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SOLID OXIDE CELL STACK WITH A
PRESSURE DIFFERENCE BETWEEN ANODE
AND CATHODE COMPARTMENTS

FIELD OF THE INVENTION

[0001] The invention relates to a solid oxide cell (SOC)
stack, in particular a solid oxide fuel cell (SOFC) unit or a
solid oxide electrolysis cell (SOEC) unit, in particular for a
SOC stack with a pressure difference between the fuel-
compartments of the SOC units and the oxy-compartments
of the SOC units stacked upon each other to form a SOC
stack.

BACKGROUND OF THE INVENTION

[0002] The invention proposes a design for a solid oxide
cell (SOC) stack that is mechanically robust towards opera-
tion with a pressure difference between the fuel- and oxy-
compartments of the stack. This is achieved by choosing the
distance between contact points/ribs on the low-pressure
side of the SOC such that the maximum tensile stress
experienced by the SOC due to the applied pressure differ-
ence between the two sides of the cell is significantly below
the Weibull strength of the SOC.

[0003] Solid oxide cells (SOC) typically comprise of
layers of ceramic and metal-ceramic composite (cermet)
materials. Regardless of the chosen cell geometry (tubular,
planar, integrated planar, etc.), one of the cell layers is
typically considerably thicker than other layers and provides
mechanical support for the thinner layers. For example, in
electrolyte-supported cells, a gas-tight electrolyte layer
(consisting, e.g. of stabilized zirconia or doped ceria) is
typically the thickest layer in the cell. The mechanical
strength of such a cell is determined by the properties of
electrolyte. In fuel-electrode supported cells, the fuel-elec-
trode is the thickest layer in the cell and the mechanical
properties of the cell are determined by the fuel-electrode.
The fuel-electrode is typically a cermet material, comprising
metallic Ni and an oxygen ion-conducting material, such as
stabilized zirconia or doped ceria. Due to the use of ceramic
materials, SOCs are brittle. A material is considered brittle,
if, when subjected to stress, it fractures or fails with little or
no plastic deformation. A ductile material, in contrast, is able
to undergo significant plastic deformation before rupture,
when subjected to stress.

[0004] To increase the output of an SOC unit, several
SOCs are connected in series to form an SOC stack. The
mechanical failure of a single SOC in a stack usually leads
to the failure of the entire stack. The higher the number of
cells in a stack, the lower the allowable failure rate of cells.
For example, if the cell failure rate is 1/1000, then the
corresponding stack failure rate is 1/100 for a 10-cell stack,
but 1/10 for 100-cell stack. In order to achieve a low cell
failure rate, the strength of the cell, characterized typically
in terms of Weibull strength and Weibull modulus, should be
maximized. It should be understood that the strength of
ceramic materials is not an intrinsic property, but depends on
the size and distribution of flaws, which arise during the
manufacturing process and act as stress concentrators. As a
result, the probability of failure of such samples is statisti-
cally distributed and is commonly characterized using the
Weibull distribution. The Weibull distribution quantifies the
variability of the strength of the samples resulting from a
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distribution of flaw sizes. According to the distribution, the
probability of failure, P, is given as

PFl-exp[-(0/0p)™],

where o is the applied stress, 0, is the Weibull strength, and
m is the Weibull modulus. Weibull strength and Weibull
modulus can be estimated using a number of methods, such
as ball-on-ring, 4-point-bending, ring-on-ring, etc.

[0005] During operation, solid oxide cells are fed with
reactant gases. For example, when SOC is operating in solid
oxide fuel cell mode, the fuel-side of the SOC could be fed
with a fuel, such as hydrogen, methane, natural gas, syngas,
etc., and the oxy-side of the SOC could be fed with an
oxidant, such as air. When SOC is operating in solid oxide
electrolysis mode, the fuel-side of the SOC could be fed with
e.g. steam and/or carbon dioxide, while a flush gas, such as
oxygen, steam, nitrogen or carbon dioxide could be fed to
the oxy-side.

