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DESCRIPTION

TECHNICAL FIELD AND PRIOR ART

The present invention relates to
electrochemical reactors provided with a hydrogen
recovery device, particularly electrolysers or fuel
cells, and more particularly high temperature
electrolysers.

An electrochemical reactor comprises a
plurality of elementary cells formed of a cathode and
an anode separated by an electrolyte, the elementary
cells being electrically connected in series Dby means
of interconnection plates interposed between an anode
of an elementary cell and a cathode of the following
elementary cell. The interconnection plates are
electronically conductive components formed for example
of a metal plate. These plates moreover ensure the
circulation of the <cathodic fluids and the anodic
fluids circulating in separate compartments.

For example such a reactor is described in
document “Hydrogen production through high-temperature
electrolysis in a solid oxide cell” (J. S. Herring et
al., Organization for Economic Cooperation and
Development, OECD/NEA Workshop on Nuclear Production of
Hydrogen, ANL, US, 2-3 October 2003.

The anode and the cathode are made of a

porous material in which the gases can flow.
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For example, in the case of the
electrolysis of water to produce hydrogen, water vapour
circulates at the cathode where hydrogen is generated
in gaseous form, and a draining gas circulates at the
anode and collects the oxygen generated in gaseous form
at the anode.

In high temperature electrolysers, the
gaseous mixture introduced is very aggressive for the
cathode made for example of Cermet Ni/ZrOz; thus, to
limit the level of aggressiveness of the gaseous
mixture, hydrogen in gaseous form is introduced into
the water wvapour before its introduction into the
electrolyser in order to maintain the cathode in a
reducing medium. This technique is relatively
efficient, however it is not applicable at an
industrial 1level, since it requires in particular an
additional source of hydrogen. It is aimed to obtain a
mixture at the input comprising between 5% and 10% of
hydrogen.

Consequently, it is an aim of the present
invention to offer an electrochemical reactor suited to
an industrial use in which the level of aggressiveness

of the environment of the cathodes is reduced.

DESCRIPTION OF THE INVENTION

The above mentioned aim is attained by an
electrochemical reactor comprising means suited to
recovering a part of the hydrogen produced at the
cathodes of the electrochemical reactor to enrich the

water vapour circulating at said cathodes to reduce the
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level of aggressiveness of the medium surrounding the
cathodes.

More specifically, the hydrogen that
migrates naturally to the anodes adjoining the cathodes
through the interconnection plates is recovered. The
input of external hydrogen may thus be reduced.

In other words, a compartment is arranged
in the interconnection plate to recover a part of the
hydrogen generated at the cathode in contact with the
collecting plate and to send it to the input of the
cathode to reduce the aggressiveness of the medium in
which the cathode 1is situated. The interconnection
plates are thus also hydrogen collection plates.

This hydrogen being that which 1is lost
naturally through leaks, its collection thus does not
reduce the quantity of hydrogen recovered at the output
of the electrolyser.

To do this, the electrochemical reactor
uses interconnection plates comprising an internal
chamber separated from the cathodic compartment and the
anodic compartment by walls, the hydrogen, according to
the principle of permeation through a material by
difference of concentration, is going to migrate
through the wall on the cathode side in the chamber.
The hydrogen thus located in the chamber is then
collected to be mixed with the gaseous water vapour.

According to another embodiment, water
vapour circulates in the interconnection plate and thus
is enriched simultaneously with the hydrogen collected
in the chamber. This water wvapour is then introduced

directly into the cathodic compartment in contact with
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the interconnection plate. The size of the circuit and
its complexity are then reduced.

It may also be provided to make a helium
type non oxidising gas circulate in the interconnection
plate to evacuate the hydrogen, the mixing with the
water vapour taking place outside of the plate.

The main object of the present invention is
an electrochemical reactor comprising a stack of a
plurality of elementary electrolysis cells, each cell
being formed of a cathode, an anode and an electrolyte
provided Dbetween the cathode and the anode, an
interconnection plate being interposed between each
anode of an elementary cell and a cathode of a
following elementary cell, said interconnection plate
being in electric contact with the anode and the
cathode, and comprising at least one cathodic
compartment and at least one anodic compartment for the
circulation of fluid at the cathode and the anode
respectively, characterised in that the interconnection
plate further comprises at least one chamber for
collecting at least one gas generated at the cathode
separated from the cathodic compartment and the anodic
compartment by first and second walls respectively,
said first wall at least having a thickness allowing
the diffusion of the gas through said first wall from
the cathodic compartment to the chamber.

