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FLOW FIELD PLATE FOR A FUEL CELL AND FUEL CELL
ASSEMBLY INCORPORATING THE FLOW FIELD PLATE

Priority Claim
[0001] This application claims the benefit of U. S. Provisional

Application No. 60/470,869, filed May 16, 2003, and the entire contents of

which are hereby incorporated by reference.

Field of the Invention
[0002] The present invention relates to electrochemical cells, and, in

particular to the design of flow field plates suited for use in electrochemical

cells.

Background of the Invention
[0003] An electrochemical cell, as defined herein, Is an electrochemical

reactor that may be configured as either a fuel cell or an electrolysis (i.e.
electrolyzer) cell. In practice a number of electrochemical cells, all of one type,
can be arranged in stacks having common features, such as process gas/fluid
feeds, drainage, electrical connections and regulation devices. Both types of
electrochemical cells include anode and cathode electrodes sometimes in the
form of flow field plates. A membrane, or another solid electrolyte carrier, is
sandwiched betweeh the two electrodes. Catalyst layers are generally applied
to an interface between each electrode and the membrane. In the following
description, it is to be understood that the designations “front surface” and
“rear surface” with respect to both anode and cathode electrodes in the form
of flow field plates indicates the orientation of a particular flow field plate with
reépect to the membrane. Thus, the "front surface” indicates an active surface
facing the membrane, whereas, the “rear surface” indicates a non-active

surface facing away from the membrane.

[0004] Process gases/fluids (including both reactants and products) are
supplied to and evacuated from the surface of a membrane via a flow field
structure arranged within an active area on the front surface of a particular
flow field plate. To ensure reliable operation the process gases/fluids of the

anode flow field plate must be kept separate from those of the cathode flow



10

15

20

25

30

CA 02522731 2005-10-18

WO 2004/102709 PCT/CA2004/000720

2

field plate. Moreover, it is desirable to spread the reactant process
gases/fluids as uniformly as possible over the active area so that the
membrane surface area is used efficiently. Typically, these requirements are
met by an arrangement for the flow field structure that includes a flow channel
pattern for effectively sealing and distributing gases/fluids over the active
area. Optionally, in some electrochemical celis coolant channels are provided

on the rear surface of some of the flow field plates to aid in heat dissipation.

[0005] Each flow field plate also usually includes a number of manifolds
or openings. Each manifold is provided to serve as a portion of an elongate
distribution channel for one of fuel, oxidant, coolant and exhaust products.
The aforementioned flow field structure is appropriately fluidly connected to
the manifolds by at least one, and in most cases, a number of open-faced flow
channels. When an electrochemical cell stack is assembled, the manifolds of
the flow field plates align to form elongate distribution channels extending

perpendicular to the flow field plates.

[0006] Various designs for flow field structures are known. A commonly
known serpentine-shaped flow field structure is disclosed in U.S. Patent Nos.
4 988,583, 6,099,984 and 6,309,773. The serpentine-shaped flow field
structure disclosed in these patents provides a long flow channel without
increasing the dimensions of a flow field plate. However, these designs also
share a number of inherent problems. Serpentine-shaped flow channels
create a greater pressure drop across a flow field plate because gas/fluid
distribution is not uniform in these structures. This negatively affects the
performance of an electrochemical cell operating under a relatively low
pressure. The gas/fluid flow is also more turbulent in a serpentine-shaped flow
field structure, making it more difficult to control the flow, pressure or
temperature of the reactant gases/fluids. Moreover, serpentine-shaped flow
field structures provide more places for water and/or contaminants to
accumulate, increasing the risk of flooding and/or poisoning an

electrochemical cell.



10

15

20

25

30

WO 2004/102709

CA 02522731 2005-10-18

PCT/CA2004/000720
3

[0007] Another problem associated with most flow field designs is that
the ribs and channels that define a flow field structure on an anode flow field
plate are often offset with those on a cathode flow field plate when the plates
are assembled. Since pressure is often applied to the plates, a membrane
between the plates is subject to shearing forces that may damage the
membrane. The offset between the anode and cathode flow field structures
also impedes the distribution of reactant gases/fluids across active areas of

the flow field plates, thereby reducing efficiency.

