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The subject of invention is a battery of fuel cells
which is an autonomous power source.
The battery comprises at least one stack of interconnected flat two-sided fuel cells arranged inside the thermally insulated chamber (12). Each two-sided cell is
made in a form of a ceramic plate with individual connections for the supply and drainage of fluids and electric
power output, and is equipped with the central ceramic
anode structure (1) with high electrical conductivity
which, on both sides, has channels (3) formed for distribution of fuel and operating channels (4) covered with
operating anode layers (5), which are then covered with:
solid electrolyte layers (7), cathode layers (8) and cathode conductive layers (10). Each two-sided cell (DFC)
makes mechanical contact with the neighbouring twosided cells (DFC) with flexible separators (11) which enable transfer of the fuel and catalytic combustion products. Furthermore, inside the thermally insulated chamber (12), temperature controls are located, such as the
heaters (13), heat absorbers (14) and device forcing air
circulation (15A) or (15B).
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Description
[0001] The subject of the invention is the medium-power battery of fuel cells, which can be used as autonomous
electricity generator or complementary power supply
system for an individual household.
[0002] High-temperature fuel cells achieve high efficiency in the process of converting chemical energy into
electricity. An advantage of the converters is quiet operation without mechanical vibration and favourable relationship of the unit weight and dimensions to the electric
power generated. It is expected that electrochemical converters will become supplementary parts of electricity
generators which draw energy from such renewable energy sources as: solar cells or wind turbines which are
unable to provide continuous power output over a full 24hour cycle.
[0003] A typical high-temperature fuel cell contains solid electrolyte, usually based on yttrium-stabilized zirconia. On the opposite sides of a thin electrolyte layer, the
anode and cathode, electrodes transparent to gases are
located. At high temperature, the zirconia ceramics has
strong ionic conductivity. Due to the difference of partial
oxygen pressure on both sides of the electrolyte it is polarised, as only oxygen ions, formed in the cathode layer
due to molecular decomposition and drawing free electrons from the cathode, can move through the electrolyte
layer. Thus, the cathode is positively polarised, whereas
on the anode side, due to the reaction of oxygen ions
with fuel - hydrogen or carbon oxide - free electrons are
liberated which, in turn, leads to negative polarisation.
Connecting an external electrical circuit to the electrodes
will cause electric current flow that balances the internal
ionic current.
[0004] From the Polish patent application no. P
388558, a fuel cell is known with a flat laminar ceramic
substrate, the core of which is made of a central ceramic
plate with high density and rigidity, which is permanently
joined with porous cermet layers with distribution channels formed therein. The ceramic substrate so prepared
has, on both sides on a part of the surface, layers of solid
electrolyte applied and durably bonded to the substrate,
which in turn, on a part of their surface, are covered with
electrode layers, and such layers have their surfaces covered with contact layers. The description mentioned
presents also an exemplary system of cell application in
an electrochemical to electrical energy converter, in
which the battery of fuel cells is covered with foamed
ceramic thermal insulation.
[0005] So far, the highest electric power values generated in a unit volume (5 kW/I) are achieved with plate
cell stacks.
[0006] From American patent descriptions US
4.276.355 and US 7.531.053 plate chemical to electrical
energy converters are known, which contain multiple
electrically connected fuel cells. The fuel cells are configured in a stack, whereby each ceramic structure of the
cell is located between two plates. Each of the plates
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constitutes a separator between the following ceramic
structures and has, on both sides, open longitudinal
channels for the passage of fuel and air, whereby the
fuel channels are arranged orthogonally in relation to the
air flow channels. The separators referred to in the description US 7,531,053 are made of stainless steel with
linear thermal expansion coefficient close to that of the
electrolyte.
[0007] An advantage of the plate converters is relatively high value of electric power generated at small volume,
which enables the use of an insulated chamber with compact dimensions, which translates into relatively low heat
loss, since the amount of distributed heat is proportional
to the chamber area. However, the compact design of
batteries of cells prevents rapid heating and cooling of
them. This parameter is particularly important in medium
and high-power equipment, since the safe heating time
required may reach up to 24 hours. With such a long start
up time, the batteries of cells cannot serve as emergency
or supplementary equipment during peak power consumption.
[0008] The new design of battery of fuel cells proposed
in the invention allows considerable reduction of the start
up time and, thus can be useful particularly in applications
requiring quick response to electric power shortages.
[0009] The substance of the invention is a battery of
fuel cells in which every two-sided cell is made in a form
of a ceramic plate with individual connections for the supply and drainage of fluids and electric power output, and
is equipped with a central ceramic anode structure with
high electrical conductivity which, on both sides, has
channels formed for distribution of fuel and operating
channels covered with operating anode layers, which are
then covered with: layers of solid electrolyte, cathode layers and cathode conductive layers, whereby each twosided cell makes mechanical contact with the adjacent
two-sided cells with flexible separators to enable transfer
of fuel and catalytic combustions products. Furthermore,
inside the thermally insulated chamber, temperature control devices are located, such as heaters, heat absorbers
and equipment forcing air circulation within the insulated
chamber.
[0010] Preferably, the central ceramic anode structure
contains inbuilt metallic conductive structures, whereby
the metallic conductive structures can be favourably
based on nickel.
[0011] The clamping bars ensure the pressure between the two-sided cells and the flexible separators. Additionally, the pressure connection of the two-sided cells
with flexible separators is sealed with pads preferably
made from mica. The external surfaces of clamping bars
are preferably covered with ceramic insulating material.
[0012] The battery heaters are arranged in parallel to
the two-sided cell stacks and are located perpendicularly
to the direction of stream of gases circulating inside a
thermally insulated chamber. Also, the heat absorbers
are arranged in parallel to the two-sided cell stacks and
are located perpendicularly to the direction of stream of
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gases circulating inside a thermally insulated chamber.
[0013] The battery is provided with a device, tangential
fan, for forcing air circulation inside the thermally insulated chamber.
[0014] An alternative version of the battery is provided
with a device for forcing air circulation inside the thermally
insulated chamber, which is a linear distributor of oxidant
streams, and the medium forcing the circulation are
streams of fresh oxidant distributed with the distributor
and shaped with nozzles. Two-sided cells are electrically
connected with metallic tape.
[0015] An example of the subject of the invention is
shown in a drawing, in which Fig. 1 shows the design of
the ceramic structure of the cells, Fig. 2 shows the connection manner of cells into a battery, Fig. 3A and Fig. 4
show examples of the electrochemical energy converter,
whereas Fig. 3B shows an alternative design, in which
linear distributor of oxidant streams serves as a stream
pump forcing air circulation inside the thermally insulated
chamber.
[0016] Flat two-sided DFC cell, constituting the main
part of the battery, shown in Fig. 1, comprises the central
ceramic anode structure 1, equipped with central anode
