wO 2007/110747 A2 |10 T 000 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 October 2007 (04.10.2007)

‘ﬂb' A0 000 T

(10) International Publication Number

WO 2007/110747 A2

(51) International Patent Classification:
HOIM 8/04 (2006.01) HOIM 8/10 (2006.01)

(21) International Application Number:

PCT/IB2007/000770
(22) International Filing Date: 27 March 2007 (27.03.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
2006-092576 29 March 2006 (29.03.2006) JP

(71) Applicant (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/IP]; 1, Toy-
ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

(72) Inventor; and

(75) Inventor/Applicant (for US only): MORITA, Tohru
[JP/JP]; c/o Toyota Jidosha Kabushiki Kaisha, 1, Toy-
ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: FUEL CELL SYSTEM, AND OPERATION METHOD FOR FUEL CELL

40 o0

100

(57) Abstract: A fuel cell system (100) includes a
fuel cell (10) that includes a solid polymer electrolyte
membrane and an anode catalyst layer having a wa-
ter-electrolytic catalyst, a movement portion (32, 50)
that moves water from an oxygen electrode of the fuel
cell to a side of a fuel electrode, a water content de-
tection portion (35) that detects the water content of
the solid polymer electrolyte membrane, and a con-
trol portion (60) that controls the movement portion
on the basis of a result of detection of the water con-
tent detection portion.

TP

CONTROL PORTION

N

60




WO 2007/110747 A2 | NI DI0 000 0T 00000 O 0 O

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



WO 2007/110747 PCT/IB2007/000770
1

FUEL CELL SYSTEM, AND OPERATION METHOD FOR FUEL CELL

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The invention relates to a fuel cell system and an operation method for a fuel

cell.

2. Description of the Related Art

[0002] A fuel cell is generally a device that produces electric energy through the use
of hydrogen and oxygen as fuels. The fuel cell, being excellent in terms of
environmental quality and capable of realizing high-energy efficiency, has been widely
studied and developed as a future energy supply system.

[0003] For example, a solid polymer electrolyte fuel cell has a structure in which a
éatalyst layer and a gas diffusion layer are stacked in that order on both sides of a solid
polymer electrolyte membrane that has proton conductivity. At the time of fuel lack in
such a solid polymer electrolyte fuel cell, electrolysis of the water produced as a result of
electric power generation, occurs at an anode side to produce protons. Due to this
electrolysis, protons can be supplied to the electrolyte membrane. However, when the
electrolysis of water ceases to progress, there is a risk of degradation of the fuel
clectrodes due to oxidation.: Published Japanese Translation of PCT Application,
JP-T-2003-508877, discloses a technology in which a water-electrolytic catalyst is mixed
in fuel electrodes. According to this technology, the electrolysis of the power
generation—produced water can be accelerated through the watér—electrolytic catalyst.

[0004] However, water freezes below the freezing point. Therefore, when fuel
becomes lacking below the freezing point, there is no water to be electrolyzed. In such
a case, water content in the solid polymer electrolyte membrane is extracted to the fuel
electrode, and is electrolyzed. In consequence, there is a risk of degradation of the solid

polymer electrolyte membrane.
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SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide a fuel cell system and an operation
method for a fuel cell, which are capable of performing the electrolysis of water at the
time of fuel lack without degrading the fuel electrode and the solid polymer electrolyte
membrane. |

[0006] A first aspect of the fuel cell system in accordance with the invention
includes: a fuel cell that includes a solid polymer electrolyte membrane, and an anode
catalyst layer having a water-electrolytic catalyst; movement means (movement portion)
for moving water so as to move water from an oxygen electrode of the fuel cell to a side
of a fuel electrode; water content detection means (water content detection portion) for
detecting a water content of the solid polymer electrolyte membrane; and control means
(control portion) for controlling the movement means on the basis of a result of detection
of the water content detection means.

[0007] In the first aspect of the fuel cell system in accordance with the invention,
since the anode catalyst layer contains the water-electrolytic catalyst, the electrolysis of
water held in the anode catalyst layer is accelerated. Therefore, even when the fuel is
lacking, the irreversible degradation of the anode catalyst layer can be restrained.
Furthermore, water moves from the side of the oxygen electrode to the side of the fuel
electrode due to the movement means, on the basis of the water content of the solid
polymer electrolyte membrane. In this case, even if water is insufficient in the fuel
electrode side, water in the oxygen electrode side is supplied to the solid polymer
electrolyte membrane and the fuel electrode. Therefore, decline of the water content
amount in the solid polymer electrolyte membrane can be restrained. As a result,
degradation of the solid polymer electrolyte membrane can be restrained.

[0008] The control means in the invention includes first determination means for
determining whether or not the water content of the solid polymer electrolyte membrane
declines. The control means may control the movement means so as to move water
from the oxygen electrode to the fuel electrode, if it is determined by the first

determination means that the water content of the solid polymer electrolyte membrane
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declines. In this case, water moves from the oxygen electrode side to the fuel electrode
side if the water content of the solid polymer electrolyte membrane declines. Therefore,
decline of the water content amount in the solid polymer electrolyte membrane can be
restrained. Besides, unnecessary action of the movement means can be omitted.

[0009] The movement means may include back-pressure adjustment means for
adjusting a back pressure of an oxidant gas that is supplied to the fuel cell. In this case,
the movement means can move water from the oxygen electrode side to the fuel electrode
side by increasing the back-pressure of the oxidant gas. Besides, the control means may
control the back-pressure adjustment means so that the back pressure of the oxidant gas
increases, if it is determined by the first determination means that the water content of the
solid pdlymer electrolyte membrane ‘declines. In this case, water moves from the
oxygen electrode side to the fuel electrode side if the water content of the solid polymer
electrolyte membrane declines. Therefore, decline of the water content amount in the
solid polymer electrolyte membrane can be restrained. Besides, unnecessary action of
the back-pressure adjustment means can be omitted.