The first wall has advantageously a
thickness less than 200 um, ensuring a good diffusion
of the gas through the wall.

The electrochemical reactor according to

the ©present invention 1s ©particularly adapted for
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producing hydrogen by electrolysis of water, water
vapour then circulating in the cathode, the gas
diffusing through the first wall being hydrogen.

In a particularly advantageous example, the
chamber is connected at the input to a source of water
vapour and at the output of the cathodic compartment in
contact with the first wall, thus the water vapour is
enriched simultaneously with the collection of
hydrogen.

In another example, the chamber is
connected at the input to a source of non oxidising
gas, for example helium, and at the output to means for
collecting the draining gas and hydrogen.

It may also be provided in an advantageous
manner that the second wall is leak tight to gaseous
hydrogen in order to avoid leaks of hydrogen from the
collecting chamber to the anodic compartment.

The cathodes and anodes are advantageously
made of porous material and the electrolyte is solid.

The electrochemical reactor according to
the present invention 1is particularly suited to

operating at high temperatures greater than 700°C.
BRIEF DESCRIPTION OF DRAWINGS

The present invention will be better
understood on reading the description that follows and
by referring to the appended drawings, in which:

- figure 1 is a side view of an example of
embodiment of an electrolyser according to the present

invention,
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- figure 2 is a sectional view of the
electrolyser of figure 1 along a plane A-A,

- figure 3 is a frontal view of another
example of embodiment of an electrolyser according to

the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

In the description that follows, an
electrolyser of water for producing hydrogen will now
be described by way of example. However, the invention
applies to any other electrochemical reactor such as a
fuel cell.

In figure 1 may be seen an example of
embodiment of an electrolyser according to the present
invention comprising a plurality of stacked elementary
electrochemical cells Cl, C2, etc.

Each elementary cell comprises an
electrolyte provided between a cathode and an anode.

In the remainder of the description, we
describe in detail the <cells Cl and C2 and their
interface.

The cell Cl comprises a cathode 2.1 and an
anode 4.1 between which is arranged an electrolyte 6.1,
for example solid, generally of 100 um thickness.

The cell C2 comprises a cathode 2.2 and an
anode 4.2, between which is arranged an electrolyte
6.2.

The cathodes 2.1, 2.2 and the anodes 4.1,
4.2 are made of porous material and have for example a

thickness of 40 um.
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The anode 4.1 of the cell Cl is
electrically connected to the cathode 2.2 of the cell
C2 by an interconnection plate 8 coming into contact
with the anode 4.1 and the cathode 2.2. Moreover, it
enables the electrical supply of the anode 4.1 and the
cathode 2.2.

An interconnection plate is interposed
between two elementary cells, more precisely between an
anode of an elementary cell and the cathode of the
adjacent cell. This plate defines with the adjacent
anode and the cathode channels for the circulation of
fluids. They define anodic compartments 9 dedicated to
the circulation of gases at the anode and cathodic
compartments 11 dedicated to the circulation of gases
at the cathode, this being particularly visible in
figure 2.

According to the present invention, the
interconnection plate 8 comprises at least one chamber
for collecting 12 hydrogen in gaseous form generated at
the cathode 2.2.

In the example represented, the
interconnection plate comprises a plurality of
collecting chambers 12 and a plurality of anodic and
cathodic compartments. Advantageously, the chambers 12
and the compartments have honeycomb-shaped hexagonal
sections, which makes it possible to increase the
density of compartments 9, 11 and chambers 12.

For example, the interconnection plate 8
comprises a first sheet 8.1 in contact with the cathode
2.2 and a second sheet 8.2 in contact with the anode

4.1, the sheets 8.1 and 8.2 organising an interior
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collecting space or chamber 12. The sheets 8.1 and 8.2
also organise with the cathode 2.2 and the anode 4.1
the cathodic 11 and anodic 9 compartments respectively.

The first sheet 8.1 1in contact with the
cathode 2.2 is provided sufficiently thin to enable a
good diffusion of hydrogen through the sheet 8.1 from
the cathode side 2.2 to the space 12. The thickness of
the sheet 8.2 is advantageously chosen in such a way
that it 1limits the diffusion of hydrogen from the
chamber 12 to the anode 4.1.

The thickness of the sheet 8.1 1is for
example less than 1 mm and advantageously less than 200
um and, 1in an even more advantageous manner, of the
order of 100 um.

The chamber 12 is connected to an input
(not represented) of gaseous fluid and the other to an
output (not represented) to evacuate the hydrogen.

