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(57) Abrege/Abstract:
A bipolar plate and regenerative fuel cell stacks including the bipolar plates and membrane electrode assemblies (MEAs) alternately
stacked. The bipolar plate comprises a plate main body formed of an electrically conductive material. The plate main body has a

Tao RN /[ [
RSN &7 7 7

I*I ' . o, B A e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca R 7 o
OPIC - CIPO 191 SN




CA 2787467 C 2014/10/21

anen 2 1871 467
(13) C

(57) Abrege(suite)/Abstract(continued):

first surface and a second surface opposite the first surface. Each surface has reaction flow channels through which fluids pass.
he reaction flow channels on the first surface have a plurality of ribs therebetween forming an interdigitate flow field pattern. The
reaction flow channels on the second surface have a plurality of ribs therebetween forming an interdigitate flow field pattern or a
flow field pattern different from an interdigitate flow field pattern, e.g., a serpentine flow field pattern.
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FIG. 1

(57) Abstract: A bipolar plate and regenerative fuel cell
stacks including the bipolar plates and membrane elec-
trode assemblies (MEAs) alternately stacked. The bipolar
plate comprises a plate main body formed of an electri-
cally conductive material. The plate main body has a first
surface and a second surface opposite the first surface.
Each surface has reaction flow channels through which
fluids pass. The reaction flow channels on the first sur-
face have a plurality of ribs therebetween forming an in-
terdigitate tlow field pattern. The reaction tflow channels
on the second surface have a plurality of ribs therebe-
tween forming an interdigitate flow field pattern or a tlow
field pattern different from an interdigitate tflow field pat-
tern, €.g., a serpentine flow field pattern.
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BIPOLAR PLATES OF A REGENERATIVE FUEL CELL STACK
ASSEMBLY HAVING FLOW FIELD DESIGNS AND SHUNT CURRENT
SUPPRESSION CHANNELS

BACKGROUND
1. Field of the Disclosure

[0001] This disclosure relates to fluid distribution plates of a regeneration fuel
cell stack assembly. More specifically, this disclosure relates to bipolar plates of
a regeneration fuel cell stack assembly having various flow field designs and
shunt current suppression channels. Furthermore, this disclosure relates to
membrane electrode assemblies (MEAs) sandwiched between bipolar plates as

part of regeneration fuel cell stack assemblies.

2. Discussion of the Background Art
10002] A fuel cell stack assembly converts fuel including fluid reactants into an

electric current. The fuel cell stack includes several repeated units of conductive
fluid distribution plates and membrane electrode assemblies each sandwiched
between two conductive fluid distribution plates. The conductive fluid
distribution plates are called bipolar plates, and designed to distribute the fluid
reactants evenly and smoothly across the fluid distribution plate. A flow tield
pattern of flow field channels inside the distribution plates that distribute the
fluid reactants can be one of many kinds. The specific dimensions of the flow
field channels, rnbs torming the flow field channels and overall size of the flow

field channels are a tunction of fluid properties, temperature, pressure and a

rated power demand.

[0003] A pump may generate a flow of the fluid reactants through the flow field
channels inside the fluid distribution plate. Reducing a tlow rate of the tluid
reactants in the flow field channels inside the distribution plate 1s advantageous
since a circulation pump power rating ot the pump 1s a straight function of the

flow rate, and reducing a power consumption of the pump increases the

|
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efficiency of the overall process of electric current generation of the fuel cell

stack assembly.

[0004] A shunt current generates a parasitic current loss in the fuel cell stack
assembly. The shunt current results from electrolysis of an 1onic solution at

manifold supply channels that distribute fluid to the fluid distribution plates.

[0005] There is a need in the art for a flow field pattern that reduces a tlow rate
of the fluid reactants in the fluid distribution plate while maintaining or
increasing a distribution of the fluid reactants. There 1s a further need for

reducing a shunt current in a fuel cell stack assembly.

SUMMARY

[0006] This disclosure relates to a bipolar plate comprising a plate main body
formed of an electrically conductive material. The plate main body has a first
surface and a second surface opposite the first surface. Each surface has
reaction flow channels through which fluids pass. The reaction flow channels
on the first surface have a plurality of ribs therebetween forming an interdigitate
flow field pattern. The reaction flow channels on the second surface have a
plurality of ribs therebetween forming an interdigitate tflow field pattern or a
flow field pattern different from an interdigitate flow field pattern, e.g., a

serpentine flow field pattern.

