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Title: Symmetrical Flow Field Plates

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 between 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
respect 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
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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 cells 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.
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[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
possible 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

[0009] 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.



10

15

20

25

30

WO 2004/102710 PCT/CA2004/000721

[0010] 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;
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.

[0011] 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 degrees. 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.

[0012] 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.

[0013] 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 iniet 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



10

15

20

25

30

WO 2004/102710 PCT/CA2004/000721

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.

[0014] In some embodiments a second manufacturing mask
corresponding to a single manufacturing mask is provided, that further
includes features for defining a first back-side feed flow aperture under the

first area of the active surface and fluidly connected to the first manifold.

[0015] According to an 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 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.

[0016] 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
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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
complementary 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 symmetrically arranged on

the active surface.

[0017] 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
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.

[0018] 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.

[0019] 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.

[0020] 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
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some embodiments anode outlet manifold is larger than the cathode outlet

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

[0021] 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.

[0022] 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
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 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 first active surface, traverses a portion of the
second active surface without being introduced to the active area of the

second active surface.

[0023] 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.
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[0024] 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.

[0025] According to another aspect of an embodiment of the invention
there is 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
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 portion 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.

[0026] 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
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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.

[0027] 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
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.

[0028] 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,
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tenth, eighth, sixth and fifth areas, respectively, that have been rotated 180

degrees.

[0022] In some embodiments the first active surface and the second

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

[0030] 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
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.

[0031] 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.

[0032] 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.

[0033] 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.
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[0034] 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 Figures

[0035] 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:

[0036] 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;

[0037] 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;

[0038] Figure 2A is an illustration of an exploded perspective view of
the electrochemical cell stack shown in Figure 1A;

[0039] Figure 2B-is an illustration of an exploded perspective view of

the electrochemical cell stack shown in Figure 1B;

[0040] 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;

[0041] 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;

[0042] Figure 4A is a schematic drawing of a second active surface of
the first bipolar flow field plate shown in Figure 3A;

[0043] 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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[0044] 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,

[0045] 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;

[0048] Figure BA is a schematic drawing of a second active surface of
the third bipolar flow field plate shown in Figure 5A;

[0047] Figure 6B is a schematic drawing of a second active surface of
the fourth bipolar flow field plate shown in Figure 5B;

[0048] 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,
5A and 6A;

[0049] 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;

[0050] 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;

[0051] Figure 8B is an illustration of a second step in the example
assembly procedure, continuing from Figure 8A;

[0052] Figure 8C is an illustration of a third step of the example

assembly procedure continuing from Figure 8B;

[0053] 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,

[0054] Figure 9B is a schematic drawing of a rear (passive/cooling)

surface of the first flow field plate shown in Figure 9A;



10

15

WO 2004/102710 PCT/CA2004/000721
13

[0055] 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,

[0056] Figure 9D is a schematic drawing of a rear (passive/cooling)
surface of the second flow field plate shown in Figure 9C;

[0057] 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;

[0058] Figure 10B is a schematic drawing of a rear (passive/cooling)

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

[0059] 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

[0060] 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

[0061] Aspects of the flow field structure and plate arrangement
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 (i.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.

[0062] 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 conirast, 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

simifar manner.

[0063] Nevertheless, the flow field plate structures and membrane
assemblies used thus far are fairly complex structures that require highly
skilled workers for the assembly of electrochemical cell stacks. For example,
the different versions of flow field plates (anode or cathode) have to be
chasen in a proper sequence and placed in a correct orientation. The flow
field plates are also quite costly to manufacture since at least three different
manufacturing masks are required to create all of the necessary plates and
surfaces employed within an electrochemical cell. Therefore, there remains a
need for a flow field plate arrangement that enables simplified manufacturing
and assembly of electrochemical cell stacks, whilst continuing to provide the

advantages listed above related to “back-side feed” and “rib-to-rib” pattern
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matching between anode and cathode flow field plates sandwiching a
membrane.

[0064]) According to aspects of various embodiments of the present
invention there is provided a flow field structure and plate arrangement that
provides the advantages listed above related to “back-side feed” and “rib-to-
rib” pattern matching, and, additionally simplifies manufacturing and assembly
of flow field plates into an electrochemical cell stack. In particular, flow field
plates can be produced with only one mask and a true single plate bipolar
flow field plate design is possible according to aspects of some embodiments
of the invention. Those of skill in the art would appreciate that a manufacturing
mask may be substituted with a die or a mold or any other suitable
manufacturing apparatus and method usable to impart or form physical
features onto a surface. The exact apparatus and method of manufacturing
plates will, in some embodiments, depend on the type of material used to
produce the plates. -Stamping, molding, casting, milling and etching are each
examples of manufacturing processes that can be used alone or in a suitable

combination to produce flow field plates.

[0065] Flow field plates typically include a number of manifolds that
each serve as a portion of a corresponding elongate distribution channel for a
particular process gas/fluid. In some embodiments, the cathode of an
electrolyzer cell does not need to be supplied with an input process gas/fluid
and only hydrogen gas and water need to be evacuated. In such electrolyzer
cells a flow field plate does not require an input manifold for the cathode but
does require an output manifold. By contrast, a typical embodiment of a fuel
cell makes use of inlet and outlet manifolds for both the anode and the
cathode. However, fuel cells can also be operated in a dead-end mode in
which process reactants are supplied to a fuel cell but not circulated away
from the fuel cell. In such embodiments, only inlet manifolds for process

reactants are provided.
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[0066] Generally, it is possible to have multiple inlet and outlet
manifolds on a flow field plate for each reactant gas/fiuid, coolant, and
exhaust product depending on the fuel cell or electrolyzer cell design.

[0067] An assembled perspective view of an electrochemical cell stack
100 in accordance with aspects of a first embodiment of the invention is
shown in Figure 1A; and a corresponding exploded perspective view of the
electrochemical cell stack 100 is shown in Figure 2A. Similarly an assembled
perspective view of an electrochemical cell stack 100’ in accordance with
aspects of a second embodiment of the invention is shown in Figure 1B; and
a corresponding exploded perspective view of the electrochemical cell stack
100’ is shown in Figure 2B. Common elements and features that do not
substantially impact the aspects of embodiments of the present invention and
that are substantially the same for both electrochemical cell stacks 100 and
100’ have been designated using the same reference numbers in Figures 1A,
1B, 2A and 2B.

[0068] With continued reference to Figures 1A, 1B, 2A and 2B, the
electrochemical cell stacks 100 and 100’ both include an anode endplate 102
and a cathode endplate 104. The remaining elements of each electrochemical
cell stack 100, 100’ are interposed between the endplates 102, 104. The
endplates 102, 104 are provided with connection ports for supply and removal
of process gases/fluids. The connection ports provided to each
electrochemical cell stack 100 and 100’ will be described in greater detail
below. However, it is to be appreciated by those skilled in the art that various
arrangements of connection ports may be provided in different embodiments

of the invention.

[0069] Elements interposed between the anode and cathode endplates
102, 104 include an anode insulator plate 112, an anode current collector 116, '
a cathode current collector 118 and a cathode insulator plate 114. In different
embodiments varying numbers of electrochemical cells are arranged between
the current collector plates 116 and 118. In such embodiments the elements
that make up each electrochemical cell are appropriately repeated in
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sequence to provide an electrochemical cell stack that produces the desired
output. For the sake of brevity and simplicity, only the elements of one

electrochemical cell are shown in Figures 1A, 1B, 2A and 2B.

