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(57) Abstract: A fuel cell stack or an electrolysis cell stack comprises a plurality
of cells, which need to be compressed to ensure and maintain internal contact. To
achieve an evenly distributed compression force throughout the electrochemically
active area a frame with a central aperture is positioned on top of the cell stack be-
tween a resilient plate and a top plate. The enclosed aperture forms a compression
chamber which is provided with pressurised gas from the cathode inlet, whereby
an evenly distributed force is applied to the electrochemically area of the cell
stack by the resilient plate.
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Title: Compression Arrangement for Fuel or Electrolysis

Cells in a Fuel Cell Stack or an Electrolysis Cell Stack

The invention relates to compression of fuel cell stacks or
electrolysis cell stacks, more specifically to a gas com-
pression arrangement for fuel cell stacks or electrolysis
cell stacks in particular for Solid Oxide Fuel Cell (SOFC)
or Solid Oxide Electrolysis Cell (SOEC) stacks.

In the following the invention will be explained in rela-
tion to SOFC stacks. The compression arrangement according
to the invention can, however, also be used for other types
of fuel cells such as Polymer Electrolyte Fuel cells (PEM)
or a Direct Methanol Fuel Cell (DMFC). Further the inven-
tion can also be used for electrolysis cells such as Solid

Oxide Electrolysis Cell stacks.

The electro-chemical reactions and the function of a fuel
cell or electrolysis cell is not the essence of the present
invention, thus this will not be explained in detail but
considered known for a person skilled in the art, and for
the sake of simplicity, the following explanation to the
invention will mention SOFCs only, even though the inven-
tion can also be used for SOECs and other types of fuel

cells as mentioned.

A SOFC stack of the planar type is built up of a plurality
of flat plate solid oxide fuel cells. To increase the volt-
age produced by the SOFC, the plurality of cell units are
stacked on top of each other to form a stack and are linked
together by interconnects. The stack is inserted between

two planar end plates. The solid oxide fuel cells are

CONFIRMATION COPY
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sealed at their edges by gas seals of typically glass or
other brittle materials in order to prevent leakage of gas
from the sides of the stack. Hence, each fuel cell is di-
vided in a seal area, which is sought to be minimized and
an electrochemically active area which should be as large a
part of the fuel cell area as possible since the efficiency
of the cell is dependant on the size of this active area

relative to the total cell area.

The interconnects serve as a gas barrier to separate the
anode (fuel) and cathode (air/oxygen) sides of adjacent
cell units, and at the same time they enable current con-
duction between the adjacent cells, i.e. between an anode
of one cell with a surplus of electrons and a cathode of a
neighbouring cell needing electrons for the reduction proc-
ess. The current conduction between the interconnect and
its neighbouring electrodes is enabled via a plurality of
contact points throughout the area of the interconnect. The
contact points can be formed as protrusions on both sides

of the interconnect.

The efficiency of the fuel cell stack is also dependant of
good contact in each of these contact points and therefore
it is crucial that a suitable compression force is applied
to the fuel cell stack. This compression force must be
large enough and evenly distributed throughout the electro-
chemically active area of the fuel cell to ensure electri-
cal contact but not so large that it damages the electro-
lyte, the electrodes, the interconnect or impedes the gas

flow over the fuel cell.
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During operation, the SOFC stack can be subjected to high
temperatures up to approximately 1000 degrees Celsius caus-
ing temperature gradients in the SOFC stack and thus dif-
ferent thermal expansion of the different components of the
SOFC stack. The section of the SOFC stack that experiences
the largest expansion depends on the operating conditions
and can for instance be located in the centre of the stack
or at the border of the stack in for instance a corner. The
resulting thermal expansion may lead to a reduction in the
electrical contact between the different layers in the SOFC
stack. The thermal expansion may also lead to cracks and
leakage in the gas seals between the different layers lead-
ing to poorer functioning of the SOFC stack and a reduced

power output.

