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BIPOLAR SEPARATOR PLATES FOR
ELECTROCHEMICAL CELL STACKS

This invention was made with government support under
contract N00014-95-C-0023 awarded by Navy/DARPA.
The government has certain rights in this invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to separators between adja-
cent electrochemical cells. More particularly, the invention
relates to lightweight bipolar separator plates and methods
for their construction.

2. Background of the Invention

Electrochemical cells utilizing a proton exchange mem-
brane (PEM) can be configured in cell stacks having bipolar
separator plates between adjacent cells. These bipolar sepa-
rator plates are typically made from a variety of metals, such
as titanium and stainless steel, and non-metallic conductors,
such as graphitic carbon. Bipolar separator plates can be
fabricated by machining fluid flow fields into a solid sheet of
the material. The flow fields are made up of a series of
channels or grooves that allow passage of gases and liquids.

FIG. 1 is a face view of a prior art bipolar separator plate
10 made from a solid sheet of a conducting material. The
central portion of the plate has a flow field 12 machined into
its surface. The flow field may direct fluid flow in many
patterns, but is illustrated here as parallel serpentine chan-
nels. Around the perimeter of the flow field 12, the plate
provides a plurality of bolt holes 14 for assembling and
securing a cell stack, various manifolds 16 for communi-
cating fluids in and out of the stack, and a flat surface 18 that
allows the plate to be sealed with adjacent components of the
cell stack.

In addition to providing a fluid flow field, a bipolar
separator plate for use in electrochemical cells must collect
electrons liberated at one electrode, conduct the electrons
through the plate, and deliver electrons to the face of another
electrode on the opposing side of the plate. The prior art
bipolar separator plate collects and delivers electrons from
electrodes of opposing cells through the ridges 20 remaining
between the channels 22 in the flow field 12.

FIG. 2 is a schematic view of a proton exchange mem-
brane (PEM) electrochemical cell 30 configured as a
hydrogen-air fuel cell. This stack comprises two identical
fuel cells 32 having a cathode 34, a PEM 36 and an anode
38. Flow fields 40 (shown schematically for clarity) are
provided on either side of the bipolar separator plate 42, as
well as on the internal faces of the endplates 44. Electrons
liberated at the anode 38 provide current flow to the cathode
34 of a cell on the other side of the plate 42 and, ultimately,
through an external circuit 46. Electrons are then combined
with protons and oxygen at the cathode 34 to form water.
The electrical potential of the fuel cell 30 is increased by
adding more cells 32 to the stack.

Weight is a characteristic of electrochemical cells
generally, and fuel cells in particular, that limits their use.
Therefore, significant efforts have been directed at providing
lightweight components for electrochemical cells. Even so,
there remains a need for a lightweight bipolar separator
plate. It would be desirable if the lightweight bipolar sepa-
rator plate could also be made thinner and support higher
current densities. It would be further desirable if the struc-
ture of the bipolar separator plate allowed the introduction of
other specific properties, such as water permeability and
reactant gas impermeability.
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2
SUMMARY OF THE INVENTION

The present invention provides a separator for electro-
chemical cells comprising a gas barrier having an electri-
cally conducting pathway extending therethrough and a
porous, electrically conducting member in electrical contact
with each side of the electrically conducting pathway, the
member selected from the group consisting of expanded
metal mesh, metal foam, conducting polymer foam, porous
conductive carbon material and combinations thereof. The
electrically conducting pathway through the gas barrier may
be formed from a second porous, electrically conducting
member selected from the group consisting of expanded
metal mesh, metal foam, conducting polymer foam, porous
conductive carbon material and combinations thereof. The
gas barrier may be comprised of a metal sheet or a polymer
filled porous, electrically conducting member.

