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(57) ABSTRACT 

The present invention provides a solid polymer electrolyte 
fuel cell comprising a fuel cell stack formed by laminating a 
plurality of fuel cell units each of which includes a fuel 
electrode, an oxidant electrode, and a solid polymer electro 
lyte membrane interposed between the fuel and oxidant elec 
trodes. The fuel cell unit is operable to generate an electric 
powerthrough an electrochemical reaction between a first gas 
Supplied to the side of the fuel electrode and a second gas 
supplied to the side of the oxidant electrode. In this fuel cell, 
the first gas supplied to the side of the fuel electrode and the 
second gas Supplied to the side of the oxidant electrode are 
adapted to flow generally in opposite directions in the fuel cell 
stack, so that a water created on the side of oxidant electrode 
is reciprocally moved between the fuel electrode and the 
oxidant electrode to increase a water holding region in the 
solid polymer electrolyte membrane. The fuel cell of the 
present invention can improve fuel cell characteristics with 
out providing any humidifier. 
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SOLID POLYMERELECTROLYTE FUEL 
CELL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present patent application is a division of appli 
cation Ser. No. 1 1/703,188, filed Feb. 7, 2007, which is a 
division of application Ser. No. 10/386,470, filed Mar. 18, 
2003, both of which are incorporated herein by reference in 
their entireties. 

FIELD OF THE INVENTION 

0002 The present invention relates to a solid polymer 
electrolyte fuel cell operable to cause an electrochemical 
reaction between a first gas on the side of a fuel electrode and 
a second gas on the side of an oxidant electrode through a 
Solid polymer electrolyte membrane so as to generate an 
electric power. 

BACKGROUND OF THE INVENTION 

0003. A fuel cell is intended to cause an electrochemical 
reaction between a fuel Such as a hydrogen gas and an oxidant 
Such as air (oxygen gas) so as to convert a chemical energy of 
the fuel directly into an electric energy. Among various fuel 
cells, a solid polymer electrolyte fuel cell has excellent char 
acteristics such as high power density, structural simplicity, 
and relatively low operating temperature, and thereby its 
technical development has been increasingly driven forward. 
0004 FIG. 21 shows one example of conventional solid 
polymer electrolyte fuel cells to be used on the ground. This 
solid polymer electrolyte fuel cell comprises a fuel cell stack 
including a solid polymer electrolyte membrane 1, fuel and 
oxidant electrodes 2, 3 disposed to sandwiching the solid 
polymer electrolyte membrane 1 therebetween, a hydrogen 
supply port 5 provided on the upper side of the fuel electrode 
2, and an air (oxygen gas) supply port 6 provided on the upper 
side of the oxidant electrode 3. In the solid polymer electro 
lyte fuel cell, a moisture or water is essential to allow hydro 
gen ions to be moved in the Solid polymer electrolyte mem 
brane 1. For this reason, humidifiers 7, 8 are connected, 
respectively, to the hydrogen Supply port 5 and the air Supply 
port 6 in order to prevent the drying out of the solid polymer 
electrolyte membrane 1. The fuel cell further includes a 
hydrogen discharge port 9 provided on the lower side of the 
fuel electrode 2, and an air (oxygen gas) discharge port 10 
provided on the lower side of the oxidant electrode 3. 
0005. A hydrogen gas obtained by reforming a hydrocar 
bon-based fuel Such as methanol, gasoline or methane gas is 
introduced into the humidifier 7 on the side of the fuel elec 
trode 2, and an air pressurized up to a predetermined pressure 
by a compressor (not shown) is introduced into the humidifier 
8 on the side of the oxidant electrode 3. The hydrogen gas and 
the air are humidified by humidifiers 7, 8, and then supplied to 
the sides of the fuel electrode 2 and the oxidant electrode 3 
through the hydrogen Supply port 5 and the air Supply port 6. 
respectively. The hydrogen gas and the air Supplied to the 
sides of the fuel electrode 2 and the oxidant electrode 3 cause 
an electrochemical reaction therebetween to generate an elec 
tric power while flowing in parallel with one another along the 
Solid polymer electrolyte membrane 1, and then discharged 
out of the fuel cell stack 4 through the hydrogen discharge 
port 9 and the air discharge port 10, respectively. 
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0006. There is another example of conventional solid 
polymer electrolyte fuel cells, which was used for Gemini in 
the 1960s. This solid polymer electrolyte fuel cell uses sty 
rene-based solid polymer as the electrolyte, a pure hydrogen 
gas as the fuel, and a pure oxygen gas as the oxidant. In this 
case, an absorbent wick is provided adjacent to the electrodes 
to absorb and remove any water created in the fuel cell stack 
during the reaction between the pure hydrogen and the pure 
oxygen, and to naturally evaporate the absorbed water so as to 
humidify the interior of the fuel cell stack. 
0007 As announced from the American Institute of Aero 
nautics and Astronautics (AIAA) in 1999, a solid polymer 
electrolyte fuel cell is employed in the ULDB (Ultra Long 
Durability Balloon) as a NASA's aeronautical plan for the 
Stratosphere Platform Project. While this fuel cell also uses a 
pure hydrogen gas as the fuel, and a pure oxygen gas as the 
oxidant, any humidifier is omitted to simplify system, and the 
fuel cell stack is disposed with a slope to allow any water 
created in the fuel cell stack to be dropped out of the fuel cell 
stack without recovering. 
0008. The former conventional example as shown in FIG. 
21 uses air as an oxygen gas source. Thus, if an unreacted gas 
of the air is re-circulated in the fuel cell Stack 4, a nitrogen gas 
as an inert gas in the air will be accumulated in the fuel cell 
stack 4, which leads to lowered partial pressure of oxygen and 
significantly deteriorated fuel-cell characteristics. From this 
cause, it has been difficult to re-circulate any unreacted gas in 
the fuel cell stack 4 and provide enhanced oxidant utilization 
efficiency. Further, it has also been difficult to re-circulate an 
unreacted gas of the fuel in the fuel cell stack 4, because the 
re-circulation of the unreacted gas causes the accumulation of 
CO, and/or unreformed fuel in fuel cell stack 4, resulting in 
deteriorated fuel-cell characteristics. 

