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(57) Abstract: The electrochemical cell stack assembly has electro-
chemical cell sub-stacks. A first and second electrochemical cell sub-
stack are connected electrically in series and fluid!y in parallel, The
first and second electrochemical cell sub-stacks have electrochemic
al cells. The electrochemical cells have a membrane electrode as-
sembly with an cathode catalyst layer, an anode catalyst layer, and
a polymer membrane therebetween. The electrochemical cells have
an anode plate and a cathode plate with the membrane electrode as-
sembly interposed therebetween, a cathode flow field, and the anode
plate.
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HIGH-VOLTAGE FUEL-CELL STACK

[001] This application claims the benefit of U.S. Provisional Application No.
62/632,937, filed February 20, 2018, which is incorporated by reference in its

entirety.

[002] The present disclosure is directed towards a fuel-cell stack and, more

particularly, towards a high-voltage fuel-cell stack.

[003] Electrochemical celis, usually classified as fuel cells or electrolysis
cells, are devices used for generating current from chemical reactions or for inducing
a chemical reaction using a flow of current. For example, a fuel cell may convert the
chemical energy of fuel (e.g., hydrogen, natural gas, methanol, gascline, etc.) and an
oxidant (air or oxygen) into electricity and waste products of heat and water. A basic
fuel cell may comprise a negatively charged anode, a positively charged cathode,

and an ion-conducting material called an electrolyte.

[004] Different fuel celf technologies utilize different electrolyte materials. A
Proton Exchange Membrane (PEM) fuel cell, for example, utilizes a polymeric ion-
conducting membrane as the electrolyte. In a hydrogen PEM fuel cell, hydrogen
atoms are electrochemically split into electrons and protons (hydrogen ions) at the
anode. The electrons then flow through the circuit to the cathode and generatle
electricity, while the protons diffuse through the electrolyte membrane to the
cathode. At the cathode, hydrogen protons combine with electrons and oxygen

(supplied to the cathode) fo produce water and heat.

[005] An electrolysis cell represents a fuel cell operated in reverse. A basic
electrolysis cell may function as a hydrogen generator by decomposing water into
hydrogen and oxygen gases when an external electric potential is applied. The basic
technology of a hydrogen fuel cell or an electrolysis cell can be applied to
electrochemical hydrogen manipulation, such as, electrochemical hydrogen
compression, purification, or expansion. Electrochemical hydrogen manipulation has
emerged as a viable alternative to the mechanical systems traditionally used for
hydrogen management. Successful commercialization of hydrogen as an energy
carrier and the long-term sustainability of a "hydrogen economy” may depend largely
on the efficiency and cost-effectiveness of fuel cells, electrolysis cells, and other

hydrogen manipulation/management systems.
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[008] In operation, a single fuel cell can generally generate about 1 volt
under no load (i.e., when not supplying current to an electrical load) or about .75
volts under load (i.e., when supplying current to an electrical load). Each fuel cell
may include a cathode, an electrolyte membrane, and an anode. A cathode /
membrane / anode assembly constitutes a "membrane electrode assembly,” or
“MEA,” which is typically supported on both sides by bipolar plates. One square
centimeter of active area of the MEA may generally sustain 1 ampere of current. To
generate the desired amount of electrical power, individual fuel cells may be
combined to form a fuel-cell stack, wherein fuel cells are stacked together
sequentially. The amount of power generated may be generally proportional to the
number of fuel cells stacked and the active area of the MEAs used. The number of
fuel cells stacked may be generally proportional to the voltage generated by the fuel-
cell stack. The active area of the MEAs used may be generally proportional to the
current the fuel-cell stack may sustain. Reactant gases or fuel {e.g., hydrogen) and
oxidant {e.g., air or oxygen) are supplied to the electrodes of the MEA through flow
fields. In addition to providing mechanical support, the bipolar plates (also known as
flow field plates or separator plates) physically separate individual cells in a stack
while electrically connecting them. A typically fuel-cell stack includes manifolds and
inlet ports for directing the fuel and oxidant to the anode and cathode flow fields,
respectively. A fuel-cell stack also includes exhaust manifolds and outlet ports for
expelling the excess fuel and oxidant. A fuel-cell stack may also include manifolds

for circulating coolant fluid to help expel heat generated by the fuel-cell stack.

1007] In some fuel-cell applications, it may be desirable to deliver high
amounts of power to an electrical load. This may be achieved by delivering power at
a high electric potential, a high electrical current, or both. in some applications, it
may be desirable fo deliver high power at a high potential but with a low current.
Doing so may decrease the size of electrical conductors carrying current and thereby
decrease the size of the mechanism or device using the fuel-cell stack. Therefore, it
may be desirable to stack fuel cells to increase the potential generated by the fuel-
cell stack. Stacking fuel cells, however, may increase the length of manifolds
carrying fuel, oxidant, and coolant. increasing the length of the manifolds may
increase the velocity of the fiuids travelling therein and result in uneven utilization of

fluids by the fuel cells. Uneven utilization of fluids by the fuel celis may result in
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uneven use of MEA active areas and decreased efficiency. Increasing the size of the
manifolds to decrease fluid velocity may result in a larger fuel-cell stack. Further, a
fuel-cell stack with one dimension substantially longer than the others may be
undesirable because there may be few existing housings currently available to
accommodate such fuel-cell stacks. Therefore, there is a continuing challenge to

improve the design of high-voltage fuel-cell stacks.

[008] The disciosed high-voltage fuel-cell stack designs are directed to
overcoming one or more problems set forth above and/or other problems with

existing technologies.