[0006] The pressure of gases on each side of the SOC can,
in principal, be chosen freely. However, due to the brittle-
ness of SOCs, it is common practice in the field to com-
pletely avoid pressure differences from occurring during
operation. However, operation of SOC stacks with a non-
zero pressure difference between the fuel- and oxy-side of
the stack, if possible, would have significant advantages.

[0007] For example, U.S. Pat. No. 6,902,840 B2 teaches
that it is desirable to minimize the pressure differential of the
gases passing through the anode and cathode sides of the
stacks and proposes the use of a mixer/educator to operate
and mix said exhaust fuel gas and supply of oxidant gas such
that the difference between the pressure of said exhaust fuel
gas at the exit of the anode-side and the pressure of the
oxidant gas at the inlet of the cathode-side is reduced.

[0008] In another example, US 2011/0027683 Al pro-
poses the use of seal materials with serpentine seal geometry
to avoid seal failure, electrolyte failure (stress induced
fracturing of electrolyte sheet wrinkles, buckling or corru-
gation), or device failure due to differential gas pressure and
interactions between the device, the seal and the cell support
frame.

SUMMARY OF THE INVENTION

[0009] Now, it has turned out that it is possible to operate
an SOC stack with a pressure difference between the fuel-
and oxy-side of the stack by providing sufficient mechanical
support to the low-pressure side of the SOC. More specifi-
cally, the invention proposes a stack design, where the
distance between contact points/ribs on the low-pressure
side of the SOC are chosen such that the maximum tensile
stress experienced by the SOC due to the applied pressure
difference between the two sides of the cell is significantly
below the Weibull strength of the SOC.

[0010] Being able to operate an SOC stack with either a
steady-state or transient pressure difference between the
fuel- and oxy-compartments has several advantages.

[0011] Transient pressure differences between the com-
partments can occur during stack operation, e.g. when the
flow rates are changed or when a blower/compressor is
started/stopped. A stack design that is robust towards such
transient pressure differences would allow cheaper pressure
control equipment to be used for monitoring/controlling the
inlet pressures for oxy- and fuel compartments. Additionally,
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the invention would minimize the need for buffer tanks (e.g.
for steam), which are often used to smoothen out transient
pressure differences.

[0012] In solid oxide electrolysis mode, the fuel-side feed
gas (for example steam, CO,, or a mixture of thereof) is
typically provided in pressurized state and the resulting
product (H,, CO, or syngas) should be pressurized. It is
therefore desirable to operate the fuel-side compartment of
the stack at an elevated pressure to avoid both an additional
decompression of gases prior to entering the stack and a
recompression of product gases after leaving the stack.
According to the state-of-the-art, this implies that the oxy-
side compartment of the stack needs to be pressurized to the
same pressure as the fuel-side compartment. Hence, an
additional compressor is needed for pressurizing the oxy-
side gas prior to entering the stack. The proposed invention
would eliminate the need for the oxy-side compressor and
would thus involve significant cost savings, both in CAPEX
and OPEX. Additionally, in a stack built according to the
invention, the inlet pressures of the oxy- and fuel-side gases
need not be matched exactly, which simplifies the system
design and eliminates the need for buffer tanks.

[0013] Insolid oxide fuel cell mode, the fuel-side feed gas
(e.g. H,, CH,, natural gas, etc.) is often provided in pres-
surized state and the one (the other product being electricity)
resulting product gas (CO,, steam) can be advantageously
used to drive a gas turbine, if pressurized. It is therefore
desirable to operate the fuel-side compartment of the stack
at an elevated pressure to avoid both an additional decom-
pression of gases prior to entering the stack and a recom-
pression of product gases after leaving the stack. According
to the state-of-the-art, this implies that the oxy-side com-
partment of the stack needs to be pressurized to the same
pressure as the fuel-side compartment. Hence, an additional
compressor is needed for pressurizing the oxy-side gas prior
to entering the stack. The proposed invention would elimi-
nate the need for the oxy-side compressor and would thus
involve significant cost savings, both in CAPEX and OPEX.