highly conductive core, preferably containing embedded
metallic nickel-based structures 2. In the central ceramic
anode structure 1, on both sides of it, distributing channels 3 and operating channels 4 are formed which supply
fuel to the operating anode layer 5. The operating anode
layers 5 are made of porous ceramic material containing
zirconia ceramics and nickel. Such layers have ceramic
structure close to the material constituting the central ceramic anode structure and are permanently bonded to it.
On the surface of the operating anode layers 5, solid
electrolyte layers 7 are spread, which are then covered
with cathode layers 8, on which, in turn, cathode conductive layers 10 are applied, serving as the current collecting electrodes. The flat two-sided DFC cell constitutes a
complete autonomous energy converter and is provided
with individual input 6A and output 6B, respectively for
fuel distribution and removing combustion products, and
is further equipped with electrical contact fields 9A and
9K enabling connection of the electric load. The first contact field 9A has electrical connection, via central ceramic
anode structure 1, with the operating anode layers 5. The
second contact field 9K has electrical connection, via
conducting layer 10, with the cathode layer 8. The cathode conducting layer 10 constitutes a current collector
for the cathode 8. It is intended primarily to minimise electric resistance between the cathode 8 and the contact
field of the cathode 9K, and simultaneously, enabling free
oxidant flow through that layer. The cathode conducting
layer 10 can be preferably made of porous silver, permeable to gases, or have mesh structure.
[0017] In normal operating conditions, the flat DFC
two-sided cell is fully immersed in oxidant atmosphere.
This requires tight protection against direct oxidant inflow
to the anode layer, since it degrades the central ceramic
anode structure 1. To this end, almost the entire inner
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surface of the ceramic anode structure 1 is covered with
a layer of solid electrolyte 7, and other areas of the inner
surface, except for that under the anode contact field 9A,
is covered with ceramic sealing compound 16.
[0018] Fig. 2 explains the manner of stacking the cells.
To provide air flow to the cell cathodes, individual FC
two-sided cells are separated from one from another with
flexible separators 11. The flexible separators 11 are also
intended to transfer fuel to the following adjacent twosided DFC cells. The flexible separators 11 compensate
also the inevitable lack of parallelism between the planes
of the neighbouring two-sided DFC cells. The flexible
separators are supported with sealing pads 18 intended
to ensure gas tightness of connections. The two-sided
DFC cells in each stack are electrically connected in series with metallic tape 20. All flexible separators 11 and
sealing pads 18 are arranged concentrically and are compressed with clamping bars 17.
[0019] The particular design of the two-sided cell sets
specific material requirements regarding the electrical
conductivity for current collectors, since electric contact
points of a single cell are located in the opposite corners
of the ceramic structure. This results in lengthening the
current path both on the anode and cathode sides. Since,
at the anode side, the function of current collecting electrode is performed by the ceramic anode structure 1, its
electrical conductivity is of high importance to the cell
productivity. To improve electrical conductivity, conductive nickel layers are embedded with the ceramic core
structure. On the cathode side, the conductivity improvement has been achieved by using sliver-based cathode
conductive layers 10.
[0020] The design of the battery of fuel cells according
to the invention, in which the main operating areas of the
cells are separated and make physical contact, on most
of its area, only with a stream of oxidant flowing around
them, enables fast and safe battery heating with circulation of gases flowing around the battery. This has minimised mechanical stress due to non-uniform heating of
the cells, since the neighbouring cells contact one another only with metallic separators having some flexibility.
Furthermore, application of a device forcing oxidant circulation 15 A or 15B inside the thermally insulated chamber 12 allows improving heat exchange efficiency between heaters and the battery of fuel cells. That device
is particularly useful in the battery heating phase, when
it is necessary to ensure similar temperature of individual
two-sided cells during the phase of rapid temperature
rise. In the device of the invention, it is possible to use
one of two renditions of gas circulator in the thermally
insulated chamber 12. The first circulator version has
been made based on a tangential fan 15A. Fig. 3A, Fig.
4. The other option, Fig. 3B, utilises Coanda effect, in
which gas circulation in the thermally insulated chamber
12 is forced by a linear distributor of fresh oxidant streams
15 B.
[0021] In such circumstances, it is possible to reduce
the battery activation time by multiple times in relation to
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the start up time of typical batteries, in which - due to
interlocked structure - fast heating results in inevitable
stress.
[0022] In the battery start up process, additional necessary heat is supplied by cylindrical heaters 13 arranged
in parallel to the cell stack. A stream of gases rotating
inside the thermally insulated chamber 12 supplies heat
to the battery. After heating to about 700°C, the operating
battery of fuel cells delivers enough heat to maintain optimum and safe working conditions. During normal operation, constant temperature is maintained at 800°C, and
heat excess, after prior switching the heaters 13 off, is
removed by heat absorbers located inside the thermally
insulated chamber 12, and can be used by other equipment, e.g. water heaters. Circulating stream of gases
around the heat absorbers 14 allows efficient heat exchange and maintaining uniform temperature of individual cells of the battery.
[0023] The battery heaters 13 are arranged in parallel
to the cell stack and are located perpendicularly to the
direction of stream of gases circulating inside the thermally insulated chamber. The heaters 13 installed are in
a form of extended metallic cylinders, through which
streams of heated combustion gas are fed. In an alternative version, it is possible to use electric heaters. Heat
absorbers 14 are arranged in parallel to the cell stack
and are located perpendicularly to the of stream of gases
circulating inside the chamber. Heat absorbers 14 are
preferably in the shape of reverse U-tubes, through which
cooling medium is fed, and this medium transfer heat to
heat exchangers connected with heat receivers.
[0024] The process of battery start up begins from
feeding hydrogen to the two-sided DFC cell stack through
the distributor 21, fuel lines 22 and connections 19. Then,
through the distributing channels 3 and functional channels 4, hydrogen is transferred to the collector 23, from
which it is discharged through the exhaust line 24. During
the initial low-temperature heating phase, in the absence
of catalytic combustion process, the discharged hydrogen is burnt in flames and, during normal operation of
the battery, hydrogen residues in the exhaust gases are
burnt in flames. Cell stacks are heated by three metallic
cylindrical heaters 13, through the inner holes of which
hot combustion gases from three independent gas burners are forced. At the same time, during the heating process, similar temperature is maintained for all two-sided
DFC cells with the device forcing air circulation 15A or
15B. After heating the cell stacks to about 700°C, gas
burners are shut down, and heat absorbers 14 are started
with cooling medium flow forced through them. Flow intensity of the cooling medium is controlled so as to maintain constant temperature of 800°C in the thermally insulated chamber 12. Although, the battery of fuel cells
allows higher current output to be achieved at higher operating temperatures (e.g. 900°C) - the compromise value of 800°C has been set to maintain a safety margin to
prevent melting of silver-based components, such as the
tape 20, porous cathode conductive layer 10 and contact
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fields of the anode 9A and 9B.
[0025] The main component of the battery is a twosided cell. Its manufacturing process is described below.
5