100071 This disclosure also relates to a bipolar plate comprising a plate main
body formed of an electrically conductive material. The plate main body has a
first surface and a second surface opposite the first surface. Each surtace has
reaction tflow channels through which tluids pass. Manifolds are formed on the
plate main body in the form of an inlet to introduce a fluid to the reaction flow
channels and an outlet to discharge the fluid from the reaction tlow channels.
Connection channels are formed on the plate main body to connect the reaction

flow channels and the manifolds. The reaction flow channels on the first surface
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have a plurality of ribs therebetween forming an interdigitate flow field pattern.
The reaction flow channels on the second surface have a plurality of ribs
therebetween forming an interdigitate flow field pattern or a flow field pattern
different from an interdigitate flow field pattern, e.g., a serpentine flow field

pattern.

[0008] The connection channels have a length from the reaction flow channels

to the manifolds sufficient to form an internal 1onic solution resistor that reduces

a shunt current.

[0009] With regard to the connection channels that are formed on the plate main
body to connect the reaction flow channels and the manitfolds, gaskets for
sealing the bipolar plates are attached when the bipolar plates are stacked. The
connection channels are formed such that flat regions of both the first surface
and a second surface opposite the first surface of the plate main body face each
other when the plate main bodies are stacked, and the gaskets are attached to the

flat surfaces ot the plate main bodies.

[0010] This disclosure turther relates to a frame for a bipolar plate. The frame
comprises a frame main body formed of an insulation material. The frame main
body has a first surface and a second surface opposite the tirst surface. The
frame main body has an aperture therethrough. Connection channels are formed
in the frame main body to connect to reaction flow channels in the bipolar plate.
The bipolar plate 1s positioned 1n the aperture. The bipolar plate 1s connected to
the frame through the connection channels formed in the frame main body and
reaction flow channels in the bipolar plate. The connection channels formed in

the frame main body are connected to manifolds.

[0011] Thas disclosure yet further relates to a regenerative fuel cell stack
comprising a plurality of membrane and electrode assemblies, and a plurality of

bipolar plates. The plurality of bipolar plates comprise a plate main body

3
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formed of an electrically conductive material. The plate main body has a first
surface and a second surface opposite the first surface. Each surface has
reaction tflow channels through which fluids pass. The reaction flow channels
on the first surface have a plurality of ribs therebetween forming an interdigitate
flow field pattern. The reaction flow channels on the second surface having a
plurality of ribs therebetween forming an interdigitate flow ﬁeld pattern or a
flow field pattern different from an interdigitate flow field pattern, e.g., a
serpentine flow field pattern. The plurality of membrane and electrode

assemblies are alternately stacked with the plurality of bipolar plates.

[0012] This disclosure also relates to a regenerative fuel cell stack comprising a
plurality of membrane and electrode assemblies, and a plurality of bipolar plates.
The plurality of bipolar plates comprise a plate main body formed of an
electrically conductive material. The plate main body has a first surface and a
second surface opposite the first surface. Each surface has reaction flow
channels through which fluids pass. Manifolds are formed on the plate main
body in the form of an inlet to introduce a fluid to the reaction flow channels and
an outlet to discharge the fluid from the reaction tlow channels. Connection
channels are formed on the plate main body to connect the reaction flow
channels and the manifolds. The reaction flow channels on the first surface have
a plurality of ribs therebetween forming an interdigitate flow field pattern. The
reaction flow channels on the second surface have a plurality of ribs
therebetween torming an interdigitate tlow field pattern or a flow field pattern
ditferent from an interdigitate flow field pattern, e.g., a serpentine flow field
pattern. The plurality of membrane and electrode assemblies are alternately

stacked with the plurality of bipolar plates.

