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DESCRIPTION

PROTON EXCHANGE MEMBRANE FUEL CELLS AND ELECTRODES

RELATED APPLICATION DATA

The present disclosure is a continuation-in-part of United States Patent
Application Serial No. 11/284,173 filed November 21%, 2005 and entitled *“Proton
Exchange Membrane Fuel Cell and Method of Forming a Fuel Cell,” the entirety of

which is incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to a proton exchange membrane fuel cell, and a
method of forming a fuel cell, and more specifically, to a proton exchange membrane fuel

cell which includes porous electrically conductive electrodes.

BACKGROUND ART
U.S. Patent Nos. 6,030,718 and 6,468,682 relate to proton exchange membrane

fuel cells, and more specifically, to fuel cell power systems which include a plurality of
discrete fuel cell modules which are self-humidifying, and which offer a degree of
reliability, ease of maintenance, and reduced capital costs that have not been possible,
heretofore, with respect to previous fuel cells designs which have been primarily directed
to stack-type arrangements. The teachings of these earlier patents are incorporated by
reference herein.

With respect to fuel cells, in general, their operation are well known. A fuel cell
generates electricity from a fuel source, such as hydrogen gas, and an oxidant such as
oxygen or air. The chemical reaction does not result in a burning of the fuel to produce
heat energy, therefore, the thermodynamic limits on the efficiency of such reactions are
much greater than conventional power generation processes. In a proton exchange
membrane fuel cell, the fuel gas, (typically hydrogen), is ionized in one electrode, and the
hydrogen ion or proton diffuses across an ion conducting membrane to recombine with
oxygen ions on the cathode side. The byproduct of the reaction is water and the

production of an electrical current.
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While the modular PEM fuel cells disclosed in the patents, referenced above, have
operated with a great deal of success, there have been shortcomings which have detracted
from their usefulness. Chief among the difficulties encountered in the commercial
introduction of the fuel cells as seen in U.S. Patent Nos. 6,030,718 and 6,468,682 is the
multiplicity of parts required to fabricate and produce same. In particular, and as seen in
U.S. Patent No. 6,030,718, this particular patent shows an array of parts which are
utilized to transmit force substantially uniformly from the cathode covers of the
respective PEM fuel cell modules to the underlying current collector which is pressed into
ohmic electrical contact with the opposite anode and cathode sides of an ion exchange
membrane. Again in U.S. Patent No. 6,468,682, the fuel cell design as shown therein
includes an array of rather sophisticated force application springs which lie in force
transmitting relation relative to an underlying current collector which is forced by these
same springs into ohmic electrical contact relative to the ion exchange membrane.

As should be understood from the teachings of these two patents, the costs
attendant with the fabrication of these rather sophisticated parts, and the time required for
assembly for these PEM fuel cell modules is significant. Moreover, manufacturing
variations which may occur from time-to-time in these parts may result in decreased
performance of the individual ion exchange membranes which are incorporated within
these individual PEM fuel cell modules. In addition to thé shortcomings noted above,
difficulties have arisen from time-to-time regarding the operation of the PEM fuel cell
modules in high temperature environments.

Accordingly, a proton exchange membrane fuel cell, and method of forming a fuel
cell which achieves the benefits to be derived from the aforementioned technology, but
which avoids the detriments individually associated with these novel PEM fuel cell

modules, and stack-type fuel cells is the subject matter of the present invention.

SUMMARY

A first aspect of the present invention is to provide a proton exchange membrane
fuel cell having opposite anode and cathode sides; and individual electrodes juxtaposed
relative to each of the anode and cathode sides, and wherein at least one of the electrodes

is fabricated, at least in part, of a porous, electrically conductive material.
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Another aspect of the present invention is to provide an electrode for use in a
proton exchange membrane fuel cell, and which has a proton exchange membrane, and
which further includes a porous electrically conductive substrate which is disposed in
ohmic electrical contact with the proton exchange membrane, and which simultaneously
acts as a heat sink, gas diffusion layer, and as a current collector; and a catalyst layer is
applied to the porous electrically conductive substrate.

Still another aspect of the present invention relates to a proton exchange
membrane fuel cell module which includes a module housing defining a cavity, and
wherein the cavity is coupled in fluid flowing relation relative to a source of air, and a
source of a fuel gas; a polymeric proton exchange membrane positioned within the cavity
of the module housing, and wherein the poiymeric proton exchange membrane has an
anode and an opposite cathode side, and wherein the source of air is supplied to the
cathode side of the polymeric proton exchange membrane, and the source of the fuel gas
1s supplied to the anode side of the polymeric proton exchange membrane; a catalyst
coating positioned in juxtaposed relation relative to each of the anode and cathode sides
of the polymeric proton exchange membrane; and a porous electrically conductive
substrate positioned in covering relation relative to the catalyst coating which is located
on the anode and cathode sides of the polymeric proton exchange membrane, and which
is further positioned in ohmic electrical contact with each of the anode and cathode sides
of the polymeric proton exchange membrane, and wherein the catalyst layer and the
porous electrically conductive substrate form a gas diffusion electrode for each of the
anode and cathode sides of the polymeric proton exchange membrane.

Yet another aspect of the present invention relates to a method of forming a fuel
cell which includes the steps of providing a pair of porous electrically conductive
substrates Having inside and outside facing surfaces, and positioning the pair of porous
electrically conductive substrates in spaced relation, one relative to the other; applying a
cdtalyst coating 1o the inside facing surface of each of the porous electrically conductive
substrates; and providing a polymeric proton exchange membrane having opposite anode
and cathode sides, and positioning the polymeric proton exchange membrane
therebetween, and in ohmic electrical contact relative to, each of the porous electrically

conductive substrates to form the fuel cell.
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These and other aspect of the present invention will be described in greater detail

hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the

following accompanying drawings.

Fig. 1 is a perspective, exploded side elevation view of a first form of the present
invention.

.Fig. 2 is a second, perspective, exploded side elevation view of a first form of the
present invention, and which is taken from a position which is opposite to that seen in
Fig. 1. |

Fig. 3 is a perspective, side elevation view of the first form ot the invention and
which is shown in an assembled configuration.

Fig. 4 is a perspective, side elevation view of the first form of the invention and
which is taken from a position opposite to that seen in Fig. 3.

Fig. 5 is a perspective, fragmentary, side elevation view of a membrane electrode
assembly which forms a part of the present invention.

Fig. 6 is a perspective, fragmentary, exploded view of the membrane electrode
assembly as seen in Fig. 5.

Fig 7A, 7B and 7C are perspective exploded side elevation views of a second
form of the present invention. |

Fig. 8 is a perspective, side elevation view of the second form of the present
invention, and which is shown in an assembled configuration.

Fig. 9 is a perspective, side elevation view of the second form of the present

invention, and which is taken from a position opposite to that seen in Fig. 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIRST FORM
Referring more particularly to the drawings, the first form of the proton exchange
membrane fuel cell, and method of forming a fuel cell is generally indicated by the

numeral 10 in Fig. 1. A proton exchange membrane fuel cell module 10, hereinafter
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referred to as a “PEM fuel cell module,” includes two forms of the invention as will be
described below. The first form of the invention 10 as seen in Figs. 1-4 includes many
structures and assemblies very similar to that seen in U.S. Patent No. 6,030,718; the
teachings of which are incorporated by reference herein. In this regard, the PEM fuel cell
module 10 of the present invention includes a hydrogen distribution frame 20 which is
fabricated from a substrate which typically has a flexural modules of less than about
500,000 PSI and a compressive strength of typically less than about 20,000 PSI. As such,
a number of suitable or equivalent thermoplastic materials can be utilized. The hydrogen
distribution frame 20 includes a main body 21 as seen in Figs. 1-4. The main body has a
first end 22 and an opposite second end 23. Further, the main body is defined by a
peripheral edge 24. In an assembled configuration, a handle 25 which facilitates the
convenient manual manipulation of the PEM fuel cell module 10 is positioned along the
peripheral edge (Fig. 3). As seen in Figs. | and 2, the PEM fuel cell module includes a
cartridge latch which is generally indicated by the numeral 26 and which is pivotally
affixed along the peripheral edge 24, and which allows the PEM fuel cell module 10 to be
conveniently coupled with a fuel cell power system (not shown), but which was discussed
in significant detail in U.S. Patent No. 6,030,718.

