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(57) Abrege/Abstract:
The invention relates to a gas circuit for a solid oxide fuel cell system which comprises an anode gas segment in which an anode
gas exiting from a gas space of an anode of a solid oxide fuel cell flows, and a recirculation segment for recirculating at least a part
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(57) Abrege(suite)/Abstract(continued):

of the anode gas back to a combustion gas processing appliance arranged in the gas circuit and in which fuel Is processed to
combustion gas for the solid oxide fuel cell, whereln a conveying appliance for recirculating the anode gas, and a division appliance
that divides the anode gas into a recirculation stream and a residual gas stream to be discharged from the gas circuit, are arranged
In the gas circuit, wherein the conveying appliance Is arranged upstream of the division appliance in the anode gas segment. The
Invention further relates to a solid oxide fuel cell system having a gas circuit.
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Abstract

The invention relates to a gas circuit for a solid oxide fuel cell system which comprises
an anode gas segment in which an anode gas exiting from a gas space of an anode of a
solid oxide fuel cell flows, and a recirculation segment for recirculating at least a part of
the anode gas back to a combustion gas processing appliance arranged in the gas circuit
and in which fuel is processed to combustion gas for the solid oxide fuel cell, wherein a
conveying appliance for recirculating the anode gas, and a division appliance that
divides the anode gas into a recirculation stream and a residual gas stream to be
discharged from the gas circuit, are arranged in the gas circuit, wherein the conveying
appliance is arranged upstream of the division appliance in the anode gas segment. The

invention further relates to a solid oxide fuel cell system having a gas circuit.

FIG. 1
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Gas circuit for a solid oxide fuel cell system and a solid oxide fuel cell system

The invention relates to a gas circuit for a solid oxide fuel cell system and also to a

solid oxide fuel cell system having at least one solid oxide fuel cell.

Solid oxide fuel cells (SOFCs) can be designed as high-temperature or else low-
temperature fuel cells and are subdivided, depending on their type, primarily into
tubular and planar solid oxide fuel cells. Planar solid oxide fuel cells are suitable,
especially, for applications with high volumetric power densities. However, the
reliability and service life of planar solid oxide fuel cells can be highly impaired at high
pressure differences between the air side (cathode) and the surroundings, and also
between the fuel side (anode) and the air side, which can be due, for example, to

downstream-connected heat exchangers.

In the use of hydrocarbonaceous fuels such as, for example, natural gas, LPG, diesel or
kerosene, processing of the combustion gas is necessary in order to avoid carbon
deposits within the solid oxide fuel cell. Steam reforming, in addition to partial
oxidation and autothermal reforming, here is the processing method having the

highest potential activity. In this case, in addition to the steam which must be

provided for the actual reforming of the fuel, gases such as hydi‘ogen, carbon
monoxide and carbon dioxide are advantageous in that they can generate methane via
an exothermic reaction within the reformer. Since the reformate is customarily not
completely oxidized in the solid oxide tuel cell, in the prior art, it is known to
recirculate the gas exiting from the anode back to the reformer in a gas circuit, in
order to provide the abovementioned gases hydrogen, carbon monoxide and carbon

dioxide that support the processing process.

CA 2932222 2018-01-19
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Typically, for the recirculation of the anode gas in the gas circuit, a blower or an
ejector is used, through which, the recirculated material or a mixture of recirculated

material and primary fuel flows.

For example, EP 1 603 181 A2 discloses a solid oxide fuel cell system in which the

anode gas stream is divided before the blower.

[n US 2008/0057361, an arrangement is additionally described in which the
recirculation blower of the air side is situated in the recirculated material line and
therefore is likewise situated downstream of the division of the anode stream into a

residual gas stream and a recirculation stream.

In these SOFC system configurations known from the prior art, the pressure level of
the anode, however, is set correspondingly high above the pressure drops of the
downstream components of the residual gas stream. In this case, the gas pressure at
the anode can reach such a high level that damage to, or failure of, the fuel cell can

OCcur.

Therefore, it is an object of the present invention to provide a gas circuit for a solid
oxide fuel cell system, and also a solid oxide fuel cell system, according to which
recirculation is permitted, without the pressure being disproportionately increased in

the gas space of the anode.

This object is achieved by a gas circuit for a solid oxide fuel cell system as described
herein and also by a solid oxide fuel cell system comprising at least one solid oxide
fuel cell and the gas circuit of the present invention. Advantageous developments of
the invention result from the subclaims, the description and also the drawing. In this
case, the features specified in the subclaims and the description can further develop
the solution according to the invention in each case separately, but also in a suitable

combination.