In another aspect of the invention, a separator for elec-
trochemical cells is provided comprising a porous, electri-
cally conducting sheet selected from the group consisting of
expanded metal mesh, metal foam, conducting polymer
foam, porous conductive carbon material and combinations
thereof and a gas impermeable material, such as a polymer
or metal, disposed within a portion of the sheet to form a gas
barrier. The gas impermeable polymers are selected from the
group consisting of water permeable polymers, thermoplas-
tic polymers, reactively cured polymers, and combinations
thereof.

In yet another aspect of the invention, a separator for
electrochemical cells is provided comprising two porous,
electrically conducting sheets selected from the group con-
sisting of expanded metal mesh, metal foam, conducting
polymer foam, porous conductive carbon material and com-
binations thereof and an electrically conducting gas barrier
disposed in electrical contact between the sheets.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features,
advantages and objects of the present invention are attained
and can be understood in detail, a more particular descrip-
tion of the invention, briefly summarized above, may be had
by reference to the embodiments thereof which are illus-
trated in the appended drawings.

It is to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodi-
ments.

FIG. 1 is a typical metal separator plate with a serpentine
flow field design. This design features three parallel chan-
nels along each leg with a common manifold connecting
each set of channels to the next.

FIG. 2 is a schematic cross-section of a PEM fuel cell
illustrating the key features. The thickness of the membrane
has been greatly exaggerated for clarity.

FIG. 3A and 3B are a partial cross-sectional view and a
face-on view of a bipolar plate constructed by spot welding
expanded titanium flow fields to both sides of a titanium
barrier layer. The titanium can be gold plated after welding
to prevent oxidation of the metal in the fuel cell environ-
ment.

FIG. 4 is a partial cross-section of an all metal lightweight
bipolar plate. This design features a thin (£0.006") barrier
made from solid titanium sheet with foamed metal flow
fields welded to both sides of it.

FIG. 5 is a partial cross-sectional view of a sheet of copper
foam having a polymer barrier in the center of the sheet.
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FIG. 6 is a partial cross-sectional view of a first copper
foam sheet having a polymer barrier formed along one side
and a second copper foam sheet in electrical contact with the
first copper foam sheet.

FIG. 7A and 7B are front and side views of a frame for a
bipolar plate.

FIG. 8A and 8B are front and side views of an alternate
frame for a bipolar plate having parallel gas flows rather than
the cross flow arrangement of the frame in FIGS. 7A and 7B.

FIG. 9 is a side view of a bipolar plate having dual frame
members.

FIG. 10 provides polarization curves for a two-cell stack
using a bipolar plate with expanded titanium flow fields
operating at 75° C. and 36 psig pressure at three air
stoichiometries.

FIG. 11 provides polarization curves for a two-cell stack
using a bipolar plate with gold plated foamed copper flow
fields operating at 75° C. and 36 psig pressure at three air
stoichiometries.

FIG. 12 provides a polarization curve for a two-cell fuel
cell stack equipped with an Epon 862 filled copper foam
bipolar plate operating on hydrogenlair at ambient pressure

and 55° C.

FIG. 13 provides a polarization curve for a two-cell fuel
cell stack equipped with an Epon 862 filled copper bipolar
plate operating on hydrogen air at 30 psig pressure and 65°
C.

FIG. 14A and 14B are top and side cross-sectional views
of a bipolar plate with hollow tubes positioned therein and
an injection molded frame.

FIG. 15 is a cross-sectional view of a bipolar plate having
hollow tubes positioned therein, dual frame members, and a
pair of gaskets.

FIGS. 16A and 16B are face and edge views of a polymer
modified metal foam bipolar plate having interdigitated flow
fields to improve the gas distribution at the surface of the
electrodes and reduce the pressure drop.

FIG. 17 is a partial cross-sectional view of a bipolar plate
having a metal gas barrier with porous metal flow fields and
polymer cell frames, which also serve as gaskets.

FIG. 18 is a frontal view of a bipolar plate having a
partially polymer filled porous metal gas barrier with metal
flow fields and polymer cell frames, which also serve as
gaskets. The polymer cell frame furnishes sealing and gas
channeling between the manifolds and the metal flow field.