To solve this problem of compression of a fuel cell stack,
it is well known to use mechanical springs. In US 7001685 a
spring is used to provide compression on the whole surface
of the stack and to absorb the differences in height of two
stacks placed in electrical series. Mechanical springs,
however, has the disadvantage that the compression force
changes over time as the spring material creeps, especially
when subjected to raised temperatures, and the compression
force also changes as a function of the compression dis-

tance.

To solve the problems related to mechanical springs, it has
been proposed to use gas pressure to compress the stack.
This is described in US 20080090140, where a dynamic end-
plate is pressed towards the end of a stack by a gas pres-

sure. Solutions utilising gas pressure are also described
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in US 5419980, US 20080166598, US 20050136316 and WO
2008026715.

However, whether mechanical springs or gas pressure is used
for providing a compression force to the end plate of the
stack there is a further disadvantage of not allowing the
different sections of the fuel cell stack to expand indi-
vidually and relatively independent to other sections as
dictated by the operating conditions. Some of the mentioned
references seek to solve this problem by incorporating gas
pressure chambers between each of the cells a rather com-

plex solution.

A more simple solution is described in EP 1879251, where
the seal area and the active area of the cell stack is pro-
vided with independent compression forces which are applied
only to the ends of the stack. Further the problem of creep
of mechanically springs is sought to be solved as shown in
Fig. 3 by the use of compressed air to compress the active
area of the cells, whereby different zones of the cell can
expand differently but still be compressed by an even com-
pression force. Still, whether a range of mechanical
springs as shown in Fig. 4 or 5 or a compressed alir source
is used, the solution leaves room for improvement on sim-

plicity, efficiency, cost and reliability.

Therefore, in spite of the presented known solutions to the
compression problem of a fuel cell stack, all of them have
some of the inherent problems:
~ The more components involved in the compression sys-
tem, the more expensive it is to produce and the

higher the material costs. Further the risk of mal-
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function generally increases with increasing number of
components.

- The reliance of mechanical springs to compress the
stack increases costs and especially when subjected to
heat, mechanical springs tend to creep and therefore
over time changes the spring characteristic.

- Using an external compressed air source to compress
the stack requires such an external air source and
piping connections which increases the complexity of

the system and increases costs and operation losses.

It is an object of the present invention to solve the men-
tioned problems by providing a new compression arrangement

for a fuel cell stack.

More specifically it is an object of the invention to pro-
vide a compression casing assembly which omits the neces-
sity for mechanical springs and extra external gas pressure

sources to compress a fuel cell stack.

It is further an object of the invention to provide a com-
pression arrangement which allows for differentiated com-
pression force between the seal area and the electrochemi-

cally active area of a fuel cell stack.

It is yet a further object of the invention to provide a
compression arrangement which allows for uneven expansion
of different zones of the fuel cells yet maintains an
evenly distributed compression force over the entire elec-
trochemically area of the fuel cell stack in a simple and

cost effective manner.
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A further object of the invention is to provide a compres-
sion arrangement which automatically adjusts to the immedi-
ate operating conditions such as reactant gas flows, -

pressures, temperatures and electrical load.

A further object of the invention is to provide a compres-
sion arrangement which requires few assembly processes dur-

ing stack assembly and few stack components.

A further object of the invention is to provide a compres-
sion arrangement which entail no deterioration of the com-

pression media over time.

These and other objects are achieved by the invention as

described below.

Accordingly, a compression arrangement is provided for es-
pecially solid oxide fuel cells, but also potentially to
other known fuel cell types as already mentioned. In the
following the fuel cell stack will predominantly be re-
garded as a black box which generates electricity and heat
when supplied with oxidation gas and fuel gas. The function
and internal components of the fuel cell stack is consid-

ered known art and is not the subject of this invention.

The compression arrangement according to the present inven-
tion relates primarily to the electrochemically active area
of the fuel cells in a stack. The seal area of the fuel
cells requires a larger pressure than the active area and
is therefore in the present invention assumed compressed by
any suitable state of the art such as mechanical springs or

a flexible compression mat. The seal area of the fuel cells
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is mainly located along the edges of the fuel cells and
around internal manifolding chimneys. In case the fuel
cells have one or more side manifolds for gas in- and out-
lets, these edges are not sealed, but can be applied with

sealing points or contact points.

