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(57) Abrege(suite)/Abstract(continued):
an anode gas supply unit for supplying anode gas to the fuel cell stack. WWhen pressure-supplying impurity gas in the fuel cell stack

to the buffer tank while pulsating a supply pressure by the anode gas supply unit, an activation control is executed by changing, by
the anode gas supply unit, at least one of a pulsative pressure and a pulsative cycle of anode gas supply according to impurity gas

concentration in the buffer tank. According to the system, it Is possible to get adequate hydrogen gas concentration in a fuel cell
stack and to remove impurity at its activation.
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ABSTRACT

An anode gas non-recirculation type fuel cell system includes a fuel cell, a buffer
tank for purging impurity gas included in anode off-gas from the fuel cell stack, an
impurity gas concentration detector for detecting impurity gas concentration in the buffer
tank, and an anode gas supply unit for supplying anode gas to the fuel cell stack. When
pressure-supplying impurity gas in the fuel cell stack to the buffer tank while pulsating a
supply pressure by the anode gas supply unit, an activation control is executed by
changing, by the anode gas supply unit, at least one of a pulsative pressure and a
pulsative cycle of anode gas supply according to impurity gas concentration in the buifer
tank. According to the system, it is possible to get adequate hydrogen gas concentration

in a fuel cell stack and to remove impurity at its activation.
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1
DESCRIPTION

FUEL CELL SYSTEM AND OPERATING METHOD THEREOF

TECHNICAL FIELD
[0001]

The present invention relates to an anode gas non-recirculation type fuel cell

system, and to an operating method thereot.

BACKGROUND ART
[0002]

A prior art anode gas non-recirculation type fuel cell system disclosed in a
Patent Literature 1 listed below includes a fuel cell stack configured by stacking plural
fuel cells, and includes a hydrogen tank, a supply cutoff valve and a regulation valve as
an anode gas supply system to the fuel cell stack. In addition, 1t also includes a

reservoir tank (buffer tank) and a discharge cutoff valve (purge valve) as an anode gas

exhaust system.

[0003]

In the above fuel cell system, set are a first control condition in which an
amount of anode gas supplied to the fuel cell stack is small and a second control
condition in which an amount of anode gas supplied to the fuel cell stack is large, and a
supply pressure of anode gas is pulsated by repeating the first and second control
conditions. As a result, accumulation of impurities in some of the fuel cells is prevented,

and anode exhaust gas is exhausted to the reservoir tank.

CITATION LIST
PATENT LITERATURE

[0004]
Patent Literature 1: Japanese Patent Application Laid-Open No. 2008-97966
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SUMMARY OF INVENTION
[0005]

Generally, in an anode gas non-recirculation type fuel cell system, a large
amount of impurity gas (mostly, nitrogen gas) tends to stay in a fuel cell stack when the
system is deactivated for a long time. When the fuel cell system is activated in a state
where a large amount of impurity gas (mostly, nitrogen gas) stays in a fuel cell stack,
this residual impurity gas in the fuel cell stack is replaced with hydrogen gas and then
exhausted to a buffer tank, and thereby concentration of the residual impurity gas
(nitrogen gas) in the buffer tank increases.

[0006]

Therefore, if a supply pressure of anode gas is pulsated when activating the
system, the high-concentration residual impurity gas (nitrogen gas) may flow reversely
from the buffer tank to the fuel cell stack. As a result, hydrogen partial pressure may
become insufficient on an anode-gas exhaust-side of an active area (power generation
area) of the fuel cell stack, and thereby electrical voltage of the fuel cell may reduce or,
in the worst case, the fuel cell may become degraded.

[0007]

An object of the present invention provides an operating method of a fuel cell

system that can get adequate concentration of hydrogen gas in a fuel cell stack and

remove impurity gas when activating an anode gas non-recirculation type fuel cell

system.

[0008]

A first aspect of the present invention provides an anode gas non-recirculation
type fuel cell system, comprising: a fuel cell stack constituted by stacking a plurality of
fuel cells; a buffer tank for discharging, to an outside, impurity gas included in anode
off-gas exhausted from the fuel cell stack; an impurity gas concentration detector for

detecting concentration of impurity gas in the buffer tank; and an anode gas supply unit
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for supplying anode gas to the fuel cell stack, wherein, when pressure-supplying
impurity gas in the fuel cell stack to the buffer tank while pulsating a supply pressure by
the anode gas supply unit, an activation control 1s executed by changing, by the anode
gas supply unit, at least one of a pulsative pressure and a pulsative cycle of anode gas
5  supply according to concentration of impurity gas in the buffer tank detected by the
impurity gas concentration detector. In particular embodiments, the anode gas supply unit

sets the pulsative pressure smaller or sets the pulsative cycle longer, during the activation

control, when the concentration of impurity gas is high than when the concentration of
tmpurity gas is low.