0009. In addition, when air is used as the gas on the side of 
the oxidant electrode 3, the content of oxygen in the air is 
about 21%, and consequently about 79% of nitrogen will be 
Supplied to the fuel cell. Thus, the nitrogen as an inert gas is 
circulated in the fuel cell stack 4 all the time, and the ratio of 
water vapor is increased up to only 34.7% at 100% of oxygen 
utilization due to the presence of the nitrogen. When the fuel 
cell is operated at 50% of utilization ratio of oxygen in the air 
under normal pressures, it is required to control its operating 
temperature equal to or less than 59, and thereby the allow 
able range of the operating temperature will be undesirably 
narrowed. 
0010. In consequence of inevitably discharging the air 
outside, the water created in the fuel cell stack 4 is discharged 
out of the fuel cell stack 4 together with the air. Thus, the solid 
polymer electrolyte membrane, particularly the vicinity of 
the air supply port is apt to dry and have an undesirably 
reduced region for contributing the reaction. For this reason, 
it has been required to provide the humidifier 7, 8 in both or 
either one of the hydrogen Supply port 5 and the air Supply 
port 6, resulting in difficulties in downsizing and/or weight 
reduction of the fuel cell. 

0011. On the other hand, the latter conventional example 
in the ULDB is adapted to allow the water created in the fuel 
cell stack to be dropped out of the fuel cell stack by gravita 
tion. Thus, the created water is removed dependent on the 
dropping speed, resulting in low applicability to high power 
generation. In addition, the interior of the fuel cell stack is 
humidified by the natural evaporation of the water absorbed 
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in the wick, without any control of the humidity in the fuel cell 
stack. Besides, the removed water is directly discharged out 
side without recovering. 

