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each cell through a supply manifold (13). After the amount of hydrogen needed for power generation Is consumed, gas Is

discharged as a fuel off-gas Into a discharge manifold (14), and then flows into the cell (15). This prevents impurities contained In
the fuel off-gas from being accumulated In the cells (16), and causes the impurities to be accumulated in the cell (15). Thus,
variations in the amount of power generation among the cells can be restrained in a fuel cell battery system that employs a dead-
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(57) Abstract: A fuel cell battery (2) has a structure in which a plurality of cells are stacked and in-series connected. The cells

include a cell (15), and one or more cells (16) of a cell stack (11). Hydrogen that has entered the fuel cell battery (2) from a channel
& (12)issupplied to each cell through a supply manifold (13). After the amount of hydrogen needed for power generation is consumed,
€N oas is discharged as a fuel off-gas into a discharge manifold (14), and then flows into the cell (15). This prevents impurities contained
in the fuel off-gas from being accumulated in the cells (16), and causes the impurities to be accumulated in the cell (15). Thus,

method.

variations in the amount of power generation among the cells can be restrained in a fuel cell battery system that employs a dead-end
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FUEL CELL BATTERY SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The invention relates to a fuel cell battery system and, particularly, to a fuel

cell battery system that operates a fuel cell battery while a channel of a fuel off-gas 1S

closed.

2. Description of the Related Art

[0002] A fuel cell battery has a fuel cell stack in which a plurality of cells is stacked.
Each cell is formed by, for example, stacking a membrane-electrode assembly (MEA)
and separators. The membrane-electrode assembly has an electrolyte membrane made
of an 10n exchange resin, an anode provided on one of two surfaces of the electrolyte
membrane, and a cathode provided on the other surface of the electrolyfe membrane.
Besides, each of the anode and the cathode has a catalyst layer that is disposed in contact
with the ¢lectrolyte membrane. When each electrode is supplied with a reactant gas,
electrochemical reactions occur between the electrodes, and generate electromotive force.
Specifically, the reactions occur upon hydrogen (fuel gas) contacting the anode and
okygen (oxidant gas) contacting the cathode.

[0003] In general, the cathode is supplied with air .taken In from the outside by a
compressdr. On the other hand, the anode is supplied with hydrogen stored in a
high-pressure hydrogen tank. A method of supplying hydrogen to the anode is a
dead-end method (e.g., see Published Japanese Translation of PCT application No.
2004-536436 (JP-A-2004-536436)). In this method, the System IS operated while a
hydrogen channel is closed, so that the anode is subplied with an amount of hydrogen that
corresponds to the amount of hydrogen consumed.

[0004] In the case of the dead-end type fuel cell battery system, the amount of
impurities dwelling in the channel of the fuel gas increases as time elapses. For

example, nitrogen contained in the air supplied to the cathode permeates through the
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electrolyte membrane, and is accumulated in the anode side. Since the anode-side
pressure 1s adjusted so as to be equal to a predetermined value, an increase in the amount
of nitrogen relatively reduces the partial pre'ssure of hydrogen, resulting 1n a reduced
voltagé of the fuel cell battery. Therefore, in Published JapaneseTranslation of PCT
application No. 2004-536436 (JP-A-2004-536436), a purge valve that discharges
impurities from the channel of hydrogen is provided, and the purge valve is opened so as
to recover the voltage. '

[0005] Generally, the fuel cell stack is prov.ided with a supply manifold that
distributes hydrogen to individual cells, and a discharge manifold that collectively
discharges fuel off-gas from the individual cells. Besides, the cells have pressure losses
that vary due to variations caused in manufacture. In a cell with high pressure loss,
hydrogen i1s less easily introduced into the cell from the supply manifold than 1n a cell
with‘low pressure loss. On the other hand,, the fuel off-gas discharged from the cells to
the discharge manifold is likely to be sucked into cells whose pressure loss is high.
Therefore, impurities likely to deposit in cells whose pressure loss is high, and the
voltage declines starting with such cells. This givés rise to a problem of the amount of -
electric power generation varying among cells.

