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Titel: FUEL CELL STACK CLAMPING STRUCTURE AND SOLID OXIDE
FUEL CELL STACK

The invention relates to a clamping structure for a solid
oxide fuel cell stack. More particularly, the invention re-
lates to a planar solid oxide fuel cell stack which is com-
pressed using a clamping structure which includes a four-

sided planar flexible sheet.
BACKGROUND OF THE INVENTION

A planar solid oxide fuel cell (SOFC) stack consists of a
repeated sequence of solid oxide fuel cells across which an
electrical voltage is created alternating with intercon-

nects.

The stack typically includes 5 to 200 fuel cells and con-
sists of a sequence of fuel cells comprising an anode, a
cathode and a solid oxide electrolyte each fuel cell alter-
nating with the interconnect. The fuel cells are provided
with fuel and oxidant by a manifold system via an internal
channel system. Fuel and oxidant are distributed from layer
to layer in the fuel cell stack by a channel system. During
operation, an electrochemical voltage is created across the
individual fuel cells. The interconnect serves to introduce
oxidant and fuel to the fuel cells in separate channels and
to collect electrons from one fuel cell and transmit and

deliver them to an adjacent fuel cell.

The walls of the internal channel system must be gas tight
in order to avoid leakages of gas to the external surround-

ing or untimely mixing of oxidant and fuel. This is ensured

CONFIRMATION COPY
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by using a sealing material of for instance glass, and/or
by providing an -intimate and direct bonding between the
fuel cell and interconnect on the available sealing- sur-

faces.

The gas tight behaviour and the desired electrical contact
between the fuel cells and interconnects are ensured in a
SOFC stack by pressing the fuel cells and interconnects to-
gether with a well-defined compressive force using a clamp-
ing structure. In some cases the required compressive force
can be as high as 100 N/cm® across each fuel cell surface
during operation of the fuel cell stack. The magnitude of
the compressive force is dependent on the actual design of
the interconnect and fuel cell and on the gas pressure dur-
ing operation. The compressive force is provided on the end

surfaces of the stack.

A SOFC stack typically operates at temperatures of 600-
850°C. Such high temperatures represent a challenge to the
design of the mechanical clamping structure required to

generate compressive forces of such a magnitude.

It is important that the compressive force is exerted on a
surface area corresponding to the surface area of the fuel
cells in the stack. The inner sections of the end surfaces
of the stack must be compressed in order to maintain elec-
trical contact and the peripheries of the end surfaces must
be compressed in order to make the stack gas tight. Conven-
tionally, fuel cells have surface areas of 80-1000 cm? and

compressive forces of up to 100,000 N can be required.
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Various types of clamping structures or assemblies are
known for instance assemblies using bands for compressing
planar fuel cell stacks. US patent No. 5993987 discloses a
fuel cell stack comprising at least one band circumscribing
end plates and interposed electrochemical fuel cells. A re-
silient member cooperating with the band urges the end
plates towards each other thereby applying compressive
force to the fuel cells to promote sealing and electrical

contact between the layers forming the fuel cell stack.

US patent application No. 2006093890 discloses a fuel cell
stack maintained in compression by a strap assembly that
includes a compressive band extending around the end plates

of the fuel cell stack.

Traditional clamping structures are based on the compres-
sion of a metallic planar end plate flange placed at either
end surface of the SOFC stack and extending beyond the sur-
face area defined by the fuel cells in the stack. The two
end plate flanges are connected to each other at their pe-
riphery external to the fuel cells by a clamping structure
of tie-rods, pipe sections, springs and nuts for creating a

compressive force in the stack.

The forces experienced in the tie-rods can be established
with the aid of the elasticity of the tie-rods using disc
springs, coil springs, gas springs or using pneumatic cyl-

inders or hydraulic cylinders.

SOFC stacks typically operate at temperatures of 600-850°C.
At this temperature most metallic materials when subjected

to mechanical stress will creep with time. It is therefore



10

15

20

25

30

WO 2008/089977 PCT/EP2008/000527

advantageous to maintain the metallic sections that experi-

ence mechanical stress at as low a temperature as possible.

