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which are contained in fuel gas, or decomposes the hydrocarbons and electrochemically oxidizes carbon obtained by decomposing
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Description

FUEL CELL SYSTEM AND CONTROL METHOD THEREOF

[0001]

[0002]

[0003]

[0004]

Technical Field

The present invention relates to a fuel cell system that generates electric power by
using, as fuel gas, hydrocarbon fuel such as town gas, natural gas, gasoline and light
oil as it is, or reformed gas of the hydrocarbon fuel according to needs. More spe-
cifically, the present invention relates to a fuel cell system that inhibits carbon de-
position on a fuel electrode of a fuel cell stack even if hydrocarbons with a carbon
number of 2 or more are contained in the fuel gas supplied to the fuel electrode, thus
making it possible to prevent a decrease of electrode performance, and relates to a

control method of the fuel cell system.

Background Art

In a fuel cell that generates electric power by using hydrocarbon fuel as it is, and in a
fuel cell that generates the electric power by using reformed gas of the hydrocarbon
fuel, a variety of fuel gases are used. Specifically, town gas, natural gas, gasoline, light
oil and the like are used as the fuel gases. Among them, in such reformed fuel obtained
by reforming the fuel such as the gasoline and the light oil once, and in the fuel such as
the town gas, while large amounts of methane (CH,) and hydrogen (H,) are basically
contained, small amounts of hydrocarbons with a carbon number of 2 or more, that is,
ethane (C,Hg), propane (C;Hs), butane (C,H,), and the like are also contained.

For example, like a solid oxide fuel cell (SOFC), a fuel cell that operates at a
somewhat high temperature is capable of generating the electric power even by using
CH.. However, in the case of using hydrocarbon fuel with the carbon number of 2 or
more in the solid oxide fuel cell, it has happened that carbon (C) is deposited on a
surface of an electrode catalyst, whereby electrode activity is decreased. Specifically,
when the number of moles of steam contained in the fuel gas supplied to a fuel
electrode is not significantly large with respect to the number of moles of the carbon, it
becomes impossible to completely oxidize the fuel. More specifically, in the case of
using C;Hjs as the fuel, when a ratio (S/C) of the steam and the carbon is not equal to 2
or more, it becomes impossible to completely oxidize C;H;. Therefore, it has happed
that the carbon is deposited on the surface of the electrode catalyst, whereby the
electrode catalyst is decreased.

In this connection, as a technology for preventing such the carbon deposition, a
technology disclosed in Japanese Patent Unexamined Publication No. 2003-86225 is
proposed. In this conventional technology, a steam supply device is disposed, the

steam is supplied to the fuel electrode, a steam reforming reaction is caused, and the
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hydrocarbon is decomposed to carbon monoxide (CO) and the hydrogen (H,).
Disclosure of Invention

However, in this conventional technology, for the steam supply device, a water tank
for supplying water thereto and a vaporizer for converting the water into the steam
become necessary. Accordingly, enlargement and complication of the system are in-
evitable. Moreover, when the steam is supplied excessively, steam oxidation of the
electrode is caused, and accordingly, it is also necessary to consider a control of a
supplied amount of the steam. If a control device for the supplied amount of the steam
as described above is added, then the system becomes more complicated. Moreover, in
consideration for mounting the fuel cell system as described above on an automobile, it
is concluded that a system free from the necessity to supply the water is desirable.

The present invention has been made in consideration for the above-described
problems inherent in the fuel cell system using the fuel gas containing the hy-
drocarbons with the carbon number of 2 or more. It is an object of the present
invention to provide a fuel cell system that does not require complicated devices and
management, and is capable of preventing the carbon deposition onto the fuel electrode
and maintaining fuel performance for a long time even if the hydrocarbons with the
carbon number of 2 or more are contained in the fuel gas. Further, it is an object of the
present invention to provide a control method of the fuel cell system concerned.

According to one aspect of the present invention, there is provided a fuel cell system
including: a power generation stack composed by stacking a plurality of fuel cells; and
a hydrocarbon-oxidizing device disposed on an upstream side of the power generation
stack in a fuel supply passage, the hydrocarbon-oxidizing device directly and electro-
chemically oxidizing hydrocarbons with a carbon number of 2 or more, which are
contained in fuel gas, or decomposing the hydrocarbons and electrochemically
oxidizing carbon obtained by decomposing the hydrocarbons.

Brief Description of the Drawings

[fig.1]Fig. 1 is a schematic view showing a fuel cell system according to an em-
bodiment of the present invention.

[fig.2]Fig. 2 is a partially exploded perspective view showing a power generation stack
in the fuel cell system according to an embodiment of the present invention.

[fig.3]Fig. 3 is a schematic view showing a hydrocarbon-oxidizing device in the fuel
cell system according to an embodiment of the present invention.

