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ELECTROCHEMICAL CELL AND
BIPOLAR ASSEMBLY FOR AN ELECTROCHEMICAL CELL

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention provides an electrochemical cell and subassembly for an

electrochemical cell, particularly electrochemical stacks.

Description of the Related Art

Electrochemical cells include, but are not limited to, fuel cells, electrolysis or
electrolyzer cell, electrochemical synthesis cells, electrochemical "oxygen
concentrators (also known as electrochemical oxygen pumps), and electrochemical
hydrogen concentrators (also known as electrochemical hydrogen pumps).
Electrochemical cell stacks are made up of individual electrochemical cells that
are connected in series. The structure and operation of these electrochemical cells
have many common aspects, which will be discussed herein in the context of a

fuel cell stack.

The primary components of a proton exchange membrane (PEM) fuel cell stack
are the membrane and electrode assemblies (MEAs), gas diffusion layers, and
bipolar plate/flow field assemblies. These components are assembled in a “stack”
with each gas diffusion layer/MEA/gas diffusion layer in the stack separated by a
bipolar assembly and each end of the stack having an endplate. Conventionally,
the stack is held together under compression, such as by threaded tie rods or a

series of bands.

Each of the cells in the stack has an MEA made up of a cathode electrode in
intimate contact with one side of a proton exchange membrane (PEM) and an

anode electrode in intimate contact with the opposite side of the proton exchange
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membrane. In the case of a hydrogen consuming PEM fuel cell, the anode
electrode comprises an electroéatalyst layer and a porous hydrophobic gas
diffusion layer/backing layer. Similarly, the cathode electrode of the PEM fuel
cell comprises an electrocatalyst layer and a porous hydrophobic gas diffusion
layer/backing layer. For a typical PEM electrolysis cell, the anode electrode
comprises an electrocatalyst layer and a porous substrate/current collector
material. Similarly, the cathode electrode of a typical PEM electrolysis cell
comprises an electrocatalyst layer and a porous substrate/current collector

material.

The bipolar plate/flow field assemblies are located between adjacent gas diffusion
layer/MEA/gas diffusion layer assemblies and provide flow fields or chambers
through which reactants are channeled across the face of each electrode while
maintaining separation of the reactants and products. The bipolar plate/flow field
assemblies and, where applicable, gas diffusion structures that provide support and
backing to the electrocatalyst layers, serve to conduct electricity between each of
the cells in the stack and further to ensure that the reactant fluids are evenly
distributed over the active portions of the electrodes. Additionally, bipolar plates
may be constructed with internal channels to allow the use of cooling fluids for

cooling the electrochemical stack if desired.

An assembled electrochemical cell stack can become quite large and heavy with
most of the weight being associated with the bipolar plate/flow field assemblies.
A well-known challenge to broad usage of PEM fuel cell stacks is that the weight
of the stack can become so great that the corresponding power-to-weight ratio
becomes unacceptably low. Therefore, many designs of the bipolar plate/flow
field assemblies have been developed to reduce the overall weight of the stacks
and increase the power-to-weight ratios. These designs have included, for
example, use of metal foam in the construction of bipolar plate/flow field
assemblies, as described in U.S. Patent 6,146,780 to Cisar et al., and hereby

incorporated by reference, and use of low-density metals that have been coated
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with a thin layer of a more noble metal for protection against corrosion, as
described in U.S. Patent 6,203,936 to Cisar et al., and hereby incorporated by

reference in its entirety.

While these reduced-weight bipolar plate/flow field assemblies have resulted in
electrochemical fuel cell stacks having good power-to-weight ratios when the
current densities are greater than 400 mA/cm?, these designs are not as effective to
provide efficient fuel cell stacks when the operating pressure of the reactants is

low, such as in a fuel cell using ambient air on aircraft flying at high altitudes.

What is needed is a fuel cell stack that provides a lightweight bipolar assembly for
an electrochemical cell stack. It would be desirable if the electrochemical cell
stack yielded an improved power-to-weight ratio. It would also be desirable if the
fuel cell would operate well at low reactant pressures, i.e., at pressures less than
one atmosphere. It would be of further benefit if the electrochemical cell could
operate with minimal pressure drop through the airside flow field to maintain as

high a pressure throughout the system as possible.

SUMMARY OF THE INVENTION

The present invention provides a bipolar assembly for use in an electrochemical
cell stack. The assembly comprises a gas barrier and an array of electronically
conductive protrusions disposed across the surface of the gas barrier at spaced
apart intervals to form reactant flow fields on opposite surfaces of the gas barrier.
The protrusions extend outward from the gas barrier and may take many forms,
but the preferred protrusions are posts. Each of the mechanically rigid and
electronically conductive posts enables electrical communication therethrough,
such as between an anode of a first cell adjacent a first side of the assembly and a
cathode of a second cell adjacent a second side of the assembly. The posts and gas
barrier may be integrally formed in a single step or assembled in a sequence of

steps. For example, if the posts are disposed after the gas barrier has been
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fabricated, the posts may be inserted into an array of regularly shaped holes or
regularly shaped indentations in the gas barrier, wherein the posts have a cross
section approximately matching the cross section of the regularly shaped holes or
regularly shaped indentations. The posts must be sealed to the gas barrier to
provide a gas tight barrier. As an alternative example, the gas barrier may be cast

or formed in place around the posts.

In one embodiment, the posts may be formed integrally with the gas barrier by
deforming the gas barrier in such a manner that the gas barrier material serves
three functions including maintaining reactant gas separation, providing flow field
channels, and conducting electrons between two cells in a stack. One method of
forming the gas barrier and the posts from a sheet of porous material or ‘metal
foam’ includes crushing select portions of the sheet. As an example of this
technique, a die set could be used to provide surface features, e.g., posts, in
predetermined regions while crushing the foam to a near solid surface between the
posts. The near solid surface of the porous foam would then be sealed using an

epoxy, resin, or other suitable material.

An alternative method for integrally forming the posts and the gas barrier of the
assembly includes molding the gas barrier with posts as a single unit from an

electronically conductive material. An example of this approach is the injection
molding of the assembly from a polymer that is filled with sufficient conductive

material to render the resulting composite conductive.