[0006] In the fuel cell battery system described in Published Japanese Translation of
PCT application No. 2004-536436 (JP-A-2004-536436), the voltage of the cells disposed
at a gas outlet-side terminal end of the fuel cell stack is measured. By comparing the
thus-measured value with 'a threshold value, the timing of opening the purge valve is
determined. =~ However, Published Japanese Translation of PCT application No.
2004-536436 (JP-A-2004-536436) does not pay attention to differences in the amount of
déposit of impurities resulting from varying pressure losses of the cells, énd therefore

may fail to resolve the variations in the amount of electric power generation among the

cells.

SUMMARY OF THE INVENTION

[0007] It 1s an object of the invention to restrain the variation in the power generation
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amount among the cells in a fuel cell battery system that employs a dead-end method.

[0008] A first aspect of the invention is a fuel cell battery system which has ﬁ fuel
cell battery that includes a plurality of cells that are stacked and in-series connected, a
supply manifold that distributes a fuel gas to each of the cells, and a discharge manifold
into which a fuel off-gas is discharged from each of the cells, and which operates the fuel
cell battery in a state where the fuel off-gas substantially stagnates within the fuel cell
battery, the fuel cell battery system being characterized in

that the plurality of .cells include a first cell, and at least one second cell whosé gas
channel resistance is smaller than the gas channel resistance of the first cell, and

that r<nR, where r is the gas channel resistance of a cell whose gés channel resistance
is greatest among thé at least one second cell, and R is a value obtained by cqmbining the
gas channel resistances of the first cell and the at least one second cell, and n is a total
number of the plurality of cells (n is an integer of 2 or greater).

[0009] A second aspect of the ihvention is a fuel cell battery system which has a fuel
cell battery that includes a plurality of cells that are stacked and in-series connected, a
supbly manifold that distributes a fuel gas to each of the cells, and a discharge manifold
into which d fuel off-gas is discharged from each of the ce‘lls, and which operates the fuel
cell battery in a state where A channel of the fuel off-gas 1s closed, the fuel cell battery
system being characterized in that the plurality of cells include a first cell, and at least one
second cell whose gas channel resistance is smaller than the gas channel resistance of the
first cell, and that r<nR, where r is the gas channel resistance of a cell whose gas channel
resistance is greatest among the at least one second cell, and R is a value obtained by
combining the gas channel resistances of the first cell and the at least one second cell, and
nis a total‘ number of the plurality of cells (n is an integer of 2 or greater).

[0010] A third aspect of the invention is a fuel cell battery system which has a fuel
cell battery that includes a plurality of ce.lls that are stacked and in-series connected, a
supply manifold that distributes a fuel gas to each of the cells, and a discharge manifold
into which a fuel off-gas is discharged from each of the cells, and which operates the fuel

cell battery 1n a state where a channel of the fuel off-gas is closed, the fuel cell battery
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system being characterized in that each of the cells is provided with a cell channel located

between the supply manifold and the discharge manifold, and the plurality of cells

~1nclude a first cell having a communicating portion which connects the supply manifold

and the cell channel and whose capacity is V,, and at least one secorid cell having a
communicating portion which connects the supply manifold and the cell channel and
whose capacity is V> (Vi<V>), and that the capacity V; is determined so that a
relationship of r<nR holds, where r 1s the gas channel resistance of a cell whose gas
channel resistance is gi'eatest among the at least one second cell, and R is a value
obtained by combining the gas channel resistances of the first cell and the at leést one
second cell, and n is a total number of the plurality of cells (n is an integer of 2 or
greater). -

[0011] A fourth aspect of the invention is a fuel cell battery system which has a fuel
cell battery that includes a plurality of cells that are stacked and in-series connected, a
supply manifold that distributes a fuel gas to each of the cells, and a discharge manifold
into which a fuel off-gas 1s discharged from each of the cells, and which. operates the fuel
cell battery in a state where the fuel off-gas substantially stagnates within the fuel cell
battery, the fuel cell battery system being characterized in

that the plurality of cells include a first cell, and at least one second cell whose gas
channel resistance is smaller than the gas channel resistance of the first cell, and

that a catalyst layer of a cathode of a cell whose gas channel resistance i1s greatest
among the plurality of cells i1s different from the catalyst layers of cells other than the cell
whose gas channel resistance is the greatest.

[0012] In the first to fourth aspects of the invention, it is permissible that in the first
cell, a catalyst lay;:r of a cathode may be supported on a metal. In this case,' the catalyst
layer may be a platinum black layer, a platinum fine-particle layer or a platinum alloy
fine-particle léyer.