[0008] A further problem is that sealing an anode from a cathode, in an
electrochemical cell, is often complicated. For any one reactant gas/fluid, it is
nossible to provide a seal that completely encloses all of the flow field
structure and the inlet and outlet manifolds for the reactant gas/fluid on a
corresponding front surface of a first flow field plate (e.g. an anode). However,
on the other side of the membrane, it is necessary to provide a seal that also
completely encloses inlet and outlet manifolds on a second flow field plate
(e.g. a cathode) that corresponds to inlet and outlet manifolds for the reactant
gas/fluid on the first flow field plate. In this configuration, part of the
membrane is not properly supported thereby inadequately sealing the anode

from the cathode and resulting in a mixing of gases between the anode and

cathode.

Summary of the Invention

10009] According to a first aspect of an embodiment of the invention
there is provided a flow field plate suited for use in an electrochemical cell
having: an active surface having a first area, a second area and a third area;
an active area within the first area; a first complementary active-surface feed
flow aperture located within the first area, extending through the thickness of
the flow field plate and fluidly connected to the active area over a portion of
the first area: a first manifold within the second area; a second manifold

within the third area: a second complementary active-surface feed flow
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aperture located within the third area, extending through the thickness of the
flow field plate and fluidly connected to the second manifold over a portion of
the third area, such that in use at least one of a process gas and a process
fluid traverses a portion of the active surface without being introduced to the
active area: and a sealing surface separating each of the first, second and
third areas from one another. In related embodiments the first, second and
third areas are symmetrically arranged on the active surface. In some related
embodiments the active area contains a flow field structure for uniformly
distributing one of the process gas and the process fluid across the active
area. In some related embodiments the sealing surface includes a gasket

groove.

[0010] In some embodiments the active surface also includes: a fourth
area separated from the first, second and third areas by the sealing surface; a
third manifold within the fourth area; and a third complementary active-surface
feed flow aperture located within the first area, extending through the
thickness of the flow field plate and fluidly connected to the active area over a
portion of the first area. In related embodiments the active surface also has: a
fifth area separated from the first, second, third and fourth areas by the
sealing surface; a fourth inlet manifold within the fifth area; and a fourth
compleméntary active-surface feed flow aperture located within the fifth area,
extending through the thickness of the flow field plate and fluidly connected to
the fourth manifold over a portion of the fifth area, such that in use at least
one of a process gas and a process fluid traverses a portion of the active
surface without being introduced to the active area. In related embodiments
the first, second, third, fourth and fifth areas are symmedtrically arranged on

the active surface.

[0011] In some embodiments the flow field plate also includes: a rear
passive surface oppositely facing the active surface, the rear passive surface
having cooling channels; and an inlet coolant manifold fluidly connected to the
cooling channels over a portion of the rear passive surface; an outlet coolant

manifold fluidly connected to the cooling channels over a portion of the rear
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passive surface; and the inlet and outlet coolant manifolds separated from
each other and the first, second and third areas by the sealing surface on the

active surface of the flow field plate.

[0012] In some embodiments the active surface also includes: a fourth
area separated from the first, second and third areas by the sealing surface; a
third manifold within the fourth area; and a third complementary active-surface
feed flow aperture located within the fourth area, extending through the
thickness of the flow field plate and fluidly connected to the third manifold over
a portion of the fourth area, such that in use at least one of a process gas and
a process fluid traverses a portion of the active surface without being

introduced to the active area.

[0013] In some related embodiments the first, second, third and fourth
manifolds are designated as an anode inlet manifold, a cathode inlet manifold,

an anode outlet manifold and a cathode outlet manifold, respectively.

[0014] In some related embodiments the anode inlet manifold is larger
than the cathode inlet manifold. Alternatively, in other embodiments the
cathode inlet manifold is larger than the anode inlet manifold. Moreover, in
some embodiments anode outlet manifold is larger than the cathode outlet

manifold. Alternatively, in other each manifold has a unique size.