In another embodiment, the gas barrier may be formed independently of the posts
by casting the gas barrier around the array of posts. This may be accomplished,
for example, by embedding the lower portion of the posts in a sacrificial material,
creating a gas barrier layer on the top surface of the sacrificial material, curing or
hardening the gas barrier layer, and, dissolving, or otherwise removing the
sacrificial layer leaving the freestanding gas barrier secured to the posts.

Furthermore, multiple gas barriers may be cast or formed around the posts to
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create a multi-layer structure that maintains separation between an anode flow
field, a heating or cooling flow field, and a cathode flow field. This may be
accomplished, for example, by repeating the process described immediately above.
The gas barrier can also be formed by producing a reusable mold with pockets for
the posts, placing the posts in the pockets, casting the gas barrier around the post
using a polymer, polymer bonded metals, polymer bonded ceramics, or low
melting metals, and removing the assembly from the reusable mold after the
barrier has solidified. The gas barrier may also be made of an elastomeric material
providing a self-sealing structure whereby holes smaller than the posts are
provided in the gas barrier and, after insertion of the posts, the gas barrier forms
gas-tight seals around the posts.

Optionally, the polymer can be filled with an electronically conductive component
to yield a conductive composite that serves as both the gas barrier and a
conductive link between the conduction posts. In accordance with a similar
option, the gas barrier can be fabricated from an electronically conductive

polymer, such as polyanaline or polypyrrole.

In still a further embodiment, the gas barrier may include a polymer that promotes,
or at least permits, the flow of water through the barrier while preventing the
passage of gases. Accordingly, water produced at the cathode, and normally
rejected in the exhaust, passes through the barrier where it humidifies the fuel
being consumed. This is advantageous because it promotes the full humidification
of the PEM membrane, which minimizes its resistance to proton flow. A moisture
transfer capability like this can be achieved by utilizing a single phase polymer
capable of absorbing substantial amounts of water or by producing a porous
barrier having pores filled with such a polymer or with another substance that
promotes the transfer of water. Examples of polymers that absorb or conduct
moisture include perfluorosulfonic acids (such as Nafion), sulfonated polystyrene,
sulfonated trifluorostyrene, polyacrylamides, and similar polymers. The gas
barrier may also be made from a polymer blend, where one or more of the polymer

components in the blend permits the passage of water through the composite.
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Alternatively, the water conducting polymer in a blend may be replaced with any
other water conducting material, such as a hydrophilic inorganic material like

hydrous silica or alumina.

A related embodiment includes fabricating the gas barrier(s) from a non-polymeric
porous material, such as metal or ceramic, and filling the pores with a hydrophilic,
water transporting polymer or a hydrophilic inorganic material and the use of
hydrophilic inorganic materials, such as hydrous silica or alumina, as a filler in a
polymer to render the resulting composite water conductive to facilitate water
transfer through the barrier.

The forgoing descriptions are exemplary, and not comprehensive. Other
variations will also be apparent to those skilled in the art. Other methods may be
used to produce the same end product, and are considered to be part of this

invention.

If metallic posts are inserted into holes in a metallic gas barrier, the bipolar plate
further includes seals formed around the posts, such as those formed by
metallurgically bonding the posts to the gas barrier. The seal may be formed with
a metal having a melting point substantially lower than the metals of the posts or
the gas barrier. As noted above, the barrier may be solid, or porous, with the pores
filled with a material that promotes the transfer of water from the cathode to the

anode.

Regardless of the material used to fabricate the gas barrier and the posts when the
posts are inserted into holes in the gas barrier, the posts may be sealed with a
polymeric adhesive material. The polymeric adhesive material is selected from
epoxies, metal-filled epoxies, carbon-filled epoxies, silicones, urethanes, acrylics,
neoprenes, and butadienes as described in U.S. Patent Application 09/237, 428
filed on January 26, 1999, and hereby incorporated by reference. The polymeric
adhesive can also be comprised of an infrinsically electronically conductive

polymer such as polyanaline or polypyrrole.
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The gas barrier may be made of electronically conducting or non-conducting
material. If, however, the posts are inserted into indentations in the gas barrier,
i.e., the gas barrier extends continuously across the face of the assembly, then the
gas barrier should be electronically conductive. An electronically conducting gas
barrier may provide some lateral smoothing of electrical potential, but the primary
function of any gas barrier to maintain a barrier between reactant gas streams. Of
secondary importance, the gas barrier may allow water passage. Because the posts
of the invention occupy only a minor portion of the surface area of the assembly,
the gas barrier can provide water conductivity or water transport over a major
portion of the surface area of the assembly. Furthermore, the gas barrier can be

made very thin to promote water permeability.

The posts may be of any cross sectional shape including, for example, shapes
selected from circular, square, rectangular, triangular, diamond, oval, ovoid,
pentagonal, hexagonal or heptagonal. Other arbitrary shapes may be used as well.
Furthermore, the posts may have different shapes or sizes on either side of the gas
barrier and may extend into the anode and cathode regions by varying amounts.
Still, the individual posts on a single bipolar plate may have different shapes or
sizes, such as to direct reactant flow. The posts may be arranged in any pattern
including, for example, a triangular grid, rectangular grid, or hexagonal
arrangement (without touching). The distance between the posts should be greater
than 1 mm, and may range from between about 1 mm to about 3 cm, but
preferably about 1 cm. The longest dimension through each post is preferably
between about 1/4 inch and about 1/16 inch. The flow fields formed by the posts
for the reactant fluids preferably have a void volume of between about 50% and
about 99% of the total volume defined by the space between the surface of the gas
barrier and the surface of the electrodes that make contact with the posts.
Preferably, the flow fields have a void volume of between about 70% and about

99% of the total volume defined by the space between the surface of the gas
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barrier and the surface of the electrodes that make contact with the posts, and more

preferably between about 85% and about 95%.