[0070] In order to hold each of the electrochemical cell stacks 100, 100’
together tie rods 133 are provided that are screwed into threaded bores in the
anode endplate 102 (or otherwise fastened), passing through corresponding
plain bores in the cathode endplate 104. Nuts and washers or other fastening
means are provided, for tightening the whole assembly and to ensure that the
various elements of the individual electrochemical cells 100 and 100’ are held

together tightly.

[0071] As mentioned above various connection ports to an

electrochemical cell stack are included to provide a means for supplying and

~evacuating process gases, fluids, coolants etc. In some embodiments the

various connection ports to an electrochemical cell stack are provided in pairs.
One of each pair of connection ports is arranged on a cathode endplate (e.g.
cathode endplate 104) and the other is appropriately placed on an anode
endplate (e.g. anode endplate 102). In other embodiments, an
electrochemical cell stack is dead-ended and the various connection ports are
only placed on either the anode or cathode endplate. For both electrochemical

cell stacks 100 and 100’, various connection ports are provided in pairs.

[0072] With specific reference to the cathode endplate 104 shown
Figures 1A and 2A: water connection ports are indicated at 106, 111;
oxygen/water exhaust connection ports are indicated at 107, 110; and,
hydrogen exhaust connection ports are indicated at 108, 109. Although not
shown, it is to be understood that connection ports, corresponding to
connection ports 109, 111 are also provided on the anode endplate 102. The
various connection ports 106-111 are connected to elongate distribution
channels or ducts that extend through the electrochemical stack 100, which

will be described in greater detail below.

[0073] “With specific reference to the cathode endplate 104 shown in
Figures 1B and 2B: hydrogen connection ports are indicated at 106, 107’;
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and, air/water connection ports are indicated at 110’, 111". Although not
shown, it is to be understood that a connection port, corresponding to
connection port 111’ is also provided on the anode endplate 102. The various
connection ports 106’, 107’, 110, 111" are connected to elongate distribution
channels or ducts that extend through the electrochemical cell stack 100,

which will be described in greater detail below.

[0074] [t was also noted above that a number of electrochemical cells
are disposed between the current collector plates 116 and 118. Generally,
each electrochemical cell is made up of anode flow field plate, a cathode flow
field plate and a membrane (or membrane assembly) disposed there-
between. In some embodiments of the present invention, the front surfaces of
the anode and the cathode flow field plates are substantially identical, while in
other embodiments the respective front surfaces are mirror images or
rotations of one another. Alternatively, in other embodiments the front
surfaces are substantially different from one another. A gas diffusion layer or
media is also typically placed between each flow field plate and the
membrane. Alternatively, in other embodiments a gas diffusion layer is

suitably integrated into a membrane assembly.

[0075] With specific reference to the electrochemical cell stack 100 of
Figure 2A, as is illustrated for example only, an electrochemical cell is made
up of a first (anode) flow field plate 120, 130 an anode gas diffusion layer or
media 123, a membrane electrode assembly (MEA) 124, a cathode gas
diffusion layer 126 and a second (cathode) flow field plate 120, 130. Gaskets
300 are sealingly arranged on either side of the flow field plates 120, 130, to
keep the different process gas/fluid flows separate from one another along
sealing surfaces on the flow field plates. The shape of each of the gaskets

300 conforms to the particular shape of the flow field plate it is used to seal.

[0076] With specific reference to the electrochemical stack 100" of
Figure 2B, as illustrated for example, an electrochemical cell is made up of a
first (anode) flow field plate 120°, 130’ an anode gas diffusion layer or media

123', a membrane electrode assembly (MEA) 124, a cathode gas diffusion
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layer 126’ and a second (plate) flow field plate 120, 130’. Again, gaskets 300°
are sealingly arranged on either side of the flow field plates 120’, 130", to keep
the different process gas/fluid flows separate from one another. The shape of
each of the gaskets 300’ conforms to the shape of the particular flow field

plate it is used to seal.

[0077] With reference to Figures 3A and 4A, shown are two active
sides of a first bipolar flow field plate 120 that is suited for use in the
electrochemical cell stack 100 shown in Figure 1A. The bipolar flow field plate
120 has two active surfaces so that it may be employed as both an anode and
a cathode simultaneously. Specifically, illustrated in Figure 3A is a first active
surface 121 of the first bipqlar flow field plate 120; and illustrated in Figure 4A
is a second active surface 122 of the first bipolar flow field plate 120.

[0078] Referring to Figure 3A, the first bipolar flow field plate 120, on its
first active surface 121 includes a flow field structure in an active area that is
made up of a number of primary channels 150 defined by a number of ribs
160. In some embodiments the flow field structure is arranged in a pattern that
increases exposure between the process gases/fluids in the primary channels
150 and the MEA 124 of Figure 2A.

[0079] Referring to Figure 4A, the first bipolar flow field plate 120, on its
second active surface 122 includes a flow field structure in an active area that
is made up of a number of primary channels 155 defined by a number of ribs
165. In some embodiments the flow field structure is arranged in a pattern that
increases exposure between the process gases/fluids in the primary channels
165 and the MEA 124 of Figure 2A.

[0080] With reference to both Figures 3A and 4A, the first bipolar flow
field plate 120 includes a number of manifolds or openings for process
gas/fluid flow. A water in-flow manifold 201 is provided for supplying water to
the first active surface 121. A water/oxygen exit manifold 200 is provided for
evacuating water/oxygen from the first active surface 121. A hydrogen out-
flow manifold 210 is provided for evacuating hydrogen from the second active
surface 122. A hydrogen through manifold 211, water/oxygen through
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manifold 220 and a water through manifold 221 are provided for directing
corresponding process gases/fluids to/from other flow field plates of an
electrochemical cell. With further reference to Figures 1A and 2A, the
manifolds 200, 201, 210, 211, 220 and 221 are all in fluid communication with
respective process gas/fluid connection ports 106, 107, 108, 109, 110, 111
when the electrochemical cell stack 100 is assembled.

[0081] Further, on the first active surface 121, the first flow field plate
120 has hydrogen complementary active-surface feed flow apertures 230 in
fluid communication with open-faced hydrogen exit channels '235. The
channels 235 connect the hydrogen complementary active-surface feed flow
apertures 230 to the hydrogen out-flow manifold 210. The hydrogen
complementary active-surface feed flow apertures 230 thus fluidly connect the
second active surface 122 of the first bipolar flow field plate 120 to the
hydrogen out-flow manifold 210.

[0082] Similarly, on the second active surface 122, the first bipolar flow
field plate 120 has open-faced water in-flow channels 255 that are in fluid
communication with the water in-flow manifold 201. The channels 255 are
fluidly connected to water complementary active-surface feed flow apertures
250 that extend from the second active surface 122 to the first active surface
121, where they are in fluid communication with the primary channels 150.
The complementary active-surface feed flow apertures 250 thus fluidly
connect the primary channels 150 within the active area on the first active
surface 121 to the water in-flow manifold 201. Also on the second active
surface 122, the first flow field plate 120 has open-faced water out-flow
channels 240 in fluid communication with water out-flow manifold 200. The
channels 240 are fluidly connected to water complementary active-surface
feed flow apertures 245 that extend from the second active surface 122 to the
first active surface 121, where they are in fluid communication with the
primary channels 150. The complementary active-surface feed flow apertures
245 thus fluidly connect the primary channels 150 within the active area on

the first active surface 121 to the water out-flow manifold 200.
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[0083] In operation incoming water is communicated from the water in-
flow manifold 201 via the water in-flow channels 255 arranged on the second
active surface 122 and then through the complementary active-surface feed
flow apertures 250 to the first active surface 121. Outgoing water and oxygen
is communicated to the water/oxygen out-flow manifold 200 from the first
active surface 121 via water/oxygen complementary active-surface feed flow
apertures 245, which are in fluid communication with water/oxygen out-flow

channels 240 arranged on the second active surface 122.