0 100097

A second aspect of the present invention provides an operating methbd of an
anode gas non-recirculation type fuel cell system that includes a fuel cell stack
constituted by stacking a plurality of fuel cells and a buffer tank for discharging, to an
outside, impurity gas included in anode off-gas exhausted from the fuel cell stack, and

15 has a configuration for pressure-supplying impurity gas in the fuel cell stack to the
buffer tank by pulsating a supply pressure of anode gas to the fuel cell stack, the fuel
cell system further including an impurity gas concentration detector for detecting
concentration of impurity gas in the buffer tank, the method comprising: executing an
activation control for changing at least one of a pulsative pressure and a pulsative cycle

20 of anode gas being supplied to the fuel cell stack according to concentration of impurity

gas in the buffer tank detected by the impurity gas concentration detector. In particular
embodiments, the method further comprises setting the pulsative pressure smaller or

setting the pulsative cycle longer, during the activation control, when the concentration of

impurity gas is high than when the concentration of impurity gas 1s low.
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'BRIEF DESCRIPTION OF DRAWINGS
(0010]
[Fig. 1] It is a configuration diagram of an anode gas non-recirculation type fuel cell

system according to an embodiment.

[Fig. 2] Itis an exploded plan view of a fuel cell.

[Fig. 3] It 1s a plan view of the fuel cell.

[Fig. 4] It is a flowchart showing an operating method of a fuel cell system according
to an embodiment.

[Fig. 5] It is a graph showing variability over time of concentration of nitrogen gas in
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an anode flow passage.

[Fig. 6] It is a reference map for retrieving a pulsative pressure.

[Fig. 7] It is a compensation map for retrieving the pulsative pressure.

[Fig. 8] It is a map for retrieving a pulsative cycle.

[Fig. 9] (a) is a graph showing relation between time and anode gas supply pressure, (b)
is a graph showing relation between time and stack temperature, (c) 1s a graph showing
relation between time and concentration of nitrogen gas in a bufter tank, and (d) 1s a
oraph showing relation between time and concentration of nitrogen gas in a fuel cell
stack, in a pulsative pressure control.

[Fig. 10] () is a graph showing relation between time and anode gas supply pressure,
(b) is a graph showing relation between time and stack temperature, (¢) is a graph
showing relation between time and concentration of nitrogen gas in a buffer tank, and
(d) is a graph showing relation between time and concentration of nitrogen gas in a fuel
cell stack, in a pulsative cycle control.

[Fig. 11] () is a graph showing relation between time and anode gas supply pressure,
(b) is a graph showing relation between time and stack temperature, (c) 1s a graph
showing relation between time and concentration of nitrogen gas in a bufler tank, and
(d) is a graph showing relation between time and concentration of nitrogen gas in a fuel
cell stack, in another pulsative pressure control.

[Fig. 12] (a) is a graph showing relation between time and anode gas supply pressure,
(b) is a graph showing relation between time and stack temperature, (c) 1s a graph
showing relation between time and concentration of nitrogen gas in a buffer tank, and
(d) is a graph showing relation between time and concentration of nitrogen gas in a fuel
cell stack, in another pulsative cycle control.

[Fig. 13] (a) is a graph showing relation between time and anode gas supply pressure,
(b) is a graph showing relation between time and stack temperature, (c) is a graph
showing relation between time and amount of water generated in a fuel cell, and (d) is a

graph showing relation between time and amount of water generated 1n an anode flow
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passage, in a normal pulsation control according to generated water.

DESCRIPTION OF EMBODIMENTS
[0011]

Fig. 1 shows a fuel cell system to which an operating method of a fuel cell
system according to an embodiment can be applied. This fuel cell system 1s an anode
gas non-recirculation type in which anode gas flows on a one-way path from a supply

side to an exhaust side.

(0012]

The fuel cell includes a fuel cell stack FS constituted by stacking plural fuel
cells (units) FC. In addition, cathode gas (oxidant gas: air) supply passage 31 and
exhaust passage 32, anode gas (fuel gas: hydrogen gas) supply passage 33 and exhaust
passage 34, and a coolant recirculation passage 35 are connected to the fuel cell stack
FS.

10013]

As shown in Figs. 2 and 3, the fuel cell stack FS includes a membrane
electrode structure 2 provided with a frame 1 around itself, and two separators 3 that
sandwiches the frame 1 and the membrane electrode structure 2.

[0014]
The frame 1 is integrated with the membrane electrode structure 2 by resin
molding (e.g. injection molding), and has a rectangular shape at whose center the

membrane electrode structure 2 is disposed in the present embodiment. In addition,
three manifold holes H1 to H6 are formed on each of both sides of the frame 1. Areas

between the manifold holes the membrane electrode structure 2 are diffuser sections D

explained later.