[0013] In the first to fourth aspects of the invention, purge means for purging the fuel
off-gas may be connected to the first cell. Particularly in the third aspect, the purge

means may be connected to the cell channel of the first cell. Besides, the fuel cell
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battery system may further include means for estimating or measuring an amount of a
component other than the fuel gas which 1s contained in the fuel oft-gas within the first
cell, and the purge means may be caused to work when the amount of the component
becomes equal to or greater than a predetermined value.

[0014] According to the first and second aspects of the invention, the cells
constituting the fuel cell battery include the first cell, and the one or more second cells
whose gas channel resistance is smaller than that of the first cell, and the relationship of
-r<nR holds, where r 1s the gas channel resistance of the cell whose gas channel resistance
1S the greatest among the second cells, and R is a value obtained by combining the gas
channel resistances of the first cell and the second cells, and n is the total number of the
plurality of cells (n 1s an integer of 2 or greater). Therefore, the fuel off-gas can be
actively caused to flow into the first cell, so that impurities can be concentrated in the
first cell. Since this prevents accumulation of impurities in the second cells, it becomes
possible to restrain variations in the amount of electric power generation among the cells. .

[0015] According (to the third aspect of the invention, the cells constituting the fuel
cell battery include the firét cell having a communicating portion which connects the
supply manifold and the cell channel and whose capacity is V,, and the one or more
second cells having a communicating portion which connects the supply manifold and the
cell channel and whose capacity 1s V> (V1<V3), and the capacity V,; is determined so that
the relationship of r<nR holds, where r is the gas channel resistance of the cell whose gas
channel resistance is the greatest among the second cells, and R is a value obtained by
combining the gas channel resistances of the first cell and the second cells, and n is the
total number of the plurality of cells (n is an integer of 2 or greater). Therefore, the fuel
off-gas can be actively caused to flow into the first cell, so that impuritiés can be
concentrated in the first cell. Since this prevents accumulation of impurities in the

second cells, it becomes possible to restrain variations in the amount of electric power

generation among the cells.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0016] The foregoing and further features and advaniages of the invention will
become apparent from the following description of example embodiments with reference
to the accompanying drawings, wherein like numerals are used to represent like elementé,
and wherein:

FIG. 1 1s a construction diagram of a fuel cell battery system in accordance with an
embodiment of the invention;

FIG. 2 1s a schematic diagram 1llustrating the flow of a gas 1n a fuel cell battery shown
in FIG. 1;

FIG. 3A 1s a schematic sectional view taken on line 3A-3A’ of FIG. 2, and FIG 3B isa
schematic sectional view taken on line 3B-3B’ of FIG. 2;

‘FIG. 4 shows an example of time-dependent changes in the cell voltage in this
embodiment;

FIGS. 5A and 5B show other examples of the flow of gas in the fuel cell battery in this
embodiment; and .

FIG. 6 1s a diagram showing an example of the relationship between the amount of

flow of gas and the pressure loss in this embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0017] A fuel cell battery system in accordance with an embodiment of the inventiqn
will be described with reference to FIGS. 1 to 6. In FIGS. 1 to 3 and FIGS. 5A and 5B,
the same reference numerals represent the same portions. ‘

- [0018) FIG. 1 is an example of a construction diagram of the fuel cell battery system
in accordance with this embodiment. This fuel cell battery system is applicable to
various uses, such as uses as a vehicle-ﬁounted type, a floor-mounted type, etc.

[0019] As shown in FIG. 1, the fuel cell battery system 1 includes a fuel cell battery
2, a compressor 3 that supplies compressed air to the fuel cell battery 2, a humidifier 4
that recovers moisture contained in an oxidizer off-gas discharged from the fuel cell
battery 2 and humidifies the air to be supplied to the fuel cell battery 2, an air pressure

regulating valve 5 that adjusts the pressure of the air supplied from the compressor 3 to
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the fuel cell battery 2, a hydrogen tank 6 that stores dry hydrogen in a high;pressurestate,
a hydrogen pressure regulating valve 7 that adjusts the préssure of hydrogen supplied
from the hydrogen tank 6 to the fuel cell battery 2, and a purge valve 8 provided on a
channel 10 of a fuel off-gas discharged from the fuel cell battery 2. By opening the
purge valve 8, the fuel oft-gas can be purged.

