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INTERCONNECTOR WITH A RUGGED SURFACE FOR BETTER TIGHTNESS

DESCRIPTION

TECHNICAL FIELD AND PRIOR ART

The present application relates to the field of electrochemical devices
and more precisely to the implementation of improved sealing structures in such devices.

It applies in particular to electrochemical devices of the fuel cell type, in
particular Solid Oxide Fuel Cell (SOFC) or of the electrolyser type such as with high
temperature steam (HTS, or HTSE for high temperature steam electrolysis) also with solid
oxides (SOEC for “Solid Oxide Electrolyte Cell”).

Generally, such electrochemical devices comprise a stack of serialised
unit modules, also called “electrochemical cells”.

Each unit module can be, as illustrated in Fig. 1, formed by an
assembly 4 of an electrolyte 1 with two electrodes: an anode 2 and a cathode 3. The
assembly 4 is generally sandwiched between two interconnect plates 5.1, 5.2 also called
“interconnectors”. A full electrolyser is thus formed by a stack including alternating cells
and interconnectors. The interconnectors 5.1, 5.2 are electrically conducting. A function
of the interconnectors 5.1, 5.2 is thus to supply an electrochemical cell with electric
current. Aside from end interconnectors of the stack, the interconnectors typically include
a first face in contact with the cathode of a cell and a main face, opposite to the first face,
in contact with the anode of another cell.

The interconnectors 5.1, 5.2 can further participate in delivering and/or
recovering released gases while separating anode and cathode compartments of two
adjacent cells.

A proper operation of this stack type requires an electric insulation
between two successive interconnectors, otherwise the cell may be short-circuited.

It is also attempted to provide sealing between different compartments
in order to avoid an inopportune gas recombination likely to cause a decrease in

efficiency and a possible occurrence of hot spots causing damage to the stack.
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Documents FR2988916A1, FR3014246A1, and FR3000108 give different
examples of insulating seals providing sealing in an SOEC or SOFC type electrochemical
device, the seal typically including a bonding material such as glass for forming an
insulating sealed partition and disposed in an insulating accommodating support
contacted with an interconnector. The insulating support is generally formed by a mica
frame.

In some cases, leaks may occur at these insulating seals, which can make
the adjoining electrochemical cell defective.

Therefore, the problem to be addressed is to be able to improve sealing

of electrochemical, in particular of the SOEC or SOFC type, devices.

DISCLOSURE OF THE INVENTION

According to one aspect, one embodiment of the present invention
provides a structure for an electrochemical device, in particular of the solid oxide fuel
cell (SOFC) type or solid oxide high temperature steam electrolyser (HTSE) type, the
structure comprising at least one conducting support element of an interconnector
characterised by at least one first face having at least one localised rough region, said
rough region being able to be contacted with an insulating bonding material of a seal.

The conducting support element can for example be in the form of a
metal sheet, or plate, or several assembled metal sheets or plates.

The interconnector can in turn be formed by a support element or
several assembled conducting support elements. Thus, the interconnector can itself be
formed by a plate, or a metal sheet, or even several plates, or several stacked metal
sheets.

The insulating bonding material affixed to the rough region is typically
based on glass or glass-ceramic.

By degrading or modifying surface state of a given region of the
interconnector thus roughened, the attachment of the seal and more precisely of the
bonding material of glass or glass-ceramic contacted with this given region of the

interconnector is improved.
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The structure can further comprise an insulating support which supports
or accommodates the insulating bonding material, in particular based on glass or glass-
ceramic.

The insulating support can be provided with a central opening adapted
to accommodate at least one electrochemical cell. In this case, the insulating bonding
material can be in the form of at least one bead in contact with said rough region and
distributed about said central opening.

Advantageously, when the insulating support includes one or more
peripheral opening(s) disposed about the central opening, one or more other beads of
insulating bonding material are distributed about said one or more peripheral openings
respectively.