To divide the compression of the seal area from the com-
pression of the electrochemically active area, the fuel
cell stack is applied with a frame with an aperture, where
the frame substantially covers the seal area and the aper-
ture substantially covers the active area. It is understood
that “substantially” means that the frame does not need to
be of the exact same measures as the seal area and further
that the frame which is exerting the relatively high com-
pression force can be chosen to cover some parts of the

electrochemically active area for practical reasons.

The frame rests on a planar end plate which is placed on
top of the assembled stack of fuel cells. The end plate, in
some embodiments a steel plate, is resilient, thus it al-
lows for deformations of different sections of its cross
sectional area. On top of the frame is a top plate and a
seal is provided between the end plate and the frame, as
well as between the frame and the top plate, whereby a gas
tight compression chamber is formed which has substantially
the same cross sectional area as the electrochemically ac-

tive area of the fuel cells in the stack.

One or more gas pressure channels is provided to the com-
pression chamber. The pressure channel(s) connect the com-
pression chamber to one of the gas inlet channels or mani-

folds, the gas inlet can be either the cathode gas inlet or
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the anode gas inlet. In case the fuel cell stack is inter-
nally manifolded, the pressure channel(s) can be connected
to one or more of the inlet manifold chimneys. In case the
fuel cell stack is side manifolded, the pressure channel (s)
can be connected to the inlet gas manifold; or in any case,
the pressure channel can be connected to the preferred
inlet gas by a separate pipe from the inlet of the frame

and connected to any location of the inlet gas pipe.

In operation, inlet gas will be led to the compression
chamber as well as to the fuel cell stack. As there is only
inlet (s), but no outlet from the compression chamber, it
will be subjected to any pressure of the inlet gas. In the
fuel cells, the inlet gas, whether it is cathode gas or an-
ode gas is distributed across the electrochemically active
area and exits via outlets. Passage of the electrochemi-
cally active area causes a pressure drop between the inlet
and the outlet. Therefore, as the inlet(s) of the compres-
sion chamber is connected to the gas inlet side of the

stack via the pressure channel, the pressure drop across

the active area results in an
sion chamber, relative to the
channel, of same magnitude as
active area. Depending on the
stack itself can be subjected
nal gas pressures, as well as

nal surrounding pressure.

overpressure in the compres-
pressure in the gas outlet
the pressure drop across the
field of application, the
to either low or high inter-

to either low or high exter-

A large internal pressure in the stack generated by the

pressure loss of gas streaming across the active area will
tend to press the stacked cells away from each other which

will lead to reduced electrical contact and maybe even de-
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lamination. Also thermally induced mechanical stresses
within the stack due to different thermal expansion entail
these problems. But according to the invention, a rising
internal pressure or thermally induced mechanical stresses
in the fuel cell stack will be counterbalanced by a rising
compression force generated by the rising pressure in the

compression chamber.

Accordingly, it can be advantageous to connect the compres-
sion chamber to the inlet gas, which has the largest pres-
sure, cathode or anode, but the invention is suited for the
both as other considerations can determine whether it is
preferred to connect the compression chamber to the cathode

or the anode inlet gas.

In the embodiment described above, the bottom of the stack
rests on a bottom plate as is known from the art. In an-
other embodiment the compression arrangement can be applied
to the bottom of the fuel cell stack, similar to the before
mentioned embodiment, the frame can be applied between a

resilient plate and the bottom plate.

In a further embodiment the described compression arrange-
ment can be applied to both the top and the bottom of a
fuel cell stack, in which case the allowance of independent
local zone expansion of the fuel cell stack is further in-
creased, but an evenly distributed compression force
throughout the electrochemically active area of the cells

is maintained.

