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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a hydrogen
generator for generating hydrogen using an organic com-
pound such as methane, town gas, propane, gasoline,
and alcohol, and a fuel cell system for generating power
by using hydrogen as a fuel.
[0002] A known system is set forth in US-B-6 497 856.

2. Description of the Related Art

[0003] A fuel cell cogeneration system (hereinafter re-
ferred to as fuel cell system), which is excellent in power
generation efficiency and overall efficiency, has hereto-
fore been noted as a distributed power generating system
capable of effectively using energy.
[0004] Various types of fuel cells are usable in the fuel
cell system. For example, a phosphoric acid fuel cell has
been practically used as the fuel cell. A solid polymer fuel
cell, for example, is under development for its practical
use.
[0005] Well, many of the fuel cells currently used in the
fuel cell system generate power by using hydrogen as a
fuel. However, hydrogen-supplying means has not been
developed as infrastructure. Accordingly, in order to ob-
tain predetermined power by operating the fuel cell sys-
tem, a hydrogen generator is installed in a place of in-
stallation of the fuel cell system so that the thus-installed
hydrogen generator generates hydrogen to be supplied
to the fuel cell. Therefore, almost all of the  fuel cell sys-
tems have the hydrogen generator therein.
[0006] The hydrogen generator usually generates hy-
drogen to be supplied to the fuel cell by using a steam
reforming method which is one of known hydrogen gen-
eration methods. With the steam reforming method, hy-
drogen is generated by mixing a hydrocarbon-based ma-
terial or an alcohol-based material (hereinafter referred
to as feed material) and water and then subjecting the
mixture of the feed material and water to a chemical re-
action under a high temperature using a predetermined
reaction catalyst. The chemical reaction used in the
steam reforming method is called a steam reforming re-
action. And, the reaction catalyst used in the steam re-
forming reaction is called a reforming catalyst. The re-
forming catalyst is provided inside a reformer of the hy-
drogen generator, and the steam reforming reaction is
performed in the reformer. After the steam reforming re-
action is performed in the reformer, a gas (hereinafter
referred to as reformed gas) which contains the thus-
generated hydrogen and is in a high temperature state
is discharged from the reformer. In addition, a natural
gas, a liquid propane gas (LPG), naphtha, gasoline, ker-
osene, and the like are favorably used as the hydrocar-
bon-based material in the steam reforming method.

[0007] Carbon monoxide is usually contained as a sub-
component in the reformed gas discharged from the re-
former of the hydrogen generator. More specifically, the
reformed gas contains hydrogen as a main component
and about 10% to 15% of carbon monoxide as a sub-
component. Accordingly, the hydrogen generator is pro-
vided with a  shifter having a predetermined reaction cat-
alyst in addition to the reformer. Hydrogen is generated
in the shifter through a chemical reaction of carbon mon-
oxide with water under a predetermined temperature
condition, thereby increasing a hydrogen concentration
of the reformed gas. The chemical reaction for generating
hydrogen from carbon monoxide and water in the shifter
is called a water gas shift reaction. And, a reaction cat-
alyst used in the water gas shift reaction is called a shift
catalyst. Thanks to the water gas shift reaction of carbon
monoxide with water in the shifter, a carbon monoxide
concentration in the reformed gas is reduced to about
0.5%.
[0008] Though the carbon monoxide contained in the
reformed gas is reduced to about 0.5% in the shifter as
mentioned above, an electrode catalyst provided inside
the fuel cell is poisoned by the remaining carbon mon-
oxide. Such poisoning is an unignorable problem partic-
ularly when the solid polymer fuel cell is used as the fuel
cell. Therefore, in the case of supplying the reformed gas
to the fuel cell which is easily poisoned, such as the solid
polymer fuel cell, it is necessary to reduce the carbon
monoxide concentration in the reformed gas to be sup-
plied to the solid polymer fuel cell to 100 ppm or less,
preferably to 10 ppm or less. Accordingly, in addition to
the reformer and the shifter, the hydrogen generator is
usually provided with a purifier having a predetermined
reaction catalyst. Remaining carbon monoxide and oxy-
gen in the air is subjected to a chemical reaction in the
purifier to generate carbon dioxide, thereby reducing  car-
bon monoxide remaining in the reformed gas. The chem-
ical reaction for generating carbon dioxide from carbon
monoxide and oxygen in the purifier is called a selective
oxidation reaction. And, the reaction catalyst used in the
selective oxidation reaction is called a purifying catalyst.
The carbon monoxide concentration in the reformed gas
is reduced to 100 ppm or lowers by the selective oxidation
reaction of carbon monoxide with oxygen in the purifier.
[0009] The high quality reformed gas which is suffi-
ciently reduced in carbon monoxide, rich in hydrogen,
and ready to be supplied to the solid polymer fuel cell or
the like is discharged from the purifier of the hydrogen
generator and then supplied to the fuel cell via a prede-
termined reformed gas piping. In the fuel cell, hydrogen
contained in the reformed gas supplied from the hydro-
gen generator is used as the fuel, whereby power gen-
eration is performed.
[0010] Now, in the fuel cell system, adjustment of an
amount of the reformed gas to be supplied from the hy-
drogen generator to the fuel cell is ordinarily achieved by
adjusting an amount of the feed material to be supplied
to the reformer of the hydrogen generator. More specif-
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ically, in the case where the amount of the feed material
supplied to the reformer is large, the amount of the re-
formed gas supplied from the hydrogen generator to the
fuel cell is large. In contrast, when the amount of the feed
material supplied to the reformer is small, the amount of
the reformed gas supplied from the hydrogen generator
to the fuel cell is small. Accordingly, in the case where a
power generation amount of the fuel cell is  small, i.e.,
when the amount of the reformed gas supplied from the
hydrogen generator to the fuel cell is small, the amount
of the feed material supplied to the reformer is usually
small. In this case, since the amount of the feed material
supplied to the reformer is small, the amount of the re-
formed gas supplied from the reformer to the shifter is
also small. Further, when the amount of the reformed
gas supplied to the shifter is small, heating of the shift
catalyst by the reformed gas is reduced, a heat genera-
tion rate of the water gas shift reaction in the shift catalyst
is lowered, and a heat discharge rate from the hydrogen
generator is increased, resulting in a reduction in tem-
perature of the shift catalyst.
[0011] In the case where the temperature of the shift
catalyst in the shifter is lowered, it is sometimes impos-
sible to sufficiently reduce carbon monoxide contained
in the reformed gas. This is because the lowered tem-
perature of the shift catalyst causes the water gas shift
reaction in the shifter to progress with insufficient yield.
In this case, it is impossible to sufficiently reduce the car-
bon monoxide concentration in the reformed gas in the
succeeding process in the purifier, so that the reformed
gas to be supplied to the fuel cell is deteriorated in quality.
Therefore, in order to stably supply the high quality re-
formed gas which is sufficiently reduced in carbon mon-
oxide concentration from the hydrogen generator to the
fuel cell, it is necessary to sufficiently reduce carbon mon-
oxide contained in the reformed gas in the shifter which
is the initial carbon monoxide reducing unit in the hydro-
gen generator. Further, it is necessary that the temper-
ature of the shift catalyst provided inside the shifter must
be kept at a predetermined temperature which enables
the water gas shift reaction to be performed with satis-
factory yield.
[0012] Then, there has been proposed a hydrogen
generator wherein a noble metal catalyst is used as a
shift catalyst and an air inlet is provided upstream of a
shifter thereof, which is capable of maintaining a temper-
ature of the shift catalyst to a predetermined value by the
use of heat generated by the reaction of carbon monoxide
or hydrogen in the reformed gas with oxygen in air by
supplying the air from the air inlet (see, for example, Jap-
anese Unexamined Patent Publication No.
2000-178007, which will hereinafter be referred to as the
first conventional example). Also, a hydrogen generator
which is provided with a predetermined temperature ad-
juster and capable of keeping a temperature of a shift
catalyst at a predetermined value by adjusting the tem-
perature of a shifter using the temperature adjuster has
been proposed (see, for example, Japanese Unexam-

ined Patent Publication No. 2000-185901, which will
hereinafter be referred to as the second conventional ex-
ample).
[0013] According to the first and the second conven-
tional examples, the temperature of the shift catalyst pro-
vided in the shifter is always kept at the predetermined
temperature, which enables the water gas shift reaction
to progress. Therefore, in the shifter of the hydrogen gen-
erator, even when the amount of the feed material sup-
plied to the reformer is small, the carbon monoxide con-
centration in the reformed gas is sufficiently reduced.
[0014] However, with the first conventional example
wherein the air is supplied from the air inlet to the shifter
to keep the temperature of the shift catalyst at the pre-
determined temperature, the air is continuously supplied
from the air inlet to the shifter for the purpose of keeping
the temperature of the shift catalyst at the predetermined
temperature; therefore, hydrogen contained in the re-
formed gas supplied from the reformer reacts with oxy-
gen contained in the air supplied from the air inlet to be
wasted, resulting in deterioration in hydrogen generation
efficiency of the hydrogen generator.
[0015] Also, with the second conventional example
wherein the temperature adjuster is provided in the shifter
to adjust the temperature of the shift catalyst to the pre-
determined value, components constituting the temper-
ature adjustor are required to undesirably increase a pro-
duction cost of the hydrogen generator. Further, with this
conventional example, the temperature adjustment con-
trol entails complication in operation.
[0016] The optimum temperature of the shift catalyst
for progressing the water gas shift reaction with satisfac-
tory yield changes depending on the amount of the re-
formed gas introduced into the shifter, i.e., on the amount
of the feed material supplied to the reformer. More spe-
cifically, when a change in amount of the reformed gas
to the shifter is small, the optimum temperature of the
shift catalyst is substantially constant. But, when the
change in amount of the reformed gas to the shifter is
large, the optimum temperature of the shift catalyst
changes by a large scale. Accordingly, in the case where
the amount of the feed  material supplied to the reformer
is largely increased in accordance with the amount of
power to be generated by the fuel cell, the first and the
second conventional examples, wherein the temperature
of the shift catalyst is kept at the predetermined value,
might fail to satisfactorily reduce or might scarcely reduce
carbon monoxide contained in the reformed gas in the
shifter.

SUMMARY OF THE INVENTION

[0017] The present invention has been accomplished
in view of the above problems, and an object thereof is
to provide a hydrogen generator capable of generating
a high quality reformed gas which is sufficiently reduced
in carbon monoxide and rich in hydrogen efficiently in
accordance with a change in power generation amount
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of a fuel cell as well as to provide a fuel cell system having
the hydrogen generator.
[0018] In order to attain the object, a hydrogen gener-
ator of the invention comprises: a reformer for generating
a reformed gas containing hydrogen from a feed material
comprising an organic compound containing at least car-
bon and hydrogen and water; a heater for heating the
reformer to a temperature required for generating the re-
formed gas; a carbon monoxide reducing unit having a
carbon monoxide reducing catalyst for reducing carbon
monoxide contained in the reformed gas generated in
the reformer; and a temperature detector for detecting at
least one of a temperature of the reformed gas in the
carbon monoxide reducing unit and a temperature of the
carbon monoxide reducing catalyst, wherein an increase
in amount of the  feed material to be supplied to the re-
former is controlled based on a comparison between a
detected temperature detected by the temperature de-
tector and a reference temperature set depending on the
amount of the feed material (claim 1). With such consti-
tution, it is possible to obtain the high quality reformed
gas which is sufficiently reduced in carbon monoxide con-
centration.
[0019] In the above case, when the detected temper-
ature is lower than the reference temperature as a result
of the comparison, the amount of the feed material to be
supplied to the reformer is not increased. When the de-
tected temperature is equal to or higher than the refer-
ence temperature, the amount of the feed material is in-
creased (claim 2). With such constitution, in the case of
increasing a power generation amount of the fuel cell, it
is possible to supply the high quality reformed gas suffi-
ciently reduced in carbon monoxide concentration in an
amount which is in accordance with the increase in power
generation.
[0020] In this case, when the detected temperature is
lower than the reference temperature, control is per-
formed so that the detected temperature reaches a tem-
perature equal to or higher than the reference tempera-
ture, whereby the amount of the feed material is in-
creased at the time when the detected temperature
reaches the temperature equal to or higher than the ref-
erence temperature (claim 3). With such constitution, the
supply of the reformed gas to the fuel cell is more stable
since control is performed so that the detected temper-
ature reaches the temperature equal to or higher than
the reference temperature as  required.
[0021] In this case, when the detected temperature is
lower than the reference temperature, control is per-
formed so that the detected temperature reaches a tem-
perature equal to or higher than the reference tempera-
ture through an increase in heating calories in the heater
(claim 4). With such constitution, it is possible to readily
control the detected temperature by controlling an
amount of a fuel supplied to the heater, such as a meth-
ane gas, when the power generation amount of the fuel
cell is increased.
[0022] Alternatively, when the detected temperature is