As seen in Figs. 1-4, the main body 21 defines a plurality of substantially opposed
cavities 30. These cavities are designated first, second, third and fourth cavities 31, 32,
33, and 34, respectively. Sull further, and referring again to Figs. 1 and 2, a plurality of
apertures 35 are formed, in given locations, in the main body 21 and are operable to
receive fasteners which will be described in greater detail hereinafter. The main body 21
further defines a pair of passageways designated generally by the numeral 40 (Fig. 2).
The pair of passageways include a first passageway 41 which permits the delivery of
hydrogen gas, from a source of same, to each of the cavities 31-34; and a second
passageway 42 which facilitates the removal of impurities, water and unreacted hydrogen
gas from each of the cavities 31-34, respectively. A linking passageway 43, shown in
phantom lines in Figs. | and 2, operably fluidly couples each of the respective first and
second cavities 31 and 32, respectively; and the third and fourth cavities 33 and 34,
respectively in fluid flowing relation one relative to the other such that hydrogen gas
delivered by means of the first passageway 41 may find its way into each of the cavities

31-34, respectively. Each of the cavities 31-34 are substantially identical in their overall
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dimensions and shape. Still further, each cavity defines a region 44 which supports a
proton exchange membrane having individual electrodes comprising a porous inorganic
material such as porous ceramic electrodes, as will be described in greater detail
hereinafter. Positioned in each of the given regions 44 of the respective cavities 30, and
extending substantially normally, outwardly therefore are a plurality of small projections
45. The small projections elevate or space a proton exchange membrane or cell assembly
from the hydrogen distribution frame so that a fuel gas, like hydrogen, can reach or
otherwise be supplied uniformly to the anode side of the proton exchange membrane.
This will be discussed in greater detail hereinafter.

As seen in Figs. 1-4, the first and second passageways 41 and 42 are connected in
fluid flowing relation relative to each of the regions 44. As seen in Figs. 1-4, the
peripheral edge 24 defines a number of gaps or openings 46. Referring now to Fig. 2, the
first and second passageways 41 and 42 each have a terminal end 47 which has a given
outside diametral dimension. The terminal end of each of the passageways is operable to
matingly couple in fluid flowing relation relative to a fluid manifold which is typically
made integral with a fuel cell power system which is more fully described in U.S. Patent
No. 6,030,718.

Referring now to Fig. 5, the proton exchange membrane fuel cell module 10
includes a plurality of integral membrane electrode assemblies (MEA) 50 which are
individually received in the regions 44 of the respective first, second, third and fourth
cavities 31-34, respectively. The MEA 50 which is of novel construction and which is
distinguishable from that as taught in U.S. Patent No. 6,030,718, and others, includes a
solid polymeric proton exchange membrane which i1s generally indicated by the numeral
51. The solid polymeric proton exchange membrane 51 is defined by a peripheral edge
52, and further has an anode side 53, and an opposite cathode side 54 (Fig. 6). In the
construction as seen in the drawings, it should be understood that the solid polymeric
proton exchange membrane 51 is made integral with a porous electrically insulative
substrate which has opposite sides. The purpose of the porous electrically insulative
substrate will be discussed in greater detail hereinafter with respect to the methodology
for forming a fuel cell in accordance with the present invention. The solid polymeric

proton exchange membrane 50 operates in a fashion similar to that disclosed in the earlier
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U.S. Patents, and may be purchased from commercial sources under the trade name
NAFION™.

With respect to the solid polymeric proton exchange membrane 50, it is well
known that the structure of the polymeric proton exchange membrane 1s such that the
polymeric proton exchange membrane 50 has relatively small internal voids formed in
same (not shown). In the arrangement as seen in Figs. 1-4, it should be understood that
the solid polymeric proton exchange membrane 51 may further include or incorporate
therein an ionic liquid which fills at least some of the internal voids of the polymeric
proton exchange membrane. In this regard, ionic fluids such as those disclosed in U.S.
Patent Nos. 5,827,602 and 6,531,241 are acceptable for this purpose. The ionic liquid
may comprise a hydrophobic ionic liquid having a cation and anion, and wherein the
cation is selected from the group comprising Pyridinium; Pyridazinium; Pyrimidinium;
Pyraziniuﬁ Imidazolium; Pyrazolium; Thiazolium; Oxazolium: and Triazolium; and the
anion is a non-Lewis acid containing a polyatomic anion having a van der Waals volume
exceeding 100 cubic angstroms. Yet in another form, the 1onic liquid may comprise a salt
having two or more delocalized cations being separated by spacer groups, and wherein
the cations are selected from the group comprising Pyndinium; Pyridazinium;
Pyrimidinium; Pyrazinium; Imidazolium; Pyrazolium; Thiazolium; Oxazolium; and
Triazolium; and wherein the salt also comprises anions in appropriate number to maintain
the charge neutrality, and wherein the anion is a polyatomic anion having a van der Waals
volume exceeding 100 cubic angstroms. The teachings of U.S. Patent No. 5,827,602 and
U.S. Patent No. 6,531,241 are incorporated by reference herein. In the methodology as
will be described hereinafter, the solid polymeric proton exchange membrane may be
fabricated in a fashion whereby the anode and cathode sides thereof 53 and 54
substantially conform to the surface topology of the adjacent anode and cathode
electrodes which will be described in greater detail below. As should be understood, in
some forms of the invention, a plurality of ionic fluids may fill at least some of the
internal voids of the polymeric proton exchange membrane 51 to give enhanced
performance to same. Various techniques such as dispersion casting are contemplated for
use in this aspect of the invention.

Referring now to Figs. 5 and 6, the proton exchange membrane fuel cell module

10 as seen in Fig. 1, includes, as described above, a proton exchange membrane 51
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having opposite anode and cathode sides 53 and 54, respectively; and a pair of porous
electrodes which are individually positioned in juxtaposed relation relative to each of the
anode and cathode sides. The pair of porous electrodes includes a first anode electrode
61, and an opposite cathode electrode 62. The respective porous electrodes 61 and 62 are
disposed, at least in part, in ohmic electrical contact with the respective anode and
cathode sides 53 and 54 of the solid polymeric proton exchange membrane 51. Each of
the anode and cathode electrodes 61 and 62 has a main body 63 which is formed, at least
in part, of a porous inorganic material including a porous inorganic substrate such as an
electrically conductive ceramic material substrate.  In accordance with example
embodiments of the present disclosure, the inorganic material of the electodes can include
those materials which are not primarily constructed of the combination of carbon,
hydrogen, oxygen, and nitrogen, these materials typically being referred to as organic
materials. These organic materals, of which the electrodes 61 and 62 are not primarily
constructed, are generally known to include compounds having carbon covalently bonded
to hydrogen, oxygen, and/or nitrogen. The inorganic materials of the present disclosure,
on the other hand, include maternals such as salts, the majority of which can be ionically
bonded to form acids and/or bases, in accordance with exemplary materials the materials
may be amalgums and/or lattice materials of different structures. As an example the
inorganic material may be a ceramic material formed through the removal of moisture or
other volatile materials.  An example salt of the inorganic material of the present
disclosure is the diboride salt. This diboride salt may be ionically bonded with a group
IVB-VIB transition metal. In accordance with certain aspects of the disclosure, the
diboride salt material can be thermally conductive. In accordance with an example
embodiment, the main body 63 can be formed at least in part of the inorganic material
which can include titanium diboride and/or zirconium diboride. With respect to the pair
of electrodes 60, the main body 63 of the individual electrodes 61 and 62 has an electrical
resistivity of less than about 60 micro-ohm-centimeter.