In a preferred embodiment, the anode and the cathode each have a gas diffusion
structure that includes an electronically conductive grid, wherein the grid acts as a
current collector. The posts are provided in electrical communication with the
grids. The grid may be laid against the gas diffusion material, embedded within
the surface layers of the gas diffusion material, or embedded within the bulk of the
gas diffusion material, as described in U.S. Patent 6,054,228 and 6,410,180 to
Cisar et al., and hereby incorporated by reference in their entirety. The grid is
preferably made of material selected from nickel, copper, aluminum, stainless
steel, graphitized carbon, gold, titanium, palladium, ruthenium, platinum and
combinations thereof. Preferably, the grid is a form selected from perforated flat
sheet, perforated foil, woven wire cloth, non-woven conductive cloth, expanded
metal sheet and three-dimensional open cell metal foam, wherein the perforations
or openings have a maximum dimension that is less than a smallest dimension of

the post’s cross section.

The posts may be made of any electronically conductive material, such as a
material selected from nickel, copper, aluminum, stainless steel, graphitized
carbon, gold, titanium, palladium, ruthenium, platinum, graphitic carbon, other
conductive metals, magnesium, carbon resin composites, metal filled composites
and combinations thereof. The posts may be plated as described in U.S. Patent
6,203,936 to Cisar et al., hereby incorporated by reference in its entirety. It is not
required that all posts be made from the same material or that all posts are
electronically conductive. A portion of the posts may serve as electronic
conductors through the gas barrier while other posts may serve as mechanical

support without being electronically conductive.

Furthermore, the posts may be either solid or porous. With any given material a

solid post will have the highest electrical conductivity, but it will also be the
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heaviest, while a porous post will reduce the weight, with some loss of
conductivity. These factors must be weighed in the development of any design. If
porous posts are selected, then provisions must be made to insure that the post
does not present a potential leak between fuel and oxidizer. This provision can be
the use of a water conducting filler, as described above, or it can be a barrier
produced by sealing the pores in all or part of the post with a non-water
conducting filler. In addition, a porous post fabricated with closed cell porosity
will provide its own barrier. However, in balancing the competing interests of
high electronic conductivity and low weight of the posts, it is perhaps most import

that the posts have high electronic conductivity.

When it is desired to have a gas barrier that is electronically conductive, the gas
barrier may be made of a material selected from aluminum, titanium, magnesium,
copper, nickel, stainless steel or other metals, graphitic carbon sheet, conductive
polymer composites, or intrinsically electronically conductive polymers. When
the gas barrier is non-electronically conductive, the gas barrier may, for example,
be made of polymer such as polycarbonate, polytetrafluoroethylene, polyamide,
polyethersulfone, or an elastomer selected from viton, EPDM (ethylene-propylene-
diene-methylene), silicone, polyetherimides, nylon, nitrile, and combinations

thereof, or a ceramic material.

The present invention also provides a fluid-cooled assembly for use in an
electrochemical cell stack comprising at least two gas barriers, wherein a first gas
barrier opposes an anode electrode and a second gas barrier opposes a cathode
electrode of an adjacent cell and wherein the gas barriers are approximately
parallel; and an array of electronically conductive posts disposed across the gas
barriers, wherein the electronically conductive posts enable electrical
communication with both the anode electrode of a first cell and the cathode
electrode of an adjacent cell. The channel formed between the gas barriers
provides a flow field for cooling fluids. Preferably, the flow fields formed by the

posts for any cooling fluids and for reactant fluids have a void volume of between
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about 50% and about 99% of the total volume defined by the space between the
surface of the gas barrier and the surface of the electrodes that make contact with
the posts. More preferably, the flow fields have a void volume of between about
70% and about 99% of the total volume defined by the space between the surface
of the gas barrier and the surface of the electrodes that make contact with the

posts, and most preferably between about 85% and about 95%.

Certain embodiments of the subassemblies described herein may appropriately be
referred to as bipolar plates, but the subassemblies are not limited to bipolar
plates. Alternatively, the inventors believe that certain embodiments of the
subassemblies, particularly those with gas barriers that are electronically
nonconducting, are more appropriately referred to as bipolar assemblies that
include multiple bipolar posts. However, these distinctions are not deemed to be

limiting of the scope of the invention which is set out by the claims.

The foregoing and other objects, features and advantages of the invention will be
apparent from the following more particular description of a preferred
embodiment of the invention, as illustrated in the accompanying drawings wherein

like reference numbers represent like parts of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view of a bipolar assembly suitable for low-pressure

operation in an electrochemical stack.

FIG.2 is a cross sectional view of a bipolar assembly, suitable for low-pressure

operation in an electrochemical stack, having a gas barrier with indentations.

FIG. 3 is a cross sectional view of a bipolar assembly, suitable for low-pressure

operation in an electrochemical stack, having an optional cooling channel.

10
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FIG. 4 is a graph of a fuel cell stack’s operation having a post-type flow field.

FIG. 5 is a perspective view of a bipolar plate having posts with membrane

supports in accordance with the present invention.

FIG. 6 shows examples of different arrangements of posts that may be used in

accordance with the present invention.

FIG. 7 shows a cross section of an assembly having a foam bipolar unit in

accordance with the present invention.

FIG. 8A shows a section of an assembly with pores communicating between the

anode and cathode compartments.

FIG. 8B shows the assembly of FIG. 8A, with the pores filled with a hydrophilic
polymer to furnish a means to transfer water from the cathode to the anode of an

adjacent cell.

DETAILED DESCRIPTION

The present invention provides a bipolar assembly for use in electrochemical
stacks. The bipolar assembly is especially well-suited for use in applications with
low reactant fluid pressure, as in an airplane flying at high altitudes. The bipolar
assembly is lightweight and provides a flow field that operates with a low pressure
drop. When used in a fuel cell stack, the bipolar assembly provides a fuel cell
stack having a higher power-to-weight ratio. As used herein, the term “bipolar
assembly” encompasses separators, bipolar separator plates or any other term of
art used to describe a separator between adjacent cells in an electrochemical cell
stack. It should be recognized {that a bipolar aésembly may include elements that

are not themselves bipolar.

11
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The bipolar assembly is used in an electrochemical stack to provide a barrier
between reactant or product fluids present at the anodes and reactant or product
fluids present at the cathodes of the electrochemical stack. The bipolar assembly
will also provide anode and cathode flow fields for the reactant or product fluids.
Optionally, the bipolar assembly may provide additional internal channels through

which cooling fluids may be passed to cool the electrochemical stack.