lower than the reference temperature, control is per-
formed so that the detected temperature reaches a tem-
perature equal to or higher than the reference tempera-
ture through a reduction in amount of water to be supplied
to the reformer (claim 5). With such constitution, it is pos-
sible to readily control the detected temperature by con-
trolling the amount of water to be supplied to the reformer
when the power generation amount of the fuel cell is in-
creased.
[0023] Alternatively, the hydrogen generator may fur-
ther comprise an oxidation gas supplying unit for supply-
ing an oxidation gas to the carbon monoxide reducing
unit, and control is performed so that the detected tem-
perature reaches a temperature equal to or higher than
the reference temperature through a supply of the oxi-
dation gas from the oxidation gas supplying unit to the
carbon monoxide reducing unit when the detected tem-
perature is lower than the reference temperature (claim
6). With such constitution, it is possible to readily control
the  detected temperature by controlling the amount of
the oxidation gas to be supplied to the carbon monoxide
reducing unit, such as air, when the power generation
amount of the fuel cell is increased.
[0024] In the above case, the carbon monoxide reduc-
ing catalyst is a shift catalyst for progressing a water gas
shift reaction through which hydrogen and carbon dioxide
are generated from carbon monoxide and water, and the
carbon monoxide reducing unit is a shifter having the
shift catalyst (claim 7). With such constitution, it is pos-
sible to reduce the carbon monoxide concentration in the
reformed gas without changing the conventional consti-
tution of the hydrogen generator.
[0025] In this case, a catalytic body in the shift catalyst
comprises at least a noble metal and a metallic oxide of
at least one element selected from cerium, zirconium,
and aluminum (claim 8). With such constitution, it is pos-
sible to efficiently reduce the carbon monoxide concen-
tration in the reformed gas.
[0026] In the above case, the carbon monoxide reduc-
ing catalyst is a carbon monoxide selective oxidation cat-
alyst for subjecting carbon monoxide to a selective oxi-
dation reaction, and the carbon monoxide reducing unit
is a selective oxidation unit having the carbon monoxide
selective oxidation catalyst (claim 9). With such consti-
tution, too, it is possible to reduce the carbon monoxide
concentration in the reformed gas without changing the
conventional constitution of the hydrogen generator.
[0027] A fuel cell system of the invention comprises
any  one of the hydrogen generators defined in claims 1
to 9 and a fuel cell for generating power using hydrogen
generated by the hydrogen generator and an oxidation
gas, wherein the fuel cell system is configured to cause
the hydrogen generator to increase the amount of the
feed material to be supplied to the reformer when the
detected temperature detected by the temperature de-
tector reaches the temperature equal to or higher than
the reference temperature, and thereby the fuel cell in-
creases power generation amount (claim 10). With such
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constitution, it is possible to effectively prevent a reduc-
tion in output power of the fuel cell, thereby providing the
fuel cell system excellent in power generation efficiency.
[0028] The above and other objects, characteristics,
and advantages of the invention will become apparent
from preferred embodiments described below with refer-
ence to accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Fig. 1 is a schematic diagram showing a constitution
of a hydrogen generator according to a first embod-
iment of the present invention.
Fig. 2 is a graph showing a relationship between a
shift catalyst temperature for a feed material amount
and a carbon monoxide concentration in a reformed
gas after passing through a shifter.
Fig. 3 is a graph showing a relationship between a
shift catalyst temperature for a feed material amount
and a carbon monoxide concentration in a reformed
gas after passing through a purifier.
Fig. 4 is a flowchart showing an example of operation
of the hydrogen generator in response to an increase
in amount of power generation of a fuel cell.
Fig. 5 is a schematic diagram showing a constitution
of a fuel cell system having one of the hydrogen gen-
erators according to the first to the fifth embodiments
of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] Embodiments of the present invention will here-
inafter be described with reference to the drawings.

(First Embodiment)

[0031] Fig. 1 is a schematic diagram showing a con-
stitution of a hydrogen generator according to a first em-
bodiment of the invention. Note that the constitution of
the hydrogen generator shown in Fig. 1 is extracted from
a fuel cell system described later in this specification.
[0032] As shown in Fig. 1, a hydrogen generator 100a
according to this embodiment has: a reformer 1 for gen-
erating hydrogen by way of a steam reforming reaction
of a hydrocarbon-based material such as a natural gas,
a liquid propane gas (LPG), naphtha, gasoline, and ker-
osene or a material containing at least carbon and hy-
drogen, which is represented by an alcohol-based ma-
terial such as methanol, for example, with water; a shifter
7 for shifting carbon monoxide which is discharged from
the reformer 1 together with hydrogen into hydrogen by
way of a water gas shift reaction of carbon monoxide with
water; a purifier 11 for converting carbon monoxide which
is discharged from the shifter 7 together with hydrogen
into carbon dioxide by way of a selective oxidation reac-
tion of carbon monoxide with oxygen; and a controller

101 for controlling operations of the reformer 1, the shifter
7, and the purifier 11.
[0033] The reformer 1 is provided with a feed material
supplying unit 3 for supplying thereto a feed material.
The feed material supplying unit 3 is connected to a pre-
determined position of the reformer 1 via a feed material
supplying piping 3a for delivering the feed material com-
prising an organic compound containing at least carbon
and hydrogen, such as methane, a city gas, a natural
gas, and alcohol as described above. A booster may be
used as the feed material supplying unit 3. The reformer
1 is provided also with a water supplying unit 4 for sup-
plying thereto water required for a steam reforming re-
action. The water supplying unit 4 is connected to a pre-
determined position of the reformer 1 via a water supply-
ing piping 4a for delivering water from the water supplying
unit 4 to the reformer 1. On the other hand, the reformer
1 has a reforming catalyst 2 for progressing the steam
reforming reaction for generating hydrogen by using the
feed material supplied from the feed material supplying
unit 3 and water supplied from the water supplying unit
4. The reformer 1 is provided also with a heater 5 for
heating and keeping the reforming catalyst 2 to a tem-
perature required for progressing the steam reforming
reaction. The reforming catalyst 2 is disposed at a posi-
tion favorable as a place of reaction of the steam reform-
ing reaction in the reformer 1, and the heater 5 is disposed
at a position favorable for heating  and keeping the re-
forming catalyst 2 in the reformer 1. Further, the reformer
1 has a temperature detector 6 for detecting a tempera-
ture of the reformed gas which is discharged after passing
through the reforming catalyst 2 and contains hydrogen.
The temperature detector 6 is disposed at a position fa-
vorable for detecting the temperature of the reformed gas
discharged after passing through the reforming catalyst
2. In this embodiment, the temperature detector 6 is dis-
posed at a predetermined position downstream of the
reforming catalyst 2. Note that the position of the tem-
perature detector 6 is not limited to the downstream po-
sition of the reforming catalyst 2, and the temperature
detector 6 may be disposed at any position so far as it is
possible to detect the temperature of the reformed gas
in the reformer 1 or the temperature of the reforming cat-
alyst 2 at the position. Extending from the reformer 1 to
the shifter 7 is a reformed gas piping 1a for introducing
the reformed gas discharged from the reformer 1 into the
shifter 7.
[0034] The shifter 7 is provided with a water supplying
unit 9 for supplying thereto water required for a water gas
shift reaction. The water supplying unit 9 is connected to
a predetermined position of the shifter 7 via a water sup-
plying piping 9a for delivering water from the water sup-
plying unit 9 to the shifter 7. The shifter 7 is provided also
with an air supplying unit 15 for supplying thereto air (ox-
ygen in the air) required for controlling a temperature of
a shift catalyst 8 which will be described later in this spec-
ification. The air supplying unit 15 is connected to a pre-
determined position of the shifter 7 via  an air supplying
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piping 15a for delivering the air from the air supplying
unit 15 to the shifter 7. The shifter 7 has the shift catalyst
8 for progressing the water gas shift reaction. By the wa-
ter gas shift reaction, hydrogen is generated using carbon
monoxide contained in the reformed gas introduced
thereinto via the reformed gas piping 1a from the reformer
1 and water supplied from the water supplying unit 9 and
carbon monoxide in the reformed gas is reduced. A
cordierite honeycomb coated with a Ce oxide carrying Pt
is used as the shift catalyst 8. The shift catalyst 8 is dis-
posed at a position favorable as a place of reaction of
the water gas shift reaction in the shifter 7. Further, the
shifter 7 has a temperature detector 10 for detecting a
temperature of the reformed gas which is discharged af-
ter passing through the shift catalyst 8 and improved in
hydrogen content. The temperature detector 10 is dis-
posed at a position favorable for detecting the tempera-
ture of the reformed gas discharged after passing through
the shift catalyst 8. In this embodiment, the temperature
detector 10 is disposed at a predetermined position
downstream of the shift catalyst 8. Note that the position
of the temperature detector 10 is not limited to the down-
stream position of the shift catalyst 8, and the tempera-
ture detector 10 may be disposed at any position so far
as it is possible to detect the temperature of the reformed
gas in the shifter 7 or the temperature of the shift catalyst
8 at the position. Extending from the shifter 7 to the purifier
11 is a reformed gas piping 7a for introducing the re-
formed gas which is discharged from the shifter 7  and
improved in hydrogen content into the purifier 11.
[0035] The purifier 11 is provided with an air supplying
unit 13 for supplying thereto air (oxygen in the air) re-
quired for a selective oxidation reaction. The air supplying
unit 13 is connected to a predetermined position of the
purifier 11 via an air supplying piping 13a for delivering
the air from the air supplying unit 13 to the purifier 11. In
order to further reduce carbon monoxide contained in the
reformed gas introduced thereinto via the reformed gas
piping 7a from the shifter 7, the purifier 11 has a purifying
catalyst 12 for progressing the selective oxidation reac-
tion. By the selective oxidation reaction, carbon dioxide
is generated from carbon monoxide contained in the re-
formed gas and oxygen supplied from the air supplying
unit 13. In this embodiment, a cordierite honeycomb coat-
ed with alumina carrying Pt and Ru is used as the puri-
fying catalyst 12. The purifying catalyst 12 is disposed at
a position favorable as a place of reaction of the selective
oxidation reaction in the purifier 11. Further, the purifier
11 has a temperature detector 14 for detecting a temper-
ature of the reformed gas which is discharged after pass-
ing through the purifying catalyst 12 and further improved
in hydrogen content. The temperature detector 14 is dis-
posed at a position favorable for detecting the tempera-
ture of the reformed gas discharged after passing through
the purifying catalyst 12. In this embodiment, the tem-
perature detector 14 is disposed at a predetermined po-
sition downstream of the purifying catalyst 12, Note that
the position of the temperature detector 14 is not limited