[0010] The movement means may include a heater that heats the fuel cell. In this
case, by heating the fuel cell through the heater, the water permeation rate of the solid
polymer electrolyte membrane increases. Therefore, water moves more readily in the
solid polymer electrolyte membrane. As a result, the movement means can move water
from the oxygen electrode side to the fuel electrode side. Furthermore, the control
means may control the heater so that temperature of the fuel cell rises, if it is determined
by the first determination means that the water content of the solid polymer electrolyte
membrane declines. In this case, water moves from the oxygen electrode side to the
fuel electrode side if the water content of the solid polymer electrolyte membrane
declines. Therefore, decline of the water content amount in the solid polymer
electrolyte membrane can be restrained. Besides, unnecessary action of the heater can
be omitted.

[0011] The water content detection means may include resistance detection means

for detecting an electrical resistance of the solid polymer electrolyte membrane. The
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first determination means may detefmine that the water content of the solid polymer
electrolyte membrane declines, if the electrical resistance of the solid polymer electrolyte
membrane increases. Furthermore, the fuel cell system according to the invention
further includes a fuel cell stack in which a plurality of fuel cells are stacked, and the
water content detection means may include load detection means for detecting a fastening
load of the fuel cell stack. The first determination means may determine that the water
content of the solid polymer electrolyte membrane declines, if the fastening load of the
fuel cell stack declines. °

[0012] The control means may include second determination means for determining
whether or not the fuel cell is in a state of fuel lack. The control means may control the
movement means so as to move water from the oxygen electrode to the fuel electrode, if
it is determined by the second determination means that the fuel cell is in the state of fuel
lack and it is determined by the first determination means that the water content of the
solid polymer electrolyte membrane declines. In this case, if the fuel cell is in the state
of fuel lack, sufficient water for electrolysis can be moved to the fuel electrode.
Therefore, degradation of the solid polymer electrolyte membrane can be restrained, and
oxidative degradation of the fuel electrode can be restrained.

[0013] The fuel cell system of the invention may further include generated voltage
detection means for detecting a generated voltage of the fuel cell. The second
determination means may determine that the fuel cell is in the state of fuel lack, if the
generated voltage of the fuel cell is less than or equal to a predetermined value.
Furthermore, the fuel cell system may further include temperature detection means for
detecting temperature of the fuel cell. The control means may control the movement
means so as to move water from the oxygen electrode side to the fuel electrode side, if
the temperature of the fuel cell is below the water freezing point and it is determined by
the first determination means that the water content of the solid polymer electrolyte
membrane declines. |

[0014] An operation method for a fuel cell in accordance with the invention includes:

the step of detecting a water content of a solid polymer electrolyte membrane in a fuel
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cell that includes, besides the solid polymer electrolyte membrane, an anode catalyst
layer having a water-electrolytic catalyst; the step of determining whether or not the
water content of the solid polymer electrolyte membrane declines; and the step of moving
water from an oxygen electrode of the fuel cell to a side of a fuel electrode, if it is
determined in the determining step that the water content of the solid polymer electrolyte -
membrane declines.

[0015] In the operation method for the fuel cell in accordance with the invention,
since the anode catalyst layer contains the water-electrolytic catalyst, the electrolysis of
water held in the anode catalyst layer is accelerated. Therefore, even when the fuel is
lacking, the irreversible degradation of the anode catalyst layer can be restrained.
Furthermore, water moves from the oxygen electrode side to the side of the fuel electrode
if the water content of the solid polymer electrolyte membrane declines. In this case,
even if water is insufficient in the fuel electrode side, water from the oxygen electrode
side can be electrolyzed. Therefore, decline of the water content amount in the solid
polymer electrolyte membrane can be restrained. As a result, degradation of the solid
polymer electrolyte membrane can be restrained.

[0016] The step of moving may include the step of increasing a back-pressure of an
oxidant gas by back-pressure adjustment means for adjusting the back-pressure of the
oxidant gas supplied to the fuel cell. In this case, by increasing the back-pressure of the
oxidant gas, water can be moved from the oxygen electrode side to the fuel electrode side.
Therefore, decline of the water content of the solid polymer electrolyte membrane can be
restrained, and the electrolysis of water in the fuel electrode can be continued.

[0017] The step of moving may include the step of raising temperature of the fuel
cell by a heater. In this cage, by raising the temperature of the fuel cell by the heater, the
water permeation rate of the solid polymer electrolyte membrane is increased.
Therefore, water moves more readily in the solid polymer electrolyte membrane. In
consequence, decline of the water content of the solid polymer electrolyte membrane can
be restrained, and the electrolysis of water in the fuel electrode can be continued.

[0018] The step of determining may include the step of determining that the water
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content of the solid polymer electrolyte membrane declines, if the electrical resistance of
the solid polymer electrolyte membrane increases. Beside, the step of determining may
include the step of determining that the water content of the solid polymer electrolyte
membrane declines, if a fastening load of a fuel cell stack in which a plurality of fuel
cells are stacked declines.

[0019] The step of detecting the water content may be performed if a generated
voltage of the fuel cell is less than or equal to a predetermined value. Besides, the step
of detecting the water content may be performed if temperature of the fuel cell is below
the water freezing point.

