metallic layer. The venting channels prevent formation of hydrogen blisters at the
interface surfaces between the second and the third metallic layers which otherwise
would cause losses in strength in the construction or even cause the joint between the

metallic layers to separate. The venting channels formed suitably have a diameter of from

about 0.01 um to about 1000 um, preferably from about 0.1 um to about 10 um. Further,

by the term “channel”; also pores, grooves, canals or other pathways are included.

Further characteristics of the metallic layers and the mesh of the construction
suitably have dimensions and structures as above described.

The invention further concerns a construction obtainable from the method as
described above.

According to one preferred embodiment, the construction also comprises a third
metallic layer joined to, and in between, said first and second metallic layer. The mesh is,
in this embodiment, joined to, and in between, the second and the third metallic layers.

According to one variation of the preferred embodiment, the first, the third, and
the second metallic layers form an anode, a protecting intermediate layer, and a cathode
respectively, thereby providing a bipolar electrode or the like. The channels formed

suitably have a diameter from about 1 um to about 100 um.

The first metallic layer, I.e. the hydrogen-sensitive anode, is suitably selected
from Ti, Zr or other valve metals or alloys thereof, preferably from Ti. The second layer,
i.e. the cathode, being resistent to hydrogen, is suitably selected from Fe, steel, Cr, Ni or
alioys thereof, preferably from steel. The third layer, i.e. the intermediate layer, being
resistent to hydrogen, is suitably selected from Ag, Cu, Al or alloys thereof, preferably
from Ag. The thickness of the first layer suitably is from about 2 to about 20 mm,
preferably from about 5 to about 15 mm. The thickness of the second layer suitably is
from about 2 to about 30 mm, preferably from about 5 to about 20 mm. The thickness of
the third layer suitably is from about 0.2 to about 10 mm, preferably from about 0.4 to
about 5 mm.

Suitably, the hydrogen permeability is higher in the second layer than in the third

layer. Preferably, the ratio between the hydrogen permeability of the second layer and the
third layer is from about 10° to about 10°.
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Suitably, the thickness ratio between the third layer and the mesh is from about 2

to about 20, preferably from about 4 to about 10.

According to a variation of this preferred embodiment, especially when the third
metallic layer is selected from Fe, Ni, Cr or alloys thereof, a fourth layer is joined to the
construction to further prevent hydrogen embrittlement of the first layer. The fourth
metallic layer is joined to, and in between, the third and the first metallic layers. The fourth
layer is suitably selected from Ag, Cu, Al or alloys thereof, preferably from Ag. The
thickness of the fourth layer is suitably from about 0.2 to about 10 mm, preferably from
about 0.4 to about 5 mm.

The bipolar electrode, particularly suitable for processes involving formation of
hydrogen, e.g. when producing alkali metal chlorate, is thus provided for when joining the
at least three metallic layers and the mesh as described above. In bipolar electrolytic
cells, several assemblies of bipolar electrodes are normally connected electrically in
series within one cell box. In order to obtain low ohmic losses and a uniform current
distribution on the electrodes, the anodes and the cathodes, in adjacent cells, are
connected “back to back” via a backplate. On one side of the backplate, an anode,
corresponding to the first metallic layer, is mounted, enabling electron transfer as a
consequence of the anodic reaction, e.g. by generation of chlorine occuring at the anode
when the electrode is run in an electrolysis cell for the production of e.g. alkali metal
chlorate, alkali metal hydroxide, or hypochlorite. On the other side of the backplate, a
cathode, corresponding to the second metallic layer, is mounted enabling electron
transfer as a consequence of hydrogen evolution (H,) at the cathode.

The backplate connects the anode blades and the cathode blades electrically
and mechanically. Hydrogen atoms, adsorbed on the cathode, are formed when
hydrogen evolution takes place at the cathode. The majority of the hydrogen atoms
formed recombines to form hydrogen gas. However, a small portion of the adsorbed

hydrogen atoms diffuse into the cathode.

