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(57) ABSTRACT 

A fuel cell system is disclosed a fuel cell con?gured to 
generate electric power using an oxidizing gas supplied to a 
cathode of the fuel cell. In the fuel cell system, a combus 
tible gas is ?lled and kept in the cathode after stop of poWer 
generation, and is thereafter diluted by an incornbustible gas 
When the combustible gas is discharged to atmosphere. 
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FUEL CELL SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a fuel cell system 
and, more particularly to treatment of a combustible gas 
?lled in a cathode of a fuel cell in the fuel cell system after 
stop of poWer generation. 

[0003] 2. Description of the Related Art 

[0004] Referring to FIG. 9, a fuel cell system 39 com 
prises, as main components, a polymer electrolyte fuel cell 
(PEFC) 1 provided With an anode 1a and a cathode la, a fuel 
generator 2 con?gured to reform a feed gas for poWer 
generation such as a city gas or a natural gas by addition of 
Water to generate a hydrogen-rich fuel gas, a Water supply 
device 3 con?gured to supply Water to the fuel generator 2, 
a feed gas supply device 36 con?gured to supply the feed gas 
to the fuel generator 2, a combustor 4 con?gured to combust 
a fuel gas unconsumed in the anode 1a of the fuel cell 1 and 
exhausted therefrom, a bloWer 5 Which is an oxidiZing gas 
supply device con?gured to supply an oxidiZing gas (air) to 
the fuel cell 1 and to discharge the oxidiZing gas outside the 
fuel cell 1, and a purge air supply device 6 con?gured to 
supply purge air to the fuel generator 2 to perform purging 
from the interior from the fuel generator 2 When the fuel cell 
system 39 stops poWer generation. 

[0005] The fuel cell system 39 is con?gured to generate 
electric poWer by reacting the hydrogen-rich fuel gas sup 
plied to the anode 1a and the air supplied to the cathode 1c 
as the oxidiZing gas Within the fuel cell 1. In a stop operation 
of the fuel cell system 39, ?nally, purging of fuel gas 
passages is conducted by using the purge air. The fuel cell 
system 39 is con?gured to carry out the poWer generation 
operation and the stop operation under the condition in 
Which a controller 21 properly controls the bloWer 5, the 
feed gas supply device 36, the Water supply device 3, the air 
supply device 6, etc. 

[0006] In the fuel cell system 39, a cost can be reduced 
because of the absence of a nitrogen storage device, as 
compared to the conventional purging process in Which, 
When the fuel cell system stops the poWer generation, 
nitrogen, instead of the feed gas, is ?oWed from a feed gas 
supply passage to the fuel generator and to the fuel cell to 
purge the gases (e.g., fuel gas) remaining Within these 
components to the combustor, Which treats the purged gases. 

[0007] A fuel cell system Which employs such air purging 
technique is disclosed in WO01/97312 (see pamphlet). In 
this fuel cell system, When the fuel cell stops poWer gen 
eration, Water is supplied from a Water supply device to a 
fuel generator to generate steam, Which is used to purge a 
fuel gas containing hydrogen remaining Within fuel gas 
passages, and thereafter, the air is ?oWed from a purge air 
supply device to ?nally perform purging from the interior of 
the fuel gas passages. In this fuel cell system, hydrogen of 
the fuel cell is driven out by the steam and then the air is 
supplied to the interior of the fuel cell. This makes it possible 
to inhibit corrosion of the passages Which may be caused by 
Water droplets resulting from steam condensation. 

[0008] An anode of a polymer electrolyte fuel cell is 
typically comprised of alloy catalyst containing platinum 
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and ruthenium. If the anode is exposed to air as in the 
conventional fuel cell system, catalyst may be oxidiZed by 
oxygen and possibly degrade catalytic performance (i.e., 
oxidiZation and degradation of the anode may take place). 
Considering maintaining durability of the fuel cell system, it 
is undesirable to ?ll and keep the air in the anode When the 
fuel cell system stops poWer generation. 

[0009] In order to solve this problem, When the fuel cell 
system stops poWer generation, the fuel gas (e.g., hydrogen 
rich fuel gas) or the feed gas (city gas or natural gas) is ?lled 
and con?ned in the anode of the fuel cell to inhibit entry of 
the air into the anode, thereby maintaining durability of the 
fuel cell. 

[0010] In this method, apparently, oxidiZation and degra 
dation of the anode may be inhibited. But, if the air (oxi 
diZing gas) remains in the cathode after the stop of the poWer 
generation in the fuel cell system, it ?oWs to the anode 
through a porous polymer electrolyte membrane and thereby 
the anode may be oxidiZed and degraded. Inventors or the 
like considers that the cathode is also required to be ?lled 
With the fuel gas or the feed gas to reliably avoid oxidiZation 
and degradation of the anode. 

[0011] HoWever, in a case Where the cathode of the fuel 
cell is ?lled With the fuel gas or the feed gas after the stop 
of the poWer generation, the combustible feed gas or fuel gas 
is discharged to atmosphere When the air is supplied from an 
air supply system to the cathode of the fuel cell at the start 
of a next operation of the fuel cell. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been developed under 
the circumstances, and an object of the present invention is 
to provide a fuel cell system capable of appropriately 
treating and discharging a combustible gas ?lled in a cathode 
of a fuel cell. 

[0013] To achieve the above described object, according 
to the present invention, there is provided a fuel cell system 
comprising: a fuel cell con?gured to generate electric poWer 
using an oxidiZing gas supplied to a cathode of the fuel cell, 
Wherein a combustible gas is ?lled and kept in the cathode 
after stop of poWer generation, and is thereafter diluted by 
an incombustible gas When the combustible gas is dis 
charged to atmosphere. Thereby, it is possible to appropri 
ately treat the combustible gas ?lled in the cathode of the 
fuel cell When the fuel gas is discharged. 

[0014] The combustible gas in a gas mixture containing 
the combustible gas and the incombustible gas is appropri 
ately diluted to have a concentration loWer than a combus 
tion loWer limit, and the gas mixture in this diluted state is 
discharged to atmosphere. 

[0015] The fuel cell system may further comprise an 
oxidiZing gas supply device con?gured to supply the oxi 
diZing gas; an oxidiZing gas passage through Which the 
oxidiZing gas supplied from the oxidiZing gas supply device 
is guided to the cathode, and the oxidiZing gas unconsumed 
in the cathode is discharged to atmosphere; ?rst and second 
oxidiZing gas passage valves respectively provided at an 
upstream position and a doWnstream position of the cathode 
in a How of the oxidiZing gas and con?gured to open and 
close the oxidiZing gas passage; a combustible gas supply 
device con?gured to supply the combustible gas to a portion 
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of the oxidizing gas passage Which is located between the 
?rst oxidizing gas passage valve and the cathode; a diluting 
device con?gured to dilute the combustible gas purged from 
the cathode to a portion of the oxidiZing gas passage Which 
is located doWnstream of the cathode by the incombustible 
gas and to discharge the diluted combustible gas to atmo 
sphere; and a controller, Wherein in a stop operation of 
poWer generation in the fuel cell, the controller may be 
con?gured to close the ?rst oxidiZing gas passage valve and 
to supply the combustible gas from the combustible gas 
supply device to the oxidiZing gas passage to alloW the 
combustible gas to be ?lled in the cathode, and to then close 
the second oxidiZing gas passage valve to alloW the com 
bustible gas to be kept in the cathode, and in a start operation 
of the poWer generation in the fuel cell, the controller may 
be con?gured to open at least the ?rst oxidiZing gas passage 
valve to supply the oxidiZing gas from the oxidiZing gas 
supply device to the cathode through the oxidiZing gas 
passage to purge the combustible gas ?lled in the cathode to 
the portion of the oxidiZing gas passage Which is located 
doWnstream of the cathode, and to cause the diluting device 
to dilute the purged combustible gas to be discharged to 
atmosphere. In this manner, the combustible gas ?lled in the 
cathode can be appropriately treated. In this case, the 
oxidiZing gas may be used as the incombustible gas. 

[0016] The diluting device may include a cathode bypass 
passage con?gured to connect a portion of the oxidiZing gas 
passage Which is located upstream of the ?rst oxidiZing gas 
passage valve to a portion of the oxidizing gas passage 
Which is located doWnstream of the second oxidiZing gas 
passage valve, and a cathode bypass valve con?gured to 
open and close the cathode bypass passage, and When the 
combustible gas ?lled and kept in the cathode is discharged, 
the ?rst and second oxidiZing gas passage valves are opened, 
and the cathode bypass valve is opened to alloW the com 
bustible gas exhausted to the portion of the oxidiZing gas 
passage Which is located doWnstream of the cathode to be 
mixed With and diluted by the oxidiZing gas ?oWing through 
the cathode bypass passage, the diluted combustible gas 
being discharged to atmosphere. 