Main body 63 can be fabricated from a porous inorganic material that may be
electrically conductive the material having a gaseous porosity of greater than about 1 to
about 1,000 Gurley seconds. Each of the respective electrodes 61 and 62 has an inside
facing surface 64, and an opposite outside facing surface 65. As seen in Fig. 6, and

during the assembly process, a gap 66 is defined between the inside facing surface 64 of
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the respective anode and cathode electrodes 61 and 62, respectivély. During assembly,
and as will be discussed in greater detail hereinafter, the solid polymeric proton exchange
membrane 51 is positioned therebetween, and then made integral therewith each of the
electrodes 61 and 62 using the methodology as will be described below.

As seen in Fig. 6, the outside facing surface 65 of the respective electrodes 61 and
62 has a plurality of channels 70 formed therein. As should be understood, the porous
electrically conductive substrate forming the main body 63 of each of the anode and
cathode electrodes 61 and 62 is formed of a porous electrically conductive material which
is thermally conductive, and which acts as a heat sink, and further acts to control the rate
of gas diffusion. When assembled, and rendered operational, the proton exchange
membrane fuel cell 10 produces heat energy, and water as a byproduct. The thermally
conductive nature of the porous electrically conductive material is of such a nature that it
removes a preponderance of the heat energy generated by the proton exchange membrane
fuel cell module 10 during fuel cell operation. Still further, the porous electrically
conductive material substrate forming the main body 63 of each of the electrodes retains
an amount of water produced during PEM fuel cell module 10 operation to render the
proton exchange membrane fuel cell substantially self-humidifying.  Additionally,
because of the nature of the porous electrically conductive main body 63, this same
structure simultaneously acts as an electrical current collector for the proton exchange
membrane fuel cell module 10. This feature of the present invention 10 substantially
eliminates structures such as the current collector 190 as seen in Fig. 28 of U.S. Patent
No. 6,030,718, the teachings of which are incorporated by reference herein. This aspect
of the present invention further makes the apparatus 10 easier to fabricate, and simpler in
design than that which is taught in this earlier reference. In fhis regard, and in the present
invention, the PEM fuel cell module 10, when rendered operational, has an optimal
electrical power output, and wherein the optimal electrical power output is achieved
without the application of appreciable external force being supplied to the anode and
cathode electrodes 61 and 62, respectively. This feature of the invention eliminates the
structures as seen at numerals 202, 203 and 221, respectively in U.S. Patent No.
6,030,718. As should be understood, these structures in the previous U.S. Patent were
designed to transmit force substantially evenly to the current collector 190 thereby

maintaining the current collector in effective ohmic electrical contact with the respective
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anode and cathode sides of the membrane electrode diffusion assembly. The current
invention 1O through the methodology of manufacturing, as will be described below,
completely eliminates the need for these structures, thereby rendering the present
invention much more useful and easier to manufacture and having a further enhanced
degree of reliability.

With respect to the anode and cathode electrodes as described herein, it should be
understood from the discussion, above, that the respective electrically conductive material
substrate forming the main body 63, thereof, has an individual pore size which increases
the oxygen entrainment in the liquid water which is generated during PEM fuel cell
module 10 operation. Still further, the porosity of the same porous electrically conductive
material substrate retains, and disperses, sufficient liquid water so as to render the proton
exchange membrane fuel cell 10 substantially self-humidifying. In the arrangement as
seen in Fig. 5, the main body 63 which is formed of the porous electrically conductive
material has a pore size of about 5 to about 200 microns, and a thickness of less than
about 10 mm. As should be understood, the channels 70 which are formed in the outside
facing surface 65, increase the surface of same and therefore provides a means for
effectively dissipating heat energy which is generated during PEM fuel cell module 10
operation as will be described below. Further, these same structures control, to some
degree, the gas diffusion rate of the electrodes. Still further, and as seen in Fig. 6, a thin
catalyst layer 71 is formed or deposited on the inside facing surface 64 of each of the first
and second electrodes 61 and 62, respectively. The cétalyst layer 71 is selected from the
group comprising platinum black, platinum-on-carbon, and/or a composite noble metal
material. When fully assembled (Fig. 5), the catalyst layer or coating 71 (Fig. 6) is
positioned in juxtaposed relation relative to each of the anode and cathode side 53 and 54
of the solid polymeric proton exchange membrane 51. As will be discussed in greater
detail hereinafter, the methodology for forming a fuel cell includes steps which provide
conditions that are effective for the catalyst layer or coating 71 to substantially conform to
the surface topology of the inside facing surfaces 64 of the respective anode and cathode
electrodes 61 and 62, respectively. In this regard, the catalyst coating penetrates a
distance into the pores of the inside facing surface of each of the porous electrically

conductive substrates forming the main body 63 of the respective electrodes 60.
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As should be understood, the membrane electrode assembly 50 is a single, integral
structure, and which is fully operational when supplied with a source of a fuel gas, and
air, to produce an electrical output without the need of applying external force or
mechanical force application assemblies of any type to same.

The present invention 10 also relates to a method of forming a fuel cell which
includes in its broadest aspect, a first step of providing a pair of porous electrically
conductive substrates such as 63, and which have inside and outside facing surfaces 64
and 65; and positioning the pair of porous electrically conductive substrates in spaced,
relation one relative to the other. This is seen most clearly by reference to Fig. 6. The
methodology of the present invention includes another step of applying a catalyst coating
or layer 71 to the inside facing surface 64 of each of the porous electrically conductive
substrates 63. Still further, the method includes another step of providing a polymeric
proton exchange membrane 51 having opposite anode and cathode sides 53 and 54; and
positioning the polymeric proton exchange membrane therebetween, and in ohmic
electrical contact relative to each of the porous electrically conductive substrates to form
the fuel cell (Fig. 5). As noted above, the porous electrically conductive substrates 63, as
seen in Fig. 6, have a pore size of about 5 to about 200 Microns, and a surface topology,
and wherein the step of applying the catalyst coating or layer 71 further includes the step
of providing conditions which are effective for the catalyst coating 71 to substantially

conform to the surface topology, and penetrate a distance into the pores of the inside

- facing surface of each of the porous electrically conductive substrates 63. As briefly

discussed above, and during assembly of the MEA 50, a gap 66 is defined between the
inside facing surfaces 64 of the respective porous electrically conductive substrates 63,
and the method includes another step of providing the polymeric proton exchange
membrane 51, and further supplying and containing within the gap 66 a fluid, polymeric,
proton conducting dispersion; and providing conditions which are effective to convert the
fluid, polymeric proton conducting dispersion into a solid polymeric proton exchange
membrane 51 having anode and cathode sides 53, and 54, and which substantially
conforms to the surface topology of the respective inside facing surfaces 64 of each of the
porous electrically conductive substrates 63.