[fig.4]Fig. 4 is a schematic view showing a fuel electrode of the hydrocarbon-oxidizing
device in the fuel cell system according to an embodiment of the present invention.
[fig.5]Fig. 5 is a flowchart showing a control method of the fuel cell system according

to an embodiment of the present invention.
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[fig.6]Fig. 6 is a schematic view showing a fuel cell system of a comparative example.
Best Mode for Carrying Out the Invention

A description will be made below specifically and in detail of a fuel cell system of
the present invention and a control method of the fuel cell system concerned.

Fig. 1 shows an embodiment of the fuel cell system according to the present
invention. As shown in Fig. 1, the fuel cell system of the present invention includes: a
power generation stack 1 composed of a plurality of fuel cells; and a hydrocarbon-
oxidizing device 2 disposed on an upstream side of the power generation stack 1 on a
fuel supply passage 8. Moreover, the fuel cell system includes a gas concentration
measurement instrument 3 as means for measuring concentrations of hydrocarbons
with a carbon number of 2 or more. Here, the hydrocarbons are contained in fuel gas
on an outlet side of the hydrocarbon-oxidizing device 2, that is, fuel gas supplied to the
power generation stack 1. Measurement data of the gas concentration measurement in-
strument 3 is inputted to a control unit 5. Furthermore, the fuel cell system includes: a
current controller 7 that controls a value of a current to the hydrocarbon-oxidizing
device 2; and an ammeter 4 that detects such a current value.

Note that, in the fuel cell system shown in FIG. 1, an example is shown, where the
raw fuel is supplied from a fuel tank 9 to a reformer 6, the raw fuel is reformed to
reformed gas containing hydrogen by the reformer 6, and the reformed gas is then
supplied to the hydrocarbon-oxidizing device 2. However, it is also possible to
introduce the raw fuel as it is into the hydrocarbon-oxidizing device 2 depending on a
type of the raw fuel, and the reformer 6 is not necessarily required. Specifically, for
example, in the case of using town gas, it is frequent that the town gas is directly in-
troduced into the fuel cells. However, in the case of using fuel, such as gasoline,
containing hydrocarbon with a carbon number of approximately 8 as a main
component, a reformer in accordance with a partial reforming method that does not
require water and a steam reforming method in which a steam/carbon ratio (S/C) is
small is used. In such a way, a simple system can be constructed, and is advant-
ageously mounted on an automobile.

Besides the town gas, natural gas, the gasoline and light oil, as the fuel gas for use in
the fuel cell system of the present invention, alcohol fuel, kerosene and the like can be
used. However, in the case of using the alcohol fuel, the natural gas and the kerosene,
it is desirable to dispose the reformer 6 upstream of the hydrocarbon-oxidizing device
2 in a similar way to the case of the gasoline.

For the power generation stack 1, a stack including one or more cell elements 10 can
be used. Here, each of the cell elements 10 serves as the fuel cell, and the cell element

10 is composed of a fuel electrode 11, an air electrode 12 and an electrolyte 13. As
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shown in FIG. 2, a stack in which the plurality of cell elements 10 are stacked while in-
terposing electron-conductive separators 14 therebetween can be used. On the electron-
conductive separators 14, gas flow grooves 14a are provided. As the power generation
stack 1, a solid oxide fuel cell (SOFC) can be used. It is desirable that an operation
temperature thereof be 300 degrees Celsius or higher, and the solid oxide fuel cell can
be employed as a type of a fuel cell that satisfies this temperature condition. In such a
way, the power generation stack 1 becomes capable of generating electric power even
if CH, and CO are present in the fuel supplied thereto.

The hydrocarbon-oxidizing device 2 is a device that has a function to preferentially
decompose and oxidize the hydrocarbons with the carbon number of 2 or more in the
fuel gas (reformed gas) that passes therethrough. The hydrocarbon-oxidizing device 2
removes the hydrocarbons with the carbon number of 2 or more, which are contained
in the raw fuel, by an electrochemical reaction.

In the present invention, it is desirable that the hydrocarbon-oxidizing device 2
include an oxygen-ion-conducting material. In such a way, even if carbon is deposited
in the hydrocarbon-oxidizing device 2, the carbon is oxidized instantaneously by
oxygen ions. Alternatively, the hydrocarbons with the carbon number of 2 or more are
directly oxidized and decomposed by the oxygen ions. Specifically, the hydrocarbons
with the carbon number of 2 or more, which are contained in the fuel, are removed by
the oxygen ions, and a reaction at this time progresses in the following manner, for
example, in the case where the hydrocarbons are propane (C;Hg). Specifically, as rep-
resented in Chemical equation 1, first, the propane is thermally decomposed into
carbon and hydrogen by a thermal decomposition reaction, and thereafter, the carbon is
oxidized by the oxygen ions, and is converted into carbon dioxide. Alternatively, as
represented in Chemical equation 2, the propane is directly oxidized by the oxygen
ions, and is decomposed into carbon dioxide and water.