[009] In one aspect, the present disclosure is directed to an electrochemical
cell stack assembiy. The electrochemical cell stack assembly may comprise a
plurality of electrochemical cell sub-stacks. A first electrochemical cell sub-stack and
a second electrochemical cell sub-stack may be connected electrically in series and
connected fluidly in parallel. The first electrochemical cell sub-stack and the second
electrochemical cell sub-stack may comprise a plurality of electrochemical cells. The
electrochemical cells may comprise a membrane electrode assembly, which may
comprise a cathode catalyst layer, an anode catalyst layer, and a polymer
membrane interposed between the cathode catalyst layer and the anode catalyst
layer. The first electrochemical cell sub-stack and the second electrochemical cell
sub-stack may comprise an anode plate and a cathode plate with the membrane
electrode assembly interposed therebetween. The first electrochemical cell sub-
stack and the second electrochemical cell sub-stack may comprise a cathode flow
field positioned between the cathode plate and the cathode catalyst layer. Electrical
current may pass from the first electrochemical cell sub-stack to the second
electrochemical cell sub-stack. A first electrically conductive structure may be
disposed at a first end of the first electrochemical cell sub-stack and a second
electrically conductive structure may be disposed at a first end of the second
electrochemical cell sub-stack. The first electrically conductive structure may be
electrically coupled to the second electrically conductive structure. An electrically
conductive structure may be disposed at first ends of the first and second
electrochemical cell sub-stacks. An electrically conductive structure may be disposed
at a first end of at least one of first or second electrochemical cell sub-stacks. The

electrically conductive structure may be electrically coupled to a frame of a

3-



WO 2019/164757 PCT/US2019/018146

mechanism housing the electrochemical cell stack assembly. The electrically
conductive structure may be at a common electric potential with the frame of the
mechanism housing the electrochemical cell stack assembly. A first current collector
may be disposed at a first end of the first electrochemical cell sub-stack and a
second current collector may be disposed at a first end of the second
electrochemical cell sub-stack. The first current collector may be at a higher electric
potential than a frame of a mechanism housing the electrochemical cell stack
assembly. The second current collector may be at a lower electric potential than the
frame of the mechanism housing the electrochemical cell stack assembly. The first
current collector may be at an electric potential from about -100C voits 1o about
+1000 volts and the second collector may be at an electric potential from about -
1000 volts to about +1000 volts. Electrons may flow (i) in a first direction from the
first current collector to a second end of the first electrochemical cell sub-stack and
(i) in a second direction from a second end of the second electrochemical cell sub-
stack to the second current collector. The first direction may be opposite to the
second direction. An electrical insulator may be disposed between the first and
second electrochemical cell sub-stacks. A supply of at least one of fuel, oxidant, or
coolant may be split between the first and second electrochemical cell sub-stacks
fluidly connected in parallel. A manifold distribution plate may be connected to first
ends of the first and second electrochemical cell sub-stacks. The manifold
distribution plate may fluidly split a supply of at least one of fuel, oxidant, or coolant
to the first and second electrochemical cell sub-stacks. The cathode flow field may
comprise a porous structure. The plurality of electrochemical cell sub-stacks may

generate a current from about 0 amperes to about 1000 amperes.

[010] in another aspect, the present disclosure is directed to a method of
arranging an electrochemical cell stack assembly. The method may comprise
connecting electrically a first electrochemical cell sub-stack and a second
electrochemical cell sub-stack in series. The method may further comprise
connecting fluidly the first electrochemical cell sub-stack and the second
electrochemical cell sub-stack in paraliel. The first electrochemical cell sub-stack and
the second electrochemical cell sub-stack may comprise a plurality of
electrochemical cells. Electrochemical cells may comprise a membrane electrode

assembly comprising a cathode catalyst layer, an anode catalyst fayer, and a
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polymer membrane interposed between the cathode catalyst layer and the anode
catalyst layer. The electrochemical cells may comprise an anode plate and a
cathode plate with the membrane electrode assembly interposed therebetween, a
cathode flow field, and anode flow field. The method may further comprise disposing
a first electrically conductive structure at a first end of the first electrochemical cell
sub-stack, disposing a second electrically conductive structure at a first end of the
second electrochemical cell sub-stack, and electrically coupling the first electrically
conductive sfructure to the second electrically conductive structure. The method may
further comprise disposing an electrically conductive structure at first ends of the first
and second electrochemical cell sub-stacks. The method may further comprise
disposing an electrically conductive structure at a first end of at least one of first or
second electrochemical cell sub-stacks. The electricaily conductive structure may be
electrically coupled to a frame of a mechanism housing the electrochemical cell
stack assembly. The electrically conductive structure may be at a common electric
potential with the frame of the mechanism housing the electrochemical cell stack
assembly. The method may further comprise disposing a first current collector at a
first end of the first elecirochemical cell sub-stack and disposing a second current
collector at a first end of the second electrochemical cell sub-stack. The first current
collector may be at a higher electric potential than a frame of a mechanism housing
the electrochemical cell stack assembly. The second current collector may be at a
lower electric potential than the frame of the mechanism housing the electrochemical
cell stack assembly. The method may further comprise disposing an electrical

insulator between the first and second electrochemical cell sub-stacks.

[011] ltis o be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not

restrictive of the disclosure, as claimed.

[012] The accompanying drawings, which are incorporated herein and
constitute a part of this specification, illustrate embodiments of the present disclosure

and, together with the description, serve to explain the principles of the disclosure.

[013] Fig. 1is a side schematic view of a plurality of electrochemical cells

(e.g., fuel cells) stacked together, according to an exemplary embodiment.