In the method of the present invention the MEA 50 may also be formed by the

methodology as described below. In this regard, a gap 66 is defined between the inside
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facing surfaces 64 of the respective porous electrically conductive substrates 63, and
wherein the step of providing the polymeric proton exchange membrane 51 further
comprises a step of providing a polymeric proton exchange membrane 51 having opposite
sides; applying a coating of a fluid, polymeric proton _conducting dispersion, which is
compatible with the polymeric proton exchange membrane 51, on each of the opposite
sides of the polymeric proton exchange membrane; and providing conditions which are
effective to convert the fluid, polymeric proton conducting dispersion into a portion of the
polymeric proton exchange membrane 50. During the step of providing these conditions,
the porous electrically conductive substrates 63 are each placed into contact with the solid
polymeric proton exchange membrane 51, and the conditions which are provided are such
that the fluid polymeric proton conducting dispersion substantially conforms to the
surface topology of the respective inside facing surfaces 64 of each of the porous
electrically conductive substrates 63 to form the resulting membrane electrode assembly
50.  These conditions which are effective to convert the fluid polymeric proton
conducting dispersion into a portion of the polymeric proton exchange membrane may
include, among others, heating the assembly so as.to convert the fluid polymeric proton
conducting dispersion into a solid.

In the methodology of fabricating a fuel cell as seen in the present invention,
another approach to the manufacture or fabrication of an appropriate membrane electrode
assembly 50 includes the steps as set forth below. As earlier described, a gap 66 is
defined between the inside facing surfaces 64 of the respective porous electrically
conductive substrates 63, and wherein the step of providing the polymeric proton
exchange membrane 50 further includes the step of providing a porous electrically
insulative substrate and which has opposite sides (not shown); and providing a fluid,
polymeric, proton conducting dispersion, and incorporating the fluid polymeric proton
conducting dispersion into the porous electrically insulative substrate. In this regard, the
porous electrically insulative substrate may include such substrates as cellulosic
substrates, plastic substrates, and other dielectric materials which can incorporate the
fluid polymeric proton conducting dispersion therein. In the methodology as described
above, the method may include a further step of after the step of providing the fluid
polymeric proton conducting dispersion, positioning the electrically insulative substrate

incorporating the fluid polymeric proton conducting dispersion in the gap 66 which is
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defined therebetween the pair of porous electrically conductive substrates 63. The
method includes another step of individually positioning the respective porous electrically
conductive substrates 63 into physical contact with the opposite sides of the porous
electrically insulative substrate to provide a resulting assembly; and providing
temperature conditions which are effective to change the fluid polymeric proton
conducting dispersion into a solid polymeric proton exchange membrane 50 which is
disposed in ohmic electrical contact with each of the porous electrically conductive
substrates 63 to form the membrane electrode assembly 50 as seen in Figs. 6 and 7.

In the methodology as described, above, for fabricating the membrane electrode
assembly 50, the methodology may include additional steps. As earlier described, the
polymeric proton exchange membrane 51 typically has a plurality of internal voids, and
the methodology as described further includes a step of providing an ionic liquid, and
filling at least some of the internal voids of the polymeric proton exchange membrane 51
with the ionic liquid. In the present methodology, the ionic liquid may include a plurality
of ionic fluids. In this regard, and In the methodology as described above, the ionic liquid
may comprise a hydrophobic ionic liquid having a cation and anion, and wherein the
cation is selected from the group comprising Pyridinium; Pyridazinium; Pyrimidinium;
Pyrazinium; Imidazolium; Pyrazolium; Thiazolium; Oxazolium; and Triazolium; and the
anion is a non-Lewis acid containing a polyatomic anion having a van der Waals volume
exceeding 100 cubic angstroms. Still further, and in the methodology as described above,
the 1onic liquid may also comprise a salt having two or more delocalized cations being
separated by spacer groups, and wherein the cations are selected from the group
comprising Pyridinium; Pyridazinium; Pyrimidinium; Pyrazinium; Imidazolium;
Pyrazolium; Thiazolium; Oxazolium; and Triazolium; and wherein the salt also comprises
anions in appropriate number to maintain the charge neutrality, and wherein the anion is a
polyatomic anion having a van der Waals volume exceeding 100 cubic angstroms. In the
methodology as described above, the porous electrically conductive substrates 63 may be
each fabricated from titanium diboride and/or zirconium diboride as will be described
below.

In the methodology for forming a fuel cell, the method includes steps for the
fabrication of a suitable porous electrically conductive substrate 63. In this regard, the

step of providing the pair of porous electrically conductive substrates 63 can include the
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steps of providing a source of electrically conductive ceramic particles having a
predetermined size; and providing a fixture (not shown) defining a cavity; and depositing
the source of electrically conductive ceramic particles to a predetermined depth within the
fixture. Thereafter, the method includes a step of applying pressure to the electrically
conductive ceramic particles within the cavity to achieve a given porosity; and sintering
the ceramic particles to produce the resulting porous electrically conductive substrates 63.
As should be understood, binders and other materials may be mixed with the source of
electrically conductive ceramic particles, and may thereafter be eliminated from the
ceramic substrates by the step of sintering. In the present methodology, the electrically
conductive ceramic particles have a size of about 4 to about 35 microns, and the resulting
porous electrically conductive substrates 35 each have a gaseous porosity of about 1 10
about 1,000 Gurley seconds. In the methodology of the present invention, the fixture
comprises a mold, and the resulting electrically conductive materials may be formed into
planer sheets as shown in Figs 5 and 6, or further may be formed into other different
shapes. In the present methodology, the resulting porous electrically conductive
substrates typically have a thickness of less that about 10 mm.

Referring back to Figs. | and 2 which shows an exploded, perspective view of the
first form of the fuel cell module 10 of the present invention, it will be seen in Fig. 2 that
the fuel cell module 10 includes individual .anode current tabs which are generally
indicated by the numeral 80 and which have a first end 81 (Fig. 1) which is positioned
within the region 44 and in the first, second, third and fourth cavities 31, 32, 33 and 34,
respectively. The respective anode current tabs are sealably coupled to the hydrogen
distribution frame 20. Each anode current tab has an opposite second end 82 (Fig. 2)
which can then be electrically coupled to an electrical bus (not shown). During operation,
electricity generated by the MEA 50 is transmitted by way of the respective anode current
tabs 80 to a suitable electrical bus such as might be incorporated in a fuel cell power
system as more fully disclosed in such patents as U.S. Patent Nos. 6,030,718 and
6,468,682, the teachings of which are incorporated by reference herein. As seen in the
drawings, the MEA 50, as seen in Fig. 5, is received within each of the opposed cavities
31,32, 33 and 34, respectively. As should be understood, in this arrangement, the anode
side 53 of the solid polymeric proton exchange membranes 51 are proximately related

(one relative to the other) when received in the respective cavities 31-34, and the cathode
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sides 54 are distally related. Positioned about the peripheral edge of each of the MEA’s
50 is an anode perimeter seal 83. The anode perimeter seal is designed and arranged so
as o prevent the fuel gas supplied to the anode side 53 of the membrane electrode
assembly 50 from leaking away from the anode side 53. Still further, and as seen in the
exploded views of Figs. 1 and 2, the proton exchange membrane fuel cell module 10 of
the first form of the invention further includes individual cathode current tabs 84 which
are placed into ohmic electrical contact with the cathode side 54 of the solid polymeric
proton exchange membrane 51. As seen in the drawings, the cathode current tabs have a
first portion 85 which rests in ohmic electrical contact thereagainst the outside facing
surface 65 of the porous electrically conductive ceramic substrate 63 forming the
electrode which is positioned on the cathode side 53 of the solid, polymeric, proton
exchange membrane 52. Sull further, each of the cathode current tabs have an opposite,
second or distal end 86 which can be coupled to a suitable electrical bus which might be
incorporated into a fuel cell power system as described in the aforementioned prior art
patents.

