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(57) Abrégée/Abstract:
The present invention proposes a micro-tubular solid oxide fuel cell arrangement comprising at least two micro-tubular elements
(10, 10%), the micro-tubular elements (10, 10") comprising a tubular inner electrode (14), covered on Iits outer surface with an
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(57) Abrege(suite)/Abstract(continued):

electrolyte (16), the electrolyte (16) being covered on Iits outer surface with a tubular outer electrode (18); and a connection element
arranged between the micro-tubular elements (10, 10") for connecting one end of one micro-tubular element (10) to one end of the
other micro-tubular element (10"). According to an important aspect of the invention, the micro-tubular element (10, 10") comprises
a first end portion (20) with an inner cone (32) arranged In the tubular inner electrode (14) and a second end portion (26) with an
outer cone (30) arranged In the tubular outer electrode (18). The connection element comprises a metallic interconnector plate (12,
12") having a first side (36) and an opposite second side (38). The Interconnector plate (12, 12) Is provided with at least one hole
(34); a first metallic connector (40) on the first side (36) and arranged around the hole (34) and a second metallic connector (42) on
the second side (38) and arranged around the hole (34). The first metallic connector (40) has a conical shape with a cross-section
narrowing In a direction away from the interconnector plate (12, 12", the first metallic connector (40) being dimensioned and
arranged for contacting the first end portion (20) of one of the micro-tubular elements (10). The second metallic connector (42) has
a conical shape with a cross-section growing In a direction away from the interconnector plate (12, 12'), the second metallic
connector (42) being dimensioned and arranged for contacting the second end portion (26) of another one of the micro-tubular
elements (10').
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(57) Abstract: The present invention proposes a micro-tubular solid oxide tuel cell ar-
rangement comprising at least two micro-tubular elements (10, 10), the micro-tubular
clements (10, 10") comprising a tubular mner electrode (14), covered on its outer sur-
face with an electrolyte (16), the electrolyte (16) being covered on its outer surface
with a tubular outer electrode (18); and a connection element arranged between the mi-
cro-tubular elements (10, 10") for connecting one end of one micro-tubular element
(10) to one end of the other micro-tubular element (10"). According to an important as -
pect of the mvention, the micro-tubular element (10, 10") comprises a first end portion
(20) with an inner cone (32) arranged in the tubular mner electrode (14) and a second
end portion (26) with an outer cone (30) arranged in the tubular outer electrode (18).
The connection element comprises a metallic mterconnector plate (12, 12") having a
first side (36) and an opposite second side (38). The mterconnector plate (12, 12') 1s
provided with at least one hole (34); a first metallic connector (40) on the first side
(36) and arranged around the hole (34) and a second metallic connector (42) on the
second side (38) and arranged around the hole (34). The first metallic connector (40)
has a conical shape with a cross-section narrowing in a direction away from the inter-
connector plate (12, 12'), the first metallic connector (40) being dimensioned and ar-
ranged for contacting the first end portion (20) of one of the micro-tubular elements
(10). The second metallic connector (42) has a conical shape with a cross-section
growing in a direction away from the interconnector plate (12, 12", the second metallic
connector (42) being dimensioned and arranged for contacting the second end portion
(26) of another one of the micro-tubular elements (10').
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MICRO-TUBULAR SOLID OXIDE FUEL CELL ARRANGEMENT

Introduction

The present invention relates to a micro-tubular solid oxide fuel cell
(SOFC) arrangement, in particular for the construction of a solid oxide fuel cell

stack.

A solid oxide fuel cell I1s an electrochemical conversion device that
produces electricity directly from oxidizing a fuel. The SOFC has a ceramic
electrolyte. Advantages of this class of fuel cells include high efficiency, long-
term stabllity, fuel flexibility, low emissions, and relatively low cost. The largest
disadvantage Is the high operating temperature, which results in longer start-up

times and mechanical and chemical compatibility issues.