WO 2019/164757 PCT/US2019/018146

[014] Fig. 2 is a front view of an anode plate of Fig. 1, according to an
exemplary embodiment.

[015] Fig. 3 is a front perspective diagram view of a fuel-cell stack, according

to an exemplary embodiment.

[016] Fig. 4 is a front perspective diagram view of a fuel-cell stack, according

to another exemplary embodiment.

[017] Fig. 5is a front perspective diagram view of a fuel-cell stack, according

to another exemplary embodiment.

[018] Fig. 6 is a front perspective diagram view of a fuei-cell stack with a
conductive plate, according to anocther exemplary embodiment.

[019] Fig. 7 is a diagram of a manifold-distribution plate, according to an

exemplary embodiment.

[020] Reference will now be made in detail to exemplary embodiments of the
present disclosure, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. Although described in relation to an
electrochemical fuel-cell stack for generating electricity, it is understood that the
devices and methods of the present disclosure may be employed with various types
of fuel cells or electrochemical cells, including, but not limited to, electrolysis cells,

hydrogen purifiers, hydrogen expanders, and hydrogen pumps.

{0211 Fig. 1is a side schematic side view of a plurality of electrochemical
cells, for example, fuel cells 10 stacked together along a longitudinal axis 5 to form at
least a portion of a fuel-cell stack 11, according fo an exemplary embodiment. A fuel
cell 10 can comprise a cathode catalyst layer 12, which may also be referred to
herein as a cathode, an anode catalyst layer 14, which may also be referred to
herein an anode, and a proton exchange membrane (PEM) 16 disposed between
cathode catalyst layer 12 and anode catalyst layer 14, which collectively may be
referred to as 2 membrane electrode assembly (MEA) 18. PEM 16 can comprise a
pure polymer membrane or composite membrane with other material. For example,
silica, heteropolyacids, layered metal phosphates, phosphates, and zirconium
phosphates can be embedded in a polymer matrix. PEM 16 can be permeable to

protons while not conducting electrons. Cathode catalyst layer 12 and anode catalyst
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layer 14 can comprise porous carbon electrodes containing a catalyst. The catalyst
material, for example platinum, can increase the reaction of oxygen and fuel. in
some embodiments, cathode catalyst layer 12 and anode catalyst layer 14 may have

an average pore size of about 1 ym.

[022] Fuel cell 10 can comprise two bipolar plates, for example, a cathode
plate 20 and an anode plate 22. Cathode plate 20 may be positioned adjacent
cathode catalyst layer 12 and anode plate 22 may be positioned adjacent anode
catalyst layer 14. MEA 18 can be interposed and enclosed between cathode plate 20
and anode plate 22. A cathode compartment 18 may be formed between MEA 18
and cathode plate 20 and an anode compartment 21 may be formed between MEA
18 and anode plate 22. Cathode plate 20 and anode plate 22 can act as current
coliectors, provide access flow passages for fuel and oxidant to the respective
electrode surfaces (e.g., anode catalyst layer 14 and cathode catalyst layer 12), and
provide flow passages for the removal of water formed during operation of fuel cell
10. A different conductive structure or structures may function as current collectors
instead of or in addition to cathode plate 20 and anode plate 22. Cathode plate 20
and anode plate 22 can also define flow passages for coolant fluid (e.g., water,
glycol, or water glycol mixture). For example, between cathode plate 20 and anode
plate 22 of adjacent fuel celis 10 a coolant compariment 23 may be formed, which is
configured to circulate coolant fluid between adjacent fuel cells 10. Heat generated
by fuel cells 10 can be transferred to the coolant fluid and be carried away by the
circulation of the coolant fluid. Cathode plate 20 and anode plate 22 may be made
from, for example, aluminum, steel, stainless steel, titanium, copper, a Ni-Cr alloy,

graphite, or any other suitable electrically conductive material.

[023] In some embodiments, for example, as illustrated in Fig. 1, fuel cell 10
may also include electrically-conductive gas diffusion layers (e.g., cathode gas
diffusion layer 24 and anode gas diffusion layer 26) within fuel cell 10 on each side of
MEA 18. Gas diffusion layers 24, 26 may serve as diffusion media enabling the
transport of gases and liquids within the cell, provide electrical conduction between
cathode plate 20, anode plate 22, and MEA 18, aid in the removal of heat and
process water from fuel cell 10, and in some cases, provide mechanical support to
PEM 16. Gas diffusion layers 24, 26 can comprise a woven or non-woven carbon

cloth with cathode catalyst layer 12 and anode catalyst layer 14 coated on the sides

7-
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facing PEM 16. In some embodiments, cathode catalyst layer 12 and anode catalyst
layer 14 may be coated onto either the adjacent GDL 24, 26 or PEM 16. In some
embodiments, gas diffusion layers 24, 28 may have an average pore size of about

10 um.

[024] Fuel cell 10 may further include flow fields positioned on each side of
MEA 18. The flow fields may be configured to enable fuel and oxidant on each side
of MEA 18 io flow through the fields and reach MEA 18. These flow fields may
facilitate even distribution of fuel and oxidant to cathode and anode catalyst layers
12, 14. Even distribution of fuel and oxidant to the catalyst layers 12, 14 may
increase the performance of fuel cell 10. In some embodiments, fuel cell 10 may
include a cathode flow field 28 that comprises a porous structure positioned between
cathode plate 20 and GDL 24. In some embodiments, rather than a separate porous
structure, fuel cell 10 may comprise a cathode flow field formed in cathode plate 20.
in some embodiments, fuel cell 10 may include an anode flow field 30, which may be
formed by anode plate 22, as described further herein with respect to Fig. 2. In some
embodiments, fuel cell 10 may include an anode flow field that comprises a porous
structure positioned between anode plate 22 and GDL 26. itis contemplated that in
various embodiments of fuel cell 10, any combination of the above described flow
fields may be utilized. GDL 24 may provide mechanical protection of cathode

catalyst layer 12 from cathode flow field 28.