[0015]

The membrane electrode structure 2 is generally called as an MEA (Membrane

Electrode Assembly), and has a structure in which an electrolyte layer made of sohd
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polymer is sandwiched by a fuel electrode layer (anode) and an oxidant electrode layer

(cathode) for example.
10016]

Each of the separators 3 has a rectangular shape with longitudinal and vertical
dimensions almost identical to those of the frame 1, and forms cathode gas flow
passages and anode gas flow passages at an area intermediately formed with the frame 1
and the membrane electrode structure 2. The separator 3 is formed by press-forming a
sheet metal such as a stainless sheet, and its center portion corresponding to the
membrane electrode structure 2 is formed so as to have a waved shape 1n a cross-
sectional plane along its short side. This waved shape 1s formed continuously along its
long side, and its internally convex portions are contacted with the membrane electrode
structure 2 and its concave portions form the gas flow passages.

[0017]

In addition, manifold holes H1 to H6 similar to the manifold holes H1 to H6 of
the frame 1 are formed on both sides of the separator 3. Areas between the manifold
holes and the cross-sectional wave-shaped portion are diffuser sections explained later.
[0018]

The fuel cell FC is made by laminating the frame 1 and the membrane
electrode structure 2, and a paif of the separators 3. As shown in Fig. 3, the fuel cell FC

has, at its center, a power section G corresponding to an area of the membrane electrode

structure 2. On each of both sides of the power section G, a manifold section M for
supplying or exhausting of reactant gas and the diffuser section D between the manifold

section M and the power section G are provided.
[0019]

When the plural fuel cells FC are stacked, the manifold holes H1 to H6 form
flow passages along a stacking direction. In one of the manifold sections M on the left
side in Fig. 3, the manifold holes H1 form a cathode gas supply flow passage, the

manifold holes H2 form a coolant supply passage, and the manifold holes H3 form an
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anode gas supply passage. And in another of the manifold sections M on the right side

1in Fig. 3, the manifold holes H4 form an anode gas exhaust flow passage, the manifold

holes HS form a coolant discharge passage, and the mantfold holes H6 form a cathode
gas exhaust passage. Note that all or some of the supply passages and the

5  exhaust/discharge passages may be arranged reversely.

[0020]

The above-explained plural fuel cells FC are stacked as shown in Fig. 1 and
end plates E are attached both ends thereof to constitute the fuel cell stack FS. Here, in
the fuel cell stack FS, the stacked fuel cells FC are pressed by an elastic member

10 attached to one of the end plates E toward another of the end plates E along the stacking
direction, and thereby a contact surface pressure is applied to the fuel cells FC to keep

gas sealing characteristics and electrical conduction characteristics well.

[0021]

In the fuel cell system including the above-explained fuel cell stack FS, an air

15  supply unit 36 such as a compressor and a humidifier 37 for humidifying supplied air
from the air supply unit 36 are provided on the cathode gas supply passage 31. In
addition, the cathode gas exhaust passage 32 supplies, to the humidifier 37, water vapor
included in cathode gas exhausted from the fuel cell stack FS (cathode off-gas), and
releases the cathode off-gas to the atmosphere via the back pressure regulation valve 38

20  at a downstream of the humidifier 37.

[0022]
The anode gas supply passage 33 is extended from a hydrogen tank 39 to the

fuel cell stack IS, and a hydrogen regulation valve 40 and a hydrogen pressure sensor
41 are provided on 1ts route. Here, the hydrogen tank 39, the anode gas supply passage
25 33, the hydrogen regulation valve 40 and the hydrogen pressure sensor 41 function as an

anode gas supply unit for supplying anode gas (hydrogen gas) to the fuel cell stack FS.

In addition, the anode gas exhaust passage 34 1s extended from the fuel cell stack FS

to a buffer tank 42. Since anode gas exhausted from the fuel cell stack FS (anode off-
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gas) includes impurity gas such as nitrogen gas and water vapor, the anode off-gas is

exhausted to the buffer tank 42 through the anode gas exhaust passage 34.
10023]

The buffer tank 42 includes a level sensor 43 for detecting an amount of water
5  accumulated 1 its inside, a drain valve 44 for draming the water to its outside, and a

nitrogen purge valve 45 for releasing nitrogen gas to the atmosphere.

[0024]

The coolant recirculation passage 35 recirculates coolant that 1s cooled at a

radiator 46. A recirculation pump 47 and a three-way valve 49 are provided on the

10  coolant recirculation passage 35. A bypass passage 48 bypassing the radiator 46 is
connected to the coolant recirculation passage 35, the three-way valve 49 1s located on a
connecting point of an upstream end of the bypass passage 48 and the recirculation
passage 35. In addition, the fuel cell stack FS 1s provided with a stack temperature
detector (temperature sensor) S50 for detecting. its internal temperature (stack

15  temperature).