Example of option 1
[0026]
1. Making the central ceramic structure
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a. Lamination of 6 layers of anode membrane
(ESL42421), T=80°C, P= 500 Atm.
b. Making operating channels.
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2. Lamination of operating anode layers (ESL 42421)
and ZrO2 electrolyte (42400).
3. Assembly of laminates.
4. Drying, 370°C.
5. Thermal processing of assembled laminates,
1550°C.
6. Printing of cathode layers, LSCF, (ESL4421).
7. Thermal processing of cathode layers, 1100°C.
8. Printing of contact and conductive layers.
9. Application of edge sealing composite,
(ESL4916).
10. Thermal processing of contact layers and sealing
composite, 900°C.
11. Making entry holes.
12. Reducing the central ceramic anode structure in
hydrogen atmosphere, 800°C.
Example of option 2
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[0027]
1. Making the central ceramic structure
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Lamination of 4 layers of anode membrane
(ESL42421) and three layers of nickel mesh,
T=80°C, P= 500 Atm.
Drying and thermal processing; 370°C, 1600°C.
Lamination on both sides of anode membrane
(ESL42421).
Drying and thermal processing; 370°C,
1,300°C.
Making operating channels.

2. Lamination of operating anode layers (ESL 42421)
and ZrO2 electrolyte (42400).
3. Assembly of laminates.
4. Drying, 370°C.
5. Thermal processing of assembled laminates,
1600°C.
6. Printing of cathode layers, LSCF, (ESL4421).
7. Thermal processing of cathode layers, 1100°C.
8. Printing of contact and conductive layers.
9. Application of edge sealing composite,