10013] This disclosure turther relates to a regenerative fuel cell stack comprising
a plurality of bipolar plates, and a plurality of membrane and electrode
assemblies. The plurality of membrane and electrode assemblies comprise an

anode, a cathode and a solid electrolyte membrane, e.g., nanoporous proton

4



CA 02787467 2014-04-16

conducting membrane, disposed between said anode and said cathode. The
anode comprises a support and a catalyst dispersed thereon, wherein the catalyst
comprises at least one precious metal. The cathode comprises a support and a
catalyst optionally dispersed thereon, wherein the catalyst comprises carbon
powder or at least one precious metal with carbon powder. The catalyst
dispersed on the anode and the catalyst dispersed on the cathode are the same or
different and are capable of catalyzing, in the presence of a halogen ion or a
mixture of halogen 1ons, a charging reaction and a discharging reaction in a
regenerative fuel cell. The plurality of membrane and electrode assemblies are

alternately stacked with the plurality of bipolar plates.

[0013a] According to an aspect, there 1s provided a bipolar plate comprising:

a plate main body formed of an electrically conductive matenial, said
plate main body having a first surtace and a second surface opposite the first
surface, each surface having reaction flow channels through which fluids pass;

manifolds formed on the plate main body in the form of an inlet to
introduce a fluid to the reaction flow channels and an outlet to discharge the
fluid from the reaction tlow channels;

connection channels that are formed on the plate main body to connect
the reaction flow channels and the manifolds, wherein said connection channels
have a length from the reaction flow channels to the manifolds sufficient to form
an 1nternal 1onic solution resistor that reduces a shunt current;:

said reaction tflow channels on the first surface having a plurality of ribs
therebetween forming an interdigitate flow field pattern,

said reaction tlow channels on the second surface having a plurality of
ribs therebetween forming an interdigitate flow field pattern or a flow field
pattern different from an interdigitate flow field pattern;

a frame main body formed of an insulation material, said frame main
body having a first surface and a second surface opposite the first surface; said
frame main body having an aperture therethrough and the plate main body

positioned 1n said aperture, and
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connection channels that are formed in the frame main body to connect

to the reaction flow channels in the plate main body:.

[0013b] According to another aspect, there 1s provided a frame for a bipolar
plate, said frame comprising:

a frame main body formed of an insulation material, said frame main
body having a first surface and a second surface opposite the first surface; said
frame main body having an aperture therethrough; and

connection channels that are formed in the frame main body to connect
to reaction flow channels in the bipolar plate;

wherein the bipolar plate comprises:

a plate main body formed of an electrically conductive material, said
plate main body having a first surface and a second surface opposite the first
surface, each surface having reaction flow channels through which fluids pass;

manifolds formed on the plate main body 1in the form of an inlet to
introduce a fluid to the reaction flow channels and an outlet to discharge the
fluid from the reaction tlow channels:

connection channels that are formed on the plate main body to connect
the reaction flow channels and the manifolds, wherein said connection channels
have a length from the reaction flow channels to the manifolds sufficient to form
an 1nternal 1onic solution resistor that reduces a shunt current;

said reaction flow channels on the first surface having a plurality of ribs
therebetween torming an interdigitate flow field pattern, and

said reaction flow channels on the second surface having a plurality of
ribs therebetween forming an interdigitate flow field pattern or a flow field

pattern difterent from an interdigitate tflow field pattern.

[0013c¢] According to another aspect, there 1s provided a regenerative fuel cell
stack comprising:
a plurality of membrane and electrode assemblies;

a plurality of bipolar plates comprising:

6
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a plate main body formed of an electrically conductive matenial, said
plate main body having a first surface and a second surface opposite the first
surface, each surface having reaction flow channels through which fluids pass;

manifolds formed on the plate main body in the form of an inlet to
introduce a tluid to the reaction flow channels and an outlet to discharge the
fluid from the reaction flow channels;

connection channels that are formed on the plate main body to connect
the reaction flow channels and the manifolds, wherein said connection channels
have a length from the reaction tlow channels to the manifolds sufficient to form
an internal 1onic solution resistor that reduces a shunt current;

said reaction flow channels on the first surface having a plurality of ribs
therebetween forming an interdigitate flow field pattern,

said reaction flow channels on the second surface having a plurality of
ribs therebetween forming an interdigitate flow field pattern or a flow field
pattern different from an interdigitate tlow field pattern;

a frame main body formed of an insulation material, said frame main
body having a first surface and a second surface opposite the first surface; said
frame main body having an aperture therethrough and the plate main body
positioned 1n said aperture, and

connection channels that are formed i1n the frame main body to connect
to the reaction flow channels 1n the plate main body;

wherein the plurality of membrane and electrode assemblies are

alternately stacked with the plurality of bipolar plates.