[0020] According to the invention, even if water becomes insufficient at the fuel
electrode side, water can be electrolyzed in the fuel electrode by moving water from the
oxygen electrode side to the fuel electrode side. Therefore, decline of the water content
amount in the solid polymer electrolyte membrane can be restrained. As a result,

degradation of the solid polymer electrolyte membrane can be restrained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The foregoing and further objects, features and advantages of the invention
will become apparent from the following description of preferred embodiments with
reference to the accompanying drawings, wilerein like numerals are used to represent like
elements and wherein:

FIG 1 is a schematic sectional view of a fuel cell;

FIG. 2 is a schematic diagram showing an overall construction of a fuel cell system in
accordance with a first embodiment of the invention;

FIG. 3 is a diagram showing the generated voltage of a fuel cell that is lacking in fuel;

FIG. 4 is a diagram showing a relationship between the generated voltage of a fuel cell
and the fastening load of the fuel cell stack;

FIG. 5 is a diagram showing a relationship between the back pressure of an oxidant gas
and the generated voltage of a fuel cell;

FIG. 6 is a diagram showing a relationship between the water permeation rate of an
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electrolyte membrane and the generated voltage of the fuel cell;

FIG. 7 is a diagram showing a relationship between the temperature of a fuel cell and
the generated voltage of the fuel cell;

FIG. 8 is a flowchart showing an example of the control of the fuel cell system by a
control portion during the power generation of the fuel cell;

FIG. 9 is a schematic diagram showing an overall construction of a fuel cell system in
accordance with a second embodiment;

FIG. 10 is a diagram showing a relationship between the generated voltage of a fuel
cell and the electrical resistance of the electrolyte membrane; and

FIG. 11 is a flowchart showing an example of the control of the fuel cell system by the

control portion during the power generation of the fuel cell.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] Best modes for carrying out the invention will be described below.

[0023] A fuel cell system 100 in accordance with a first embodiment of the invention
will be described below. Firstly, a fuel cell 10 that constitutes a fuel cell stack 31
included in the fuel cell system 100 will be described. FIG. 1 is a schematic sectional
view of the fuel cell 10. As shown in FIG. 1, the fuel cell 10 has a structure in which a
separator 1, a fuel electrode 2, an electrolyte membrane 3, an oxygen electrode 4 and a
separator 5 are stacked in that order. The fuel electrode 2 has a structure in which a gas .
diffusion layer 21 and a catalyst layer 22 are stacked in that order from the side of the
separator 1. The oxygen electrode 4 has a structure in which a gas diffusion layer 41
and a catalyst layer 42 are stacked in that order from the side of a separator 5.

[0024] The separators 1, 5 are constructed of an electrically conductive material such
as stainless steel or the like. A side of the separator 1 toward the fuel electrode 2 has a
fuel gas channel through which a fuel gas flows. A side of the separator 5 toward
oxygen electrode 4 has an oxidant gas channel through which an-oxidant gas flows.

[0025] The gas diffusion layer 21 is a layer for diffusing the fuel gas, and is

constructed of an electrically conductive material such as carbon paper or the like. The
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catalyst layer 22 contains a catalyst, such as Pt (platinum), a Pt alloy, etc., for accelerating
the protonization of hydrogen. The catalyst layer 22 also contains a water-electrolytic
catalyst for accelerating the electrolysis of water. ~As the water-electrolytic catalyst, it is
possible to use a metal, such as Pt, Ru (ruthenium), Ir (iridium), Au (gold), Ni (nickel),
Ag, etc., an alloy, such as Pt-Ru, Pt-Ir, etc., a metal oxide, such as RuOg, IrO,, etc. The
catalyst layer 22 has a structure in which the aforementioned water-electrolytic catalyst is
added to, for example, Pt-supporting carbon, Pt alloy-supporting carbon, platinum black,
etc. It is preferable that the supporting carbon be a highly crystallized carbon. This
will improve the oxidation resistance of the catalyst layer 22.

[0026] The electrolyte membrane 3 is made of a solid polymer electrolyte, such as
Nafion (registered trademark), a perfluorocarbon sulfonic acid polymer having proton
conductivity, or the like. It is preferable that the water permeation rate of the electrolyte
membrane 3 at -30°C in a water-containing state be greater than or equal to 5x10™
mmol/cm®*/sec.

[0027] The gas diffusion layer 41 is a layer for diffusing the oxidant gas, and is
constructed of an electrically conductive material such as carbon paper or the like. The
catalyst layer 42 is constructed of an electrically conductive material that supports the
catalyst. The catalyst in the catalyst layer 42 is a catalyst for accelerating the reaction
between protons and oxygen. In this embodiment, the catalyst layer 42 is constructed of
a platinum-supporting carbon.

[0028] Subsequently, the overall action of the fuel cell 10 will be described. Firstly,
the fuel gas containing hydrogén, such as hydrogen gas, methanol gas, etc., is supplied to
the gas diffusion layer 21, while flowing through the fuel gas channel of the separator 1.
The fuel gaé supplied to the gas diffusion layer 21 permeates through the gas diffusion
layer 21 and reaches the catalyst layer 22. The hydrogen in the fuel gas that has reached
the catalyst layer 22 dissociates into protons and electrons. As reaction formulas, the
following formulas (1) and (2) are conceived. The protons are conducted through the
electrolyte membrane 3, and reach the oxygen electrode 4.

H, —2H'+2¢ (1)
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CH;OH + H,0 — CO, + 6H™ + 687 (2)

[0029] On.the other hand, the oxidant gas containing oxygen is supplied to the gas
diffusion layer 41 while flowing through the oxidant gas channel of the separator 5. The
oxidant gas supplied to the gas diffusion layer 41 permeates through the gas diffusion
layer 41 and reaches the catalyst layer 42. The protons and the oxygen in the oxidant
gas that have reached the catalyst layer 42 produce water, generating electric power as
well. The separator 1, 5 collect the generated electric power. Through the
above-described actions, the fuel cell 10 generates electricity.