[0025]

Further, the fuel cell system includes a controller 51 for controlling the air
supply unit 36, the hydrogen regulation valve 40, the drain valve 44, the nitrogen purge
valve 45, the recirculation pump 47, the three-way valve 49 and so on.

20 [0026]

Control programs for various devices are stored in the controller 51, and the
controller 51 includes an activation control unit 52 for executing the operating method
according to the present embodiment, and a timer 53 for measuring deactivation time of
the system. In addition, detection signals from the hydrogen pressure sensor 41, the

25  level sensor 43 and the stack temperature detector 50, current value of the fuel cell stack
FS, current value of each of the fuel cells FC and so on are input to the controller 51.
(0027]

The activation control unit 52 stores data indicating relation between stack
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temperature and a impurity gas yield, supply pressure map for anode gas and so on. The
supply pressure map is a reference map for setting anode gas supply pressure adequately
according to temperature and load of the fuel cell stack FS.
10028]

Here, an operational temperature range of the fuel cell stack FS is envisioned
as -20 to 80°C in view of operational temperature (about 80°C) of the fuel cell stack FS
and a long-time deactivation state below 0°C. Concentration of nitrogen gas can be

detected by extrapolation based on the stack temperature.

[0029]

The activation control unit 52 of the controller 51 has a function for detecting
concentration of nitrogen gas in the buffer tank 42 or in the fuel cell stack FS by
extrapolation, and thereby functions as an impurity gas concentration detector. Namely,
the activation control unit 52 detects concentration of nitrogen gas by extrapolation by
utilizing various data preliminarly stored.

10030]

[n the operating method of the fuel cell system according to the present
embodiment, an activation control is executed by using the function of the activation
control unit 52 for detecting concentration of nitrogen gas. In the activation control, at

least one of a pulsative pressure AP or pulsative cycle AT of anode gas is varied based

on the stack temperature.
[0031]

Here, the pulsative pressure AP is a difference between an upper limit pressure
and a lower limit pressure of pulsation (see Fig. 9(a)). Therefore, setting of the

pulsative pressure AP is identical to setting of the upper limit pressure and the lower
limit pressure. And, the pulsative cycle AT may be time for keeping the upper limit

pressure (see Fig. 10(a)), or time of one pitch composed of the upper limit pressure and

the lower limit pressure.

(0032]
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Specifically, when the stack temperature detected by the stack temperature

detector 50 is lower than preset temperature Ts, an activation control for making the
pulsative pressure AP smaller than that in a normal pulsation control and/or an
activation control for making the pulsative cycle AT longer than that in a normal

pulsation control are/is executed.

10033]

Further, when deactivation time measured by the timer 53 is equal-to or longer-
than preset time ts, an activation control for making the pulsative pressure AP smaller
than that in a normal pulsation control and/or an activation control for making the
pulsative cycle AT longer than that in a normal pulsation control are/is executed 1n
addition to the above control. Note that, as a matter of course, it is possible to control
both of the pulsative pressure AP and the pulsative cycle AT.

[0034]

The operating method of the fuel cell system according to the present
embodiment will be explained with reference to a flowchart shown in Fig. 4. The
present embodiment can adequately address inconvenience at activation under a
condition where a residual amount of impurity gas in the fuel cell stack FS 1s large.
Namely, the present embodiment can adequately address a reverse flow of impurity gas
caused by supply pressure pulsation of anode gas at activation after long-time
deactivation in a low-temperature environment. Therefore, judgment of deactivation

time is firstly made.

[0035]

When the system is activated, it is judged whether or not deactivation time
measured by the timer 53 is equal-to or longer-than preset time (step S1). Here, the

preset time is set based on the above-explained data stored in the activation control unit

52.
10036]

When the deactivation time is shorter than the preset time (No in step S1), a
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residual amount of impurity gas in the fuel cell stack FS is assumed to be small and
thereby a normal pulsation control for pulsating an anode gas supply pressure is
executed (step S5). Anode gas is supplied to the fuel cell stack FS, and impurity gas
(nitrogen gas) in the fuel cell stack FS is exhausted to the buffer tank 42. An amount of
nitrogen gas exhausted to the buffer tank 42 is small because of the small residual
amount of nitrogen gas in the fuel cell stack FS at the activation, so that a reverse tlow

from the buffer tank 42 to the fuel cell stack FS doesn't occur when the normal pulsation

control is executed.

[0037]

On the other hand, when the deactivation time is equal-to or longer-than the
preset time (Yes in step S1), a residual amount of impurity gas in the fuel cell stack FS
is assumed to be large and thereby the above-explained activation control for changing
the pulsative pressure AP or the pulsative cycle AT of anode gas is executed.