[0084] The fluid connections to the various manifolds via the
corresponding complementary active-surface feed flow apertures follows the
basic principles of back-side feed as described earlier. However, both sides of
the bipolar flow field plate have active surfaces, thus, establishing a true
single plate bipolar flow field plate design in which both sides of a single plate
can be used as active surfaces. That is, a bipolar flow field plate, according to
aspects of embodiments of the present invention, does not require a
corresponding rear “passive” surface to provide the advantages of back-side
feed described above, since process gases/fluids are communicated from one
active surface to the other active surface without having to interact with or
even require the existence of a rear-facing passive surface. Accordingly,
thbse skilled in the art would appreciate that, in operation within an assembled
electrochemical cell (e.g. electrochemical cell 100), a particular process
gas/fluid supplied to or evacuated from the first active surface 121 traverses a
portion of the second active surface 122 that is sealingly separated from the
primary channels 155 on the second active service 122. Similarly, in operation
within an assembled electrochemical cell (e.g. electrochemical cell 100), a
particular process gas/fluid supplied to or evacuated from the second active
surface 122 traverses a portion of the first active surface 121 that is sealingly

separated from the primary channels 150 on the first active service 121.

[0085] With reference to Figures 3B and 4B shown are two active sides
of a second bipolar flow field plate 120’ that is suited for use in the

electrochemical cell stack 100’ shown in Figure 1B. The bipolar flow field plate
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120’ has two active surfaces so that it may be employed as both an anode
and a cathode simultaneously in two adjacent electrochemical cells in a stack.
Specifically, illustrated in Figure 3B is a first active surface 121’ of the second
bipolar flow field plate 120’; and illustrated in Figure 4B is a second active
surface 122’ of the second bipolar flow field plate 120’. The arrangement of
features on the second active surface 122’ are substantially identical the
arrangement of features on the first active surface 121" after a 180 degree
rotation. Such a configuration permits simplification of the manufacturing
process, since only one manufacturing mask is required to produce both
active surface 121’ and 122’ of the second bipolar flow field plate 120". In
comparison, the first bipolar flow field plate 120, illustrated in Figures 3A and
4A, would require two manufacturing masks since the two active surfaces 121

and 122 are substantially different from one another.

[0086] Referring to Figure 3B, the second bipolar flow field plate 120,
on its first active surface 121’ includes a flow field structure in an active area
that is made up of a number of primary channels 150’ defined by a number of
ribs 160’. In some embodiments the flow field structure is arranged in a
pattern that increases exposure between process gases/fluids in the primary
channels 150’ and the MEA 124’ of Figure 2B.

[0087] Referring to Figure 4B, the second bipolar flow field plate 120,
on its second active surface 122’ includes a flow field structure in an active
area that is made up of a number of primary channels 155’ defined by a
number of ribs 165’. In some embodiments the flow field structure is arranged
in a pattern that increases exposure between process gases/fluids in the
primary channels 165’ and the MEA 124’ of Figure 2B.

[0088] With reference to both Figures 3B and 4B, the second bipolar
flow field plate 120’ includes a number of manifolds or openings for process
gas/fluid flow. The second bipolar flow field plate 120" has an anode inlet
manifold 260, an anode outlet manifold 262, a cathode inlet manifold 264 and
a cathode outlet manifold 266. With further reference to Figures 1B and 2B,
the manifolds 260, 262, 264 and 266 are all in fluid communication with
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respective process gas/fluid connection ports 106’, 107°, 111", 110" when the

electrochemical cell stack 100’ is assembled.

[0082] The anode inlet manifold 260 is in fluid communication with
open-faced channels 271 arranged on the first active surface 121", The open-
faced channels 271 are in fluid communication with complementary active-
surface feed flow apertures 272, which fiuidly connect the open-faced feed
channels 271 with the primary channels 155" on the second active surface
122'. The anode outlet manifold 262 is similarly in fluid communication with
open-faced feed channels 273 arranged on the first active side 121’. The
open-faced feed channels 273 are in fluid communication with complementary
active-surface feed flow apertures 274, which fluidly connect open-faced feed
channels 273 with the primary channels 155" on the second active surface
122’

[0090] The cathode inlet manifold 264 is in fluid communication with
open-faced feed channels 276 arranged on the second active surface 122’
The open-faced feed channels 276 are in fluid communication with
complementary active-surface feed flow apertures 275, which fluidly connect
the open-faced feed channels 276 with the primary channels 150’ on the first
active surface 121'. Similarly, the cathode outlet manifold 266 is in fluid
communication with open-faced feed channels 278 arranged on the second
active side 122. The open-faced feed channels 278 are in fluid
communication with complementary active-surface feed flow apertures 277,
which fluidly connect the open-faced feed channels 278 with the primary

channels 150’ on the first active surface 121'.

[0091] The complementary active-surface feed flow arrangement for
the second bipolar flow field plate 120’, shown in Figures 3B and 4B is thus
similar to what has been described in connection with the first bipolar flow
field plate 120 shown in Figures 3A and 4A. Accordingly, in-flows and out-
flows of process gases/fluids to and from the first and second active surfaces
121’ and 122’ are substantially similar to in-flows and out-flows of process

gases/fluids to and from the first and second active surfaces 121 and 122,
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respectively, as described above. Accordingly, those skilled in the art would
appreciate that, in operation within an assembled electrochemical cell (e.g.
electrochemical cell 100’), a particular process gas/fluid supplied to or
evacuated from the first active surface 121’ traverses a portion of the second
active surface 122’ that is sealingly separated from the primary channels 155’
on the second active service 122'. Similarly, in operation within an assembled
electrochemical cell (e.g. electrochemical cell 100°), a particular process
gas/fluid supplied to or evacuated from the second active surface 122’
traverses a portion of the first active surface 121’ that is sealingly separated

from the primary channels 150’ on the first active service 121°.

[0092] With reference to Figures 5A and 6A, shown are two active
sides of a third bipolar flow field plate 130 that is suited for use in the
electrochemical cell stack 100 shown in Figure 1A. The bipolar flow field plate
130 has two active surfaces so that it may be employed as both an anode and
a cathode simultaneously in two adjacent electrochemical cells in a stack.
Specifically, illustrated in Figure 5A is a first active surface 131 of the third
bipolar flow field plate 130; and iilustrated in Figure 6A is a second active
surface 132 of the third bipolar flow field plate 130.