SUMMARY OF THE INVENTION 

0012. In view of the above problems, it is therefore an 
object of the present invention to provide a solid polymer 
electrolyte fuel cell capable of facilitating improving fuel-cell 
characteristics and utilization efficiencies of gases on the 
respective sides of fuel and oxidant electrodes while elimi 
nating the need for providing any humidifier, and reducing in 
its size, weight and operational cost, with enhanced applica 
bility to high power generation. 
0013. In order to achieve the above object, the present 
invention provides a solid polymer electrolyte fuel cell com 
prising a fuel cell Stack formed by laminating a plurality of 
fuel cell units each of which includes a fuel electrode, an 
oxidant electrode, and a solid polymer electrolyte membrane 
interposed between the fuel and oxidant electrodes, wherein 
the fuel cell unit is operable to generate an electric power 
through an electrochemical reaction between a first gas Sup 
plied to the side of the fuel electrode and a second gas Sup 
plied to the side of the oxidant electrode. In this fuel cell, the 
first gas supplied to the side of the fuel electrode and the 
second gas Supplied to the side of the oxidant electrode are 
adapted to flow generally in opposite directions in the fuel cell 
stack, so that a water created on the side of oxidant electrode 
is reciprocally moved between the fuel and oxidant electrodes 
to increase a water holding region in the solid polymer elec 
trolyte membrane. 
0014. In a first preferable embodiment of the present 
invention, the above fuel cell may include a gas Supply path 
for Supplying the second gas to the side of the oxidant elec 
trode, and a gas discharge port for discharging at least the 
second gas from the side of the oxidant electrode. In this case, 
the gas discharge port is connected to the second gas Supply 
path so as to form a closed circulation path, and a condenser 
is provided in the closed circulation path. Alternatively, the 
fuel cell may include a second gas Supply port for Supplying 
the second gas from a second gas Supply source to the side of 
the oxidant electrode, and a gas discharge path for discharg 
ing at least the second gas from the side of the oxidant elec 
trode. In this case, the gas discharge path and the second gas 
Supply source are connected to a condenser, and the outlet 
side of the condenser is connected to the second gas Supply 
port, so as to form a closed circulation path. In the above 
embodiment, the closed circulation path may not be provided 
on the side of the fuel electrode. In this case, a gas discharge 
port provided on the side of the fuel electrode is closed. 
0015. In a second preferable embodiment of the present 
invention, the first gas to be supplied to the side of the fuel 
electrode may be a pure hydrogen gas, and the second gas to 
be supplied on the side of the oxidant electrode may be a pure 
OXygen gas. 
0016. The fuel cell according to the first embodiment may 
include a material for containing a condensed water con 
densed by the condenser, or may include temperature control 
means for controlling a cooling medium of the condenser in a 
temperature range of -30 to +10 with respect to an operating 
temperature of the fuel cell, or may include flow-volume 
control means for controlling the Volume of the gas circulated 
through the closed circulation path in the range of 2 to 10 
times greater than a theoretical gas Volume required for elec 
trochemically generating the electric power. 
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0017. In a third preferable embodiment of the present 
invention, the Solid polymer electrolyte membrane may have 
a thickness of 10 to 50 lum. 
0018. The fuel cell according to the first embodiment may 
include a material for containing condensed water condensed 
by the condenser, and the containing means includes means 
for absorbing the condensed water. Further, the condenser 
may include a transfer path for allowing the circulation gas in 
the closed circulation path to be smoothly transferred through 
the condenser while contacting the absorbing material. The 
condenser may include a cooling apparatus for cooling the 
circulation gas in the closed circulation path. In this case, the 
cooling apparatus is provided separately from the containing 
material, and the containing material is operable to contain 
condensed water condensed by the cooling apparatus. The 
condenser may include a condensed-water discharge path for 
compressing the absorbing material to forcibly discharge the 
condensed water absorbed in the absorbing material out of the 
condenser. The absorbing material may be adapted to be 
restored to its original state after the compression, and the 
condensed-water discharge path may have an operational 
cycle to be controlled in accordance with a water capacity of 
the containing material, the number of laminated fuel-cell 
units of the fuel cell stack, and the quantity of electricity to be 
generated. 
0019. Further, the plural number of the condensers may be 
provided in parallel with each other. 
0020. Furthermore, the closed circulation path may 
include a bypass path bypassing the condenser. 
0021. According to the above fuel cell of the present 
invention, the first gas supplied to the side of the fuel electrode 
and the second gas Supplied to the side of the oxidant elec 
trode flow in opposite directions in the fuel cell stack, so that 
the water is reciprocally moved between the fuel and oxidant 
electrodes through the solid polymer electrolyte membrane. 
Thus, without providing any humidifier, the water holding 
region in the solid polymer electrolyte membrane is increased 
to achieve enhanced fuel-cell characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a schematic diagram of a solid polymer 
electrolyte fuel cell according to a first embodiment of the 
present invention; 
0023 FIG.2(a) is a front view of a separator of the fuel cell 
according to the first embodiment; 
(0024 FIG. 2(b) is a back view of the separator in FIG. 
2(a): 
0025 FIG. 3 is an explanatory diagram showing a model 
of water movement in a fuel cell stack of the fuel cell accord 
ing to the first embodiment; 
0026 FIG. 4 is an explanatory diagram showing a parallel 
gas flow in a conventional Solid polymer electrolyte fuel cell, 
wherein oxygen and hydrogen gases flow in parallel direc 
tions through a fuel cell stack; 
0027 FIG. 5 is an explanatory diagram showing an 
opposed gas flow in the solid polymer electrolyte fuel cell 
according to the first embodiment, wherein oxygen and 
hydrogen gases flow in opposite directions through the fuel 
cell Stack; 
0028 FIG. 6 is a diagram showing respective voltage 
current characteristics in the different gas flows: 
(0029 FIG. 7(a) is a front view of a separator for the 
opposed gas flow in the solid polymer electrolyte fuel cell 
according to the first embodiment; 
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0030 FIG. 7(b) is a back view of the separator in FIG. 
7(a): 
0031 FIG. 8 is a diagram showing respective voltage 
current characteristics in different thicknesses of an electro 
lyte membrane of the fuel cell according to the first embodi 
ment, 
0032 FIG. 9 is a schematic diagram of a solid polymer 
electrolyte fuel cell according to a second embodiment of the 
present invention; 
0033 FIG.10 is a diagram showing respective cell voltage 
variations vs. elapsed time in different circulation ratios, in 
the fuel cell according to the second embodiment; 
0034 FIG. 11 is a diagram showing a cell voltage variation 
per hour in a circulation ratio of 4, in the fuel cell according to 
the second embodiment; 
0035 FIG. 12 is a schematic diagram showing a condenser 
of the fuel cell according to the second embodiment; 
0036 FIG. 13 is a schematic diagram showing one modi 
fication of the condenser of the fuel cell according to the 
second embodiment; 
0037 FIG. 14 is a schematic diagram showing another 
modification of the condenser of the fuel cell according to the 
second embodiment; 
0038 FIG. 15A is a schematic diagram showing still 
another modification of the condenser of the fuel cell accord 
ing to the second embodiment, wherein FIG. 15A shows the 
state when water is absorbed by the condenser. 
0039 FIG. 15B is a schematic diagram showing still 
another modification of the condenser of the fuel cell accord 
ing to the second embodiment, wherein FIG. 15B shows the 
state when the water absorbed in the condenser is squeezed 
Out. 