[0017] By adjusting passage resistance of the cathode 
bypass passage, the How rate of the oxidiZing gas ?oWing 
through the cathode bypass passage can be controlled. To 
adjust the passage resistance, for example, the How rate of 
the oxidiZing gas ?oWing through the cathode bypass pas 
sage may be controlled by adjusting an aperture diameter of 
a cathode bypass valve Which is the cathode bypass valve 
disposed in the cathode bypass passage. 

[0018] The diluting device may include a cathode bypass 
passage con?gured to connect a portion of the oxidiZing gas 
passage Which is located upstream of the cathode to a 
portion of the oxidiZing gas passage Which is located doWn 
stream of the second oxidiZing gas passage valve, and a 
dividing device disposed at a connecting portion betWeen 
the portion of the oxidiZing gas passage Which is located 
upstream of the cathode and the cathode bypass passage, the 
dividing device being con?gured to open and close the 
oxidiZing gas passage and to vary a ratio of a How rate of the 
oxidiZing gas ?oWing through the cathode bypass passage to 
a How rate of the oxidiZing gas ?oWing through the oxidiZ 
ing gas passage as the diluting device and the ?rst oxidiZing 
gas passage valve, Wherein When the combustible gas ?lled 
and kept in the cathode is. discharged, the second oxidiZing 
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gas passage valve may be opened and the combustible gas 
exhausted to the portion of the oxidiZing gas passage Which 
is located doWnstream of the cathode may be mixed With and 
diluted by the oxidiZing gas ?oWing through the cathode 
bypass passage in the ratio adjusted by the dividing device, 
the diluted combustible gas being discharged to atmosphere. 

[0019] The diluting device may include a combustion air 
supply device con?gured to supply air to a ?ame burner of 
a combustor, a cathode combustion pipe con?gured to 
extend from a position of the oxidiZing gas passage betWeen 
the second oxidiZing gas passage valve and the cathode and 
to be connected to the ?ame burner, and a combustion pipe 
valve con?gured to open and close the cathode combustion 
pipe, and Wherein When the combustible gas ?lled and kept 
in the cathode is discharged, the second oxidiZing gas 
passage valve is closed and the combustion pipe valve is 
opened, thereby alloWing the combustible gas to be guided 
to the ?ame burner through the cathode combustion pipe and 
to be mixed With and diluted by the air supplied from the 
combustion air supply device, the diluted combustible gas 
being discharged to atmosphere. By thus utiliZing the exist 
ing combustion air supply device, the combustible gas ?lled 
in the cathode is appropriately mixed With and diluted by the 
air and the diluted combustible gas is discharged to atmo 
sphere. 
[0020] In this case, the combustible gas may be introduced 
to the ?ame burner during a stop period of combustion in the 
combustor so that a combustion state of the ?ame burner is 
not disturbed by the supply of the combustible gas. 

[0021] The diluting device may include an exhaust pipe 
through Which an exhaust gas generated by combustion in 
the combustor is guided to atmosphere, a cathode exhaust 
pipe con?gured to extend from a position of the oxidiZing 
gas passage betWeen the second oxidiZing gas passage valve 
and the cathode and to be connected to the exhaust pipe, and 
an exhaust pipe valve con?gured to open and close the 
cathode exhaust pipe, and Wherein When the combustible 
gas ?lled and kept in the cathode is discharged, the second 
oxidiZing gas passage valve is closed and the exhaust pipe 
valve is opened, thereby alloWing the combustible gas to be 
guided to the exhaust pipe through the cathode exhaust pipe 
and to be mixed With and diluted by the exhaust gas, the 
diluted combustible gas being discharged to atmosphere. 
[0022] The diluting device may include an exhaust pipe 
through Which an exhaust gas generated by combustion in 
the combustor is guided to atmosphere, the exhaust pipe 
being connected to a portion of the oxidiZing gas passage 
Which is located doWnstream of the second oxidiZing gas 
passage valve, and Wherein When the combustible gas ?lled 
and kept in the cathode is discharged, the second oxidiZing 
gas passage valve is opened, thereby alloWing the combus 
tible gas to be guided to the exhaust pipe through the 
oxidiZing gas passage and to be mixed With and diluted by 
the exhaust gas, the diluted combustible gas being dis 
charged to atmosphere. 
[0023] When the combustible gas ?lled in the cathode is 
introduced into the exhaust pipe, the combustible gas may be 
introduced into the exhaust pipe during a combustion period 
of the combustor. Thereby, the combustible gas can be 
introduced irrespective of the combustion in the ?ame 
burner, and consequently, a process can be simpli?ed. 

[0024] The combustor may be con?gured to heat a fuel 
generator con?gured to generate a fuel gas from a feed gas. 
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[0025] The fuel cell system may further comprises a fuel 
generator con?gured to generate a fuel gas from a feed gas, 
Wherein the fuel gas may be supplied from the fuel generator 
to an anode of the fuel cell to generate electric poWer, and 
the combustible gas may be one of the feed gas and the fuel 
gas. 

[0026] The fuel cell system may further comprise a hydro 
gen supply device con?gured to supply hydrogen, Wherein 
the hydrogen may be supplied from the hydrogen supply 
device to an anode of the fuel cell to generate electric poWer, 
and the combustible gas may be hydrogen. 

[0027] The above and further objects and features of the 
invention Will be more fully be apparent from the folloWing 
detailed description With accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a ?rst 
embodiment of the present invention; 

[0029] FIG. 2 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a second 
embodiment of the present invention; 

[0030] FIG. 3 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a third 
embodiment of the present invention; 

[0031] FIG. 4 is a cross-sectional vieW schematically 
shoWing a combustor and its surroundings; 

[0032] FIG. 5 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a fourth 
embodiment of the present invention; 

[0033] FIG. 6 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a ?fth 
embodiment of the present invention; 

[0034] FIG. 7 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a siXth 
embodiment of the present invention; 

[0035] FIG. 8 is a block diagram schematically shoWing 
an alternative construction of the fuel cell system according 
to the siXth embodiment; and 

[0036] FIG. 9 is a block diagram schematically shoWing 
a construction of the conventional fuel cell system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] Hereinafter, preferred embodiments of the present 
invention Will be described With reference to the draWings. 

Embodiment 1 

[0038] NoW, a ?rst embodiment of the present invention 
Will be described With reference to the draWings. 

[0039] FIG. 1 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a ?rst 
embodiment of the present invention. 

[0040] Referring noW to FIG. 1, a fuel cell system 39 
comprises, as main components, a feed gas supply device 
36, a polymer electrolyte fuel cell (PEFC) 1, a fuel generator 
2, a Water supply device 3, a combustor 4, a purge air supply 
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device 6, and a bloWer 5. The feed gas supply device 36 is 
con?gured to supply a feed gas for poWer generation such as 
a city gas or a natural gas to the fuel generator 2 through a 
material supply pipe 33. The polymer electrolyte fuel cell 1 
is con?gured to generate electric poWer using a fuel gas and 
an oXidiZing gas (air). The fuel generator 2 is con?gured to 
reform the feed gas by adding Water to generate a hydrogen 
rich fuel gas. The Water supply device 3 is con?gured to 
supply Water to the fuel generator 2. The combustor 4 is 
con?gured to combust a fuel gas unconsumed in an anode 1a 
of the fuel cell 1 and exhausted therefrom. The purge air 
supply device 6 is con?gured to supply purge air to the fuel 
generator 2 When the fuel cell system 39 stops poWer 
generation. The bloWer 5, Which is an oXidiZing gas supply 
device, is con?gured to supply the oXidiZing gas to a cathode 
1c of the fuel cell 1, and to eXhaust remaining oXidiZing gas 
from the cathode 1c. 