[0093] The first and second active surfaces 131 and 132 of the third
flow field plate 130 are respective mirror images of the first and second active
surfaces 121 and 122, shown in Figures 3A and 4A, respectively. The first
axis of symmetry, used to obtain the arrangement shown in Figure 5A, is the
centred transverse axis 190 illustrated in Figure 3A. The second axis of
symmetry, used to obtain the arrangement shown in Figure 6A, is the centred
transverse axis 195 illustrated in Figure 4A. By using mirror images of the two
surfaces of a flow field plate to produce arrangements from two surfaces of
another flow field plate, the manufacturing costs of flow field plates can be
kept low, since only one detailed pattern mask (or die or mould, etc.) has to
be made (since the “mirror image” pattern mask/die/mould, etc. can be
generated from the data used for the first mask). Furthermore, a substantial

portion of the ribs of one flow field plate will be positioned in front of the
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corresponding ribs of another flow field plate when the two plates are
assembled, in combination with a suitable membrane, to form an

electrochemical cell.

[0094] Referring to Figure 5A, the third bipolar flow field plate 130, on
its first active surface 131 includes a flow field structure in an active area that
is made up of a number of primary channels 170 defined by a number of ribs
180. In some embodiments the flow field structure is arranged in a pattern that
increases exposure between the process gases/fluids in the primary channels
170 and the MEA 124 of Figure 2A.

[0095] Referring to Figure 6A, the third bipolar flow field plate 130, on
its second active surface 132 includes a flow field structure in an active area
that is made up of a number of primary channels 175 defined by a number of
ribs 185. In some embodiments the flow field structure is arranged in a pattern
that increases exposure between the process gases/fluids in the primary
channels 175 and the MEA 124 of Figure 2A.

[0096] With reference to both Figures 5A and 6A, the third bipolar flow
field plate 130 includes a number of manifolds or openings for process
gas/fluid flow. A water in-flow manifold 221’ is provided for supplying water to
the first active surface 131. A water/oxygen exit manifold 220’ is provided for
evacuating water/oxygen from the first active surface 131. A hydrogen out-
flow manifold 211’ is provided for evacuating hydrogen from the second active
area 132. A hydrogen through manifold 210’, water/oxygen through manifold
200° and a water through manifold 201" are provided for directing
corresponding process gases/fluids to/from a second flow field plate of an
electrochemical cell. With further reference to Figures 1A and 2A, the
manifolds 200, 201, 210, 211, 220 and 221 are all in fluid communication with
corresponding process gas/fluid connection ports 106, 107, 108, 109, 110,

111 when the electrochemical cell stack 100 is assembled.

[0097] Further, on the first active surface 131, the third flow field plate
130 has hydrogen complementary active-surface feed flow apertures 230 in

fluid communication with open-faced hydrogen exit channels 235'. The
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channels 235’ connect the complementary active-surface feed flow apertures
230’ to the hydrogen out-flow manifold 211’. The hydrogen complementary
active-surface feed flow apertures 230’ thus fluidly connect the second active
surface 132 of the third bipolar flow field plate 130 to the hydrogen out-flow
manifold 211"

[0098] Similarly, on the second active surface 132, the third bipolar flow
field plate 130 has open-faced water in-flow channels 255’ that are in fluid
communication with the water in-flow manifold 221°. The channels 255’ are
fluidly connected to water complementary active-surface feed flow apertures
250’ that extend from the second active surface 132 to the first active surface
131, where they are in fluid communication with the primary channels 170.
The complementary active-surface feed flow apertures 250’ thus fluidly
connect the primary channels 170 within the active area on the first active
surface 131 to the water in-flow manifold 221’. Also on the second active

surface 132 there are open-faced water out-flow channels 240’ in fluid

communication with water out-flow manifold 220’. The channels 240" are

fluidly connected to water complementary active-surface feed flow apertures
245’ that extend from the second active surface 132 to the first active surface
131, where they are in fluid communication with the primary channels 170.
The complementary active-surface feed flow apertures 245’ thus fluidly
connect the primary channels 170 within the active area on the first active

surface 131 to the water out-flow manifold 220’.

[0099] The complementary active-surface feed flow arrangement for
the third bipolar flow field plate 130, shown in Figures 5A and 6A is similar to
what has been described with reference to the first bipolar flow field plate 120
shown in Figures 3A and 4A. Accordingly, in-flows and out-flows of process
gases/fluids to and from the first and second active surfaces 131 and 132 are
substantially similar to in-flows and out-flows of process gases/fluids to and
from the first and second active surface 121 and 122, respectively, as
described above with respect to the complementary active-surface feed flow

channels. Accordingly, those skilled in the art would appreciate that, in
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operation within an assembled electrochemical cell (e.g. electrochemical cell
100), a particular process gas/fluid supplied to or evacuated from the first
active surface 131 traverses a portion of the second active surface 132 that is
sealingly separated from the primary channels 175 on the second active
service 132. Similarly, in operation within an assembled electrochemical cell
(e.g. electrochemical cell 100), a particular process gas/fluid supplied to or
evacuated from the second active surface 132 traverses a portion of the first
active surface 131 that is sealingly separated from the primary channels 170

on the first active service 131.

[00100] With reference to Figures 5B and 6B, shown are two active
sides of a fourth bipolar flow field plate 130’ that is suited for use in the
electrochemical cell stack 100’ shown in Figure 1B. The fourth bipolar flow
field plate 130’ has two active surfaces so that it may be employed as both an
anode and a cathode simultaneously in two adjacent electrochemical cells in
a stack. Specifically, illustrated in Figure 5B is a first active surface 131’ of the
fourth bipolar flow field plate 130’; and illustrated in Figure 6B is a second
active surface 132’ of the fourth bipolar flow field plate 130’. The arrangement
of features on the second active surface 132’ are substantially identical the
arrangement of features on the first active surface 131" after a 180 degree
rotation. Such a configuration permits simplification of the manufacturing
process, since only one manufacturing mask is required to produce both
active surfaces 131’ and 132'. Similarly, to manufacturing of the two active
surfaces 121’ and 122’ shown in Figures 3B and 4B, respectively, would only
require the use of one manufacturing mask, since the two active surfaces 121’
and 122’ are substantially identical. In comparison, the third bipolar flow field
plate 130, shown in Figures 5A and 6A, would require two manufacturing
masks since the two active surfaces 131 and 132 are substantially different

from one another.

[00101] Referring to Figure 5B, the fourth bipolar flow field plate 130, on
its first active surface 131’ includes a flow field structure in an active area that

is made up of a number of primary channels 170’ defined by a number of ribs
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180". In some embodiments the flow field structure is arranged in a pattern
that increases exposure between process gases/fluids in the primary
channels 170’ and the MEA 124’ of Figure 2B.

[00102] Referring to Figure 6B, the fourth bipolar flow field plate 130", on
its second active surface 132’ includes a flow field structure in an active area
that is made up of a number of primary channels 175 defined by a number of
ribs 185'. In some embodiments the flow field structure is arranged in a
pattern that increases exposure between process gases/fluids in the primary
channels 175’ and the MEA 124’ of Figure 2B.

[00103] With reference to both Figures 5B and 6B, the fourth bipolar flow
field plate 130’ includes a number of manifolds or openings for process
gas/fluid flow. The fourth bipolar flow field plate 130’ has an anode inlet
manifold 260’, an anode outlet manifold 262’, a cathode inlet manifold 264’
and a cathode outlet manifold 266°. With further reference to Figures 1B and
2B, the manifolds 260’, 262', 264’ and 266’ are all in fluid communication with
respective process gas/fluid connection ports 106, 107, 111’, 110’ when the

electrochemical cell stack 100’ is assembled.