0040 FIG. 16 is a schematic diagram showing yet another 
modification of the condenser of the fuel cell according to the 
second embodiment. 
0041 FIG. 17 is a schematic diagram showing yet still 
another modification of the condenser of the fuel cell accord 
ing to the second embodiment. 
0042 FIG. 18A is a schematic diagram showing other 
modification of the condenser of the fuel cell according to the 
second embodiment, wherein FIG. 18A shows the state when 
water is absorbed by the condenser. 
0043 FIG. 18B is a schematic diagram showing other 
modification of the condenser of the fuel cell according to the 
second embodiment, wherein FIG. 18B shows the state when 
the water absorbed in the condenser is squeezed out while 
allowing the oxygen gas to bypass the condenser; 
0044 FIG. 19 is a diagram showing respective time-base 
cell Voltage variations in different temperatures of a cooling 
water, in the fuel cell according to the second embodiment; 
0045 FIG. 20 is a schematic diagram of one modification 
of the fuel cell according to the second embodiment; and 
0046 FIG. 21 is a schematic diagram showing a conven 
tional solid polymer electrolyte fuel cell. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0047. With reference to the drawings, embodiments of the 
present invention will now be described. 
0048 FIG. 1 shows a solid polymer electrolyte fuel cell 
according to a first embodiment of the present invention. The 
solid polymer electrolyte fuel cell comprises a fuel cell stack 
21 formed by stacking a plurality of fuel cell units 25 through 
a separator 26 (see FIG. 2). Each of the fuel cell units 25 
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includes a fuel electrode 23, an oxidant electrode 24 disposed 
opposed to the fuel electrode, and a hydrogen-ion electrolyte 
membrane 22 interposed between the fuel and oxidant elec 
trodes to allow hydrogen ions to be moved therein. In FIG. 1, 
only one of the fuel cell units 25 is shown to simplify the 
following explanation. A hydrogen Supply port 27 and an 
oxygen discharge port 28 are provided on the upper sides of 
the fuel electrode 23 and the oxidant electrode 24, respec 
tively. A hydrogen discharge port 29 and an oxygen Supply 
port 30 are provided on the lower sides of the fuel electrode 23 
and the oxidant electrode 24, respectively. As shown in FIG. 
2, the separator 26 is formed in a rectangular flat-plate shape, 
and composed of a front-side or fuel-electrode-side portion 
31 and a back-side or oxidant-electrode-side portion 32. The 
fuel-electrode-side portion 31 is provided with a hydrogen 
inlet 33 and a hydrogen outlet 34 correspondingly to the 
hydrogen Supply port 27 and the hydrogen discharge port 29, 
and the oxidant-electrode-side portion 32 is provided with an 
oxygen inlet 35 and an oxygen outlet 36 correspondingly to 
the oxygen Supply port 30 and the oxygen discharge port 28. 
Further, the respective flow channel patterns 37, 38 of the 
fuel-electrode-side and oxidant-electrode-side portions 31, 
32 are comb-like in form, so that the hydrogen and oxygen 
gases flow generally in opposite directions (see the bold 
arrows in FIG. 2). 
0049. In the solid polymer electrolyte fuel cell according 
to the first embodiment, a pure hydrogen gas and a pure 
oxygen gas are preferably used as fuel and oxidant, respec 
tively. The pure hydrogen gas is supplied to the side of the fuel 
electrode 23 through the hydrogen supply port 27, and the 
pure oxygen gas is Supplied to the side of the oxidant elec 
trode 24 through the oxygen supply port 30. After supplied in 
the fuel cell stack 21, the pure hydrogen and pure oxygen 
gases flow in opposite directions along the hydrogen-ion elec 
trolyte membrane 22. As shown in FIG. 3, water created on 
the side of the oxidant electrode during the reaction between 
the pure hydrogen and pure oxygen gases is diffusedly moved 
toward the fuel electrode through the hydrogen-ion electro 
lyte membrane 22 to humidify the pure hydrogen gas adjacent 
to the hydrogen supply port 27. The humidified pure hydro 
gen gas flows in the opposite direction to the flow of the pure 
oxygen gas, and the amount of water vapor in the pure hydro 
gen gas is increased as the pure hydrogen gas is consumed. 
Then, in the vicinity of the hydrogen discharge port 29, the 
water is moved from the fuel electrode to the oxidant elec 
trode to humidify the vicinity of the oxygen supply port30. In 
this manner, the water is reciprocally moved between the 
oxidant and fuel electrodes through the hydrogen-ion elec 
trolyte membrane 22 in the fuel cell stack 21 so as to increase 
a water holding region in the hydrogen-ion electrolyte mem 
brane 22 to achieve enhanced fuel-cell characteristics. 

0050 FIG. 6 shows respective output characteristics of a 
so-called parallel gas flow type of solid polymer electrolyte 
fuel cell wherein oxygen and hydrogen gases flow in the same 
direction along the hydrogen-ion electrolyte membrane 22 
(see FIG. 4), and a so-called opposed gas flow type of Solid 
polymer electrolyte fuel cell wherein oxygen and hydrogen 
gases flow in opposite directions along the hydrogen-ion elec 
trolyte membrane 22 (see FIG. 5). As seen in FIG. 6, in the 
parallel gas flow type, an average cell Voltage is significantly 
reduced as a load current is increased. By contrast, in the 
opposed gas flow type, since the water is reciprocally moved 
between the oxidant electrode 23 and the fuel electrode 24 
through the electrolyte membrane 22 to increase the water 
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holding region in the electrolyte membrane 22, the average 
cell voltage can be stably assured even if the load current is 
increased. 

0051. The test data in FIG. 6 was obtained under the con 
ditions that an operating temperature was set at 65, and a 
utilization ratio of the hydrogen and oxygen gases to each of 
the load currents was set at 30%. The fuel cell stack 21 was 
formed by stacking four of the fuel cell units 25 each having 
an effective area of 81 cm, and a gas-grooved carbon sepa 
rator 39 (see FIG. 7) was interposed between the fuel cell 
units. 0.5 mg/cm of platinum was contained in each of the 
fuel electrode 23 and the oxidant electrode 24, and a fluorine 
based solid polymer membrane having a solid film of about 
30 micrometers thickness formed thereon by using Nafion 
solution (Aldrich Co., USA) was used as the hydrogen-ion 
electrolyte membrane 22. The above separator 39 was formed 
to have serpentine flow-channel patterns 40, 41 as shown in 
FIG. 7, but to allow the hydrogen and oxygen gases to flow 
generally in opposite directions (see the bold arrows in FIG. 
7). Each of the flow-channel patterns 40, 41 included a groove 
having a width of 1.5 mm and a depth of 1.0 mm, and a bank 
having a width of 1.5 mm. Each of the grooved regions 42 was 
formed in a square shape having one side of 9 cm, and the 
separator 39 was formed in a square shape having one outer 
side of 13 cm. 