[0015] In some related embodiments the first, second, third and fourth
manifolds are designated as a cathode inlet manifold, an anode inlet manifold,

a cathode outlet manifold and an anode outlet manifold, respectively.

[0016] According to an aspect of another embodiment of the invention
there is provided an electrochemical cell stack that includes: two adjacent
electrochemical cells: the two electrochemical cells co-operatively sharing a
bipolar flow field plate- having a first active surface and a second active
surface, the first active surface serving as an anode for one of the two
adjacent electrochemical cells and the second active surface serving a
cathode for the other of the two adjacent electrochemical cells, and each

active surface having a respective active area; the bipolar flow field plate
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having a first manifold; and the bipolar flow field plate having a first
complementary active-surface feed flow aperture extending through the
thickness of the bipolar flow field plate, fluidly connected to the first manifold
over a portion of the second active surface and fluidly connected to the active
area of fhe first active surface over a portion of the first active surface, such
that in use at least one of a process gas and a process fluid, traveling to or
from the active area of the first active surface, traverses a portion of the
second active surface without being introduced to the active area of the

second active surface.

[0017] In some embodiments the bipolar flow field plate also has: a
second manifold; and a second complementary active-surface feed flow
aperture extending through the thickness of the bipolar flow field plate, fluidly
connected to the second manifold over a portion of the first active surface and
fluidly connected to the active area of the first active surface over a portion of
the first active surface, such that in use at least one of a process gas and a
process fluid, traveling to or from the active area of the second active surface,
traverses a portion of the first active surface without being introduced to the

active area of the first active surface.

[0018] In some embodiments the bipolar flow field plate is comprised of
two separate plates that have been brought together so as to align back-to-
back, the two separate plates manufactured such that the first active surface

Is on one plate and the second active surface is on the other plate.

[0019] According to another aspect of an embodiment of the invention
there iIs provided a bipolar flow field plate suited for use in an electrochemical
cell that has: a first active surface having first, second and third areas that are
each separated from one another by a first sealing surface; a second active
surface, oppositely facing the first active surface, having fourth, fifth and six
areas that are each separated from one another by a second sealing surface;
a first active area within the first area; a second active area within the fourth
area; a first manifold extending through the bipolar flow field plate from the

second area to the fifth area; a second manifold extending through the bipolar
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flow field plate from the third area to the sixth area; a first complementary
active-surface feed flow aperture extending through the bipolar flow field plate
from the first area to the fifth area, fluidly connected to the first manifold over a
portion of the fifth area and fluidly connected to the first active area over a
portion of the first area; and a second complementary active-surface feed flow
aperture extending through the bipolar flow field plate from the third area to
the fourth area, fluidly connected to the second manifold over a poﬁion of the
third area and fluidly connected to the second active area over a portion of the
fourth area. In related embodiments the first, second and third areas are
arranged on the first active surface so that they correspond to a mirror image
arrangement of the fourth, fifth and sixth areas, respectively, such that
features present in the first, second and third areas also correspond to mirror

Images of features in the fourth, fifth and sixth areas, respectively.

[0020] In some embodiments the bipolar flow field plate also includes: a
seventh area on the first active surface separated from the first, second and
third areas by the first sealing surface; an eighth area on the second active
surface separated from the fourth, fifth, and sixth areas by the second sealing
surface; a third manifold extending through the bipolar flow field plate from the
seventh area to the eighth area; and a third complementary active-surface
feed flow aperture extending through the bipolar flow field plate from the first
area to the eighth area, fluidly connected to the third manifold over a portion
of the eighth area and fluidly connected to the first active area over a portion
of the first area. In related embodiments the first, second, third and seventh
areas are arranged on the first active surface so that they correspond to a
mirror image arrangement of the fourth, fifth, sixth and eighth areas,
respectively, such that features present in the first, second, third and seventh
areas also correspond to mirror images of features in the fourth, fifth, sixth

and eighth areas, respectively.