[0014] Further objects, features and advantages of the present disclosure will be

understood by reterence to the following drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Fig. 1 1s a cross section view of a fuel cell stack and i1ts components

according to the present disclosure.
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[0016] Fig. 2 illustrates a bipolar plate having a serpentine flow field pattern

according to the present disclosure.

[0017] Fig. 3 illustrates a bipolar plate having an interdigitate tlow field pattern

according to the present disclosure.

[0018] Fig. 4 illustrates a simulation result for liquid tlow 1n a serpentine tlow

pattern.

[0019] Fig. 5 illustrates a simulation result for liquid flow in an interdigitate

flow pattern.

[0020] Fig. 6 1llustrates a bipolar plate having connection channels imbedded

therein.

[0021] Fig. 7 illustrates a pair of bipolar plates of Fig. 6 having an insulation

layer therebetween.

[0022] Fig. 8 is cross sectional view ot a pair of bipolar plates having an

insulation layer and an insert therebetween of Fig. 7.

[0023] Fig. 9 illustrates a frame having connection channels molded within the

frame.

[0024] Fig. 10 shows a cross sectional view a pair of bipolar plates each in the

frame of Fig. 9 having O-ring sealants therebetween.

[0025] Fig. 11 illustrates a dual fuel cell stack assembly of the present

disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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[0026] A bipolar plate of this disclosure is formed of an electrically conductive
material. The bipolar plate has a first side and a second side opposite the first

side.

[0027] The first side of the bipolar plate has a first fluid channel disposed 1n,
molded into or formed in the electrically conductive material to guide fluid
through the bipolar plate of the regeneration fuel cell stack assembly. The first
fluid channel has an inlet port in fluid communication with an inlet channel and
an outlet channel in fluid communication with an outlet port. The inlet and
outlet channels have a plurality of ribs disposed therebetween forming an

interdigitate flow field pattern.

[0028] The second side of the bipolar plate has a second fluid channel disposed
in, molded into or formed in the electrically conductive material to guide fluid
through the bipolar plate of the regeneration fuel cell stack assembly. The
second fluid channel preferably has a second inlet port 1in fluid communication
with a second inlet channel and a second outlet channel in fluild communication
with a second outlet port, and the second inlet and second outlet channels
preferably have a plurality of ribs disposed therebetween forming a second
interdigitate tlow field pattern. The second fluid channel has a second 1nlet port
of a second inlet channel connected to a second outlet channel having a second
outlet port, and the second 1nlet and second outlet channels preterably have a
plurality of ribs disposed therebetween forming a serpentine tlow field pattern.
The interdigitate flow field pattern can reduce a required tlow rate of a reactant

by about 10 percent to about 50 percent compared to other patterns.

[0029] In an embodiment, the first tluid channel 1s connected to a groove
formed 1n the first side of the electrically conductive matertal. The groove has
an insulation material therein forming a connection channel having a first and

second end, wherein the first end 1s connected to the first fluid channel and the

9
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second end is connected to a manifold that distributes the fluid to the first fluid

channel.

[0030] The connection channel preferably has a length or distance from the
manifold to the first fluid channel which 1s sufficient to form an internal 10onic
solution resistor that reduces a shunt current. The connection channel 1s
preferably open, thereby forming an opening in the first side. The opening of
the first fluid channel is preferably covered by an insulation layer. The
insulation layer electronically separates a second distribution plate from the first
distribution plate. The insulation layer also typically has an insulation layer
opening so that at least a portion of the first fluid channel is uncovered by the

insulation layer.

[0031] The bipolar plate of this disclosure can include a frame formed of an
insulation material. The frame has a first frame side and a second frame side
opposite the first frame side. The first frame side has a connection channel
formed in the insulation material to connect to a manifold that distributes a fluid.

The frame has a frame aperture therethrough surrounded by the insulation

material.