0052 FIG. 8 shows a measurement result of average cell 
Voltage-to-power generation current characteristics when the 
thickness of the electrolyte membrane 22 is variably set at 6.5 
micrometers, 15 micrometers, 30 micrometers, 45 microme 
ters, and 60 micrometers under the same conditions of the test 
data in FIG. 6. As seen in FIG. 8, in the electrolyte membrane 
having a thickness of 60 micrometers, the average cell Voltage 
is apt to be significantly reduced if a large power generation 
current is applied. This phenomenon is caused by the reason 
that the water cannot be adequately permeated and diffused 
through the electrolyte membrane in the fuel cell due to the 
increased thickness of the electrolyte membrane, and the 
delay of the permeation and diffusion of the water comes to 
the front particularly at the large power generation current. 
That is, it was proved that the electrolyte membrane having a 
thickness of greater than 50 um causes sharp deterioration in 
the average cell Voltage at the large power generation current. 
By contract, the fuel cell using the electrolyte membrane 
having a thickness of 15, 30, or 45 micrometers exhibits an 
excellent cell voltage characteristic, and exhibits, but not 
shown in FIG. 8, an excellent result in a test maintained at a 
constant current. While the fuel cell using the thin electrolyte 
membrane having a thickness of 6.5 micrometers exhibits an 
excellent cell characteristic in the range as shown in FIG. 8, 
the electrolyte membrane was damaged during a early stage 
of operation of the fuel cell stack due to its weakened 
mechanical strength, and the hydrogen and oxygen gases 
easily crossed over to one another in the test maintained at a 
constant current to cause a direct reaction between the gases 
and consequently deteriorate the fuel cell voltage. Therefore, 
the thickness of the electrolyte membrane 22 is preferably set 
in the range of 10 to 50 micrometers. 
0053. With reference to FIG.9, a solid polymer electrolyte 
fuel cell according to a second embodiment of the present 
invention will be described below. For the purpose of simpli 
fying the following explanation, components or elements in 
FIG. 9 equivalent to those in FIG. 1 are defined by the same 
reference numerals, and their detailed descriptions will be 
omitted. 
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0054. In the solid polymer electrolyte fuel cell according 
to the second embodiment, the hydrogen discharge port 29 is 
closed, and the oxygen discharge port 28 on the side of the 
oxidant electrode 24 is connected to an oxygen Supply path 51 
connected to the oxygen Supply port 30 to form a closed 
circulation path 52. A condenser 53 and a circulating pump 54 
are connected in series with the closed circulation path 52. 
and a flow-volume control device (not shown) for controlling 
the flow volume of the gas circulated through the closed 
circulation path 52 at a predetermined value is provided in the 
closed circulation path 52. 
0055 FIG. 10 shows average cell voltage-to-power gen 
eration elapsed time (hour) characteristics when an oxygen 
gas circulation ratio (the circulation Volume of oxygen gas/ 
the theoretical Volume of oxygen gas) is variably set at 0, 2, 4, 
and 8. FIG. 11 shows a fuel cell voltage characteristic in a 
continuous operation at a load current of 30 A, an oxygen-gas 
circulation ratio of 4, and an operating temperature of 65. As 
seen in FIGS. 10 and 11, when the oxygen-gas circulation 
ratio is less than 2, the water is accumulated in the fuel cell 
stack 21 likely to cause early deterioration in fuel cell char 
acteristics. On the other hand, when the oxygen-gas circula 
tion ratio is greater than 10, the Velocity of the circulation gas 
is excessively increased to complicate the humidity control in 
the condenser 53 and fuel cell stack. In addition, as the veloc 
ity of the circulation gas is increased, the pressure loss in the 
fuel cell is increased to provide an excessive differential pres 
sure between the respective sides of the hydrogen and oxidant 
electrodes, which can cause an unexpected occurrence Such 
as the crossover of the hydrogen and oxygen gases. There 
fore, the Volume of oxygen gas circulated through the closed 
circulation path 52 is preferably kept in the range of 2 to 10 
times greater than the theoretical volume of oxygen gas 
required for electrochemically generating the electric power. 
0056. As shown in FIG. 12, the condenser 53 comprises a 
cylindrical container 55, a cooler 56 provided around the 
outer periphery of the container 55, a perforated plate 57 
attached to the inner surface adjacent to the bottom of the 
container 55, and a cylindrical absorbent member 58 com 
posed of a plurality of absorbent materials laminated on the 
perforated plate 57. A plurality of communication holes 60 
are perforated vertically through the absorbent member 58 to 
allow the oxygen gas to Smoothly flow through the condenser 
53 even if the absorbent member 58 absorbs the water. This 
makes it possible to maintain a stable and high power gen 
eration performance A gas inlet 61 and a gas outlet 62 are 
provided on the upper and lower sides of the outer periphery 
of the container 55, respectively. A cooling medium inlet 63 
and a cooling medium outlet 64 are provided on the lower and 
upper sides of the cooler 56. The cooler 56 is also provided 
with a temperature control device (not shown) for controlling 
the temperature of cooling medium circulated through the 
cooler 56 at a predetermined value. 
0057 By way of example, in the second embodiment, the 
container 55 is made of stainless steel, and formed to have a 
thickness of 0.5 mm, a diameter of 8 cm, and a height of 20 
cm. The cooler 56 has an outer diameter of 11 cm. The 
circulating pump 54 is composed of a diaphragm type pump. 
The absorbent member 58 is formed to have a diameter of 7.5 
cm, a thickness of 15 cm and a porosity of 80%, and made of 
commercially available nylon nonwoven fabric capable of 
containing about 500 ml of water. Each of the communication 
holes 60 has an inner diameter of 4 mm. 
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0.058 As one alternative of the condenser 53, a condenser 
66 as shown in FIG. 13 may be used. The condenser 66 
includes a plurality of absorbent members 58 each having a 
plurality of communication holes 60 perforated vertically at 
random positions thereof, and a plurality of porous members 
65 having low water absorbing property and high gas perme 
ability. The absorbent member 58 and the porous member 65 
are alternately laminated in the container 55. In this case, the 
oxygen gas can be more extensively diffused to bring out 
enhanced condensing performance. 
0059 Alternatively, a condenser 66' as shown in FIG. 14 
may be used. The condenser 66 includes a cooling device 67. 
and a condensed-water containing device 68 provided sepa 
rately from the cooling device 67. In this case, the cooling 
device 67 is operable to condense water vapor in the dis 
charged oxygen gas, and the condensed-water containing 
device 68 is operable to contain the resultingly condensed 
water. In this case, the function of condensing the water vapor 
and the function of containing the condensed water are sepa 
rated. Thus, even if the container 55 has an increased outer 
diameter to increase the capacity of the condensed water, the 
cooling device 67 can maintain an adequate cooling effi 
ciency to condense water vapor in the discharged oxygen gas 
with more enhanced efficiency. 
0060. As shown in FIG. 15, the condenser 66 may further 
include a piston member 69 provided above the absorbent 
member 58 and adapted to be slidably moved vertically along 
the inner surface of the container 55. The piston member 69 is 
operable to compress the absorbent members 58 and the 
porous members 65 from above at predetermined time inter 
vals or operational cycle so as to Squeeze the condensed water 
contained in the absorbent members 58 and forcibly dis 
charge the condensed water from a discharge port 70 provided 
at the bottom of the container 55 (see FIG. 15B). After the 
condensed water is discharged, the piston member 69 is 
moved upward to its original position, and the absorbent 
members 58 and the porous members 65 are returned to its 
original state by their resilience (see FIG. 15A). The opera 
tional cycle for discharging the condensed water outside the 
condenser 66 is determined in accordance with a water capac 
ity of the condenser 66, the number of laminated fuel-cell 
units of the fuel cell stack, and the quantity of electricity to be 
generated. 
0061. The amount of water to be created in the fuel cell can 
be logically calculated by the following formula: 