[0041] A gas pipe system of the fuel cell system 39 
includes a cathode supply pipe 7, a cathode discharge pipe 
8, a cathode bypass pipe 9, a cathode bypass valve 10, a 
cathode closing device 12, a material supply pipe 33, an 
anode supply pipe 34, a fuel gas return pipe 35, a return pipe 
valve 15, an anode bypass pipe 13, a cathode feed gas supply 
pipe 32, and a cathode feed gas supply device (combustible 
gas supply device) 11. The air is supplied from the bloWer 
5 to the cathode 1c of the fuel cell 1 through the cathode 
supply pipe (oXidiZing gas passage) 7. The remaining air 
eXhausted from the cathode 1c of the fuel cell 1 is discharged 
to atmosphere through the cathode discharge pipe 8. The 
cathode bypass pipe 9, Which is a cathode bypass passage, 
is provided to connect the cathode supply pipe 7 to the 
cathode discharge pipe 8 and con?gured to guide the air 
supplied from the bloWer 5 to the cathode discharge pipe 8 
Without ?oWing the air through the fuel cell 1. The cathode 
bypass valve 10 is provided in the cathode bypass pipe 9 and 
con?gured to open and close the cathode bypass pipe 9. The 
cathode closing device 12 is comprised of a ?rst eXit-side 
valve (second oXidiZing gas passage valve) 12a and a ?rst 
inlet-side valve (?rst oXidiZing gas passage valve) 12b 
con?gured to open and close an eXit and an inlet of the 
cathode 1c of the fuel cell 1, respectively. The feed gas is 
supplied from the feed gas supply device 36 to the fuel 
generator 2 through the material supply pipe 33. The fuel gas 
from the fuel generator 2 is guided to the anode 1a of the fuel 
cell 1 through the anode supply pipe 34 and a passage 
sWitching device 14. The remaining fuel gas is exhausted 
from the anode 1a of the fuel cell 1 to the combustor 4 
through the fuel gas return pipe 35. The return pipe valve 15 
is provided in the fuel gas return pipe 35 and con?gured to 
open and close the fuel gas return pipe 35. The fuel gas from 
the fuel generator 2 is guided by the passage sWitching 
device 14 to How to the anode bypass pipe 13, and guided 
to a portion of the fuel gas return pipe 35 Which is located 
doWnstream of the return pipe valve 15 in a How of the fuel 
gas. The cathode feed gas supply pipe 32 is con?gured to 
connect the material supply pipe 33 to the portion of the 
cathode supply pipe 7 Which is located doWnstream of the 
?rst inlet-side valve 12b in a How of the feed gas. The 
cathode feed gas supply device 11 is provided in the cathode 
feed gas supply pipe 32 and con?gured to introduce the feed 
gas into the cathode 1c. 

[0042] The cathode bypass pipe 9 is con?gured to connect 
a portion of the cathode supply pipe (oXidiZing gas passage) 
7 Which is located upstream of the ?rst inlet-side valve (?rst 
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oxidizing gas passage valve) 12b in a How of the oxidizing 
gas to a portion of the cathode discharge pipe (oxidizing gas 
passage) 8 Which is located doWnstream of the ?rst exit-side 
valve (second oxidizing gas passage valve) 12a. A combus 
tible gas diluting device is formed by the cathode bypass 
passage 9 and the cathode bypass valve 10 con?gured to 
open and close the cathode bypass pipe 9. 

[0043] The cathode bypass valve 10, the ?rst exit-side 
valve 12a and the ?rst inlet-side valve 12b of the cathode 
closing device 12, and the return pipe valve 15 are each 
formed by an electromagnetic valve. The passage sWitching 
device 14 is formed by, for example, a three-Way valve. The 
cathode feed gas supply device 11 is formed by, for example, 
an electromagnetic valve or a pump. 

[0044] The controller 21 is electrically connected to the 
bloWer 5, the feed gas supply device 36, the Water supply 
device 3, the purge air supply device 6, the cathode feed gas 
supply device 11, and the valves 10, 12a, 12b, 14, and 15 and 
con?gured to control these components, thereby controlling 
the operation of gas supply system of the fuel cell system 39 
to be described later. The control executed by the controller 
21 is represented by a dashed line in FIG. 1. Although not 
shoWn, the controller 21 is electrically connected to sensors 
(a temperature sensor or a How rate meter) and con?gured to 
receive detection signals from these sensors and to properly 
control operations including start-up, poWer generation, and 
stop of the fuel cell system 39. 

[0045] HereinbeloW, the operation of the fuel cell system 
39 in a poWer generation period, including a stop operation 
and a start operation (start-up operation) of poWer genera 
tion, Will be described With reference to FIG. 1. 

[0046] During the poWer generation period of the fuel cell 
system 39, the feed gas supplied from the feed gas supply 
device 36 and the Water supplied from the Water supply 
device 3 are reformed Within the fuel generator 2 to generate 
a hydrogen-rich fuel gas With the temperature of the fuel 
generator 2 kept at approximately 700° C. The fuel gas from 
the fuel generator 2 ?oWs through the passage sWitching 
device 14 provided in the anode supply pipe 34 (Which 
alloWs the anode supply pipe 34 and the anode 1a to 
communicate With each other) and into the anode 1a of the 
fuel cell 1. The air is supplied from the bloWer 5 to the 
cathode 1c of the fuel cell 1 through the cathode supply pipe 
7 and the ?rst inlet-side valve 12b in an open position. 
Within the fuel cell 1, the fuel gas (hydrogen) and the air 
(oxidizing gas) are consumed to generate electric poWer. The 
fuel gas unconsumed in the poWer generation of the fuel cell 
1 is guided to the combustor 4 through the fuel gas return 
pipe 35 and the return pipe valve 15 in an open position and 
then combusted Within the combustor 4 to generate a heat 
source for keeping the temperature of the fuel generator 2. 
The air unconsumed in the poWer generation of the fuel cell 
1 is discharged to atmosphere through the cathode discharge 
pipe 8 and the ?rst exit-side valve 12a in an open position. 

[0047] When the fuel cell system 39 stops poWer genera 
tion, the gas supply to the cathode 1c of the fuel cell 1 is 
controlled as described beloW. 

[0048] The operation of the bloWer 5 is stopped to stop the 
air supply to the cathode 1c. The cathode feed gas supply 
device 11 operates to alloW the feed gas (combustible gas) 
to be guided to the portion of the cathode supply pipe 7 
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Which is located doWnstream of the ?rst inlet-side valve 12b 
through the cathode feed gas supply pipe 32 and to be 
supplied to the cathode 1c of the fuel cell 1 through this 
portion of the cathode supply pipe 7. At this time, the ?rst 
inlet-side valve 12b is closed and the ?rst exit-side valve 12a 
is opened. The feed gas supplied to the cathode 1c purges the 
air remaining in the cathode 1c so that the air is discharged 
to atmosphere from the cathode 1c through the cathode 
discharge pipe 8. When it is determined that almost all the 
air remaining in the cathode 1c has been purged, the ?rst 
exit-side valve 12a of the cathode closing device 12 is 
closed, and the supply of the feed gas to the cathode 1c of 
the fuel cell 1 is stopped by closing the cathode feed gas 
supply device 11 in a case Where the cathode feed gas supply 
device 11 is formed by a valve. Since the amount of air 
remaining in the cathode 1c can be knoWn in advance, the 
amount of the feed gas capable of purging almost all the air 
is determined based on the amount of remaining air. 

[0049] The pressure of the feed gas Which exists in the 
material supply pipe 33 just after an exit of the feed gas 
supply device 36 has been increased by approximately 2 
kPa. By opening the valve, Which is the cathode feed gas 
supply device 11 provided in the cathode feed gas supply 
pipe 32, With one end of the cathode feed gas supply pipe 32 
connected to the portion of the material supply pipe 33 
Which is located just after the exit of the feed gas supply 
device 36 and the other end thereof connected to the portion 
of the cathode supply pipe 7 Which is located doWnstream of 
the ?rst inlet-side valve 12b, the feed gas can be ?owed from 
the portion of the cathode supply pipe 7 Which is located 
doWnstream of the ?rst inlet-side valve 12b into the cathode 
1 by utilizing an internal pressure of the feed gas. If the 
pressure is insuf?cient to supply the feed gas, a feed pump 
may be used as the cathode feed gas supply device 11 to send 
the feed gas under pressure to the cathode 1c. 

[0050] When the fuel cell system 39 stops poWer genera 
tion, the supply of the gases to the fuel generator 2 and to the 
anode 1a of the fuel cell 1 is controlled as described beloW. 

[0051] The passage sWitching device 14 forms the bypass 
passage (alloWing the anode supply pipe 34 and the anode 
bypass pipe 13 to communicate With each other), and the 
valve 15 is closed. Thereby, the fuel gas (hydrogen-rich gas) 
remaining in the anode 1a of the fuel cell 1 is con?ned 
therein, and under this condition, the supply of the fuel gas 
from the fuel generator 2 to the anode 1a is stopped. 