[Chem.1]

C3Hg — 3C +4H,
C+20% — CO,

[Chem.2]
C3Hg + 100* — 3CO, + 4H,0

The oxygen-ion-conducting material is not particularly limited, and does not have to
be a perfect oxygen ion conductor. The oxygen-ion-conducting material may be a
material that also has electron conductivity when an oxygen partial pressure is low, for

example, ceria (CeQ,) and a substitution of ceria such as ((CeSm)O). Alternatively, the
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oxygen-ion-conducting material may be a material that is a perfect oxygen ion
conductor, for example, such as yttria-doped zirconia (Y SZ), scandium-stabilized
zirconia (SSZ) and lanthanum gallate (lanthanum-strontium-gallate-magnesite:
LSGM).

It is desirable that the above-described hydrocarbon-oxidizing device 2 be composed
of a fuel electrode, an air electrode and an electrolyte, and be provided with a basic
structure of the fuel cell. Specifically, as shown in FIG. 3, it is desirable that the hy-
drocarbon-oxidizing device 2 include an assembly 20, in which a fuel electrode 22 is
provided on one surface of an electrolyte 21, and an air electrode 23 is provided on the
other surface. With such a structure, oxygen serving as oxidant gas is reduced to
oxygen ions in the air electrode 23, and the oxygen ions pass through the electrolyte 21
having an oxygen ion conducting function. Then, in the fuel electrode 22, hydrocarbon
(C2) with the carbon number of 2 or more reacts with the oxygen ions (O*) which flow
thereto through the electrolyte 21. In such a way, the hydrocarbon (C2) is oxidized.

Here, as a material of the air electrode 23, there can be mentioned: an electron- and
oxygen-ion-conducting oxide such as LSM (LaSrMnQO), SSC (SrSmCo0), and LSC
(LaSrCoO); or a metal material such as Pt and Ag. Moreover, as a material of the fuel
electrode 22, Ni-YSZ, Ni-SDC, Ni-SSZ and the like can be mentioned. Moreover, Ni-
12Ca0-7Al,0; can be used as the material of the fuel electrode 22. This material is a
substance containing a large amount of the oxygen ions, and accordingly, can ef-
ficiently oxidize and remove the carbon deposited on nickel. As a material of the
electrolyte 21, yttria-stabilized zirconia (Y SZ), samarium-doped ceria (SDC),
scandium-stabilized zirconia (SSZ) and the like can be mentioned. However, the
materials of the air electrode, the fuel electrode and the electrolyte are not particularly
limited to those described above.

It is desirable that a hydrocarbon treatment catalyst be contained in the fuel electrode
of the hydrocarbon-oxidizing device 2 together with the above-described oxygen-
ion-conducting material. The hydrocarbon treatment catalyst decomposes and oxidizes
the hydrocarbon with the carbon number of 2 or more as represented in the above-
described Chemical equation 1, or directly oxidizes the hydrocarbon concerned as rep-
resented in the above-described Chemical equation 2. By the presence of the catalyst as
described above, the hydrocarbons with the carbon number of 2 or more, which are
contained in the fuel gas, are preferentially adsorbed to the fuel electrode described
above, whereby the adsorbed hydrocarbons can be thermally decomposed, and can be
directly subjected to an oxidation reaction. Therefore, even in a state where CH,4, Ho,
CO and hydrocarbon gas with the carbon number of 2 or more are mixed together, the
hydrocarbon gas with the carbon number of 2 or more, in which carbon-carbon

bonding is present, is preferentially adsorbed, thermally decomposed and oxidized.
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Further, even if the carbon is deposited on the fuel electrode, the carbon is thermally
decomposed and oxidized.

Note that the hydrocarbon treatment catalyst as described above can be said to be a
material that easily adsorbs the hydrocarbons with the carbon number of 2 or more,
which are contained in the fuel gas, and makes it easy to cause such a thermal decom-
position reaction as represented in Chemical equation 1 and such a direct oxidation
reaction as represented in Chemical equation 2. As the hydrocarbon treatment catalyst
as described above, for example, there can be used nickel (Ni), cobalt (Co), palladium
(Pd), platinum (Pt), rhodium (Rh) or iron (Fe), or an alloy containing at least one
selected from these metals. However, in the case of using only Co as the hydrocarbon
treatment catalyst, it is necessary to use, as the oxygen-ion-conducting material, a
material such as the samarium-doped ceria (SDC) that combines the electron con-
ductivity. Moreover, in the case where the hydrocarbon-oxidizing device 2 has a
similar structure to that of the solid oxide fuel cell, it is the most preferable to use Ni as
the hydrocarbon treatment catalyst.

With regard to a particle diameter of the hydrocarbon treatment catalyst, it is the
most desirable to form the hydrocarbon treatment catalyst into microparticles, and par-
ticularly, into ultramicroparticles in a nanometer order. It is preferable that the ultra-
microparticle catalyst as described above be adhered onto a surface of the oxygen-
ion-conducting material in a highly dispersed state. Specifically, in the case where the
particle diameter of the hydrocarbon treatment catalyst is in the nanometer order, the
hydrocarbon treatment catalyst can adsorb a large amount of the hydrocarbons with the
carbon number of 2 or more, and the oxygen-ion-conducting material is present on the
periphery of the nanometer catalyst particles, thus making it possible to efficiently
remove the hydrocarbons concerned. More specifically, it is preferable that the particle
diameter (median diameter: D50) of the catalyst concerned be 1 nm to 10 nm since the
catalyst can exert thermal decomposition/oxidation power thereof to a full extent in
this case.