[0038]

Note that, as shown in Fig. 5, concentration of nitrogen gas in the fuel cell
stack FS (an anode flow passage) gradually increases after the system 1is deactivated, but
the concentration of nitrogen gas is low until the preset time ts after the system 1s
deactivated. As a result, when the system is activated again within the preset time ts,
power generation is not affected by the execution of the normal pulsation control

because of a small residual amount of nitrogen gas. Therefore, the activation time 1s
judged in step S1 as explained above. Here, the anode flow passage means all anode-

side gas-flow areas including the fuel cells FC, the fuel cell stack FS and a piping

system.

[0039]

When step S1 is affirmed, the pulsative pressure AP and/or the pulsative cycle
AT are/is set in order to execute the activation control for preventing a reverse flow of
nitrogen gas from the buffer tank 42 (step S2). Specifically, values for the upper limit

pressure and the lower limit pressure are retrieved, according to the stack temperature,
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from a map shown in Fig. 6 which shows relation between the stack temperature and the

anode gas supply pressure. Here, it is needed to compensate the retrieved values for the
upper limit pressure and the lower limit pressure according to load (current value) of the
fuel cell stack FS, so that they are compensated by using a compensation coetlicient
retrieved from a map shown in Fig. 7. And, the pulsative cycle AT is retrieved from a
map shown in Fig. 8. The reason why the pulsative pressure AP and/or the pulsati\(fe
cycle AT of anode gas are/is set according to the stack temperature in this manner will

be explained hereinatter.

[0040]

In a case of activation under a condition where concentration of nitrogen gas 1n
the buffer tank 42 is high, the concentration of nitrogen gas in the buffer tank 42 reduces
and the temperature in the fuel cell stack FS increases due to continuous power
generation along with purging and pulsating of anode gas. Therefore, based on the
assumption that it is activation, the concentration of nitrogen gas in the bufter tank 42
can be substituted by the temperature in the fuel cell stack FS. The concentration of
nitrogen gas in the buffer tank 42 decreases as the temperature in the fuel cell stack FS
increases, so that a reverse flow of nitrogen gas becomes hardly occurred and the

pulsative pressure AP can be made larger than that at an initial stage of the activation.

[0041]
In addition, a permeated amount of nitrogen gas from a cathode side increases

as the temperature in the fuel cell stack FS increases. Therefore, if the pulsative
pressure AP is kept as small as that at the initial stage of the activation, nitrogen gas
permeated from a cathode side (cathode off-gas) cannot be exhausted sufficiently to the

buffer tank 42. In this case, hydrogen partial pressure in the power generation area may
become insufficient. For this reason, the concentration (permeation degree) of nitrogen
gas is substituted by the temperature in the fuel cell stack FS, and the pulsative pressure
AP is set larger as the temperature in the fuel cell stack FS increases. According to this,

hydrogen partial pressure in the power generation area can be ensured, even if a



10

15

20

25

CA 02810657 2013-03-06

13

permeated amount of nitrogen gas from a cathode side increases.
[0042]

As explained above, from the maps shown in Figs. 6 and 7, the pulsative
pressure AP can be set adequately according to the temperature in the fuel cell stack FS

in view of concentration of nitrogen gas in the buffer tank 42 and a permeated amount

of nitrogen gas from a cathode side.

[0043]

More specifically, the pulsative pressure AP is set smaller than that in the
normal pulsation control as shown in Fig. 9(a). The pulsative cycle AT 1s set longer
than that in the normal pulsation control as shown in Fig. 10(a). After step S2, the
activation control is executed based on the pulsative pressure AP and/or cycle AT that
have/has been set (step S3).

10044 ]

During the activation control, it is judged whether or not the stack temperature
detected by the stack temperature detector 50 is equal-to or higher-than the preset
temperature Ts (step S4). When the stack temperature is equal-to or higher-than the
preset temperature Ts (Yes in step S4), it can be assumed that the concentration of
nitrogen gas in the fuel cell stack FS (the fuel cells FC) decreases sufficiently, so that
transition to the normal pulsation control is made (step S5).

[0045]

On the other hand, when the stack temperature is lower than the preset
temperature Ts (No in step S4), it can be assumed that the permeated amount of nitrogen
gas is small and the concentration of nitrogen gas in the buffer tank 42 doesn't yet

decrease sufficiently, so that the activation control using the pulsative pressure AP
and/or the pulsative cycle AT is continued (step S3). As explained above, a pulsation
condition of anode gas is compensated to an appropriate condition for activation by

changing over the activation control and the normal pulsation control.

[0046]
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In a case where the fuel cell system is activated with the pulsative pressure AP
made small as shown in Fig. 9(a), the stack temperature increases because of power
generation by the fuel cell stack FS as shown in Fig. 9(b) and the concentration of
nitrogen gas in the buffer tank 42 decreases as shown in Fig. 9(¢). The concentration
decreasing of nitrogen gas occurs, because nitrogen gas in the fuel cell stack FS is '
exhausted to the buffer tank 42 and nitrogen gas in the buffer tank 42 is exhausted to the
outside through the nitrogen purge valve 45.