to the downstream position of  the purifying catalyst 12,
and the temperature detector 14 may be disposed at any
position so far as it is possible to detect the temperature
of the reformed gas in the purifier 11 or the temperature
of the purifying catalyst 12 at the position. Extending from
the purifier 11 is a reformed gas piping 11a for discharg-
ing the reformed gas which is discharged from the purifier
11 and further improved in hydrogen content thanks to
the selective oxidation reaction. The reformed gas piping
11a is connected to a fuel cell not shown in Fig. 1. The
reformed gas is supplied to the fuel cell via the reformed
gas piping 11a to be used for generating power. In addi-
tion, when it is unnecessary to reduce the carbon mon-
oxide concentration in the reformed gas to, for example,
100 ppm or lower, it is unnecessary to install the purifier
11.
[0036] Control wirings extending from the control unit
101 are connected to the reformer 1, the shifter 7, and
the purifier 11 constituting the hydrogen generator 11a
as well as to the components of the reformer 1, the shifter,
and the purifier 11.
[0037] Hereinafter, basic hydrogen generating opera-
tions of the hydrogen generator of this embodiment will
be described. Note that the methane gas is used as the
hydrocarbon-based material in the following description.
[0038] In the case of generating hydrogen by operating
the hydrogen generator 100a, the methane gas which is
the feed material is supplied to the reformer 1 from the
feed material supplying unit 3 simultaneously with the
supply of water from the water supplying unit 4. Here, by
operating the heater 5, the reforming catalyst 2 is heated
to a predetermined temperature which is sufficient for
progressing the steam reforming reaction. In this embod-
iment, control on the temperature of the reforming cata-
lyst 2 is performed in such a manner that the temperature
detected by the temperature detector 6 becomes 650°C
by operating the heater 5. Then, the steam reforming
reaction of the methane gas with water progresses to
generate hydrogen in the reformer 1. However, with the
steam reforming reaction of the methane gas with water,
about 10% to 15% of carbon monoxide and a very small
amount of carbon dioxide are generated in addition to
hydrogen. Here, it is necessary to reduce carbon mon-
oxide because it poisons an electrode catalyst disposed
inside the fuel cell. Therefore, the reformed gas dis-
charged from the reformer 1 is introduced into the shifter
7 via the reformed gas piping 1a to reduce a carbon di-
oxide concentration in the reformed gas in the shifter 7.
[0039] After the reformed gas is introduced into the
shifter 7 via the reformed gas piping 1a, the carbon mon-
oxide concentration in the reformed gas is reduced in the
shifter 7 through the water gas shift reaction by which
carbon monoxide reacts with water to generate hydrogen
and carbon dioxide. Water required for the water gas shift
reaction is supplied from the water supplying unit 9. Here,
it is necessary to keep the temperature of the shift catalyst
8 at a predetermined value. Such temperature control is
effected by: heating the shift catalyst 8 with the reformed
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gas which is introduced from  the reformer 1 and has a
high temperate; heating the shift catalyst 8 with a reaction
heat generated by the water gas shift reaction; and/or
cooling the shift catalyst 8 with water supplied from the
water supplying unit 9 as required. Owing to the water
gas shift reaction of carbon monoxide with water in the
shifter 7, the carbon monoxide concentration in the re-
formed gas is reduced to about 0.3% to 1%.
[0040] The reformed gas of which the carbon monox-
ide concentration is reduced to about 0.3% to 1% in the
shifter 7 is then introduced into the purifier 11 via the
reformed gas piping 7a. In the case of further reducing
the carbon monoxide concentration in the purifier 11, a
predetermined amount of air is supplied from the air sup-
plying unit 13 to the purifier 11. After that, the selective
oxidation reaction of carbon monoxide contained in the
introduced reformed gas with oxygen contained in the
supplied air progresses in the purifier 11 to generate car-
bon dioxide. That is to say, carbon monoxide contained
in the reformed gas is consumed due to the selective
oxidation reaction, so that the carbon monoxide concen-
tration in the reformed gas is further reduced. Owing to
the selective oxidation reaction of carbon monoxide with
oxygen in the purifier 11, the carbon monoxide concen-
tration in the reformed gas is reduced to about 100 ppm
or lower. In addition, the carbon monoxide concentration
is reduced to 10 ppm or lower depending on the type of
the fuel cell provided in the fuel cell system. The high
quality reformed gas which is further reduced in carbon
monoxide concentration in the purifier 11 is then  supplied
to the fuel cell not shown in Fig. 1 via the reformed gas
piping 11a. In the fuel cell, the reformed gas supplied
thereto via the reformed gas piping 11a is used for gen-
erating power.
[0041] The operations of the reformer 1, the shifter 7,
and the purifier 11 constituting the hydrogen generator
100a as well as the operations of the components of the
reformer 1, the shifter 7, and the purifier 11 are controlled
by the controller 101 as required.
[0042] An optimum temperature of the shift catalyst 8
for progressing the water gas shift reaction with good
yield in the shifter 7 depends greatly on an amount of the
reformed gas introduced into the shifter 7, i.e., on an
amount of the feed material supplied to the reformer 1.
For instance, when the amount of the reformed gas in-
troduced into the shifter 7 is small, the optimum temper-
ature for efficiently progressing the water gas shift reac-
tion of the shift catalyst 8 is relatively low. However, when
the amount of the reformed gas introduced into the shifter
7 is large, it is necessary that the optimum temperature
for efficiently progressing the water gas shift reaction of
the shift catalyst 8 is high. Therefore, in the case where
the amount of the feed material supplied to the reformer
1 is increased to increase the amount of the reformed
gas supplied to the shifter 7 due to an increase in power
consumption of a load such as an electric appliance or
the like connected to the fuel cell system (not shown in
Fig. 1), carbon monoxide contained in the reformed gas

might not be sufficiently reduced in the shifter 7 with the
hydrogen  generating method wherein the temperature
of the shift catalyst 8 is kept at a predetermined value.
Particularly, when the power consumption of load is in-
creased by a large scale to largely increase the amount
of the feed material supplied to the reformer 1 and to
largely increase the amount of the reformed gas supplied
to the shifter 7, it is quite likely that carbon monoxide
contained in the reformed gas will be scarcely reduced.
In such cases, it is impossible to supply the high quality
reformed gas to the fuel cell since a concentration of car-
bon monoxide contained in the reformed gas is not suf-
ficiently reduced or scarcely reduced in the shifter 7.
Hereinafter, characteristics of the water gas shift reaction
for generating hydrogen from carbon monoxide and wa-
ter will be described in detail with reference to the draw-
ings.
[0043] Fig. 2 is a graph showing a relationship between
the shift catalyst temperature for a feed material amount
and the carbon monoxide concentration in the reformed
gas after passing through the shifter. In Fig. 2, the vertical
axis indicates the carbon monoxide concentration (%) in
the reformed gas after passing through the shifter, and
the horizontal axis indicates the temperature (°C) of the
shift catalyst in the shifter. Also, the curve a indicates the
relationship when the feed material amount is 1.0
NL/min.; the curve b indicates the relationship when the
feed material amount is 2.0 NL/min.; the curve c indicates
the relationship when the feed material amount is 3.0
NL/min.; and the curve d indicates the relationship when
the feed material amount is 4.0 NL/min.
[0044] As shown in Fig. 2, the carbon monoxide  con-
centration in the reformed gas after the water gas shift
reaction in the shifter 7 depends on the temperature of
the shift catalyst 8 and the amount of the feed material.
For instance, in the case where the amount of the feed
material supplied to the reformer 1 is small as indicated
by the curve a (1.0 NL/min.), carbon monoxide is effec-
tively reduced even when the shift catalyst 8 is in a low
temperature state (150°C, for example). In turn, in the
case where the amount of the feed material supplied to
the reformer 1 is large as indicated by the curve d (4.0
NL/min.), carbon monoxide is scarcely reduced when the
shift catalyst 8 is in the low temperature state (170°C or
lower, for example).
[0045] That is to say, even when the temperature of
the shift catalyst 8 is lowered due to the reduction in
amount of the reformed gas supplied from the reformer
1 to the shifter 7 which is achieved by reducing the
amount of the feed material supplied to the reformer 1 in
response to the reduction in power generation of the fuel
cell, it is possible to sufficiently reduce the carbon mon-
oxide concentration in the reformed gas provided that
the amount of the feed material supplied to the reformer
1 is 1.0 NL/min. (curve a) and the temperature of the shift
catalyst 8 is 150°C. More specifically, in the case where
the carbon monoxide concentration in the reformed gas
after the water gas shift reaction in the shifter 7 is 0.5%
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or lower as indicated by the dotted line in Fig. 2, it is
possible to achieve the desired carbon monoxide con-
centration when the temperature of the shift catalyst 8 is
in the range of about 150°C to about 180°C. Also, when
the amount of the feed material supplied to the reformer
1 is 2.0 NL/min. (curve b), the effective range of the tem-
perature of the shift catalyst 8 is from about 160°C to
about 180°C. Also, when the amount of the feed material
supplied to the reformer 1 is 3.0 NL/min. (curve c), the
effective range of the temperature of the shift catalyst 8
is from about 170°C to about 180°C. Also, when the
amount of the feed material supplied to the reformer 1 is
4.0 NL/min. (curve d), the effective range of the temper-
ature of the shift catalyst 8 is the range A shown in Fig.
2. However, in the case where the amount of the feed
material supplied to the reformer 1 has become 3.0
NL/min. (curve c) in accordance with the reduction in
power generation amount of the fuel cell and the temper-
ature of the shift catalyst 8 has been reduced to lower
than 180°C along with the reduction in amount of the feed
material, the carbon monoxide concentration in the re-
formed gas undesirably exceeds the target value of 0.5%
when the amount of the feed material supplied to the
reformer 1 is increased to 4.0 NL/min. (curve d), for ex-
ample, in response to an increase in power generation
amount of the fuel cell unless the temperature of the shift
catalyst 8 is immediately raised to a temperature in the
temperature range A. Therefore, when it is required to
increase the amount of the feed material to be supplied
to the reformer 1 of the hydrogen generator 100a in ac-
cordance with the increase in power generation amount
of the fuel cell, it is necessary to adjust in advance of the
increase in amount of the feed material the temperature
of the shift catalyst 8 to be in the temperature range op-
timum for the  amount of the feed material to be supplied
after the increase.
[0046] In view of the above, in this embodiment, in the
case of coping with the increase in power generation
amount of the fuel cell, the shift catalyst 8 is heated before
increasing the amount of the feed material to be supplied
to the reformer 1 of the hydrogen generator 100a in such
a manner that the air is supplied from the air supplying
unit 15 to the shifter 7 until the temperature of the shift
catalyst 8 reaches the optimum temperature (hereinafter
referred to as reference temperature) for progressing the
water gas shift reaction with good yield after the increase
in amount of the feed material, and then the amount of
the feed material to be supplied to the reformer 1 is in-
creased after the temperature of the shift catalyst 8 has
reached the reference temperature. Also, after the tem-
perature of the shift catalyst 8 has reached the reference
temperature, the air supply from the air supplying unit 15
to the shifter 7 is stopped. Hereinafter, an example of the
operations of the hydrogen generator 100a in coping with
the increase in power generation amount of the fuel cell
will be described with reference to the drawings.
[0047] Fig. 4 is a flowchart showing the example of the
operations of the hydrogen generator in coping with the

increase in power generation amount of the fuel cell.
[0048] Referring to Figs. 1, 2, and 4, in the case where
the load on the fuel cell is low for a long period of time,
the power generation amount of the fuel cell is small for
the long period of time. In such case, because the amount
of the feed material supplied to the reformer 1 of the hy-
drogen generation 100a is small, the temperature of the
shift catalyst 8 in the shifter 7 to which the reformed gas
is supplied from the reformer is lowered. Here, the tem-
perature detector 10 of the shifter 7 detects a temperature
of the reformed gas passing through the shift catalyst 8,
and the detected temperature (hereinafter referred to as
detected temperature) is stored in a storage unit of the
controller 101 (Step S1). For instance, when the detected
temperature of the reformed gas passing through the shift
catalyst 8, which is detected by the temperature detection
unit 10, is 170°C, the detected temperature is then stored
in the storage unit of the controller 101. Note that the
temperature of the shift catalyst 8 is detected through the
detection of the reformed gas temperature in this embod-
iment because the reformed gas temperature detected
by the temperature detector 10 is close to the tempera-
ture of the shift catalyst 8.
[0049] In turn, in the case where the load on the fuel
cell changes from a lower load to a higher load, before
increasing the power generation amount of the fuel cell
in response to the change in load, the amount of the feed
material to be supplied to the reformer 1 of the hydrogen
generator 100a is predicted by the controller 101 (Step
S2). For instance, the controller 101 predicts that the
amount of the feed material to be supplied to the reformer
should be increased from 3.0 NL/min. to 4.0 NL/min. in
accordance with the increase in power generation
amount of the fuel cell. The prediction of the amount of
the feed  material is based on a reaction formula of the
power generation.
[0050] Next, after the proper amount of the feed ma-
terial to be supplied to the reformer is predicted in ac-
cordance with the increase in power generation amount
of the fuel cell, the controller 101 sets a reference tem-
perature depending on the predicted proper amount
(Step S3). At this time point, data for the graph shown in
Fig. 2, for example, have been stored in the storage unit
of the controller 101. In the case where a desired carbon
monoxide concentration in the reformed gas after pass-
ing through the shifter 7 is 0.5% or lower, the reference
temperature set by the controller 101 is in the tempera-
ture range A in the curve d shown in Fig. 2 (the amount
of the feed material supplied to the reformer is 4.0
NL/min.). In view of the fact that the water gas shift re-
action progressing in the shifter 7 is an exothermic reac-
tion, it is desirable that the reference temperature is set
as a temperature of a low temperature portion in the tem-
perature range A. It is apparent from Fig. 2 that the tem-
perature of the low temperature portion in the tempera-
ture range A of Fig. 2 is the optimum temperature for
effectively reducing the carbon monoxide concentration
in the reformed gas. For example, as is apparent from
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Fig. 2, when it is predicted that the amount of the feed
material to be supplied to the reformer 1 is 4.0 NL/min.
(curve d), the reference temperature optimum for reduc-
ing carbon monoxide in the reformed gas is 180°C.
[0051] After the current detected temperature has
been stored by Step S1, the reference temperature for
coping  with the increase in power generation amount of
the fuel cell is set by Step S3. Then, the detected tem-
perature and the reference temperature are compared
with each other in the controller 101 (Step S4). Here,
when the detected temperature is judged to be equal to
or higher than the reference temperature (YES in Step
S4), the controller 101 outputs to the feed material sup-
plying unit 3 a control signal for increasing the amount
of the feed material to be supplied to the reformer 1, so
that the amount of the feed material to be supplied to the
reformer 1 is increased (Step S8). In the case where the
detected temperature is lower than the reference tem-
perature (NO in Step S4), a temperature difference be-
tween the detected temperature and the reference tem-
perature is calculated based on the comparison in the
controller 101, so that a required temperature rise
amount of the shift catalyst 8 is calculated (Step S5). For
instance, when the detected temperature is 170°C and
the reference temperature is 180°C, it is calculated that
the required temperature rise of the shift catalyst 8 is
10°C.
[0052] When the temperature rise in the shift catalyst
8 responsive to the increase in power generation amount
of the fuel cell is calculated, the air is supplied from the
air supplying unit 15 to the shifter 7 until the temperature
detected by the temperature detector 10 reaches the
temperature corresponding to the calculated tempera-
ture rise (Step S6). Note that the amount of air supplied
from the air supplying unit 15 to the shifter 7 is set to 0.5
NL/min. Thus, hydrogen and carbon monoxide in the re-
formed gas react with oxygen in the supplied air  in the
shift catalyst 8 to raise the temperature of the shift catalyst
8 immediately. That is to say, the detected temperature
detected by the temperature detection unit 10 has
reached the reference temperature.
[0053] After the detected temperature detected by the
temperature detector 10 has reached the reference tem-
perature of, for example, 180°C owing to the temperature
rise of the shift catalyst 8 achieved by the air supply from
the air supplying unit 15 to the shifter 7, the air supply
from the air supplying unit 15 to the shifter 7 is stopped
in order to prevent hydrogen from being wasted by the
reaction of hydrogen with oxygen in the shifter 7 (Step
S7). The temperature of the shift catalyst 8 is continu-
ously monitored by the temperature detector 10, and the
air is supplied from the air supplying unit 15 to the shifter
7 as required when the temperature of the shift catalyst
8 is below the reference temperature. Thus, the temper-
ature of the shift catalyst 8 is always kept at the reference
temperature.
[0054] After the detected temperature detected by the
temperature detector 10 has reached the reference tem-