In yet a further embodiment of the invention, the compres-

sion arrangement can be applied within the fuel cell stack
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at any location with one or more fuel cells located on each
side of the compression arrangement. In this embodiment the
frame is not in gas tight connection to one resilient plate
and either a top or a bottom plate; instead it is in gas
tight connection to two resilient intermediate plates,
hereafter simply called resilient plates. Accordingly, in
this embodiment, the compression chamber is formed by the
aperture of the frame closed on both sides by resilient
plates. The compression arrangement can be located in the
middle of the stack, having a substantially even number of
cells on either side or it can be located on any suitable
location having a larger number of cells on one side than
on the other. Further this embodiment can include more than
one compression arrangement within a stack and it can be
combined with the already mentioned embodiments i.e. a
stack can have one or more compression arrangements accord-
ing to this invention within the stack in combination with
compression arrangements on the top, the bottom or both the

top and the bottom of the stack.
Features of the invention

1. Compression arrangement for a fuel cell stack or an
electrolysis cell stack made of a plurality of cells, the

cell stack comprising

e a plurality of stacked cells, each with a seal area

and an electrochemically active area
e a bottom plate
e a top plate
e at least one resilient plate

e at least one frame with a central aperture
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e at least one gas inlet channel in fluid communication

to a gas inlet side of the cells

e at least one gas outlet channel in fluid communication
to a gas outlet side of the cells

said at least one frame is arranged in gas tight connection
in-between at least one of:
- the top plate and said resilient plate,
- the bottom plate and said resilient plate,
- two of said resilient plates located within the stack
such that at least one compression chamber is formed by the
aperture of the frame closed on both sides by said plates,
said compression chamber is in fluid connection to the
inlet gas by a pressure channel connected from the gas
inlet channel to said compression chamber,
wherein the cross-sectional area of said compression cham-
ber substantially corresponds the electrochemically active

area of said cells.

2. Compression arrangement for a cell stack according to
feature 1, wherein the cell stack is a solid oxide fuel

cell stack or a solid oxide electrolysis cell stack.

3. Compression arrangement for a cell stack according to

feature 1 or 2, wherein the inlet gas 1s the cathode gas.

4. Compression arrangement for a cell stack according to

feature 1 or 2, wherein the inlet gas 1is the anode gas.

5. Compression arrangement for a cell stack according to
any of the preceding features, wherein the compression ar-

rangement is located in the middle of the stack, having a
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substantially equal number of cells arranged on each side

of the compression arrangement.

6. Compression arrangement for a cell stack according to
any of the features 1-4, wherein the compression arrange-
ment is located within the stack having a different number
of cells arranged on one side of the compression arrange-

ment than on the other side of the compression arrangement.

7. Compression arrangement for a cell stack according to
any of the features 1-4, wherein a first compression ar-
rangement is located at the top of the stack, a first com-
pression chamber is formed by the aperture of a first frame
closed on both sides by the top plate and a first resilient
plate, and a second compression arrangement is located at
the bottom of the stack, a second compression chamber is
formed by the aperture of a second frame closed on both

sides by the bottom plate and a second resilient plate.
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8. Compression arrangement for a cell stack according to
any of the features 1-4, wherein a first compression ar-
rangement is located at the top of the stack, a first com-
pression chamber is formed by the aperture of a first frame
closed on both sides by the top plate and a first resilient
plate, and a second compression arrangement is located at
the bottom of the stack, a second compression chamber is
formed by the aperture of a second frame closed on both
sides by the bottom plate and a second resilient plate, and
one or more further compression arrangements are located
within the stack having compression chambers formed by the
aperture of the one or more further frames closed on both

sides by further resilient plates.

9. Compression arrangement for a cell stack according to
any of the preceding features, wherein the overpressure in
the compression chamber, relative to the pressure in the
gas outlet channel, is between 20-1000 mbar, preferably be-
tween 40-500 mbar, preferably between 60-300 mbar.

10. A solid oxide fuel cell stack or a solid oxide elec-
trolysis cell stack comprising a compression arrangement

according to any of the preceding features.

The invention is further illustrated by the accompanying
drawing showing an example of an embodiment of the inven-

tion.

