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MEMBRANE ELECTRODE ASSEMBLY FOR A TUBE-SHAPED FUEL

CELL AND TUBE-SHAPED FUEL CELL

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a membrane electrode assembly for a tube-
shaped fuel cell, which is used in a tube-shaped fuel cell, and a tube-shaped
fuel cell, which can reduce costs and be made compact by being formed in a

tube shape.

2. Description of the Related Art

[0002] A unit cell, which is the smallest power generating unit of a proton-
exchange membrane fuel cell (PEMFC), typically has a membrane electrode
assembly in which a catalyst electrode layer is joined to both sides of a solid
electrolyte membrane. A gas diffusion layer is arranged on both sides of this
membrane electrode assembly. Further, a separatof having gas flow paths is
arranged on the outside of the gas diffusion layer.‘ | Fuel gas and oxidant gas
supplied the catalyst electrode layer of the membrane electrode assembly are
then passed through the gas diffusion layers, and the electric current obtained
by the power generated is then transmitted outside the cell.

The separator, which is sandwiched between the single cells, serves to
prevent the fuel gas (e.g., hydrogen) entering the fuel electrode from mixing
with the oxidant gas (e.g., air) entering the air electrode when cells are
stacked together. The separator also acts as an electrﬁn conductor for
connecting two cells together in series. A fuel cell which is used to generated
power is made by stacking together the necessary number of single cells to

assemble a fuel cell stack, and then integrating an apparatus to supply the
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fuel and oxidant gas, and a control apparatus, and the like.

[0003] With the structure of the proton-exchange membrane fuel cell
(PEMFC) of the related art described above, however, a separator, le., a
member used to both prevent the reaction gases between individual single
cells from mixing and electrically connect the single cells together, is
necessary. Because the solid polymer electrolyte membrane exhibits acidity
due to the property of a sulfonic group, which is an ion-exchange group thereof,
the separator must be both acid resistant and conductive. Therefore, carbon
material or titanium material is used.  These materials are both difficult to
machine and costly, which increases the cost of the fuel cell main unit.

Also, in a flat fuel cell structure such as that described above, even if 1t
were suited for a design in which a number of electrodes (i.e., fuel electrodes
and air electrodes) with a large area are stacked up, the fuel cell could not be
made compact. Thus, problems may occur in a case in which compactness is
required, such as with a fuel cell to be mounted in a vehicle, for example.

'[0004] In order to solve this kind of problem, a tube-shaped fuel cell has

~ been proposed (see JP(A) 2002-289220, JP(A) 2002-124273, and JP(A) 2002-

260685). This type of tube-shaped fuel cell does not require a separator and
is therefore advantageous in that costs can be reduced and the fuel cell can be
made compact.

In this type of tube-shaped fuel cell, however, it is necessary to have
electrons that are generated flow in the axial direction of the tube. Unless a
collector which is capable of making the electrons flow smoothly in the axial
direction is provided, the efficiency will decrease.

Also, when attempting to form a collector using a tube-shaped conductor
when attempting to form a membrane electrode assembly for a tube-shaped
fuel cell using a solid electrolyte membrane which has been formed in a tube
shape in advance, the dimensions for the outside diameter of the inside

collector and the inside diameter of the outside collector must be extremely
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accurate. Further, in this case, the processes of mounting the inside collector
and the outside collector are extremely troublesome and complicated.

[0005] In view of the foregoing problems, it is an object of the invention to
provide a tube-shaped fuel cell and a membrane electrode assembly for a
tube-shaped fuel cell that has a collector which has good power collecting
efficiency in the axial direction of the tube, does not require high dimensional

accuracy, and is relatively easy to mount.

SUMMARY OF THE INVENTION

[0006] In order to achieve the foregoing object, the invention thus provides
a membrane electrode assembly for a tube-shaped fuel cell (hereinafter, also
referred to as “membrane electrode assembly”) provided with a tube-shaped
solid electrolyte membrane; an outside catalyst electrode layer formed on an
outer peripheral surface of the solid electrolyte membrane; an inside catalyst
electrode layer formed on an inner peripheral surface of the solid electrolyte
membrane; an outside collector arranged on an outer peripheral surface of the
outside catalyst electrode layer; and an inside collector arranged on an inner
peripheral surface of the inside catalyst electrode layer, the membrane
electrode assembly being characterised in that at least one of the outside
collector and the inside collector is a coiled collector that includes a coiled
conductor.