[0020] In the fuel cell battery system 1, the supply of hydrogen to anodes (not
shown) 1s carried out by the dead-end method. That is, when the purge valve 8 is closed,
the channel 10 of the fuel off-gas 1s shut down, so that the supply of hydrogen is carried
out only as the supply from the hydrogen tank 6. According to this dead-end method,
the hydrogen supplied “is entirely consumed by the reactions that occur in the fuel cell
battery 2. Then, only the same amount of hydrogen as the amount consumed is newly
supplied to the anodes.

[0021] Incidentally, the fuel gas supplied to the anodes is not limited to hydrogen.
For example, as a hydrogen source to bé supplied to the anodes, it is possible to utilize a
reformed gas generated by the reforming reaction of a hydrocarbon-based compound.
The hydrocarbon-based compound used in this case may be a natural gas containing
methane as a main component, an alcohol such as methanol or the like, gasoline, or the
like. Then, in accordance with the kind of the hydrocarbon-based compound used, a
catalyst and a temperature suitable to the reforming reaction are selected. In this manner,
a hydrogen-rich reformed gas containing hydrogen, carbon dioxide and water is
generated.

[0022] FIG. 2 is a schematic illustration 0f the flow of gas in the fuel cell battery 2
shown in FIG. 1. Arrows show the directions of flow of gas.

[0023] In FIG 2, the fuel cell battery 2 has a stack structure in which a plurality of
cells are stacked and in-series connected. The plurality of cells include a cell 15 and a
cell stack 11. The cell 15 may be regarded as a first cell in the inventioh, ’and 1S one cell
In this embodiment. On the other hand, the cell stack 11 is formed by stacking a
plurality of cells 16 of the same kind. Herein,.the cells of the same kind are cells of the

same shape, and include cells that have differences in the pressure loss caused by the
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pressure loss variations originating from the manufacture thereof. Besides, each of the
cells 16 may be regarded as a second cell in the invention. The total number of the cells
16 merely needs to be one or more, and is not limited by the example of FIG. 2.

[0024] The hydrogen that has entered the fuel cell battery 2 from a channel 12 is

supplied to each cell through a supply manifold 13. After the amount of hydrogen

needed for the electric power generation is consumed, the resultant gas is discharged as

fuel off-gas from the cells into a discharge manifold 14.

[0025] In the embodiment, the fuel off-gas discharged into the discharge manifold is
actively caused to flow into a specific cell. The example shown in FIG. 2 is constructed
so that the fuel off-gas discharged from the cells 16 flows into the cell 15 that is loéated at
the fuel off-gas outlet-side end. This construction can prevent impurities, such as
nitrogen and the like, contained in the fuel oft-gas, from being accumulated in the cells
16, and can cause the impurities to be accumulated in thé cell 15.

[0026] FIG. 3Ais a schemat'ic.sectional view taken on 3A-3A’ of FIG. 2, showing an
arbitrary one of the cells 16. '

[0027] In FIG. 3A, hydrogen introduced from the supply manifold 13 passes through

a communicating portion 17 whose capacity is V;, and is supplied to an anode 19 via a

cell channel 18. After a necessary amount of hydrogen is consumed on the anode 19,

hydrogen, together with ifnpurities, such as nitrogen and the like, passes through a
communicating portion 20, and 1s dischargéd into the discharge manifold 14.

[0028] In FIG 3A, reference numeral 21 represents an air supply manifold, and 22
represents a cooling water supply manifold, and 23 represents an air discharge manifold,
and 24 represents cooling water discharge manifold. Hdwever, in this embodiment, the
positions of the manifo'lds for supplying or discharging hydrogen, air and cooling waters
are not limited to those shown 1n this drawing.

[0029j FIG. 3B is a schematic sectional view of the cell 15 taken on line 3B-3B of
FIG. 2. The same reference numerals as in FIG. 3A represent the same portions.

[0030] In FIG. 3B, hydrogen introduced from the supply manifold 13 passes through

a communicating portion 25, and is supplied to the anode 19 via the cell channel 18. It
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1S to be noted herein that the communicating portion 25 has a capacity of V,(V,<V>), that

- is, the structure thereof has a smaller capacity, more specifically, the structure thereof has

a smaller sectional area, than the structure of the communicating portion 17 shown in FIG.
3A. Therefore, the amount of hydrogen that flows into the cell channel 18 is smaller in
the cell 15 shown in FIG. 3B than in the cell 16 shoWn in FIG. 3A.