As discussed briefly above, and in the arrangements as seen in Figs. 1-6, for
example, the PEM fuel cell module 10, when rendered operational, has an optimal
electrical power output, and wherein the optimal electrical power output is achieved
without the application of appreciable external force being applied to the anode and
cathode electrodes. This of course, is in stark contrast to that disclosed in U.S. Patent
Nos. 6,030,718 and 6,468,682 which include various current collector, and other spring
and biasing arrangements which have been utilized to exert a predetermined amount of
force in order to maintain effective ohmic electrical contact therebetween the current
collectors disclosed in those references, and the membrane electrode diffusion assembly
as described in each of those patents. As seen in the present drawings, the second portion
86 of the cathode current tab 84 is received through the gaps 46 as defined along the
peripheral edge of the hydrogen distribution frame 20.

Referring still to Figs. 1 and 2, the fuel cell module 10 of the present invention
includes, as illustrated, a clamping plate which is generally indicated by the numeral 90.
The clamping plate is defined by a peripheral edge 91 which has a number of apertures 92
formed therein. The apertures are substantially coaxially aligned relative to the apertures

35 which are formed in the peripheral edge 24 of the hydrogen distribution frame 20.
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Sull further, each clamping plate, as shown, has a first MEA aperture 93 and a second
MEA aperture 94. As should be understood, the size of these apertures is less than the
surface area of the respective porous electrically conductive substrates 63 which are
positioned on the cathode side 54 of the solid polymeric proton exchange membrane 51.
Consequently, the MEA 50 is secured or captured therebetween the clamping plate 90 and
the hydrogen distribution frame and within the respective cavities 31-34, respectively.

As seen in the exploded view of Figs. 1 and 2, the first form of the PEM fuel cell
module 10 of the present invention includes individual aluminum mesh or open celled
aluminum foam substrates 100 which respectively rest in heat transferring relation
relative to the outside facing surfaces 65 of the porous electrically conductive substrates
63 that are individually positioned on the cathode side 54 of the polymeric proton
exchange membrane 51. The aluminum mesh or foam substrates 100 each facilitates the
passage of air therethrough, and further conducts heat energy generated during PEM fuel
cell module 10 operation away from each of the electrically conductive substrates 63
which are juxtaposed relative thereto. As should be understood, and during the operation
of the proton exchange membrane fuel cell 10, the fuel cell simultaneously generates an
electrical power output along with heat and water. In the arrangement as seen, the porous
electrically conductive substrates 63 which are positioned on the anode and cathode sides
act as heat sinks and transmit heat energy generated during the PEM fuel cell module
operation away from the solid polymeric proton exchange membrane 51. The aluminum
mesh or foam substrate 100 has an inside facing surface 101 which rests in heat
transferring relation thereagainst the outside facing surface 65 of the porous electrically
conductive substrate 63, and which is contact with the cathode side 54, of the solid
polymeric proton exchange membrane 51. As such, the aluminum mesh or foam
substrate 100 conducts heat energy away from the MEA 50, and further, a stream of air
103, as illustrated in Figs. 3 and 4, passes through the cover of the proton exchange
membrane fuel cell module 10, as will be described below, and through the aluminum
mesh or foam substrate, and conducts the heat energy which has been generated away
from same. As should be understood, a preponderance of the heat energy generated by
the operation of the fuel cell module 10 is removed by means of this cathode air flow 103
which is provided to the PEM fuel cell module 10. Additionally, this cathode air flow

103 provides the source of oxygen which is necessary for the proton exchange membrane
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fuel cell to generate an electrical potential. The cathode air flow is typically provided by
a fuel cell power system (not shown). Other structures such as a multiple finned heat sink
plate could be substituted for the aluminum foam substrate 100 without departing from
the teachings of the present invention.

Referring still to Figs. | and 2, the first form of the fuel cell module 10 of the
present invention includes opposite cathode covers which are generally indicated by the
numeral L10. As seen in Figs. 1-4, each of the cathode covers are substantially identical
and the discussion which follows will be by reference to one cathode cover, it being
understood that the opposite cathode cover is substantially identical. In this regard, it will
be seen that the respective cathode covers 110 have a first end 111; and an opposite
second end 112. Still further, the respective cathode covers are defined by a first portion
113, and a second portion t14. The first and second portions are substantially aligned
relative 1o the respective oppositely disposed cavities 31, 32, 33 and 34, respectively. As
seen, the cathode covers are defined by a peripheral edge 115 which has a plurality of
apertures 116 formed therein. These apertures are substantially aligned with the apertures
92 which are formed in the clamping plate 90. As earlier described, these apertures are
further aligned with the apertures 35 which are formed in the hydrogen distribution frame
20. These coaxially aligned apertures are operable to receive individual fasteners 117
which pass therethrough. The fasteners are operable to secure the respective cathode
covers 110 together thereby positioning the hydrogen distribution frame 20 which carries
the respective MEAs 50 in an appropriate orientation therebetween.

The respective cathode covers each define an air passageway generally indicated
by the numeral 120. The air passageway 120 includes first and second portions 121, and
122 (Fig. 4). The air passageway 120 is operable to receive the cathode air flow 103 as
shown in Fig. 3. As earlier described, the cathode air flow 103 is operable to remove a
preponderance of the heat energy generated during PEM fuel cell module operation. As
seen by reference to Figs. | and 2, the respective cathode covers 110 have an outside
facing surface 123 (Fig. 1); and an opposite, inside facing surface 124. The inside facing
surface 124 defines two individual cavities 125 which are operable to matingly receive
the aluminum mesh or foam substrates 100 therein. As should be understood, when fully
assembled, the aluminum mesh or foam substrates are positioned therealong the first and

second portions 121 and 122 of the air passageway 120, and are individually secured in a
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given position in heat transferring relation relative to the outside facing surface 65 of the
respective porous electrically conductive substrate 63. Therefore, it should be understood
that the proton exchange membrane fuel cell module 10 is provided with a cathode air
flow 103, and further generates an electrical power output, heat energy, and water as
byproducts when rendered operational.  Still further, the respective gas diffusion
electrodes 61 and 62 are defined by the porous electrically conductive substrates 63
which have the catalyst layer 71, applied thereto, and which are further operable to
dissipate a preponderance of the heat energy generated during proton exchange
membrane fuel cell module operation to the air flow 103, and further simultaneously acts
as individual current collectors for the proton exchange membrane fuel cell module 10.
The respective gas diffusion electrodes 61, and 62 retain sufficient liquid water during
operation of the proton exchange membrane fuel cell module 10 so as to render the proton
exchange membrane fuel cell module 10 substantially self-humidifying. Additionally, the
respective gas diffusion electrodes 61 and 62, as defined by the individual porous
electrically conductive substrate 63, which have the catalyst layer 71 applied thereto,
effectively operates as a heat sink and which transmits a portion of the heat energy
generated during the operation of the proton exchange membrane fuel cell 10 so as to
maintain the hydration of the polymeric proton exchange membrane 51 at an amount
which facilitates the generation of the desired electrical current output. This feature is
important-to the present invention inasmuch as the excessive removal of hydration from
the PEM fuel cell module 10 may result in an operational failure of the PEM fuel cell
module. On the other hand, retention of excessive hydration in the PEM fuel cell module
may result in the PEM fuel cell module “flooding out.” In this condition, the PEM fuel
cell module also fails to generate an optimal electrical power output. As described
earlier, the proton exchange membrane fuel cell module 10 is utilized in combination with
a proton exchange membrane fuel cell power system as more fully described in the earlier
U.S. Patents which are incorporated by reference herein. The proton exchange membrane
fuel cell power system, in operation, is arranged so that each of the proton exchange
membrane fuel cell modules may be readily electrically decoupled from the proton
exchange membrane fuel cell power system, by hand, while the remaining proton
exchange membrane fuel cell modules 10 continue to operate. As seen by reference to

Figs. 1 and 2, the respective anode current tabs 80, and cathode current tabs 84, are
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electrically coupled with an interface card 130. The interface card is operable to
electrically couple with a suitable electrical bus which is made integral with a fuel cell

power system (not shown).