[0007] According to the invention, at least one of the outside collector and
the inside collector is a coiled collector that includes a coiled conductor. As a
result, the power collecting function in the axial direction of the tube is high.
Moreover, the inside and outside diameters of the coil can be changed by
twisting the coil, thus making it easier to mount as a collector. Further, the
shape does not have to be that accurate. In addition, because it was mounted

using the method described above, after mounting, tightening force is applied

to the inside with the outside collector, and expanding force is applied to the



10

15

20

25

WO 2005/122303 PCT/IB2005/001605
4

outside with the inside collector, both of which increase contact with the
catalyst electrode layer, thereby enabling extremely high power collection
efficiency to be maintained.

[0008] Also, both the outside collector and the inside collector may use a
coiled collector which includes a coiled conductor.

Further, the membrane electrode assembly for a tube-shaped fuel cell
according to the invention may be used in a tube-shaped fuel cell which uses a
tube-shaped solid electrolyte membrane, and may be formed by a coiled wire
rod made of a metal that is resistant to corrosion.

Also, in the membrane electrode assembly for a tube-shaped fuel cell
according to the invention, at least one of the outside collector and the inside
collector may be integrated with a catalyst electrode layer.

Furthermore, a tube-shaped fuel cell according to the invention may use
the membrane electrode assembly for a tube-shaped fuel cell described above.

Because it uses the membrane electrode assembly for a tube-shaped fuel
cell described above, the tube-shaped fuel cell according to the invention is
advantageous in that it is both inexpensive and has excellent power
generating efficiency because of the good power collecting efficiency in the
axial direction of the tube.

[0009] With the membrane electrode assembly for a tube-shaped fuel cell
according to the invention, the power collecting function in the axial direction
of the tube is high and it is easy to mount the collector during production.
Furthermore, the shape of the collector does not need to be that accurate.
Thus, the membrane electrode assembly according to the invention is
advantageous in that it makes it possible to improve the power generating
efficiency of a fuel cell which uses the membrane electrode assembly, and it

can be made inexpensive.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0010] FIG. 1 is a block diagram schematically showing one example of a
membrane electrode assembly according to the invention;

FIG. 2 is a perspective view schematically showing an example of how the
membrane electrode assembly according to the invention is used;

FIG. 3 is a plan view showing an example of a fuel cell according to the
invention;

FIG. 4 is a bottom view showing the example of a fuel cell according to the
invention;

FIG. 5 is a sectional view showing the example of a fuel cell according to the
invention;

FIG. 6 is a plan view showing the connection of a terminal and an inside
collector on an upper support plate of the fuel cell according to the invention;

FIG. 7 is a sectional view showing the connection of the terminal and the
inside collector on the upper support plate of the fuel cell according to the
invention;

FIG. 8 is a plan view showing the connection of a terminal and an outside
collector on a lower support plate of the fuel cell according to the invention;
and

FIG. 9 is a sectional view showing the connection of the terminal and the
outside collector on the lower support plate of the fuel cell according to the

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0011] The invention includes a membrane electrode assembly for a tube-
shaped fuel cell; a collector for a tube-shaped fuel cell, and a tube-shaped fuel
cell. Each of these will be described in detail hereinafter.
A. Membrane electrode assembly for tube-shaped fuel cell
[0012] 1. First Embodiment

The membrane electrode assembly for tube-shaped fuel cell according to a
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first exemplary embodiment of this invention is a membrane electrode
assembly for a tube-shaped fuel cell, which is provided with a tube-shaped
solid electrolyte membrane; an outside catalyst electrode layer formed on an
outer peripheral surface of the solid electrolyte membrane; an inside catalyst
electrode layer formed on an inner peripheral surface of the solid electrolyte
membrane; an outside collector arranged on an outer peripheral surface of the
outside catalyst electrode layer; and an inside collector arranged on an inner
peripheral surface of the inside catalyst electrode layer. The membrane
electrode assembly is characterised in that at least one of the outside collector
and the inside collector is a coiled collector that includes a coiled conductor.