The tie-rods are typically inserted through the two planar
end plate flanges, thereafter through pipe sections of a
specified length extending beyond the SOFC stack and
through springs placed at the ends of the pipe sections.
The pipe sections function as spacers for distancing the
springs from the fuel cell stack such that the springs are
maintained at a less severe operating temperature than the
high temperature experienced during operation of the stack.
Nuts positioned after the springs are used to assemble
these components and thereby to adjust the compressive

force on the SOFC stack.

During operation of the SOFC stack the tie-rods are at a
temperature approximately equivalent to the stacks opera-
tion temperature. The tension created thereby in the tie-

rods results in a tendency of the tie-rods to creep.

During operation of the SOFC stack the planar end plate
flanges are also subjected to mechanical tensicn during in-
fluence of the forces from both the tie-rods in the clamp-
ing system and the stack causing creep of the planar
flanges. The planar flanges therefore tend to become convex

in form.

In an alternative clamping structure the tie-rods and the
planar end plate flanges are during operation at a much
lower temperature than the SOFC stack’s operation tempera-
ture. This is made possible by thermally insulating the

SOFC stack at the sides of the stack using insulation mate-
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rial. Placing additional insulation material at either end
of the stack adjacent to the planar end plates allows a
transfer of the compressive force obtained during clamping
through the additional insulation material. The tie-rods
and the planar end plate flanges can thus experience
greater tension before undesirable creep sets in. The dis-
advantage of these types of clamping structures using tie-
rods are associated with the planar end plate flange placed
at each end surface of the SOFC stack and extending beyond
the surface area defined by the fuel cells in the stack.
Each planar end plate flange experiences a bending force
when exposed to the mechanical forces originating from the

tie-rods and the stack.

These undesirable effects result in a reduction of the com-
pressive force on the whole stack or in an uneven distribu-
tion of the compressive force on the stack leading to
poorer electrical contact and/or the stack becomes less gas
tight and leakage of gas to the external surroundings can-

not be avoided.

The flanges used are therefore of a sizeable thickness,
typically 5-20 mm, in order to absorb these forces and
minimise the deformation of the flanges, while simultane-
ously preventing gas leakage and loss of electrical contact

in the stack.

WO patent application No. 2006/012844 discloses a fuel cell
stack for solid oxide fuel cells with a clamping device and
a heat insulating device. The heat insulating device is lo-
cated between the fuel cells and the clamping device, which

has pressure distribution elements in the form of either
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flat plates that are parallel to each other, a hemi-

spherical shell or are semi-cylindrical. The pressure dis-
tribution elements ensure that the pressure is distributed
uniformly on the entire surface of the heat insulating ele-

ments.

No details are given regarding the construction of the
pressure distribution elements, but it is known in the art
to use flat plates that are of metal. Furthermore the ap-
plication of hemi-spherical shells implies the use of a

rigid or hard material shaped in the form of a hemi-sphere.

Generally pressure distribution elements in the form of
flat plates are manufactured from metal. Pressure distribu-
tion shells or cylinders of metal can be prepared by metal
forming processes such as deep drawing, which is a more
complicated process than the process used in preparing flat

plates.

The economy associated with solid oxide fuel cells is high
and there is a constant need for a reduction in the cost of
SOFC stacks without any losses in the chemical and/or

physical properties of the various stack components.

Furthermore, there is also a need for solid oxide fuel cell
components that show acceptable physical properties while
contributing to a reduction in weight and/or volume of the

stack.

It is an objective of the invention to provide a clamping

structure for a planar SOFC stack in which deformation due
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to uneven distribution of compressive forces is avoided

during operation of the SOFC stack.

It would also be desirable to provide a planar SOFC stack

having reduced weight and volume.