[0014] More specifically, the present invention solves the
above discussed problems according to the claims by pro-
viding a Solid Oxide Cell stack comprising a plurality of
stacked cell units as known in the art. Each unit comprises
a solid oxide cell in a cell layer and an interconnect in an
interconnect layer. One interconnect layer separates one cell
unit from the adjacent cell unit in the cell stack and thus
provides a gas barrier between the cell units. The intercon-
nect also serves the purpose of providing gas flow channels
and electrical contact between the cell units. This is solved
by each interconnect comprising one or more protruding
contact areas on a first side and one or more protruding
contact areas on a second side of the interconnect adapted to
provide mechanical and electrical contact between intercon-
nects and solid oxide cells as well as gas flow channels in
between the contact areas on both the first and the second
side of the interconnect. It is to be understood that the
contact areas on both sides of each interconnect protrudes at
least relative to the bottom part of the gas flow channels.
Particular for this invention, each solid oxide cell has a
high-pressure side facing the first side of an adjacent inter-
connect and a low-pressure side facing a second side of an
adjacent interconnect. The maximum distance between two
adjacent edges of the contact areas on the second side of the
interconnects is 2.5 mm, whereby also the tensile stress
experienced by the SOC due to the applied pressure differ-
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ence between the first and the second side of the interconnect
also has a maximum which is related to the applied pressure
and the distance between the two adjacent edges of the
contact areas.

[0015] Hence, for a given SOC unit with given strength
and for given operation condition, the interconnect is
according to this invention designed to provide a maximum
tensile stress experienced by the SOC by means of a
maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects.
Accordingly, in further embodiments of the invention, with
different applications regarding SOC strength and/or pres-
sure difference, said maximum difference can be 0.3 mm, 0.4
mm, 0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1.0 mm,
1.2 mm, 1.5 mm, 1.8 mm or 2.5 mm depending on the
mentioned operation conditions and SOC strength.

[0016] According to another embodiment of the invention,
the discussed maximum distance between two adjacent
edges of the contact areas on the first side of the intercon-
nects is the same or larger than the maximum distance
between two adjacent edges of the contact areas on the
second side of the interconnects. In this manner, the inter-
connect design may be tailored to the different process
parameters and tensile stress which are at either side of the
interconnect. L.e. the distance between two adjacent edges of
the contact areas on one side is suited for the pressure and
thus the stress on that side whereas the pressure and stress
on the other side may be different and the discussed distance
on that side may therefore also differ to meet the strength
demands.

[0017] In a further embodiment of the invention, the
interconnects of the SOC stack each has an area of between
15 cm? and 10000 cm?, preferably between 64 and 500 cm?.
[0018] The cell units may be ceramic in an embodiment of
the invention. Also, the interconnects may comprise one or
more intermediate contact enhancing layers. In a particular
embodiment of the invention, the SOC stack is a Solid Oxide
Electrolysis cell stack.

[0019] According to an embodiment of the invention, the
pressure difference between the high-pressure side and the
low-pressure side is minimum 300 mBar. In a further
embodiment of the invention, said pressure difference is
minimum 1 Bar, preferably minimum 5 Bar or even mini-
mum 15 Bar. It is to be understood that the maximum
distance between two adjacent edges of the contact areas on
the second side of the interconnects may vary accordingly
such that the higher the pressure difference, the smaller the
maximum distance between two adjacent edges of said
contact areas.

FEATURES OF THE INVENTION

[0020] 1. Solid Oxide Cell stack comprising a plurality of
stacked cell units, each unit comprises a solid oxide cell in
a cell layer and an interconnect in an interconnect layer,
wherein one interconnect layer separates one cell layer from
the adjacent cell layer in the cell stack, each interconnect
comprises one or more protruding contact areas on a first
side and one or more protruding contact areas on a second
side of the interconnect adapted to provide mechanical and
electrical contact between interconnects and solid oxide
cells,

wherein each solid oxide cell has a high-pressure side facing
the first side of an adjacent interconnect and a low-pressure
side facing a second side of an adjacent interconnect and
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wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 2.5 mm.