[0031] After a necessary amount of hydrogen is consumed on the anode 19, the fuel
off-gas 1s discharged into the discharge manifold 14 through the communicating portion
20. It 1s to be noted herein that in the cell 15, since the capacity of the commu'nicating
portion 25 1s relatively small, fhe amount of flow of hydrogen into the cell channel 18 is '
also relatively small, so that the ﬂow velocity of the fuel off-gas discharged into the
discharge manifold 14 becomes slower in the cell 15 than that in the cell 16. Therefore,
the fuel off-gas discharged from the cell 16 into the discharge manifold 14 flows into the
cell channel 18 of the cell 15 through the .communicating portion 20 of the cell 15.
Therefore, it becomes possible to prevent impurities, such as nitrogen and the like,
contained In the fuel off-gas from being accumulated in the cells 16, and cause the
impurities to be accumulated in ihe cell 15. This will. be further described below.

[0032] The pressure loss of a cell can be found by measﬁring the pressure difference
between the supply manifold and the discharge manifold. Thén, since pressure loss 1s
proportional to current density, the supply of hydrogen to the anode is considered to be
caused not by diffusion but by formation of a field of flow.

[0033] The pressure losses of the cells vary due to the variations originating from the
manufacture. In cells whose pressure loss i1s high, hydrogen is less likely to be
introduced into the cells from the supply manifold than in cells whose pressure loss is low.
On the other hand, the fuel off-gas discharged into the discharge manifold is likely to be
sucked into cells whose pressure loss is high. Therefore, in the related-art fuel cell
batteries, impurities are likely to deposit in Cells whose pressure loss is high. In this
embodiment, howe?er, a cell having higher pressure loss than other cells is intentionally
provided, and a construction is provided which causes the fuel off-gas discharged from

the other cells to flow into the cell whose pressure loss is high.
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[0034] In the example of FIG. 3B, the pressure loss of the cell 15 1s made higher than
the pressure loss of the cell 16 by making the capacity of the communicating portioh 25
smaller. In the cell 15, since the amount of flow of hydrogen from the supply manifold
13 1s small, gas is sucked in from the discharge manifold 14 as well. Specifically, since
the fuel off-gas discharged from the cell 16 flows into the cell-15, it 1S possible to prevent
impurities from being accumulated in the cells 1'6 and cahse impurities to be accumulated
in the cell 15.

[0035] The pressure loss of the cell 15 needs to be higher than the highest value of
the pfessure losses of the cells 16. That i1s, a feature of this embodiment is the
intentional provision o’f a cell whose pressure loss is not within the range of vanations of
the pressure loss resulting from the causes related to the manufacture, but 1s a high
pressure loss above the range. Therefore, since impurities can be actively accumulated
in cells whose pressure loss is high, this embodiment makes 1t possible to prevent the
accumulation of impurities in cells and restrain the decline in the cell voltage even if the
cells, when employed in related-art fuel cell batteries, are likely to accumulate impurities.

[0036] FIG. 4 shows results of measurement of time-depéndent changes in the cell
voltage in a fuel cell battery shown in FIGS. 5A and 5B. This fuel cell battery 1is
substantially the same in structure as the fuel cell battery shown in FIG. 2, but is different
therefrom in the manner of connection of the piping to the fuel cell battery. Incidentally,
in FIGS. 5A and 5B, reference numeral 26 represents a purge valve for purging the fﬁel
off-gas. ‘

[0037]  Firstly, as shown in FiG. 5A, the valve 27 was Opené:d to let hydrogen to flow
into the cells via both the supply manifold 13 and the discharge manifold 14
(MeaSurement a). Then, declines in the voltage of each cell in accordance with the
elapse bf time were observed as shown in FIG. 4. This is considered to be because the
inflow of hydrogen via thé discharge manifold 14 prevented impurities from being
discharged but caused impurities to be accumulated in each cell. In FIG. 4, cells (1) to
(4) have substantially the same structure as shown In FIC; 3A, and a cell (5) has

substantially the same structure as shown in FIG. 3B.
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{0038] ' Next, as shown in FIG. 5B, the valve 27 was closed to cause hydrogen to flow
into the cells only via the supply manifold 13 (Measurement b). In consequence,
decline 1n the voltage was observed 1n the cell (5) whose communication portion capacity
was small, but was hardly observed in the other cells (1) to (4), as shown in FIG. 4. This
made it clear that impurities were accumulated in the cell (5) while the accumulation of
impurities was restrained in the other cells (1) to (4).