The bipolar assembly of the present invention comprises a gas barrier and an array
of electronically conducting and protruding posts engaged with the gas barrier.
While the posts may protrude or extend from the gas barrier in many different
manners, the posts must extend in a manner that completes an electronically
conducting path between two adjacent cells and secures atleast portions of the gas
barrier at a spaced distance from the surface of an adjacent cell. For example, in a
stack of cells that lie in generally parallel planes, the posts will preferably protrude
or extend in a direction approximately perpendicular to the cells. Alternatively,
the posts may be disposed at an angle different than perpendicular to the gas
barrier. Each end of the posts is in electrical communication with an electrode,
gas diffusion layer, current collector, or combination there of. Because the bipolar
assembly separates a cathode from an anode, the posts contact an anode of an
adjacent cell electrode on one end and a cathode electrode on the other end. The
posts provide electronic current conduction through the stack as well as provide

the flow fields for the electrochemical reactants.

The posts are made of any electronically conductive material, such as a material
selected from graphitic carbon, metal, alloy, aluminum, titanium, magnesium,

graphite filled polymeric composites, or metal filled polymeric composites.

The gas barrier lies between a pair of adjacent cells, but does not have to be truly
planar. The gas barrier may be formed of electronically conductive materials or, if
the posts extend through openings in the gas barrier, nonconductive materials. If

there are no openings for the posts to extend through, then the gas barrier must be

12
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electronically conductive to complete an electronically conducting path between
the pair of adjacent cells. Electronically conductive gas barriers may be
constructed of, for example, one or more metals or alloys, such as aluminum,
titanium or magnesium, a conductive filled polymer composite, and intrinsically
conductive polymer, or graphitic carbon sheet. A preferred electronically

conductive gas barrier is made from aluminum.

Especially for applications where weight is a greater consideration than electronic
conductivity, the gas barrier may be constructed of lightweight but electronically
non-conductive polymer sheet such as, for example, polycarbonate,
polytetrafluoroethylene, polyamide, or polyethersulfone. For example, when the
gas barrier is not electronically in series between the posts and the adjacent cells,
the benefits of having an electronically conducting gas barrier are substantially
limited to providing lateral conductivity to the bipolar assembly. While lateral
conductivity may provide marginally enhanced performance of the stack, reducing
the weight of the gas barrier will typically provide greater benefits in mobile
applications. Other suitable gas barrier materials include, without limitation,
ceramics, conducting polymer/non-conducting polymer composites, fiberglass

filled epoxy, and carbon-filled, graphite filled, or metal-filled polymer composites.

Optionally, the gas barrier may provide the ability to transfer water between the
cathode of one cell and the anode of an adjacent cell while maintaining isolation
of the anode and cathode gases. The gas barrier that transfers water can be made
from a water permeable material or a composite that includes a water permeable
material. Suitable water permeable materials include, but are not limited to, silica,

hydrophilic polymers, and cellulose.

The material used to make the gas barrier may also include fillers that promote
strength, electronic conductivity, water permeability, or combinations thereof.
These properties of the gas barrier may be provided by a single material or a

composite. Optionally, the composite may include particles (such as fibers,

13
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powders, or pellets) that provide one or more of these properties. Particles
suitable for enhancing electronic conductivity include, without limitation,
ceramics, metals, alloys, graphite, or combinations thereof. Particles suitable for
enhancing strength include, without limitation, silicon carbide, graphite, metals,
and ceramics. Particles suitable for enhancing water permeability were set out
above. Still other particles may be included to enhance other desirable properties
of the composite, such as further reducing the weight, and making the composite

hydrophobic or hydrophilic.

Proton exchange membrane fuel cells typically are operated at ambient pressure or
above because the power generation from the fuel cells increases as the partial
pressure of the reactive gases, oxidizer such as air and fuel, in the fuel cells
increases. Power generation increases with increasing pressure because of the
large overpotential required to drive the oxygen reduction reaction. By increasing
the total pressure, the partial pressure of oxygen increases, thereby increasing the
rate of the oxygen reduction reaction, which follows first order kinetics with
respect to oxygen partial pressure. Additionally, increasing the total pressure
increases the diffusion rate of the oxygen to the surface of the electrocatalyst,

thereby further increasing the power generation of the fuel cell stack.

Therefore, when operating a fuel cell stack at low pressures, as in an airplane at
high altitudes, it becomes critical to consider two design parameters that affect the
diffusion resistance of the gas diffusion layer. These parameters are porosity and
thickness of the diffusion layer/backing layer. The gas diffusion resistance may be
reduced by making the gas diffusion layer/backing layer as thin as possible.
However, the gas diffusion layer/backing layer may be designed to perform a
variety of functions, such as a microscopic current collector, a catalyst support, a
water content controller, a stack tolerance buffer, a thermal expansion absorber, a
protective sheet that keeps the membrane from being cut by foreign objects, and a
diffusion layer that allows gas to reach portions of the electrocatalyst that are

pressed behind the solid flow field supports. Typical gas diffusion layers/backing

14
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layers for proton exchange membrane fuel cells have a thickness from about 0.5

mm to 0.25 mm and a porosity from about 35% to 60% by volume.

Another consideration for low-pressure operation of a fuel cell is the thickness of
the electrode or electrocatalyst layer. The design of the electrode or electrocatalyst
layer becomes critical at lower pressures as oxygen diffusion through the gas
diffusion/backing layers and electrocatalyst layers becomes very slow. The
optimal electrode for low-pressure operation is one having the highest surface area
of catalyst in the thinnest possible layer next to the proton exchange membrane.
Platinum black, an excellent oxygen reduction catalyst, has much higher surface
area per electrode volume than supported catalysts. Therefore, platinum black is a

preferred catalyst to use for low oxygen pressure applications.