[0032] The insulation material can be a non-conductive polymer. The frame
may be connected to a bipolar plate, and wherein the bipolar plate 1s positioned
in the frame aperture. The frame can be connected to an o-ring on the first side.
The bipolar plate may be formed of an electrically conductive material having a
first side and a second side opposite the first side, and where the frame

surrounds a portion of the first side and the second side at a perimeter of the

bipolar plate connecting the frame and the bipolar plate.

Fuel Cell Stack

10
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[0033] Referring to Fig. 1, a cross section view of a fuel cell stack assembly 5 1s
shown. Fuel cell stack assembly 5 includes: fix plates 10, insulation plates 15,
current collectors 20, an insulated fluid distribution manifold 25, bipolar plates
or bipolar plates (BPP plates) 30, membrane electrode assemblies (MEA) 385,
and sealants 36. Power generated by fuel cell stack assembly 5 1s determined by
a number of cells integrated in the fuel cell stack, each cell including one of

MEA plates 35 between two of BPP plates 30, and their physical active area.

[0034] BPP plates 30 guide liquids and/or gasses inside fuel cell stack assembly
5. Each of BPP plates 30 has a first stde 31 and a second side 32. The BPP

plates 30 are channeled plates each having one or more channels. The one or
more channels have a shape of flow field pattern. The first side 31 may have a
channel directing flow of a gas while and second side 32 directs flow of liquid.
Each of BPP plates 30 1s made of electrically conductive material such as, for

example, metal or composite graphite. The material of BPP plates 30 1s
chemically inert to fluid directed therein. Operational size of BPP plates 30 can
vary from about 5 square centimeters to about 1000 square centimeters (cm”),
preferably in a range of about 100 square centimeters to about 750 square
centimeters, and more preferably of about 500 square centimeters to about 530

square centimeters.

[0035] The fix plates 10 hold an entire structure of fuel cell stack assembly 5 in
a fixed position. The insulation plates 15 separate each of fix plates 10 from
current collectors 20. The current collectors 20 are a linking point for power

input/output of ftuel cell stack assembly §S.

[0036] Fluid flows into insulated fluid distribution manitfold 25. Insulated fluid
distribution manifold 25 directs the tluid into each BPP plates 30 connected in
series. The cells inside fuel cell stack assembly 5 are typically combined in
series to reach a specific voltage output. Once passing through each cell

connected 1n series, the fluid then tlows out through an opposite side of insulated

11
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fluid distribution manifold 25. There are two insulated fluid distribution

manifolds 25 on each side of BPP 30, their role is to cause fluid to flow from the

same side of a single BPP.

[0037] Reterring now to Fig. 2, one of BPP plates 30 that has a serpentine flow
field pattern 1s shown. The BPP plate 30 has a channel 40. The BPP plate 30
has one inlet port 110, one channel 115 for fluid transport, a plurality of ribs
120, and an outlet port 125. The plurality of ribs 120 form channel 115
therebetween. Fluid enters channel 115 through inlet port 110 and exits channel
115 through outlet port 125. The serpentine flow field pattern in the present
disclosure may be used for a hydrogen gas side of a cell of fuel cell stack

assembly 5 where the fluid that flows through channel 115 is hydrogen gas.

0038] Reterring now to Fig. 3, one of BPP plates 30 that has an interdigitate
flow field pattern 1s shown. The BPP plate 30 has a channel 40. The BPP plate
30 has an inlet port 210, an inlet channel 215, an outlet channel 220, a plurality
of ribs 225, and an outlet port 230. Fluid enters inlet port 210 and fills inlet
channels 215 completely. Since firm ribs 225 separate inlet channels 215 from
outlet channels 220, the fluid must flow on top of the rib, where porous MEA 35
electrode 1s situated, betore rejoining outlet channels 220 and exiting through
outlet port 230. The interdigitate flow field pattern may be used for a liquid side
of one of BPP plates 30.

[0039] Each of BPP plates 30 may have channel 40, for example, having a
serpentine tlow field pattern or an interdigitate flow field pattern, stamped in the
matertal forming the BPP plate. It is desirable to have an even flow of reactants
to each cell of fuel cell stack assembly 5 from insulated fluid distribution
manifold 25 with even distribution across the cell in channel 40 of BPP plates 30
so that an even current density and voltage distribution across the cell and

between cells will be achieved.