[00104] The anode inlet manifold 260’ is in fluid communication with
open-faced channels 271’ arranged on the first active surface 121'. The open'-
faced channels 271’ are in fluid communication with complementary active-
surface feed flow apertures 272, which fluidly connect the open-faced feed
channels 271’ with the primary channels 175 on the second active surface
132". The anode outlet manifold 262’ is similarly in fluid communication with
open-faced feed channels 273’ arranged on the first active side 121'. The
open-faced feed channels 273 are in fluid communication with
complementary active-surface feed flow apertures 274’, which fluidly connect
open-faced feed channels 273 with the primary channels 175’ of the second

active surface 132'.

[00105] The cathode inlet manifold 264’ is in fluid communication with
open-faced feed channels 276’ arranged on the second active surface 132'.
The open-faced feed channels 276" are in fluid communication with
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complementary active-surface feed flow apertures 275’, which fluidly connect
the open-faced feed channels 276’ with the primary channels 170" on the first
active surface 131’. Similarly, the cathode outlet manifold 266’ is in fluid
communication with open-faced feed channels 278’ arranged on the second
active side 132. The open-faced feed channels 278 are in fiuid
communication with complementary active-surface feed flow apertures 277,
which fluidly }connect the open-faced feed channels 278 with the primary

channels 170’ on the first active surface 131’.

[00106] The complementary active-surface feed flow arrangement for
the fourth bipolar flow field plate 130’, shown in Figures 5B and 6B is thus
similar to what has been described in connection with the first bipolar flow
field plate 120 shown in Figures 3A and 4A. Accordingly, in-flows and out-
flows of process gases/fluids to and from the first and second active surfaces
131" and 132 are substantially similar to in-flows and out-flows of process
gases/fluids to and from the first and second active surface 121 and 122,
respectively, as described above with respect to the complementary active-
surface feed flow channels. Accordingly, those skilled in the art would
appreciate that, in operation within an assembled electrochemical cell (e.g.
electrochemical cell 100), a particular process gas/fluid supplied to or
evacuated from the first active surface 131’ traverses a portion of the second
active surface 132’ that is sealingly separated from the primary channels 175’
on the second active service 132’. Similarly, in operation within an assembled
electrochemical cell (e.g. electrochemical cell 100’), a particular process
gas/fluid supplied to or evacuated from the second active surface 132’
traverses a portion of the first active surface 131’ that is sealingly separated

from the primary channels 170’ on the first active service 131'.

[00107] It was noted above that 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
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features in the fourth, tenth, eighth, sixth and fifth areas, respectively, that -
have been rotated 180 degrees. A comparison of the arrangement of features
on each of the active surfaces 121’, 122', 131’ and 132’ shown in Figures 3B,

4B, 5B and 6B, respectively, with one another shows an example of this.

[00108] Specifically, a comparison of the arrangement of features on
each of the active surfaces 121’, 122", 131’ and 132’ shown in Figures 3B, 4B,
5B and 6B, respectively, with one another reveals each is substantially
identical to the other. For each bipolar flow field plate 120°,130’, the first active
surface 121',131" is rotated 180 degrees (a half rotation) in the plane of a
face, with respect to the second active surface 122’ 132'. Moreover, in effect
the two bipolar flow field plates 120" and 131 are substantially identical to one
another. The difference in operation being that, if the first active surface 121’,
131’ of each flow field plate 120,130’ is used as a cathode, then the
orientation of adjacent flow field plates has to be arranged so that the
corresponding second active surfaces are used as an anode that faces the
cathode. In some embodiments, the bipolar flow field plates according to
aspects of the invention described herein are made-up of a single plate that is
either machined and/or chemically processed to impart the features of the two
active surfaces on respective sides of the single plate. Alternatively, in other
embodiments a bipolar flow field plate is made up of two plates that are
individually mechanically or chemically processed to impart the respective
features of one of two active surfaces on front surfaces of each plate and the
plates are then bonded together to form the bipolar flow field plate in
accordance with aspects of an embodiment of the invention. The rear
surfaces are not employed in aspects relating to complementary active-

surface feed flow channels in such embodiments of the invention.

[00109] In some embodiments of an electrochemical cell stack that
employ flow field plates like those shown in Figures 3B, 4B, 5B and 6B a co-
operative relationship among two plates that make up a particular
electrochemical cell in the stack is established during the assembly process.

More specifically, for example, consider an electrochemical cell stack made
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up of a number of adjacent electrochemical cells. Each electrochemical cell
shares a bipolar flow field plate with another cell adjacent to it such that only
the cells on the ends of the stack only share with one other adjacent cell each
and the cells not on the ends of the stack share two bipolar flow field plates
with two other adjacent cells, respectively. Each bipolar flow field plate has a
first and a second active surface. The first active surface is used as the anode
in one cell and the second active surface is used as the cathode in an
adjacent cell. The first active surface has a number of features as does the

second active surface, as described with respect to the figures.

[00110] Accordingly, in any electrochemical cell in the stack the first
active surface of a first bipolar flow field plate faces the second active surface
of a second bipolar flow field plate. If the plates are like those shown in
Figures 3B, 4B, 5B and 6B the first and second bipolar flow field plates are
arranged such that the second active surface of the second bipolar flow field
plate is rotated 180 degrees (or a half-rotation) with respect to the orientation
of the first active area on the first bipolar flow field plate, if the starting position
of both plates is such that the noted first and sécond active surfaces on the
first and second bipolar plates, respectively, are identical to one another. In
other words, the first bipolar flow field plate of each cell is arranged in a first
direction and the second bipolar flow field plate of each cell is arranged in a
direction where, starting from a situation where the first and second bipolar
flow field plates face the same direction and are oriented the same way, the
second flow field plate is rotated 180 degrees about a longitudinal axis of the
second flow field plate and then rotated 180 degrees about an axis

perpendicular to the general plane of the second flow field plate.

[00111] In some embodiments, a number of tabs can be included on the
edges of a flow field plate. The tabs provide a contacting means and an
orientation means for the flow field plates that include them. That is, a tab can
be used as an electrical contact point to a particular flow field plate to
measure, for example, the electric potential of the flow field plate relative to

some other point (e.g. ground, another flow field plate, etc.). Additionally, one
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or more tabs can be used to aid a person assembling an electrochemical cell
arrange constituent flow field plates so that the features of the flow field plates
are correctly aligned with one another. In other embodiments, flow field plates
are provided with numerous tabs and some of the tabs can be intentionally
broken off to aid in identifying a particular flow field plate configuration as
either a first flow field plate or a second flow field plate in a alternating
sequence of first and second flow field plates that make-up an
electrochemical cell. Those skilled in the art would appreciate that numerous
combinations of tab placement, shapes and quantities are possible and within

the scope of numerous embodiments of the invention.

[00112] Again, some embodiments flow field plates include a single tab.
For example, with reference to Figures 3A, 4A, 5A and 6A, the bipolar flow
field plates 120,130 shown, include a single tab 400. During assembly of an
electrochemical cell stack using one of the bipolar flow field plates 120,130 for
all of the constituent flow field plates that will make up the electrochemical cell
stack, the tabs 400 on each of the constituent flow field plates should all be
present on the same side of an electrochemical cell stack and adjacent each
other, because all of the constituent flow field plates will be identical and the

placement of the respective tab 400 on each will be the same.