FIG. 1 is a view showing an example of a membrane electrode assembly
according to this exemplary embodiment, with FIG. 1(a) being a vertical
sectional view of a cross-section, in the axial direction, of a tube-shaped
membrane electrode assembly and FIG. 1(b) being a horizontal sectional view
of a cross-section (taken along line A-A’) in the circumferential direction. As
shown in FIG. 1, the membrane electrode assembly of this example includes a
tube-shaped solid electrplyte membrane 1; an outside catalyst electrode layer
2 formed on an outer peripheral side of the solid electrolyte membrane 1; an
inside catalyst electrode layer 8 formed on an inner peripheral side of the solid
electrolyte membrane 1; an outside collector 4 made of a coiled wire rod
arranged on an outer peripheral surface of the outside catalyst electrode layer
2: and an inside collector 5 made from a coiled wire rod arranged on an inner
peripheral surface of the inside catalyst electrode layer 3.

[0018] The membrane electrode assembly of this exemplary embodiment
has the following great advantages because it uses coiled collectoré made from
coiled wire rods for the collectors in this way.

First, because each collector is made from a single coiled wire rod that
extends from one end portion to the other end portion in the axial direction,

the power collecting efficiency in the axial direction is extremely good, which
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enables power generating efficiency to be improved when used in a fuel cell.

Further, because the collector is coil shaped, when it is used as the inside
collector, for example, the outside diameter of the coil can be decreased by
twisting the coil in the closing direction (i.e., against the spring force). As a
result, when mounting the coiled collector, the collector can be inserted to the
inside of the catalyst electrode layer after the outside diameter of the collector
has been reduced in this way, which is advantageous in that it makes
mounting extremely easy. Also, by adjusting the twisting angle, the outside
diameter of the coiled collector can be changed to some degree. Therefore the
outside diameter of the coiled collector does not have to be that accurate,
which makes it possible to reduce the cost.

[0014] Moreover, when the coiled collector is then returned to its original
state, force is applied in the direction in which the outside diameter of the
coiled collector expands, thereby fixing the coiled collector in a state in which
it is pushing with a predetermined reaction force against the inside catalyst
electrode layer. As a result, power collecting efficiency is able to be kept
extremely high, which enables powef generating efficiency to be increased
when it is used in a fuel cell. |

When a coiled collector is used for the outside collector, on the other hand,
the inside diameter of the coil can be made larger by twisting the coil in the
loosening direction (i.e., the direction in which is expands). As a result, when
mounting the coiled collector, the coiled collector can be mounted to the outer
peripheral surface of the outside catalyst electrode layer after the inside
diameter of the collector has been enlarged in this way, i.e., the laminated
body in which the outside catalyst electrode layer is formed on the outer
peripheral surface of the tube-shaped solid eleétrolyte membrane can be
inserted into the inner portion of the coiled collector, which is advantageous in
that it makes mounting extremely easy. Also, by adjusting the twisting angle,

the inside diameter of the coiled collector can be changed to some degree.
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Therefore the inside diameter of the coiled collector does not have to be that
accurate, which makes it possible to reduce the cost.

[0015] Also, when the coiled collector is then returned to its original state,
force is applied in the direction in which the inside diameter of the coiled
collector decreases, thereby fixing the coiled collector in aAstate in which it is
pushing with a predetermined reaction force against the outside catalyst
electrode layer. As a result, power collecting efficiency is able to be kept
extremely high, which enables power generating efficiency to be increased
when it is used in a fuel cell.

The respective structures of this type of membrane electrode assembly will
hereinafter be described in detail.

[0016] (1) Coiled collector

The coiled collector used in this exemplary embodiment is not particularly
limited as long as it has a conductive wire rod that is formed in a coil shape.
However, considering the environment in which it is to be used, it is
preferable that the coiled collector have good resistance to corrosion and that
it not adversely affect the reaction in the catalyst electrode layer. Also,
because it is preferable that the coiled collector be able to push against the
catalyst electrode layer with a predetermined force after it is mounted by a
mounting method such as thaf described above, the coiled collector preferably
has some degree of elasticity. Considering these points, a metal which is
resistant to corrosion is preferable. In particular, titanium, gold, and
platinum, and the like are preferable materials. Of these, titanium is the
preferable material in terms of cost.