[0047]

In addition, the concentration of nitrogen gas in the fuel cell stack FS rapidly
decreases along with increasing of anode gas supply pressure just after the activation is
started as shown in Fig. 9(d), and then is slightly pulsated so that little amount of
nitrogen gas flows reversely from the buffer tank 42 due to pressure pulsation of the
small pulsative pressure AP during the activation control. However, an amount of the
reverse tlow i1s small because the pulsative pressure AP is small, so that the
concentration of nitrogen gas in the fuel cell stack FS is kept low and doesn't affect the
power generation. And then, after the transition to the normal pulsation control, the
concentration of nitrogen gas in the fuel cell stack FS becomes almost zero due to
sufficient exhaust by the large pulsative pressure AP. Note that, since the concentration
of nitrogen gas in the buffer tank 42 is low after the transition to the normal pulsation

control, nitrogen gas doesn't flow reversely from the buffer tank 42 even if the pulsative

pressure AP 1s made large.

[0048]
In a case where the fuel cell system is activated with the pulsative cycle AT

made long as shown in Fig. 10(a), the stack temperature increases because of power
generation by the fuel cell stack FS as shown in Fig. 10(b) and the concentration of
nitrogen gas in the buffer tank 42 decreases as shown in Fig. 10(c) (the reason is
explained above). In addition, the concentration of nitrogen gas in the fuel cell stack FS

rapidly decreases along with increasing of anode gas supply pressure just after the
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activation is started as shown in Fig. 10(d), and then 1s pulsated with a long cycle so that little
amount of nitrogen gas flows reversely from the buffer tank 42 due to pressure pulsation
of the long pulsative cycle AT during the activation control. However, an amount of the
reverse flow is small because the pulsative cycle AT is long, so that the concentration of
nitrogen gas in the fuel cell stack FS is kept low and doesn't affect the power generation.
And then, after the transition to the normal pulsation control, the concentration of
nitrogen gas in the fuel cell stack FS becomes almost zero due to sufficient exhaﬁst by
the short pulsative cycle AT. Note that, since the concentration of nitrogen gas in the
buffer tank 42 is low after the transition to the normal pulsation control, nitrogen gas

doesn't flow reversely from the buffer tank 42 even if the pulsative cycle AT i1s made

short,

(0049]

In the operating method of the fuel cell system according to the present
embodiment, the concentration of impurity gas (nitrogen gas) in the buffer tank 42 is
detected, and then executed 1s the activation control with the pulsative pressure AP
and/or the pulsative cycle AT of anode gas that are/is differentiated from that in the
normal pulsation control. Therefore, at activation after long-time deactivation, an
amount of the reverse flow of the impurity gas from the buffer tank 42 can be reduced,
so that 1t becomes possible to get sufficient concentration of hydrogen gas in the fuel
cell stack FS and to remove the impurity gas. In addition, according to the above-
explained method for detecting concentration of impurity gas, the system can be

controlled by using minimum sensors and so on, and can be simplified.

[0050]

Note that, in an environment where a large amount of impurity gas stays in a
fuel cell stack FS constituted of many fuel cells FC, difference may occur in residual
amounts of water condensed on anode sides of the fuel cells. If impurity gas flows
reversely due to pulsation of anode gas supply pressure in such a situation, insufficiency

of hydrogen partial pressure on an anode-gas exhaust-side becomes conspicuous in a
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fuel cell(s) FC having a large residual amount of water.
[0051]

In the operating method of the fuel cell system according to the present
embodiment, even when difference occurs in residual amounts of water in the fuel cells,
insufficiency of hydrogen partial pressure in fuel cells can be resolved because of little
amount of impurity gas flowing reversely from the buffer tank 42, so that degradation

and electrical voltage reduction of the fuel cells FC can be prevented.

[0052]

In addition, a highly accurate control can be executed according to a condition
of the fuel cell stack FS at activation by controlling the anode gas supply pressure based
on the stack temperature. quther, a highly accurate control can be executed according
to a condition of the fuel cell stack FS at activation also by controlling the anode gas
supply pressure based on the deactivation time of the system
[0053]

Note that, in the present embodiment, the transition to the normal pulsation
control is made (step S5) when the stack temperature becomes equal-to or higher-than
the preset temperature during the activation control (Yes in step S4). However, the
transition to the normal pulsation control from the activation control may be made when

a preset time has elapsed from an activation start.

10054]

In addition, at least one of an activation control for making the pulsative
pressure AP gradually larger and an activation control for making the pulsative cycle AT
gradually shorter, as the stack temperature detected by the stack temperature detector 50

increases, can be executed. Note that, as a matter of course, it is possible to control both
of the pulsative pressure AP and the pulsative cycle AT.