SECOND FORM

The second form of the proton exchange membrane fuel cell module which
incorporates the features of the present invention is best seen by reference to Figs. 7-9,
respectively, and is generally indicated by the numeral 200. Referring now to Fig. 7B,
the second form of thé invention 200 includes a centrally disposed support plate which is
generally indicated by the numeral 201. The central support plate 201 has a first or upper
end 202, and an opposite, second, or lower end 203. Still further, the central support plate
has a first substantially vertically disposed peripheral edge 204, and an opposite, second,
vertically disposed peripheral edge 205. ;Fhe central support plate 201 defines a plurality
(5) of cavities 210, and which are designated as first, second, third, fourth and fifth
cavities 211, 212, 213, 214 and 217, respectively, and which are located on the opposite
sides thereof. These individual cavities are operable to receive the cathode side of the
MEA as will be described in greater detail hereinafter. As seen in Fig. 7B, the central
support plate 201 has a plurality of apertures 215 formed therethrough and which are
positioned in given locations. These apertures are operable to receive threaded fasteners
therethrough, as will be described, hereinafter, in order to secure the PEM fuel cell
module 200 in an assembled configuration. In addition to the foregoing, the central
support plate 201 defines a number of channels 216 which are located along the first, or
upper end 202. The respective channels 220 are operable to, on the one hand, receive
individual cathode current tabs, as will be described hereinafter, and further allows for the
passage of air therethrough which may then come into contact with the cathode side of
the MEA which will be discussed in greater detail, hereinafter. In the arrangement as
seen in Figs. 7-9, the present invention provides for a proton exchange membrane fuel
cell module 200, where the cathode sides of the membrane electrode assembly (MEA), as
will be described below, are proximately related one relative to the other, and the anode
sides of the MEA’s are distally related, one relative to the other.

Referring still to Fig. 7B, it will be seen that the proton exchange membrane fuel

cell module 200 includes an anode support plate which is generally indicated by the



10

15

20

25

30

WO 2008/140755 PCT/US2008/005944
20

numeral 230, and which matingly cooperates with the central cathode support plate 201.
In"this regard, the anode support plate 230 has a first or upper end 231, and a second or
lower end 232. The anode support plate defines a plurality of apertures or cavities which
are generally indicated by the numeral 233, and which are identified as first, second,
third, fourth and fifth apertures 234-238, respectively. These respective apertures 234-
238 are each operable to receive an individual MEA therein, as will be described in
greater detail hereinafter. As illustrated in Fig. 7B, the anode support plate 230 defines
first and second passageways 241 and 242, respectively. The first passageway is operable
to conduct a fuel gas (not shown) to the respective cavities or apertures 234-238,
respectively, by way of the smaller second passageways 244, as illustrated in the
drawings. Still further, the second passageways 242 is operable to remove any unreacted
fuel gas. and water generated as a result of PEM fuel cell module operation 200 and
further expel it from the PEM fuel cell module 200 by way of that same passageway. As
seen in Fig. 7B, a plurality of apertures 243 are formed in the anode support plate 230,
and are operable to receive threaded fasteners which extend therethrough in order to
secure the proton exchange membrane fuel cell module 200 in an assembled
configuration.

Received within the first, second, third, fourth and fifth apertures 234-238,
respectively, are individual anode perimeter seals which are generally indicated by the
numeral 250. The anode perimeter seals 250 are operable to sealably couple the MEA,
which will be discussed below, to the anode support plate 230. The respective anode
perimeter seals 250 substantially prevent the leakage of a fuel gas, such as hydrogen,
which is supplied to the anode side of the MEA from leaking to the cathode side of same,
as will be discussed in greater detail, hereinafter. As seen in Fig. 7B, the second form of
the proton exchange membrane fuel cell module 200 includes a gas manifold which is
generally indicated by the numeral 251. The gas manifold 251 is operable to fluid
matingly cooperate with the first peripheral edge 204 of the central support plate 201. In
this regard, the gas manifold generally defines a first bifurcated fluid passageway 252
which has a first portion 253 and a second portion 254. As should be understood, the first
bifurcated fluid passageway 252 is coupled in fluid flowing relation relative to a source of
a fuel gas, such as hydrogen, and which is delivered to the first fuel gas passageway 241,

as defined by the anode support plate 230. Still further, the manifold 251 has a second
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passageway 255 which is coupled in fluid flowing relation relative to the second
passageway 242. As should be understood, unreacted fuel gas and water generated
during PEM fuel cell module 200 operation is removed therethrough.

Referring now to Figs. 7B and 7C, the second form of the proton exchange
membrane fuel cell module 200 includes a plurality of membrane electrode assemblies
(MEAs) 260 and which are individually received within the first, second, third, fourth and
fifth apertures 234-238, respectively, as defined by the respective anode support plates
230. The MEAs 260 each include a solid polymeric proton exchange membrane 261,
which is fabricated in a fashion identical to that which was disclosed with respect to the
first form of the mvention 10. Still further, the respective MEAs 260 each include a
anode electrode 262; and an opposite, cathode electrode 263. As seen in the above
drawings, in this second form of the invention 200, the arrangement of the respective
MEAs 260 are such that the cathode electrodes 263 of the respective MEAs are
proximately related, and the anode electrodes 262 are distally related, as will become
evident hereinafter. As seen in the drawings, each of the MEAs 260 has a peripheral edge
264, and the respective anode perimeter seals 250 are operable to sealably mate
thereabout the peripheral edge 250, and sealably support the respective MEAs within the
apertures 234-238, respectively. As best seen by reference to Fig. 7B, the respective
cathode electrodes 263 are received in the first, second, third, fourth and fifth cavities
211-214 and 217 respectively, and which are defined by the central cathode support plate
201. As will be seen hereinafter, a cathode air stream is provided, and which passes by
the cathode support plate in a fashion such that oxygen from the air stream may be
received by the cathode electrode 263 and thereby render the MEA operational. In all
other regards, the individual MEAs are identical to that which was earlier described with
respect to the first form of the invention 10, and further discussion regarding same is not
warranted.

Mounted in ohmic electrical contact thereagainst the cathode electrodes 263 of
each of the MEAs 260, is a cathode current tab which is generally indicated by the
numeral 270. The cathode current tabs each have a first end 271 which rests in ohmic
electrical contact thereagainst the cathode electrode 263, and an opposite, second end
272, which is electrically coupled to an interface bus as will be described below. Still

further, and resting in ohmic electrical contact thereagainst the anode electrodes 262 of
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the respective MEAs 260 is an anode current tab 273, (Figs. 7A and 7C). Similarly, the
anode current tab has a first end 274 which rests in ohmic electrical contact thereagainst
the anode electrode 262, and an opposite second end 275 which is electrically coupled to
an interface bus 280 which matingly rests in interfitted relation across the first end 202 of
the central cathode support plate 20t. The interface bus 280 has a first end 281; an
opposite second end 282; and opposite first and second sides 283 and 284, respectively.
The respective anode and cathode current tabs 273, and 270, respectively, are electrically
coupled with the opposite first and second sides 283 and 284, respectively. The interface
bus is operable to conduct electrical energy generated by the PEM fuel cell module 20 to
the electrical contacts 285 which are positioned on the first end 281 thereof. As such, the
interface bus 280 is operable to releasably electrically couple with a proton exchange
membrane fuel cell power system | bus as described more fully in U.S. Patent No.
6,468,682, the teachings of which are incorporated by reference herein.