[025] itis to be understood that although only one fuel cell 10 in Fig. 1
includes reference numerals for cathode catalyst layer 12, anode catalyst layer 14,
proton exchange membrane 18, membrane electrode assembly (MEA) 18, cathode
compariment 19, cathode plate 20, anode compartment 21, anode piate 22, coolant
compartment 23, gas diffusion layer 24, gas diffusion layer 26, cathode flow field 28,
and anode flow field 30, the other fuel celis 10 of stack 11 may include the same

eiements.

[026] Fuel-cell stack 11 may also include a plurality of fluid manifolds 31a,
31b extending along longitudinal axis 5 defined by the series of stacked cathode
plates 20 and anode plates 22 of fuel celis 10. Fluid manifolds 31a, 31b may be
configured for feeding fuel (e.g., hydrogen) and oxidant (e.g., oxygen) to MEA 18 of
each fuel cell 10 and discharging reactant products (e.g., unreacted fuel, unreacted

oxidant, and water) from MEA 18 of each fuel cell. Fluid manifolds 31A, 31B may

-8-
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also be configured for feeding and discharging coolant fluid. The direction of flow
through fluid manifolds 31a, 31b may vary. For example, in some embodiments the
flow through the manifolds and compartments may be concurrent while in other
embodiments, one or more of the flow paths may be countercurrent. For example, in
some embodiments, the flow of fuel through anode feed manifolds 32a, 32b
(discussed below with respect to Fig. 3) may be countercurrent to the flow of oxidant
through cathode feed manifolds 44a, 44b (discussed below with respect to Fig. 3).
Fluid manifolds 31a, 31b may fiuidly connect to MEA 18 via passages and ports.
Specific manifolds, passages, and ports may be identified herein as "feed,”
“discharge,” “inlet,” or “outlet,” but it is to be understood these designations may be
determined based on the direction of flow and the direction of flow may be switched.

Changing the direction of flow may change these designations.

[027] Fig. 2 is a front view of anode plate 22, according to exemplary
embodiment. The side visible in Fig. 2 is the side configured to face the anode side
of MEA 18 (i.e., anode catalyst layer 14 and gas diffusion layer 26) and define one
side of anode compartment 21 (see, e.g., Fig. 1). Anode plate 22 may include
several sections. These sections may include for example, first manifold section 31A
and second manifold section 31B; distribution channe! sections such as a first anode
distribution channel 69 and a second anode distribution channel 71; and anode flow
field 30. As shown in Fig. 2, anode plate 22 may include anode feed manifold 32,
cathode discharge manifold 54, and coolant feed manifold 56 in first manifold section
31A while second manifold section 31B may include ancde discharge manifold 42,
cathode feed manifold 44, and coolant discharge manifold 62. it is to be understood

that the designation of

inlet and outlet for each manifold may be switched, for example, by switching the
respective flow direction of the fuel, the oxidant, or the coolant fluid flow through fuel

cells 10.

[028] As shown in Fig. 2, disposed between first and second manifold
sections 31A, 31B and anode flow field 30 are first and second anode distribution
channels 69, 71. First anode distribution channel 89 may be configured to distribute
fuel supplied from anode feed manifold 32 via anode inlet port 35 to anode flow field
30. Second anode distribution channel 71 may be configured to coilect fuel (e.g..

unreacted fuel) from anode flow field 30 and direct fuel through anode outlet port 37

9.
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to anode discharge manifold 42. First anode distribution channel 692 and second
anode distribution channel 71 may be sandwich between and defined by MEA 18
and anode plate 22. Perimeters of first anode distribution channel 69 and second
anode distribution channel 71 may be sealed by surface gaskets 43, as illustrated in
Fig. 2. In some embodiments, the width of first anode distribution channel 88 and the
width of second anode distribution channel 71 may generally equal the width of
anode flow field 30.

[029] Fig. 3 shows a diagram of a fuel-cell stack 11 of length 34, width 36,
and height 38. Fuel-cell stack 11 may comprise stacked cells, the areas of which are
substantially similar to the area of front end 39 of fuel-cell stack 11. Fuel-cell stack
11 may comprise cells that may be conceptually divided into two, with halves of each
cell comprising first and second sub-stacks 40, 41. Sub-stack 40 may be beside sub-
stack 41. A sub-stack, such as sub-stacks 41, may have a set of fluid manifolds.
Manifolds 31a in sub-stacks 40, 41 may comprise anode feed manifolds 32a, 32b,
respectively; cathode discharge manifolds 54a, 54b, respectively; and coolant feed
manifoids 56a, 56b, respectively. Manifolds 31b in sub-stacks 40, 41 may comprise
anode discharge manifolds 42z ,42b, respectively; cathode feed manifolds 444, 44h,
respectively; and coolant discharge manifolds 62a, 62b, respectively. Itis to be
understood, that the designation of inlet and outlet for each manifold may be
switched, for example, by switching the respective flow direction of the fuel, the

oxidant, or the coolant fluid flow through fuel cells 10.