It should be noted that posts may be disposed in different patterns for one flow
field and a different pattern for a second flow field. Furthermore, only one flow
field may have posts in accordance with the present invention with the other flow

field, being of a different design

FIG. 1 is a cross sectional view of a bipolar assembly suitable for low-pressure
operation in an electrochemical stack. The gas barrier 14, which may be
electronically conducting or non-conducting, separates the reactant fluids flowing
across the face of the anode electrode 11 and the cathode electrode 12. A plurality
of posts 15 is disposed across the gas barrier 14, each post being approximately
perpendicular to the gas barrier. One end of each post contacts the current
collector 13 on the anode electrode 11 and the other end of each post contacts the
current collector 13 on the cathode electrode 12. The posts and the gas barrier
form the “post-type” flow fields for the reactant fluids. One embodiment, as
illustrated in FIG. 1, shows the posts 15 inserted through holes in the gas barrier
14, each post being sealed 16 into the hole in the gas barrier through which the
post passes, thereby preventing reactant fluids from passing from one side of the

gas barrier to the other.

15
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Alternatively, the posts may be inserted into indentations on the gas barrier instead
of through holes in the gas barrier. FIG. 2 is a cross sectional view of a bipolar
assembly having a gas barrier with indentations. One end of the post 15 is
inserted into the indentation 17 formed in the gas barrier 19. In this alternative,
the gas barrier must be electronically conductive. The indentations in the gas
barrier are in electrical communication with the current collector 13 on the
clectrode. The current then passes from the current collector 13 to the
indentations 17 and then to the posts 15. An advantage of using the indentation
configuration is that the posts need not be sealed around the holes in the gas

barrier.

Optionally, the bipolar assembly may include a channel for a cooling fluid for
cooling the stack. FIG. 3 is a cross sectional view of a bipolar assembly suitable
for low-pressure operation in an electrochemical stack having an optional cooling
channel. The cooling channel 18 is formed between two gas barriers 21 through
which a coolant may be passed. The posts 15 extend thfough both gas barriers 21
such that one end of each post touches the current collector 13 of the cathode
electrode 12 and the other end of each post touches the current collector 13 of the
anode electrode 11. Each post is sealed 16 into the hole in the gas barrier through
which the post passes to prevent reactant fluids from mixing with the cooling
fluid. Alternatively, one or both gas barriers may include indentations, instead of
holes, through which the posts may be inserted as shown in FIG. 2. If the posts 15
are inserted into indentions, then the gas barrier 14 having the indentions must be
conductive so that the posts are in electrical communication with the current

collectors 13 through the indentations of the gas barrier 14.

The current collector 13, which is part of each electrode, is a metal grid within the
electrode forming the core of the gas diffusion structure. The metal acts as a
current collector spanning the entire active area of the electrode to collect the

electric current. The structure is fully identified and described in U.S. Patent No.
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6,054,228 and 6,410,180, which are hereby incorporated by reference. In the
present invention, the current collector may be constructed of titanium, nickel,
copper, aluminum, stainless steel, graphitized carbon, or other electronically
conductive material. The preferred material is titanium because of a combination
of titanium’s qualities including lightweight, strength, resistance to corrosion and
electrical conductivity. Other alternatives may include precious metals such as
gold, palladium, ruthenium or platinum. As a further alternative, thin layers of
precious metals may be plated onto other metals, thereby protecting the other

metals from corrosion.

The current collectors 13 may be made of perforated flat plate or foil, woven wire
cloth, non-woven conductive cloth or an ordered grid. The perforations may be of
any shape such as circles, squares, triangles or diamonds. The perforations may be
drilled, punched or made by any other suitable means. Non-woven conductive
cloth may be formed by binding individual strands of wire together using either
metallurgical bonding techniques or using a binder. The ordered grid may be
made by bonding together strips or rods of conductive material to form a sheet.
As another alternative form for the current collector, a thin sheet of metal foam or
a porous sheet produced by sintering smaller, typically spherical, particles into a
single mass may be used. Whichever of these forms is selected, the open area of
the current collector may be between about 20% to 80%. Preferably the open area
is between about 40% to about 60% of the total area. To ensure good electrical
contact between the current collectors 13 and the posts 15, the size of the holes or
open area in the grid should be less than the smallest dimension of the cross

section of the post.

The conductive posts 15 may be made of any highly conductive material though it
is preferable to use a low-density material to minimize the weight. Suggested
materials include, for example, graphitic carbon, aluminum, titanium and
magnesium. The distance between the posts should be greater than 1 mm, and

may range from between about 1 mm to about 3 cm, but preferably be about 1 cm.
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The posts may be inserted on a triangular or square pitch. Other pitch geometries
are also acceptable. The flow field formed with the posts should consist of
between about 90% to 99% open area. The posts should have approximately the
same cross sectional shape as the openings in the gas barrier into which the posts
are inserted. These shapes may be any regular shape, for example, circular,
square, rectangular, triangular, oval, ovoid, pentagonal, or anypolygon.
Furthermore, the posts may have different shapes or sizes on either side of the gas
barrier. Still, the individual posts on a single bipolar assembly may have different
shapes or sizes, such as to direct reactant flow. The posts should have a diameter
or cross sectional dimension that provides a tight fit with the openings in the gas
barrier. The tight fit will better ensure electrical conductivity between the gas
barrier and the posts, if desired, and also minimize the sealing required if the posts
are inserted through holes in the gas barrier rather than into indentations. The
cross sectional dimension of both the openings in the gas barrier and the posts

should be between about 0.150 inch and about 0.050 inch.

If the posts are inserted through holes in the gas barrier, the posts must be sealed
to prevent leakage of any fluids across the gas barrier. If both the gas barrier and
the posts are metallic, then the posts may be metallurgically bonded, for example,
by soldering or brazing, by sealing the region around each post with a metal or
alloy that melts at a temperature substantially lower than the metals used to
fabricate the barrier or the posts. An alternate method is to electroform the seal by

selectively electroplating a seal into the gaps between the gas barrier and the posts.