7

EP 2 722 915 A1

(ESL4916).
10. Thermal processing of contact layers and sealing
composite, 900°C.
11. Making entry holes.
12. Reducing the central ceramic anode structure in
hydrogen atmosphere, 800°C.

tors (11) which enable transfer of the fuel and catalytic combustion products, and inside the thermally
insulated chamber (12), temperature controls are located, such as the heaters (13), heat absorbers (14)
and device forcing air circulation (15A) or (15B).
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2.

Battery of fuel cells according to claim 1, characterised in that the central ceramic anode structure (1)
contains embedded metallic conductive structures
(2).

3.

Battery of fuel cells according to claim 1, 2 characterised in that the metallic conductive structures (2)
embedded into the central ceramic anode structure
(1) are made based on nickel.

4.

Battery of fuel cells according to claim 1, characterised in that the pressure of the two-sided cells (DFC)
against the flexible separators (11) is ensured by
clamping bars (17) having outer surfaces preferably
coated with ceramic insulating material.

5.

Battery of fuel cells according to claim 1, characterised in that the pressure connection of the two-sided
cells (DFC) with the flexible separators (11) is sealed
with sealing pads (18), preferably made from mica.

6.

Battery of fuel cells according to claim 1, characterised in that the heaters (13) are arranged in parallel
to the two-sided cell stacks and are located perpendicularly to the direction of stream of gases circulating inside the thermally insulated chamber (12).

7.

Battery of fuel cells according to claim 1, characterised in that the heat absorbers (14) are arranged in
parallel to the two-sided cell stacks and are located
perpendicularly to the direction of stream of gases
circulating inside the thermally insulated chamber
(12).

8.

Battery of fuel cells according to claim 1, characterised in that the device forcing air circulation inside
the thermally insulated chamber (12) is a tangential
fan (15A).

9.

Battery of fuel cells according to claim 1, characterised in that the device forcing air circulation inside
the thermally insulated chamber (12) is the linear
distributor of oxidant streams (15B), and the medium
forcing the circulation are streams of fresh oxidant
distributed with the distributor and shaped with nozzles.

List of symbols:
[0028]
-

two-sided cell (DFC);
central ceramic anode structure (1);
embedded metallic conductive structure (2);
distributing channels (3);
operating channels (4);
operating anode layer (5);
input / output (6A) / (6B);
solid electrolyte (7);
cathode layer (8);
anode contact field (9A);
cathode contact field (9K);
cathode conductive layer (10);
flexible separator (11);
thermally insulated chamber (12);
heater (13);
heat absorber (14);
device forcing air circulation (15A) or (15B);
tangential fan (15A);
linear distributor of oxidant streams (15B);
ceramic sealing composite (16);
clamping bar (17);
sealing pad (18);
connection (19);
metallic tape (20);
distributor (21);
fuel line (22);
collector (23);
exhaust line (24).
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Claims
1.

Battery of fuel cells containing at least one stack of
interconnected flat two-sided fuel cells arranged inside a thermally insulated chamber characterised
in that each two-sided (DFC) is made in a form of a
ceramic plate with individual connections for the supply and drainage of fluids and discharge of electric
energy, and comprises the central ceramic anode
structure (1) with high electrical conductivity which,
on both sides, features fuel distributing channels (3)
and operating channels (4) covered with operating
anode layers (5), which are, in turn, covered with:
solid electrolyte layers (7), cathode layers (8) and
cathode conductive layers (10), whereby each twosided cell (DFC) makes mechanical contact with the
adjacent two-sided cells (DFC) with flexible separa-
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10. Battery of fuel cells according to claim 1, characterised in that the two-sided cells (DFC) are electrically
bonded with metallic tape (20).
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