[0021] 2. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 2.0 mm.

[0022] 3. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 1.8 mm.

[0023] 4. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 1.5 mm.

[0024] 5. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 1.2 mm.

[0025] 6. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 1.0 mm.

[0026] 7. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 0.9 mm.

[0027] 8. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 0.8 mm.

[0028] 9. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 0.7 mm.

[0029] 10. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 0.6 mm.

[0030] 11. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 0.5 mm.

[0031] 12. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 0.4 mm.

[0032] 13. Solid Oxide Cell stack according to feature 1,
wherein the maximum distance between two adjacent edges
of the contact areas on the second side of the interconnects
is 0.3 mm.

[0033] 14. Solid Oxide Cell stack according to any of the
preceding features, wherein the maximum distance between
two adjacent edges of the contact areas on the first side of the
interconnects is the same or larger than the maximum
distance between two adjacent edges of the contact areas on
the second side of the interconnects.

[0034] 15. Solid Oxide Cell stack according to any of the
preceding features, wherein the area of each of the inter-
connects is between 15 ¢m® and 10000 cm?, preferably
between 64 and 500 cm?>.

[0035] 16. Solid Oxide Cell stack according to any of the
preceding features, wherein the solid oxide cells are ceramic
cells.
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[0036] 17. Solid Oxide Cell stack according to any of the
preceding features, wherein the interconnects comprise one
or more intermediate contact enhancing layers.

[0037] 18. Solid Oxide Cell stack according to any of the
preceding features, wherein the Solid Oxide Cell stack is a
Solid Oxide Electrolysis cell stack.

[0038] 19. Solid Oxide Cell stack according to any of the
preceding features, wherein the pressure difference between
the high-pressure side and the low-pressure side is minimum
300 mBar.

[0039] 20. Solid Oxide Cell stack according to any of the
preceding features, wherein the pressure difference between
the high-pressure side and the low-pressure side is minimum
1 Bar, preferably minimum 5 Bar, preferably minimum 15
Bar.

[0040] 21. Solid Oxide Cell stack according to any of the
preceding features, wherein the high-pressure side is a
fuel-side.

DRAWING

[0041] In the following an embodiment of the invention
will be explained with reference to FIG. 1, which shows a
partial principle side cut of a part of an SOC stack according
to an embodiment of the invention.

[0042] A part of an Solid Oxide Cell (SOC) 101 is shown
with a high pressure side, H and a low pressure side L. It is
to be understood that several SOCs are stacked in layers in
the SOC stack, with Interconnects, 102 separating each SOC
from the next in the cell stack. An SOC and one interconnect
each forming a cell unit 103. The high pressure side of the
SOC faces a first side of an interconnect and the low
pressure side of the SOC faces a second side of the inter-
connect. The interconnects comprise protruding contact
areas on both the first and the second side of the intercon-
nect. According to the invention, the maximum distance
between two adjacent edges of the contact areas on the
second side of each interconnect M1, is adapted be 2.5 mm,
to support the cell unit. The distance M2 between two
adjacent edges of the contact areas on the first side of each
interconnect may in an embodiment of the invention be
larger than M1, since the high pressure side of the SOC
needs less support than the low pressure side. In a further
embodiment of the invention, the high pressure side of the
SOC is the fuel side of the SOC.

EXAMPLES

[0043] The design of the invention was tested in two short
SOC stacks containing 9 single repeat cell units. The dis-
tance between the contact points/ribs on the low pressure
oxy side was 1.3 mm, and the fuel side was pressurized up
to 1.75 bara yielding a pressure difference from fuel to oxy
side of up to 750 mbar.