Preferably, the posts are sealed with polymers. While thermoplastics and
polymers deposited from solutions may be used for this function, the preferred
method of sealing is with a curable adhesive or sealant such as, for example,
epoxies and self-vulcanizing silicones. When conductive gas barriers are used, it

is preferable to use a conductive sealant, such as a metal filled epoxy.
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When a conductive sealant is used, or when the posts are inserted into indentations
in the gas barrier, current may flow from one post, through the gas barrier, to
another post. This may help maintain stack performance in a situation where the
performance over a small portion of one electrode declines, as can occur when a
water drop occludes part of a cathode. The current collectors within the electrode
conduct current from post to post and help average the current over all the posts
allowing other parts of the electrode to pick up more of the load to compensate.
By also allowing current to flow between posts through the gas barriers there is
another degree of smoothing to permit the stack to function well, even when a

small area is performing below standard.

The gas barriers 14 may be formed of conductive or nonconductive materials if the
openings in the gas barrier are holes. If the openings are indentations, then the gas
barrier should be electronically conductive to transport current from the current
collector at the electrodes to the posts inserted within the indentations. For
conductive gas barriers, preferred materials of construction may be aluminum,
titanium, magnesium, a conductive filled polymer composite, and intrinsically
conductive polymer, or graphitic carbon sheet with aluminum being the most
preferred. If weight is a greater consideration than conductivity, the gas barrier
may be constructed of polymer sheet such as, for example, polycarbonate,

polytetrafluoroethylene, polyamide, or polyethersulfone.

The gas barrier may also be made of hydrophilic polymer, such as NAFION.
NAFION is a registered trademark of DuPont of Wilmington, DE. The use of a
hydrophilic polymer may be useful in forming cooling channels. Since water is
produced at the cathode of a fuel cell, water may be transported from the cathode
side of the gas barrier, through the gas barrier, to the cooling stream passing
through the cooling channel. Water produced at the cathode will evaporate into
the unsaturated gas stream in the cathode flow field. As long as the cooling
stream is cooler than fhe stack, some water will condense onto the cool surface of

the gas barrier and be absorbed into the gas barrier. If water is used as the cooling

19



WO 03/103082 PCT/US03/16949

stream, water may also pass from the cooling channel, through the gas barrier, and
into the anode side to humidify the fuel and replace water that is lost by
electroosmosis through the proton exchange membrane. As an alternative, one
side of the cooling chamber may have a hydrophilic polymer and the other side
may have a sealed gas barrier, for example, made of metal. A hydrophilic barrier
used on the anode side and a sealed barrier on the cathode side, for example,
would allow water to hydrate the fuel on the anode side but prevent water from
leaving the cathode side through the gas barrier and thereby maintain the water

balance on the cathode side.

FIG. 5 shows a perspective view of a bipolar assembly having posts with
membrane supports in accordance with the present invention in lieu of a current
collector that covers the entire active surface of the electrode. When the current
collector covers the entire active surface of the electrode, there may be a decrease
in the ability of the gas to diffuse to the electrocatalyst. In this embodiment, each
post may have a membrane support 8 attached to each end of the posts 6. The
membrane supports may be electronically conducting, not electronically
conducting, or a mixture of electronically conducting and electronically
nonconducting membrane supports. Furthermore, the membrane supports may be
shaped as a disk, as a star, “t” shaped, triangular or any other shape. The
membrane supports replace the current collector that completely covers the active
area of the electrode. Alternatively, the ends of the posts may be grooved, instead
of using membrane supports, to allow gas to access the gas diffusion layer and
electrocatalyst covered by the ends of the posts.

FIG. 6 shows examples of different arrangements of posts that may be used in
accordance with the present invention. The posts may be arranged in a hexagonal
pattern, a diamond pattern, a square pattern or a random pattern. These patterns
are shown as examples only as the pegs may be arranged in any desired pattern in

accordance with the present invention.
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FIG. 7 shows a cross section of an assembly having a foam bipolar unit in

accordance with the present invention

EXAMPLE

A bipolar assembly having a post-type flow field was fabricated. The bipolar
assembly was fabricated using two 15 mil (0.38 mm) thick gold plated titanium
gas barrier sheets, two flow field frames fabricated from Kynar™ polymer to be
used with the air and hydrogen flow fields, and a high density polyethylene frame
for the cooling flow field. The posts consisted of 1/8 inch thick carbon
spectroscopy rods cut to the correct length. The frames were bonded to the gas

barriers with 5 mil (0.127 mm) thick acrylic double-sided tape from 3amM™,

Thirty-six evenly spaced 1/8 inch holes were drilled into the separator plates in the
area of the flow fields. These plates were aligned and sealed to the cooling flow
field frame with the double-sided tape. The hydrogen and air flow field frames
were then sealed to the separator plates with the same double-sided tape. The
spectroscopy rods were cut up into short pieces to match the thickness of the
bipolar assembly. The rods were inserted through the holes in the separator plate,
sealed to the separator plates with an epoxy and cured in an oven at 100 °C for two

hours.

Two membrane and electrode assemblies were created, each using a sheet of
conventional ELAT™ carbon powder on carbon cloth gas diffusion media from
the E-Tek Division of DeNora. Then gold plated 60 ppi Ni foam was pressed into
both sides of each MEA to infuse the ELAT with a porous metal conductive grid.

The MEAs and bipolar assembly were assembled into a two-cell stack and tested
at 14.7 psia. The data from this experiment is shown in FIG. 4. The high
frequency resistance was approximately 7.0 mOhms, which, at approximately

double the normal single cell value, was the value expected for a two-cell stack.
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The data shows that a lightweight bipolar assembly of the post-type flow field

design is feasible and can be used as a fuel cell structure.

Tt will be understood from the foregoing description that various modifications and
changes may be made in the preferred embodiment of the present invention
without departing from its true spirit. It is intended that this description is for
purposes of illustration only and should not be construed in a limiting sense. The
scope of this invention should be limited only by the language of the following

claims.
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What is claimed is:

1. An assembly for use in an electrochemical cell stack comprising:

a gas barrier;

an array of electronically conductive protrusions disposed across the gas
barrier, wherein the electronically conductive protrusions enable electrical
communication between an anode opposite a first side of the gas barrier and a

cathode opposite a second side of the gas barrier.

2. The assembly of claim 1, wherein at least one of the fluids is a gas.

3. The assembly of claim 1, wherein the protrusions are inserted into an array of
regularly shaped holes or regularly shaped indentations in the gas barrier, and
wherein the protrusions have a cross section approximately matching a cross

section of the regularly shaped holes or regularly shaped indentations.