Advantageously, the rough region has an arrangement on the first face
according to at least one given pattern forming one or more closed perimeters, the
bead(s) in contact with said rough region being arranged according to a pattern
reproducing said given pattern.

The conducting support element is provided with at least one second
face opposite to the first face and which can also include at least another localised rough
region.

In this case, this other localised rough region can be contacted with
another seal.

This other seal can be disposed between said interconnector and
another interconnector. In this case, the other seal can be in contact with a rough region
formed on a face of this other interconnector.

According to a possible implementation, said conducting support
element can be disposed against a main face of an electrically insulating support, whereas
another interconnector is disposed against another main face of this electrically insulating
support opposite to said main face. In this case, the insulating support can be
advantageously provided with at least one through port filled with said insulating bonding
material of the seal, the through port extending between said main face and said other

main face, such that the insulating bonding material disposed in said port passes through
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the electrically insulating support and is disposed in contact with a rough region of this
other interconnector.

According to another aspect, one embodiment of the present invention
provides a method for making a structure for an electrochemical device in particular of
the SOEC or SOFC type, comprising steps of:

a) locally modifying the surface state of a given region of a first face of a
conducting support element of an interconnector, so as to roughen said given region,

b) forming the seal on said conducting support element, by disposing an
insulating bonding material, in particular based on glass or glass-ceramic, in contact with
said given region.

In an SOFC or SOEC electrochemical device according to prior art, the
seal is mounted in contact with carriers or metal support elements on a smooth metal
surface.

With the making method according to the invention, a rough surface
and then the seal on this rough surface are formed, so as to obtain an improved sealing
arrangement.

Step a) is advantageously performed by blasting balls or particles or
grains, through at least one hole of a protective mask placed facing said first face of said
conducting support element, the hole being disposed facing the given region. A localised
treatment is thus performed while protecting other zones of the conducting support
element.

In one particular embodiment, the conducting support element can be
in the form of a first metal sheet (or plate), the method further comprising, after step a),
assembling this first metal sheet (or plate) with one or more other metal sheets (or

plates) in order to form an interconnector.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood upon reading the
description of exemplary embodiments given, by way of purely indicating and in no way

limiting purposes, making reference to the appended drawings in which:
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- Fig. 1 is used to illustrate a conventional stack in an electrochemical
device and including an electrochemical cell between two interconnectors;

- Fig. 2 is used to illustrate an interconnector for an electrochemical
device and provided with at least one localised rough region for being contacted with an
insulating seal material;

- Fig. 3 is used to illustrate an exemplary protective mask likely to be
used to implement a localised modification of a surface state of an interconnector with a
rough region according to the invention;

- Figs. 4A-4C are used to illustrate an exemplary arrangement of an
insulating seal for being affixed to a rough region of an interconnector according to the
invention;

- Figs. 5 and 6 are used to illustrate an exemplary assembly in an SOEC
or SOFC electrochemical device between an insulating frame, used as a support for an
insulating seal as well as a zone for accommodating at least one electrochemical cell, the
cell being disposed between interconnectors with a localised rough region as
implemented according to the invention;

- Fig. 7 is used to illustrate an exemplary stack with an interconnector
provided with rough regions on each of its faces;

Identical, similar or equivalent parts of the different figures bear the
same reference numerals so as to facilitate switching from one figure to the other.

The different parts represented in the figures are not necessarily drawn
to a uniform scale, to make the figures more readable.

Further, in the description hereinafter, terms that depend on the
orientation such as “lower”, “upper”, “central”, “peripheral” apply considering that the

structure is oriented as illustrated in the figures.

DETAILED DISCLOSURE OF PARTICULAR EMBODIMENTS

An exemplary interconnector support element 50 is illustrated in Fig. 2.
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The interconnector is to be integrated into an electrochemical device, in
particular of the electrolyser type such as for example a solid oxide high temperature
steam electrolyser (SOEC) or a fuel cell such as for example a solid oxide fuel cell (SOFC).