Meanwhile, the oxygen-ion-conducting material may be the perfect oxygen ion
conductor as described above, or a mixed conducting material that conducts both of
electrons and the oxygen ions. Specifically, if the oxygen-ion-conducting material
basically has high oxygen ion conductivity, then the oxygen-ion-conducting material
can quickly remove the hydrocarbons contained in the fuel and adsorbed to the surface
of the catalyst. However, since the electron conductivity is also required for the fuel
electrode, it is preferable that the catalyst material be basically a metal material or a
material having the electron conductivity. In the case where a material that has no
electron conductivity is used as the catalyst material, the perfect oxygen-

ion-conducting material cannot be used, and it is essential to use the mixed conducting
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material for the electrons and the oxygen ions.

It is desirable that a total content of the oxygen-ion-conducting material contained in
the fuel electrode be larger than a total content of the hydrocarbon treatment catalyst
that coexists therewith. Note that the "content” mentioned here stands for a volume.
Specifically, by the fact that the oxygen-ion-conducting material is contained in the
fuel electrode more than the hydrocarbon treatment catalyst is, a probability that the
oxygen-ion-conducting material may be present on the periphery of the catalyst is
increased. Accordingly, even if the carbon is generated on the catalyst in such a
manner that the hydrocarbons with the carbon number of 2 or more, which are
contained in the fuel, are thermally decomposed, the carbon is quickly oxidized elec-
trochemically by the oxygen ions which come flowing close thereto, thus making it
possible to remove the carbon. Fig. 4 schematically shows an example of a structure of
the fuel electrode 22. As shown in Fig. 4, in the fuel electrode 22 for use in the present
invention, desirably, the content of the oxygen-ion-conducting material 31 is larger
than the content of the hydrocarbon treatment catalyst 32, and moreover, the hy-
drocarbon treatment catalyst 32 is formed into the ultramicroparticles in the nanometer
order, and the ultramicroparticles of the hydrocarbon treatment catalyst 32 are
dispersed and supported on the peripheries of particles of the oxygen-ion-conducting
material 31. With such a structure, the hydrocarbons with the carbon number of 2 or
more, which are contained in the fuel, are selectively adsorbed to the hydrocarbon
treatment catalyst 32, and thereafter, the hydrocarbons are oxidized quickly by the
oxygen ions conducted by the particles of the oxygen-ion-conducting material 31,
which are present numerously in the vicinities of the particles of the catalyst 32.
Moreover, even if the carbon is deposited on the fuel electrode 22, the carbon on the
surface of the fuel electrode is oxidized quickly by the oxygen ions conducted ef-
ficiently since the content of the oxygen-ion-conducting material 31 is large.

Moreover, in addition to the above-described oxygen-ion-conducting material and
hydrocarbon treatment catalyst, desirably, an electron-conducting material is further
contained in the fuel electrode of the hydrocarbon-oxidizing device 2. Specifically, in
the case where the electron conductivity cannot be obtained or the obtained electron
conductivity is insufficient only with the above-described hydrocarbon treatment
catalyst and oxygen-ion-conducting material, it is desirable to add a material having
the electron conductivity to the fuel electrode. However, desirably, the electron-
conducting material in this case does not have power of the hydrocarbon treatment
catalyst. Specifically, since it is desirable to set the content of the material having the
power of the hydrocarbon treatment catalyst at a smaller amount than the content of the
oxygen-ion-conducting material, it is preferable that the electron-conducting material

be copper (Cu), in which catalytic activity for the hydrocarbons is low.
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Note that, in a similar way to the power generation stack 1 shown in Fig. 2, the hy-
drocarbon-oxidizing device 2 of the present invention can be formed into a structure in
which a plurality of the assemblies 20 are stacked. Here, in each of the assemblies 20,
the fuel electrode 22 is provided on one surface of the electrolyte 21, and the air
electrode 23 is provided on the other surface. Specifically, as the hydrocarbon-
oxidizing device 2, a device can be used, in which the plurality of assemblies 20 are
stacked while interposing therebetween electron-conductive separators having gas
flowing grooves provided thereon.

In the fuel cell system of the present invention, from a viewpoint of an operation
status of the hydrocarbon-oxidizing device 2 and appropriately control the system
concerned, it is desirable to monitor a concentration of the hydrocarbons with the
carbon number of 2 or more, which are contained in the fuel gas supplied from the hy-
drocarbon-oxidizing device 2 to the power generation stack 1. As shown in Fig. 1, in
order to monitor the concentration of the hydrocarbons with the carbon number of 2 or
more, desirably, the gas concentration measurement instrument 3 that measures the
concentration of the hydrocarbons is provided on the fuel supply passage 8 on the
outlet side of the hydrocarbon-oxidizing device 2. By the gas concentration
measurement instrument 3, the operation status of the hydrocarbon-oxidizing device 2
can be controlled so that the content of the hydrocarbons with the carbon number of 2
or more, which are contained in the fuel gas discharged from the hydrocarbon-
oxidizing device 2 to the power generation stack 1, cannot exceed a predetermined
amount without fail. As a result, a decrease of power generation performance of the
power generation stack 1, which may be caused by the carbon deposition, is prevented,
thus making it possible to stably operate the fuel cell system for a long period.