In order to e.qg. shorten the start-up times, it has been proposed to use
micro-tubular cells instead of planar type cells and to place them in series, thus
obtaining micro-tubular SOFCs, which consist of a tubular electrolyte
sandwiched between two electrodes, an anode and a cathode. Such micro-
tubular SOFCs are e.g. shown in JP 44 07235, wherein short tubular elements
are connected in series by means of an interconnector. Such interconnectors
are ring-shaped elements receiving, on each side, one end of a short tubular
element. An assembly of a plurality of short tubular elements with

Interconnectors therebetween forms a long tubular fuel cell element.

sSuch long tubular fuel cell elements also need to be connected Iin parallel.
In order to achieve this, JP 44 07235 suggests connecting two ring-shaped

elements together by means of a land.

The Interconnector disclosed in JP 44 07235 thus allows the fuel cell
elements to be connected in series and in parallel. However, the construction of
the fuel cell using such iInterconnectors Is rather cumbersome and time
consuming. Furthermore, any play between a short tubular element and an
Interconnector can be problematic due to the large number of short tubular

elements connected in series. Even small plays in a number of connections can
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quickly accumulate to an inacceptable play over the length of the tubular fuel

cell element, thereby endangering the stability of the fuel cell.

Object of the invention

The object of the present invention Is to provide an improved micro-tubular
solid oxide fuel cell arrangement not displaying the above shortcomings. This

object is solved by the arrangement as described in claim 1.

General description of the invention

The present invention proposes a micro-tubular solid oxide fuel cell
arrangement comprising at least two micro-tubular elements, the micro-tubular
elements comprising a tubular inner electrode, covered on its outer surface with
an electrolyte, the electrolyte being covered on its outer surface with a tubular
outer electrode; and a connection element arranged between the micro-tubular
elements for connecting one end of one micro-tubular element to one end of the
other micro-tubular element. According to an important aspect of the invention,
the micro-tubular element comprises a first end portion with an inner cone
arranged In the tubular inner electrode and a second end portion with an outer
cone arranged in the tubular outer electrode to form an electric serial
connection of the micro-tubular elements. The connection element comprises a
metallic interconnector plate having a first side and an opposite second side.
The Interconnector plate is provided with at least one hole; a first metallic
connector on the first side and arranged around the hole and a second metallic
connector on the second side and arranged around the hole. The first metallic
connector has a conical shape with a cross-section narrowing in a direction
away from the Interconnector plate, the first metallic connector being
dimensioned and arranged for contacting the first end portion of one of the
micro-tubular elements. The second metallic connector has a conical shape
with a cross-section growing in a direction away from the interconnector plate,
the second metallic connector being dimensioned and arranged for contacting

the second end portion of another one of the micro-tubular elements.
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The micro-tubular elements can be stacked quickly and easily by using the
metallic interconnector plate. The small size of the micro-tubular elements, the
tubular design itself and the short distances of the connections reduce the
possible problem of different thermal expansions of the tube material and the
metallic interconnector plate material. The cones allow a sealing and an
orientation of the tubes In the assembly. The metallic cone of the metallic
connectors also allow for a different thermal expansion of the tube and the
metallic connectors without damage. The choice of interconnector material can
be optimised for lifetime purposes. A high flexibility of the geometry of the
Interconnector plate allows a broad application due to high flexible stack
geometry. Furthermore, the interconnector plate increases the stability of the
fuel cell. Even If there is a small play between one micro-tubular elements and
the interconnector plate, this small play i1s not multiplied over the length of the
fuel cell, as the Iinterconnector plate covers the whole width of the fuel cell. The

cones also allow reducing such play.

The arrangement preferably comprises a plurality of micro-tubular
elements, wherein successive micro-tubular elements are connected to each
other by means of a metallic interconnector plate, the plurality of micro-tubular
elements forming a tubular fuel cell element. A plurality of micro-tubular

elements are connected in series to provide a long tubular fuel cell element.