The interconnector can thus provide the same functions as those of the
interconnectors 5.1, 5.2 previously described in connection with Fig. 1.

The support element 50 is based on an electrically conducting material,
and can be in the form of a metal sheet or an assembly of several metal sheets. The
material of the support element 50 is typically a metal element and preferably able to
resist corrosion and high temperatures. A ferric stainless steel, such as a K41X grade
steel (designated according to EP 10088-2 standard by: X2CrTiNb18 1. 4509, or according
to US standard by: 43932, Type 441), or for example nickel-based steels such as an
Inconel 600 type steel, registered trademark of Special Metals Corporation, are used. The
support element 50 implemented according to the invention includes a face 50A provided
with a localised rough region 52. The rough region 52 has in particular an arithmetic mean
roughness Ra parameter corresponding to the arithmetic mean of its profile which is
higher than the rest of the face 51 or to at least other zones 53 of the face 51 which are
located about the rough region 52.

The roughness of the region is a signature of a machining type. The
roughness can take the appearance of streaks or grooves.

For example, the rough region 52 has a parameter Ra ranging from 3.2
to 50 um (micrometres) or belongs to a roughness class between N8 and N12 if the old
afnor the NF E 05-051 standard is considered. Other zones 53 of the first face 50A about
the localised rough region 52 have a lower average roughness than that of the rough
region 52. If a support 50 of cold-rolled steel with a thickness in the order of 0.2mm is
considered, other zones53 have an average roughness between 0.2 and
0.5um (micrometres).

The rough region 52 is arranged on the support element 50 as a function
of the disposition of a seal and more particularly of that of an so-called “bonding”

insulating material (not represented in this figure), of this seal.
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This bonding material is typically based on glass or glass-ceramic and
provided to make it possible to accommodate thermal expansions of the different
elements, in particular of the metal support elements connected by this seal and which
belong to different interconnectors.

In the exemplary embodiment illustrated in Fig. 2, the rough region 52
on the support element 50 forms a first pattern making a closed perimeter C1 disposed in
a peripheral zone of the support element 50.

The rough region 52 can also include other patterns disposed about the
first pattern and also making other closed perimeters C11, C12, C13, C14. In this particular
example, these other patterns have a common part with the first pattern and are
respectively arranged about openings 55a, 55b, 55¢, 55d provided in the support
element 50.

The rough region 52 results from a localised treatment at a specific
place of the support element 50 aiming at locally increasing the roughness of the material
making up this element 50, in particular at a place of the first face 50A for
accommodating the glass or glass-ceramic type bonding material of the seal. In
comparison with usually smooth surfaces of the interconnectors implemented according
to prior art, this rough region 52 enables attachment with the glass or the glass-ceramic
material to be improved so as to allow a better anchoring of the insulating seal in this
place.

To obtain the rough region 52, first there can be a support element 50,
for example in the form of a metal sheet or an assembly of stacked metal sheets, or a
plate or an assembly of stacked plates, including at least one face the surface state of
which is locally modified, in particular by mechanical wear or abrasion.

This treatment type is favoured with respect for example to a more
expensive laser treatment and which, in some cases may modify the inner structure of
the material of the support element through heating.

Advantageously, the surface state modification is made by blasting
elements such as particles or balls, in particular micro-balls on at least one face 50A of the

support element 50. The particles or balls can be abrasive in order to perform friction
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degradation. For example, sand particles or grains or steel, glass or ceramic, or for
example corundum (Al,O3 or a-Al,0s) balls are used. Abrasive particles that can have a
particle size between for example 0.1 and 2mm are typically used.

The dimension ranges of the particles or balls used, composition of
these particles, are determined by those skilled in the art depending on the desired
surface state, in particular the required parameter Ra for the surface profile.