water amount (g)=current (A)xcurrent Supply time 
(second). Fx9 (g)xthe number of the fuel cell units of 
the fuel cell stack (wherein F is a Faraday constant of 
96500 coulombs (Axsecond), and 9 (g) indicates the 
mass of water to be created by one Faraday). 

0062 Even if the current and the current supply time is 
randomly changed, the entire water amount can be deter 
mined by using the above formula to calculate respective 
water amounts for each of the currents and the current Supply 
times, and accumulating the calculated values. Thus, the fuel 
cell can be continuously operated by setting the water amount 
within the upper limit of the water capacity of the condenser 
66. In this case, the operational cycle of discharging the 
condensed water can be adequately arranged to prevent any 
adverse affect on the power generating function of the fuel 
cell at a large power generating current. 
0063. Further, the plural number of the condensers 66, for 
example, two of the condensers 66 as shown in FIGS. 16 and 
17, may be provided. In this case, a control valve 71 is pro 
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vided on the upstream side of the condensers 66, 66, and the 
condensers 66, 66 may be independently operated as shown 
in FIG. 16. Alternatively, as shown in FIG. 17, the respective 
piston members 69, 69 of the condensers 66, 66 may be 
operated at different timings, and the control valve 71 may be 
controlled such that the discharged oxygen gas flows through 
one of the condensers 66, 66 while operating the piston mem 
ber 69 of the other condenser 66, so as to continuously con 
dense water vapor in the discharged oxygen gas and remove 
the condensed water. 
0064. Furthermore, as shown in FIG. 18, a bypass pipe 72 
for bypassing the condenser 66 may be provided to return the 
discharged oxygen gas directly to the fuel cell stack 21 with 
out passing it through the condenser 66 during the operation 
of discharging the condensed water from the condenser 66, 
preferably for a short time period (see FIG. 18B). 
0065. In the second embodiment, the absorbent member 
58 is made of nylon nonwoven fabric. However, the absorbent 
member 58 may be made of any suitable material having 
excellent absorbability such as woven or nonwoven fabric of 
rayon, natural fiber or the like. Further, the cooling medium of 
the cooler 56 may be selected from the group of water, ammo 
nia water, ethylene glycol, and mineral oil, according to use 
conditions. Furthermore, the inner surface of the container 55 
containing the absorbent member 58 may be formed with 
concave and convex portions to provide an increased heat 
conduction area. 