[0030] Subsequently, the operation of the fuel cell 10 at the time of fuel lack, such as
the time of bad flow distribution, the time of startup, etc will be described below. When
the fuel becomes lacking, hydrogen, which is dissociated into protons in the fuel
electrode 2, becomes lacking. Therefore, in order to continue the electric power
generation of the fuel cell 10, protons need to be dissociated from a material other than
hydrogen. In this case, the water held in the fuel electrode 2 becomes dissociated
mainly. As reaction formulas, the following formulas (3) and (4) are conceived.

2H,0 = 4H +4e+0,  (3)
2H,0 + C—4H +4e +CO,  (4)

[0031] In this embodiment, since the catalyst layer 22 contains the water-electrolytic
catalyst, the electrolysis of water is accelerated. Therefore, the reaction of the formula
(3) is preferentially performed. Hence, the irreversible oxidative degradation of the
carbon or the like contained in the fuel electrode 2 can be restrained.

[0032] Subsequently, the fuel cell system 100 in accordance with this embodiment
will be described. FIG. 2 is a schematic diagram showing an overall cpnstruction of the
fuel cell system 100 in accordance with this embodiment. As shown in FIG. 2, the fuel
cell system 100 includes a fuel cell 20, fuel gas supply means 30, oxidant gas supply
means 40, a back pressure control valve 50, and a control portion 60.

[0033] The fuel cell 20 includes a fuel cell stack 31, a heater 32, a voltage sensor 33,
a temperature sensor 34, and a load sensor 35. The fuel cell stack 31 has a structure in

which a plurality of fuel cells 10 as shown in FIG. 1 are stacked and fastened together.
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The heater 32 covers the fuel cell stack 31. The heater 32 controls the temperature of
the fuel cell stack 31 in accordance with a command from the control portion 60.

[0034] The voltage sensor 33 detects the generated voltage of each fuel cell 10, and
gives results of the detection to a control portion 60. The temperature sensor 34 detects
the temperature of each fuel cell 10, and gives results of the detection to the control
portion 60. The load sensor 35 detects the fastening load of the fuel cell stack 31, and
gives results of the detection to the control portion 60. The load sensor 35 may be
provided in the fashion of one for each fuel cell 10, or may also be provided in the
fashion of one for the fuel cell stack 31.

[0035] The fuel gas supply means 30 and the oxidant gas supply means 40 are
constructed of a pump or the like. The fuel gas supply means 30 is connected to a fuel
gas inlet of the fuel cell 20. The oxidant gas supply means 40 is connected to an oxidant
gas inlet of the fuel cell 20. The fuel gas supply means 30 supplies the
hydrogen-containing fuel gas to the inlet of the fuel cell 20 in accordance with a
command of the control portion 60. As the fuel gas, it is poésible to use a hydrogen gas,
a methanol gas, etc. The oxidant gas supply means 40 supplies the oxidant gas to the
oxidant gas inlet of the fuel cell 20 in accordance with a command of the control portion
60. As the oxidant gas, it is possible to use air or the like.

[0036] The back-pressure control valve 50 is provided at an oxidant gas outlet of the
~ fuel cell 20. The back-pressure control valve 50 controls thé back pressure of the
oxidant gas that flows within the fuel cell 20, in accordance with a coﬁlmand of the
control portion 60. The conirol portion 60 is constructed of a CPU (central processing
unit), a ROM (read-only memory), a RAM (random access memory), etc. The control
portion 60 controls various portions of the fuel cell system 100 on the basis of detection
results from the voltage sensor 33, the temperature sensor 34 and the load sensor 35.

[0037] Subsequently, the control of the fuel cell system 100 by the control portion 60
will be described with reference to FIGS. 3 to 7.  Firstly, the control portion 60 controls
the fuel gas supply means 30 and the oxidant gas supply means 40 so that the fuel gas and

the oxidant gas are supplied to the fuel cell 20. Therefore, electric power generation is
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performed in the fuel cell 20. Next, the control portion 60 determines whether or not
fuel is lacking in the fuel cell 20. It is to be noted herein that, as for the fuel cell 10 that
is lacking in fuel, the generated voltage becomes minus. This will be explained in detail
with reference to FIG. 3.

[0038] FIG. 3 is a diagram showing the generated voltage of a fuel cell 10 that is
lacking in fuel. In FIG. 3, the vertical axis shows the generated voltage of the fuel cell
10, and the horizontal axis shows the elapsed time. As shown in FIG. 3, when the fuel
becomes lacking, the generated voltage sharply declines. This is because protons are
dissociated from a material other than the fuel. After that, the breadth of decline of the
generated voltage becomes smaller. This is because the reaction of the formula 3)
occurs through the water-electrolytic catalyst, so that protons continue to be supplied to
the electrolyte membrane 3. If the state of fuel lack further continues, the generated
voltage sharply declines. This is because the water-electrolytic catalyst degrades and
therefore the reaction of the formula (4) occurs instead of the reaction of the formula (3).
From the above discussion, the control portion 60 can determine that the fuel is lacking in
a fuel cell 10 if the generated voltage of the fuel cell 10 is less than or equal to O V.

© [0039] In the case where it has been determined that the fuel is lacking, the control
portion 60 determines whether or not the temperature of that fuel cell 10 is below the
freezing point. The control portion 60 performs this determination on the basis of a
detection result from the temperature sensor 34. Below the freezing point, water freezes,
and therefore is not supplied to the catalyst layer 22. In this case, the water held in the
electrolyte membrane 3 moves to the catalyst layer 22, and is electrolyzed through the
water-electrolytic catalyst. Hence, the membrane thickness of the electrolyte membrane
3 becomes small.  As a result, the fastening load of the fuel cell stack 31 declines.