By way of particular example, sand grains with a diameter in the order
of 0.1mm can for example be employed in order to increase the parameter Ra by 0.6 to
3.2 on the surface to be treated of a steel sheet about 0.2mm thick. The treatment can
possibly be made with abrasive particles of different sizes.

Blasting particles for the purpose of abrading can be implemented by a
shot blasting or sand blasting technique. The particles can be blasted by means of an air
flow the pressure of which is adjusted depending on the desired roughness. Particles are
preferably blasted at a high speed for example in the order of 100m/s, and continuously
for a duration that can be for example between 1 and 3 seconds, onto the surface to be
treated. Once again, the blasting duration and speed are determined by those skilled in
the art as a function of the desired surface state. Under a hammering or caulking or strain
hardening action, the treated surface exceeds its yield strength and undergoes plastic
deformation on a thickness which can be very low and for example between several
hundreds and several tens millimetres. By way of particular example, for an
interconnector with a thickness in the order of 0.2mm, a surface abrasion at a depth
which can reach for example 0.05mm can be made.

The rough region52 can be obtained by another so-called “shot-
peening” technique, in which glass or ceramic microballs are blasted. With such a
technique, the rugosity can be modified without damaging or at least without excessively
degrading the surface subjected to treatment.

A roughness measurement implemented using a roughness meter can
be performed once the surface treatment has been made. Depending on the result of this
measurement, the step of modifying the surface state of the region 52 of the support

element 50 can be reiterated or not.
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To allow localised modification of the region 52 to be made without
degrading other zones 53 of the face 51 of the support element 50, this blasting is
preferably made using a protective mask.

One example of protective mask 100 likely to be used to form the rough
region 52 is illustrated for example in Fig. 3. The mask 100 includes at least one hole in
this example in the form of at least one slot 101 the pattern of which corresponds to that
desired to be imparted to the rough region 52. During the treatment by blasting particles
to form the rough region 52, in particular by shot blasting or shot-peening or sand
blasting, the mask 100 is typically disposed in direct contact with the support element 50.
As previously seen, the rough region 52 can have an arrangement corresponding to that
of the insulating bonding material 77 of the seal for being affixed to the face 51 of the
support element 50. Thus, in the particular exemplary embodiment illustrated in Fig. 3,
the protective mask 100 includes a slot 101 reproducing the perimeters C1, C11, C12,
C13, C14.

An interconnector can be formed by a support element as a single piece
or result from an assembly of several conducting or metal support elements, for example
as metal sheets or plates assembled. In this case, the treatment can be made to form the
rough region, either on the final assembly or one or more elements (sheet(s)) for
accommodating a sealing material before making this assembly.

The treatment to form the rough region(s) can even be implemented
before one or more machining steps, in particular through laser, used upon
manufacturing the interconnector. Thus, the treatment aiming at locally increasing
roughness can be made before cutting sheets or before machining sheets once they are
cut.

After the step of particle blasting, a washing step can advantageously be
performed in order to avoid presence of particles in the final device. This washing can be
made by blowing using for example a compressed air flow. When the surface treatment
by particle blasting is made before assembling support elements or sheets, inopportune

presence of particles between these sheets is thus avoided.
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Figs. 4A, 4B, are now referred to, showing (on overall and perspective
partial views respectively) a support 60, of electrically insulating material allowing
mechanical cohesion to be ensured while providing an electric insulation function. This
support 60 is able to be assembled with an interconnector or interconnector support
element as previously described.

In the example illustrated, the support 60 is in the form of a frame, for
example of mica. Ports 68 are provided in the insulating support 60 and enable a
previously discussed insulating bonding material 77 for being contacted with the rough
region 52 disposed on the first face 50A to be accommodated. This first face 50A and
related rough region 52 are not visible in the top view of Fig. 4B but shown in the
perspective bottom view of Fig. 4C.