As best seen in Fig. 7A and 7C which are, of course, continuations of Fig. 7B
discussed above, the second form of the proton exchange membrane fuel cell module 200
includes individual aluminum mesh or foam substrates which are generally indicated by
the numeral 290, and which rest in heat transferring relation relative to the anode
electrodes 262 which are made integral with the respective MEAs 260. The individual
aluminum mesh substrates 290 are operable to conduct heat energy generated as a result
of the operation of the proton exchange membrane fuel cell module 200 away from the
anode electrodes 262 in order to maintain the temperature of the solid polymeric proton
exchange membrane 261 at an acceptable temperature. Still further, sealably positioned

about the peripheral edge of the anode electrodes 262, are individual anode external seals

300 which operate to sealably couple the respective MEAs 260 thereagainst an

electrically insulating plate or frame which is generally indicated by the numeral 310, and
further seals the aluminum mesh or foam 290 thereto. In this arrangement, the aluminum
mesh or foam 290 provides a gas diffusion path for the delivery of the fuel gas to the
MEA 260. The electrically insulating plate, or frame 310, as the name implies does not
conduct electricity, and has a plurality of apertures 311 formed therein and which can
receive threaded fasteners therethrough and which secures the second form of the proton
exchange membrane fuel cell module 200 iogether. The insulating plate or frame 310 is

further operable to conduct heat energy away from the anode electrodes 262. This is
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achieved by the transmission of the heat energy across the aluminum mesh or foam
substrate 290 and through the electrically insulating plate 310. Positioned in heat
transferring relation thereagainst the respective electrically insulating plate or frame 310,
is an anode heat sink which is generally indicated by the numeral 320. The respective
heat sinks 320 have an inside facing surface 321 which rests thereagainst the insulating
plate 310, and an outside facing surface 322. Still further, a plurality of apertures 323 are
formed therein and which are coaxially aligned with the apertures 311 and which are
formed in the electrically insulating plate 310. Still further, the outside facing surface is
defined by a number of heat radiating fins 324 which are operable to dissipate the heat
energy which has been generated at the respective anode electrodes 262, and radiate the
generated heat to a bifurcated air flow which is supplied to the second form of the proton
exchange membrane fuel cell module 200 as will be described in greater detail,
hereinafter.

As seen in Figs. 7A and 7 C, respectively, the second form of the proton exchange
membrane fuel cell module 200 includes a pair of cooperating and substantially mirror
imaged fuel cell module covers which are generally indicated by the numeral 330. The
pair of covers matingly come together to define a cavity which receives the structures
described, above. In this regard, each fuel cell module cover has a first end 331; an
opposite second end 332; an outside facing surface 333; and an opposite, inside facing
surface 334. Still further, each cover has a forward facing edge 335; and an opposite
rearward facing edge 340. Each fuel cell module cover 330 has a handle 341 which is
made integral with the forward facing edge 335, and which provides a convenient hand
hold for an operator (not shown) to grasp the proton exchange membrane fuel cell module
200 and remove it, by hand, from a fuel cell power system which is similar to that
described in U.S. Patent No. 6,468,682, the teachings of which are incorporated by
reference herein. Stll further, the rearward edge 340 defines first and second recessed
areas or regions 342 and 343, respectively, and which define apertures therebetween as
seen in Fig. 9, and which permits the first end 281 of the interface bus 280 to extend
therethrough, and make it accessible for electrical contact with an electrical bus which is
made integral with a fuel cell power sysiem; and further one of the apertures permits
access to the gas manifold 25 1, and the respective passageways 252 and 255, thereof. As

seen in the drawings, the inside facing surface 334, defines a plurality of discreet channels
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344, and which are individually operable to matingly receive the respective heat radiating
fins 324 which are made integral with the outside facing surface 322 of the respective
anode heat sinks 320. As best illustrated by reference to Figs. 8 and 9, the second form of
the proton exchange membrane fuel cell module 200 is supplied with a bifurcated air flow
which is generally indicated by the arrows labeled 350. The bifurcated air flow 350
includes a first air flow or stream 351 which is utilized to supply air to the cathode
electrodes 263 which are made integral with each of the MEAs 260; and further, a second
anode heat sink stream 352 which travels over the anode heat sink 320. The bifurcated
air flow and more specifically the anode heat sink air stream 352 is operable to remove a
preponderance of the heat energy generated during operation of the proton exchange

membrane fuel cell module 200.

OPERATION

The operation of the described embodiment of the present invention is believed to
be readily apparent and is briefly summarized at this point.

In 1ts broadest aspect, the present invention relates to a proton exchange
membrane fuel cell as indicated by the numerals 10 and 200 and which include a proton
exchange membrane 51 and 261, respectively, and which have opposite anode and
cathode sides; and individual electrodes juxtaposed relative to each of the anode and
cathode sides, and wherein at least one of the electrodes is fabricated, at least in part, of a
porous, electrically conductive material. In the arrangement as seen, in the various
drawings the porous electrically conductive material substrate 63 comprises, at least in
part, a group IVB-VIB transition metal diboride which is thermally conductive.
Typically, the porous electrically conductive material substrate 63 is selected from the
group comprising titanium diboride, and zirconium diboride. In the arrangement as seen
in the drawings, the porous electrically conductive material substrate 63 has an electrical
resistivity of less than about 60 micro-ohm-centimeter; and a porosity of greater than
about | Gurley second. In the arrangement as described above, the proton exchange
membrane fuel cell modules 10 and 200, during operation, generate water as a byproduct,
and the porous electrically conductive material substrate 63 uptakes, and retains an
amount of the water to render the proton exchange membrane fuel cell module 10 and

200 substantially self-humidifying. In the arrangements as described, the porous
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electrically conductive material substrate forming the respective electrodes for each form
of the invention include a catalyst layer 71, which is applied to the inside facing surface
thereof, to form a resulting electrode 61 and 62. The catalyst layers utilized in the present
invention are selected from the group comprising platinum black, platinum-on-carbon;
and/or a composite noble metal material. Each of the electrodes has a surface topology
defined by a plurality of pores, and the proton exchange membrane 51, 261 is formed by
casting a fluid proton conducting dispersion onto the individual electrodes, and
subsequently creating conditions which converts the fluid proton conducting dispersion
into a solid proton exchange membrane 51, and 261 having anode and cathode sides, and
which substantially conforms to the surface topology of each of the electrodes 262, and
263, respectively. In another arrangement, a porous electrically insulative separator (not
shown) is provided and which is positioned therebetween the individual electrodes, and
the proton exchange membrane 251, 261 is made integral with the porous electrically
insulative separator. In this arrangement, the proton exchange membrane substantially
conforms to the surface topology of each of the adjoining electrodes. In the arrangement
as seen, the proton exchange membrane fuel cell modules 10 and 200 operate at
temperatures of less than 200 degrees C. In each form of the invention, as seen in the
drawings, the porous electrically conductive material substrate 63 (Fig. 5) forming the
respective electrodes 61 and 62 is thermally conductive, and acts as a heat sink, and
further removes, in certain forms of the invention, a preponderance of fhe heat energy
generated by the proton exchange membrane fuel cell module 10, 200 during operation.