perature, the controller 101 outputs to the feed material
supplying unit 3 a control signal for increasing the amount
of the feed material, so that the amount of the feed ma-
terial to be supplied to the reformer 1 is increased to an
amount to be supplied to the reformer 1 in accordance
with the increase in power generation amount of the fuel
cell (Step S8). For instance, the amount of the feed ma-
terial to be supplied to the reformer 1 is increased from
3.0 NL/min. to 4.0 NL/min. Thus, in the  shifter 7, carbon
monoxide in the reformed gas is effectively reduced even
when the amount of the feed material supplied to the
reformer is increased. Accordingly, the high quality re-
formed gas is supplied to the fuel cell in an amount suf-
ficient for coping with the increase in power generation
amount, so that the power generation responsive to the
load on the fuel cell is efficiently performed.
[0055] The controller 101 controls the operations of the
hydrogen generator 100a and the components of the hy-
drogen generator 100a as required.
[0056] Thus, by supplying the air from the air supplying
unit 15 to the shifter 7 in such a manner as to change the
temperature of the shift catalyst 8 to the reference tem-
perature, the temperature of the shift catalyst 8 rises im-
mediately to reach the reference temperature by the re-
action heat generated by the reaction of hydrogen and
carbon monoxide in the reformed gas with oxygen in the
air in the shift catalyst 8 inside the shifter 7. After it is
confirmed that the detected temperature detected by the
temperature detector 10 is equal to the reference tem-
perature which is optimum for progressing the water gas
shift reaction with good yield, the amount of the feed ma-
terial to be supplied to the reformer 1 is increased. Thus,
carbon monoxide in the reformed gas is effectively re-
duced in the shifter 7. Also, since the air supply from the
air supplying unit 15 to the shifter 7 is performed only
when the increase in amount of the feed material is re-
quired, hydrogen in the shifter 7 is prevented from being
consumed more than necessary. That is to say, it is  pos-
sible to efficiently generate hydrogen in the hydrogen
generator 100a.
[0057] In addition, though the air is supplied to the shift-
er 7 at the amount of 0.5 NL/min. in this embodiment, the
amount is not limited thereto and can be set in accord-
ance with a constitution of a hydrogen generator, a cat-
alyst, and so forth to be used. Also, the air may be sup-
plied with its amount being changed in accordance with
a change in temperature of the shift catalyst 8.
[0058] Though the reference temperature is set to
180°C by way of example in this embodiment, the refer-
ence temperature is not limited thereto and can be set in
accordance with an increased amount of the feed mate-
rial to be supplied to the reformer 1. Here, it is preferable
that the reference temperature is set to a value which
best reduces the carbon monoxide concentration in each
of the curves a to d shown in Fig. 2. For instance, the
reference temperature may preferably be about 160°C
when the amount of the feed material is 2.0 NL/min.
(curve b) as shown in Fig. 2, while the reference temper-
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ature may preferably be about 170°C when the amount
of the feed material is 3.0 NL/min. With such reference
temperature settings, it is possible to most efficiently re-
duce the carbon monoxide concentration in the reformed
gas.
[0059] Though oxygen in the air is used as the oxida-
tion gas for raising the temperature of the shift catalyst
8, the oxidation gas is not limited thereto, and any chem-
ical species which generate oxidation heat by oxidizing
hydrogen and carbon monoxide in the reformed gas can
be used as the oxidation gas.
[0060] Though platinum (Pt) is used as the catalytic
body in the shift catalyst 8 in this embodiment, the cata-
lytic body is not limited thereto, and other noble metals
such as palladium (Pd), nickel (Ni), and rhodium (Rh)
and transition metals can be used as the catalytic body.
[0061] Though the Ce oxide is used as the carrier of
the noble metal catalyst in the shift catalyst 8 in this em-
bodiment, the carrier is not limited thereto, and a Ce-Zr
composite oxide can be used as the carrier or the Ce
oxide may be mixed with an Al oxide to be used as the
carrier.
[0062] Though the temperature detector 10 is dis-
posed downstream of the shift catalyst 8 in order to detect
the temperature of the shift catalyst 8 in this embodiment,
the position of the temperature detector 10 is not limited
thereto and can be located upstream of the shift catalyst
8. In addition, in the case of changing the position of the
temperature detector 10 as described above, it is possi-
ble to achieve the same effect by optimizing the reference
temperature in accordance with the position after the
change.
[0063] In some cases, the characteristic curve shown
in Fig. 2 might change depending on parameters such
as the constitution of the hydrogen generator 100a, the
type of the catalytic body of the shit catalyst 8, and the
amount of the catalyst. Therefore, it is preferable that the
reference temperature is set in accordance with the pa-
rameters. Thus, the effect achieved by this embodiment
can be achieved also in the case where the parameters
are changed.
[0064] The air supply from the air supplying unit 15 to
the shifter 7 may be performed for the purpose of keeping
the temperature of the shift catalyst 8 at a predetermined
value, not only for the purpose of increasing the amount
of the feed material to be supplied to the reformer 1 in
accordance with the increase in power generation
amount of the fuel cell. By such operation, though hydro-
gen consumption is increased in the shifter 7, it is possible
to increase a speed of the temperature rise of the shift
catalyst 8 in the case of increasing the amount of the
feed material.
[0065] Though the reference temperatures for the in-
creases in amount of the feed material to be supplied to
the reformer by the units of 1.0 NL/min, 2.0 NL/min, 3.0
NL/min, and 4.0 NL/min are set by way of example in this
embodiment, a reference temperature for an increase in
amount of the feed material by the unit of 0.1 NL/min.

may additionally be set.

(Second Embodiment)

[0066] In a hydrogen generator according to the sec-
ond embodiment, a control program which is stored in a
controller 101 to be used for increasing power generation
amount is different from that of the hydrogen generator
of the first embodiment, and a constitution of hardware
of the hydrogen generator is the same as that of the hy-
drogen generator of the first embodiment. Basic opera-
tions of the hydrogen generator performed for generating
hydrogen are the same as those of the hydrogen gener-
ator of the first embodiment. Therefore, in this embodi-
ment, the constitution of the hardware and the basic op-
erations for  generating hydrogen of the hydrogen gen-
erator of this embodiment are omitted.
[0067] In this embodiment, in the case of increasing
an amount of hydrogen to be generated by the hydrogen
generator 100a in accordance with an increase in power
generation amount of a fuel cell, the controller 101 judges
whether or not a temperature detected by a temperature
detector 10 has reached a reference temperature in the
same manner as in the first embodiment. When it is
judged that the detected temperature detected by the
temperature detector 10 has reached the reference tem-
perature, an amount of the feed material to be supplied
to the reformer 1 is increased. However, when it is judged
that the detected temperature has not reached the ref-
erence temperature, no operation for raising temperature
from the detected temperature to the reference temper-
ature is performed unlike the case with the first embod-
iment, so that the amount of the feed material to be sup-
plied to the reformer is not increased.
[0068] Hereinafter, the operation of the hydrogen gen-
erator 100a of this embodiment will be described with
reference to Fig. 4. A part of the operations of the hydro-
gen generator 100a of this embodiment is the same as
the steps of Step S1 to Step S4 of the flowchart shown
in Fig. 4. When the detected temperature detected by
the temperature detector 10 is equal to or higher than
the reference temperature (YES in Step S4), the amount
of the feed material to be supplied to the reformer 1 is
increased in the same manner as in the first embodiment.
However, when the detected temperature is lower than
the reference  temperature (NO in Step S4), the opera-
tions of the steps of Step S5 to Step S8 are not performed,
so that the amount of the feed material to be supplied to
the reformer is not increased.
[0069] Thus, according to this embodiment, the
amount of the feed material is increased when the de-
tected temperature detected by the temperature detector
10 has reached the temperature equal to or higher than
the reference temperature which is responsive to the
amount of the feed material to be supplied after the tem-
perature detection, but the amount of the feed material
is not increased when the detected temperature has not
reached the reference temperature. Consequently, it is
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possible to prevent a sharp increase in carbon monoxide
concentration in the reformed gas.

(Third Embodiment)

[0070] In a hydrogen generator according to the third
embodiment, a control program which is stored in a con-
troller 101 to be used for increasing power generation
amount is different from that of the hydrogen generator
of the first embodiment, and a constitution of hardware
of the hydrogen generator is the same as that of the hy-
drogen generator of the first embodiment. Basic opera-
tions of the hydrogen generator performed for generating
hydrogen are the same as those of the hydrogen gener-
ator of the first embodiment. Therefore, in this embodi-
ment, too, the constitution of the hardware and the basic
operations for generating hydrogen of the hydrogen gen-
erator of this embodiment are omitted.
[0071] In this embodiment, in the case of increasing
an  amount of hydrogen to be generated by the hydrogen
generator 100a in accordance with an increase in power
generation amount of a fuel cell, the controller 101 judges
whether or not a temperature detected by a temperature
detector 10 has reached a reference temperature in the
same manner as in the first embodiment. When it is
judged that the detected temperature detected by the
temperature detector 10 has reached the reference tem-
perature, an amount of the feed material to be supplied
to the reformer 1 is increased. Also, operations for raising
temperature from the detected temperature to the refer-
ence temperature are performed when it is judged that
the detected temperature has not reached the reference
temperature in the same manner as in the first embodi-
ment. After that, the amount of the feed material to be
supplied to the reformer is increased. Here, in this em-
bodiment, when the controller 101 judges that the detect-
ed temperature detected by the temperature detector 10
has not reached the reference temperature, a tempera-
ture of the reformer 1 is raised by raising a temperature
of the heater 5, so that a temperature of the reformed
gas discharged from the reformer 1 is raised. Then, the
reformed gas thus raised in temperature is supplied to
the shifter 7 to raise the temperature of the shift catalyst
8 provided in the shifter 7. A temperature of the reformed
gas after passing through the shift catalyst 8 rises after
the increase in temperature of the shift catalyst 8, so that
the detected temperature to be detected by the temper-
ature detector 10 is raised. Thus, the detected tempera-
ture detected by the temperature detector 10 is  controlled
to reach the reference temperature.
[0072] More specifically, in the case of increasing the
amount of the feed material to be supplied to the reformer
1 in accordance with an increase in power generation
amount of the fuel cell from 1.0 NL/min to 2.0 NL/min.,
for instance, it is difficult to effectively reduce a carbon
monoxide concentration in the reformed gas in the shifter
7 with the detected temperature detected by the temper-
ature detector 10 of 160°C as is apparent from Fig. 2.