4. The assembly of claim 3, wherein the protrusions are inserted into holes, and
wherein the gas barrier and the protrusions are metallic, the assembly further
comprises seals around the protrusions formed by metallurgically bonding the

protrusions to the gas barrier.

5. The assembly of claim 4, wherein the seal is formed with a metal having a
melting point substantially lower than the metals of the protrusions or the gas

barrier.
6. The assembly of claim 3, wherein the protrusions are inserted into holes, the

assembly further comprising seals around the protrusions wherein the seals are

made of polymeric material.
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7. The assembly of claim 6, wherein the polymeric material is selected from
epoxies, metal filled epoxies, carbon filled epoxies, self-vulcanizing silicones,

metal filled self-vulcanizing silicones, or carbon filled self-vulcanizing silicones

8. The assembly of claim 6, wherein the gas barrier is a material selected from

electronically conducting or electronically nonconducting materials.

9. The assembly of claim 3 wherein the protrusions are inserted into indentations

and the gas barrier is electronically conductive.

10. The assembly of claim 1, wherein the protrusions a circular cross sectional

shape.
11. The assembly of claim 1, wherein the protrusions have cross sectional shapes
selected from circular, square, rectangular, triangular, diamond, oval, ovoid,

pentagonal, hexagonal or heptagonal.

12. The assembly of claim 1, wherein the protrusions are arranged in a pattern

selected from triangular or rectangular.

13. The assembly of claim 12, wherein the separation between protrusions is

between about 1 mm and about 3 cm.

14. The assembly of claim 12, wherein the separation between protrusions is

about 1 cm.

15. The assembly of claim 1, wherein the protrusions extend between adjacent

cells through a distance between 1/4 inch and 1/16 inch.
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16. The assembly of claim 1, wherein the anode and the cathode each have a fluid
diffusion structure having an electronically conductive grid, wherein the metal

grid acts as a current collector.

17. The assembly of claim 16, wherein the protrusions are in electrical

communication with the grids.

18. The assembly of claim 16, wherein the grid is made of material selected from
nickel, copper, aluminum, stainless steel, graphitized carbon, gold, palladium,

ruthenium, platinum or combinations thereof.

19. The assembly of claim 16, wherein the grid is made of titanium.

20. The assembly of claim 16, wherein the grid is a form selected from perforated
flat plate, perforated foil, woven wire cloth, non-woven conductive cloth, wherein
the perforations or openings have a size less than the area of contact with the

protrusions.

21. The assembly of claim 1, wherein the protrusions are made of material

selected from graphitic carbon, aluminum, titanium or magnesium.

22. The assembly of claim 1, wherein the protrusions are made of any

electronically conductive material.
23. The assembly of claim 1, wherein the gas barrier is electronically conductive,
the gas barrier is made of material selected from aluminum, titanium, magnesium,

or graphitic carbon sheet.

24. The assembly of claim 23, wherein the gas barrier is porous with pores

permitting fluid communication through the plate and said pores filled with a
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hydrophilic material that prevents the passage of fluid through the membrane but

permits the passage of water.

25. The assembly of claim 24 where the hydrophilic material is a polymer.

26. The assembly of claim 25 where the polymer is selected from poly-
perfluorosulfonic acid, sulfonated polystyrene, sulfonated trifluorostyrene,
polyacrylamides, sulfonated styrene copolymers, and blends and copolymers of

these materials.

27. The assembly of claim 24 where the hydrophilic material is an inorganic

material.

28. The assembly of claim 27 where the inorganic material is selected from

phosphates, polyphosphates, hydrous silicates, and the like.

29. The assembly of claim 1 wherein the gas bartier is electronically conductive,
the gas barrier is made of a material selected from conductive polymer composites
formed from a non-conductive polymer filled with a conductive material such as

metal or carbon.

30. The assembly of claim 1 wherein the gas barrier is made of an intrinsically

electronically conductive polymer.
31. The assembly of claim 1, wherein the gas barrier is non-electronically
conductive, the gas barrier is made of polymer selected from polycarbonate,

polytetrafluoroethylene, polyamide, or polyethersulfone.

32. The assembly of claim 31, wherein the gas barrier is porous with pores

permitting fluid communication through the plate and said pores filled with a
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hydrophilic material that prevents the passage of fluid through the membrane but

permits the passage of water.

33. The assembly of claim 32 where the hydrophilic material is a polymer.

34. The assembly of claim 33 where the polymer is selected from poly-
perflourosulfonic acid, sulfonated polystyrene, sulfonated trifluorostyrene,
polyacrylamides, sulfonated styrene copolymers, and blends an copolymers of

these materials.

35. The assembly of claim 32 where the hydrophilic material is an inorganic

material.

36. The assembly of claim 35 where the inorganic material is selected from

phosphates, polyphosphates, hydrous silicates, and the like.

37. The assembly of claim 1, wherein the protrusions form flow fields having a

void volume of between about 50% and about 99%.

38. The assembly of claim 1, wherein the protrusions form flow fields having a

void volume of between about 80% and about 95%.

39. A fluid-cooled assembly for use in an electrochemical cell stack comprising:
at least two gas barriers, wherein a first gas barrier opposes an anode
electrode and a last gas barrier opposes a cathode electrode and wherein the gas
barriers are approximately parallel; and
an array of electronically conductive protrusions disposed across the gas
barriers, wherein the electronically conductive protrusions enable electrical

communication between the anode electrode and the cathode electrode.
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40. The assembly of claim 39, wherein the protrusions are inserted into an array
of regularly shaped holes, regularly shaped indentations, or combinations thereof
in the gas barriers, and wherein the protrusions have a cross section approximately
matching a cross section of the regularly shaped holes or regularly shaped

indentations.

41. The assembly of claim 40, wherein the protrusions are inserted into holes, and
wherein the gas barriers and the protrusions are metallic, the assembly further
comprises seals around the protrusions formed by metallurgically bonding the

protrusions to the gas barriers.