We will now explain how the ©present
invention works.

The present invention uses the principle of
permeation through a material, particularly a metal, by
concentration difference.

In the case of the present invention, the
hydrogen concentration at the cathode is much higher
than that in the volume 12 of the interconnection plate
8, consequently the hydrogen in gaseous form produced
at the cathode 2.2 is going to diffuse naturally
through the first sheet 8.1, the thickness of which is
such that it enables such a diffusion. The chamber 12
is thus going to become richer in hydrogen in gaseous

form. This diffusion is represented by the arrows 14.
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It should be noted that in the case of
industrial electrolysers, the surface of the
interconnection plates 1s of the order of several
hundreds of cm? and that their thickness is reduced to
limit the size, consequently the phenomenon of
diffusion will be even more present. The present
invention is thus particularly advantageous 1in this
type of large sized electrolyser.

Simultaneously, since the hydrogen
concentration at the anode 4.1 is much lower than that
in the chamber 12, this i1is also going to diffuse
through the second sheet 8.2 to recombine with oxygen
to form the vapour. This phenomenon of diffusion to the
anode 4.1 1is however reduced, compared to existing
electrolysers, since the partial pressure of hydrogen
in the chamber 12 is less than that at the cathode 2.2.

Water vapour may then be provided to
circulate directly in the chamber 12. To do this, the
chamber 12 is connected to the water supply, the water
vapour 1is thus enriched directly with hydrogen within
the electrolyser, and is sent directly into the cathode
2.2. The circuit for circulating the water wvapour 1is
thus reduced. The circulation of water vapour 1is
represented by the arrows 16 for the circulation in the
interconnection plate 8 and by the arrows 18 for the
circulation in the cathode 2.2.

It is aimed to obtain a water vapour
comprising 5% to 10% of hydrogen in order to obtain a
sufficiently reducing medium for the cathode. If this
percentage 1s obtained directly by diffusion of

hydrogen through the first sheet 8.1, the water vapour
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introduced into the chamber 12 may be water vapour not
enriched beforehand. If, on the other hand, the
percentage of hydrogen is less than that desired,
already enriched water wvapour may be introduced. The
quantity of hydrogen to supply beforehand is then
reduced, compared to the techniques of the prior art.

A gas may also be provided to circulate in
the chamber 12 so as to drain the hydrogen diffusing in
the chamber 12. This gas 1s advantageously non
oxidising, for example helium. This hydrogen enriched
gas 1s then either mixed directly with the water wvapour
at the input of the cathodic compartments, or collected
to separate the hydrogen from the draining gas.

The interconnection plate 8 may also be
formed by using a solid plate in which is machined a
network of channels, thin plates being arranged on
either side of the solid plate, coming into contact
with the cathode and the anode. The plate in contact
with the cathode 1is provided sufficiently thin to
enable the diffusion of hydrogen in the direction of
the channels.

It is preferable to make a fluid circulate
in the chamber 12 for collecting the hydrogen and not
to collect pure hydrogen at the output of the chamber
12, which would be harmful for the diffusion. Indeed,
the concentration of hydrogen in the chamber 12 then
would become close to that at the cathode, limiting the
phenomenon of diffusion.

A draining gas may also circulate in the

anode in order to collect the oxygen generated therein.
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Advantageously, it is provided that each
interconnection plate 8 comprises at least one chamber
for collecting hydrogen by diffusion, in order to be
able to enrich the water vapour circulating in each
cathodic compartment by the hydrogen recovered in the
adjacent plate.

The present invention thus has the
advantage of using the leaks of hydrogen taking place
naturally from the cathodic compartments to the anodic
compartments through the interconnection plate 8, in
order to increase the lifetime of the cathode.

Moreover, it makes it possible to use the
hydrogen produced in the electrolyser avoiding
resorting to an external source or specific means for
using that produced in the electrolyser, particularly
means of cooling, compressing to the supply pressure,
which are energy consuming and which are costly and
bulky. The invention thus makes it possible to reduce,
even to do away with, the recirculation circuit.

Moreover, since the hydrogen contained in
the electrolyser is already at the temperature of the
stack of elementary cells, it is not necessary to heat
it to avoid thermal shocks.

The electrolyser according to the present
invention is thus more compact, easier to produce and
thus of reduced cost price and 1is, moreover, less
energy consuming than electrolysers of the prior art.

In figure 3 may be seen an alternative
embodiment of the electrolyser of figures 1 and 2,
wherein channels 20 are provided for the circulation of

the draining gas before its injection onto the anodes,
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this prior circulation in the electrolyser makes it
possible to heat the gas.