CA 2932222 2018-01-19
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In a particular embodiment, there is provided a gas circuit for a solid oxide fuel cell
system, wherein the gas circuit comprises: an anode gas segment in which an anode
gas exiting from a gas space of an anode of a solid oxide fuel cell flows; a combustion
gas processing appliance arranged in the gas circuit and in which fuel is processed to
combustion gas for a solid oxide fuel cell in the solid oxide fuel cell system; and a
recirculation segment for recirculating at least a part of the anode gas, as a
recirculation stream, back to the combustion gas processing appliance, said
recirculation segment comprising a conveying appliance for recirculating the anode
gas; and a division appliance that divides the anode gas into a recirculation stream
and a residual gas stream to be discharged from the gas circuit, whereas the conveying
appliance is arranged upstream of the division appliance in the anode gas segment,
wherein the recirculation segment is in fluid communication with a line through
which a further medium is fed to the recirculation stream in the recirculation segment

by means of an ejector, a nozzle or a jet scrubber.

The basic concept of the present invention is to arrange the conveying appliance
upstream of the division appliance in the anode gas segment. By dividing the anode
gas stream first downstream of the conveying appliance, the entire gas stream exiting
from the anode gas space flows through the conveying appliance. In this case, the
pressure level in the gas space of the anode can be kept low, despite high pressure
drops in the residual gas stream. The power consumption of the conveying appliance
will be higher in this case compared with the customary anode gas recirculation

known from the prior art, since the volumetric flow rate can double. This however

becomes noticeable in the electrical efficiency only with a decrease of a maximum of

1%.
According to a preferred embodiment, the gas conveying appliance is a blower.

According to an alternative preferred embodiment, the gas conveying appliance can

alternatively be an ejector.

Preferably, the combustion gas processing appliance comprises a reformer in which

the processing of the combustion gas is carried out.

CA 2932222 2018-09-12
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Furthermore, it is advantageous when the combustion gas processing appliance is

designed to carry out the combustion gas processing at differing temperatures, at

differing pressures and/or using differing catalysts.

In addition, the combustion gas processing appliance can comprise appliances for

carrying out partial oxidation, an autothermal reforming or a steam reforming.

According to a preferred embodiment, the combustion gas processing appliance

comprises a desulfurizing appliance, in such a manner that sulfur-containing fuels can

also be used.

[t is also advantageous when the residual gas stream is feedable to a residual gas

burner for oxidizing the residual gas with air or oxygen.

Preferably, the gas circuit additionally comprises a combustion gas segment which

leads from the combustion gas appliance to the gas space of the anode.,

According to the invention, in addition, a solid oxide fuel cell system is provided which
comprises at least one solid oxide fuel cell and a gas circuit as detailed above. The
solid oxide fuel cell system according to the invention which is equipped with a gas
circuit as described above has the advantage of a high reliability and long service life,
since large pressure differences and/or an excessive pressure rise in the gas space of

the anode are avoided.

The invention is described in more detail hereinafter with reference to exemplary

embodiments shown in the drawings. In the drawings:

Fig. 1 shows the schematic structure of a solid oxide fuel cell system according to a

first embodiment:

131039P10WO
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Fig. 2 shows the schematic structure of a solid oxide fuel cell system according to a

second embodiment;

Fig. 3 shows the schematic structure of a solid oxide fuel cell system according to a

further embodiment: and

Fig. 4 shows the schematic structure of a solid oxide fuel cell system according to yet

a further embodiment.

Fig. 1 shows the schematic structure of a solid oxide fuel cell system 1 having the gas
circuit according to an embodiment, which can be operated, for example, with
hydrocarbon-containing fuels such as natural gas, LPG, diesel, gasoline, kerosene,
methanol or ethanol at an operating temperature between 500°C and 900°C. The solid

oxide fuel cell system 1 may comprise a combustion gas processing appliance 2 in the

form of a reformer which is coupled to an anode 3 of a solid oxide fuel cell 4 via a
combustion gas segment 6 of the gas circuit 7. The combustion gas processing
appliance 2 may be designed to operate at temperatures from 250°C to 1000°C,
heated, cooled or adiabatically. Fuel is fed to the combustion gas processing appliance

2 for processing via a fuel segment 15.

The solid oxide fuel cell 4 may be designed as a low-temperature or high-temperature
fuel cell that is proton- or oxygen-conducting. In addition, the solid oxide fuel cell 4
can consist on the gas side of a plurality of series- or parallel-connected cells or cell
stacks which are not shown here in detail. The cathode 14 of the solid oxide fuel cell 4

may be arranged next to the anode 3, separated from the anode 3 by a solid, for

example ceramic, electrolyte.

The solid oxide fuel cell system 1, in addition, may have a heat exchanger 5 through
which combustion gas that has been processed by the combustion gas processing
appliance 2 in the combustion gas segment 6 of the gas circuit 7 of the solid oxide fuel

cell system 1 is passed on the way to the anode 3, and a further heat exchanger 8

131039P10OWO
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which is arranged in a recirculation segment 9 of the gas circuit 7, in which
recirculated material flows, and which heat exchanger brings the gas to the required

intake temperature of the reformer 2 and the solid oxide fuels 4.

In addition, the solid oxide fuel cell system 1 comprises an oxidation unit 10 may have
a residual gas burner. The oxidation unit 10 is arranged in a residual gas segment 11
in which residual gas that is to be discharged from the gas circuit 7 flows. The residual
gas is fed together with air 12 to the oxidation unit 10 in order to oxidize the residual

gas and discharge it as off-gas 13 from the oxidation unit 10.