[0039] Next, the capacity of the communicating portion 25 of the cell 15 will be
considered on the basis of the gas channel resistances of the cell 15 and the cells 16.

[0040] In this embodiment, the capacity of the communicating portion 25 of the cell
15 1s determined so that the relationship of r<nR holds, where r is the gas channel
resistance of the cell whose gas channel resistance is the greatest among all the c.ells
excluding.the cell 15, that 1s, among the at least one cell 16 constituting the cell stack 11,
and R 1s the value obtained by combining the gas channel rc::sistances of all the cells
including the cell 15, and n is the total number of the cells (n is an integer of 2 or greatcr).'
In this inequality, R=1/(1/r1+1/r2+1/13+ ... +1/ry).

[0041] FIG 6 shows an example of the relationship between the amount of flow of
gas and the pressure loss 1n cells. In this drawing, cells (6) to (10) have substantially the
same structure as shown in FIG. 3A, and a cell (11) has substantially the same structure as
shown in FIG 3B. Besides, the slope of the straight line of the stacked cells can be
obtained by multiplying a value R obtained by combining the gas channel resistances of
the cells (6) to (11) by the total number of cells n. In this case shown in FIG. 6, n=6.
In this case, R=1/(1/r6+1/r%+ 1/rg+1/r9+1/r10+1/11y), where the I, I'7, Ig, I'9, T1o and rq; are the
gas channel resistances of the cells (6) to (11), respectively.

[0042] From FIG. 6, rs<re<r;<ro<rio<ny, so that, of these cells (6) to (10), the cell
(10) has the greatest gas channel resistance. Therefore, the gas channel resistance ryo of
the cell (10) corresponds to the aforementioned value r. Therefore, the capacity of the
communicating portion of the cell (11) is determined so that the relationship of r<nR

holds.

[0043] In this embodiment, for the cathode of the cell 15, it is permissible to use a



10

15

20

25

CA 02666675 2009-01-21

WO 2008/017942 PCT/IB2007/002304
12

catalyst layer that is resistant to the degradation caused by the lack of hydrogen or the
abnormal electric potential, concretely, a catalyst layer that is not of the carbon support
fype. A reason for this 1s as folloWs. -

[0044] In this embodiment, the fuel off-gas is caused to flow into the cell 15, so as to
cause impurities to be éccumulatcd In the cell 15. Therefore, the cell 15 reaches a state
of low hydrogen concentration and high nitrogen concentration. In the case where

carbon 1s used 1n the catalyst layer, if the anode reaches a hydrogen-lack state at normal

temperature, the reaction between carbon and water (C+2H,0—CO,+4H"+4¢’) proceeds,

'so that oxidization of carbon occurs on the cathode. Besides, if the nitrogen

concentration becomes high, the electric potential rises on the cathode side and the anode
side, so that the oxidation of carbon is likely to occur as in the foregoing case. Such
reactions can be prevented by the use of a catalyst layer that is not of the carbon support
type, so that the degradation of the cell 15 can be restrained. Examples of the catalyst
layer that is not of the carbon support type include a platinum black layer, a platinum
fine-article layer, a platinum alloy fine-particle layer, etc.

[0045] Incidentally, if a cathode catalyst layer that is not of the carbon support type
1s used in all the cells, declined electric power generation efficiency of the fuel cell
battery will result since the .performance as a catalyst declines. If a catalyst layer that is
not of the carbon support type is used only in the cells that are actively caused to
accumulate impurities and a catalyst layer that is of the carbon support type is used in the
other cells, decline of the power generation performance of the other cells can be
prevented, and the electric power generation performance of the whole fuel cell battery
can be improvéd.