[0021] In some embodiments the bipolar flow field plate also includes: a
ninth area on the first active surface separated from the first, second, third

and seventh areas by the first sealing surface; a tenth area on the second
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active surface separated from the fourth, fifth, sixth, and eighth areas by the
second sealing surface; a fourth manifold extending through the bipolar flow
field plate from the ninth area to the tenth area; and a fourth complementary
active-surface feed flow aperture extending through the bipolar flow field plate
from the fourth area to the ninth area, fluidly connected to the fourth manifold
over a portion of the ninth area and fluidly connected to the second active
area over a portion of the fourth area. In related embodiments the first,
second, third, seventh and ninth areas are arranged on the first active surface
so that they correspond to a mirror image arrangement of the fourth, fifth,
sixth, eighth and tenth areas, respectively, such that features present in the
first, second, third, seventh and ninth areas also correspond to mirror images

of features in the fourth, fifth, sixth, eighth and tenth areas respectively.

[0022] In some embodiments the first, second, third, seventh and ninth
areas are arranged on the first active surface so that they correspond to a 180
degree rotated image arrangement of the fourth, tenth, eighth, sixth and fifth
areas, respectively, such that features present in the first, second, third,
seventh and ninth areas also correspond to images of features in the fourth,
tenth, eighth, sixth and fifth areas, respectively, that have been rotated 180

degrees.

[0023] In some embodiments the first active surface and the second

active surface are on oppositely facing surfaces of a single plate.

[0024] "~ In some embodiments the first active surface is located on a first
plate and the second active surface is located on a second plate and the first
and second plates are connectable so that the first and second active
surfaces face opposite directions. In some related embodiments a bipolar flow
field plate also includes: an inlet coolant manifold extending through both of
the first and second plates; an outlet coolant manifold extending through both
of the first and second plates, wherein the inlet and outlet coolant manifolds
are separated from each other and the first, second and third areas by the first
sealing surface on the first active surface located on the first plate, and the

inlet and outlet coolant manifolds are separated from each other and the
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fourth, fifth and sixth areas by the second sealing surface on the second
active surface located on the second plate; and at least one of the first and
second plates further comprises a rear passive surface oppositely facing the
respective first or second active surface, the rear passive surface having
cooling channels that are fluidly connected to the inlet and outlet coolant

manifolds over respective portions of the rear passive surface.

[0025] In some embodiments flow field structures included on the first
and second active areas are substantially identical, whereas in other

embodiments this is not the case.

[0026] In some embodiments the first, second and third areas are
symmetrically arranged on the first active surface, and the fourth, fifth and

sixth areas are symmetrically arranged on the second active surface.

[0027] In some embodiments the first, second, third, seventh and ninth
areas are symmetrically arranged on the first active surface, and the fourth,
fifth, sixth, eighth and tenth areas are symmetrically arranged on the second

active surface.

[0028] According to a first aspect of an embodiment of the invention
there is provided a single manufacturing mask suitable for manufacturing both
an active surface of an anode flow field plate and an active surface of a
cathode flow field plate and two active surfaces of a bipolar flow field plate,
the single manufacturing mask having features for defining: a first area having
an active area; a second area having a first manifold; a third area having a
second manifold; and a sealing surface separating the first, second and third
areas from one another; wherein the first, second and third areas are
symmetrically arranged on the active surface. In some related embodiments

the sealing surface includes a gasket groove.

[0029] In some embodiments the single manufacturing mask further
includes features for defining: a first complementary active-surface feed flow

aperture fluidly connected to the first manifold over a portion of the third area;
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and a second complementary active-surface feed flow aperture, within the first

area and fluidly connected to the active area over a portion of the first area.

[0030] In some embodiments the single manufacturing mask further
includes features for defining: a fourth area having a third manifold: and a fifth
area having a fourth manifold; wherein the first, second, third, fourth and fifth
areas are separated by the sealing surface; and wherein the first, second,
third, fourth and fifth areas are arranged so that they correspond to a 180
degree rotated Image arrangement of the first, third, second, fifth and fourth
areas, respectively, such that features present in the first, second, third, fourth
and fifth areas also correspond to images of features in the first, third, second,
fifth and fourth areas, respectively, that have been rotated 180 deqrees. In
related embodiments the single manufacturing mask further includes features
for defining: a third complementary active-surface feed flow aperture fluidly
connected to the third manifold over a portion of the fourth area: and a fourth
complementary active-surface feed flow aperture, within the first area, fluidly

connected to the active area over a portion of the first area.