Therefore, in this embodiment, in the case where a de-
tected temperature detected by a temperature detector
6 serving to detect a temperature of the reformed gas
after passing through the reforming catalyst 2 is 650°C,
the temperature of the reformer 1 is raised by the use of
the heater 5 so as to raise the detected temperature to
be detected by the temperature detector 6 to 660°C. This
is realized by increasing an amount of a fuel to be sup-
plied from a fuel supplying unit (not shown in Fig. 1) to
the heater 5. As a result, the temperature of the reformed
gas which is discharged from the reformer and supplied
to the shifter 7 is raised, so that the temperature of the
shift catalyst 8 is raised and the detected temperature
detected by the temperature detector 10 in the shifter 7
is raised. With the rise in temperature of the shift catalyst
8 in the shifter 7 from lower than 160°C to 160°C, it is
possible to increase the amount of the feed material to
be supplied to the reformer from 1.0 NL/min. to 2.0
NL/min. Likewise, in the case of increasing the amount
of the feed material from 2.0 NL/min. to 3.0 NL/min., or
from 3.0 NL/min. to 4.0 NL/min., the temperature of the
reformed gas is raised by raising the temperature of the
reformer 1 through the increase in amount of the fuel to
the heater 5, and then the amount of the feed material is
increased. Thus, it is possible to prevent a sharp increase
in carbon monoxide concentration in the reformed gas
discharged from the hydrogen generator. Consequently.
it is possible to increase the amount of hydrogen gener-
ated by the hydrogen generator in accordance with the
increase in power generation amount of the fuel cell.
[0073] Hereinafter, the operations of the hydrogen
generator 100a of this embodiment will be described with
reference to Fig. 4. A part of the operations of the hydro-
gen generator 100a of this embodiment is the same as
the steps of Step S1 to Step S4 of the flowchart shown
in Fig. 4. When the detected temperature detected by
the temperature detector 10 is equal to or higher than
the reference temperature (YES in Step S4), the amount
of the feed material to be supplied to the reformer 1 is
increased in the same manner as in the first embodiment.
In turn, when the detected temperature is lower than the
reference temperature (NO in Step S4), Step S5 is per-
formed in the same manner as in the first embodiment,
and then a predetermined control signal is output from
the controller 101 in order to increase the amount of the
fuel to be supplied to the heater 5 as Step S6. The tem-
perature of the reformer 1 is raised due to the increase
in amount of the fuel to be supplied to the heater 5 by
Step S6. After the temperature of the reformed gas has
been raised by Step S6 to raise the detected temperature
in the shifter 7 detected by the  temperature detector 10
to the reference temperature, the increase in amount of
the fuel to be supplied to the heater 5 is stopped as Step
S7 in order to prevent the fuel to be supplied to the heater
5 from being wasted. Here, the temperature of the re-
formed gas supplied to the shifter 7 is continuously mon-
itored by the temperature detector 6, so that the fuel is
supplied from the fuel supplying unit to the heater 5 as
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required when the temperature of the reformed gas is
below the predetermined temperature. After that, in the
same manner as in the first embodiment, a control signal
for increasing the amount of the feed material is output
from the controller 101 to the feed material supplying unit
3, so that the amount of the feed material to be supplied
to the reformer 1 is increased to an amount for coping
with the increase in the power generation amount of the
fuel cell (Step S8).
[0074] As described above, according to this embodi-
ment, the temperature of the reformer 1 is controlled by
using the heater 5 so as to control the temperature of the
reformed gas which is discharged from the reformer 1 to
be supplied to the shifter 7. Thus, the temperature of the
shift catalyst 8 is controlled to be the proper reference
temperature. As described above, the amount of the feed
material to be supplied to the reformer 1 is increased
when the detected temperature detected by the temper-
ate detector 10 has reached the reference temperature
which is responsive to the amount of the feed material
to be supplied after the temperature detection, while the
amount of the feed material is increased after controlling
the detected temperature to be the reference tempera-
ture when  the detected temperature has not reached the
reference temperature; therefore, it is possible to prevent
a sharp increase in carbon monoxide concentration in
the reformed gas.
[0075] In addition, the control temperature of the de-
tected temperature detected by the temperature detector
6 might be different from the above described one de-
pending on the constitution of the reformer 1 in which the
temperature detector 6 is disposed or parameters such
as a target transition rate in the reforming reaction. Ac-
cordingly, in order to achieve an effect same as that
achieved in the first embodiment, the control temperature
of the detected temperature detected by the temperature
detector 6 may be set to a value optimized in accordance
with the constitution of the reformer 1 or the control pa-
rameters to be employed.

(Fourth Embodiment)

[0076] In a hydrogen generator according to the fourth
embodiment, a control program which is stored in a con-
troller 101 to be used for increasing power generation
amount is different from that of the hydrogen generator
of the first embodiment, and a constitution of hardware
of the hydrogen generator is the same as that of the hy-
drogen generator of the first embodiment. Basic opera-
tions of the hydrogen generator performed for generating
hydrogen are the same as those of the hydrogen gener-
ator of the first embodiment. Therefore, in this embodi-
ment, too, the constitution of the hardware and the basic
operations for generating hydrogen of the hydrogen gen-
erator of this embodiment are omitted.
[0077] In this embodiment, in the case of increasing
an amount of hydrogen to be generated by the hydrogen
generator 100a in accordance with an increase in power

generation amount of a fuel cell, the controller 101 judges
whether or not a temperature detected by a temperature
detector 10 has reached a reference temperature in the
same manner as in the first embodiment. When it is
judged that the detected temperature detected by the
temperature detector 10 has reached the reference tem-
perature, an amount of the feed material to be supplied
to the reformer 1 is increased. Also, operations for raising
temperature from the detected temperature to the refer-
ence temperature are performed when it is judged that
the detected temperature has not reached the reference
temperature in the same manner as in the first embodi-
ment. After that, the amount of the feed material to be
supplied to the reformer 1 is increased. Here, in this em-
bodiment, when the controller 101 judges that the detect-
ed temperature detected by the temperature detector 10
has not reached the reference temperature, a tempera-
ture of the reformer 1 is raised by reducing an amount of
water to be supplied from a water supplying unit 4 to the
reformer 1, thereby raising a temperature of the reformed
gas discharged from the reformer 1. Then, the reformed
gas thus raised in temperature is supplied to the shifter
7 to raise the temperature of the shift catalyst 8 provided
in the shifter 7. Since a temperature of the reformed gas
after passing through the shift catalyst 8 rises by the
raised temperature of the shift catalyst 8, the detected
temperature detected by the temperature detector 10 is
raised. Thus, the detected temperature detected by the
temperature detector 10 is controlled to reach the refer-
ence temperature.
[0078] More specifically, in the case of increasing the
amount of the feed material to be supplied to the reformer
1 in accordance with an increase in power generation
amount of the fuel cell from 1.0 NL/min to 2.0 NL/min.,
for instance, it is difficult to effectively reduce a carbon
monoxide concentration in the reformed gas in the shifter
7 with the detected temperature detected by the temper-
ature detector 10 of 160°C as is apparent from Fig. 2.
Therefore, in this embodiment, in the case where a de-
tected temperature detected by a temperature detector
6 serving to detect the temperature of the reformed gas
after passing through the reforming catalyst 2 is 650°C,
the detected temperature to be detected by the temper-
ature detector 6 is raised to 660°C by raising the temper-
ature of the reformer 1 through the reduction in amount
of water to be supplied from the water supplying unit 4
to the reformer 1. As a result, owing to the rise in tem-
perature of the reformed gas which is discharged from
the reformer 1 and supplied to the shifter 7, the temper-
ature of the shift catalyst 8 is raised to raise the detected
temperature to be detected by the temperature detector
10 in the shifter 7. With the rise in temperature of the shift
catalyst 8 in the shifter 7 from lower than 160°C to 160°C,
it is possible to increase the amount of the feed material
to be supplied to the reformer 1 from 1.0 NL/min. to 2.0
NL/min. In addition, in the case of increasing the amount
of the feed material from 2.0 NL/min. to 3.0  NL/min.. or
from 3.0 NL/min. to 4.0 NL/min., the same operations are
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performed.
[0079] Hereinafter, the operations of the hydrogen
generator 100a of this embodiment will be described with
reference to Fig. 4. A part of the operations of the hydro-
gen generator 100a of this embodiment is the same as
the steps of Step S1 to Step S4 of the flowchart shown
in Fig. 4. When the detected temperature detected by
the temperature detector 10 is equal to or higher than
the reference temperature (YES in Step S4), the amount
of the feed material to be supplied to the reformer 1 is
increased in the same manner as in the first embodiment.
In turn, when the detected temperature is less than the
reference temperature (NO in Step S4), Step S5 is exe-
cuted in the same manner as in the first embodiment,
and then a predetermined control signal is output from
the controller 101 to reduce the amount of water to be
supplied to the reformer 1 as Step S6. The temperature
of the reformer 1 is raised because the amount of water
to be supplied to the reformer 1 is reduced by Step S6.
After the temperature of the reformed gas has been
raised by Step S6 to raise the detected temperature de-
tected by the temperature detector 10 in the shifter 7 to
the reference temperature, the reduction in amount of
water to be supplied to the reformer 1 is stopped as Step
S7 in order to prevent an excessive increase in temper-
ature of the reformed gas. Here, the temperature of the
reformed gas which is discharged from the reformer 1
and supplied to the shifter 7 is continuously monitored
by the temperature detector 6, so that the water supplied
from the water  supplying unit 4 to the reformer 1 is re-
duced as required when the temperature of the reformed
gas is below the predetermined temperature. Thus, the
temperature of the shift catalyst 8 in the shifter 7 is kept
at the reference temperature. Subsequent operations are
the same as those described in the first and the third
embodiments.
[0080] As described above, according to this embodi-
ment, the temperature of the reformer 1 is controlled
through the control on the amount of water to be supplied
from the water supplying unit 4 to the reformer 1. Then,
by the control on the temperature of the reformed gas
which is discharged from the reformer 1 to be supplied
to the shifter 7, the temperature of the shift catalyst 8 is
controlled to be the proper reference temperature. Other
characteristics are the same as those of the first and the
third embodiments.

(Fifth Embodiment)

[0081] In a hydrogen generator according to the fifth
embodiment, a control program which is stored in a con-
troller 101 to be used for increasing power generation
amount is different from that of the hydrogen generator
of the first embodiment, and a constitution of hardware
of the hydrogen generator is the same as that of the hy-
drogen generator of the first embodiment. Basic opera-
tions of the hydrogen generator performed for generating
hydrogen are the same as those of the hydrogen gener-

ator of the first embodiment. Therefore, in this embodi-
ment, too, the constitution of the hardware and the basic
operations for generating hydrogen of the hydrogen gen-
erator of this embodiment are omitted.
[0082] In this embodiment, in the case of increasing
an amount hydrogen to be generated by the hydrogen
generator 100a to realize the increase in power genera-
tion amount of a fuel cell, the controller 101 judges wheth-
er or not a detected temperature detected by a temper-
ature detector 14 disposed in a purifier 11 has reached
a predetermined reference temperature in the same
manner as in the first embodiment. When it is judged that
the detected temperature detected by the temperature
detector 14 has reached the predetermined reference
temperature, an amount of the feed material to be sup-
plied to the reformer 1 is increased. However, when it is
judge that the detected temperature detected by the tem-
perature detector 14 in the purifier 11 has not reached
the predetermined reference temperature, no operation
for raising temperature from the detected temperature to
the reference temperature is performed as is the case
with the second embodiment, so that the amount of the
feed material to be supplied to the reformer is not in-
creased.
[0083] Hereinafter, characteristics of the selective ox-
idation reaction in the purifier 11 will be described with
reference to the drawings.
[0084] Fig. 3 is a graph showing a relationship between
a purifying catalyst temperature for a feed material
amount and a carbon monoxide concentration in the re-
formed gas after passing through the purifier. In Fig. 3,
the vertical axis indicates the carbon monoxide concen-
tration (ppm) contained in the reformed gas after passing
through the purifier, and the horizontal axis indicates the
purifying catalyst temperature (°C) in the purifier. The
curve a indicates the relationship when the feed material
amount is 1.0 NL/min.; the curve b indicates the relation-
ship when the feed material amount is 2.0 NL/min.; the
curve c indicates the relationship when the feed material
amount is 3.0 NL/min.; and the curve d indicates the re-
lationship when the feed material amount is 4.0 NL/min.
[0085] As shown in Fig. 3, the carbon monoxide con-
centration contained in the reformed gas after undergo-
ing the selective oxidation reaction in the purifier 11 de-
pends on the temperature of the purifying catalyst 12 and
the amount of the feed material. For instance, in the case
where the amount of the feed material supplied to the
reformer 1 is small as indicated by the curve a (1.0
NL/min.), carbon monoxide is effectively reduced even
when the purifying catalyst 12 is in a low temperature
state (110°C, for example). In turn, in the case where the
amount of the feed material supplied to the reformer 1 is
large as indicated by the curve d (4.0 NL/min.), carbon
monoxide is scarcely reduced when the purifying catalyst
12 is in the low temperature state (130°C or lower, for
example).
[0086] That is to say, even when the temperature of
the purifying catalyst 12 is lowered due to the reduction
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in amount of the reformed gas supplied from the shifter
7 to the purifier 11 caused by the reduction in amount of
the feed material supplied to the reformer 1 responsive
to the reduction in power generation amount of the fuel
cell, it is possible to sufficiently reduce the carbon mon-
oxide concentration in the reformed gas when the amount
of the  feed material supplied to the reformer 1 is 1.0
NL/min. (curve a) and the temperature of the purifying
catalyst 12 is 110°C. More specifically, in the case where
the carbon monoxide concentration in the reformed gas
after the selective oxidation reaction in the purifier 11 is
10 ppm or lower as indicated by the dotted line in Fig. 3,
it is possible to achieve the desired carbon monoxide
concentration in the range of the temperature of the pu-
rifying catalyst 12 of about 110°C to about 140°C. Also,
when the amount of the feed material supplied to the
reformer 1 is 2.0 NL/min. (curve b), the effective range
of the temperature of the purifying catalyst 12 is from
about 120°C to about 140°C. Also, when the amount of
the feed material supplied to the reformer 1 is 3.0 NL/min.
(curve c), the effective range of the temperature of the
purifying catalyst 12 is from about 130°C to about 140°C.
Also, when the amount of the feed material supplied to
the reformer 1 is 4.0 NL/min. (curve d), the effective range
of the temperature of the purifying catalyst 12 is the range
B shown in Fig. 3. However, in the case where the amount
of the feed material supplied to the reformer 1 has be-
come 3.0 NL/min. (curve c) in accordance with the re-
duction in power generation amount of the fuel cell to
reduce the temperature of the purifying catalyst 12 to
lower than 140°C, unless the temperature of the purifying
catalyst 8 immediately reaches a temperature in the tem-
perature range B, the carbon monoxide concentration in
the reformed gas undesirably exceeds the target value
of 10 ppm when the amount of the feed material supplied
to the reformer 1 is increased to 4.0 NL/min. (curve d),
for  example, for the purpose of increasing the power
generation amount of the fuel cell. Therefore, when it is
required to increase the amount of the feed material to
be supplied to the reformer 1 of the hydrogen generator
100a in accordance with the increase in power genera-
tion amount of the fuel cell, it is necessary to judge wheth-
er or not the temperature of the purifying catalyst 12 is
in the temperature range optimum for the amount of the
feed material after the increase.
[0087] In view of the above, in this embodiment, in the
case of coping with the increase in power generation
amount of the fuel cell, it is judged, in advance of the
actual increase in amount of the feed material to be sup-
plied to the reformer 1 of the hydrogen generator 100a,
whether or not the detected temperature detected by the
temperature detector 14 disposed in the purifier 11 has
reached the optimum temperature (hereinafter referred
to as second reference temperature) for progressing the
selective oxidation reaction with good yield after increas-
ing the amount of the feed material, so that the amount
of the feed material to be supplied to the reformer 1 is
increased when it is judge that the temperature of the