Advantageously, a plurality of tubular fuel cell elements are arranged
parallel to each other forming a fuel cell stack, the metallic interconnector plate
comprising a plurality of holes, each associated with a first metallic connector
on the first side and a second metallic connector on the second side. A fuel cell
stack may thus be easily constructed using a plurality of metallic interconnector
plates having a plurality of holes. The metallic interconnector plates not only
connect cascading micro-tubular elements in series, but also to connect tubular
fuel cell elements In parallel. This arrangement allows for an easy and robust
construction of the fuel cell stack. Furthermore, it ensures a good connectivity
between the various elements and thus improved efficiency of the fuel cell

stack.
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The first metallic connector and/or said second metallic connector are
preferably made from ductile material. The material should not be brittle
because is should allow distortion during heating or cooling without destroying

the ceramic material.

The first metallic connector and/or the second metallic connector may be
made from or coated with a material chosen from the group comprising silver,

silver plated metals or silver containing metals.

Advantageously, the interconnector plate is provided with at least one
auxiliary hole for passing at least one heat exchanger tube therethrough. Such
heat exchanger tubes are of particular interest If the stack Is operated In
iIsothermal mode. In such isothermal mode, the inlet and outlet temperature of
the stack Is the same and there is no temperature difference between in- and

out-coming flows. A cooling device Is thus recommended for heat extraction.

Alternatively, the stack may be operated in adiabatic mode, wherein only
reactant air i1s available to cool the stack and a temperature difference between
Inlet and outlet has to be accepted as a consequence depending on the
designed excess air. The amount of air is determined by the allowable stack
temperature difference. No cooling device or cooling medium is thus needed

necessary in adiabatic mode.

A mixture of both operation modes, adiabatic and isothermal, may be

used.

The extracted heat can be used for the fuel processing (mostly pre-
reforming, this Is oxidation of C,H, by H20, an endothermic reaction) and the

heat exchanger is formed as reforming reactor in a stack component.

From a thermodynamic point of view it Is also possible to integrate the
stack In a chemical process and to use the heat from the stack coolers for

operating any endothermic process in chemical industry.

The metallic interconnector plate may have a hexagonal cross-section to

minimize stack volume.
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The metallic interconnector plate may have a rectangular cross-section,
wherein the length of the rectangular is considerably longer than its width. Such
a “stripe” layout may be advantageous for integration in different applications as

a power generating heater.

The metallic interconnector plate advantageously comprises electrical
connectors for electrically connecting different fuel cell stacks to a fuel cell

module.

The metallic interconnector plate advantageously comprises mechanical
connectors for mechanically connecting different fuel cell stacks to a fuel cell

module.

Further advantageous features of the Invention are shown In the

dependent claims and in the detailed description below.

Deftailed description with respect to the figures

The present invention will be more apparent from the following description

of a not limiting embodiment with reference to the attached drawings, wherein

Fig.1 Is a schematic cut through an arrangement according to the invention,
comprising a first micro-tubular element, a second micro-tubular element

and a metallic interconnector plate therebetween;

Fig.2 Is a schematic cut through a fuel cell stack according to the invention;

and

Fig.3 Is a schematic cut through an arrangement according to the invention

wherein a cooling tube Is further provided.

Fig.1 schematically shows two micro-tubular elements connected together
by means of a metallic interconnector plate. The figure shows two micro-tubular
elements 10, 10" and two metallic interconnector plates 12, 12°. Each micro-
tubular element 10, 10" is formed by a tubular inner electrode 14 covered with
an electrolyte 16, which is, In turn, covered with a tubular outer electrode 18.
The electrolyte 16 I1s In essence sandwiched between the inner and outer

electrodes 14, 18. If the inner electrode 14 is an anode, then the outer electrode
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18 Is a cathode. Similarly, if the inner electrode 14 is a cathode, then the outer

electrode 18 Is an anode.