[0052] After the poWer generation has been stopped by the 
above-described operation, the fuel gas (hydrogen-rich gas) 
is ?lled and kept in the anode 1a, and the combustible gas 
(feed gas) is ?lled and kept in the cathode 1c. As a result, it 
is possible to inhibit oxidization and degradation of the 
anode 1a. 

[0053] FolloWing this, the Water supply device 3 is oper 
ated to supply the Water to the fuel generator 2. The Water 
supplied to the fuel generator 2 is evaporated into steam by 
the heat of the fuel generator 2, and the steam drives out the 
hydrogen-rich fuel gas remaining in the fuel generator 2 into 
the anode supply pipe 34. The fuel gas and the steam are 
returned to the combustor 4 by the passage sWitching device 
14 through the anode bypass pipe 13 and the fuel gas return 
pipe 35 and combusted therein. By continuing such an 
operation, the combustible gas contained in the fuel gas is 
diluted to loWer its concentration, and in time, the combustor 
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4 stops combustion, While the steam continues to be gener 
ated by the remaining heat in the fuel generator 2. 

[0054] When the amount of steam generated in the fuel 
generator 2 becomes suf?cient to purge the hydrogen-rich 
fuel gas in the fuel generator 2, and the temperature of the 
fuel generator 2 decreases to approximately 400° C., the 
supply of the Water from the Water supply device 3 is 
stopped. Thereafter, the air is supplied from the purge air 
supply device 6 to the fuel generator 2 to alloW the steam in 
the fuel generator 2 to be purged from the fuel generator 2 
to the anode supply pipe 34, and the passage sWitching 
device 14 causes the air to return to the combustor 4 through 
the anode bypass pipe 13 and the fuel gas return pipe 35. The 
air is discharged from the combustor 4 to atmosphere. After 
the air has completely purged the steam from the interior of 
the fuel generator 2 or the interior of the pipes 34, 13, and 
35, the operation of the purge air supply device 6 is stopped 
to stop the supply of the air, and thereby the stop operation 
of the fuel cell system 39 is terminated. 

[0055] The temperature of 400° C., Which is herein used as 
the reference, is set considering a predetermined safety ratio 
to inhibit degradation of performance Which is caused by 
oxidiZation and degradation of ruthenium catalyst exposed 
to air under a high-temperature condition, assuming that a 
catalyst mainly containing ruthenium is used in the fuel 
generator 2. For this reason, the set temperature shifts 
according to the safety ratio, and varies according to the type 
of catalyst (e.g., nickel catalyst). 

[0056] Subsequently, When the fuel cell system 39 starts 
the poWer generation (start-up operation), the supply of the 
gas to the cathode 1c of the fuel cell 1 is controlled as 
described beloW. 

[0057] The ?rst inlet-side and exit-side valves 12b and 12a 
of the cathode closing device 12 and the cathode bypass 
valve 10 are opened and the air starts to be supplied from the 
bloWer 5 to the cathode 1c through the cathode supply pipe 
7. The air supplied from the bloWer 5 ?oWs through a 
passage A, i.e., from the cathode supply pipe 7 to the cathode 
discharge pipe 8 through the cathode 1c of the fuel cell 1, 
and a passage B, i.e., from the cathode supply pipe 7 to the 
cathode bypass pipe 9 to pass through the cathode bypass 
valve 10. 

[0058] The air ?oWing through the passage A purges the 
feed gas containing the combustible gas ?lled in the cathode 
1c to the cathode discharge pipe 8, along With the air. The 
purged combustible gas is mixed With the air ?oWing 
through the passage B at a point Where the cathode bypass 
pipe 9 is connected to the cathode discharge pipe 8. As a 
result, the combustible gas in a gas mixture is diluted to have 
a concentration loWer than a combustion loWer limit, and 
?nally discharged to outside the fuel cell system 39 (to 
atmosphere). 
[0059] The How rate of the air ?oWing through the passage 
A and the How rate of the air ?oWing through the passage B 
are set so that the combustible. gas in the gas mixture 
discharged to outside the fuel cell system 39 is set to have 
a concentration loWer than the combustion loWer limit. In 
the case of using a city gas identi?ed by “13A” Which is 
available in a big city such as the feed gas, since the city gas 
13A has a combustion range of approximately 5 to 15% in 
a mixing ratio With respect to the air, the concentration of the 
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combustible gas in the gas mixture ?nally discharged can be 
decreased to loWer than 5% by controlling setting so that the 
How rate of the air per unit time ?oWing through the passage 
B becomes greater than tWenty times as high as the How rate 
per unit of time ?oWing through the passage A. Since the 
passage resistance of the gas mixture ?oWing through the 
passage A is predictable, (?oW rate of the passage B per unit 
time)/(?oW rate of the passage Aper unit time)>20 can be set 
by adjusting, for example, an aperture diameter of the valve 
Which is the cathode bypass valve 10 to control the resis 
tance of the passage B. Alternatively, the passage resistances 
may be controlled by adjusting the lengths of the pipes of the 
passages A and B. 

[0060] After the feed gas ?lled in the cathode 1c of the fuel 
cell 1 has been discharged outside the fuel cell system 39, 
the cathode bypass valve 10 is closed so that the air from the 
bloWer 5 is supplied only to the cathode 1c, thereby enabling 
poWer generation to start. 

[0061] When the fuel cell system 39 starts the poWer 
generation (start-up operation), the gas supply to the anode 
1a of the fuel cell 1 is controlled as described beloW. 

[0062] The passage sWitching device 14 operates to form 
the bypass passage, and the feed gas is supplied from the 
feed gas supply device 36 to the fuel generator 2 through the 
material supply pipe 33. The fuel gas driven out from the 
interior of the fuel generator 2 is returned to a ?ame burner 
41 (see FIG. 4) of the combustor 4 through the anode bypass 
pipe 13 and the fuel gas return pipe 35 by the switching 
operation of the passage sWitching device 14, and com 
busted therein. Simultaneously, the Water is supplied from 
the Water supply device 3 to the fuel generator 2. And, the 
fuel in the combustor 4 is heated to cause the temperature of 
the fuel generator 2 up to 700° C. and the fuel generator 2 
is kept under the condition in Which the hydrogen-rich fuel 
gas can be generated from the feed gas and the steam. 

[0063] When the temperature of a CO (carbon monoxide) 
reducing portion accommodated in the fuel generator 2 
reaches a stable reaction temperature and CO contained in 
the fuel gas is removed to a concentration (approximately 20 
ppm) Which Will not degrade the anode 1a of the fuel cell 1, 
the return pipe valve 15 provided in the fuel gas return pipe 
35 is opened, and the passage sWitching device 14 forms the 
supply passage to the anode 1a (alloWing the anode supply 
pipe 34 and the anode 1a to communicate With each other), 
and under this condition, the fuel gas exhausted from the 
fuel generator 2 is guided to the anode 1a of the fuel cell 1 
through the passage sWitching device 14, and the fuel gas 
unconsumed in the anode 1a is returned to the combustor 4 
through the fuel gas return pipe 35 and the return pipe valve 
15 and combusted therein. Under this condition, the poWer 
generation can start. 

[0064] As should be appreciated, When the fuel cell sys 
tem 39 starts the poWer generation, the incombustible oxi 
diZing gas (e.g., air) supplied from the bloWer 5 ?oWs 
through the passage A, i.e., from the cathode supply pipe 7 
to the cathode discharge pipe 8 through the fuel cell 1, and 
?oWs through the passage B, i.e., to the cathode bypass pipe 
9 provided With the cathode bypass valve 10. With the 
passages A and B set to have predetermined resistances, the 
air ?oWs therethrough. 

[0065] When the combustible feed gas (e.g., city gas 13A) 
?lled in the cathode 1c is purged from the cathode 1c by the 
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air supplied from the blower 5 and ?owing through the 
passage A, and discharged to the cathode discharge pipe 8 
along With the air, the air ?owing through the passage B is 
mixed With the combustible feed gas so that the combustible 
gas in the gas mixture is diluted to have a concentration 
loWer than the combustion loWer limit, and the diluted 
combustible gas is discharged to atmosphere. In this manner, 
the combustible gas ?lled in the cathode 1c can be appro 
priately treated. 

[0066] During the stop period of the poWer generation in 
the fuel cell system 39, the feed gas can be ?lled and kept 
in the cathode 1c of the fuel cell 1. In addition, the 
combustible gas (fuel gas) is con?ned in the anode 1a. This 
makes it possible to completely eliminate a cause of oxi 
diZation of the catalyst of the anode 1a of the fuel cell 1, and 
hence to avoid reduction of durability of the anode 1a of the 
fuel cell system 39. 