purifying catalyst 12 has reached the second reference
temperature. In turn, when it is judged that the detected
temperature detected by the temperature detector 14 in
the purifier has not reached the second reference tem-
perature, the operations for raising temperature from the
detected temperature to the second reference tempera-
ture are not performed as is the case with second em-
bodiment, so that the amount of the feed material to be
supplied to the  reformer 1 is not increased.
[0088] Hereinafter, the operations of the hydrogen
generator 100a of this embodiment will be described with
reference to the drawings. A part of the operations of the
hydrogen generator 100a of this embodiment is basically
the same as the steps of Step 1 to Step 4 of the flowchart
shown in Fig. 4. Note that the detected temperature de-
tected by the temperature detector 14 disposed in the
purifier is stored in Step S1. Also, in Step S3, the second
reference temperature is set in accordance with the
amount of the feed material predicted in Step S2. At this
time point, data for the graph shown in Fig. 3, for example,
have been stored in a storage unit of the controller 101.
In the case of maintaining the carbon monoxide concen-
tration in the reformed gas after passing through the pu-
rifier 11 to 10 ppm or lower, for example, the second
reference temperature set by the controller 101 is in the
temperature range B when the amount of the feed ma-
terial supplied to the reformer 1 is 4.0 NL/min. (curve d)
of Fig. 3. Then, in view of the fact that the selective oxi-
dation reaction progressing in the purifier 11 is an exo-
thermic reaction, it is desirable that the second reference
temperature should be set as a temperature in a low tem-
perature portion of the temperature range B. As is ap-
parent from Fig. 3, the temperature in the low temperature
portion of the temperature range B is optimum for effec-
tively reducing the carbon monoxide concentration in the
reformed gas. For instance, as is apparent from Fig. 3,
when it is predicted that the amount of the feed material
to be  supplied to the reformer 1 is 4.0 NL/min. (curve d),
the second reference temperature optimum for reducing
carbon monoxide in the reformed gas is 140°C. Then, In
Step S4 of Fig. 4, the detected temperature detected by
the temperature detection unit 14 is compared with the
second reference temperature set by Step S3. In the case
where it is confirmed that the detected temperature de-
tected by the temperature detector 14 has reached the
second reference temperature as a result of the compar-
ison in Step S4 (YES in Step S4), the amount of the feed
material to be supplied to the reformer 1 is increased in
the same manner as in the first embodiment. However,
when it is confirmed that the detected temperature de-
tected by the temperature detector 14 has not reached
the second reference temperature (NO in Step S4), the
operations corresponding to the steps of Step S5 to Step
S8 are not performed, so that the amount of the feed
material to be supplied to the reformer is not increased.
[0089] As described above, according to this embodi-
ment, the amount of the feed material to be supplied to
the reformer 1 is increased when the detected tempera-
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ture detected by the temperature detector 14 has
reached the second reference temperature which is in
accordance with the amount of the feed material after
the temperature detection, while the amount of the feed
material is not increased when the detected temperature
has not reached the second reference temperature.
Thus, it is possible to prevent a sharp increase in carbon
monoxide concentration in the reformed gas.
[0090] Though the second reference temperatures for
the  increases in amount of the feed material supplied to
the reformer by the units of 1.0 NL/min, 2.0 NL/min, 3.0
NL/min, and 4.0 NL/min are set by way of example in this
embodiment, a reference temperature for an increase in
amount of the feed material by the unit of 0.1 NL/min.
may additionally be set.
[0091] Though a mixture of Pt and Ru is used as the
catalytic body in the purifying catalyst 12 in this embod-
iment, the catalytic body is not limited thereto, and Pt or
Ru can independently be used as the catalytic body or
other noble metals such as Pd can be used as the cata-
lytic body.
[0092] Though alumina is used as the carrier of the
purifying catalyst 12 in this embodiment, the carrier is not
limited thereto, and silica or a mixture of alumina and
silica can be used as the carrier.
[0093] In some cases, the characteristic curve shown
in Fig. 3 might change depending on parameters such
as the constitution of the hydrogen generator 100a, the
type of the catalytic body of the purifying catalyst 12, and
the amount of the catalyst. Therefore, it is preferable that
the reference temperature is set in accordance with the
parameters. Thus, the effect achieved by this embodi-
ment can be achieved also in the case where the param-
eters are changed.
[0094] Though the temperature detector 14 is dis-
posed downstream of the purifying catalyst 12 in order
to detect the temperature of the purifying catalyst 12 in
this embodiment, the position of the temperature detector
14 is not limited thereto and can be located upstream of
the  purifying catalyst 12. Alternatively, the temperature
detector 14 may be disposed in the purifier 12 to directly
detect the temperature of the purifying catalyst 12. In
addition, in the case of changing the position of the tem-
perature detector 14 as described above, it is possible
to achieve the same effect by optimizing the second ref-
erence temperature in accordance with the position after
the change.
[0095] This embodiment may be modified in such a
manner that the temperature of the purifying catalyst 12
is raised by raising the temperature of the reformed gas
in order to cope with the increase in amount of hydrogen
to be generated as described in the third embodiment.
Alternatively, this embodiment may be modified in such
a manner that the temperature of the purifier 12 is raised
by reducing the amount of water to be supplied to the
reformer 1 in order to cope with the increase in amount
of hydrogen to be generated as described in the fourth
embodiment.

[0096] Alternatively, this embodiment may be com-
bined with any one of the first, the third, and the fourth
embodiments in such a manner that the reference tem-
perature is set as a temperature of the shift catalyst 8.
With such combined embodiment, it is possible to more
reliably suppress the generation of carbon monoxide
when increasing the amount of hydrogen to be generated
in accordance with the increase in power generation
amount of the fuel cell.

(Sixth Embodiment)

[0097] Fig. 5 is a schematic diagram showing a con-
stitution  of a fuel cell system having one of the hydrogen
generators according to the first to the fifth embodiments
of the invention. Note that the reference numerals of the
components constituting the hydrogen generator are
omitted in Fig. 5.
[0098] As shown in Fig. 5, the fuel cell system 100 of
the sixth embodiment is provided with a hydrogen gen-
erator 100a which is any one of the hydrogen generators
according to the first to the fifth embodiments, a fuel cell
100b for generating power using the reformed gas and
the air supplied from the hydrogen generator 100a, and
the controller 101 for controlling operations of the hydro-
gen generator 100a and the fuel cell 100b. In addition,
though not shown in Fig. 5, the fuel cell system 100 has
the air supplier for supplying to the fuel cell 100b the air
to be used for the power generation.
[0099] Also, as shown in Fig. 5, the hydrogen generator
100a and the fuel cell 100b are connected to each other
via the reformed gas piping 11a. The air supplier and the
fuel cell 100b are connected to each other via a prede-
termined piping not shown in Fig. 5. The control wirings
extending from the controller 101 are connected to the
reformer 1, the shifter 7, the purifier 11, the components
of the reformer 1, the shifter 7, and the purifier 11, and
the fuel cell 100b.
[0100] In the case of generating power by operating
the fuel cell system 100 shown in Fig. 5, the reformed
gas rich in hydrogen is supplied from the hydrogen gen-
erator 100a to the fuel cell 100b simultaneously with sup-
plying the air from the air supplier. Then, power is gen-
erated  in the fuel cell 100b by using hydrogen contained
in the reformed gas supplied from the hydrogen gener-
ator 100a and oxygen contained in the air supplied from
the air supplier. In addition, the controller 101 controls
operations of the fuel cell system 100 of this embodiment
as required.
[0101] In this embodiment, in the case of coping with
a change in load on the fuel cell system from a lower load
to a higher load, i.e., in the case of increasing a power
generation amount of the fuel cell 100b in order to cope
with the change in load, the operations of the hydrogen
generator are controlled as described in the first to the
fifth embodiments, so that an amount of the reformed
gas to be supplied to the fuel cell 100b is increased. Thus,
the power generation amount of the fuel cell 100b is in-
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creased.
[0102] As described above, according to this embodi-
ment, in the case of increasing the amount of the feed
material to be supplied to the reformer 1 shown in Fig. 1
to thereby increase an amount of hydrogen to be gener-
ated by the hydrogen generator so as to increase the
power generation amount of the fuel cell 100b, a high
quality reformed gas which is reduced in carbon monox-
ide concentration is supplied to the fuel cell 100b in a
sufficient amount without fail. Therefore, a reduction in
output power of the fuel cell 100b otherwise caused by
poisoning of an electrode catalyst disposed inside the
fuel cell 100b with carbon monoxide is effectively pre-
vented. Also, the fuel cell 100b continues to generate
power without fail.
[0103] From the above description, many modifica-
tions and alternatives will be apparent to those skilled in
the art. Therefore, the above description should be un-
derstood only by way of example and has been given for
the purpose of teaching those skilled in the art the best
mode of embodiment for carrying out the invention. The
details of the constitution and/or the function of the in-
vention can substantially be changed without departing
from the invention as set forth in the claims.

Claims

1. A hydrogen generator comprising:

a reformer operable to generate a reformed gas
containing hydrogen from a feed material com-
prising an organic compound containing at least
carbon and hydrogen, and water;
a heater operable to heat said reformer to a tem-
perature required for generating the reformed
gas;
a carbon monoxide reducing unit having a car-
bon monoxide reducing catalyst and being op-
erable to reduce carbon monoxide contained in
the reformed gas generated in said reformer:

a temperature detector operable to detect
at least one of a temperature of the reformed
gas in said carbon monoxide reducing unit
and a temperature of the carbon monoxide
reducing catalyst; and
a controller configured to control an in-
crease in an amount of the feed material to
be supplied to said reformer based on a
comparison between a temperature detect-
ed by said temperature detector and a ref-
erence temperature which is set according
to the amount of the feed material.

2. The hydrogen generator according to claim 1, where-
in said controller is configured not to increase the
amount of the feed material to be supplied to said

reformer when the detected temperature is lower
than the reference temperature as a result of the
comparison, and wherein said controller increase
the amount of the feed material when the detected
temperature is at least equal to the reference tem-
perature.

3. The hydrogen generator according to claim 2, where-
in:

said controller is configured to perform control
so that the detected temperature reaches a tem-
perature at least equal to the reference temper-
ature when the detected temperature is lower
than the reference temperature; and
to perform control so that the amount of the feed
material is increased when the detected  tem-
perature reaches the temperature at least equal
to the reference temperature.