Note that, with regard to the above-described predetermined amount regarding the
content of the hydrocarbons with the carbon number of 2 or more, it is desirable to
control a threshold value thereof at 0.1 % by weight in a usual control. However, the
following is confirmed. Specifically, in general, if the content of the hydrocarbons with
the carbon number of 2 or more in the fuel gas discharged from the hydrocarbon-
oxidizing device 2 and supplied to the power generation stack 1 is 0.5 % by weight or
less, then a cell deterioration owing to the carbon deposition does not occur even if the
steam is a little.

As the above-described gas concentration measurement instrument 3, for example, an
infrared sensor, a gas thermal conductivity sensor, a semiconductor sensor, a catalytic
combustion sensor, and the like can be used. The infrared sensor is a sensor that
measures a concentration of a gas component by using a phenomenon that, when
infrared-range light is irradiated onto gas molecules of the hydrocarbons with the

carbon number of 2 or more, only light with a specific wavelength intrinsic to a
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molecular structure of each of the hydrocarbons is absorbed. The gas thermal con-
ductivity sensor is a sensor that measures a temperature change of a heating element,
which is caused by a difference in gas thermal conductivity by using a difference in
thermal conductivity between standard gas (air in usual) and the gas of the hy-
drocarbons with the carbon number of 2 or more. The semiconductor sensor is a sensor
that measures electron conductivity change caused by the gas adsorption on a surface
of a metal oxide semiconductor. The catalytic combustion sensor is a sensor that
measures a temperature increase of a platinum wire coil, which is caused by catalytic
combustion of the gas on a catalyst surface.

In the event of operating the fuel cell system of the present invention, the value of the
current to the hydrocarbon-oxidizing device 2 is adjusted based on the concentration of
the hydrocarbons with the carbon number of 2 or more on the outlet side of the hy-
drocarbon-oxidizing device 2, thus making it possible to control an amount of the
oxygen ions flown to the fuel electrode 22 side. Specifically, the gas concentration
measurement instrument 3 measures the concentration of the hydrocarbons with the
carbon number of 2 or more, and sends a value of the measurement to the control unit
5. Thereafter, in the case of determining that the concentration of the hydrocarbons
with the carbon number of 2 or more is larger than a prestored predetermined value,
the control unit 5 outputs, to the current controller 7, a signal instructing an increase of
the current to the hydrocarbon-oxidizing device 2. Then, the current controller 7
increases the value of the current flown to the hydrocarbon-oxidizing device 2, and
allows a large amount of the oxygen ions to be supplied to the fuel electrode 22 side. In
such a way, the concentration of the hydrocarbons with the carbon number of 2 or
more can be reduced. Note that, in order to monitor the value of the current flown to
the hydrocarbon-oxidizing device 2, as shown in Fig. 1, desirably, the ammeter 4 is
disposed in advance between the current controller 7 and the hydrocarbon-oxidizing
device 2, whereby the value of the current, which is detected by the ammeter 4, is
adapted to be transmitted to the control unit 5.

Moreover, by performing the control as described above, the value of the current to
the hydrocarbon-oxidizing device 2 is changed, and a generation amount of the steam
as a product in the case of directly oxidizing the hydrocarbons is also changed. This
steam is supplied to the power generation stack 1. In particular, since only a small
amount of the steam is present on an upstream side in the inside of the fuel cell stack,
the water generated in the hydrocarbon-oxidizing device 2 can be used as steam
necessary for the internal reforming reaction of CH, and the shift reaction of CO.
Moreover, an amount of the generated water can be controlled by adjusting the value
of the current to the hydrocarbon-oxidizing device 2 in response to an amount of H,O

required on the upstream in the inside of the fuel cell stack. Accordingly, the per-
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formance of the fuel cell system concerned is enhanced.