[00113] In other embodiments the flow field plates are provided with
multiple tabs. In such embodiments the placement of each tab on a particular
tab is different from the placement of all other tabs on the particular flow field
plate. Moreover, in some such embodiments the shape of each of the tabs
included on a flow field plate is different from the shape of all other tabs
included on the flow field plate, so that the tabs can be easily distinguished
from one another by their shape and placement on the flow field plate. For
example, with reference to Figures 3B, 4B, 5B and 6B, the bipolar flow field
plates 120,130’ each include a first tab 400 and a second tab 401. On both
bipolar flow field plates 120’,130' the second tab 401 is located diagonally
opposite the location of the first tab 400. In other embodiments, the tabs

400,401 may be arranged on the same side of the bipolar flow field plates
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120,130’ (not shown). Again, during assembly of an electrochemical stack the
tabs 400, 401 are used to properly arrange the constituent flow field plates
that make up the electrochemical cell stack. Moreover, during operation and
testing of the stack the tabs 400,401 can be used as electrical contact points

to a particular constituent flow field plate.

[00114] In some embodiments active surfaces of a flow field plate
include gasket grooves into which gaskets are sealingly inserted during
assembly of an electrochemical cell stack. The gasket grooves distinctly
separate manifolds, used to supply and evacuate process gases/fluids to and
from an active area. That is, the gaskets inserted in the gasket grooves
provide the sealing for a membrane from manifolds, as described above. With
reference to Figures 3A to 6B the bipolar flow field plates shown are
appropriately provided with gasket grooves 305 and 305’ (on both active
surfaces as required). Referring now to Figures 7A, shown is a gasket 300
that is suited for use with the bipolar flow field plates 120,130 shown in Figure
3A, 4A, 5A and BA. Similarly, shown in Figure 7B is a gasket 300" that is
suited for use with the bipolar flow field plates 120’,130" shown in Figures 3B,
4B, 5B and 6B.

[00115] The gaskets 300, 300’, as shown separately in Figures 7A and
7B provide the necessary sealing between different flow field plates and the
membrane, or between a first and last flow field plate and the corresponding
bus bar, in an assembled electrochemical cell stack. For example, with
reference to Figures 3A and 4A, the open-faced hydrogen exit channels 253
are sealed by gasket 300 and thus define a sealed space together with a
similarly sealed flat surface 236 arranged on another bipolar flow field plate
that would be used to make up a particular electrochemical cell. Similarly, with
reference to Figures 5A and 6A, open-faced hydrogen exit channels 235’ are
sealed by gasket 300 and thus define a sealed space together with a similarly
sealed flat surface 236’ arranged on another bipolar flow field plate that would
be used to make up a particular electrochemical cell. Similarly, with reference
to Figures 3B and 7B, the gasket 300’ (in Figure 7B) effectively seals the
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primary channels 150’, when the plates are assembled together in a stack, to
prevent cross-over of process gas from one manifold (e.g. manifold 260) area
to another (e.g. manifold 266), and also around the complementary active-
surface feed flow aperture areas (e.g. complementary active-surface feed flow
apertures 272).

[00116] As noted above, in some embodiments all of the flow field plates
that make up an electrochemical cell stack are substantially identical. That is,
the arrangement of features on one of the two active surfaces is identical to
the arrangement of features on the other of the two active surfaces; and since
the two active surfaces are identical, only one manufacturing mask or mold or

stamp is required for the manufacture of the plates.

[00117] For example, with reference to Figures 3B and 4B, to '
manufacture the bipolar flow field plate 120’ from a first flow field plate and a
second flow field plate, the first and second flow field plates are processed by
chemical etching using a manufacturing photo-mask to impart the features of
the first and second active surfaces 121’, 122’ on the first and second flow
field plates, respectively. The first and second flow field plates are bonded
together back to back, such that the two active surfaces 121',122’ face away
from one another, to produce the bipolar flow field plate 120". The process of
connecting the first and second plates, identified by active surfaces 1271’ and
122, is illustrated by way of example in Figures 8A, 8B and 8C. In Figures 8A
to 8C, first and second active surfaces 121’,122" are shown in a simplified

form for the purposes of illustrating a portion of the manufacturing process.

[00118] Referring to Figure 8A, starting from a first position where the
first and second active surfaces 121’,122’ face the same direction and are
oriented the same way, the second flow field plate is rotated 180 degrees one
rotated 180 degrees whilst still facing the same direction to arrive at a second
position shown in Figure 8B. The second flow field plate is then flipped over
(mirrored vis-a-vis the first flow field plate) as illustrated in Figure 8C, so that
the two active surfaces 121’,122’ face away from one another. The two flow

field plates are then bonded together back-to-back to produce the bipolar flow
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field plate 120’, shown in Figures 3B and 4B. The first and second flow field
plates are bonded together using an appropriate bonding process, such as
brazing, laser welding, conductive adhesive application or other bonding
processes providing a bond that is compatible with the corrosive environment

of the electrochemical cell in question.

[00119] According to other embodiments a bipolar flow field plate can be
produced using a single plate having two oppositely facing surfaces. Features
of a flow field arrangement for a first active surface can be imparted onto one
of the two oppositely facing surfaces and features of a flow field arrangement
for a second active surface can be imparted onto the other of the two
oppositely facing surfaces. Producing a bipolar flow field plate in this way
reduces the amount of material required, thus reducing the weight of a bipolar
flow field plate and an electrochemical cell stack made-up of a number of

such plates.

[00120] Moreover, in some embodiments a Gas Diffusion Media (GDM)
(not shown) suitable for use in an electrochemical cell stack is also
symmetrical, and accordingly, only one type of GDM is necessary for
assembling an electrochemical cell stack. In other embodiments a GDM
produced must be rotated or flipped over (“mirrored”), during the assembly
process, relative to a corresponding active surface to fit the appropriate flow
field plate pattern on the abtive area of a active surface and only the
orientation of the GDM vis-a-vis the flow field pattern is of relative importance.
Nevertheless, the pattern on the GDM is not significantly different from the
pattern on the active area of a corresponding active surface of a flow field

plate. This may lead to manufacturing and cost savings.

[00121] [t was noted above that according to aspects of some
embodiments of the invention, a flow field plate having a rear surface is
provided with coolant channels on the rear surface. It is to be understood that
the rear surface is a “passive” or “non-active” surface since it does not directly
or indirectly come into contact with a membrane in an assembled

electrochemical cell stack. Figures 9A to 10D show schematic drawings of
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examples of flow field plates that include cooling channels on non-active
surfaces. Coolant is supplied to and evacuated from the cooling channels by

manifolds on the flow field plates.

[00122] Referring to Figure 9A, illustrated is a schematic view of a front
(active) surface 121" of a first flow field plate 120" suited for use in the
electrochemical cell stack 100 shown in Figure 1A. Figure 9B shows a
schematic view of a rear (passive/cooling) surface of the first flow field plate
120" shown in Figure 9A. The front surface 121" of the first flow field plate
120” shown in Figure 9A is almost identical to the first active surface 1271’
shown in Figure 3B with the addition of: a first coolant manifold 280 located
between the anode inlet manifold 260 and cathode outlet manifold 266; and, a
second coolant manifold 282 located between cathode inlet manifold 264 and
anode inlet manifold 262. All other features are identical to those shown in

Figure 3B, and, accordingly, the same reference numbers have been used.