In a conventional bipolar electrode comprising cathode, backplate and anode,
non-recombined hydrogen atoms can diffuse through the cathode, suitably constructed in
Fe towards the backplate. The backplate will prevent the majority of the hydrogen atoms
from further diffusion through the backplate to the hydrogen sensitive anode, often
constructed in Ti. At the interface between the cathode and the backpiate, hydrogen
atoms can recombine on structural defects and thereby start formation of hydrogen which
in turn can lead to formation of hydrogen bilisters.

The bipolar electrode of the present invention will effectively enable venting of

hydrogen gas at the interface, i.e. the joint, between the cathode, the mesh and the
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protecting intermediate layer, via the formed venting channels, thus preventing formation

of hydrogen blisters .

The invention also concerns an electrochemical cell comprising an electrode as

above described. The electrochemicai cell can be a bipolar cell, a muitimonopolar celi or
5 the like.

The invention also concerns the use of an electrochemical cell as above
described for production of alkali metal chlorate, alkali metal hydroxide, hypochlorite or
the like.

According to still another preferred embodiment of a construction, a mesh is

10 joined to, and in between, the first and second metallic layers of the construction as
above described. The joined construction according to this embodiment can, when
exposed to relatively low-concentrated hydrogen environments, effectively protect the first
layer from hydrogen embrittiement as well as provide for venting of formed hydrogen gas
in the interface zone between the first and the second metallic layers. The first metallic

15 layer, being a hydrogen-sensitive metal, is suitably selected from Fe, steei or alloys
thereof, preferably from steel. The second metallic layer, being resistent to hydrogen, is
suitably selected from Fe, steel, Ni, Cr or alloys thereof, preferably from steel. The
thickness of the first layer suitably is from about 1 to about 20 mm, preferably from about
1 to about 10 mm. The thickness of the second layer suitably is from about 2 to about 20

20 mm, preferably from about 2 to about 15 mm. The construction is preferably used in

moderately exposed hydrogen environments, such as for cathodic protection, off-shore
applications, and in petrochemical industry.

Brief description of the drawings
25 Figure 1 is a side section view of a construction according to the invention.

Figure 2 is a perspective view of one embodiment showing a unit of a bipolar
electrode arranged in an electrolytic cell (the mesh not shown).

Figure 3 is a side view of figure 2 showing hydrogen diffusion into the cathode

(the mesh not shown).
30

Description of the embodiments
Referring to the drawings, numeral 8 of Fig. 1 refers to a construction according

to the invention. A first metaliic layer 1 is joined to a third metallic layer 3, which in turn is
joined to a second metallic layer 2. Between the second 2 énd the third 3 layers, a mesh

35 4 s joined providing venting channels 3.
Fig. 2 refers to one unit of bipolar electrodes, to be arranged in an

electrochemical cell for production of sodium chlorate, comprising the construction
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according to Fig. 1. An anode 1 corresponds to a first metallic layer. A cathode 2

corresponds to a second metallic layer. From the shown embodiment of Fig. 2, it appears
that a portion of the cathode (black) and the anode (white) protrudes perpendicularly from
the construction structure .as depicted in Fig. 1. The third metallic layer, here
corresponding to the backplate, and the mesh are not shown. These two elements are
mounted as shown in Fig. 1.

Fig. 3 refers to the same bipolar electrode unit as does Fig. 2. The arrows 7
indicate the direction of diffusion of hydrogen atoms formed as intermediates at the
cathode as a result of the hydrogen gas evolution in the cell.

It will be obvious that the same may be varied in many ways, the invention being
thus described. Such variations are not to be regarded as a departure from the gist and
scope of the present invention, and all such modifications as would be obvious to one
skilled in the art are intended to be included within the scope of the claims. The following
example will further illustrate how the described invention may be performed without

limiting the scope of it.