To avoid a pressure rise in the gas space of the anode 3, a gas conveying appliance 16,
which is here constructed as a blower, and which serves for recirculating a part of the
anode gas which exits from the anode 3, may be arranged in an anode gas segment 17,
in such a manner that the entire anode gas flows through the gas conveying appliance
16. Downstream of the gas conveying appliance 16, a division appliance 18 may be
arranged, for example designed as a valve, which divides the anode gas into a
recirculation stream which flows in the recirculation segment 9, and a residual gas

stream which is to be discharged from the gas circuit, which flows in the residual gas

segment 11.

Fig. 2 shows the schematic structure of a solid oxide fuel cell system 1 as claimed in a
second embodiment, which differs from the embodiment shown in fig. 1 in that a
further solid oxide fuel cell 4’ may be arranged in the residual gas segment 11
upstream of the oxidation unit 10 and downstream of the division appliance 18. More

than one further solid oxide fuel cell can also be arranged in this segment. By

providing one or more additional solid oxide fuel cells 4’ in the residual gas segment

11, the fuel conversion rate is increased.

Fig. 3 shows the schematic structure of a solid oxide fuel cell system 1 as claimed in a
further embodiment, which differs from the embodiment shown in fig. 1 in that a

further medium, such as water, for example, or steam, may be fed to the recirculation

1310390P10WO
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stream in the recirculation segment 9 via a line 19 opening out into the recirculation

segment 9 by means of an ejector which is not shown here, a nozzle or a jet scrubber.

Fig. 4 shows the schematic structure of a solid oxide fuel cell system 1 as claimed in
yet a further embodiment which differs from the embodiment shown in fig. 3 in that
the further medium, such as, e.g, water or steam, may be already introduced into the

anode gas segment 17, i.e. downstream of the anode 3, and upstream of the gas

conveying appliance 16.

13103SP1OWC
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List of reference signs

1 - Solid oxide fuel cell system

2 - Combustion gas processing (reformer}
3,3 - Anode of the solid oxide fuel cell
4,4 - Solid oxide fuel cell

5 - Heat exchanger

6 - Combustion gas segment

7 - (as circuit

8 - Heat exchanger

9 - Recirculation segment

10 - Oxidation unit

11 - Residual gas segment

12 - Air

13 - Off-gas

14, 14 - Cathode

15 - Fuel segment

16 - (3as conveying appliance

17 - Anode gas segment

18 - Division appliance

19 - Line for further medium

131035P10WO
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Claims

A gas circuit for a solid oxide fuel cell system, wherein the gas circuit comprises:
an anode gas segment in which an anode gas exiting from a gas space of an
anode of a solid oxide fuel cell flows;

a combustion gas processing appliance arranged in the gas circuit and in
which fuel is processed to combustion gas for a solid oxide fuel cell in the solid
oxide fuel cell system; and

a recirculation segment for recirculating at least a part of the anode gas, as
a recirculation stream, back to the combustion gas processing appliance, said
recirculation segment comprising a conveying appliance for recirculating the
anode gas; and a division appliance that divides the anode gas into a recirculation
stream and a residual gas stream to be discharged from the gas circuit, whereas
the conveying appliance is arranged upstream of the division appliance in the
anode gas segment,

wherein the recirculation segment is in fluid communication with a line
through which a further medium is fed to the recirculation stream in the

recirculation segment by means of an ejector, a nozzle or a jet scrubber.

The gas circuit as claimed in claim 1, wherein the conveying appliance is a

blower.

The gas circuit as claimed in claim 1, wherein the conveying appliance is an

ejector.

The gas circuit as claimed in any one of claims 1 to 3, wherein the combustion gas

processing appliance comprises a reformer.

The gas circuit as claimed in any one of claims 1 to 4, wherein the combustion gas
processing appliance is designed to carry out the combustion gas processing at

differing temperatures, at differing pressures and/or using differing catalysts.

CA 2932222 2018-09-12
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6. The gas circuit as claimed in any one of claims 1 to 5, wherein the combustion gas
processing appliance comprises appliances for carrying out partial oxidation, an

autothermal reforming or a steam reforming.

7. The gas circuit as claimed in any one of claims 1 to 6, wherein the combustion gas

processing appliance comprises a desulfurizing appliance.

8. The gas circuit as claimed in any one of claims 1 to 7, wherein the solid oxide fuel
cell system comprises an oxidation unit having a residual gas burner for oxidizing

the residual gas with air or oxygen.

9. The gas circuit as claimed in any one of claims 1 to 8, wherein the gas circuit
additionally comprises a combustion gas segment which leads from the

combustion gas appliance to the gas space of the anode.

10.  The gas circuit as claimed in any one of claims 1 to 9, wherein the further medium

is water or steam.

11. A solid oxide fuel cell system which comprises at least one solid oxide fuel cell

and a gas circuit as claimed in any one of claims 1 to 10.

CA 2932222 2018-09-12
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Fig 1.

Fig 2.
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Fig 3.

Fig 4.
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