The micro-tubular element 10, 10" has a first end portion 20 leading to a
first end 24 and a second end portion 26 leading to a second end 28. At the first
end portion 20, the outer electrode 18 Is provided with an outer cone 30, I.e. the
outer electrode 18 has its thickness reducing in direction of the first end 24 of
the micro-tubular element 10, 10°. At the second end portion 26, the inner
electrode 14 Is provided with an inner cone 32, i.e. the inner electrode 14 has its
thickness reducing in direction of the second end 28 of the micro-tubular

element 10, 10°.

The metallic interconnector plate 12 comprises a hole 34 for enabling fluid
communication between the interior channels of two neighbouring micro-tubular
elements 10, 10°. Such an interconnector plate 12 has a first side 36 facing a
first micro-tubular element 10 and an opposite second side 38 facing a second

micro-tubular element 10°.

On its first side 30, the interconnector plate 12 comprises a first metallic
connector 40 arranged around the hole 34. The first metallic connector 40 has
an inner cross-section corresponding to the outer cross-section of the first end

portion 20 of the first micro-tubular element 10.

On its second side 38, the interconnector plate 12 comprises a second
metallic connector 42 arranged around the hole 34. The second metallic
connector 42 has an outer cross-section corresponding to the inner cross-

section of the second end portion 26 of the second micro-tubular element 10°.

The first and second metallic connectors 40, 42 may be provided with
pores for allowing reactant gas flow to and from the electrolyte. Such pores
ensure that the reactant flow through the micro-tubular element 10, 10" can take
place over the whole length thereof. The presence of the first and second
metallic connectors 40, 42 over part of the surface of the micro-tubular element

10, 10" does thus not reduce efficiency of the fuel cell.
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The first and second metallic connectors 40, 42 can be made from a
ductile material, thus ensuring sufficient flexibility of the micro-tubular elements

10, 10" with respect to the interconnector plate 12.

The cone-shaped connection between micro-tubular elements 10, 10" and
the Interconnector plate 12 ensures sufficient sealing between the inside and
the outside of the micro-tubular elements 10, 10°, thus forcing the transfer of
fluid between the inside and the outside of the micro-tubular elements 10, 10" to

happen through the electrolyte 16.

Furthermore, the metallic cone allows a different thermal expansion
between the micro-tubular elements 10, 10° and the interconnector plate 12
without damage. The choice of material for the interconnector plate 12 can be

optimised for lifetime purposed.

A high flexibility of the geometry of the interconnector plate 12 allows a

broad application due to highly flexible stack geometry.

An example of a stack geometry is shown in Fig.2, which in particular
shows a portion of a cut through a fuel cell stack 44. Such a fuel cell stack 44
comprises a number of interconnector plates 12, 12" having a plurality of holes
34, each hole 34 having a first metallic connector 40 and a second metallic
connector 42 associated therewith. Micro-tubular elements 10, 10" and
Interconnector plates 12, 12" are arranged In series so as to form long tubular
fuel cell elements 46, 46°, 46". Fig.2 shows a cut through a fuel cell stack 44
and thus shows a row of long tubular fuel cell elements 46, 46, 46" In only a
first direction. It will be appreciated that the interconnector plates 12, 12" further
have a plurality of holes 34 in a second direction, thus forming long tubular fuel
cell elements in also the second direction, thereby constructing a three

dimensional arrangement of a fuel cell stack 44.

The interconnector plates 12, 12" of such a fuel cell stack 44 thus not only
connect individual micro-tubular elements 10, 10" Iin series, but also in parallel.
There Is therefore no need to provide additional connections for connecting one

long tubular fuel cell element 46, 46°, 46~ to another.



CA 02833049 2013-10-10
WO 2012/160102 PCT/EP2012/059618

Although not shown In the figures, the interconnector plates 12, 12" may
further comprise connectors, for electrically and mechanically connecting

neighbouring fuel cell stacks 44 to one another, thus forming a SOFC module.