4. The hydrogen generator according to claim 3, where-
in said controller is further operable to perform con-
trol so that heating calories in said heater is in-
creased to raise the detected temperature to a tem-
perature at least equal to the reference temperature
when the detected temperature is lower than the ref-
erence temperature.

5. The hydrogen generator according to claim 3, where-
in said controller is further operable to perform con-
trol so that the water to be supplied to said reformer
is reduced in an amount to raise the detected tem-
perature to a temperature at least equal to the ref-
erence temperature when the detected temperature
is lower than the reference temperature.

6. The hydrogen generator according to claim 3, further
comprising an oxidation gas supplying unit operable
to supply an oxidation gas to said carbon monoxide
reducing unit, wherein said controller is further op-
erable to perform control so that the oxidation gas is
supplied from said oxidation gas supplying unit to
said carbon monoxide reducing unit to raise the de-
tected temperature to a temperature at least equal
to the reference temperature when the detected tem-
perature is lower than the reference temperature.

7. The hydrogen generator according to claim 1, where-
in:

said carbon monoxide reducing catalyst is a shift
catalyst operable to progress a water gas shift
reaction through which hydrogen and carbon di-
oxide are generated from carbon monoxide and
water; and
said carbon monoxide reducing unit is a shifter
having the shift catalyst.
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8. The hydrogen generator according to claim 7, where-
in a catalytic body in the shift catalyst comprises at
least a noble metal and a metallic oxide of at least
one element selected from cerium, zirconium, and
aluminum.

9. The hydrogen generator according to claim 1, where-
in:

said carbon monoxide reducing catalyst is a car-
bon monoxide selective oxidation catalyst  op-
erable to subject carbon monoxide to a selective
oxidation reaction; and
said carbon monoxide reducing unit is a selec-
tive oxidation unit having the carbon monoxide
selective oxidation catalyst.

10. A fuel cell system comprising:

a hydrogen generator including:

a reformer operable to generate a reformed
gas containing hydrogen from a feed mate-
rial comprising an organic compound con-
taining at least carbon and hydrogen, and
water:

a heater operable to heat said reformer
to a temperature required for generat-
ing the reformed gas;
a carbon monoxide reducing unit hav-
ing a carbon monoxide reducing cata-
lyst and being operable to reduce car-
bon monoxide contained in the re-
formed gas generated in said reformer;
a temperature detector operable to de-
tect at least one of a temperature of the
reformed gas in said carbon monoxide
reducing unit and a temperature of the
carbon monoxide reducing catalyst;
a fuel cell operable to generate power
using hydrogen generated by said hy-
drogen generator and an oxidation gas;
and
a controller configured to control an in-
crease in an amount of the feed mate-
rial to be supplied to said reformer
based on a comparison between a tem-
perature detected by said temperature
detector and a reference temperature
which is set according to the amount of
the feed material; and
to increase an amount of power gener-
ation of said fuel cell system by causing
said hydrogen generator to increase
the amount of the feed material to be
supplied to said reformer when the tem-
perature detected by said temperature

detector reaches a temperature at least
equal to the reference temperature.

11. A fuel cell system according to claim 10, wherein
said controller is configured:

to perform control so that the detected temper-
ature reaches a temperature at least equal to
the reference temperature when the detected
temperature is lower than the reference temper-
ature; and
to perform control so that the amount of the feed
material is increased when the detected temper-
ature reaches the temperature at least equal to
the reference temperature.

12. A fuel cell system according to claim 11, wherein
said controller is further operable to perform control
so that heating calories in said heater is increased
to raise the detected temperature to a temperature
at least equal to the reference temperature when the
detected temperature is lower than the reference
temperature.

13. A fuel cell system according to claim 11, wherein
said controller is further operable to perform control
so that the water to be supplied to said reformer is
reduced in an amount to raise the detected temper-
ature to a temperature at least equal to the reference
temperature when the detected temperature is lower
than the reference temperature.

14. A fuel cell system according to claim 11, further com-
prising an oxidation gas supplying unit operable to
supply an oxidation gas to said carbon monoxide
reducing unit, wherein said controller is further op-
erable to perform control so that the oxidation gas is
supplied from said oxidation gas supplying unit to
said carbon monoxide reducing unit to raise the de-
tected temperature to a temperature at least equal
to the reference temperature when the detected tem-
perature is lower than the reference temperature.

15. A fuel cell system according to claim 10, wherein:

said carbon monoxide reducing catalyst is a shift
catalyst operable to progress a water gas shift
reaction through which hydrogen and carbon di-
oxide are generated from carbon monoxide and
water; and
said carbon monoxide reducing unit is a shifter
having the shift catalyst.

16. A fuel cell system according to claim 16, wherein a
catalytic body in the shift catalyst comprises at least
a noble metal and a metallic oxide of at least one
element selected from cerium, zirconium, and alu-
minum.
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17. A fuel cell system according to claim 10, wherein:

said carbon monoxide reducing catalyst is a car-
bon monoxide selective oxidation catalyst oper-
able to subject carbon monoxide to a selective
oxidation reaction; and
said carbon monoxide reducing unit is a selec-
tive oxidation unit having the carbon monoxide
selective oxidation catalyst.

18. A fuel cell system according to claim 10, wherein
said hydrogen generator and said fuel cell are con-
nected to each other by a gas piping.

Patentansprüche

1. Wasserstoffgenerator, umfassend:

einen Reformer, der betreibbar ist, um ein was-
serstoffhaltiges reformiertes Gas aus einem
Ausgangsmaterial, das eine organische Verbin-
dung umfasst, die zumindest Kohlenstoff und
Wasserstoff enthält, und aus Wasser zu erzeu-
gen;
eine Heizeinrichtung, die betreibbar ist, um den
Reformer auf eine Temperatur zu heizen, die
zum Erzeugen des reformierten Gases erforder-
lich ist;
eine Kohlenmonoxid verringernde Einheit, die
einen Kohlenmonoxid verringernden Katalysa-
tor aufweist und die betreibbar ist, um Kohlen-
monoxid, das in dem im Reformer erzeugten re-
formierten Gas enthalten ist, zu verringern;
einen Temperaturdetektor, der betreibbar ist,
um zumindest eine von einer Temperatur des
reformierten Gases in der Kohlenmonoxid ver-
ringernden Einheit und einer Temperatur des
Kohlenmonoxid verringernden Katalysators zu
erfassen; und
einen Controller, der ausgebildet ist, um eine
Erhöhung einer Menge des Ausgangsmaterials,
das dem Reformer zuzuführen ist, auf Grundla-
ge eines Vergleichs zwischen einer vom Tem-
peraturdetektor erfassten Temperatur und einer
Bezugstemperatur, die in Übereinstimmung mit
der Menge des Ausgangsmaterials festgelegt
wird, zu steuern bzw. zu regeln.

2. Wasserstoffgenerator nach Anspruch 1, wobei der
Controller ausgebildet ist, um die Menge des dem
Reformer zuzuführenden Ausgangsmaterials nicht
zu erhöhen, wenn als Ergebnis des Vergleichs die
erfasste Temperatur niedriger als die Bezugstempe-
ratur ist, und wobei der Controller die Menge des
Ausgangsmaterials erhöht, wenn die erfasste Tem-
peratur zumindest gleich der Bezugstemperatur ist.

3. Wasserstoffgenerator nach Anspruch 2, wobei:

der Controller ausgebildet ist, um die Steuerung
bzw. Regelung so durchzuführen, dass die er-
fasste Temperatur eine Temperatur, die zumin-
dest gleich der Bezugstemperatur  ist, erreicht,
wenn die erfasste Temperatur niedriger als die
Bezugstemperatur ist; und
um die Steuerung bzw. Regelung so durchzu-
führen, dass die Menge des Ausgangsmaterials
erhöht wird, wenn die erfasste Temperatur die
Temperatur erreicht, die zumindest gleich der
Bezugstemperatur ist.

4. Wasserstoffgenerator nach Anspruch 3, wobei der
Controller weiterhin betreibbar ist, um die Steuerung
bzw. Regelung so durchzuführen, dass Wärmeka-
lorien in der Heizeinrichtung erhöht werden, um die
erfasste Temperatur auf eine Temperatur, die zu-
mindest gleich der Bezugstemperatur ist, anzuhe-
ben, wenn die erfasste Temperatur niedriger als die
Bezugstemperatur ist.

5. Wasserstoffgenerator nach Anspruch 3, wobei der
Controller weiterhin betreibbar ist, um die Steuerung
bzw. Regelung so durchzuführen, dass das dem Re-
former zuzuführende Wasser mengenmäßig verrin-
gert wird, um die erfasste Temperatur auf eine Tem-
peratur, die zumindest gleich der Bezugstemperatur
ist, anzuheben, wenn die erfasste Temperatur nied-
riger als die Bezugstemperatur ist.

6. Wasserstoffgenerator nach Anspruch 3, der weiter-
hin eine Oxidationsgasversorgungseinheit umfasst,
die betreibbar ist, um der Kohlenmonoxid verringern-
den Einheit Oxidationsgas zuzuführen, wobei der
Controller weiterhin betreibbar ist, um die Steuerung
bzw. Regelung so durchzuführen, dass der Kohlen-
monoxid verringernden Einheit das Oxidationsgas
aus der Oxidationsgasversorgungseinheit zugeführt
wird, um die erfasste Temperatur auf eine Tempe-
ratur, die zumindest gleich der Bezugstemperatur
ist, anzuheben, wenn die erfasste Temperatur nied-
riger als die Bezugstemperatur ist.

7. Wasserstoffgenerator nach Anspruch 1, wobei:

der Kohlenmonoxid verringernde Katalysator
ein Shift-Katalysator ist, der betreibbar ist, um
eine Wassergas-Shift-Reaktion voranzubrin-
gen, durch die Wasserstoff und Kohlendioxid
aus Kohlenmonoxid und Wasser erzeugt wer-
den; und
die Kohlenmonoxid verringernde Einheit ein
Shifter ist, der den Shift-Katalysator  aufweist.

8. Wasserstoffgenerator nach Anspruch 7, wobei ein
katalytischer Körper im Shift-Katalysator zumindest
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ein Edelmetall und ein Metalloxid von zumindest ei-
nem Element, gewählt aus Cer, Zirconium und Alu-
minium, umfasst.

9. Wasserstoffgenerator nach Anspruch 1, wobei:

der Kohlenmonoxid verringernde Katalysator
ein Selektivoxidationskatalysator für Kohlen-
monoxid ist, der betreibbar ist, um Kohlenmon-
oxid einer selektiven Oxidationsreaktion zu un-
terziehen; und
die Kohlenmonoxid verringernde Einheit eine
Selektivoxidationseinheit ist, die den Selektiv-
oxidationskatalysator für Kohlenmonoxid auf-
weist.

10. Brennstoffzellensystem, umfassend:

einen Wasserstoffgenerator, beinhaltend:

einen Reformer, der betreibbar ist, um ein
wasserstoffhaltiges reformiertes Gas aus
einem Ausgangsmaterial, das eine organi-
sche Verbindung umfasst, die zumindest
Kohlenstoff und Wasserstoff enthält, und
aus Wasser zu erzeugen;
eine Heizeinrichtung, die betreibbar ist, um
den Reformer auf eine Temperatur zu hei-
zen, die zum Erzeugen des reformierten
Gases erforderlich ist;
eine Kohlenmonoxid verringernde Einheit,
die einen Kohlenmonoxid verringernden
Katalysator aufweist und die betreibbar ist,
um Kohlenmonoxid, das in dem im Refor-
mer erzeugten reformierten Gas enthalten
ist, zu verringern;
einen Temperaturdetektor, der betreibbar
ist, um zumindest eine von einer Tempera-
tur des reformierten Gases in der Kohlen-
monoxid verringernden Einheit und einer
Temperatur des Kohlenmonoxid verrin-
gernden Katalysators zu erfassen;
eine Brennstoffzelle, die betreibbar ist, um
Energie unter Verwendung von Wasser-
stoff, der vom Wasserstoffgenerator er-
zeugt wird, und Oxidationsgas zu erzeugen;
und
einen Controller, der ausgebildet ist, um ei-
ne Erhöhung einer Menge des  Ausgangs-
materials, das dem Reformer zuzuführen
ist, auf Grundlage eines Vergleichs zwi-
schen einer vom Temperaturdetektor erfas-
sten Temperatur und einer Bezugstempe-
ratur, die in Übereinstimmung mit der Men-
ge des Ausgangsmaterials festgelegt wird,
zu steuern bzw. zu regeln; und
um eine Energieerzeugungsmenge des
Brennstoffzellensystems zu erhöhen durch

Veranlassen des Wasserstoffgenerators,
die Menge des dem Reformer zuzuführen-
den Ausgangsmaterials zu erhöhen, wenn
die vom Temperaturdetektor erfasste Tem-
peratur eine Temperatur erreicht, die zu-
mindest gleich der Bezugstemperatur ist.