[0055]

Specifically, the pulsative pressure AP during the activation control is gradually

made larger along with increasing of the stack temperature as shown in Fig. 11(a). The
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stack temperature increases because of power generation by the fuel cell stack FS as

shown in Fig. 11(b), and the concentration of nitrogen gas in the buffer tank 42
decreases as shown 1 Fig. 11(c) (the reason 1s explained above).

[0056]

And, the concentration of nitrogen gas in the fuel cell stack FS rapidly
decreases along with 1ncreasing of anode gas supply pressure just after the activation is
started as shown 1n Fig. 10(d), and then 1s slightly pulsated shortly after the activation 1s
started. However, an amount of the reverse flow 1s small because the pulsative pressure
AP 1s small, so that the concentration of nitrogen gas in the fuel cell stack IS 1s kept low
and doesn't affect the power generation. And tﬁen, the pulsative pressure AP 1s
oradually made larger as the concentration of nitrogen gas in the buffer tank 42
decreases. However, even if an amount of a reverse flow of gas from the buffer tank 42
increases, an amount of the reverse flow of nitrogen gas doesn't increase because the
concentration of nitrogen gas in the buffer tank 42 has become low. Therefore, an effect

of dissolving accumulation of impurity gas in the fuel cell stack FS caused by the

pulsation can be achieved earlier.

[0057]

The pulsative cycle AT during the activation control i1s gradually made shorter

along with increasing of the stack temperature as shown in Fig. 12(a). The stack
temperature increases because of power generation by the fuel cell stack FS as shown in

Fig. 12(b), and the concentration of nitrogen gas in the bufifer tank 42 decreases as

shown in Fig. 12(c) (the reason is explained above).

[0058]

And, the concentration of nmitrogen gas in the fuel cell stack FS rapidly

decreases along with increasing of anode gas supply pressure just after the activation is
started as shown in Fig. 12(d), and then 1s pulsated with a long cycle shortly after the activation is
started. However, an amount of the reverse flow 1s small because the pulsative cycle AT

1s long, so that the concentration of nitrogen gas in the fuel cell stack FS is kept low and
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doesn't affect the power generation. And then, the pulsative cycle AT is gradually made

shorter as the concentration of nitrogen gas in the buffer tank 42 decreases. However,
even if an amount of a reverse flow of gas from the buffer tank 42 increases, an amount
of the reverse flow of nitrogen gas doesn't increase because the concentration of
nitrogen gas in the buffer tank 42 has become low. Therefore, an effect of dissolving
accumulation of impurity gas in the fuel cell stack FS caused by the pulsation can be

achieved earlier.

[0059]

Note that the pulsative pressure control shown in Fig. 9 can be executed
concurrently with the pulsative pressure control shown in Fig. 10 or 12. Similarly, the
pulsative pressure control shown in Fig. 11 can be executed concurrently with the
pulsative pressure control shown in Fig. 10 or 12.

[0060]

In addition, in the above-explained fuel cell system, the normal pulsation
control in which the pulsative pressure AP and/or the pulsative cycle AT of anode gas
are/is kept constant can be executed, if water is generated in the anode flow passage of
the fuel cell stack FS. The water generation can be extrapolated by using a generated
water detection function (generated water detector).

[0061]

In this case, the generated water increases along with power generating, and an

amount of generated water per a fuel cell FC is known. Therefore, it is possible to
extrapolate an amount of generated water in an entire of the anode flow passage
including the fuel cell stack FS, the piping system and so on. The activation control unit

52 of the controller 51 functions as the generated water detector for detecting the water
generation in the anode flow passage by extrapolation. '
10062] '

Specifically, the water generation in the anode flow passage is detected as

shown in Fig. 13(d). The above-explained activation control (the controls shown in
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Figs 9 to 12 and a control with a combination of them) is executed, and then the
transition to the normal pulsation control 1s made. And, in the normal pulsation control,
if the water generation is detected, the pulsative pressure AP and/or the pulsative cycle
AT are/is kept constant.

[0063]

During that period, although the stack temperature increases because of power
generation by the fuel cell stack FS as shown in Fig. 13(b) and the amount of generated
water in the fuel cell stack FS increases along with power generating as shown in Fig.
13(c), the generated water 1s discharged from the fuel cell stack FS by the normal
pulsation operation.

[0064]

According to the above embodiments, at activation after long-time
deactivation, a reverse flow of impurity gas from the buffer tank 42 is prevented, so that
it becomes possible to get sufficient concentration of hydrogen gas in the fuel cell stack
FS and to remove the impurity gas.

[0063]

The operating method of the fuel cell system is not limited to the above
embodiments. For example, a nitrogen gas detector 54 for detecting concentration of
nitrogen gas in the buffer tank 42 may be provided as shown by dotted lines in Fig. 1
instead of an impurity gas concentration extrapolation function of the activation control
unit 52. As the mitrogen gas detector 54, a nitrogen gas sensor may be used. In this
case, the concentration of nitrogen gas detected by the nitrogen gas detector 54 is used
in the control instead of the concentration of impurity gas extrapolated by the activation
control umit 52.