[0067] Further, since the stop operation and keeping 
operation of the fuel cell system 39 is carried out With the 
?rst inlet-side and exit-side valves 12b and 12a of the 
cathode closing device 12 closed, the feed gas supplied to 
the cathode 1c of the fuel cell 1 by the cathode feed gas 
supply device 11 is reliably con?ned in the fuel cell 1. If the 
feed gas is kept for a long time period under a stopped state 
of the fuel cell 1, the air from outside Will not enter the 
cathode 1c of the fuel cell 1. Consequently, degradation of 
durability of the fuel cell system 39 can be inhibited. 

Embodiment 2 

[0068] FIG. 2 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a second 
embodiment of the present invention. The construction of 
the second embodiment illustrates an alternation of the 
cathode bypass passage in the ?rst embodiment. In FIG. 2, 
the same reference numerals as those in FIG. 1 denotes the 
same or corresponding parts. 

[0069] Referring to FIG. 2, the cathode bypass valve 10 of 
the ?rst embodiment (see FIG. 1), provided in the cathode 
bypass pipe 9 Which is the cathode bypass passage, has been 
replaced by a dividing device 16 provided at a connecting 
portion 11 at Which the cathode bypass pipe 9 is connected 
to the cathode supply pipe 7. The dividing device 16 alloWs 
the air ?oWing through an upstream cathode bypass pipe 714 
to be divided into the air ?oWing through a doWnstream 
cathode supply pipe 7d and the air ?oWing through the 
cathode bypass pipe 9. While the dividing device 16 is used 
instead of the ?rst inlet-side valve 12b (see FIG. 1) of the 
cathode closing device 12, the ?rst exit-side valve 12a as the 
cathode exit-side closing device exists in the construction in 
FIG. 2. 

[0070] The combustible gas diluting device is formed by 
the cathode bypass pipe 9 (cathode bypass passage) con 
necting the portion of the cathode supply pipe 7 (portion of 
the oxidiZing gas passage Which is located upstream of the 
cathode 1c) to the portion of the cathode discharge pipe 8 
(oxidiZing gas passage) Which is located doWnstream of the 
?rst exit-side valve 12a (second oxidiZing gas passage 
valve), and the dividing device 16 disposed at the connecting 
portion 17 betWeen the upstream portion and the cathode 
bypass passage 9 and con?gured to open and close the 
cathode supply pipe 7 instead of the ?rst inlet-side valve 
(?rst oxidiZing gas passage valve) 12b and to vary division 
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ratio of the How rate of the oxidiZing gas (air) ?oWing 
through the cathode bypass pipe 9 to the How rate of the 
oxidiZing gas ?oWing through the oxidiZing gas passage 8. 

[0071] A three-Way valve, capable of setting a desired 
division ratio, may be used as the dividing device 16. The 
dividing device 16 adjusts the ratio betWeen the How rate of 
the air ?oWing through the doWnstream cathode supply pipe 
7d and the How rate of the air ?oWing through the cathode 
bypass pipe 9. The adjustment of the division ratio made by 
the dividing device 16 is controlled by the controller 21. 

[0072] HereinbeloW, the operation of the fuel cell system 
39 in the poWer generation period, including the stop opera 
tion and the start operation (start-up operation) of the poWer 
generation, Will be described With reference to FIG. 2. The 
operation identical to that of the ?rst embodiment is brie?y 
described. 

[0073] During a time period of the poWer generation of the 
fuel cell system 39, the fuel gas from the fuel generator 2 is 
supplied to the anode 1a of the fuel cell 1 through the 
passage sWitching device 14 provided in the anode supply 
pipe 34. The dividing device 16 operates so that all the air 
bloWn from the bloWer 5 ?oWs to the doWnstream cathode 
supply pipe 7a' to alloW this air to be supplied to the cathode 
1c of the fuel cell 1. In the interior of the fuel cell 1, the fuel 
gas (hydrogen) and the air (oxidiZing gas) are consumed to 
generate electric poWer. 

[0074] When the fuel cell system 39 stops the poWer 
generation, the gas supply to the cathode 1c of the fuel cell 
1 is controlled as described beloW. 

[0075] The operation of the bloWer 5 is stopped to stop the 
air supply to the cathode 1c. Then, the valve Which is the 
cathode feed gas supply device 11 is opened, and the 
combustible feed gas is guided to the doWnstream cathode 
supply pipe 7a' through the cathode feed gas supply pipe 32 
and to the cathode 1c of the fuel cell 1 through the doWn 
stream cathode pipe 7d. At this time, the ?rst exit-side valve 
12a is opened. The dividing device 16 operates so that the 
ratio of the How rate of the air ?oWing through the cathode 
bypass pipe 9 to the How rate of the air ?oWing through the 
upstream cathode supply pipe 714 is set to 1 and the ratio of 
the How rate of the air ?oWing through the doWnstream 
cathode supply pipe 7a' to the How rate of the air ?oWing 
through the upstream cathode supply pipe 714 is set to 0. 
When it is determined that the feed gas supplied to the 
cathode 1c (by the operation of the cathode feed gas supply 
device 11 of the ?rst embodiment) has purged the air 
remaining in the cathode 1c of the fuel cell 1, the ?rst 
exit-side valve 12a is closed and the supply of the feed gas 
to the cathode 1c of the fuel cell 1 is stopped by closing the 
cathode feed gas supply device 11 in a case Where the 
cathode feed gas supply device 11 is formed by a valve. 

[0076] The gas is supplied to the anode 1a of the fuel cell 
1 during the stop operation of the poWer generation as in the 
?rst embodiment. 

[0077] After the poWer generation has been stopped by the 
above described operation, the fuel gas (hydrogen-rich gas) 
is ?lled and kept in the anode 1a and the combustible gas 
(feed gas) is ?lled and kept in the cathode 1c, thereby 
inhibiting oxidiZation and degradation of the anode 1a. 

[0078] When the fuel cell system 39 starts poWer genera 
tion (start-up operation), the gas supply to the cathode 1c of 
the fuel cell 1 is controlled as described beloW. 
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[0079] The ?rst exit-side valve 12a is opened and the air 
starts to be supplied from the blower 5 to the cathode 1c 
through the cathode supply pipe 7. At this time, the air 
supplied from the bloWer 5 ?oWs through a passage A in 
such a manner that the air ?owing through the upstream 
cathode supply pipe 714 is divided to How through the 
doWnstream cathode supply pipe 7d and through the cathode 
1c and to be discharged into the cathode discharge pipe 8, or 
?oWs through a passage B in such a manner that the air 
?owing through the upstream cathode supply pipe 714 is 
divided by the dividing device 16 to How through the 
cathode bypass pipe 9 and to be discharged into the cathode 
discharge pipe 8. 

[0080] The air ?oWing through the passage A purges the 
feed gas ?lled in the cathode 1c to the cathode discharge pipe 
8, along With the air. The purged feed gas is mixed With the 
air ?oWing through the passage B at a point Where the 
cathode bypass pipe 9 is connected to the cathode discharge 
pipe 8. As a result, the combustible gas in the gas mixture is 
diluted to have a concentration loWer than the combustion 
loWer limit, and ?nally discharged to outside the fuel cell 
system 39 (to atmosphere). 

[0081] The How rate of the air ?oWing through the passage 
A and the How rate of the air ?oWing through the passage B 
are adjusted by the dividing device 16 in such a manner that 
a ratio betWeen these ?oW rates is set so that the concen 
tration of the combustible gas in the gas mixture discharged 
outside the fuel cell system 39 becomes loWer than the 
combustion loWer limit. 

[0082] In the case of using the city gas 13A available in a 
big city as the feed gas, since the city gas 13A has a 
combustion range of about 5 to 15% as a mixing ratio With 
air, the concentration of the combustible gas in the gas 
mixture ?nally discharged can be decreased to loWer than 
5% by setting the ratio in the dividing device 16 so that the 
How rate of the air per unit time ?oWing through the passage 
B becomes more than 20 times as high as the How rate of the 
air per unit time ?oWing through the passage A. 

[0083] After all the feed gas ?lled in the cathode 1c of the 
fuel cell 1 has been discharged outside the fuel cell system 
39, the ratio in the dividing device 16 is set so that all the air 
supplied from the bloWer 5 is ?oWed into the doWnstream 
cathode supply pipe 7d and to the cathode 1c of the fuel cell 
1, thereby enabling poWer generation to start. 