[030] The cross-sectional area of each manifold can vary. For example, as
shown in Fig. 3, cathede feed and discharge manifolds 44a, 44b, 54a, 54b may have
larger cross-sectional areas than coolant feed and discharge manifolds 58a, 56b,
62a, 62b. Coolant feed and discharge manifolds 58a, 56b, 62a, 62b may have larger

cross-sectional areas than anode feed and discharge manifolds 32a, 32b, 423, 42b.

[031] The arrangement of the manifolds in sub-stacks 40, 41 may vary. As
shown in Fig. 3, the arrangement of the manifolds may be different between manifold
sections 31a, 31b. In one illustrative example, as shown in Fig. 3, coolant feed
manifold 56a may be positioned between anode feed manifold 32a and cathode
discharge manifold 54a, and coolant discharge manifold 62a may be positioned
between anode discharge manifold 42a and cathode feed manifold 44a. in some

embodiments, cathode discharge manifold 54a may be left of coolant feed manifold

-40-
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5B8a and anode feed manifold 32a may be right of coolant feed manifold 56a while
cathode feed manifold 44a may be right of coolant discharge manifold 62a and
anode discharge manifold 42a may be left of coolant discharge manifold 62a.
Swapping the positioning of the anode and cathode manifolds relative to the coolant
manifolds between first manifold section 31a and second manifold section 31b may
promote a diagonal cross countercurrent flow or “z-flow” rather than a straight-across
flow. The diagonal cross countercurrent flow may provide improved uniform
distribution of fuel and oxidant across the active area, which may improve fuel-cell
performance. The performance may be improved because the diagonal cross

countercurrent flow may maximize the active area utilized.

[032] The positioning of the coolant manifolds 56a, 62a in the center of first
fluid manifold 31a and second fluid manifold 31b may result in the central region of
the coolant compartment receiving the most coolant fluid flow. The central region of
the coolant compartment may correspond to the central region of the active area of
fuel cell 10. The central region of the active area of fuel cell 10 may experience
increased heat generation. In some embodiments, the regions of fuel cells within
fuel-cell stack 11 that may generate the most heat may correspond with the regions

receiving the most coolant fluid flow.

[033] An electric potential may be generated between front end 39 and back
end 66 of fuel-cell stack 11. When fuei-celi stack 11 is under load {(e.g., delivering
current to an external electrical load), current may flow from a point on fuel-cell stack
11 with a higher potential, through the load, and to a point on fuel-cell stack 11 with a
lower potential. For example, current may flow from front end 39, through an external
load (not shown), and to back end 66. When this occurs, electrons may fiow across

fuel celis 10 in a direction from front end 39 to back end 66.

[034] Fuel-cell stack 11 may generate power. The amount of power
generated may be determined by the electric potential generated across fuel-cell
stack 11 and the electrical current passing through fuel-cell stack 11. An alternate
configuration of fuel-cell stack 11 may be capabie of delivering the same amount of
power by generating a higher electric potential and passing a smaller electrical
current. For example, Fig. 4 is a diagram of another configuration of fuel-cell stack
11, according to exemplary embodiment. If the cells of fuel-cell stack 11 as iflustrated

in Fig. 3 are divided in two such that the area of each cell is substantiaily similar to
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the area of the front end of each sub-stack 40 {e.g., divided in half), the celis within
sub-stack 41 may be positioned behind the cells within sub-stack 40 (i.e., sub-stack
41 may be position behind sub-stack 40). In some embodiments, sub-stack 41 may
be positioned in front of sub-stack 40. In either of these arrangements, the electric
potential generated may be higher than in the embodiment illustrated in Fig. 3
because there are more cells connected electrically in series. The electrical current
passed may be lower than in the embodiment illustrated in Fig. 3 because the active
area is limited to the area of cells in sub-stack 40 rather than the areas of cells in
both sub-stack 40 and sub-stack 41. In the embodiment lllustrated in Fig. 4, the
lengths of manifolds 54a, 56a, 32a, 42a, 62a, and 44a may be increased from those
of the embodiment illustrated in Fig. 3 to deliver fuel, coolant, and oxidant a greater
distance to sub-stack 41. Increasing the lengths of these manifolds may increase the
velocity of at least one of fuel, coolant, or oxidant through fuel-cell stack 11. An
increased velocity may result in uneven consumption of one or more of these
substances. To decrease the velocity and increase the uniformity of consumption of
these substances, the size of the manifolds may be increased. Increasing the sizes
of the manifolds, however, may increase the overall size of fuel-cell stack 11.
increasing length 34 to accommodate sub-stack 41 may make length 68
substantially larger than height 38 and/or width 70. In some embodiments, it may be
preferable for fuel-cell stack 11 to have two or more dimensions similar to one
another. For example, in some embodiments, it may be preferable for fuel-cell stack
11 to have length 68 be within one foot of height 38. In some embodiments, it may
be preferable for fuel-cell stack 11 o have length 68 be within one foot of width 70.
in some embodiments, there may be no preference associated with relationships

between dimensions.