[0031] In some embodiments the single manufacturing mask further
Includes features for defining: an inlet coolant manifold; and an outlet coolant
manifold; wherein the sealing surface is extended to separate the inlet and
outlet coolant manifolds from one another and the first, second and third
areas. In some related embodiments there is provided a second
manufacturing mask corresponding to a single manufacturing mask, wherein
the second manufacturing mask is suitable for producing a oppositely facing
non-active surface for both an anode and a cathode flow field plate, the
second mask including features for defining coolant channels fluidly

connected to the inlet coolant manifold and the outlet coolant manifold.

[0032] In some embodiments the single manufacturing mask further
includes features for defining: a first back-side feed flow aperture, within the
first area and fluidly connected to the active area over a portion of the first
area; and a second back-side feed flow aperture, within the first area and

fluidly connected to the active area over a portion of the first area.
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[0033] Other aspects and features of the present invention will become
apparent, to those ordinarily skilled in the art, upon review of the following

description of the specific embodiments of the invention.

Brief Description of the Drawing Fiqures

[0034] For a better understanding of the present invention, and to show
more clearly how it may be carried into effect, reference will now be made, by
way of example, to the accompanying drawings, which illustrate aspects of

embodiments of the present invention and in which:

[0035] Figure 1A is an illustration of an assembled perspective view of
an electrochemical cell stack according to aspects of a first embodiment of the

Invention:

[0036] Figure 1B is an illustration of an assembled perspective view of
an electrochemical cell stack according to aspects of a second embodiment of

the invention;

10037] Figure 2A is an illustration of an exploded perspective view of

the electrochemical cell stack shown in Figure 1A:;

[0038] Figure 2B is an illustration of an exploded perspective view of

the electrochemical cell stack shown in Figure 1B;

[0039] Figure 3A is a schematic drawing of a first active surface of a

first bipolar flow field plate suited for use in the electrochemical cell stack

shown In Figure 1A;

[0040] Figure 3B is a schematic drawing of a first active surface of a
second bipolar flow field plate suited for use in the electrochemical cell stack

shown in Figure 1B;

[0041] Figure 4A is a schematic drawing of a second active surface of

the first bipolar flow field plate shown in Figure 3A:

[0042] Figure 4B is a schematic drawing of a second active surface of

the second bipolar flow field plate shown in Figure 3B:;
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[0043] Figure 5A is a schematic drawing of a first active surface of a
third bipolar flow field plate suited for use in the electrochemical cell stack

shown in Figure 1A;

[0044] Figure 5B is a schematic drawing of a first active surface of a
fourth bipolar flow field plate suited for use in the electrochemical cell stack

shown In Figure 1B;:

[0045] Figure 6A is a schematic drawing of a second active surface of

the third bipolar flow field plate shown in Figure 5A:

[0046] Figure 6B is a schematic drawing of a second active surface of

the fourth bipolar flow field plate shown in Figure 5B;

[0047] Figure 7A is a schematic drawing of a gasket suited for use on

both active surfaces of the bipolar flow field plates shown in Figures 3A, 4A,
DA and 6A;

[0048] Figure 7B is a schematic drawing of a gasket suited for use on

both active surfaces of the bipolar flow field plates shown in Figures 3B, 4B, |
5B and 6B;

[0049] Figure 8A is an illustration of a first step in an example assembly
procedure for flow field plates suited for use the electrochemical cell stack

shown In Figure 1B;

[0050] Figure 8B is an illustration of a second step in the example

assembly procedure, continuing from Figure 8A;

[0051] Figure 8C is an illustration of a third step of the example

assembly procedure continuing from Figure 8B:;

[0052] Figure 9A is a schematic drawing of a front (active) surface of a

first flow field plate suited for use in the electrochemical cell stack shown in
Figure 1A;

[0053] Figure 9B is-a schematic drawing of a rear (passive/cooling)

surface of the first flow field plate shown in Figure 9A;
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[0054] Figure 9C is a schematic drawing of a front (active) surface of a
second flow field plate suited for use in the electrochemical cell stack shown

in Figure 1A;