[0084] The gas is supplied to the anode 1a of the fuel cell 
1 at the start of the poWer generation as in the ?rst embodi 
ment. 

[0085] As should be appreciated from the foregoing, When 
the fuel cell system 39 starts the poWer generation, the 
incombustible oxidiZing gas (e.g., air) supplied from the 
bloWer 5 is divided by the dividing device 16 provided at the 
connecting portion 17 to How through the passage A, i.e., 
from the cathode supply pipe 7 to the cathode discharge pipe 
8 through the cathode 1c of the fuel cell 1, and to How 
through the passage B, i.e., to the cathode discharge pipe 8 
through the cathode bypass pipe 9. The ratio betWeen the 
How rate of the air ?oWing through the passage A and the 
How rate of the air ?oWing through the passage B is adjusted 
by the dividing device 16. 

[0086] When the air ?oWing through the passage Apurges 
the combustible feed gas (e.g., city gas 13A) ?lled in the 
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cathode 1c such that the feed gas is discharged into the 
cathode discharge pipe 8 along With the air, the feed gas is 
mixed With the air ?oWing through the passage B so that the 
combustible gas in the gas mixture is diluted to have a 
concentration loWer than the loWer limit concentration, and 
in this diluted state, the gas mixture is discharged to atmo 
sphere. In this manner, the combustible gas ?lled in the 
cathode 1c can be appropriately treated. 

[0087] During the stop period of the poWer generation in 
the fuel cell system 39, the feed gas can be ?lled and kept 
in the cathode 1c of the fuel cell 1. In addition, the 
combustible gas (fuel gas) is con?ned in the anode 1a. This 
makes it possible to completely eliminate a cause of oxi 
diZation of the catalyst in the anode 1a of the fuel cell 1, and 
hence to avoid reduction of durability of the anode 1a of the 
fuel cell system 39. 

[0088] Further, since the stop operation and keeping 
operation of the fuel cell system 39 are carried out under the 
condition in Which the ?rst exit-side valve 12a of the 
cathode closing device 12 is closed and the upstream cath 
ode supply pipe 714 and the doWnstream cathode supply pipe 
7d are ?uidically disconnected, the feed gas supplied to the 
cathode 1c of the fuel cell 1 by the cathode feed gas supply 
device 11 can be reliably con?ned in the fuel cell 1, and if 
the feed gas is kept for a long time period under the stopped 
state of the fuel cell 1, the air Will not enter the cathode 1c 
of the fuel cell 1. Consequently, reduction of durability of 
the fuel cell system 39 can be inhibited. 

Embodiment 3 

[0089] FIG. 3 is a block diagram schematically shoWing 
a construction of a fuel cell system according to a third 
embodiment of the present invention. As shoWn in FIG. 3, 
the piping and valve structures associated With post-treat 
ment of the feed gas ?lled in the cathode 1a in the con 
struction of the ?rst embodiment (FIG. 1) have been altered 
in the construction of the third embodiment. In FIG. 3, the 
same reference numerals as those in FIG. 1 denote the same 
or corresponding parts, Which Will not be further described. 

[0090] In the construction shoWn in FIG. 3, the cathode 
bypass pipe 9 and the cathode bypass valve 10 (see FIG. 1) 
of the ?rst embodiment have been replaced by a cathode 
combustion pipe 19 con?gured to branch from a position of 
the cathode discharge pipe 8 Which is located upstream of 
the ?rst exit-side valve 12a and to be connected to the 
combustor 4 (more speci?cally, a ?ame burner 41 of the 
combustor 4 in FIG. 4), and a combustion pipe valve 20 
provided in the cathode combustion pipe 19 and con?gured 
to start and stop air supply to the cathode combustion pipe 
19. For example, an electromagnetic valve is used as the 
combustion pipe valve 20 and controlled by the controller 
21. 

[0091] A combustion fan (combustion air supply device) 
18 in FIG. 3 is connected to the combustor 4 and con?gured 
to supply air for heating the fuel generator 2 to the ?ame 
burner 41 of the combustor 4. 

[0092] The combustible gas diluting device is formed by 
the combustion fan (combustion air supply device) 18 
con?gured to supply the air to the ?ame burner 41 of the 
combustor 4, the cathode combustion pipe 19 extending 
from the position of the cathode discharge pipe (oxidiZing 
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gas passage) 8 between the ?rst exit-side valve (second 
oxidizing gas passage opening and losing device) 12a and 
the cathode 1c and connected to the ?ame burner 41, and the 
combustion pipe valve 20 con?gured to open and close the 
cathode combustion pipe 19. 

[0093] Hereinafter, an operation of the fuel cell system 39, 
including a stop operation and a start operation (start-up 
operation) of the poWer generation in the fuel cell system 39 
Will be described in detail. The operation of the fuel cell 
system 39 in a poWer generation period is similar to that of 
the ?rst embodiment, and Will not be further described. 

[0094] In the stop operation of the fuel cell system 39, the 
gas supply to the cathode 1c of the fuel cell 1 is controlled 
as described beloW. 

[0095] The operation of the bloWer 5 is stopped to stop the 
air supply to the cathode 1c of the fuel cell 1. The feed gas 
containing the combustible gas ?oWs through the cathode 
feed gas supply pipe 32 and is guided by the cathode feed 
gas supply device 11 to the portion of the cathode supply 
pipe 7 Which is located doWnstream of the ?rst inlet-side 
valve 12b, and to the cathode 1c of the fuel cell 1 through 
this portion of the cathode supply pipe 7 (corresponding to 
the operation of the cathode feed gas supply device 11 of the 
?rst embodiment). At this time, the ?rst inlet-side and 
exit-side valves 12b and 12a are closed and the combustion 
pipe valve 20 is opened. By the feed gas supplied to the 
cathode 1c, the air remaining in the cathode 1c of the fuel 
cell 1 is purged therefrom ?oW through the combustion pipe 
valve 20 and the cathode combustion pipe 19 and discharged 
from the combustor 4 to outside. When it is determined that 
almost all the air remaining in the cathode 1c has been 
discharged, the combustion pipe valve 20 is closed and the 
supply of the feed gas to the cathode 1c of the fuel cell 1 is 
stopped by closing the cathode feed gas supply device 11. 

[0096] The gas supply to the anode 1a of the fuel cell 1 
during the stop operation of poWer generation is similar to 
that of the ?rst embodiment. 

[0097] After the fuel cell system 39 has stopped poWer 
generation by the above described operation, the fuel gas 
(hydrogen-rich gas) is ?lled and kept in the anode 1a, and 
the combustible gas (feed gas) is ?lled and kept in the 
cathode 1c, thereby inhibiting oxidiZation and degradation 
of the anode 1a. 

[0098] When the fuel cell system 39 starts poWer genera 
tion (start-up operation), the gas supply to the cathode 1c of 
the fuel cell 1 is controlled as described beloW. 

[0099] The ?rst inlet-side valve 12b and the combustion 
pipe valve 20 are opened, and the ?rst exit-side valve 12a is 
closed. Under this condition, the air starts to be supplied 
from the bloWer 5 to the cathode 1c of the fuel cell 1 through 
the cathode supply pipe 7. The air supplied from the bloWer 
5 purges the combustible feed gas ?lled in the cathode 1c. 
That is, the feed gas is discharged into the cathode discharge 
pipe 8 along With the air ?oWing from the cathode supply 
pipe 7 to the cathode discharge pipe 8 through the cathode 
1c of the fuel cell 1. Then, the discharged feed gas ?oWs to 
the ?ame burner 41 of the combustor 4 through the com 
bustion pipe valve 20 and the cathode combustion pipe 19. 

[0100] With reference to FIG. 4, the internal construction 
of the combustor 4 and then, hoW the combustible gas (feed 
gas) ?lled in the cathode 1c is post-treated in the combustor 
4, Will be described. 
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[0101] The cathode combustion pipe 19 is connected to a 
?rst connecting port 44 of the combustor 4 so that the gas 
?oWing through the cathode combustion pipe 19 is guided to 
the ?ame burner 41 of the combustor 4. Likewise, the 
combustion fan 18 is connected to a second connecting port 
45 of the combustor 4 so that the air is guided to the ?ame 
burner 41 of the combustor 4. A combustion tube 40 is 
provided to cover the ?ame burner 41. An exhaust pipe 23 
is provided on a side surface of the combustion tube 40, and 
the exhaust gas (gas containing nitrogen as main compo 
nent) generated by combustion in the ?ame burner 41 is 
discharged to outside (atmosphere) through the exhaust pipe 
23. An auxiliary material supply pipe 22 (see FIG. 5) 
con?gured to branch from a position of the material supply 
device 33 and a fuel gas return pipe 35 are connected to a 
third connecting port 46 of the combustor 4 to alloW the feed 
gas or/and the fuel gas ?oWing through these pipes 22 and 
35 to be guided to and combusted in the ?ame burner 41 to 
heat the fuel generator 2. 