11. Brennstoffzellensystem nach Anspruch 10, wobei
der Controller ausgebildet ist:

um die Steuerung bzw. Regelung so durchzu-
führen, dass die erfasste Temperatur eine Tem-
peratur, die zumindest gleich der Bezugstem-
peratur ist, erreicht, wenn die erfasste Tempe-
ratur niedriger als die Bezugstemperatur ist; und
um die Steuerung bzw. Regelung so durchzu-
führen, dass die Menge des Ausgangsmaterials
erhöht wird, wenn die erfasste Temperatur die
Temperatur erreicht, die zumindest gleich der
Bezugstemperatur ist.

12. Brennstoffzellensystem nach Anspruch 11, wobei
der Controller weiterhin betreibbar ist, um die Steue-
rung bzw. Regelung so durchzuführen, dass Wär-
mekalorien in der Heizeinrichtung erhöht werden,
um die erfasste Temperatur auf eine Temperatur,
die zumindest gleich der Bezugstemperatur ist, an-
zuheben, wenn die erfasste Temperatur niedriger
als die Bezugstemperatur ist.

13. Brennstoffzellensystem nach Anspruch 11, wobei
der Controller weiterhin betreibbar ist, um die Steue-
rung bzw. Regelung so durchzuführen, dass das
dem Reformer zuzuführende Wasser mengenmäßig
verringert wird, um die erfasste Temperatur auf eine
Temperatur, die zumindest gleich der Bezugstem-
peratur ist, anzuheben, wenn die erfasste Tempera-
tur niedriger als die Bezugstemperatur ist.

14. Brennstoffzellensystem nach Anspruch 11, das wei-
terhin eine Oxidationsgasversorgungseinheit um-
fasst, die betreibbar ist, um der Kohlenmonoxid  ver-
ringernden Einheit Oxidationsgas zuzuführen, wo-
bei der Controller weiterhin betreibbar ist, um die
Steuerung bzw. Regelung so durchzuführen, dass
der Kohlenmonoxid verringernden Einheit das Oxi-
dationsgas aus der Oxidationsgasversorgungsein-
heit zugeführt wird, um die erfasste Temperatur auf
eine Temperatur, die zumindest gleich der Be-
zugstemperatur ist, anzuheben, wenn die erfasste
Temperatur niedriger als die Bezugstemperatur ist.

15. Brennstoffzellensystem nach Anspruch 10, wobei:

der Kohlenmonoxid verringernde Katalysator
ein Shift-Katalysator ist, der betreibbar ist, um
eine Wassergas-Shift-Reaktion voranzubrin-
gen, durch die Wasserstoff und Kohlendioxid

35 36 



EP 1 471 033 B1

20

5

10

15

20

25

30

35

40

45

50

55

aus Kohlenmonoxid und Wasser erzeugt wer-
den; und
die Kohlenmonoxid verringernde Einheit ein
Shifter ist, der den Shift-Katalysator aufweist.

16. Brennstoffzellensystem nach Anspruch 15, wobei
ein katalytischer Körper im Shift-Katalysator zumin-
dest ein Edelmetall und ein Metalloxid von zumindest
einem Element, gewählt aus Cer, Zirconium und Alu-
minium, umfasst.

17. Brennstoffzellensystem nach Anspruch 10, wobei:

der Kohlenmonoxid verringernde Katalysator
ein Selektivoxidationskatalysator für Kohlen-
monoxid ist, der betreibbar ist, um Kohlenmon-
oxid einer selektiven Oxidationsreaktion zu un-
terziehen; und
die Kohlenmonoxid verringernde Einheit eine
Selektivoxidationseinheit ist, die den Selektiv-
oxidationskatalysator für Kohlenmonoxid auf-
weist.

18. Brennstoffzellensystem nach Anspruch 10, wobei
der Wasserstoffgenerator und die Brennstoffzelle
durch eine Gasleitung miteinander verbunden sind.

Revendications

1. Générateur d’hydrogène comprenant :

un reformeur pouvant servir à générer un gaz
reformé contenant de l’hydrogène à partir d’une
matière première comprenant un composé or-
ganique contenant au moins du carbone et de
l’hydrogène, et d’eau ;
un dispositif de chauffe pouvant servir à chauffer
ledit reformeur à une température requise pour
générer le gaz reformé ;
une unité de réduction de monoxyde de carbone
possédant un catalyseur de réduction du mo-
noxyde de carbone et pouvant servir à effectuer
une réduction du monoxyde de carbone contenu
dans le gaz reformé généré dans ledit
reformeur :

un détecteur de température pouvant servir
à détecter la température du gaz reformé
dans ladite unité de réduction de monoxyde
de carbone et/ou la température du cataly-
seur de réduction du monoxyde de
carbone ; et
un organe de commande configuré pour
commander une augmentation de la quan-
tité de matière première devant être appor-
tée audit reformeur en se fondant sur une
comparaison entre la température détectée

par ledit détecteur de température et une
température de référence qui est établie en
fonction de la quantité de matière première.

2. Générateur d’hydrogène selon la revendication 1,
dans lequel ledit organe de commande est configuré
pour ne pas augmenter la quantité de matière pre-
mière devant être apportée audit reformeur lorsque
la température détectée est inférieure à la tempéra-
ture de référence, selon le résultat de la comparai-
son, et ledit organe de commande augmente la
quantité de matière première lorsque la température
détectée est au moins égale à la température de
référence.

3. Générateur d’hydrogène selon la revendication 2,
dans lequel :

ledit organe de commande est configuré pour
réaliser une commande de manière que la tem-
pérature détectée atteigne une température au
moins égale à la température de référence lors-
que la température détectée est inférieure à la
température de référence ; et
pour réaliser une commande de manière que la
quantité de matière première subisse une aug-
mentation lorsque la température détectée at-
teint une température au moins égale à la tem-
pérature de référence.

4. Générateur d’hydrogène selon la revendication 3,
dans lequel ledit organe de commande peut en outre
servir à réaliser une commande de manière que les
calories de chauffage dudit dispositif de chauffe su-
bissent une augmentation pour élever la températu-
re détectée à une température au moins égale à la
température de référence lorsque la température dé-
tectée est inférieure à la température de référence.

5. Générateur d’hydrogène selon la revendication 3,
dans lequel ledit organe de commande peut en outre
servir à réaliser une commande de manière que l’eau
devant être apportée audit reformeur soit réduite
dans une proportion permettant d’élever la tempé-
rature détectée à une température au moins égale
à la température de référence lorsque la température
détectée est inférieure à la température de référen-
ce.

6. Générateur d’hydrogène selon la revendication 3,
comprenant en outre une unité d’apport de gaz oxy-
dant pouvant servir à apporter un gaz oxydant à la-
dite unité de réduction de monoxyde de carbone,
dans lequel ledit organe de commande peut en outre
servir à réaliser  une commande de manière que le
gaz oxydant soit fourni par ladite unité d’apport de
gaz oxydant à ladite unité de réduction de monoxyde
de carbone pour élever la température détectée à
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une température au moins égale à la température
de référence lorsque la température détectée est in-
férieure à la température de référence.

7. Générateur d’hydrogène selon la revendication 1,
dans lequel :

ledit catalyseur de réduction du monoxyde de
carbone est un catalyseur de conversion pou-
vant servir à mettre en oeuvre une réaction de
conversion à la vapeur d’eau au cours de laquel-
le de l’hydrogène et du dioxyde de carbone sont
générés à partir de monoxyde de carbone et
d’eau ; et
ladite unité de réduction de monoxyde de car-
bone est un convertisseur possédant le cataly-
seur de conversion.

8. Générateur d’hydrogène selon la revendication 7,
dans lequel un corps catalytique présent dans le ca-
talyseur de conversion comprend au moins un métal
noble et un oxyde de métal comportant au moins un
élément choisi parmi le cérium, le zirconium et l’alu-
minium.

9. Générateur d’hydrogène selon la revendication 1,
dans lequel :

ledit catalyseur de réduction du monoxyde de
carbone est un catalyseur d’oxydation sélective
du monoxyde de carbone pouvant servir à sou-
mettre du monoxyde de carbone à une réaction
d’oxydation sélective ; et
ladite unité de réduction de monoxyde de car-
bone est une unité d’oxydation sélective présen-
tant le catalyseur d’oxydation sélective du mo-
noxyde de carbone.

10. Système de pile à combustible comprenant :

un générateur d’hydrogène comportant :

un reformeur pouvant servir à générer un
gaz reformé contenant de l’hydrogène à
partir d’une matière première comprenant
un composé organique contenant au moins
du carbone et de l’hydrogène, et d’eau :

un dispositif de chauffe pouvant servir
à chauffer ledit reformeur à la tempé-
rature requise pour générer le gaz
reformé ;
une unité de réduction de monoxyde de
carbone possédant un catalyseur de
réduction du monoxyde de carbone et
pouvant servir à effectuer une réduc-
tion du monoxyde de carbone contenu
dans le gaz reformé généré dans ledit

reformeur ;
un détecteur de température pouvant
servir à détecter la température du gaz
reformé dans ladite unité de réduction
de monoxyde de carbone et/ou la tem-
pérature du catalyseur de réduction du
monoxyde de carbone ;
une pile à combustible pouvant servir
à générer de l’énergie au moyen d’hy-
drogène généré par ledit générateur
d’hydrogène et d’un gaz d’oxydation ;
et
un organe de commande configuré
pour commander une augmentation de
la quantité de matière première devant
être apportée audit reformeur en se
fondant sur une comparaison entre la
température détectée par ledit détec-
teur de température et une température
de référence qui est établie en fonction
de la quantité de matière première ; et
pour augmenter la quantité d’énergie
générée par ledit système de pile à
combustible en amenant ledit généra-
teur d’hydrogène à augmenter la quan-
tité de matière première devant être ap-
portée audit reformeur lorsque la tem-
pérature détectée par ledit détecteur de
température atteint une température au
moins égale à la température de réfé-
rence.

11. Système de pile à combustible selon la revendication
10, dans lequel ledit organe de commande est
configuré :

pour réaliser une commande de manière que la
température détectée atteigne une température
au moins égale à la température de référence
lorsque la température détectée est inférieure à
la température de référence ; et
pour réaliser une commande de manière que la
quantité de matière première subisse une aug-
mentation lorsque la température détectée at-
teint une température au moins égale à la tem-
pérature de référence.

12. Système de pile à combustible selon la revendication
11, dans lequel ledit organe de commande peut en
outre servir à réaliser une commande de manière
que les calories de chauffage dudit dispositif de
chauffe subissent une augmentation pour élever la
température détectée à une température au moins
égale à la température de référence lorsque la tem-
pérature détectée est inférieure à la température de
référence.

13. Système de pile à combustible selon la revendication
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11, dans lequel ledit organe de commande peut en
outre servir à réaliser une commande de manière
que l’eau devant être apportée audit reformeur soit
réduite dans une proportion permettant d’élever la
température détectée à une température au moins
égale à la température de référence lorsque la tem-
pérature détectée est inférieure à la température de
référence.

14. Système de pile à combustible selon la revendication
11, comprenant en outre une unité d’apport de gaz
oxydant pouvant servir à apporter un gaz oxydant à
ladite unité de réduction de monoxyde de carbone,
ledit organe de commande pouvant en outre servir
à réaliser une commande de manière que le gaz
oxydant soit fourni par ladite unité d’apport de gaz
oxydant à ladite unité de réduction de monoxyde de
carbone pour élever la température détectée à une
température au moins égale à la température de ré-
férence lorsque la température détectée est inférieu-
re à la température de référence.

15. Système de pile à combustible selon la revendication
10, dans lequel :

ledit catalyseur de réduction du monoxyde de
carbone est un catalyseur de conversion pou-
vant servir à mettre en oeuvre une réaction de
conversion à la vapeur d’eau au cours de laquel-
le de l’hydrogène et du dioxyde de carbone sont
produits à partir de monoxyde de carbone et
d’eau ; et
ladite unité de réduction de monoxyde de car-
bone est un convertisseur possédant le cataly-
seur de conversion.

16. Système de pile à combustible selon la revendication
15, dans lequel un corps catalytique présent dans le
catalyseur de conversion comprend au moins un mé-
tal noble et un oxyde de métal comportant au moins
un élément choisi parmi le cérium, le zirconium et
l’aluminium.

17. Système de pile à combustible selon la revendication
10, dans lequel :

ledit catalyseur de réduction du monoxyde de
carbone est un catalyseur d’oxydation sélective
du monoxyde de carbone pouvant servir à sou-
mettre du monoxyde de carbone à une réaction
d’oxydation sélective ; et
ladite unité de réduction de monoxyde de car-
bone est une unité d’oxydation sélective présen-
tant le catalyseur d’oxydation sélective du mo-
noxyde de carbone.

18. Système de pile à combustible selon la revendication
10, dans lequel ledit générateur d’hydrogène et la-

dite pile à combustible sont reliés l’un à l’autre par
une conduite de gaz.
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