[00123] Figure 9B shows a coolant area of the first flow field plate 1207,
arranged on the rear surface of the flow field plate 120”. The first coolant
manifold 280 is connected to a coolant flow field pattern made up of channels
290 and ridges 295 via first coolant flow channels 286. The second coolant
manifold 282 is connected to the coolant flow field pattern via second coolant

flow channels 284.

[00124] Similarly, referring to Figure 9C, illustrated is a schematic view
of a front (active) surface 122" of a second flow field plate 120" suited for use
in the electrochemical cell stack 100 shown in Figure 1A. Figure 9D shows a
schematic view of a rear (passive/cooling) surface of the second flow field
plate 120 shown in Figure 9C. The front surface 122" of the second flow
field plate 120" shown in Figure 9C is almost identical to the second active
surface 122’ shown in Figure 4B with the addition of: a first coolant manifold
280’ located between the anode inlet manifold 260 and cathode outlet
manifold 266; and, a second coolant manifold 282’ located between cathode

inlet manifold 264 and anode inlet manifold 262. All other features are
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identical to those shown in Figure 4B, and, accordingly, the same reference

numbers have been used.

[00125] Figure 9D shows a coolant area of the second flow field plate
120", arranged on the surface opposite the active area 122”. The first coolant
manifold 280’ is connected to a coolant flow field pattern made up of channels
290’ and ridges 295’ via first coolant flow channels 286". The second coolant
manifold 282’ is connected to the coolant flow field pattern via second coolant

flow channels 284’.

[00126] The flow field plates 120” and 120" shown in Figures 9A-9D
can be bonded to one another back-to-back to form a bipolar flow field plate
that is similar to the bipolar flow field plate 120’ shown in Figures 3B and 4B.
The difference is that the bipolar flow field plate formed using the flow field
plates 120” and 120" includes a coolant channel between individual flow field
plates 120” and 120™".

[00127] Referring to Figure 10A shows a schematic view of a front
(active) surface 131" of a third flow field plate 130" suited for use in the
electrochemical cell 100 stack shown in Figure 1A. Figure 10B shows a
schematic view of a rear (passive/cooling) surface of the third flow field plate
130" shown in Figure 10A. The front surface 131’ of the third flow field plate
130” shown in Figure 10A is almost identical to the first active surface 1371’
shown in Figure 5B with the addition of: a first coolant manifold 280" located
between the anode inlet manifold 260’ and cathode outlet manifold 266"; and,
a second coolant manifold 282" located between cathode inlet manifold 264’
and anode inlet manifold 262’. All other features are identical to those shown

in Figure 5B, and, accordingly, the same reference numbers have been used.

[00128] Figure 10B shows a coolant area of the third flow field plate
130", arranged on the rear surface of the flow field plate 130”. The first
coolant manifold 280” is connected to a coolant flow field pattern made up of
channels 290" and ridges 295" via first coolant flow channels 286”. The
second coolant manifold 282" is connected to the coolant flow field pattern via

second coolant flow channels 284”.
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[00129] Similarly, referring to Figure 10C, illustrated is a schematic view
of a front (active) surface 132" of a fourth flow field plate 130" suited for use
in the electrochemical cell stack 100 shown in Figure 1A. Figure 10D shows a
schematic view of a rear (passive/cooling) surface of the fourth flow field plate
130™ shown in Figure 10C. The front surface 132” of the fourth flow field plate
130" shown in Figure 10C is almost identical to the second active surface
132’ shown in Figure 6B with the addition of: a first coolant manifold 280"
located between the anode inlet manifold 260’ and cathode outlet manifold
266': and, a second coolant manifold 282" located between cathode inlet
manifold 264’ and anode inlet manifold 262'. All other features are identical to
those shown in Figure 6B, and, accordingly, the same reference numbers

have been used.

[00130] Figure 10D shows a coolant area of the fourth flow field plate
130", arranged on the surface opposite the active area 132”. The first coolant
manifold 280’ is connected to a coolant flow field pattern made up of
channels 290™ and ridges 295" via first coolant flow channels 286™. The
second coolant manifold 282" is connected to the coolant flow field pattern

via second coolant flow channels 284™".

[00131] The flow field plates 130” and 130" shown in Figures 10A-10D
can be bonded to one another to form a bipolar flow field plate that is similar
to the bipolar flow field plate 130’ shown in Figures 5B and 6B. The difference
is that the bipolar flow field plate formed using the flow field plates 130" and
130™ includes a coolant channel between individual flow field plates 130" and
130°".

[00132] In some embodiments, bipolar flow field plates, made of two fldw
field plates (i.e. constituent flow field plates) as described above with
reference to Figures 9A-10D, do not have cooling channels on both of the two
respective flow field plates. Cooling channels can be provided on only one of
the two respective flow field plates that make up a bipolar flow field plate. That
is, in some embodiments, only alternating flow field plates have coolant

channels. Alternatively, an electrochemical cell stack, in some embodiments,
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is made up of alternating types of electrochemical cells in which only odd
numbered cells have coolant channels between the two active surfaces (e.g.
using a combination of flow field plates with and without coolant channels)
Alternatively, combinations other than alternating (e.g. every third, fourth etc.
cell) may be used. This may not be much of a manufacturing advantage for
stamped plates, since stamped plates already require the joining of two
stamped halves. However, this is an advantage for composite, sintered or
chemically etched plates, since the features for both active surfaces could be
imported onto a single composite substrate, green pressed sinter body or

chemically etched onto a single metal substrate.

[00133] What has been described is merely illustrative of the application
of aspects of some embodiments of the invention. Other arrangements can
be implemented by those skilled in the art, without departing from the scope of

the invention.

[00134] For example, although the present invention has been described
with respect to PEM electrochemical cells, those skilled in the art would
appreciate that this invention also applies to other types of electrochemical

cells such as alkaline cells.

[00135] Also, the “seal-in-place” technique taught in the applicant's co-
pending U.S. Application Serial No. 09/854,362 could advantageously be
used in combination with aspects of embodiments of the present invention.
The entire contents of U.S. Application Serial No. 09/854,362 are hereby

incorporated by reference.
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WE CLAIM:

1. 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 comprising 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.

2. A single manufacturing mask according to claim 1, wherein the sealing

surface includes a gasket groove.

3. A single manufacturing mask according to claim 1 further comprising
features for defining:

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

4. A single manufacturing mask according to claim 1 further comprising
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,
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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 degrees.

5. A single manufacturing mask according to claim 4 further comprising
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.

6. A single manufacturing mask according to claim 1, further comprising

features for defining the active flow field structure within the active area.

7. A single manufacturing mask according to claim 1, wherein the flow field

structure is substantially symmetrical over the surface of the active area.

8. A single manufacturing mask according to claim 1, further comprising
features for defining:
4 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.

9. A single manufacturing mask according to claim 1 further comprising
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.
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10. A second manufacturing mask corresponding to a single manufacturing
mask according to claim 9, 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 comprising features for defining
coolant channels fluidly connected to the inlet coolant manifold and the outlet

coolant manifold.

11. A second manufacturing mask corresponding to a single manufacturing
mask according to claim 9, further comprising features for defining a first back-
side feed flow aperture under the first area of the active surface and fluidly

connected to the first manifold.

12. ' A flow field plate manufactured with a single manufacturing mask

according to claim 1.

13. A bipolar flow field plate manufactured with a single manufacturing mask

according to claim 1.

14, A flow field plate manufactured with a single manufacturing mask

according to claim 3.