In the two forms of the invention as seen in the drawings, the present invention
10, 200 achieves novelty over the earlier prior art patents inasmuch as the PEM fuel cell
module when rendered operational has an optimal electrical power output which is
achieved without the application of appreciable external force beiﬁg applied to the anode
and cathode electrodes 61, 62, 262 and 263, respectively. This, of course, eliminates
many parts from the earlier patented structures making the present PEM fuel cell module
arrangements quite advantageous. For example, the present invention allows for the
elimination of parts, such as the prior art current collectors which covered nearly the
entire surface area of the electrodes because the porous electrically conductive material
substrate simultaneously acts as an electrical current collector for the proton exchange

membrane fuel cell modules 10 and 200 as shown herein. It has been found that the
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present arrangement whereby the electrodes are fabricated from the porous electrically
conductive material is advantageous inasmuch as the porous electrically conductive
material has a pore size which increases the oxygen entrainment in the liquid water which
is formed as a result of PEM fuel cell module operation. Still further, the electrode 62
and 263 further retains and dissipates sufficient liquid water so as to render the proton
exchange membrane fuel cell module 10 and 200 substantially self-humidifying. In the
claimed invention, the porous electrically conductive material typically has a pore size of
about 5 to about 200 microns. As shown herein, the present invention 10 and 200 also
relates to an electrode 61, 62, 262 and 263 for use in a proton exchange membrane fuel
cell module and which has a proton exchange membrane 51, 261, and which includes a
porous electrically conductive substrate 63 which is disposed in ohmic electrical contact
with the proton exchange membrane, and wherein the electrode simultaneously acts as a
heat sink, gas diffusion layer, and as a cun‘ént collector; and further includes a catalyst
layer 71 (Fig. 6) applied to the porous electrically conductive substrate 63 to form the
resulting electrode. As discussed herein, the porous electrically conductive substrate 63
has a thickness of less than about 10 mm. Still further, this same structure can be formed
in a molding or fabrication process into a variety of different shapes. Yet further, in the
present invention 10 and 200, the proton exchange membrane 51, 261 may be fabricated
in a fashion to include various ionic fluids which increase the performance of same.

In the present invention, a proton exchange membrane fuel cell module 10, 200 is
disclosed and which includes a module housing 120, 330 defining a cavity, and wherein
the cavity is coupled in fluid flowing relation relative to a source of air, and a source of a
fuel gas. Sull further, a polymeric proton exchange membrane 51, 261 is positioned
within the cavity of the module housing, and wherein the polymeric proton exchange
membrane has an anode and an opposite cathode side.” In this arrangement, the source of
air is supplied to the cathode side of the polymeric proton exchange membrane 51, 261,
and the source of fuel gas is supplied to the anode side of the polymeric proton exchange
membrane. In the present invention, a catalyst coating 71 (Fig. 6) is positioned in
juxtaposed relation relative to each of the anode and cathode sides of the polymeric
proton exchange membrane 51, 261; and a porous electrically conductive substrate 63 is
positioned in covering relation relative to the catalyst coating. The porous electrically

conductive substrate 63 is located on the anode and cathode side of the polymeric proton
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exchange membrane 51, 261, and is further positioned in ohmic electrical contact
therewith. The catalyst layer, and the porous electrically conductive substrate form a gas
diffusion electrode 61, 62, 262 and 263 for the anode and cathode sides of the polymeric
proton exchange membrane. In the arrangement as described, when the PEM fuel cell
module 10, 200 is rendered operational, the module generates an electrical current output,
heat energy, and water as byproducts. The polymeric proton exchange membrane 51, 261
requires an amount of hydration in order to generate the electrical power output, and the
respective gas diffusion electrodes 62, 262 each act as heat sinks to effectively transmit a
portion of the heat energy generated during operation of the proton exchange membrane
fuel cell module 10, 200 away from the polymeric proton exchange membrane 51, 261 so
as to maintain the hydration of the polymeric proton exchange membrane at an amount
which facilitates the generation of the desired electrical current output. In addition to the
foregoing, the respective gas diffusion electrodes retain sufficient liquid water during
operation of the proton exchange membrane fuel cell module 10, 200 so as to render the
proton exchange membrane fuel cell module self-humidifying. In one form of the
invention 200, the cathode sides of the respective polymeric proton exchange membranes
261 are disposed in spaced, proximal relation, one relative to the other, and the respective
anode sides 262 are distally related. In another form of the invention 10, the reverse is
the case, that is, the anode sides of the respective polymeric proton exchange membranes
are disposed in spaced, proximal relation, one relative to the other, and the respective
cathode sides are distally related, one relative to the other.

Therefore, it will be seen that the present fuel cell modules 10 and 200 when used
with a fuel cell power system has numerous advantages over the prior art teachings as
found in U.S. Patent Nos. 6,030,718 and 6,468,682, the teachings of which are
incorporated by reference herein.

These advantages include the elimination of many parts and assemblies required
for the operation in these previous prior art devices and a greater simplicity in
construction and assembly. Moreover, in view of the highly efficient manner in which
heat energy is dissipated from the PEM fuel cell modules as discussed herein, and
electrical current is collected from same, enhanced current densities are achieved, and
further, the present invention is operable for use in a widely divergent temperature

environment. Finally, the present invention provides many advantages over the prior art
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fuel cells which employ stack-like arrangements by reducing or eliminating various
control measures and balance of plant requirements which are necessary to render such

arrangements operational.
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CLAIMS
What is claimed is:
l. A proton exchange membrane fuel cell, comprising a pair of electrodes

having a proton exchange membrane therebetween, and wherein at least one of the

electrodes comprises a porous inorganic material.

2. The fuel cell of claim 1, and wherein the porous inorganic material is

thermally conductive.

3. The fuel cell of claim 1, and wherein the porous inorganic material has an

electrical resistivity of less than about 60 micro-ohm-centimeter.

4. The fuel cell of claim 1, and wherein the porous inorganic material has a

porosity of greater than about | Gurley second.

5. The fuel cell of claim 1, and wherein the proton exchange membrane fuel
cell, during operation, generates water as a byproduct, and wherein the porous inorganic
material retains an amount of the water to render the proton exchange membrane fuel cell

substantially self-humidifying.

6. The fuel cell of claim 1, a catalyst layer positioned between the proton

exchange membrane and the porous inorganic material.

7. The fuel cell of claim 6, and wherein the one electrode further has an
inside facing surface, and wherein the catalyst layer is deposited on the inside facing

surface.

8. The fuel cell of claim 7, and wherein the catalyst layer is selected from the
group comprising platinum black, platinum-on-carbon, and/or a composite noble metal

matertal.
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9. The fuel cell of claim I, and wherein the one electrode defines a first
surface topology, and wherein the proton exchange membrane defines a second surface

topology, the first surface topology being complementary to the second surface topology.

10. The fuel cell of claim 1, and wherein both the electrodes are fabricated
from the porous inorganic material, and wherein each porous inorganic material has a

catalyst layer applied thereto.

11, The fuel cell of claim 1, and wherein the porous inorganic material has a

pore size of from about 5 to about 200 microns.

12. An electrode for use in a proton exchange membrane fuel cell having a
proton exchange membrane, the electrode comprising a porous electrically conductive
inorganic substrate which is disposed in ohmic electrical contact with the proton

exchange membrane of the fuel cell.

13. The electrode of claim 12, and wherein the electrode simultaneously acts

as a heat sink, gas diffusion layer, and as a current collector.

14. The electrode of claim 12, further comprising a catalyst layer applied to

the porous inorganic substrate.

15. The electrode of claim 12, and wherein the electrode is incorporated into a
proton exchange membrane fuel cell which operates at a temperature of less than about
200 degrees C, and which produces heat and water as byproducts, and wherein porous
inorganic substrate is formed into a shape, and further has a pore size of about 5 to about
200 microns, and wherein the electrode retains sufficient liquid water to render the proton

exchange membrane fuel cell substantially self-humidifying.

16. The electrode of claim 12, and wherein the porous inorganic substrate has

a thickness of less than about 4 mm.
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17. The electrode of claim 12, and wherein the porous inorganic substrate is

fabricated from one or both of titanium diboride and zirconium diboride.

18. The electrode of claim 12, and wherein the porous inorganic substrate has

an electrical resistivity of less than about 60 micro-ohm-centimeter.
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