Fig. 5 is a flowchart explaining the control method of the fuel cell system of the
present invention. In the fuel cell system of the present invention, first, when the
operation of the system is started, an output requested to the fuel cell system is decided
in Step S1. Thereafter, based on the requested output (requested power generation
amount) thus decided, on correlation data between preinputted reforming conditions of
the raw fuel and a composition of the generated gases, and on correlation data between
the composition of the generated gases and the power generation amount, and on the
like, the amount of the fuel supplied to the system is calculated in Step S2. Then, in
Step S3, the supply of the fuel is started. When the supply of the fuel is started, the
control proceeds to Step S4, where it is determined whether or not the concentration of
the hydrocarbons with the carbon number of 2 or more, which are contained in the fuel
gas supplied from the hydrocarbon-oxidizing device 2 to the power generation stack 1,
is the predetermined concentration (for example, 0.1%) or more. Specifically, it is de-
termined whether or not such a measurement value measured by the gas concentration
measurement instrument 3 provided on the outlet side of the hydrocarbon-oxidizing
device 2 is the predetermined value prestored in the control unit 5 or more. In the case
where it has been determined in Step S4 that the concentration of the hydrocarbons
with the carbon number of 2 or more is the predetermined value or more (YES), the
control proceeds to Step S5, where the control unit 5 performs the control to increase
the value of the current to the hydrocarbon-oxidizing device 2. Thereafter, the control
proceeds to Step S6, where it is determined one more time whether or not the con-
centration of the hydrocarbons with the carbon number of 2 or more, which are
contained in the fuel gas, is the predetermined concentration (for example, 0.1%) or
more. In the case where the concentration has dropped down to lower than the prede-
termined value as a result that the increase of the current value in Step S5 functioned
effectively, the control to reduce the concentration of the hydrocarbons with the carbon
number of 2 or more is ended once. Then, after elapse of a predetermined time, the de-
termination for the concentration of the hydrocarbons is started again and repeated. On
the contrary, in the case where it has been determined in Step S6 that the concentration
of the hydrocarbons with the carbon number of 2 or more is the predetermined value or
more (YES), the value of the current to the hydrocarbon-oxidizing device 2 is further
increased, whereby the concentration of the hydrocarbons with the carbon number of 2
or more is reduced.

As described above, in the present invention, the control is performed so that the con-
centration of the hydrocarbons with the carbon number of 2 or more, which are
contained in the fuel gas supplied to the power generation stack 1, cannot exceed the

predetermined value. Accordingly, the carbon is not deposited on the fuel electrode of
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the power generation stack 1, and the stable power generation performance can be
maintained for a long period. Moreover, the composition of the gases (CH,, H,, CO,
CO,, H,0) flown through the power generation stack 1 can be controlled accurately,
and the performance of the entire system is enhanced. Furthermore, the steam
generated in the hydrocarbon-oxidizing device 2 can be utilized effectively, and in
particular, the power generation on the upstream side in the inside of the power
generation stack at the time of activation is smoothened. In addition, the steam is not
supplied excessively to the power generation stack 1, whereby steam oxidation of the
fuel electrode becomes less likely to occur.

A description will be specifically made below of the present invention based on
examples; the present invention is not limited to these examples at all.

Example

As the power generation stack 1, the following stack was prepared and used. First,
SOFC single cells 10 were prepared, each of which included: an air electrode 11 made
of strontium-samarium-cobalt composite oxide (SSC); an electrolyte 13 made of
8-mol% yttrium-stabilized zirconia (8YSZ); and a fuel electrode 12 made of Ni-YSZ
cermet in which a weight ratio of Ni and YSZ was 7:3. Next, the prepared SOFC single
cells 10 were stacked in 30 stages while interposing a plurality of separators 14
therebetween. Meanwhile, as the hydrocarbon-oxidizing device 2, the following stack
was prepared and used. First, in the same way as above, assemblies 20 were prepared,
each of which included: an air electrode 23 made of the SSC; an electrolyte 21 made of
the 8YSZ; and a fuel electrode 22 made of Ni-YSZ cermet in which the weight ratio of
Ni and YSZ was 2: 8. Next, the prepared assemblies 20 were stacked in five stages
while interposing a plurality of separators therebetween. Here, in the fuel electrode 22,
Ni corresponds to the hydrocarbon treatment catalyst 32, and YSZ corresponds to the
oxygen-ion-conducting material 31. By using the power generation stack 1 and the hy-
drocarbon-oxidizing device 2, which are as described above, a fuel cell system as
shown in FIG. 1 was fabricated.

Comparative example

As shown in FIG. 6, a fuel cell system was fabricated, in which the hydrocarbon-
oxidizing device was not disposed, a stack having a similar structure to that of the
above-described Example was used as the power generation stack 1, and the fuel gas
was adapted to be directly supplied to the power generation stack 1 from the reformer
6.

Performance test

For the fuel cell systems of the above-described Example and Comparative example,
performance tests were conducted by using isooctane as the raw fuel. Specifically, in

each of Example and Comparative example, the content of the hydrocarbons with the
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carbon number of 2 or more in the fuel gas supplied to the power generation stack 1
when a power generation temperature of the power generation stack 1 and the hy-
drocarbon-oxidizing device 2 was set at 600 degrees Celsius was investigated.
Moreover, a durability test (SOFC voltage: 0.8V) of 200 hours was implemented, and
output decrease rates of the power generation stacks 1 after elapse of 200 hours in both
of Example and Comparative example were compared with each other. The isooctane
supplied as the raw fuel to these systems was first reformed partially at a temperature
of 400 degrees Celsius in the reformers 6. A component composition of the fuel gas

after being reformed became as shown in Table 1.