[0046] Furthérmore, In this embodiment, purge means for purging the fuel off—gas'
may be connected to a cell that accumulates'impurities. For example, as shown in FIGS.
2 and 3B, the channel 10 for purging the fuel off-gas may be connected to the cell .
channel 18 of the cell 15, and the purge valve 8 may be provided on the channel 10.
Since the fuel off-gas dischérged from the cells 16 flows into the cell 15, the impurities

contained in the fuel off-gas gradually concentrate in the cell 15. If the fuel off-gas can
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be purged from the cell 15 by Opening the purge valve 8, the impurities can be efficiently
discharged to the outside. Incidentally, in the cell 15, since gas flows in from the
communicati'ng portion 20 ponnected to the discharge manifold 14, purge is not impeded
even if the capacity of the communicating portion 25 connected to the supply manifold
13 1s small. '

[0047] Furthermore, in this embodiment, means for estimating or measuring the
amount of impurities in the cell 15 may be provided, and the purge means may be caused
to work when the amount of impurities becomes equal to or greater than a predetermined
value. In the embodiment, since impurities concentrate in the cell 15, the use of the
amount of impurities in the cell 15 as a reference value will allow the purge to be
performed at appropriate timing. The impurities may be defined as compdnents other
than the fuel gas which are conta'ined in the fuel off-gas. Concretely, the impurities are
nitrogen, water, carbon dioxide, etc., and the amount of at least one of these components
IS estimated or measured.

[0048] For example, the time-dependent change in the amount of deposit of
impurities may be grasped beforehand, and the purge valve 8 may be opened to perform
the purge at every elapsé of a predetennined time. - Furthermore, the voltage of the cell
15 may be measured, and the purge valve 8 may be opened when the measured value
becomes equal to or less than a predetermined value. Furthermore, the voltage of the
cell 15 and the voltage of the cells 16 may be measured, and the purge valve 8 may be
opened when the voltage difference. therebetween becomes equal to or greater than a
predetermined value. '

[0049] As described above, in this embodiment, the fuel off-gas is actively caused to
flow from the discharge manifold into a specific cell so that the impurities concentrate in
this cell. This can prevent accumulation of the impurities in the other cells, and
therefore can restrain variations in the amount of power generation from one cell to
another. Specifically, 1t 1s possible to restrain variations in the amount bf deposit of the
impurities among thé$cells due to the different pressure iosses resulting from causes in the

manufacture and therefore restrain variations in the amount of electric power generation.
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[0050] In this embodiment, the voltage of the cell into which the fuel off-gas flows
declines as time elapses. However, since the decline of the voltage of the other cells 1s
restrained, the electric power generation characteristic can be improved in view of the
fuel cell battery as a whole. |

[0051] In this embodiment, if the timing of the purge i1s determined while the cell
into which the fuel off-gas flows is regarded as a reference, it becomes possible to
perform the purge at appropriate timing in the entire fuel cell battery. Specifically, in
the related-art fuel cell batteries, since the cell voltage declining tendency is different due
to different pressure losses, the optimum purge timing 1s different for each cell.
Therefore, it is difficult to perform the purge at appropriate timing in the entire fuel cell
battery. However, according to the embodiment, since the decline of the cell voltége
occurs mainly 1n the cell into which the fuel off-gas tlows, 1t suffices that the cell into
which the fuel off-gas flows be considered as a reference.

[0052] It is to be underst.ood that the invention is not limited to the foregoing
embodiment, but may be modified In various manners without departing from the spirit
of the invention.

[0053] For example, in the foregoing embodiment, the cell located at the fuel off-gas
outlet-side terminal end is caused to accumulate the impurities. However, this does not
limit the invention, and a cell located at a position other than the outlet-side terminal end
may also be caused to accumulate the impurities. However, in the case where purge
means 1S provided, if the cell located at the outlet-side terminal end is caused to
accumulate the impurities, the connection of the piping 1s facilitated, and the purge can be
efficiently performed.