SUMMARY OF THE INVENTION

The invention concerns a clamping structure for a planar
solid oxide fuel cell stack comprising a flexible sheet and
a rigid, thermally insulating end block, the flexible sheet
being capable of bending into a primarily convex shape, the
rigid, thermally insulating end block shaped as a
rectangular base with a planar surface and an opposing
surface that 1is primarily convex in shape, the flexible
sheet being placed on the opposing surface of the rigid,
thermally insulating end block, the flexible sheet thereby
bending to obtain a shape that is primarily convex upon

compression.

The invention also concerns a SOFC stack comprising the
clamping structure wherein the stack comprises one or more
planar solid oxide fuel cells interposed between end plates,
at least one end plate 1lying adjacent to the clamping
structure comprising a flexible sheet and a thermally
insulating end block, the flexible sheet being capable of
bending into a primarily convex shape, the thermally
insulating end block shaped as a rectangular base with a
planar surface and an opposing surface that is primarily
convex in shape, the flexible sheet being placed adjacent to
the opposing surface of the thermally insulating end block,
the
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flexible sheet thereby bending to obtain a shape that is
primarily convex and the at least one end plate being in
contact with the planar surface of the rectangular base of
the thermally insulating end block upon exertion of a com-

pressive force across each solid oxide fuel cell surface.

The invention also concerns a process for the compression
of the solid oxide fuel cell stack comprising interposing
one or more planar solid oxide fuel cells between end
plates, placing adijacent to at least one end plate a clamp-
ing structure comprising a flexible sheet and a thermally
insulating end Elock, the flexible sheet being capable of
bending into a primarily convex shape, the thermally insu-
lating end block shaped as a rectangular base with a planar
surface and an opposing surface that is primarily convex in
shape, placing the flexible sheet adjacent to the opposing
surface of the thermally insulating end block bending the
flexible sheet to obtain a shape that is primarily convex
and placing the at least one end plate in contact with the
planar surface of the rectangular base of the thermally in-
sulating end block and exerting a compressive force across

each solid oxide fuel cell surface.

A shape that is primarily convex is defined as a shape that
is curved and rounded outwards. The primarily convex shape
can be curved in one direction only i.e. single curved, or
it can be curved in all directions i.e. double curved. The
curve and thus the shape can be smoothly or stepwise
rounded outwards. Preferable are shapes curved in one di-

rection only i.e. single curved shapes.
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By flexible is meant the ability to bend easily or flex

i.e. non-rigid.

When applying the clamping structure of the invention to a
planar SOFC stack the use of planar end plate flanges can
be avoided completely. This is advantagecus since a lower

weight of the SOFC stack is thus obtained.

The clamping structure of the invention is flexible in na-
ture and can accommodate the forces present in the stack
during operation without creating any distortion of the

various elements in the stack.

Electrical contact between the various layers in the stack
is thus maintained, the stack remains gas tight and leakage

of gas to the external surroundings is avoided.

Additionally, the SOFC stack of the invention is smaller
than the conventiocnal SOFC stack since the thick planar end
plates are avoided. Since the planar end plates are usually
made of metal, in their absence the SOFC stack of the in-
vention is lighter and requires less material or metal for

its fabrication.

BRiEF DESCRIPTION OF THE FIGURES

Figure 1 shows a conventional dissembled SOFC stack.
Figure 2 shows the conventional assembled SOFC stack.
Figure 3 shows a conventional assembled SOFC stack.
Figure 4 shows a conventional dissembled SOFC stack.
Figure 5 shows a dissembled SOFC stack of the invention.
Figure 6 shows an assembled SOFC stack of the invention.
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Figures 7a, 7b, ﬁc, 7d and 7e show transverse cross-
sections of different geometrical embodiments of the insu-
lating end block.

Figures 8a and 8b show different geometrical embodiments of

the flexible sheet seen from the top of the stack.
DETAILED DESCRIFTION OF THE INVENTION

The clamping structure of the invention is very simple in
structure and comprises a flexible, planar sheet capable of
bending and becoming primarily convex in shape. It com-
prises also an insulating end block providing thermal insu-
lation and shaped in a convex manner on the outer surface
surface. This primarily convex shape of the insulating end
block forces the flexible sheet into a convex shape when in
contact with the insulating end block and under compres-
sion. The shape of the planar, flexible sheet adapts to the
shape of the insulating end block. The primarily convex
surface of the insulating end block adjacent to the flexi-

ble sheet thus fits into the convex flexible sheet.