By way of example, we will calculate the
molar flow of hydrogen in mol.m?.s”! through a sheet of
200 um thickness.

- 4
eVm

wherein

o is the molar flow of hydrogen in

mol.m2,s71;

Pe is the permeation coefficient in
m3.m.m2p-1/2;

Py is the partial pressure of hydrogen in
Pa;

E is the thickness of the sheet 8.1 in m;

Vun 1s the molar volume: 22.4.103m.mol-1,

A ferritic material is chosen for the
sheet, in this case with a coefficient obtained
experimentally:

41800
P, =5.50x10"° exp(————
e p( RT )

Where R 1s the perfect gas constant:
8.31 J.mol"1.K! and T the temperature in K.

Thus, for a plate of 200 um thickness, at a
temperature of 800°C and a partial pressure of hydrogen

of 10> Pa, one obtains e, - 5.58.102 mol-l.m2.s-1,

which corresponds to several percent of the flow of
hydrogen produced.

The dimensions of the circuits of the
chamber 12 formed in the interconnection plate are of

the same order of magnitude as those of the cathodic



DK/EP 2193226 T3

13

compartment, since it is the same quantity of fluid at
a substantially equal rate that circulates in the
interconnection plate and the cathodic compartment.

The collection of hydrogen diffusing
through the interconnection plate has been described,
but any collection of hydrogen by diffusion at any
point of the electrolyser does not go beyond the scope
of the present invention.

The walls of the interconnection plate are
for example made from Haynes® 230, Inconel®600 or

Crofer®22APU.
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PATENTKRAV

1. Elektrokemisk reaktor omfattende en stak af adskillige elementaere elektrolyseceller
(C1, C2), hvor hver celle (C1, C2) er dannet af en katode (2.1, 2.2), en anode (4.1, 4.2)
og en elektrolyt (6.1, 6.2), som er anbragt imellem katoden (2.1, 2.2) og anoden (4.1,
4.2), en forbindelsesplade (8), som er anbragt imellem hver anode (4.1) pa en
elementaercelle (C1) og en katode (2.2) pd en efterfglgende elementeercelle (C2),
hvilken forbindelsesplade (8) er i elektrisk kontakt med anoden (4.1) og katoden (2.2),
og omfattende i det mindste ét katodisk kammer og i det mindste ét anodisk kammer for
cirkulationen af fluid til katoden hhv. anoden, kendetegnet ved, at forbindelsespladen
(8) yderligere omfatter i det mindste ét kammer (12) til opsamling af i det mindste én
gas, som genereres ved katoden (2.2), adskilt fra det katodiske kammer (4) og det
anodiske kammer (9) af en fgrste (8.1) hhv. en anden (8.2) vaeg, hvilken forste vaeg
(8.1) har en tykkelse, som tillader diffusionen af gassen igennem den fgrste vaeg (8.1)
fra det katodiske kammer (11) til kammeret (12).

2. Elektrokemisk reaktor ifglge krav 1, hvor den farste vaeg (8.1) har en tykkelse pa

mindre end 200 ym.

3. Elektrokemisk reaktor ifglge krav 1 eller 2, til fremstilling af hydrogen ved elektrolyse
af vand, vanddamp, som cirkulerer i katoden (2.2), idet gassen, som diffunderer

igennem den farste vaeg (8.1), er hydrogen.

4. Elektrokemisk reaktor ifglge krav 3, hvor kammeret (12) er forbundet ved indgangen
med en kilde for vanddamp og ved udgangen med det katodiske kammer (11) i kontakt

med den fgrste vaeg (8.1).

5. Elektrokemisk reaktor ifglge krav 3, hvor kammeret (12) er forbundet ved indgangen
med en Kilde for ikke-oxiderende dreeningsgas, eksempelvis helium, og ved udgangen

med organer til opsamling af draeningsgassen og hydrogen.

6. Elektrokemisk reaktor ifolge ethvert af kravene 1 til 5, hvor den anden veaeg er

leekageteet for gasformigt hydrogen.
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7. Elektrokemisk reaktor ifglge ethvert af de foregdende krav, hvor katoderne (2.1, 2.2)
og anoderne (4.1, 4.2) er fremstillede af porgst materiale og elektrolytten (6.1, 6.2) er

fast.

8. Elektrokemisk reaktor ifglge ethvert af kravene 1 til 7, beregnet til at fungere ved hgje

temperaturer over 700°C.
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