[035] Fig. 5is a diagram of another configuration of fuel-cell stack 11,
according to an exemplary embodiment. Sub-stacks 40, 41 may be arranged beside
each other. In some embodiments, front end 39a of sub-stack 40 may be adjacent to
back end 66b of sub-stack 41. in this manner, an electric potential may be
gstablished between front end 3%a of sub-stack 40 and back end 66a of sub-stack
40 and an electric potential may be established between front end 38b of sub-stack
41 and back end 68b of sub-stack 41. in order to establish an electric potential
between front end 39a of sub-stack 40 and back end 86b of sub-stack 41, the back
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end 66a of sub-stack 40 and front end 39b of sub-stack 41 may be electrically
coupled. For example, the back end 86a of sub-stack 40 and the front end 3%b of
sub-stack 41 may be hardwired together. In some embodiments, an electrically
conducting material (e.g., a metal plate) may be placed across at least a portion of
the back end 68a of sub-stack 40 and at least a portion the front end 38b of sub-
stack 41. As illustrated in Fig. 8, a electrically conducting metal piate 104 may be
placed across back end 66a of sub-stack 40 and front end 39b of sub-stack 41. With
this arrangement, sub-stack 40 and sub stack 41 may be considered to be
connected electrically in series. The electric potential at the front end 38a of sub-
stack 40 may be at a higher potential than back end 68b of sub-stack 41. In some
embodiments, the electric potential at the front end 38a of sub-stack 40 may be from
about -1000 volts to about +1000 volts. In some embodiments, the electric potential
at the back end 66b of sub-stack 41 may be from about -1000 volts to about +1000
volts. When fuel-cell stack 11 is under an electrical load, current may flow from front
end 39a of sub-stack 40 through the electrical load and from the electrical load to
back end 66b of sub-stack 41. Electrons may flow across cells in sub-stack 40 in the
direction from front end 38a of sub-stack 40 to back end 68a of sub-stack 40. This
direction is indicated by arrow 106a. Electrons may cross from back end 68a of sub-
stack 40 to front end 39b of sub-stack 41, such as over an electrically conducting
material in the direction indicated by arrow 106b. Electrons may flow across cells in
sub-stack 41 in the direction from front end 38b of sub-stack 41 to back end 66b of
sub-stack 41. This direction is indicated by arrow 106c. Sub-stacks 40, 41 may

generate a current from about 0 amperes to about 1000 amperes.

[036] In some embodiments, an electrically insulating material 72 may be
disposed between sub-stacks 40, 41. insulating material 72 may be, for example, a
plastic such as polytetrafluorosthylene (PTFE). Insulating material 72 may prevent

short-circuits from being established between sub-stacks 40, 41.

[037] In some embodiments, back end 66b of sub-stack 41 may be held at
one or more electric potential by, for example, hardwiring or coupling back end 86b
of sub-stack 41 to another point that is at the electric potential at which back end 66b
of sub-stack 41 is to be held. This electric potential may be, for example, the electric
potential of the frame of the mechanism housing fuel-cell stack 11 (e.g., a vehicle

chassis). In some embodiments, the points at which sub-stacks 40, 41 are
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connected to each other may be held at one or more electric potential. This electric
potential may be, for example, the electric potential of the frame of the mechanism
housing fuel-cell stack 11 {e.g., a vehicle chassis). Making such a connection may
force the electric potential at back end 66b of sub-stack 41 below that of the frame of
the mechanism housing fuel-cell stack 11. Making such a connection may force the
electric potential at front end 39a of sub-stack 40 above that of the frame of the
mechanism housing fuel-cell stack 11. Making such a connection instead of
connecting back end 66b of sub-stack 41 to the frame may permit some or all
locations on fuel-cell stack 11 to be closer fo the electric potential of the frame of the
mechanism housing fuel-cell stack 11 (e.g., a vehicle chassis). For example, if the
electric potential across fuel-cell stack 11 is 560V and the electric potential between
front end 3%a and back end 68a of sub-stack 40 is the same as the electric potential
petween front end 39b and back end 66b of sub-stack 41, connecting the points at
which sub-stacks 40, 41 are connected to each other to the chassis of a vehicle
housing fuel-cell stack 11 may make the greatest difference in potential between a
point on fuel-cell stack 11 and the vehicle chassis substantially equal to 280V (560V
divided by 2). In this example, the electric potential at front end 39a of sub-stack 40
may be 280V above the vehicle chassis and the electric potential at back end 86b of
sub-stack 41 may be 280V below the vehicle chassis. If back end 66b of sub-stack
41 is connected to the vehicle chassis instead of the points at which sub-stacks 40,
41 are connected to each other being connected to the vehicle chassis, the greatest
difference in potential between a point on fuel-cell stack 11 and the vehicle chassis
may be 560V. In this example, the electric potential at front end 39a of sub-stack 40
may be 560V above the vehicle chassis. Having some or ali locations on fuel-cel
stack 11 be closer to the electric potential of the frame of the mechanism housing
fuel-cell stack 11 (e.g., a vehicle chassis) may decrease the extent of damage or
injury in the event of a short circuit between fuel-cell stack 11 and components held

at the same potential as the frame or components at other lower electric potentials.

[038] In some embodiments, manifolds 44a, 44b may deliver oxidant to sub-
stacks 40, 41, respectively. Manifolds 54a, 54b may receive oxidant from sub-stacks
40, 41, respectively. Manifolds 32a, 32b may deliver fuel to sub-stacks 40, 41,
respectively. Manifolds 42a, 42b may receive fuel from sub-stacks 40, 41,

respectively. Manifolds 62a, 62b may deliver coolant to sub-stacks 40, 41,
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respectively. Manifolds 56a, 56b may receive coolant from sub-stacks 40, 41,
respectively. In some embodiments, sub-stacks 40, 41 may each receive their own
streams of oxidant, fuel, and/or coolant. In this arrangement, sub-stacks 40, 41 may

be considered to be connected in parallel fluidly.

[039] In the embodiment illustrated in Fig. 5, fuel-cell stack 11 may have two
or more dimensions similar to one another. For example, width 70 and length 34 may

be within one foot of each cther.