The insulating ehd block is positioned directly between the
flexible sheet and one end surface of the SOFC stack. No
planar end plate flange is needed between the SOFC stack
and the end block. The surface of the insulating end block
adjacent to the SOFC stack is planar and has a surface area
identical to the surface area of the SOFC stack i.e. the
two surfaces have the same overall dimensions. The SOFC
stack can also be thermally insulated on its remaining sur-

faces,
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The primarily convex surface of the insulating end block
forces the flexible sheet to change shape from planar to
convex upon compression. The resulting convex flexible
sheet thus curves away from the SOFC stack. Thereby, the
mechanical tension in the flexible sheet lies in the plane
of the flexible sheet. The flexible sheet does not have to
withstand bending forces. This allows the flexible sheet to
be dimensioned with a much smaller thickness and it is
thereby much 1ighter in weight than the conventional planar
end plate flanges. The forces between the flexible sheet
and the insulating end block are therefore distributed in a
manner which ensures that the insulating end block is in

compression.

The planar flexible sheet can preferably have a length and
a breadth of 1-2 times the side length of the solid oxide
fuel cells in the stack. When the flexible sheet is bent to
obtain a shape that is curved in one direction only i.e. a
single curved shape, then it is preferably made by stamping
or laser cutting of a thin metal sheet and thereafter bent
along the curvature of the thermal insulation. The sheet
can be so thin that no tools are needed for the bending,
which is not the case if the sheet is to be bent into a
shape that is curved in all directions i.e. a double curved

shape. This shape requires deep drawing.

The flexible sheet can be smoothly or stepwise rounded out-
ward. The primarily convex shape it attains on bending can
be curved in all directions (i.e. double curved) or curved
in one direction'only {i.e. single curved). The flexible

sheet can be bent into a shape that is curved in all direc-

tions and forms a segment of a sphere e.g. a domed shape.
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Preferably the flexible sheet is bent to form a primarily
convex shape that is curved in one direction only (i.e.
single curved). For example, the flexible sheet can be bent
into a shape that is curved in one direction only and forms

a segment of a cylinder e.g. an arched shape.

Figures 7a, 7b, 7c, 7d and 7e show transverse, i.e. verti-
cal cross-sections of different geometrical shapes of the
insulating end block. In all cases the insulating end block
has a rectangular base having a planar surface and an op-
posing surface which is primarily convex in shape and can
be smoothly or stepwise rounded outwards e.g. it can be
stepped, arched or pyramidal. The different geometrical em-
bodiments of the insulating end block all ensure that the
flexible sheet becomes primarily convex in shape and curves
in one direction only. In figures 7a, 7d, 7e the flexible
sheet is smoothly rounded outwards, while in figures 7b and

7c the flexible sheet is stepwise rounded outwards.

When using the clamping structure of the invention deforma-
tion leading to curvature of the fuel cell components is
avoided. Thick end plate flanges are also not required,
thereby leading to a reduction in the volume and amount of
material required to manufacture the flanges, hence reduc-
ing the cost of the fuel cell stack. Ultimately, this leads
to a reduction in the weight of the SOFC stack, which is

desirable.

The clamping structure of the invention allows for gas
manifolding at the sides of the fuel cell stack. The clamp-
ing structure can be used at either end of the fuel cell

stack. In addition insulation can be placed on two opposing



10

15

20

25

30

WO 2008/089977 PCT/EP2008/000527

13

sides of the four sides of the fuel cell stack, advanta-
geously leaving two other opposing sides available for
placement of inlets and outlets for fuel and air to the

fuel cell stack.