0.066 FIG. 19 shows a measurement result of average cell 
Voltage, when the fuel cell stack 21 having the same specifi 
cations as those of the first embodiment was operated at an 
operating temperature of 65, a current of 30 A and an oxygen 
gas circulation ratio of 4, with the condenser 66' separately 
having the cooling device 67 and the condensed-water con 
taining device 68 (see FIG. 14) and using water as its cooling 
medium, and the temperature of the cooling water was vari 
ably set at 20, 40, 55, 65, 75 and 85. According to this 
measurement result, when the cooling water temperature was 
set at 20, the electrolyte membrane was dried and thereby the 
average cell Voltage was gradually reduced. When the cooling 
water temperature was set at 85, the electrolyte membrane 
was excessively wetted and consequently the adjacent cata 
lyst layer and the separator on the outside thereof were wet 
ted, so that a so-called flooding phenomenon of deteriorating 
the diffusion of the reaction gases into the electrolyte mem 
brane was cause to reduce the average cell Voltage. No sig 
nificant reduction of the average cell Voltage was observed at 
another cooling water temperature. Thus, it was proved that a 
relatively excellent time-based characteristic can be obtained 
by setting the cooling water temperature in the range of-30 to 
+10 with respect to the operating temperature of the fuel cell. 
In addition, it was experientially proved that the cooling water 
is preferably set at higher temperature for lager oxygen-gas 
circulation ratio and at lower temperature for Smaller oxygen 
gas circulation ratio. 
0067. The operation of the solid polymer electrolyte fuel 
cell according to the second embodiment will be described 
below. 

0068. As with the first embodiment, the solid polymer 
electrolyte fuel cell according to the second embodiment uses 
a pure hydrogen gas as the fuel and a pure oxygen gas as the 
oxidant. The pure hydrogen and pure oxygen gases Supplied 
into the fuel cell stack 21 flow in opposite directions along the 
hydrogen-ion electrolyte membrane 22 to generate electric 
power. In this case, since the hydrogen discharge port 29 is 
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closed, the utilization ratio of the pure hydrogen gas will be 
approximately 100%. After reacting with the hydrogen gas, 
the pure oxygen gas is controlled at a predetermined flow 
volume by the flow-volume control device, and supplied into 
the condenser 53 through the oxygen discharge port 28, the 
closed circulation path 52 and the gas inlet 61. Then, the 
cooler 56 cools the discharged pure oxygen gas Supplied into 
the condenser 53 down to a predetermined temperature to 
condense water vapor in the discharged pure oxygen gas and 
create a condensed water. The condensed water is absorbed in 
the absorbent member 58 while the discharged pure oxygen 
gas passes through the communication holes 60. The dis 
charged pure oxygen gas discharged outside the condenser 53 
through the gas outlet 62 is forcibly supplied from the closed 
circulation path 52 to the oxygen supply path 51 by the 
circulating pump 54. Then, the discharged pure oxygen gas is 
mixed with the pure oxygen gas from the pure-oxygen-gas 
Supply source, and returned to the side of the oxidant elec 
trode 24 through the oxygen supply port 30. 
0069. As above, by closing the hydrogen dischargeport 29 
and forming the closed circulation path 52 on the side of the 
oxidant electrode 24, both the utilization ratios of the hydro 
gen and oxygen gases will be approximately 100%. In addi 
tion, by controlling the circulation Volume and temperature of 
the oxygen gas, the humidity of the electrolyte membrane can 
be maintained in a predetermined range while preventing the 
water created by the reaction between the oxygen and hydro 
gen gases from being accumulated in the interior of the fuel 
cell stack 21. 
0070 Further, the water created during the power genera 
tion is contained in the condenser, and the amount of the water 
is adequately controlled. Thus, the fuel cell can efficiently 
generate electric power without accumulation of the water on 
the electrolyte membrane and occurrence of the flooding 
phenomenon. The condensed water absorbed in the absorbent 
member 58 of the condenser 53 or 66 can be used as drinking 
water in a closed environment such as outer space, or reused 
for power generation by creating hydrogen and oxygen gases 
through an electrolytic process. 
(0071. The aforementioned condenser 53, 66 or 66' can 
efficiently remove the water excessively created through the 
power generation at a large current to maintain the adequate 
power generation performance of the fuel cell. The absorbent 
member 58 provided in the condenser 53, 66 or 66' can 
prevent the condensed water from floating in the condenser 
53, 66 or 66' even under very low gravity as in outer space to 
achieve a stable power generation. 
0072. In the above embodiment, the circulation gas having 
a desired humidity is re-supplied to the fuel cell stack 21 by 
adequately controlling the temperature of the cooling 
medium of the condenser power generation and adjusting the 
partial pressure of the water vapor of the circulation gas 
re-supplied to the fuel cell stack 21 through the closed circu 
lation path 52. Thus, the amount of the water to be removed at 
the condenser 53, 66 or 66' and the amount of the circulation 
gas can be controlled in a well-balanced manner. This can 
prevent occurrence of a dry-out phenomenon caused by 
excessively removing the water in the fuel cell stack 21, 
drying the electrolyte membrane 22 and blocking the trans 
mission of hydrogen ions, so as to provide enhanced power 
generation performance. 
0073. Further, since the oxygen gas is used as the oxidant, 
the gas circulation allows 100% of the supply gas to be 
utilized. Further, the partial pressure of the water can be freely 
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changed by adjusting the oxygen-gas circulation ratio, and 
thereby the allowable range of the operating temperature of 
the fuel cell can be enlarged. For example, when the fuel cell 
is operated at an oxygen-gas circulation ratio of 2, the allow 
able operating temperature can be increased up to 87. 
(0074. While the closed circulation path of the above 
embodiment is provided on the side of the oxidant electrode 
24, the closed circulation path 52 may be provided on either 
one side or both sides of the fuel electrode 23 and the oxidant 
electrode 24. However, it is preferable to provide the closed 
circulation path 52 on at least the side where the water is 
created, specifically, on the side of the oxidant electrode 24 
when the hydrogen-ion electrolyte membrane 22 is used, or 
on the side of the fuel electrode 23 when a hydroxide-ion or 
carbonate-ion electrolyte membrane is used. 
0075. Further, as shown in FIG. 20, the oxygen-gas supply 
source may be connected to the inlet side of the condenser 53. 
In this case, the relationship between the oxygen-gas circu 
lation amount and the fuel cell characteristic was the same as 
that of the above embodiment. In addition, this construction is 
advantageously capable of more easily controlling the 
humidity of the oxygen gas to be circulated to the interior of 
the fuel cell stack 21, and adequately operating the fuel cell 
while reducing the temperature of the condenser 53 by 5 to 10. 
0076. As mentioned above, according to the present inven 
tion, the first gas supplied to the side of the fuel electrode and 
the second gas Supplied to the side of the oxidant electrode 
flow in opposite directions in the fuel cell stack, so that the 
water is reciprocally moved between the fuel and oxidant 
electrodes through the solid polymer electrolyte membrane. 
Thus, without providing any humidifier, the water holding 
region in the solid polymer electrolyte membrane is increased 
to achieve enhanced fuel-cell characteristics. 
0077. In addition, since the need for providing a humidi 
fier is eliminate, the fuel cell can be reduced in size and/or 
weight. Further, the closed circulation path may be formed 
and/or the port for discharging the gas from the fuel cell stack 
may be closed to provide enhanced utilization ratios of the 
gases on the respective sides of the fuel and oxidant elec 
trodes. 
0078. Furthermore, the flow volume and/or temperature of 
the circulation gas in the closed circulation path may be 
controlled to control the humidity in the fuel cell stack so as 
to provide various excellent effects such as improvement of 
fuel cell performance, reduction of operational cost, and 
higher power generation. 
What is claimed is: 
1. A method for operating a solid polymer electrolyte fuel 