This kind of coiled collector can also be used for only the outside collector or
only the inside collector. However, a structure in which both the outside
collector and the inside collector are coiled collectors is preferable.

[0017] (2) Solid electrolyte membrane

Next, the solid electrolyte membrane used in the exemplary embodiment
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will be described. The solid electrolyte membrane used in this invention is
not particularly limited as long as it is tube shaped and of a material which
has excellent proton conductivity and through which current is unable to flow.

More specifically, examples of a current solid electrolyte membrane of a fuel
cell of a flat structure include a general-purpose fluorinated resin such as a
perfluorosulfonic acid polymer (proprietary trade name: Nafion™ by Dupont)
or the like, and a hydrocarbon resin, such as polyimide which has a proton
conducting group,\formed into a tube shape, and the like.

[0018] Also, examples of an inorganic solid electrolyte membrane include a
tube-shaped solid electrolyte membrane in which porous glass is formed into a
tube shape, the surfaces inside the nano-holes are reformed, and it is given
proton conductivity, and a solid electrolyte membrane to which a tube-shaped
phosphoric acid glass has been applied. Examples of the solid electrolyte
membrane using the porous glass described above include a solid electrolyte

membrane obtained by a method of introducing a sulfonic group having proton

" conductivity, by of reacting a silane coupling agent of mercaptopropyl

trimetoxysilan with an OH group of an inside surface of the holes in the
porous glass, and then oxidizing the -SH of the mercapto group, forn example
(Chemical and Chemical Industry JP, Vol. 57, No. 1 (2004), pp. 41 to 44), and
the like. Also, | an example of a solid electrolyte membrane to which
phosphoric acid glass has been applied includes an example disclosed in Fuel
Cell Vol. 3, No. 3, 2004, pp. 69 to 71.

[0019] (3) Outside catalyst electrode layer and inside catalyst electrode
layer

Lastly, the outside catalyst electrode layer and the inside catalyst electrode
layer used in this exemplary embodiment will be described. The catalyst
electrode layers used in this exemplary embodiment can be the same as the
catalyst electrode layers that are used for a normal membrane electrode

assembly for a fuel cell having a flat structure. More specifically, the catalyst
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electrode layers include a proton conducting material such as a
perfluorosulfonic acid polymer (proprietary trade name: Nafion ™ by Dupont)
or the like, a conductive material such as carbon black or carbon nanotube,
and a catalyst such as platinum carried on that conductive material.

[0020] 2. Membrane electrode assembly for a tube-shaped fuel cell

The membrane electrode assembly for a tube-shaped fuel cell according to
this invention is used as a fuel cell by arranging a plurality of the membrane
electrode assemblies 11 for a tube-shaped fuel cell in lines and passing air
through the insides of the inside collectors and hydrogen gas around the
outside of the outside collectors, as shown in FIG. 2, for example, or conversely,

passing hydrogen gas through the inside of the inside collectors and air

‘around the outside of the outside collectors, which is opposite that shown in

FIG. 2, while the inside collectors (not shown) and outside collectors (also not

shown) of the membrane electrode assemblies 11 for a tube-shaped fuel cell

are all connected to external terminals.

[0021] B. Collector for a tube-shaped fuel cell

Next, a collector for a tube-shaped fuel cell according to the invention will
be described. The collector for a tube-shaped fuel cell according to the
invention is characterised in that it is used in a tube-shaped fuel cell which
uses a tube-shaped solid electrolyte membrane and is formed by a coiled wire
rod made of a metal that is resistant to corrosion.

The collector for a tube-shaped fuel cell of this invention is the same as that
described as the “coiled collector” under the section “Membrane electrode
assembly for a tube-shaped fuel cell” above so a description thereof will be
omitted. |

[0022] C. Tube-shaped fuel cell

Lastly, the tube-shaped fuel cell of the invention will be described. The
tube-shaped fuel cell of the invention is characterised in that it uses a

membrane electrode assembly for a tube-shaped fuel cell such as that
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described above.

Such a tube-shaped fuel cell of the invention will hereinafter be described
with reference to the drawings.