[0040] A relationship between the generated voltage of the fuel cell 10 and the
fastening load of the fuel cell stack 31 when the fuel is lacking and the temperature is
below the freezing point will be described. FIG. 4 is a diagram showing the relationship
between the generated voltage of the fuel cell 10 and the fastening load of the fuel cell

stack 31. In this case, both the fuel electrode 2 and the oxygen electrode 4 are supplied



WO 2007/110747 PCT/IB2007/000770
12

with nitrogen gas, and the temperature of the fuel cell 10 is set at —20°C, and the current
density of the fuel cell 10 is set at 0.1 A/cm?.  The left-side vertical axis in FIG. 4 shows
the generated voltage of the fuel cell 10, and the right-side vertical axis in FIG. 4 shows
the fastening load of the fuel cell stack 31, and the horizontal axis in FIG. 4 shows the
elapsed time.

. [0041] As shown in FIG. 4, as the state of fuel lack continues, the fastening load of
the fuel cell stack 31 gradually declines. Hence, if the load detected by the load sensor
35 declines, it can be determined that the water content amount in the electrolyte
membrane 3 'being in the state of fuel lack and having temperature of below the freezing
point is declining. Therefore, the control portion 60 determines whether or not the load
detected by the load sensor 35 declines. In this case, the control portion 60 may also
determine whether or not the load detected by the load sensor 35 continuously declines,
or may also determine whether or not the load detected by the load sensor 35 declines at
an interval of a predetermined time.

[0042] If it is determined that the load detected by the load sensor 35 declines, the
control portion 60 controls the back pressure control valve 50 so as to increase the back
pressure of the oxidant gas supplied to the fuel cell 20. In this case, the power
generation-produced water formed in the oxygen clectrode 4 moves to the side of the
electrolyte membrane 3 and the fuel electrode 2. Therefore, the electrolyte membrane 3
can sufficiently absorb water, and the electrolysis of water in the fuel electrode 2 can be
continued.

[0043] A relationship between the back pressure of the oxidant gas and the generated
voltage of the fuel cell 10 when the fuel is lacking and the temperature is below the
freezing point will be described. FIG. 5 is a diagram showing a relationship between the
back pressure of the oxidant gas and the generated voltage of the fuel cell 10. In this
case, the fuel electrode 2 is supplied with nitrogen gas and the oxygen electrode 4 is
supplied with air, and the temperature of the fuel cell 10 is set at —20°C, and the current
density of the fuel cell 10 is set at 0.15 A/cm’. In FIG. 5, the vertical axis shows the

generated voltage of the fuel cell 10, and the horizontal axis shows the elapsed time.
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The solid line shows a case where the back pressure of the oxidant gas is 0.2 MPa, and
the dashed line shows a case where the back pressure of the oxidant gas is 0.1 MPa.

[0044] As shown in FIG. 5, in the case where the back pressure is 0.1 MPa, the
generated voltage sharply declines. A reason for this is considered to be that since the
back pressure of the oxidant gas is small, water is not supplied from the oxygen electrode
4 to the fuel electrode 2.  On the other hand, in the case where the back pressure is 0.2
MPa, a value the generated voltage within a certain range is maintained. A reason for
this is considered to be that water is supplied from the oxygen ‘electrode 4 to the fuel
electrode 2 so that the electrolysis of water continues.

[0045] Incidentally, in order for water to promptly move from the oxygen electrode 4
to the fuel electrode 2, the water permeation raté of the electrolyte membrane 3 needs to
be greater than a predetermined value. A relationship between the water permeation rate
of the electrolyte membrane 3 and the generated voltage of the fuel cell 10 when the fuel
is lacking and the temperature is below the freezing point will be described.

[0046] FIG. 6 is a diagram showing a relationship between the water permeation rate
of the electrolyte membrane 3 and the generated voltage of the fuel cell 10. In this case,
the fuel electrode 2 is supplied with nitrogen gas and the oxygen electrode 4 is supplied
with air, the temperature of the fuel cell 10 is set at —30°C, and the current density of the
fuel cell 10 is 0.1 A/cm?®.  In FIG. 6, the vertical axis shows the generated voltage of the
fuel cell 10, and the horizontal axis shows the elapsed time. The solid line shows a case
where the water permeation rate of the electrolyte membrane 3 is 5x10* mmol/cm?/sec,
and the dashed line shows a case where the water permeation rate of the electrolyte
membrane 3 is 1x10™ mmol/cm?/sec.

[0047] As shown in FIG. 6, in the case where the water permeation rate is 1x10™
mmol/cm?/sec, the generated voltage sharply declines. A reason for this is considered to
be that since the water permeation rate is small, the supply of water from the oxygen
electrode 4 to the fuel electrode 2 is not sufficiently performed. On the other hand, in
the case where the water permeation rate is 5x10™ mmol/cmz/sec, a value of the

generated voltage within a certain range is maintained for a long time. A reason for this
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is considered to be that water is sufficiently supplied from the oxygen electrode 4 to the
fuel electrode 2 so that the electrolysis of water continues. Hence, it is preferable that
the water permeation rate of the electrolyte membrane 3 be greater than or equal to 5 x10™
mmol/cm?/sec.

[0048] The control portion 60, after increasing the back pressure of the oxidant gas,
determines again whether or not the fastening load of the fuel cell stack 31 is declining.
If the fastening load of the fuel cell stacks 31 declines despite the increase of the back
pressure of the oxidant gas, the control portion 60 controls the heater 32 so as to heat the
fuel cell stack 31. In this case, the water permeation rate of the electrolyte membrane 3
increases. Therefore, water more readily moves from the side of the oxygen electrode 4
to the side of the fuel electrode 2. As a result, the electrolysis of water in the fuel
electrode 2 continues.