42. The assembly of claim 41, wherein the seal is formed with a metal having a
melt point substantially lower than the metals of the protrusions or the gas

barriers.

43. The assembly of claim 40, wherein the protrusions are inserted into holes, the
assembly further comprising seals around the protrusions wherein the seals are

made of polymeric material.

44, The assembly of claim 43, wherein the polymeric material is selected from
epoxies, metal filled epoxies, carbon filled epoxies, self-vulcanizing silicones,

metal filled self-vulcanizing silicones, or carbon filled self-vulcanizing silicone.
45. The assembly of claim 40, wherein the gas barriers are made of materials
selected from electronically conducting materials, electronically nonconducting

material, or combinations thereof.

46. The assembly of claim 39, wherein the protrusions are inserted into

indentations, the gas barrier is electronically conductive.
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47. The assembly of claim 39, wherein the protrusions are of any cross sectional

shape.

48. The assembly of claim 39, wherein the protrusions have cross sectional shapes
selected from circular, square, rectangular, triangular, diamond, oval, ovoid,

pentagonal, hexagonal or heptagonal.

49. The assembly of claim 39, wherein the protrusions are arranged in a pattern

selected from triangular or rectangular.

50. The assembly of claim 49, wherein the separation between protrusions is from

1 mm to 3 cm.

51. The assembly of claim 49, wherein the separation between protrusions is from

1 cmto 2 cm.

52. The assembly of claim 39, wherein the protrusions extend between adjacent

cells through a distance between 1/2 inch and 1/16 inch.
53. The assembly of claim 39, wherein the anode and the cathode each have a
fluid diffusion structure having an electronically conductive grid, wherein the

metal grid acts as a current collector.

54. The assembly of claim 53, wherein the protrusions are in electrical

communication with the grids.
55. The assembly of claim 53, wherein the grid is made of material selected from
nickel, copper, aluminum, stainless steel, graphitized carbon, gold, palladium,

ruthenium, platinum or combinations thereof.

56. The assembly of claim 53, wherein the grid is made of titanium.
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57. The assembly of claim 53, wherein the grid is a form selected from perforated
flat plate, perforated foil, woven wire cloth, non-woven conductive cloth, wherein
the perforations or openings have a size less than the area of contact with any one

of the protrusions.

58. The assembly of claim 39, wherein the protrusions are made of material

selected from graphitic carbon, aluminum, titanium or magnesium.

59. The assembly of claim 39, wherein the protrusions are made of any

electronically conductive material.

60. The assembly of claim 39, wherein the gas barrier is electronically
conductive, the gas barrier is made of material selected from aluminum, titanium,

magnesium, or graphitic carbon sheet.

61. The assembly of claim 39, wherein the gas barrier is porous with pores
permitting fluid communication through the plate and said pores filled with a
hydrophilic material that prevents the passage of fluid through the membrane but

permits the passage of water.

62. The assembly of claim 61 where the hydrophilic material is a polymer.

63. The assembly of claim 62 where the polymer is selected from poly-
perfluorosulfonic acid, sulfonated polystyrene, sulfonated trifluorostyrene,
polyacrylamides, sulfonated styrene copolymers, and blends and copolymers of

these materials.

64. The assembly of claim 61 where the hydrophilic material is an inorganic

material.
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65. The assembly of claim 64 where the inorganic material is selected from

phosphates, polyphosphates, hydrous silicates, and the like.

66. The assembly of claim 39 wherein the gas barrier is electronically conductive,
the gas barrier is made of a material selected from conductive polymer composites
formed from a non-conductive polymer filled with a conductive material such as

metal or carbon.

67. The assembly of claim 39 wherein the gas barrier is made of an intrinsically

electronically conductive polymer.

68. The assembly of claim 39, wherein the gas barrier is electronically
nonconductive, and wherein the gas barrier is made of polymer selected from

polycarbonate, polytetrafluoroethylene, polyamide, or polyethersulfone.

69. The assembly of claim 68, wherein the gas barrier is porous with pores
permitting fluid communication through the plate and said pores filled with a
hydrophilic material that prevents the passage of fluid through the membrane but

permits the passage of water.

70. The assembly of claim 69 where the hydrophilic material is a polymer.

71. The assembly of claim 70 where the polymer is selected from poly-
perfluorosulfonic acid, sulfonated polystyrene, sulfonated trifluorostyrene,
polyacrylamides, sulfonated styrene copolymers, and blends and copolymers of

these materials.

72. The assembly of claim 69 where the hydrophilic material is an inorganic

material.
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73. The assembly of claim 72 where the inorganic material is selected from

phosphates, polyphosphates, hydrous silicates, and the like.

74. The assembly of claim 39, wherein all the gas barriers are made of the same

material.

75. The assembly of claim 39, wherein all the gas barriers are not made of the

same materials.

76. The assembly of claim 39, wherein the protrusions form flow fields leave a

void volume of between about 50% and about 99%.

77. The assembly of claim 39, wherein the protrusions form flow fields having a

void volume of between about 80% and about 95%.

78. The assembly of claim 39, wherein at least one of the fluids is a gas.

79. An electrochemical cell stack comprising:
a plurality of membrane and electrode assemblies;
bipolar assemblies disposed between each of the plurality of membrane
and electrode assemblies, wherein the bipolar assemblies comprise a gas barrier,
and an array of electronically conductive protrusions disposed across the gas
barrier, wherein the electronically conductive protrusions enable electrical
communication between an anode opposite a first side of the gas barrier and a

cathode opposite a second side of the gas barrier.
80. The stack of claim 79, wherein the protrusions are made of metal.
81. The stack of claim 79, wherein the protrusions have two ends that form

opposing contact surfaces for making electrical communication with the

electrodes.
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82. The stack of claim 79, wherein the electrical communication from one face of
the bipolar assemblies to the opposing face of the bipolar assemblies is provided

by the protrusions
83. The stack of claim 79, further comprising:
current collectors disposed in electrical communication between the protrusions

and the membrane and elecirode assemblies.

84. The stack of claim 79, wherein the current collectors extend across the entire

face of the bipolar assemblies.

85. The stack of claim 79, wherein the current collectors are discrete elements

associated with individual protrusions.
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