[Table 1]
Gas composition after reformation (% by weight)
Raw fuel
H, CO CHy CO, CsHg
Isooctane 53 42 2 2 1

Hence, in the system of Comparative example, in which the hydrocarbon-oxidizing
device 2 was not provided, the reformed gas with the above-described composition
was supplied as the fuel gas to the power generation stack 1. As opposed to this, in the
fuel cell system of the present invention, the above-described reformed gas passed
through the hydrocarbon-oxidizing device 2, whereby C;Hjs in the reformed gas was
decomposed and oxidized, and the concentration thereof was reduced from 1% by
weight to 0.01% by weight. Such reduction of the concentration was sensed by the gas
concentration measurement instrument 3. As a result, it was confirmed that fuel gas in
which a content (concentration) of C;Hs was 0.01% by weight can be supplied to the
power generation stack 1.

Next, for the fuel cell systems of the above-described Example and Comparative
example, the durability tests of 200 hours were conducted, and the output decrease
rates of the power generation stacks 1 after the durability tests were investigated.
Results are as follows. In the system of Comparative example, which generated the
electric power by the fuel gas containing 1% by weight of C;Hg, an output decrease of
30% was observed. As opposed to this, in the fuel cell system of the present invention,
which was adapted to generate the electric power by using the fuel gas in which the
content of C;Hg was reduced to 0.01% by weight by disposing the hydrocarbon-
oxidizing device 2 between the reformer 6 and the power generation stack 1, the output
decrease was hardly observed, and it was confirmed that the output decrease rate was
substantially 0%.
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The entire content of a Japanese Patent Application No. P2007-141986 with a filing

date of May 29, 2007 is herein incorporated by reference.
Although the invention has been described above by reference to certain em-

bodiments of the invention, the invention is not limited to the embodiments described
above and modifications may become apparent to these skilled in the art, in light of the
teachings herein. The scope of the invention is defined with reference to the following
claims.
Industrial Applicability

In accordance with the present invention, on the upstream side in the fuel supply
passage to the power generation stack composed of the plurality of fuel cells, the hy-
drocarbon-oxidizing device is provided. The hydrocarbon-oxidizing device oxidizes
the hydrocarbons with the carbon number of 2 or more, which are contained in the fuel
gas, by the electrochemical reaction. Accordingly, even if the hydrocarbons with the
carbon number of 2 or more are flown into the fuel cell system, the hydrocarbons are
removed by the hydrocarbon-oxidizing device. Therefore, the deterioration of the fuel
cell performance is prevented, thus making it possible to enhance the stability
(durability) in the power generation. Moreover, since the oxidation reaction in the hy-
drocarbon-oxidizing device is followed by the electrochemical reaction (power

generation), the output of the entire fuel cell system is enhanced.
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Claims

[1] A fuel cell system, comprising:
a power generation stack composed by stacking a plurality of fuel cells; and
a hydrocarbon-oxidizing device disposed on an upstream side of the power
generation stack in a fuel supply passage, the hydrocarbon-oxidizing device
directly and electrochemically oxidizing hydrocarbons with a carbon number of
2 or more, which are contained in fuel gas, or decomposing the hydrocarbons and
electrochemically oxidizing carbon obtained by decomposing the hydrocarbons.

[2] The fuel cell system according to claim 1,
wherein an operation temperature of the power generation stack is 300 degrees
Celsius or higher.

[3] The fuel cell system according to claim 1,
wherein the hydrocarbon-oxidizing device comprises an oxygen-ion-conducting
material.

[4] The fuel cell system according to claim 1,
wherein the hydrocarbon-oxidizing device is composed of a fuel electrode, an air
electrode, and an electrolyte.

[5] The fuel cell system according to claim 4,
wherein the fuel electrode comprises: a hydrocarbon treatment catalyst that
oxidizes the hydrocarbons with the carbon number of 2 or more, or decomposes
and oxidizes the hydrocarbons with the carbon number of 2 or more; and an
oxygen-ion-conducting material.

[6] The fuel cell system according to claim 5,
wherein a total volume of the oxygen-ion-conducting material in the fuel
electrode is larger than a total volume of the hydrocarbon treatment catalyst in
the fuel electrode.

[7] The fuel cell system according to claim 5,
wherein the hydrocarbon treatment catalyst is a metal selected from the group
consisting of Ni, Co, Pd, Pt, Rh and Fe, or is an alloy containing at least one
selected from the group consisting of Ni, Co, Pd, Pt, Ru, Rh and Fe.

[8] The fuel cell system according to claim 4,
wherein the fuel electrode comprises: a hydrocarbon treatment catalyst that
oxidizes the hydrocarbons with the carbon number of 2 or more, or decomposes
and oxidizes the hydrocarbons with the carbon number of 2 or more; an oxygen-
ion-conducting material; and an electron-conducting material.