Fig. 1 shows a cut end view of the compression arrangement
of a Solid Oxide Fuel Cell according to one embodiment of

the invention.
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Position number overview:
100 Solid Oxide Fuel Cell Stack.
101 Resilient plate (top).
102 Frame with central aperture (top).
103 Compression chamber.
104 Top plate.
105 Bottom plate.
106 Pressure channel.
107 Cathode gas internal inlet chimney.
108 Cathode gas internal outlet chimey.
109 Solid Oxide Fuel Cell.
110 Interconnect.

One embodiment of the invention is shown in figure 1. The
embodiment shows the compression arrangement of the inven-
tion in connection to a solid oxide fuel cell stack com-
prising a number of solid oxide fuel cells separated by in-
terconnects and stacked. Seals are provided between the

stack components, but not shown.

The invention is not restricted to this embodiment neither
concerning the compression arrangement or the type of fuel
cells and their configuration. As already mentioned, the
compression arrangement according to the invention can be
applied to the top, the bottom, both the top and bottom of
the fuel cell stack, and within the fuel cell stack in com-
bination; and the fuel cell stack can comprise different
types of fuel cells, which again can have different combi-

nations of internal or external gas manifolds.
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Referring to figure 1, a solid oxide fuel cell stack (100)
comprises a number of solid oxide fuel cells (109). The
fuel cell comprises electrolyte, cathode and anode. In this
context, the details of the fuel cell is not crucial, thus
it will be regarded as a unit with a seal area, and an
electrochemically active area. The fuel cells are stacked
on top of each other, with interconnects (110) in-between.
An oxidising cathode gas stream, such as air, need to pass
over the cathode side of the fuel cell and an anode gas
stream, a fuel gas of suitable kind, need to pass over the
anode side of the fuel cell. The interconnect separates the
two gas streams and provides electrical contact between the

cells.

The fuel cell stack 1s compressed between a rigid bottom
plate (105) and a top plate (104). A resilient plate (101)
and a frame (102) is placed on top of the fuel cell stack
in-between the fuel cell stack and the top plate. The frame
has a central aperture with a cross sectional area substan-
tially corresponding to the electrochemically active area
of the fuel cells, correspondingly this means that the part
of the frame covering the fuel cell stack corresponds sub-

stantially to the seal area of the fuel cells.

The bottom plate, the fuel cells, the interconnects, the
resilient plate, the frame and the top plate are all sealed
together by glass sealing or other suitable material. Hence
a gas tight cavity is formed between the resilient plate,
the frame inside the aperture and the top plate. In some
applications an acceptable gas tightness can even be
achieved without sealing material. From the foregoing de-

scription it is understood that the cross sectional area of
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this gas tight cavity corresponds substantially to the
electrochemically active area of the fuel cells. When the
pressure inside this gas tight cavity is above the sur-
rounding pressure, the resilient plate will press against
the top of the fuel cell on the electrochemically active
area, whereas the frame will press against the seal area by
means of known in the art compression means (not shown). In
this way the gas tight cavity forms a compression chamber

(103).

The overpressure needed in the compression chamber to pro-
vide a sufficient compression force to the chemically ac-
tive area of the fuel cells can be provided by an external
pressure source. However, experiments have surprisingly
shown that the pressure provided by the inlet cathode gas
produces sufficient compression force to maintain contact
between the fuel cell layers of the fuel cell stack. There-
fore, instead of extra external equipment to provide the
stack with compression gas only a connection to the cathode
inlet gas is necessary. In the embodiment shown in figure 1
at least one pressure channel (106) provides fluid connec-
tion between the compression chamber and the cathode gas
inlet channel. As the compression chamber has no outlets,
the overpressure in the compression chamber, relative to
the pressure in the cathode gas outlet channel, will be
equal to the pressure loss over the cathode side of the
fuel cell from the cathode gas inlet (107) to the cathode
gas outlet (108).
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EXAMPLE

Experiments with the invention have been performed on sev-
eral solide oxide fuel cell stacks. The stack was designed
as described above, with cathode gas entering the frame
from a hole in the end plate (the hole was placed towards
the cathode gas inlet side). The stack comprised 10 fuel
cells. A manometer was connected to an opening in the frame
allowing measurements of the pressure in the frame.