The ports 68 enable the insulating bonding material 77 to be present at
the opposite main faces 60A, 60B of the insulating support 60. The insulating bonding
material 77, of the glass or glass-ceramic type, fills the ports 68 made in the insulating
support 60 to form sealed partitions therein. The insulating bonding material 77 is in this
example in the form of one or more glass or glass-ceramic material stripes or beads
arranged in the ports 68 of the support 60 and making one or more continuous
perimeters.

The bonding material 77 is typically deposited into the ports 68 in the
form of a glass or glass-ceramic paste for example using a robot.

Different glass or glass-ceramic materials usable to form the seal are
given for example in documentFR 2°947°540 or in document FR 2°988°916 or
document FR 3°014°246, from the Applicant.

The insulating support 60 can be provided with a central opening 61
configured to receive at least one electrochemical cell or a stack of electrochemical cells,
for example of the SOEC or SOFC type. In the exemplary embodiment illustrated, the
insulating support 60 is also provided with peripheral openings 62, 63, 64, 65, in particular

with elongate shapes distributed about the central opening 61.
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The arrangement of the insulating bonding material 77 disposed in the
port(s) 68 thus follows a particular pattern in the insulating support 60 which can
reproduce that of the rough region 52.

In the particular example illustrated, ports 68 filled with insulating
material 77 join together and are connected to each other to form a continuous central
perimeter C'1 about the central opening 61 and other closed perimeters C'11, C'12, C'13,
C'14 disposed about the central perimeter C'1 and about the peripheral openings 62, 63,
64, 65 respectively. In this example, the perimeters C'1, C'11, C'12, C’'13, C’'14 have a
similar arrangement to that of the perimeters C1, C11, C12, C13, C14 of the rough
region 52 of the interconnector previously described.

The insulating support or frame 60 previously described is to be
interposed between two interconnectors with preferably each of the interconnectors or
support element 50 including a rough region 52 disposed against the glass or glass-
ceramic based insulating bonding material 77.

Figs. 5 and 6 illustrate through exploded views such an assembly, with
an SOEC or SOFC electrochemical cell 40 disposed inside the insulating frame 60 and
arranged between interconnectors 50.2, 50.3. The cell 40 can be itself coated in the
proximity of its edges with a glass or glass-ceramic type material 41 forming an insulating
seal.

In the final stack of the SOEC electrolyser or SOFC cell, an
interconnector 50.2 can itself be interposed between two insulating supports 60.1, 60.2
of the type of those previously described. Thus, as is illustrated in the
assembly (represented schematically as a transverse cross-section) in Fig.7, a same
interconnector 50.2 can be provided with a rough region 52 on its first face 50A (in the
example illustrated its upper face), and a rough region on a second face 50B (here its
lower face) opposite to the first face 50A, each of these rough regions 52 being in contact

with a glass or glass-ceramic type material 77 forming an insulating seal.
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Patentkrav

1. Struktur til en elektrokemisk indretning, iseer af typen fastoxid-breendstof-
celle (SOFQC) eller af typen fastoxid-hejtemperatur-vanddamp-elektrolysator
(HTSE), hvilken struktur omfatter mindst ét ledende stetteelement (50) af en
mellemkonnektor (50.1) med mindst én ferste flade (50A), som har mindst ét
lokaliseret ujeevnt omrade (52), hvor det lokaliserede ujeevne omrade (52) har
en aritmetisk gennemsnitlig ujgevnhedsparameter, der svarer til den aritmeti-
ske ujeevnhedsmiddelveerdi af profilen, som er hgjere end resten af den ferste
flade, hvor det lokaliserede ujeevne omrade (52) er i kontakt med et isolerende

bindemateriale af en teetning.

2. Struktur ifglge krav 1, hvor det isolerende bindemateriale (77), iseer baseret
pa glas eller glaskeramik, er monteret i kontakt med det ujeevne omrade (52)
af det ledende stetteelement (50), hvilken struktur yderligere omfatter en iso-
lerende beerer (60), som understatter eller optager det isolerende bindemate-

riale (77), isaer baseret pa glas eller glaskeramik.