FIG. 19 is a partial assembly diagram of a fluid cooled
bipolar plate.

FIG. 20 provides a polarization curve for a four-cell fuel
cell stack, assembled similarly to the stack of FIG. 19,
having two bipolar plates with internal water cooling and
one with only a gas barrier, and no cooling.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides improved, lightweight
bipolar separator plates and methods for their manufacture.
The weight of the separator is minimized by reducing the
amount of dense materials (solid metal or graphite) that are
used and replacing them with lighter materials. Solid mate-
rials are used only where dictated to provide structural
strength, such as the outer frame of the bipolar plate where
a gas seal must be achieved. Other parts of the plate, such as
the flow field, are constructed from electrically conductive
materials having a lower density, such as expanded metal
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4

mesh, or foamed metal. While these lower density materials
are electrically conductive, they are not gas tight and, if used
alone, would not provide a sufficient gas barrier. However,
in accordance with the present invention a gas barrier can be
used in conjunction with these low density materials.

In one aspect of the invention, a bipolar separator plate is
provided with a thin, electrically conductive sheet forming
a gas tight barrier. Conductive sheets, such as titanium,
provide much thinner gas barriers than can be achieved by
machining a solid metal plate to leave a flow field and a
barrier structure. Sheets of low density, electrically conduc-
tive material are placed in electrical contact on both sides of
the barrier, so that the low density material serves as the flow
field.

In another aspect of the invention, a bipolar separator
plate is provided by forming a polymer barrier inside a sheet
of low density metal. The polymer is disposed into the pores
of the low density metal to form a gas barrier. It is preferred
that the polymer fill only a region of pores, leaving another
region to serve as a flow field. Polymers with special
properties, such as water permeability, may be used for the
gas barrier to provide the separator plates with additional
advantages.

In yet another aspect of the invention, the porous flow
fields may be provided with grooves or channels to improve
the distribution of fluid and reduce the pressure drop across
the flow field. While the grooves may take on a number of
patterns, the preferred groove pattern is interdigitated. The
interdigitated pattern includes finger-like channels that
freely communicate fluid from the inlet manifold into the
flow field, yet requires the fluid to pass through at least a
portion of the porous flow field before communicating with
adjacent finger-like channels communicating with the outlet
manifold.

In a farther aspect of the invention, a bipolar separator
plate is provided with a frame having channels formed
therein for fluid communication with the edges of the flow
field. The frame may be made of a solid material, such as
metal, a polymer material or combinations thereof. The
direction of fluid flow in the anode and cathode flow fields
may be either parallel or cross flow, as is determined by the
fluid channels and manifolding in the frame. It should be
recognized that within a given cell stack, the manifolding
must be consistent throughout.

Now referring to FIG. 3A and 3B, a cross-sectional view
of a bipolar plate 50 is shown constructed with a thin, metal
sheet 52 having a flow field 54 made of expanded metal
mesh spot welded to both sides thereof. The metal sheet 52
forms an impermeable gas barrier across the entire face of
the plate 50 and the expanded metal mesh forms the fluid
flow field 54. The sheet and mesh may be made from
titanium SS, Al, Mg, or alloys thereof, most preferably
titanium metal. It is most preferred that the titanium bipolar
plate 50 be plated with a noble metal, gold, or other
materials after welding to prevent oxidation and corrosion of
the metal in the fuel cell environment.

Now referring to FIG. 4, a cross-sectional view of an all
metal bipolar plate 60 is shown constructed with a thin,
metal sheet 62 having metal foam flow fields 66. This
bipolar plate features a thin (£0.006") barrier sheet 62,
preferably made from a solid titanium sheet, with metal
foam (about %3 inch thick) welded to both sides thereof. The
metal sheet 62 again forms the gas barrier and the metal
foam 66 forms the fluid flow fields. Metals that can be
prepared as a solid foam in accordance with the present
invention include copper, aluminum, nickel, titanium, silver,
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