[0102] In the third embodiment, since the feed gas ?lled in 
the cathode 1c is supplied to the ?ame burner 41, a com 
bustion state is undesirably disturbed by the supply of the 
feed gas to the ?ame burner 41 if the combustion in the ?ame 
burner 41 starts before the post-treatment of the feed gas is 
completed. For this reason, the supply of the feed gas to the 
?ame burner 41 starts before the combustion in the ?ame 
burner 41 starts. After all the feed gas ?lled in the cathode 
1c has been sent to and treated in the combustor 4 and 
discharged to outside, the combustion in the ?ame burner 41 
starts. A ?ame rod 42 Which is capable of detecting an ion 
current ?oWing through the ?ame during the combustion or 
a thermocouple 43, is equipped in the ?ame burner 41, and 
the controller 21 monitors Whether or not the ?ame burner 
41 is conducting combustion, based on a detection signal 
from the ?ame rod 41 or the thermocouple 43. 

[0103] The feed gas ?lled in the cathode 1c is treated in the 
above constructed combustor 4. 

[0104] The feed gas ?lled in the cathode 1c is purged 
therefrom by the air supplied from the bloWer 5 to How into 
the cathode combustion pipe 19, and is supplied to the ?ame 
burner 41 through the ?rst connecting port 44 of the com 
bustor 4. Simultaneously, the air from the combustion fan 18 
is supplied to the ?ame burner 41 through the second 
connecting port 45. As a result, the feed gas ?oWing through 
the cathode combustion pipe 19 and the air from the com 
bustion fan 18 are mixed With each other in the ?ame burner 
41 of the combustor 4 so that the combustible gas in the gas 
mixture is diluted to have a concentration loWer than the 
combustion loWer limit, and then the resulting gas mixture 
is discharged to outside the fuel cell system 39. 

[0105] In this case, the controller 21 controls the How rate 
of the bloWer 5 and the How rate of the combustion fan 18 
so that the concentration of the combustible gas in the ?ame 
burner 41 becomes loWer than the loWer limit concentration. 
In the case of using the city gas 13A available in a big city 
as the feed gas, since the city gas 13A has a combustion 
range of approximately 5 to 15% in a mixing ratio With 
respect to the air, the concentration of the combustible gas 
in the gas mixture ?nally discharged can be decreased to 
loWer than 5% by controlling setting so that the How rate of 
the air supplied from the combustion fan 18 becomes more 
than tWenty times as high as the How rate of the air supplied 



US 2005/0129990 A1 

from the blower 5. After all the feed gas ?lled in the cathode 
1c of the fuel cell 1 has been discharged to outside the fuel 
cell system 39 While being diluted to have a concentration 
loWer than the combustion loWer limit, the combustion pipe 
valve 20 is closed. 

[0106] Thereafter, the series of operations of the fuel cell 
system 39 are carried out to start poWer generation. These 
operations are identical to those of the ?rst embodiment. 

[0107] In the poWer generation the fuel cell system 39, an 
incombustible oxidiZing gas (e.g., air) supplied from the 
bloWer 5 purges the combustible feed gas (e.g., city gas 13A) 
?lled in the cathode 1c to the ?ame burner 41 of the 
combustor 4, along With the oxidiZing gas, and the incom 
bustible oxidiZing gas (e.g., air) from the combustion fan 18 
is supplied to the ?ame burner 41 of the combustor 4 so that 
these gases are mixed With each other in the combustor 4. In 
this case, by adjusting the How rate of the air supplied from 
the bloWer 5 and the How rate of the air supplied from the 
combustion fan 18, the combustible gas in the gas mixture 
can be diluted to have a concentration loWer than the 
combustion loWer limit concentration, and in this diluted 
state, the gas mixture can be discharged to atmosphere. In 
this manner, the combustible gas ?lled in the cathode 1c can 
be appropriately post-treated. 

[0108] During the stop period of the poWer generation of 
the fuel cell system 39, the feed gas is con?ned in the 
cathode 1c of the fuel cell 1. In addition, the combustible gas 
(fuel gas) is ?lled and con?ned in the anode 1a. This makes 
it possible to completely eliminate a cause of oxidiZation of 
the catalyst in the anode 1a of the fuel cell 1, and hence to 
avoid reduction of durability of the anode 1a of the fuel cell 
system 39. 

[0109] Further, since the stop operation and keeping 
operation of the fuel cell system 39 are carried out With the 
?rst exit-side and inlet-side valves 12a and 12b of the 
cathode closing device 12 closed and the combustion pipe 
valve 20 closed, the feed gas supplied to the cathode 1c of 
the fuel cell 1 by the cathode feed gas supply device 11 can 
be reliably con?ned in the fuel cell 1, and if the feed gas is 
kept for a long time period under the stopped state of the fuel 
cell 1, the air Will not enter the cathode 1c of the fuel cell 1. 
Consequently, reduction of durability of the fuel cell system 
39 can be inhibited. 

Embodiment 4 

[0110] FIG. 5 is a block diagram schematically shoWing a 
construction of a fuel cell system according to a fourth 
embodiment of the present invention. The fourth embodi 
ment illustrates an alternation of the piping in the third 
embodiment. In FIG. 5, the same reference numerals as 
those in FIG. 3 denote the same or corresponding parts, 
Which Will not be further described. 

[0111] Referring to FIG. 5, in the construction of the ?fth 
embodiment, the cathode combustion pipe 19 (see FIG. 3 of 
the third embodiment) connecting the portion of the cathode 
discharge pipe 8 Which is located upstream of the ?rst 
exit-side valve 12a to the combustor 4 has been replaced by 
a cathode exhaust pipe 25 extending from a position of the 
cathode discharge pipe 8 Which is located upstream of the 
?rst exit-side valve 12a and connected to the exhaust pipe 23 
(see FIG. 4), and an exhaust pipe valve 26 is provided in the 
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cathode exhaust pipe 25 and con?gured to control start and 
stop of the air supply. Also, the cathode feed gas supply pipe 
32 (see FIG. 3 of the third embodiment) connecting the 
portion of the material supply pipe 33 Which is located just 
after the exit of the feed gas supply device 36 to the portion 
of the cathode supply pipe 7 Which is located doWnstream of 
the ?rst inlet-side valve 12b has been replaced by a cathode 
fuel supply pipe 49 connecting the anode supply pipe 34 
Which is located just after the exit of the fuel generator 2 to 
the portion of the cathode supply pipe 7 Which is located 
doWnstream of the ?rst inlet-side valve 12b. In addition, the 
cathode feed gas supply device 11 (see FIG. 3) provided in 
the cathode feed gas supply pipe 32 has been replaced by a 
cathode fuel supply device (combustible gas supply device) 
24 provided in the cathode fuel supply pipe 49. Further, an 
auxiliary material supply pipe 22 is provided to branch a 
position of the material supply pipe 33 and con?gured to 
guide the feed gas to the ?ame burner 41 of the combustor 
4. 

[0112] The combustible gas diluting device is formed by 
the exhaust pipe 23 through Which the exhaust gas generated 
by combustion in the combustor 4 is discharged to atmo 
sphere, the cathode exhaust pipe 25 extending from a 
position of the cathode discharge pipe (oxidiZing passage) 8 
Which is the oxidiZing gas passage betWeen the ?rst exit-side 
valve (second oxidiZing gas passage valve) 12a and the 
cathode 1c and connected to the ?ame burner 41, and the 
exhaust pipe valve 26 con?gured to open and close the 
cathode exhaust pipe 25. 

[0113] Hereinafter, the operation of the fuel cell system 39 
in a poWer generation period, including the stop operation 
and the start operation (start-up operation) Will be described 
With reference to FIGS. 4 and 5. It Will be appreciated that 
the operation identical to that of the third embodiment Will 
not be further described. 