The clamping structure can further comprise tie-rods,
springs and nuts known in the art and useful for providing
a compressive force when clamping the SOFC stack. The
flexible sheet can therefore be provided with attachment
means at its borders which allow passage of for instance

tie-rods used in assembling the SOFC stack.

The presence of the insulating end block allows the flexi-
ble sheet to exist at a temperature lower than the stack
temperature. The insulating end block has a preferable
thickness of 5-100 mm and a thermal conductivity of 0.01-
2.0 W/ (mK). The thickness of the insulating end block, its
thermal conductivity and the temperature of the surround-
ings determine the temperature of the flexible sheet during
operation of the SOFC stack. It is an advantage to dimen-
sion the insulating end block to values which allow the
flexible sheet to have a temperature of 100-650°C during

operation.

The size of the flexible sheet is at least the size of the
cells in the stack, but due to the curvature one of the two
sides will be somewhat longer, preferably 1-2 times the

corresponding cell side length.

The flexikle sheet is preferably made of steel. However,
other types of metal alloys are also useful, for instance

alloys based on titanium, aluminium or nickel. A suitable



10

15

20

25

30

‘WO 2008/089977 PCT/EP2008/000527

14

alloy is inconel, which is useful at the high temperatures
employed during operation of the stack due to its heat re-
sistance properties. The flexible sheet can be in the form
of a thin metallic plate having a thickness of for instance

0.05-5 mm, whereby flexibility is maintained.

Alternatively, the flexible sheet can be made of metal wire
mesh, ceramic fabric or composite material. Suitable ce-
ramic fabrics can for instance be based on glass fibres or
on ceramic fibre tape such as 3M™ Nextel™. Suitable com-
posite material can be based on carbon, Kevlar® or glass
fibres embedded in polyester or epoxy resin. Using these
materials is advantageous due to their increased flexibil-

ity.

The flexible sheet when positioned for use on the opposing
surface of the insulating end block that is primarily con-
vex obtains a shape that curves in one direction only i.e.
is single curved, due to the curvature of the opposing sur-
face of the insulating end block. It is preferred that the
curvature of the opposing surface has a radius of 0.6 to 5
times the width of the cells. It is advantageous to have a
large radius, as this will reduce the overall height of the

assembly.

The flexible sheet when positioned for use on the opposing
surface of the insulating end block that is primarily con-
vex and stepped with a flat top can lead to the presence of
hollow sections between the flexible sheet and the steps of
the insulating end block. These hollow sections can advan-

tageously be filled with a second insulation material hav-
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ing better insulation properties than the insulating end

block, thereby improving the overall insulation effect.

In addition the presence of stepped sides with a flat top
leads to a height of the insulating end block measured from
the centre of the rectangular base with the planar surface
to the flat top of the opposing surface that is less than
the height obtainable with an embodiment that is smoothly

rounded outwards.

The insulating end block can be partially or completely
made of any commercially available rigid insulating mate-
rial, e.g. alumina, calcium silicate or vermiculate based
blocks. Preferable insulating materials are the calcium
silicate types as they provide good machinability, are low
in weight and have low heat transfer properties and good

compressive strength.

The primarily convex surface of the insulating end block in
contact with the flexible sheet can have different geomet-
rical shapes which can ensure that the flexible sheet be-
comes primarily convex in form when the two surfaces are in
contact with each other. A vertical cross-section through
the insulating end block shows the primarily convex surface
can for instance be of constant radius and have the appear-
ance of a Roman arch that is curved in shape and spanning
an opening. In this embodiment the flexible sheet becomes
convex in shape, 1s curved in one direction only and is
smoothly rounded outwards. The primarily convex surface is
not limited to a fixed radius. Preferred is, however, a ra-

dius of 0.6 to 5 times the width of the cells.
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In another embodiment a vertical cross-section through the
insulating end block shows the primarily convex surface of
the insulating end block having one or more stepped sides
and a flat top. In these embodiments the flexible sheet be-
comes primarily convex in shape and is stepwise rounded

outwards. It is curved in one direction only.