The test was performed under the following operating condi-

tions:

Cathode flow: 960 N1/h air
Stack temperature: 760°C

The cathode flow of 960 N1l/h air resulted in an over-
pressure in the frame, relative to the pressure in the
cathode gas outlet channel, of between 83 and 89 mbar, cor-
responding to a force between 76,5 N and 82 N exerted on
the electrochemically active area.

No contact problems were observed during the test.

As already mentioned, the compression arrangement can also
be provided on the bottom of the fuel cell stack or both at
the top and the bottom or within the stack. Further, in-
stead of cathode gas, anode gas can be used as compression
media. The compression chamber inlet can be designed in
different ways provided that a sufficient pressure is main-

tained in the compression chamber.



10

15

20

25

WO 2010/108530 PCT/EP2009/009072

18

CLAIMS

1. Compression arrangement for a fuel cell stack or an
electrolysis cell stack made of a plurality of cells, the

cell stack comprising

e a plurality of stacked cells, each with a seal area

and an electrochemically active area
e a bottom plate
e a top plate
e at least one resilient plate
e at least one frame with a central aperture

e at least one gas inlet channel in fluid communication

to a gas inlet side of the cells

e at least one gas outlet channel in fluid communication
to a gas outlet side of the cells

said at least one frame is arranged in gas tight connection
in-between at least one of:
- the top plate and said resilient plate,
- the bottom plate and said resilient plate,
- two of said resilient plates located within the stack
such that at least one compression chamber is formed by the
aperture of the frame closed on both sides by said plates,
said compression chamber is in fluid connection to the
inlet gas by a pressure channel connected from the gas
inlet channel to said compression chamber,
wherein the cross-sectional area of said compression cham-
ber substantially corresponds the electrochemically active

area of said cells.
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2. Compression arrangement for a cell stack according to
claim 1, wherein the cell stack is a solid oxide fuel cell

stack or a solid oxide electrolysis cell stack.

3. Compression arrangement for a cell stack according to

claim 1 or 2, wherein the inlet gas is the cathode gas.

4. Compression arrangement for a cell stack according to

claim 1 or 2, wherein the inlet gas is the anode gas.

5. Compression arrangement for a cell stack according to
any of the preceding claims, wherein the compression ar-
rangement is located in the middle of the stack, having a
substantially equal number of cells arranged on each side

of the compression arrangement.

6. Compression arrangement for a cell stack according to
any of the claims 1-4, wherein the compression arrangement
is located within the stack having a different number of
cells arranged on one side of the compression arrangement

than on the other side of the compression arrangement.

7. Compression arrangement for a cell stack according to
any of the claims 1-4, wherein a first compression arrange-
ment is located at the top of the stack, a first compres-
sion chamber is formed by the aperture of a first frame
closed on both sides by the top plate and a first resilient
plate, and a second compression arrangement is located at
the bottom of the stack, a second compression chamber is
formed by the aperture of a second frame closed on both

sides by the bottom plate and a second resilient plate.



10

15

20

WO 2010/108530 PCT/EP2009/009072

20

8. Compression arrangement for a cell stack according to
any of the claims 1-4, wherein a first compression arrange-
ment is located at the top of the stack, a first compres-
sion chamber is formed by the aperture of a first frame
closed on both sides by the top plate and a first resilient
plate, and a second compression arrangement is located at
the bottom of the stack, a second compression chamber is
formed by the aperture of a second frame closed on both
sides by the bottom plate and a second resilient plate, and
one or more further compression arrangements are located
within the stack having compression chambers formed by the
aperture of the one or more further frames closed on both

sides by further resilient plates.

9. Compression arrangement for a cell stack according to
any of the preceding claims, wherein the overpressure in
the compression chamber, relative to the pressure in the
gas outlet channel, is between 20-1000 mbar, preferably be-

tween 40-500 mbar, preferably between 60-300 mbar.

10. A solid oxide fuel cell stack or a solid oxide elec-
trolysis cell stack comprising a compression arrangement

according to any of the preceding claims.
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