FIGS. 8, 4, and 5 show an example of the tube-shaped fuel cell of the
invention, with FIG. 3 being a top view, FIG. 4 being a bottom view, and FIG.
5 being a sectional view. This example shows a tube-shaped fuel cell which
uses the coiled collector for both the inside collector and the outside collector.
As shown in FIGS. 3 to 5, the tube-shaped fuel cell of this example is such that
a plurality of the membrane electrode assemblies 11 for a tube-shaped fuel cell
are erected parallel with one another between a lower support plate 12 and an
upper support plate 13, and supports 14 which connect and support the lower
support plate 12 and the upper support plate 13 are arranged at the four
corners.

[0023] At the upper support plate 13 of the tube-shaped fuel cell, inside
collectors 5 of the membrane electrode assemblies 11 for a tube-shaped fuel
cell are connected to an upper terminal 16 via soldering 15 at the upper ends
of the inside collectors 5, as shown in FIGS. 6 and 7. At the lower support
plate 12, outside collectors 4 of the membrane electrode assemblies 11.for a
tube-shaped fuel cell are connected to a lower terminal 17 via soldering 15 at
the lower ends of the outside collectors 4, as shown in FIGS. 8 and 9.

In the tube-shaped fuel cell shown in this example, hydrogen gas is
supplied to the inside and air is supplied to the outside of the membrane
electrode assemblies 11 by gas supplying means, not shown. As a result,
electrons are supplied to the inside collector 5 side such that the upper
terminal 16 to which the inside collectors 5 are connected is used as the
negative electrode and the lower terminal 17 to which the outside collectors 4
are connected is used as the positive electrode.

[0024] The tube-shaped fuel cell of this invention has good power collecting

efficiency because it has a membrane electrode assembly in which a coiled
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collector such as that described above is used for both the outside collector and
the inside collector, and the membrane electrode assembly provides good
contact between the collectors and the catalyst electrode layers. Thus, the
tube-shaped fuel cell of this invention, which has a plurality of this kind of
membrane electrode assembly, has extremely good power generating
efficiency.

[0025] The invention is not limited to the foregoing exemplary embodiment.
The exemplary embodiment is merely an example. Any and all various
modifications and equivalent arrangements which have a structure that is
essentially the same as the technical aspects disclosed in the scope of the
claims for patent of this invention and which display the same operation and
effects are within the technical scope of the invention.

For example, in the foregoing description, the outside. catalyst electrode
layer and the outside collector, and further, the inside catalyst electrode layer
and the inside collector, are described as different structures. However, the
invention also covers a structure in which the collectors and the catalyst
electrode layers are integrated and which has both functions, such as in a case

in which a carbon tube that carries a catalyst is formed on the collector itself.
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CLAIMS
1. A membrane electrode assembly (11) for a tube-shaped fuel cell, comprising:

a tube-shaped solid electrolyte membrane (1);

an outside catalyst electrode layer (2) formed on an outer peripheral surface
of the solid electrolyte membrane (1);

an inside catalyst electrode layer (3) formed on an inner peripheral surface
of the solid electrolyte membrane (1);

an outside collector (4) arranged on an outer peripheral surface of the
outside catalyst electrode layer (2); and

an inside collector (5) arranged on an inner peripheral surface of the inside
catalyst electrode layer (3),
characterised in that at least one of the outside collector (4) and the inside

collector (5) is a cqiled collector that includes a coiled conductor.

2. The membrane electrode assembly (11) for a tube-shaped fuel cell according
to claim 1, wherein the outside collector (4) and the inside collector (5) are

both coiled collectors each of which includes a coiled conductor.

3. The membrane electrode assembly (11) for a tube-shaped fuel cell according
to claim 1 or 2, wherein at least one of the outside collector (4) and the inside

collector (5) is integrated with a catalyst electrode layer.

4. The membrane electrode assembly (11) for a tube-shaped fuel cell according
to any one of claims 1 to 3, wherein at least one of the outside collector (4) and

the inside collector (5) is a metal that is resistant to corrosion.

5. A tube-shaped fuel cell characterised in that it uses the membrane electrode

assembly (11) for a tube-shaped fuel cell according to any one of claims 1 to 4.
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