Example: Structural strength of backplate samples, i.e. the joined steel (cathode), silver
(intermediate layer) and titanium (anode) layers, were measured before and after

electrolysis, for production of sodium chiorate, for explosion bonded conventional
electrodes without mesh and electrodes provided with mesh according to Fig. 2 and 3.
Explosion bonded samples were taken from different parts of the backplate to investigate
the influence of poor bonding, which were analysed in small parts by ultrasonic analysis.
The sample w;s 0.12m x 0.12m x 0.030 m of the backplate. The tests were run on the
backplate samples in a four-unit chlorate cell. The temperature of the electrolyte was
65°C and the current density through the backplate was about 3-5 KA/m?.

In all the samples of the conventional electrodes, the structural strength after 10
days of electrolysis was lower than 1 MPa.

The samples provided with mesh maintained their original structural strength of
about 190 MPa after 10 days of running in an electrolysis cell under the same conditions
as the conventional backplate electrodes.

The results indicate that the backplates provided with mesh, providing venting
channels, are not subjected to formation of hydrogen blisters in contrast to conventional

backplate electrodes.
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CLAIMS:

1. A method for producing a construction comprising at least two metallic
layers, said method comprising:

joining a first metallic layer sensitive to hydrogen embrittlement to a
second hydrogen-resistant metallic layer, and a mesh to form venting channels
having a diameter from about 0.01 pm to about 1000 um between said first and
second metallic layers, and said mesh through which channels hydrogen can be
vented,

wherein the joining of said mesh is made between the first and the second

metallic layers.

2. A method as claimed in claim 1, comprising joining a third metallic layer
to, and in between, the first and the second metallic layers, and wherein said mesh
1s joined to, and in between, said second and third metallic layers.

3. A method according to claim 1 or 2, wherein the first metallic layer 1s
selected from Fe, steel, Ti, Zr, Nb, Ta or alloys thereof.

4. A method according to claim 1, 2 or 3, wherein the mesh 1s selected from
Fe, Ag, Ni, hastelloy or alloys thereof, plastic materials, and ceramaics.

5. A method according to any one of claims 1 to 4, wherein the mesh has
apertures of from about 0.5 to about 10 mm.

6. A method according to any one of claims 1 to 5, wherein the mesh has a
thickness of from about 0.1 to about 5 mm.

7. A method according to any one of claims 1 to 6, wherein the mesh 1s joined

by means of explosion bonding, rolling or bolting.

8. A method according to claim 2, further comprising joining a fourth metallic
layer to, and in between, the first and the third metallic layers.

9. A method according to any one of claims 1 to 8, wherein said first metallic
layer has a thickness of 1 to 20 mm and said second metallic layer has a thickness
of 2 to 30 mm.
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10. A construction obtained by the method according to any one of claims 1 to
0.

11. A construction comprising:
at least two metallic layers wherein a first metallic layer, sensifive to

hydrogen embrittlement, 1s joined to a hydrogen-resistant second metallic layer,
a mesh joined to, and in between, said first and second metallic layers, and
venting channels having a diameter from about 0.01 um to about 1000 um
between said first and second metallic layers and said mesh.

12. A construction according to claim 11, wherein a third metallic layer is
joined to, and in between, said first and second metallic layers, and wherein the
mesh 1s joined to, and in between, the second and the third metallic layers.

13. A construction according to claim 12, wherein a fourth metallic layer is
joined to, and in between, the third and the first metallic layers.

14. A construction according to any one of claims 11 to 13, wherein the first
metallic layer is selected from Ti, Zr, Nb, Ta or alloys thereof.

15. A construction according to claim 12 in the form of a bipolar electrode,
wherein the first, the third, and the second layers form an anode, an intermediate
layer, and a cathode of the bipolar electrode.

16. A construction according to claim 12, wherein the hydrogen permeability is
lower 1n the third layer than in the second layer.

17. A construction according to claim 15, wherein the hydrogen permeability is
lower 1n the third layer than in the second layer.

18. A method according to any one of claims 11 to 17, wherein said first
metallic layer has a thickness of 1 to 20 mm and said second metallic layer has a
thickness of 2 to 30 mm.

19.  An electrochemical cell comprising an electrode as defined in claim 15 or
17.
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20.  Use of an electrochemical cell according to claim 19 for production of
alkali metal chlorate, alkali metal hydroxide or hypochlorite.
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