[0049] A relationship between the temperature of the fuel cell 10 and the generated
voltage of the fuel cell 10 when the fuel is lacking and the temperature is below the
freezing point will be described. FIG. 7 is a diagram showing a relationship between the
temperature of the fuel cell 10 and the generated voltage of the fuel cell 10. In this case,
the fuel electrode 2 is supplied with nitrogen gas and the oxygen electrode 4 is supplied
with air, and the current density of the fuel cell 10 is set at 0.1 A/cm?®.  In FIG. 7, the
vertical axis shé)ws the generated voltage of the fuel cell 10, and the horizontal axis
shows the elapsed time. The solid line shows a case where the temperature of the fuel
cell 10 is —20°C, and the dashed line shows a case where the temperature of the fuel cell
10 is =26°C, and the dotted line shows a case where the temperature of the fuel cell 10 is
-30°C.

[0050] As shown in FIG. 7, in the case where the temperature of the fuel cell 10 is
~30°C or —26°C, the generated voltage of the fuel cell 10 sharply declines. A reason for
this is considered to be that the water permeation rate of the electrolyte membrane 3 is
small so that water is not sufficiently supplied to the fuel electrode 2. On the other hand,
in the case where the temperature of the fuel cell 10 is —20°C, the generated voltage of

the fuel cell 10 remains at a value within a certain range for a long time. A reason for
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this is considered to be that the water permeation rate of the electrolyte membrane 3
increases so that water is sufficiently supplied to the fuel electrode 2.

[0051] Thus, even in the case where the fuel is lacking and the temperature is below
the freezing point, water can be sufficiently supplied from the oxygen electrode 4 to the
fuel electrode 2 by increasing the temperature of the electrolyte membrane 3. Therefore,
degradation of the fuel electrode 2 can be restrained, and degradation of the electrolyte
membrane 3 can also be restrained. In particular, in the case of a fluorine-based
electrolyte membrane, such as Nafion or the like, the water permeation rate declines
sharply at. a critical point of -26°C. Hence, it is preferable that the electrolyte
membrane 3 be heated to or above —26°C. |

[0052] FIG. 8 is a flowchart showing an example of the control of the fuel cell
system 100 performed by the control portion 60 during the power generation of the fuel
cell 20. The control portion 60 executes the process shown by the flowchart of FIG. 8 in
every predetermined cycle. As shown in FIG. 8, the control portion 60 firstly
determines whether or not any one of the fuel cells 10 is in the state of fuel lack (step S1).
In this case, the control portion 60 performs this determination by determining whether or
not the generated voltage of any fuel cell 10 is less than or equal to 0 V on the basis of a
result of the detection by the voltage sensor 33.

[0053] If it is determined that a fuel cell 10 is in the state of fuel lack in step S1, the
control portion 60 then determines whether or not the temperature of that fuel cell 10 is
below the freezing point (step S2). In this case, the control portion 60 performs this
determination on the basis of a detection result of the temperature sensor 34. If it is
determined that the temperature of the fuel cell 20 below the freezing point in step S2, the
control portion 60 then determines whether or not the fastening load of the fuel cell stack
31 is in a declining trend (step S3). In this case, the control portion 60 performs the
determination by determining whether or not the fastening load is declining at
predetermined time intervals on the basis of detection results of the load sensorl 35.

[0054] If it is determined that the fastening load of the fuel cell stack 31 isin a

declining trend in step S3, the control portion 60 controls the back pressure control valve
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50 so as to increase the back pressure of the oxidant gas to, for example, 0.2 MPa (step
S4). Next, the control portion 60 determines again whether or not the fastening load of
the fuel cell stack 31 is in a declining trend (step S5). If it is determined that the
fastening load of the fuel cell stack 31 is in a declining trend in step S5, the control
portion 60 controls the heater 32 so as to heat the fuel cell stack 31 (step S6). In this
case, the control portion 60 continues the heating by the heater 32 so that the temperature
of the fuel cell stack 31 becomes equal to or higher than —26°C.  After that, the control
portion 60 repeats the process starting at step S2.

[0055] Incidentally, if it is not determined that any one of the fuel cells 10 is in the
state of fuel lack in step S1, or if it is not determined that the temperature of the fuel cell
10 is below the freezing point in step S2, the control portion 60 ends the process.
Therefore, the fuel cell 20 continues generating power. If it is not determined that the
fastening load of the fuel cell stack 31 is in a declining trend in step S3 or step S5, the
control portion 60 repeats the process starting in step S2.

[0056] Thus, according to the control following the flowchart of FIG. 8, even in the
case where any one of the fuel cells 10 is lacking in fuel and has temperature below the
freezing point, the electrolysis can be continued by using water other than the water held
in the electrolyte membrane 3. Therefore, degradation of the fuel electrode 2 can be
restrained, and degradation of the electrolyte membrane 3 can also be degraded.

[0057] In this embodiment, the back pressure control valve 50 can be regarded as
movement means (a movement portion) and back-pressure adjustment means. The load
sensor 35 can be regarded as water content detection means (water content detection
portion) and load detection means. The control portion 60 can be regarded as first
determination means, second determination means and control means. The voltage
sensor 33 can be regarded as generated voltage detection means. The temperature
sensor 34 can be regarded as temperature detection means.

[0058] Subsequently, a fuel cell system 100a in accordance with a second
embodiment of the invention will be described. FIG. 9 is a schematic diagram showing

an overall construction of the fuel cell system 100a. As shown in FIG. 9, the fuel cell
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system 100a is different from the fuel cell system 100 shown in FIG 2, in that a
resistance sensor 36 is provided instead of the load sensor 35. The resistance sensor 36
detects the electrical resistance of the electrolyte membrane 3 of each fuel cell 10, and
- gives a result of the detection to the control portion 60.