In an embodiment of the invention the SOFC stack has a
flexible sheet and an insulating end block with a primarily
convex surface i.e. has the clamping structure of the in-
vention at one end of the stack only. In another embodiment
of the invention the SOFC stack has a flexible sheet and an
insulating end block, with a primarily convex surface i.e.,
has the clamping structure of the invention at both ends of

the stack.

Figure 1 shows a disassembled arrangement of a conventional
cross flow SOFC stack with two fuel cells. The SOFC stack
comprises two solid oxide fuel cells 1 alternating with in-
terconnects 2. The SOFC stack typically has an end plate 3
made of metal or ceramics at one end and at the opposite
end a manifold plate 4 typically made of metal and assist-
ing in the transfer of gases to fuel cells 1. When the ele-
ments of the SOFC stack are assembled, the compressive
force is obtained by clamping the stack between planar end
plate flanges 5 using a system of rigid tie-rods 6, springs
7 and nuts 8. In this type of assembly tie-rods 6 are in-
serted through pipe sections 9 useful in distancing the
springs 7 from the fuel cell stack in order to maintain the
springs 7 at a lower temperature than the stack tempera-

ture.
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Figure 2 shows the conventional SOFC stack of figure 1 when
assembled. It can be seen that pipe sections 9 ensure that

springs 7 are distanced from the SOFC stack.

Figure 3 shows another example of a conventional assembled
SOFC stack. In this type of clamping structure tie-rods 6
and planar end plate flanges 5 are during operation at a
much lower temperature than the SOFC stack’s operation tem-
perature. This is made possible by thermally insulating the
SOFC stack at the sides of the stack by using insulation
material 10. Placing additional insulation material 11 at
either end of the stack adjacent to planar end plate
flanges 5 allows a transfer of the compressive force ob-
tained during clamping through the additional insulation
material 11. The tie-rods 6 and the planar end plate
flanges 5 can thus experience greater tension before unde-

sirable creep sets in.

Figure 4 shows the conventional disassembled SOFC stack of
figure 3. Insulation material 10 at the sides of the stack
and additional insulation material 11 at either end of the
stack adjacent to planar end plate flanges 5 are all planar

in shape.

As mentioned earlier the planar end plate flanges in these

conventional clamping structures experience a bending force
when exposed to the mechanical forces originating from the

tie-rods 6 and the stack. Poorer electrical contact and gas
leakage therefore can occur if these bending forces make

the end plate fianges bend.
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Figure 5 shows an embodiment of the invention in which the
various components of the SOFC stack clamping structure are
disassembled. The SOFC stack is inserted between two insu-
lating end blocks 12. Each insulating end block 12 has a
planar surface 13 adjacent to the SOFC stack and an oppos-
ing surface 14 that is the primarily convex surface adja-
cent to flexible sheet 15. The vertical cross section of
the insulating end block 12 shows the primarily convex sur-
face having a semi-cylindrical shape and positioned on a
rectangular base having the same overall dimensions as the
SOFC stack. The sides of the SOFC stack are also insulated

with insulation material 10 in this embodiment.

Flexible sheet 15 is forced into the convex shape when in
contact with the insulating end block 12 and the components
of the SOFC stack are assembled for clamping. The flexible
sheet 15 is overall rectangular in shape with the longer
sides 16 partially in contact with the insulating end block
12 and partially in contact with insulation material 10 at
the sides of the insulating end block, and the shorter
sides 17 of flexible sheet 15 extending down the sides of
the SOFC stack. The shorter sides 17 are bent at a pre-
determined angle and length and have perforations 18 for
passage of the tie-rods 6. Flexible sheet 15 is curved in

one direction only and is smoothly rounded.

Figure 6 shows the same embodiment as in figure 5. However,
the various components of the SOFC stack clamping structure
are assembled. It can be seen that after clamping the
flexible sheet 15 is convex in form. The flexible sheet 15
does therefore not have to withstand bending forces and the

mechanical tension lies in the plane of the flexible sheet.
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The compressive force is obtained after clamping with the
assistance of nuts 8, springs 7 and tie-rods 6 extending

through perforations 18 in the flexible sheet 15.