[0066]

A nitrogen gas detector 55 for detecting concentration of nitrogen gas on an
anode side in the fuel cell stack FS may be provided as shown by dotted lines in Fig. 1.

As the nitrogen gas detector 535, a nitrogen gas sensor may be used. In this case, not the
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extrapolated concentration of nitrogen gas, but the concentration of nitrogen gas
detected by the nitrogen gas detector 55 1s used in the control.

[0067]

‘ Since the concentration of nitrogen gas in the bufier tank 1s actually detected

5 by the nitrogen gas detector 54 or the nitrogen gas detector 55, a highly accurate control

can be executed according to a condition of the fuel cell system at activation.

[0068]

Note that concentration of anode gas is "hydrogen concentration = 100 -

nitrogen concentration - water vapor concentration”. The water vapor concentration can
10  be extrapolated, to some extent, from an operation state of the fuel cell. Namely, the
hydrogen concentration can be known if the nitrogen concentration is obvious, so that 1t
1s possible to extrapolate concentration of nitrogen gas by use of a hydrogen

concentration sensor. Therefore, a hydrogen gas detector may be used instead of the

nifrogen gas detector 54 or the nitrogen gas detector 53.

15  [0069]

Although the invention has been described above by reference to certain
embodiments of the invention, the mvention 1s not limited to the embodiments described

above. Scope of the invention should be defined in view of Claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An anode gas non-recirculation type fuel cell system, comprising:
a fuel cell stack constituted by stacking a plurality of fuel cells;

a buffer tank for discharging, to an outside, impurity gas included in anode oft-

gas exhausted from the fuel cell stack;

an impurity gas concentration detector for detecting concentration of impurity gas
in the buffer tank; and

an anode gas supply unit for supplying anode gas to the fuel cell stack;

wherein, when pressure-supplying impurity gas in the fuel cell stack to the buiter
tank while pulsating a supply pressure by the anode gas supply unit, an activation control
is executed by changing, by the anode gas supply unit, at least one of a pulsative pressure
and a pulsative cycle of anode gas supply according to concentration of impurity gas in
the buffer tank detected by the impurity gas concentration detector; and

wherein the anode gas supply unit sets the pulsative pressure smaller or sets the

pulsative cycle longer, during the activation control, when the concentration of impurity

gas is high than when the concentration of impurity gas 1s low.

2. An operating method of an anode gas non-recirculation type fuel cell system that
includes a fuel cell stack constituted by stacking a plurality of fuel cells and a buffer tank
for discharging, to an outside, impurity gas included in anode off-gas exhausted from the
fuel cell stack, and has a configuration for pressure-supplying impurity gas 1n the tuel
cell stack to the buffer tank by pulsating a supply pressure of anode gas to the fuel cell
stack, the fuel cell system further including an impurity gas concentration detector for
detecting concentration of impurity gas in the buffer tank, the method comprising:

executing an activation control for changing at least one of a pulsative pressure
and a pulsative cycle of anode gas being supplied to the fuel cell stack according to
concentration of impurity gas in the buffer tank detected by the impurity gas
concentration detector; and

setting the pulsative pressure smaller or setting the pulsative cycle longer, during

the activation control, when the concentration of impurity gas is high than when the

concentration of impurity gas is low.
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3. The operating method according to claim 2, wherein

the impurity gas concentration detector is a stack temperature detector for
detecting temperature in the fuel cell stack, and the pulsative pressure 1s set small when

temperature in the fuel cell stack detected by the stack temperature detector 1s lower than

a preset temperature.

4, The operating method according to claim 3, wherein

the pulsative pressure i1s made gradually larger during the activation control.

S. The operating method according to claim 2, wherein
the impurity gas concentration detector is a stack temperature detector for
detecting temperature in the fuel cell stack, and the pulsative cycle is set longer when

temperature in the fuel cell stack detected by the stack temperature detector is lower than

a preset temperature.

6. The operating method according to claim 5, wherein

the pulsative cycle is made gradually shorter during the activation control.

7. The operating method according to any one of claims 2 to 6, wherein
the fuel cell system further includes a timer for measuring a deactivation time of

the fuel cell system, and the activation control is executed if a deactivation time detected

by the timer is equal-to or longer-than a preset time.

8. The operating method according to any one of claims 2 to 7, wherein

the fuel cell system further includes a generated water detector for detecting

existence or nonexistence of generated water in an anode flow passage, and a normal

pulsation control in which at least one of the pulsative pressure and the pulsative cycle is

kept constant is executed when generated water is detected by the generated water

detector.
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FIG. 2
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FIG. 11
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