[0059] A relationship between the electrical resistance of the electrolyte membrane 3
and the generated voltage of the fuel cell 10 when the fuel is lacking and the temperature
is below the freezing point. FIG. 10 is a diagram showing a relationship between the
generated voltage of the fuel cell 10 and the electrical resistance of the electrolyte
membrane 3. In this case, both the fuel electrode 2 and the oxygen electrode 4 are
supplied with nitrogen gas, and the temperature of the fuel cell 10 is set at -20°C, and the
current density of the fuel cell 10 is set at 0.1 AJem®.  Besides, changing the amount of
water held in the membrane changes the electrical resistance of each electrolyte
membrane 3. The greater the amount of water held in the membrane, the smaller the
electrical resistance of the electrolyte membrane 3. The smaller the amount of water
held in the membrane, the greater the electrical resistance of the electrolyte membrane 3.

[0060] The vertical axis in FIG. 10 shows the generated voltage of the fuel cell 10,
and the horizontal axis in FIG. 10 shows the elapsed time. As shown in FIG. 10, as the
electrical resistance of the electrolyte membrane 3 becomes greater, the time during
which the breadth of decline of the generated voltage is relatively small becomes shorter.
Therefore, if the electrical resistance of the electrolyte membrane 3 is great, degradation
of the electrolyte membrane 3 progresses, and degradation of the fuel electrode 2 also
progresses. Hence, if the electrical resistance of the electrolyte membrane 3 is great, it
is mecessary to supply water or moisture to the electrolyte membrane 3 and the fuel
electrode 2.

[0061] In this embodiment, if the fuel is lacking and the temperature is below the
freezing point, the control portion 60 determines whether or not the water held in the
electrolyte membrane 3 is decreasing on the basis of the electrical resistance of the
electrolyte membrane 3. In this case, the control portion 60 may perform this

determination on the basis of whether or not the resistance of detected by the resistance
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sensor 36 continuously increases, or may also perform the determination on the basis of
‘whether or not the resistance detected by the resistance semsor 36 increases at
predetermined time intervals.

[0062] If it is determined that the water held in the electrolyte membrane 3 is
decreasing, the control portion 60 controls the back pressure control valve 50 so as to
increase the back pressure of the oxidant gas supplied to the fuel cell 20. In this case,
the power generation-produced water formed at the oxygen electrode 4 moves to the side
of the electrolyte membrane 3 and the fuel electrode 2. Therefore, the electrolyte
membrane 3 can sufficiently absorb water, and the electrolysis of water in the fuel
electrode 2 continues to be performed.

[0063] FIG. 11 is a flowchart showing an example of the control of the fuel cell
system 100a performed by the control portion 60 during the power generation of the fuel
cell 20. The control portion 60 executes the process shown by the flowchart of the FIG.
11 in every predetermined cycle. As shown in FIG. 11, the control portion 60 firstly
determines whether or not any one of the fuel cells 10 is in a state of fuel lack (step S11).
" If it is determined that a fuel cell 10 is in the state of fuel lack in step S11, the control
portion 60 then determines whether or not the temperature of the fuel cell 10 is below the
freezing point (step S12).

[0064] If it is determined that the temperature of the fuel cell 10 is below the
freezing point in step S12, the control portion 60 determines whether or not the electrical
resistance of the electrolyte membrane 3 included in the fuel cell 10 is in an increasing
trend (step S13). In this case, the control portion 60 performs this determination by
determining whether or not the electrical resistance of the electrolyte membrane 3 is
increasing at predetermined time intervals on the basis of a result of detection of the
resistance sensor 36.

[0065] If it is determined that the electrical resistance of the electrolyte membrane 3
is in an increasing trend in step S13, the control portion 60 controls the back pressure
control valve 50 so as to increase the back pressure of the oxidant gas (step S14). Next,

the control portion 60 determines again whether or not the electrical resistance of the
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electrolyte membrane 3, which was determined to be in an increasing trend in step S13, is
in an increasing trend (step S15). If it is determined that the electrical resistance of the
electrolyte membrane 3 is in an increasing trend in step S15, the control portion 60
controls the heater 32 so as to heat the fuel cell stack 31 (step S16). After that, the
control portion 60 repeats the process starting at step S12.

[0066] If it is not determined that the fuel cell 10 is in a state of fuel lack in step S11,
or if it is not determined that the temperature of the fuel cell 10 is below the freezing
point in step S12, the control portion 60 ends the operation. Therefore, the fuel cell 20
continues generating power. If it is not determined that the electrical resistance of the
electrolyte membrane 3 is in an increasing trend in step S13 or step S15, the control
portion 60 repeats the process starting at step S12.

[0067] Thus, according to the control following the flowchart of FIG. 11, even if the
fuel is lacking and the temperature of the fuel cell 10 is below the freezing point, the
electrolysis can be continued by using water other than the water held in the electrolyte
membrane 3. Therefore, degradation of the fuel electrode 2 can be restrained, and
degradation of the electrolyte membrane 3 can be restrained.

[0068] In this embodiment, the resistance semsor 36 can be regarded as resistance
detection means.