Fig. 3 shows a stack wherein the interconnector plates 12, 12° further
comprise auxiliary holes 48 for receiving a heat exchanger tube 350
therethrough. The auxiliary holes 48 are arranged so that they are In line along
a series of interconnector plates 12, 12'. Such a heat exchanger tube 50 serves

as an integrated cooling device within the stack 44 for extracting heat therefrom.

List of Reference Signs

10 micro-tubular element 34 hole

10 micro-tubular element 30 first side

12 iInterconnector plate 38 second side

12’ Interconnector plate 40 first metallic connector

14 tubular inner electrode 42 second metallic connector
10 electrolyte 44 fuel cell stack

18 tubular outer electrode 46 long tubular fuel cell element
20 first end portion 40 long tubular fuel cell element
24 first end 406" long tubular fuel cell element
20 second end portion 43 auxiliary hole

28 second end 50 heat exchanger tube

30 outer cone

32 Inner cone
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Claims

A micro-tubular solid oxide fuel cell arrangement comprising

at least two micro-tubular elements, said micro-tubular elements comprising
a tubular inner electrode, covered on its outer surface with an electrolyte,
said electrolyte being covered on its outer surface with a tubular outer

electrode;

a connection element arranged between said at least two micro-tubular
elements for connecting one end of one micro-tubular element to one end of

the other micro-tubular element;

characterized in that

sald at least two micro-tubular elements comprise a first end portion with an
inner cone arranged In said tubular inner electrode and a second end
portion with an outer cone arranged In said tubular outer electrode to form

an electric serial connection of said micro-tubular elements;

sald connection element comprises a metallic interconnector plate having a

first side and an opposite second side, said Iinterconnector plate being

provided with
- at least one hole

- a first metallic connector on said first side and arranged around said at
least one hole, said first metallic connector having a conical shape with
a cross-section narrowing in a direction away from said interconnector
plate, said first metallic connector being dimensioned and arranged for

contacting said first end portion of one of said micro-tubular elements

- a second metallic connector on said second side and arranged around
said at least one hole, said second metallic connector having a conical
shape with a cross-section growing in a direction away from said
Interconnector plate, said second metallic connector being dimensioned
and arranged for contacting said second end portion of another one of

sald micro-tubular elements.
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The arrangement according to claim 1, wherein a plurality of micro-tubular
elements are provided, successive micro-tubular elements being connected
{o each other by means of a metallic interconnector plate, said plurality of

micro-tubular elements forming a tubular fuel cell element.

The arrangement according to claim 2, wherein a plurality of tubular fuel cell
elements are arranged parallel to each other forming a fuel cell stack, said
metallic interconnector plate comprising a plurality of holes, each associated
with a first metallic connector on said first side and a second metallic

connector on said second side.

The arrangement according to any of the previous claims, wherein said first
metallic connector and/or said second metallic connector are provided with

pores for allowing reactant gas flow to and from said electrolyte.

The arrangement according to any of the previous claims, wherein said first
metallic connector and/or said second metallic connector are made from

ductile material.

The arrangement according to any of the previous claims, wherein said first
metallic connector and/or said second metallic connector are made from or
coated with a material chosen from the group comprising silver, silver plated

metals or silver containing metals.

The arrangement according to any of the claims 3 to 6, wherein said
Interconnector plate is provided with at least one auxiliary hole for passing

at least one heat exchanger tube therethrough.

The arrangement according to any of the claims 1 to 7, wherein said

metallic interconnector plate has a hexagonal cross-section .

The arrangement according to any of the claims 1 to 7, wherein said
metallic interconnector plate has a rectangular cross-section, wherein the

length of the rectangular is considerably longer than its width.

The arrangement according to any of the claims 1 to 9, wherein said

metallic interconnector plate comprises electrical connectors.
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11. The arrangement according to any of the claims 1 to 10, wherein said

metallic interconnector plate comprises mechanical connectors.
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