[0054] Furthermore, although in the embodiment, a cell whose pressure loss is high
is created by making small the capacity of the communicating portion, this does not limit
the invention. For example, a cell whose pressure loss 1s high can be also created by
increasing the channel length of the fuel gas in the cell. Specifically, the invention
achieves substantially the same effects as those achieved by the foregoing embodiments

if the fuel cell battery system which has a fuel cell battery that includes a plurality of cells



10

15

20

20

CA 02666675 2009-01-21

WO 2008/017942 PCT/IB2007/002304

13

stacked and in-series connected, a supply manifold that distributes the fuel gas to each of
the cells, and a discharge manifold into which the fuel off-gas 1s discharged from each of
the cells, and which operates the fuel cell battery in a state where a channel of the fuel
off-gas 1s closed has the following features: the plurality of cells include a first cell, and
at least one second cell whose gas channel resistance is smaller than the gas channel
resistance of the first cell; and a relationship of r<nR holds, where r is the gas channel
resistance of the cell whose gas channel resistance is the greatest among the at least one
second cell, and R 1s a value obtained by combining the gas channel resistances of the
first cell and the at least one second cell, and n is the total number of the cells (n is an
integer of 2 or greater).

[00535] Furthermore, the cell channel in the invention may be a poroué body channel,
or may also be a groove channel. For example, in a cell formed by stacking a
membrane-electrode assembly, diffusion layers, porous body channels and sepatators, the

porous body channels may be provided between the separators and the diffusion layers,

and the fuel gas may be supplied from the porous body channel to the catalyst layers.

Besides, a separator may be provided with a groove, and the fuel gas may be supplied
through the groove. Furthermore, it is also permissible that only the cell whose pressure
loss 1s high be provided with a porous body channel, and the other cells be provided with
a groove channel. l

[0056] Although, in the foregoing embodiment, the dead-end operation with the

discharge valve completely closed is a basic operation of the fuel cell battery system, a

continuously small-amount discharge operation with a slight Opening of the discharge
valve may 1nstead be set as a basic operation. The continuously small-amount discharge-
operation is an operation in whfch the fuel gas stagnates within the fuel cell battery
substantially in the. same manner as in thé dead-end operation, and the opening of the
discharge valve is adjusted so that the amount of flow of the fuel off-gas discharged out
of the system becomes equal to a value that is very small as compared with the amount of
the fuel gas consumed in the fuel cell battery. According to this continuous

small-amount discharge operation, since the impurities dwelling in the fuel off-gas
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discharge manifold can be gradually discharged and the transportation of the impurities
from the anode gas channel to the fuel off-gas discharge manifold can be sustained, it
becomes possible to keep low the concentration of the impurities in the anode gas

-éhanneL



CA 02666675 2011-07-06

17

WHAT IS CLAIMED IS:

1. A fuel cell battery system, comprising:
a fuel cell battery comprising:

a plurality of cells stacked and in-series connected:;

a supply manifold that distributes a fuel gas to each of the cells; and a
discharge manifold into which the fuel off-gas is discharged from each of
the cells, wherein each of the cells is provided with a cell channel
located between the supply manifold and the discharge manifold, and
the plurality of cells include a first cell having a communicating portion
which connects the supply manifold and the cell channel and whose
capacity cross sectional area is V4, and at least one second cell having
a communicating portion which connects the supply manifold and the

cell channel and whose cross sectional area capacity is V, (V1<V5).

2. The fuel cell battery system according to claim 1, wherein the cross sectional area
capacity V4 is determined so that a relationship of r<nR holds, where r is the gas
channel resistance of a cell whose gas channel resistance is greatest among the at
least one second cell, and R is a value obtained by combining the gas channel
resistances of the first cell and the at least one second cell, and n is a total number

of the plurality of cells and n is an integer of 2 or greater.

3. The fuel cell battery system according to claim 1 or 2, wherein in the first cell, a

catalyst layer of a cathode is supported on a metal.

4. The fuel cell battery system according to claim 3, wherein the catalyst layer of the

cathode of the first cell is a platinum black layer, a platinum fine-particle layer or a
platinum alloy fine-particle layer.



CA 02666675 2011-07-06

18

9. The fuel cell battery system according to claim 1 or 2, wherein a catalyst layer of a
cathode of the first cell is a platinum black layer, a platinum particle layer or a
platinum alloy particle layer.

6. The fuel cell battery system according to any one of claims 1 to 5, further

comprising a purge device connected to the first cell that purges the fuel off-gas.

/. The fuel cell battery system according to claim 6, further comprising an estimating
or measuring device that estimates or measures an amount of a component other
than the fuel gas which is contained in the fuel off-gas within the first cell, wherein
the purge device is caused to work when the amount of the component becomes

equal to or greater than a predetermined value.
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