15. A bipolar flow field plate manufactured with a single manufacturing mask

according to claim 3.

16. A flow field plate manufactured with a single manufacturing mask

according to claim 4.

17. A bipolar flow field plate manufactured with a single manufacturing mask

according to claim 4.

18. A flow field plate manufactured with a single manufacturing mask

according to claim 5.
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19. A bipolar flow field plate manufactured with a single manufacturing mask

according to claim 5.

20. A flow field plate manufactured with a single manufacturing mask

according to claim 6.

21. A bipolar flow field plate manufactured with a single manufacturing mask
according to claim 6.



PCT/CA2004/000721

WO 2004/102710

1/24

FIG.1A



PCT/CA2004/000721

WO 2004/102710

2/24

FIG.1B



WO 2004/102710 PCT/CA2004/000721

3/24

Ql
o
o =
™ 2

\%‘“ _—_'x\=—= I o a_e_éa\
'\\\\\"T A\ //;_;@
Y edgr =l

A—/

o

/[ //

FIG.2A




WO 2004/102710

PCT/CA2004/000721

106

111°



0000000000000




0000000000000




—_————a———————————— e )

el
un
|
|
=

e e e e e P e e e I
el = e e T T T ]
e e e e e e e e T e e e e el e

e T =11
Cl—T—1——1
el = —— T T—]

@%ﬂﬁaﬁﬁ%ﬁmwwﬁ%%%g |

—_—————
e————————

— e

|
M I wum W@Wulmwo .

— /)
—
owx



mmmmmm




0000000000000




0000000000000

10/24

M-
\ \

_

_
=

: =

|
T {

I 4 L—__’—————]
= -
273




<<<<<<

———— e ——————
— e e—— e
-“.““HH

““.

—_—
=
Hn“““
“.

ﬂ““.“

—_——— |
—_————e———————
—————e—————————

uﬂﬂ
.“.

““"ﬂ..“.ﬂﬂ“ﬂﬂﬂﬂ“ﬂﬂuﬂﬂu =)

(=]
< GGc
J
2
@)
[~
| = Y +ac
102 D == JJ_:_ =
O _.N ﬂﬂﬂﬂﬂﬂﬂﬂﬂ = =1hl|.|l~lﬂﬂ %
nWWWMuWWWMnWWMnW““_"“.,“.nMuwnwnwuwuwnwmmuw_uwnw_uwuwnwm_
EEE e E L E et S e e FiC
ﬂ__H.._||_ﬂﬂ.ﬂ".ﬂ_ﬂ.ﬂ.u_l..ﬂﬂﬂﬂ.ﬂ_ﬂ_ﬂ_.ﬂ_ﬂ._ﬂ_ﬂ_ﬂﬂﬂ_wﬂu..ﬂ._ﬂ.ﬂﬂ%ﬂ:ﬂﬂ_ﬂﬂﬂﬂﬂﬂﬂ_ﬂﬂﬂ;ﬂﬂsﬂﬂ“ﬂﬂﬂﬂhn
< 0€¢
-~ = g
— ]
r— —t

.“..“”H““-“"

Illﬂ

@\ K w4



mmmmmm




WO 2004/102710 PCT/CA2004/000721

13/24

o

FIG.7A




WO 2004/102710 PCT/CA2004/000721

14/24

/ 300"

FIG.7B



PCT/CA2004/000721

WO 2004/102710

15/24

\_—l‘




PCT/CA2004/000721

WO 2004/102710

16/24




0000000000000

11111




mmmmmmmm




0000000000000

o

QA QA

F\ ] ——
L
i
\\ ||
S
0
) LL
u"
ff I &8

fr —~
260 —— D J
272







0000000000000

22222

fr ~—
264" —| 1D J







0000000000000

22222




0000000000000

22222

N
nl / / J
bbbb
N E 0O N~ o
NNNNNN
© o8] ©
ol Al




INTERNATIONAL SEARCH REPORT

national Application No

T/CA2004/000721

CLASSIFICATION OF SUBJECT MATTER

?PC 7 HO1M8/02 HO1M8/24 HO1M4/86

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HOIM

Documentation searched other than minimum documentation 1o the extent that such documentis are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 083 616 A (HONDA MOTOR CO LTD) 12,14,
14 March 2001 (2001-03-14) 16,18,20

the whole document
figures 7,5

A 13,15,
17,19,21
P,A US 2003/186106 Al (FRANK DAVID ET AL) 12-18

2 October 2003 (2003-10-02)

cited in the application

A US 2002/172852 Al (FRANK DAVID ET AL)
21 November 2002 (2002-11-21)

cited in the application

A US 2003/031914 A1 (FRANK DAVID G ET AL) 12-18
13 February 2003 (2003-02-13)
cited in the application

Ny

Further documents are listed in the continuation of box C. E Patent family members are listed in annex

° Special categories of cited documents : . " -

*T* later document published after the international filing date
or prority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

A ‘ document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

"L* document which may throw doubts on prionty claim(s) or involve an inventive step when the document 1s taken alone
which Is cited to establish the publication date of another “y* document of N . i : i

: . particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered to INvolve an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or document IS combined with one or more other such docu-—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search repon
21 October 2004 02/11/2004
Name and mailing address of the ISA Authorized officer

European Patent Office, P B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk

Tel (+31-70) 340-2040, Tx. 31 651 epo ni, -
Fax: (+31-70) 340-3016 Gosselin, D

Fomrn PCT/ISA/210 (second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT

hational Application No

REGINALD 6 JR (US); HODGE REX (US);
AEROJE) 25 April 1996 (1996-04-25)

CT/CA2004/000721
C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No
A US 6 500 580 B1 (MARVIN RUSSEL H ET AL) 12-18
31 December 2002 (2002-12-31)
figures 2,3
A US 6 410 179 Bl (CANFIELD FRANKLIN L ET 12-18
AL) 25 June 2002 (2002-06-25)
figures
A US 4 857 420 A (MARICLE DONALD L ET AL) 12-18
15 August 1989 (1989-08-15)
A US 5 848 567 A (CHIANG HANH) 12-18
15 December 1998 (1998-12-15)
A WO 96/12316 A (MUEGGENBURG H HARRY ; SPEAR 12-18

Form PCT/ISA/210 (continuation of second sheet) (January 2004)




nternational application No.

INTERNATIONAL SEARCH REPORT PCT/CA2004/000721

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. IE Claims Nos.: 1-12

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lli Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This {nternational Searching Authority found multiple inventions in this international application, as follows:

1. I:‘ As all required additional search fees were timely paid by the applicant, this international Search Report covers all
searchable claims.

2. I:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

[:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




FURTHER INFORMATION CONTINUED FROM PCT/ASA/ 21(

Continuation of Box II.2

Claims Nos.: 1-12

1. The subject-matter of claims 1 to 11 is defined by the result to
be achieved (a flow field plate having a given structure) or the problem
to be solved (single or second mask; masks adapted for the production of
the flow field plates of the app]ication). The claims do not comprise
structural features, which belong to the mask per se.

The terms "single" in claim 1 or "second" in claim 10 are
superfluous in said claims and referred to the process for producing the
flow filed plates.

Therefore it is not possible to directly search for such masks.

2. The subject-matter of claims 12 to 21 have been search
independently of the method of preparation and of the use of one or more
masks in the preparation method. Only the plates, as defined in the mask
claims to which it is referred, were considered.

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The appliicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome.
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