[0069] While the invention has been described with reference "to exemplary
embodiments thereof, it is to be understood that the invention is not limited to the
exemplary embodiments or constructions. To the contrary, the invention is intended to
cover various modifications and equivalent arrangements. In addition, while the various
clements of the exemplary embodiments are shown in various combinations and
configurations, which are exemplary, other combinations and configurations, including

more, less or only a single element, are also within the spirit and scope of the invention.
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CLAIMS

1. A fuel cell system that is provided with a fuel cell that includes a solid polymer
electrolyte membrane, and an anode catalyst layer having a water-electrolytic catalyst,
characterized by comprising:

movement means for moving water from an oxygen electrode of the fuel cell to a side
of a fuel electrode;

water content detection means for detecting a water content of the solid polymer
electrolyte membrane; and

control means for controlling the movement means on the basis of a result of detection
of the water content detection means.

2. The fuel cell system according to claim 1, wherein the control means comprises first
determination means for determining whether or not the water content of the solid
polymer electrolyte membrane declines, and wherein the control means controls the
movement means so as to move water from the oxygen electrode to the fuel electrode, if
it is determined by the first determination means that the water content of the solid
polymer electrolyte membrane declines.

3. The fuel cell system according to claim 2, wherein the movement means comprises
back-pressure adjustment means for adjusting a back pressure of an oxidant gas that is
supplied to the fuel cell.

4. The fuel cell system according to claim 3, wherein the control means controls the
back-pressure adjustment means so that the back pressure of the oxidant gas increases, if
it is determined by the first determination means that the water content of the solid
polymer electrolyte membrane declines.

5. The fuel cell system according to any one of claims 2 to 4, wherein the movement
means comprises a heater that heats the fuel cell.

6. The fuel cell system according to claim 5, wherein the control means controls the
heater so that temperature of the fuel cell rises, if it is determined by the first
determination means that the water content of the solid polymer electrolyte membrane

declines.
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7. The fuel cell system according to any one of claims 1 to 6, wherein a water
permeation rate of the solid polymer electrolyte membrane is greater than or equal to
5x10™* mmol/cm*/sec.

8. The fuel cell system according to any one of claims 2 to 7,

wherein the water content detection means comprises resistance detection means for
detecting an electrical resistance of the solid polymer electrolyte membrane, and

wherein the first determination means determines that the water content of the solid
polymer electrolyte membrane declines, if the electrical resistance of the solid polymer
electrolyte membrane increases.

9. The fuel cell system according to any one of claims 2 to 7, further comprising a fuel
cell stack in which a plurality of fuel cell units are stacked,

wherein the water content detection means comprises load detection means for
detecting a fastening load of the fuel cell stack, and

wherein the first determination means determines that the water content of the solid
polymer electrolyte membrane declines, if the fastening load of the fuel cell stack
declines.

10. The fuel cell system according to any one of claims 2 to 9,

wherein the control means comprises second determination means for determining
whether or not the fuel cell is in a state of fuel lack, and

wherein the control means controls the movement means so as to move water from the
oxygen electrode to the fuel electrode, if it is determined by the second determination
means that the fuel cell is in the state of fuel lack and it is determined by the first
determination means that the water content of the solid polymer electrolyte membrane
declines.

11. The fuel cell system according to claim 10, further comprising generated voltage
detection means for detecting a generated voltage of the fuel cell,

wherein the second determination means determines that the fuel cell is in the state of
fuel lack, if the generated voltage of the fuel cell is less than or equal to a predetermined

value.
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12. The fuel cell system according to any one of claims 2 to 11, further comprising
temperature detection means for detecting temperature of the fuel cell,

wherein the control means controls the movement means so as to move water from the
oxygen electrode to the fuel electrode, if the temperature of the fuel cell is below the
water freezing point and it is determined by the first determination means that the water
content of the solid polymer electrolyte membrane declines.

13. The fuel cell system according to any one of claims 1 to 12, wherein the
water-electrolytic catalyst is added to a highly crystallized carbon in the anode catalyst
layer.

14. An operation method for a fuel cell, characterized by comprising:

detecting a water content of a solid polymer electrolyte membrane in a fuel cell that
includes, besides the solid polymer electrolyte membrane, an anode catalyst layer having
a water-electrolytic catalyst;

determining whether or not the water content of the solid polymer electrolyte
membrane declines; and

moving water from an oxygen electrode of the fuel cell to a side of a fuel electrode, if
it is determined that the water content of the solid polymer electrolyte membrane
declines.

15. The operation method for the fuel cell according to claim 14, wherein the moving
step comprises the step of increasing a back pressure of an oxidant gas.

- 16. The operation method for the fuel cell according to claim 14 or 15, wherein the
moving step cqmprises the step of raising temperature of the fuel cell.

17. The operation method for the fuel cell according to any one of claims 14 to 16, the
determining step comprises the step of determining that the water content of the solid
polymer electrolyte membrane declines, if the electrical resistance of the solid polymer
electrolyte membrane increases.

18. The operation method for the fuel cell according to any one of claims 14 to 16,
wherein the determining step comprises the step of determining that the water content of

the solid polymer electrolyte membrane.declines, if a fastening load of a fuel cell stack in
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which a plurality of fuel cells are stacked declines.

19. The operation method for the fuel cell according to any one of claims 14 to 18,
wherein the step of detecting the water content is performed if a generated voltage of the
fuel cell is less than or equal to a predetermined value.

20. The operation method for the fuel cell according to any one of claims 14 to 19,
wherein the step of detecting the water content is performed if temperature of the fuel cell
is below the water freezing point.

21. A fuel cell system comprising:

a fuel cell that includes a solid polymer electrolyte membrane, and aﬁ anode’ catalyst
layer having a water-electrolytic catalyst;

a movement portion that moves water from an oxygen electrlode of the fuel cell to a
side of a fuel electrode;

a water content detection portion that detects a water content of the solid polymer
electrolyte membrane; and

a control portion that controls the movement portion on the basis of a result of

detection of the water content detection portion.
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