[040] Fig. 7 is a diagram of an exemplary embodiment of a manifold-
distribution plate 74. Manifold-distribution plate 74 may distribute fuel, coolant, and
oxidant to the respective feed manifolds and receive fuel, coolant, and oxidant from
the respective discharge manifolds for fuel cell stack 11 of Fig. 5. Manifold-
distribution plate 74 may be placed against back end 66a of sub-stack 40 and front
end 39b of sub-stack 41 of fuel-cell stack 11 illustrated in Fig. 5, such that ports on
plate back end 76 align with manifolds of fuel-cell stack 11. In some embodiments,
manifold-distribution plate 74 may be placed against electrically conducting metal
plate 104. In some embodiments, an electrically insulating material (not shown) may
be interposed between manifold distribution plate 74 and sub-stacks 40,41 and/or
between manifold distribution plate 74 and the electrically conducting metal plate
104. Ports on plate front end 78 are illustrated with solid lines and ports on plate
back end 76 are illustrated with dashed lines. Manifold-distribution plate 74 may
permit a single fluid-source connection {e.g., fuel-source connection) to supply fluid
to multiple manifolds. Manifold-distribution plate 74 may have a single port for
receiving a fluid on plate front end 78 and two ports on plate back end 76 for
releasing the fluid, wherein the single port for receiving the fluid is fluidly coupled to
the two ports for releasing the fluid. For example, anode-receiving port 80, located
on plate front end 78, may receive a fuel and direct it to anode-releasing ports 84a,
84b, located on plate back end 78. The fuel may be directed into manifolds 32a, 32b
of fuel-cell stack 11 from anode-releasing ports 84a, 84b. Cathode-receiving port 88,
located on plate front end 78, may receive an oxidant and direct it to cathode-
releasing ports 92a, 92b, located on plate back end 76. The oxidant may be directed
into manifolds 44a, 44b of fuel-cell stack 11 from cathode-releasing ports 92a, 92b.
Coolant-receiving port 96, located on plate front end 78, may receive a coolant and

direct it to coolant-releasing ports 98a, 98b, located on plate back end 76. The
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coolant may be directed into manifolds 62a, 62b of fuel-cell stack 11 from coolant-
releasing ports 98a, 88b. Manifold-distribution plate 74 may have two ports for
receiving a fluid on plate back end 76 and one port on plate front end 78 for
releasing the fluid, wherein the two ports for receiving the fluid are fluidly coupled to
the single port for releasing the fluid. For example, anode-receiving ports 823, 82b,
iocated on plate back end 76, may receive a fuel from manifolds 42a, 42b of fuel-cell
stack 11 and direct it to anode-releasing port 86, located on plate front end 78. The
fuel may be released into an external system configured to receive fuel discharged
from fuel-cell stack 11. Cathode-receiving ports 90a, 90b, located on plate back end
76, may receive an oxidant from manifolds 54a, 54b and direct it to cathode-
releasing port 94, located on piate front end 78. The oxidant may be released info an
external system configured to receive oxidant discharge from fuel-cell stack 11.
Coolant-receiving ports 100a, 100b, located on plate back end 76, may receive a
coolant from manifolds 56a, 56b and direct it to coolant releasing port 102, located
on plate front end 78. The coolant may be released into an external system

configured to receive coolant discharge from fuel-cell stack 11.

[041] While the foregoing describes manifold-distribution plate 74 as having
multiple sets of a single port on plate front end 78 coupled to two ports on plate back
end 76, it is to be understood that other arrangements may be envisioned. For
example, there may be more ports on plate front end 78 coupled to fewer ports on
plate back end 76. Different fluids may be distributed among different arrangements

of ports in manifold-distribution plate 74.

[042] The foregoing description has been presented for purposes of
ilustration. It is not exhaustive and is not limited to precise forms or embodiments
disclosed. Modifications and adaptations of the embodiments will be apparent from

consideration of the specification and practice of the disclosed embodiments.

[043] Moreover, while illustrative embodiments have been described herein,
the scope includes any and ail embodiments having equivalent elements,
modifications, omissions, combinations (e.g., of aspects across various
embodiments), adaptations and/or alterations based on the present disclosure. The
elements in the claims are to be interpreted broadly based on the language
employed in the claims and not limited to examples described in the present

specification or during the prosecution of the application; such examples are to be
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construed as nonexclusive. Further, the steps of the disclosed methods can be

madified in any manner, including recrdering steps and/or inserting or deleting steps.

[044] The term “about” or “approximately” as used herein means within an
acceptable error range for the particular value as determined by one of ordinary skill
in the art, which will depend in part on how the value is measured or determined,
e.g., the limitations of the measurements system. For example, "about” can mean
within one or more than one standard deviation per the practice in the art.
Alternatively, “about’ can mean a range of up to 20%, such as up to 10%, up to 5%,

and up to 1% of a given value.

[045] The features and advantages of the disclosure are apparent from the
detailed specification, and thus, it is intended that the appended claims cover all
systems and methods falling within the true spirit and scope of the disclosure. As

[y )

used herein, the indefinite articles “a” and “an” mean “one or more.” Similarly, the
use of a plural term does not necessarily denote a plurality unless it is unambiguous
in the given context. Words such as “and” or “or” mean "and/or” unless specifically
directed otherwise. Further, since numerous modifications and variations will readily
oceur from studying the present disclosurs, it is not desired to limit the disclosure to
the exact construction and operation illustrated and described, and accordingly, all
suitable modifications and equivalents may be resorted to, falling within the scope of

the disclosure.