[0114] During the poWer generation period of the fuel cell 
system 39, the feed gas supplied from the feed gas supply 
device 36 and the Water supplied from the Water supply 
device 3 are reformed Within the fuel generator 2 to generate 
a hydrogen-rich fuel gas, With the temperature of the fuel 
generator 2 kept at approximately 700° C. The fuel gas from 
the fuel generator 2 ?oWs through the passage sWitching 
device 14 provided in the anode supply pipe 34, and is 
supplied to the anode 1a of the fuel cell 1 (under the 
condition in Which the passage sWitching device 14 alloWs 
communication betWeen the anode supply pipe 34 and the 
anode 1a). The air from the bloWer 5 is supplied to the 
cathode 1c of the fuel cell 1 through the cathode supply pipe 
7 and the ?rst inlet-side valve 12b in an open position. 
Within the fuel cell 1, the fuel gas (hydrogen) and the air 
(oxidiZing gas) are consumed to generate electric poWer. The 
fuel gas unconsumed in the poWer generation of the fuel cell 
1 is sent to the combustor 4 through the fuel gas return pipe 
35 and the return pipe valve 15 in an open position, and 
combusted therein to produce a heat source for keeping the 
temperature of the fuel generator 2. If the remaining fuel gas 
from the fuel cell 1 is insuf?cient to keep the temperature of 
the fuel generator 2 appropriately, then the feed gas is 
additionally supplied to the ?ame burner 41 of the combus 
tor 4 through the auxiliary material supply pipe 22, and the 
air is supplied from the combustion fan 18 to the ?ame 
burner 41 While adjusting the How rate of the air to alloW the 
added feed gas to be stably combusted. MeanWhile, the air 
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unconsumed in the power generation of the fuel cell 1 is 
discharged to atmosphere through the cathode discharge 
pipe 8 and the ?rst exit-side valve 12a in an open position. 

[0115] Subsequently, in the stop operation of the poWer 
generation in the fuel cell system 39, the gas supply to the 
cathode 1c of the fuel cell 1 is controlled as described beloW. 

[0116] The operation of the bloWer 5 is stopped to stop the 
air supply to the cathode 1c of the fuel cell 1. And, the 
cathode fuel supply device 24 operates to guide the fuel gas 
containing the combustible gas to the portion of the cathode 
supply pipe 7 Which is located doWnstream of the ?rst 
inlet-side valve 12b through the cathode fuel supply pipe 49, 
and to the cathode 1c of the fuel cell 1 through the cathode 
supply pipe 7. At this time, the exit-side and inlet-side valves 
12a and 12b are closed and the exhaust pipe valve 26 is 
opened. The fuel gas supplied to the cathode 1c purges the 
air remaining in the cathode 1c of the fuel cell 1 through the 
exhaust pipe valve 26 and the cathode exhaust pipe 25 to the 
exhaust pipe 23, from Which the air and the fuel gas are 
discharged. When it is determined that all the remaining air 
has been discharged, the exhaust pipe valve 26 is closed, and 
the supply of the fuel gas to the cathode 1c of the fuel cell 
1 is stopped by closing the cathode fuel supply device 24. 

[0117] The fuel gas existing just after the exit of the fuel 
generator 2 has an increased pressure. By opening the valve 
Which is the cathode fuel supply device 24 located in the 
cathode fuel supply pipe 49 With one end of the cathode fuel 
supply pipe 49 connected to the anode supply pipe 34 just 
after the exit of the fuel generator 2 and the other end 
connected to the portion of the cathode supply pipe 7 Which 
is located doWnstream of the ?rst inlet-side valve 12b, the 
fuel gas can be guided to the portion of the cathode supply 
pipe 7 Which is located doWnstream of the ?rst inlet-side 
valve 12b and to the cathode 1c by utiliZing an internal 
pressure of the fuel gas. If the pressure of the fuel gas being 
supplied is de?cient, the fuel gas may be supplied to the 
cathode 1c under pressure by using a feed pump as the 
cathode fuel supply device 24. 

[0118] In this case, as the fuel gas ?lled in the cathode 1c, 
the hydrogen-rich gas (e.g., gas having a content of 80% 
hydrogen) may be used. 

[0119] The gas supply to the anode 1a of the fuel cell 1 in 
the stop operation is performed as in the ?rst embodiment. 

[0120] After the poWer generation has been stopped by the 
above described operation, the fuel gas (hydrogen-rich gas) 
is ?lled and kept in the anode 1a, and the combustible gas 
(hydrogen-rich fuel gas) is ?lled and kept in the cathode 1c, 
thus inhibiting oxidiZation and degradation in the anode 1a. 

[0121] When the fuel cell system 39 starts the poWer 
generation (start-up operation), the gas supply to the cathode 
1c of the fuel cell 1 is controlled as described beloW. 

[0122] The ?rst inlet-side valve 12b and the exhaust pipe 
valve 26 are opened and the ?rst exit-side valve 12a is 
closed. In this state, the air starts to be supplied from the 
bloWer 5 to the cathode 1c through the cathode supply pipe 
7. The oxidiZing gas (air) supplied from the bloWer 5 purges 
the combustible fuel gas ?lled in the cathode 1c. The fuel gas 
is discharged to the cathode discharge pipe 8 along With the 
air ?oWing from the cathode supply pipe 7 into the cathode 
discharge pipe 8 through the cathode 1c of the fuel cell 1. 
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The discharged fuel gas ?oWs to the exhaust pipe 23 through 
the exhaust pipe valve 26 and the cathode exhaust pipe 25. 

[0123] With reference to FIG. 4, the post-treatment of the 
combustible gas (fuel gas) ?lled in the cathode 1c in the 
exhaust pipe 23 Will be described. The con?guration already 
described in the third embodiment Will be omitted. 

[0124] In the fourth embodiment, the fuel gas ?lled in the 
cathode 1c is guided to the exhaust pipe 23. In this manner, 
the fuel gas can be supplied to the exhaust pipe 23 during a 
combustion period of the ?ame burner 41, and mixed With 
the exhaust gas containing incombustible nitrogen as main 
component in the exhaust pipe 23 so that the combustible 
gas in the gas mixture is diluted to have a concentration 
loWer than the combustion loWer limit, and discharged to 
atmosphere. Therefore, in the post-treatment of the fuel gas 
in the exhaust pipe 23, it is not necessary to delay a start time 
of combustion in the ?ame burner 41 as compared to the 
third embodiment, and a process of the post-treatment of the 
fuel gas can be simpli?ed. 

[0125] In this case, the controller 21 controls the How rate 
of the oxidiZing gas (air) supplied from the bloWer 5 and the 
How rate of the exhaust gas generated in the ?ame burner 41 
so that the concentration of the combustible gas in the 
exhaust pipe 23 becomes loWer than the combustion loWer 
limit. For example, in the case of hydrogen mainly contained 
in the fuel gas, since hydrogen has a combustion range of 
about 4 to 75% Which is a mixing ratio With air, the 
concentration of the combustible gas in the gas mixture 
?nally discharged can be decreased to loWer than 4% by 
controlling setting so that the How rate of the air supplied 
from the bloWer 5 becomes loWer than 1/25 as much as the 
amount of the exhaust gas generated by the combustion in 
the ?ame burner 41. 

[0126] After all the feed gas ?lled in the cathode 1c has 
been discharged outside the fuel cell system 39 While being 
diluted so that the concentration of the combustible gas 
becomes loWer than the combustion loWer limit, the exhaust 
pipe valve 26 is closed. 

[0127] Thereafter, for starting poWer generation, the series 
of operations of the fuel cell system 39 are carried out in the 
same manner described in the ?rst embodiment. 

[0128] As described above, When the fuel cell system 39 
starts poWer generation, the incombustible oxidiZing gas 
(e.g., air) supplied from the bloWer 5 purges the combustible 
fuel gas (e.g., hydrogen-rich gas) ?lled in the cathode 1c to 
the exhaust pipe 23, and the exhaust gas mainly containing 
nitrogen generated in the combustion of the ?ame burner 41 
of the combustor 4 is guided to the exhaust pipe 23 to alloW 
these gases to be mixed therein. By adjusting the How rate 
of the air supplied from the bloWer 5, the combustible gas in 
the gas mixture can be diluted to have a concentration loWer 
than the combustion loWer limit, and in this diluted state, the 
gas mixture can be discharged to atmosphere. In this man 
ner, the combustible gas ?lled in the cathode 1c can be 
appropriately treated. 

[0129] During the stop period of the poWer generation of 
the fuel cell system 39, the fuel gas is con?ned in the cathode 
1c of the fuel cell 1. In addition, the combustible gas (fuel 
gas) is ?lled in the anode 1a. This makes it possible to 
completely eliminate a cause of oxidiZation of the catalyst in 