[0055] Figure 9D is a schematic drawing of a rear (passive/cooling)

surface of the second flow field plate shown in Figure 9C: -

[0056] Figure 10A is a schematic drawing of a front (active) surface of a
third flow field plate suited for use in the electrochemical cell stack shown in
Figure 1A: ‘

[0057] Figure 10B is a schematic drawing of a rear (passive/cooling)

surface of the third flow field plate shown in Figure 10A:

[0058] Figure 10C is a schematic drawing of a front (active) surface of
a fourth flow field plate suited for use in the electrochemical cell stack shown

In Figure 1A; and

[0059] Figure 10D is a schematic drawing of a rear (passive/cooling)

surface of the fourth flow field plate shown in Figure 10C.
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Detailed Description of Preferred Embodiments

[0060] Aspects of the flow field structure and plate érrangement

according to embodiments described in the applicant's co-pending U.S.
Patent Application 10/109,002 (filed 29-March-2002) can be employed to
provide reduced shearing forces on a membrane and simplify sealing
between flow field plates. The entire contents of the applicant's co-pending
U.S. Patent Application 10/109,002 are hereby incorporated by reference. An
anode flow field plate includes a number of anode flow field channels defined
by ribs (i.e. an anode flow field structure). Similarly, a cathode flow field plate
includes a number of cathode flow field channels defined by ribs (l.e. a
cathode flow field structure). After assembly, a substantial portion of the
anode flow field channels and the cathode flow field channels are disposed
directly opposite one another with a membrane placed there-between.
Accordingly, a substantial portion of the ribs of the anode flow field plate
match-up with a corresponding substantial portion of the ribs on the cathode

flow field plate. This is described as “rib-to-rib” pattern matching hereinafter.

[0061] Additionally, aspects of flow field plate arrangement according to
embodiments described in the applicant’s co-pending U.S. Patent Application
09/855,018 (filed 15-May-2001) can also be employed to provide an effective
sealing between flow field plates and a membrane placed there-between. The
entire contents of the applicant’'s co-pending U.S. Patent Application
09/855,018 are hereby incorporated by reference. In this arrangement, the
inlet flow of a particular process gas/fluid from a respective manifold does not
take place directly over the front (active) surface of a flow field plate; rather,
the process gas/fluid is first guided from the respective manifold over a portion
of the rear (passive) surface of the flow field plate and then through a “back-
side feed” aperture extending from the rear surface to the front surface. A
portion of the front surface defines an active area that is sealingly separated
from the respective manifold over the front surface when an electrochemical
cell stack is assembled. The portion of the rear surface over which the inlet
flow of the process gas/fluid takes place has open-faced gas/fluid flow field

channels in fluid communication with the respective manifold. The back-side
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feed apertures extend from the rear surface to the front surface to provide
fluid communication between active area and the open-faced gas/fluid flow
field channels that are in fluid communication with the respective manifold.
The back-side feed apertures are arranged on the front surface of the flow
field plate away from the active area where the flow field plate contacts the
membrane. In this way, for example, the seal between the membrane and the
flow field plate is made in an unbroken path around the periphery of the
membrane. In prior art examples, the seal between the membrane and the
active area on the front surface of the flow field plate, which is typically around
the periphery of the membrane is broken by the open-faced flow field
channels leading up to respective manifold from the active area on the front
surface of the flow field plate. By contrast, according to the applicant’s
aforementioned co-pending application a process gas/fluid is fed to the active
area on the front surface through back-side feed apertures from the rear
surface of each flow field plate, where a seal is made around the back-side
feed apertures and the respective manifold. This method of flowing fluids from
a rear (passive or non-active) surface to the front (active) surface is referred
to as “back-side feed” in the description. Those skilled in the art would
appreciate that gases/fluids can be evacuated from the active area on the
front surface to the rear surface and then into another respective manifold in a

similar manner.

[0062] Nevertheless, the flow field plate structures and membrane
assemblies used thus far are fairly complex structures that require highly
skilled worke<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>