cell comprising the steps of: 
forming a fuel cell Stack by laminating a plurality of fuel 

cell units each of which includes a fuel electrode, an 
oxidant electrode, and a solid polymer electrolyte mem 
brane interposed between said fuel and oxidant elec 
trodes, 

Supplying a pure hydrogen gas to the side of said fuel 
electrode without humidification from its supply source, 

Supplying a pure oxygen gas to the side of said oxidant 
electrode without humidification from its supply source, 

generating electric powerthrough an electrochemical reac 
tion between the pure hydrogen gas and the pure oxygen 
gas, and 

flowing said hydrogen gas and said oxygen gas in opposite 
directions in said fuel cell stack, to reciprocally move 
water created on the side of the oxidant electrode 
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between said fuel and oxidant electrodes through the 
Solid polymer electrolyte membrane to increase a water 
holding region in said solid polymer electrolyte mem 
brane. 

2. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 1, wherein in said forming step, 
the solid polymer electrolyte fuel cell is formed to include: 

a condenser, and 
a gas discharge port for discharging at least said oxygen gas 

from the side of said oxidant electrode, wherein said 
method further comprises the steps of: 

connecting said gas discharge port to said oxygen gas 
Supply path so as to form a closed circulation path, and 

providing said condenser in said closed circulation path. 
3. The method for operating a solid polymer electrolyte 

fuel cell as defined in claim 1, wherein in said forming step, 
the solid polymer electrolyte fuel cell is formed to include a 
condenser having an outlet side, an oxygen gas Supply port for 
Supplying said oxygen gas of said oxidant electrode, and a gas 
discharge path for discharging at least said oxygen gas from 
the side of said oxidant electrode from the oxygen gas Supply 
means, wherein said method further comprises the steps of: 

connecting said gas discharge path and said oxygen gas 
Supply means to said condenser, and 

connecting the outlet side of said condenser to said oxygen 
gas Supply port, so as to form a closed circulation path. 

4. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 2, wherein in said forming step, 
the solid polymer electrolyte fuel cell is formed to include a 
gas discharge port provided on the side of said fuel electrode, 
wherein in said connecting step, said closed circulation path 
is provided on the side of said oxidant electrode, and wherein 
the gas discharge port provided on the side of said fuel elec 
trode is closed. 

5. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 2, further comprising the step of 
containing condensed water condensed by said condenser. 
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6. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 2, further comprising the step of 
controlling a cooling medium of said condenser in a tempera 
ture range of -30°C. to +10°C. with respect to an operating 
temperature of said fuel cell. 

7. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 2, further comprising the step of 
controlling the Volume of the gas circulated through said 
closed circulation path in the range of 2 to 10 times greater 
than a theoretical gas Volume required for electrochemically 
generating electric power. 

8. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 1, wherein in said forming step, 
said solid polymer electrolyte membrane has a thickness of 
10 to 50 um. 

9. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 2, further comprising the steps of 
containing condensed water condensed by said condenser, in 
a container, and absorbing the condensed water, using an 
absorber included in the container. 

10. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 9, the step of allowing the circu 
lation gas in said closed circulation path to be Smoothly 
transferred through said condenser while contacting said 
absorber. 

11. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 9, further comprising the steps of 
cooling the circulation gas in said closed circulation path, 
using said condenser, and using said container to contain 
condensed water condensed in said cooling step. 

12. The method for operating a solid polymer electrolyte 
fuel cell as defined in claim 2, wherein in said connecting 
step, said closed circulation path bypasses said condenser. 
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