[0044] The first test was performed in electrolysis mode,
with fuel containing 5% hydrogen in steam. The oxy side
was flushed with air and kept at ambient pressure (1.013
bara) throughout the test. The inlet gases were heated to
750° C. and the stack was installed in a furnace keeping the
temperature around the stack stable at 750° C. The stack was
run at a current density of approximately 0.75 A/cm2. Below
is a table showing the average cell voltage at the chosen
operating point with increasing fuel side pressure.
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Fuel side pressure Pressure difference Average cell voltage

[bara] [mbar] [mV]
1.02 8 1255
1.26 250 1253
1.51 495 1248
1.76 742 1241

[0045] As secen from the table, the average voltage of the
cells decreases as the fuel side pressure increases, which in
SOEC mode corresponds to improved performance. The
increased performance at this operating point corresponds to
a reduced power consumption of a little more than 1%.

[0046] The second test was performed in SOFC mode on
a fuel of 60% hydrogen and 40% nitrogen. Again, the oxy
side was flushed with air and kept at ambient pressure (1.013
bara) throughout the test. The inlet gases were heated to
700° C. and the SOC stack was installed in a furnace
keeping the temperature around the SOC stack stable at 700°
C. The SOC stack was run at a current density of approxi-
mately 0.28 A/cm2. Below is a table showing the average
cell voltage at the chosen operating point with increasing
fuel side pressure.

Fuel side pressure Pressure difference Average cell voltage

[bara] [mbar] [mV]
1.01 0 874.7
1.26 243 877.2
1.51 492 878.5
1.75 740 879.5

[0047] As seen from the table, the average voltage of the
cells increases as the fuel side pressure increases, which in
SOFC mode corresponds to improved performance. The
increased performance at this operating point corresponds to
an increase in power output of roughly 0.6%.

1. Solid Oxide Cell stack comprising a plurality of stacked
cell units, each unit comprises a solid oxide cell in a cell
layer and an interconnect in an interconnect layer, wherein
one interconnect layer separates one cell layer from the
adjacent cell layer in the cell stack, each interconnect
comprises one or more protruding contact areas on a first
side and one or more protruding contact areas on a second
side of the interconnect adapted to provide mechanical and
electrical contact between interconnects and solid oxide
cells,

wherein each solid oxide cell has a high-pressure side
facing the first side of an adjacent interconnect and a
low-pressure side facing a second side of an adjacent
interconnect and wherein the maximum distance
between two adjacent edges of the contact areas on the
second side of the interconnects is 2.5 mm.

2. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 2.0
mm.

3. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 1.8
mm.
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4. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 1.5
mm.

5. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 1.2
mm.

6. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 1.0
mm.

7. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 0.9
mm.

8. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 0.8
mm.

9. Solid Oxide Cell stack according to claim 1, wherein

the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 0.7
mm.
10. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 0.6
mm.

11. Solid Oxide Cell stack according to claim 1, wherein

the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 0.5
mm.
12. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 0.4
mm.

13. Solid Oxide Cell stack according to claim 1, wherein

the maximum distance between two adjacent edges of the
contact areas on the second side of the interconnects is 0.3
mm.
14. Solid Oxide Cell stack according to claim 1, wherein
the maximum distance between two adjacent edges of the
contact areas on the first side of the interconnects is the same
or larger than the maximum distance between two adjacent
edges of the contact areas on the second side of the inter-
connects.

15. Solid Oxide Cell stack according to claim 1, wherein
the area of each of the interconnects is between 15 cm? and
10000 cm?, preferably between 64 and 500 cm?.

16. Solid Oxide Cell stack according to claim 1, wherein
the solid oxide cells are ceramic cells.

17. Solid Oxide Cell stack according to claim 1, wherein
the interconnects comprise one or more intermediate contact
enhancing layers.

18. Solid Oxide Cell stack according to claim 1, wherein
the Solid Oxide Cell stack is a Solid Oxide Electrolysis cell
stack.

19. Solid Oxide Cell stack according to claim 1, wherein
the pressure difference between the high-pressure side and
the low-pressure side is minimum 300 mBar.

20. Solid Oxide Cell stack according to claim 1, wherein
the pressure difference between the high-pressure side and
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the low-pressure side is minimum 1 Bar, preferably mini-
mum 5 Bar, preferably minimum 15 Bar.

21. Solid Oxide Cell stack according to claim 1, wherein
the high-pressure side is a fuel-side.

#* #* #* #* #*