In further embodiments of the invention, figures 7a, 7b,
7c, 7d and 7e show transverse i.e. vertical cross-sections
of different geometrical shapes of the insulating end
block. In all cases the insulating end block 12 has a rec-
tangular base having a planar surface 13 and an opposing
surface 14, which is primarily convex in shape and can be
geometrically shaped in various manners. The different geo-
metrical embodiments of the insulating end block 12 all en-
sure that the flexible sheet 15 becomes primarily convex in
shape and curves away smoothly or stepwise from the SOFC

stack, curving in one direction only.

In figure 7a the transverse i.e. vertical cross section
through the insulating end block 12 shows opposing surface
14 having a primarily convex surface that is of constant
radius and has the appearance of an arch. The flexible
sheet 15 is thus convex in shape, is smoothly rounded out-

wards and curves in one direction only.

In figure 7b the transverse i.e. vertical cross section
through the insulating end block 12 shows opposing surface
14 having a primarily convex surface that is of constant
radius and has two steps 19 and a flat top 20 i.e. opposing
surface 14 is stepped. In this embodiment the flexible
sheet 15 is primarily convex in shape and is stepwise
rounded outwards, curving in one direction only. This em-
bodiment has hollow sections 21 between the steps 19 and

flexible sheet 15. The presence of hollow sections 21 can
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advantageously be filled with a second insulation material
(not shown) having better insulation properties than insu-
lating end block 12, thereby improving the overall insula-

tion effect.

In figure 7c the transverse i.e. vertical cross section
through the insulating end block 12 shows opposing surface
14 having a primarily convex surface that has diagonally
sloping sides 21 and a flat top 20. In this embodiment the
flexible sheet 15 is primarily convex in shape, curves in

one direction only and is stepwise rounded outwards.

The embodiments shown in figures 7b and 7c¢ have a flexible
sheet that is stepwise rounded outwards with a flat top and
curves in one direction only. The height of the insulating
end block measured from the centre of the rectangular base
with the planar surface to the flat top of the opposing
surface is less than the height obtainable with an embodi-
ment that is smoothly rounded outwards such as the embodi-
ment shown in figure 7a. The solid oxide fuel cell stack
having an insulating end block that is stepped with a flat
top thus advantageously has a lower volume and weight than

a stack which is smoothly rounded outwards.

In figure 7d the transverse i.e. vertical cross section
through the insulating end block 12 shows opposing surface
14 having a primarily convex surface that has a radius lar-
ger than the radius of the arch in figure 7a. The flexible
sheet is thus convex in shape, curves in one direction only
and is smoothly rounded outwards. Preferred is a radius of

0.6 to 5 times the width of the cells.
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In figure 7e the transverse i.e. vertical cross-section
through the insulating end block 12 shows opposing surface
14 having a primarily convex surface that is triangular or
pyramidal in shape with a rounded tip. In this embodiment
the flexible sheet also is primarily convex in shape, is
curved in one direction only and 1is smoothly rounded

outwards.

In yet an embodiment of the invention figures 8a and 8b show
different geometrical shapes of the flexible sheet seen from
the top of the stack. Figure 8a shows flexible sheet 15 and
figure 8b shows flexible sheet 15 shown in figure 8a placed
on insulating end block 12. Insulating end block 15 is
convex viewed from one side of the stack and at the same
time it is convex when viewed from an angle perpendicular to
the first view. The convex shape is therefore more like a
hemisphere than a half cylinder. The convexity can be
established by a combination of the geometries shown in
figures 7a to 7e. In these embodiments the flexible sheet 15

is curved in all directions i.e. is double curved.