[9] The fuel cell system according to claim 1, further comprising:

a gas concentration measurement instrument provided on an outlet side of the hy-
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[10]

drocarbon-oxidizing device, the gas concentration measurement instrument
measuring a concentration of the hydrocarbons with the carbon number of 2 or
more, which are contained in the fuel gas supplied to the power generation stack.
A control method of the fuel cell system according to claim 9, the method
comprising:

measuring the concentration of the hydrocarbons with the carbon number of 2 or
more on the outlet side of the hydrocarbon-oxidizing device; and

adjusting a current value to the hydrocarbon-oxidizing device based on con-
centration of the hydrocarbons with the carbon number of 2 or more, and
reducing the concentration of the hydrocarbons with the carbon number of 2 or

more, which are discharged from the hydrocarbon-oxidizing device.



1/4

PCT/JP2008/001305

WO 2008/149504

[Fig. 1]

SV9 INVAIX0

Y
|

JIVIS NOILVHINIO
4IMad

V9 h_ﬂé_xo
9 6
L& L
1IAIa
ONIZIQIXO0 YINHO43Y JANVL
L ~_¢ ~NOGYVIOUTAH 14
- 4 Juamouno
m 1 IN3gdnd ey
Y |
c LINN TOHINO) |-----mmmeemeeeee “
1 'Ol



2/4
WO 2008/149504 PCT/JP2008/001305
[Fig. 2]

14 1
FIG.2 /5 T

[Fig. 3]

o

1
LN
e |
‘-’—\

/]
C2 02

‘Iﬁl \ % / |ﬁl"4
FUEL GAS 22 21 23 OXIDANT GAS
A\ 2{) A (02)




000000000000

FIG. 4

0000000000000000




4/4
WO 2008/149504

[Fig. 5]

FIG. 5

DECIDE REQUESTED OUTPUT
(POWER GENERATION AMOUNT)

Y

DECIDE AMOUNT OF SUPPLIED FUEL

Y

START SUPPLY OF FUEL

54

WHETHER OR
NOT CONCENTRATION
OF HYDROCARBONS WITH CARBON

NUMBER OF 2 OR MORE IN
FUEL IS PREDETERMINED
VALUE OR

S5 <

PCT/JP2008/001305

% Y

MORE?
NO

INCREASE VALUE OF CURRENT
TO HYDROGEN-OXIDIZING DEVICE

WHETHER OR

56

[Fig. 6]

NOT CONCENTRATION
OF HYDROCARBONS WITH CARBON

NUMBER OF 2 OR MORE IN
FUEL IS PREDETERMINED
VALUE OR
MORE?

A

END

; FIG.6

%

™ —

FUEL
TANK

POWER
GENERATION

REFORMER

STACK




~ INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2008/001305

CLASSIFICATION OF SUBJECT MATTER

A.
INV. HO1M8/04 H01M8/06

HO1M8/12

HO1M8/24

According to International Patent Classification (IPC) or to both national classification and iPC

B. FIELDS SEARCHED

HO1M

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consuited during the international search (name of data base and, where practical, search terms used) -

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

6 January 2005 (2005-01-06)
abstract
figures 3,4

paragraphs [0013] - [0015]

AL) 11 October 2001 (2001 -10-11)
figures 2¢,3,8
paragraphs [0008],
[0025], [0031],

[0021],
[0035] .

AL) 10 April 2001 (2001-04-10)
abstract

column 4, line 25 - column 5,
column 6, lines 13- 28

figures 1b 5

X US 2005/003244 Al (PHAM AI-QUOC [US1)

X | US 2001/029231 Al (GORTE RAYMOND J [US] ET
[0022]
US 6 214 485 B1 (BARNETT SCOTT A [US] ET

1ine 20

1-8

1-8

1-10

D Further documents are listed in the . continuation of Box C.

IE See patent family annex.

* Special categories of cited documents :

document defining the genéral state of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhlbmon or
other means

document published prior to the international filing date but
tater than the priority date claimed

Ar
g

o

-On

pr

e

e

e

ige

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory undertying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to .
involve an inventive step when the document is taken alone

document of particular relevance; the ciaimed invention .
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

16 September 2008

Date of mailing of the intemational search repornt

23/09/2008

Name and mailing address of the ISA/ '
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk -
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 -

Authorized officer

Pipoli, Tiziana

. Form PCT/ISA/210 (Sacond sheet) (April 2005)




_ INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No-

( | PCT/JP2008/001305
‘Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005003244 Al  06-01-2005  NONE |
US 2001029231 Al  11-10-2001 AU 747320 B2 16-05-2002
AU 3395200 A 21-09-2000
CA 2365857 Al 08-09-2000
EP 1157438 Al - 28-11-2001
JP 2002538597 T- 12-11-2002 -
WO 0052780 Al 08-09-2000
us 6589680 B1 08-07-2003
US 2003211381 Al 13-11-2003
us 6844099 Bl 18-01-2005 -
- US . 2001053471 Al © 20-12-2001
US 6214485 Bl 10-04-2001 WO . 0139309 Al 31-05-2001
| ; 2002098401 Al

- 25-07-2002

- Form PCTASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