12
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[0040] It has been found by the present disclosure that the interdigitate tlow
field pattern as shown in Fig. 3 has significantly better performance on a liquid
side of each of BPP plates 30 than other flow fields, for example, the serpentine
flow field pattern as shown in Fig. 2. Distribution 1s enhanced of reactant in
liquid media flowing through inlet channel 215 and outlet channel 220 of each
of BPP plates 30 in the interdigitate flow field pattern that allows a flow rate of
the liquid media in the interdigitate flow field pattern to be reduced, while
maintaining or exceeding performance of the cell. Reducing the flow rate of the
liquid media 1s advantageous since a circulation pump power rating 1s a straight
function of the flow rate, and by reducing power consumption, the efficiency of

the overall process of fuel cell stack assembly 5 increased.

Shunt Current

[0041] Referring back to Fig. 1, a shunt current generates a parasitic current loss
in fuel cell stack assemblies similar to fuel cell stack assembly 5. The shunt
current results from electrolysis of fluid, for example, an 10nic solution, at
manifold supply channels that distribute fluid to BPP plates 30. As shown 1n
Figs. 6-10, to reduce the shunt current, connection channels or shunt current
suppression channels (SCSC) 315 are added. By increasing a path of which the
ionic solution has to go through from insulated fluid distribution manifold 25 to
channel 40 of each of BPP plates 30, an internal ionic solution resistor is formed
that reduces the shunt current. The length and the cross section area of SCSC
315 are determined by: a potential across insulated fluid distribution manifold

25, conductivity of the 1onic solution and maximum allowed shunt currents.

[0042] For fuel cell stack assemblies 5 that incorporate 1on transter liquids such

as, for example, solution of salt or acid/base water solution, insulated channels
must be used to direct the reactants of the 1on transter liquids 1into and out of a
bipolar plate flow field of BPP plates 30 to avoid a shunt current phenomenon.

High voltage 1s yet another limit to a size of fuel cell stack assembly 5, as shunt

13



CA 02787467 2014-04-16

current phenomenon increase with the stack voltage. The overall voltage of fuel
cell stack assembly 5 is determined by the number of BPP 30 connected in
series, and the voltage that each BPP 30 generates. Taking, for example, a fuel
cell stack 5 with 125 BPP 30 stacks in series, with 1 volt generated by each BPP

30, the overall stack voltage would be 125 volts.

[0043] The present disclosure describes two methods to reduce the shunt current
on the insulated fluid distribution manifold 25 level and BPP plates 30 level.
The two methods involve integrated or embedded SCSC 315 in one or more of

BPP plates 30, and framed or over molded SCSC 315 in one or more ot BPP
plates 30.

[0044] The SCSC 315 may be designed to maintain a shunt current level for
about 125 cells at below about 1% (about 125 Volts).

Integrated or Embedded SCSC

[0045] Referring now to Fig. 6, one of BPP plates 30 having SCSC 315 1s
shown. A first connection channel 306 of SCSC 315 is connected to an inlet 310
to insulated fluid distribution manifold 25. A second connection channel 307 of
SCSC 315 1s connected to an outlet 330 to insulated fluid distribution manifold

25. A fluid, such as, for example, solution of salt or acid/base water solution,
flows from connection channel 306 directly to channel 40 of one of BPP plates

30. The fluid flows from channel 40 directly to second connection channel 307
to outlet 330. The connection channel 306 connects to inlet channel 320 and
connection channel 307 connects to outlet channel 325 of an interdigitate tflow

field pattern of channel 40.

[0046] Referring now to Figs. 7 and 8, SCSC 315 are made of insulated material
such as, for example, polyvinylidene fluoride (PVDF) or polytetratfuoroethylene
(PTFE). Conduits of insulated fluid distribution manifold 25 that distributes the
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fluid to SCSC 315 may also be made of insulated material such as, for example,
polyvinylidene fluoride (PVDF) or polytetrafuoroethylene (PTFE). Conduits of
insulated fluid distribution manifold 25 may be insulated by flat sealants and/or
PVDF inserts. As shown in Fig. 8, SCSC 315 may be an insert, for example, a
machined fitting, of insulated material that sits inside one or more grooves 345
in BPP plates 30. The insulated material may also reduce or eliminate corrosion
of the material of BPP plate 30, such as, for example, graphite. The SCSC 315
are ope