3. Struktur ifglge krav 2, hvor den isolerende beerer (60) omfatter en central
abning (61), der er indrettet til at rumme mindst én elektrokemisk celle, hvor
det isolerende bindemateriale (77) er i form af mindst €n snor i kontakt med

det ujaevne omrade (52) og fordelt omkring den centrale abning (61).

4. Struktur ifelge krav 3, hvor den isolerende baerer (60) omfatter en eller flere
perifere abninger (62, 63, 64, 65), der er anbragt omkring den centrale abning
(61), hvor det isolerende bindemateriale (77) er i form af en eller flere andre
snore i kontakt med et ujeevnt omrade (52), hvor den eller de andre snore er

fordelt omkring den ene eller flere perifere abninger (62, 63, 64, 65).
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5. Struktur ifelge et af kravene 3 eller 4, hvor det ujeevne omrade (52) har et
arrangement pa den ferste flade ifelge mindst ét givet menster, der danner en
eller flere lukkede konturer (C1, C11, C12, C13, C14), hvor den eller de snore,
der er i kontakt med det ujeevne omrade (52), er arrangeret i overensstem-

melse med et m@nster, der gengiver det givhe manster.

6. Struktur ifelge et af kravene 1 til 5, hvor det ledende statteelement (50) er
forsynet med mindst en anden flade (50B) over for den ferste flade (50A) med
mindst ét andet lokaliseret ujeevnt omrade (52), hvor det andet lokaliserede
ujeevne omrade (52) pa den anden flade (50B) bringes i kontakt med en anden

teetning.

7. Struktur ifelge krav 6, hvor den anden teaetning er anbragt mellem naevnte
mellemkonnektor (50.1) og en anden mellemkonnektor (50.2), hvor den anden
teetning er i kontakt med et lokaliseret ujeevnt omrade (52), der er dannet pa

en flade af denne anden mellemkonnektor (50.2).

8. Struktur ifelge et af kravene 1 til 5, hvor det ledende statteelement (50) er
anbragt mod en ferste hovedflade af en elektrisk isolerende beerer (60), og
hvor en anden mellemkonnektor (50.2) er anbragt mod en anden hovedflade
af den elektrisk isolerende beerer (60) over for den farste hovedflade, hvor den
isolerende baerer (60) er forsynet med mindst én abning (68), der er fyldt med
det isolerende bindemateriale (77) af teetningen, hvor abningen (68) er gen-
nemgaende og straekker sig mellem den ferste hovedflade og en anden ho-
vedflade, saledes at det isolerende bindemateriale (77), der er anbragt i ab-
ningen (68), passerer gennem den elektrisk isolerende beaerer (60) og er an-

bragt i kontakt med et ujezevnt omrade af denne anden mellemkonnektor (50.2).

9. Fremgangsmade til fremstilling af en struktur ifelge et af kravene 1 til 8, om-

fattende de felgende trin:
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a) lokal modifikation af overfladetilstanden af et givet omrade af den farste
flade af det ledende stetteelement (50), for at g@re det givne omrade ujaevnt,

b) dannelse af teetningen pa det ledende stotteelement (50), hvor det isole-
rende bindemateriale, iseer baseret pa glas eller glaskeramik, er anbragt i kon-

takt med det givhe omrade.

10. Fremgangsmade ifglge krav 9, hvor den lokale modifikation foretages ved
projektion af kugler eller partikler eller korn gennem mindst ét hul (101) i en
beskyttende maske (100), der er placeret over for den ferste flade af det le-
dende statteelement (50), hvilket hul (101) er anbragt over for det givne om-

rade.

11. Fremgangsmade ifalge et af kravene 9 eller 10, hvor det ledende statte-
element (50) er i form af en ferste metalplade, hvilken fremgangsmade efter
trin a) yderligere omfatter samling af denne farste metalplade med en eller

flere andre metalplader for at danne en mellemkonnektor (50.1).
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