Comprises/comprising and grammatical variations thereof when
used in this specification are to be taken to specify the
presence of stated features, integers, steps or components
or groups thereof, but do not preclude the presence or
addition of one or more other features, integers, steps,

components or groups thereof.
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CLAIMS

1. Clamping structure for a planar solid oxide fuel cell
stack comprising a flexible sheet and a rigid, thermally
insulating end block, the flexible sheet being capable of
bending into a primarily convex shape, the rigid, thermally
insulating end block shaped as a rectangular base with a
planar surface and an opposing surface that is primarily
convex in shape, the flexible sheet being placed on the
opposing surface of the rigid, thermally insulating end
block, the flexible sheet thereby bending to obtain a shape

that is primarily convex upon compression.

2. Clamping structure according to claim 1, wherein the
flexible sheet is bent to obtain a shape that is curved in

one direction only.

3. Clamping structure according to claim 1, wherein the
flexible sheet is bent to obtain a shape that is curved in

all directions.

4. Clamping structure according to claims 2 or 3, wherein
the opposing surface of the rigid, thermally insulating end
block 1is smoothly or stepwise rounded outwards into the

primarily convex shape.

5. Clamping structure according to claim 1, wherein the

flexible sheet is made of metal.

6. Clamping structure according to claim 5, wherein the

metal is steel or an alloy of titanium, aluminium or nickel.
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7. Clamping structure according to claims 1 or 5, wherein
the flexible sheet is made of a fabric of ceramic fibres,
metal wire mesh or a composite material based on glass,
aramid resin or carbon fibres embedded in polyester or epoxy

resin.

8. Clamping structure according to claim 1, wherein the
rigid, thermally insulating end block has a thermal

conductivity of 0.01-2.0 W/mK.

9. Clamping structure according to claim 1, wherein the
rigid, thermally insulating end block is made of alumina,

calcium silicate or vermiculite based material.

10. Clamping structure according to claim 4, wherein the
opposing surface of the rigid, thermally insulating end

block is stepped or pyramidal in shape.

11. Clamping structure according to claim 1, wherein the
flexible sheet has a length and a breadth of 1-2 times the
corresponding solid oxide fuel cell length and breadth in
the stack.

12. Clamping structure according to claim 1, wherein the
bent flexible sheet has a radius of 0.6 to 5 times the width

of the so0lid oxide fuel cells.

13. Solid oxide fuel cell stack comprising the clamping
structure of claim 1, wherein the stack comprises one or
more planar, solid oxide fuel cells interposed between end
plates, at least one end plate 1lying adjacent to the
clamping structure comprising a flexible sheet and a

thermally insulating end block, the flexible sheet being




2008209059 09 Nov 2011

24

capable of bending into a primarily convex shape, the
thermally insulating end block shaped as a rectangular base
with a planar surface and an opposing surface that is
primarily convex in shape, the flexible sheet being placed
adjacent to the opposing surface of the thermally insulating
end block, the flexible sheet thereby bending to obtain a
shape that 1is primarily convex and the at least one end
plate being in contact with the planar surface of the

rectangular base of the thermally insulating end block.

14. Solid oxide fuel cell stack of claim 13, wherein the

clamping structure is positioned at each end plate.

15. Process for the compression of the solid oxide fuel
cell stack of claim 13, comprising interposing one or more
planar solid oxide fuel cells between end plates, placing
adjacent to at least one end plate a clamping structure
comprising a flexible sheet and a thermally insulating end
block, the flexible sheet being capable of bending into a
primarily convex shape, the thermally insulating end block
shaped as a rectangular base with a planar surface and an
opposing surface that is primarily convex in shape, placing
the flexible sheet adjacent to the opposing surface of the
thermally insulating end block, bending the flexible sheet
to obtain a shape that is primarily convex and placing the
at least one end plate in contact with the planar surface of
the rectangular base of the thermally insulating end block
and exerting a compressive force across each solid oxide

fuel cell surface.

16. Process according to claim 15 wherein the compressive

force is obtained using nuts, springs and tie-rods.
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17. Clamping structure for a planar solid oxide fuel cell
stack substantially as hereinbefore described with reference

to any one of Figures 5 to 8.

TOPSOE FUEL CELL A/S
WATERMARK PATENT AND TRADEMARK ATTORNEYS
P32163AU00
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