[046] Other embodiments of the present disclosure will be apparent to those
skilled in the art from consideration of the spacification and practice of the present
disclosure herein. it is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the present disclosure being indicated

by the following claims.
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WHAT IS CLAIMED 1S:

1. An electrochemical cell stack assembly, comprising:
a plurality of electrochemical cell sub-stacks, wherein:

a first electrochemical cell sub-stack and a second electrochemical cell sub-

stack are connected electrically in series and connected fluidly in parallel;

the first electrochemical cell sub-stack and the second electrochemical cell

sub-stack comprise a plurality of electrochemical cells comprising:

a membrane electrode assembly comprising a cathode catalyst layer, an
anode catalyst layer, and a polymer membrane interposed between the cathode

catalyst layer and the anode catalyst layer,

an anode plate and a cathode plate with the membrane electrode assembly

interposed therebetween, and

a cathode flow field positioned between the cathode plate and the cathode

catalyst layer;
and

the electrochemical cell stack assembly further comprises a manifold
distribution plate connected to a first end of the first electrochemical cell sub-stack
and a first end of the second electrochemical cell sub-stack, wherein the manifold
distribution plate is configured to fluidly split a supply of at least one of fuel, oxidant,
or coolant to the first and second electrochemical cell sub-stacks.

2. The electrochemical cell stack assembly of claim 1, wherein electrical
current passes from the first electrochemical cell sub-stack to the second

electrochemical cell sub-stack.

3. The electrochemical cell stack assembly of claim 1, further comprising:

a first electrically conductive structure disposed at a first end of the first

electrochemical cell sub-stack; and
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a second electrically conductive structure disposed at a first end of the second

electrochemical cell sub-stack,

wherein the first electrically conductive structure is electrically coupled to the

second electrically conductive structure.

4. The electrochemical cell stack assembly of claim 1, further comprising
an electrically conductive structure disposed at the first ends of the first and second

electrochemical cell sub-stacks.

5. The electrochemical cell stack assembly of claim 1, further comprising
an electrically conductive structure disposed at a first end of at least one of first or
second electrochemical cell sub-stacks, wherein the electrically conductive structure
is electrically coupled to a frame of a mechanism housing the electrochemical cell

stack assembly.

6. The electrochemical cell stack assembly of claim 5, wherein the
electrically conductive structure is at a common electric potential with the frame of

the mechanism housing the electrochemical cell stack assembly.

7. The electrochemical cell stack assembly of claim 1, further comprising:

a first current collector disposed at a first end of the first electrochemical cell

sub-stack and

a second current collector disposed at a first end of the second

electrochemical cell sub-stack.

8. The electrochemical cell stack assembly of claim 7, wherein the first
current collector is at a higher electric potential than a frame of a mechanism

housing the electrochemical cell stack assembly and wherein the second current
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collector is at a lower electric potential than the frame of the mechanism housing the
electrochemical cell stack assembly.

9. The electrochemical cell stack assembly of claim 7, wherein the first
current collector is at an electric potential from about -1000 volts to about +1000
volts and the second collector is at an electric potential from about -1000 volts to
about +1000 volts.

10.  The electrochemical cell stack assembly of claim 7, wherein electrons
flow (i) in a first direction from the first current collector to a second end of the first
electrochemical cell sub-stack and (ii) in a second direction from a second end of the
second electrochemical cell sub-stack to the second current collector, wherein the

first direction is opposite the second direction.

11.  The electrochemical cell stack assembly of claim 1, wherein an
electrical insulator is disposed between the first and second electrochemical cell sub-
stacks.

12.  The electrochemical cell stack assembly of claim 1, wherein a supply of
at least one of fuel, oxidant, or coolant is split between the first and second
electrochemical cell sub-stacks fluidly connected in parallel.

13.  The electrochemical cell stack assembly of claim 1, wherein the
cathode flow field comprises a porous structure and the plurality of electrochemical
cell sub-stacks generate a current from about 0 amperes to about 1000 amperes.

14. A method of arranging an electrochemical cell stack assembly,

comprising:

connecting electrically a first electrochemical cell sub-stack and a second
electrochemical cell sub-stack in series;
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connecting fluidly the first electrochemical cell sub-stack and the second

electrochemical cell sub-stack in parallel,

wherein the first electrochemical cell sub-stack and the second
electrochemical cell sub-stack comprise a plurality of electrochemical cells

comprising:

a membrane electrode assembly comprising a cathode catalyst layer, an
anode catalyst layer, and a polymer membrane interposed between the cathode

catalyst layer and the anode catalyst layer,

an anode plate and a cathode plate with the membrane electrode assembly

interposed therebetween, and
a cathode flow field and anode flow field;

connecting a manifold distribution plate to a first end of the first
electrochemical cell sub-stack and a first end of the second electrochemical cell sub-
stack, the manifold distribution plate being configured to fluidly split a supply of at
least one of fuel oxidant or coolant to the first and second electrochemical cell sub-

stacks.

15.  The method of claim 14, further comprising:

disposing an electrical insulator between the first and second electrochemical

cell sub-stacks;

disposing a first electrically conductive structure at the first end of the first

electrochemical cell sub-stack;

disposing a second electrically conductive structure at the first end of the

second electrochemical cell sub-stack; and

electrically coupling the first electrically conductive structure to the second

electrically conductive structure.
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16.  The method of claim 14, further comprising disposing an electrically
conductive structure at the first ends of the first and second electrochemical cell sub-

stacks.

17.  The method of claim 14, further comprising disposing an electrically
conductive structure at a first end of at least one of first or second electrochemical
cell sub-stacks, wherein the electrically conductive structure is electrically coupled to

a frame of a mechanism housing the electrochemical cell stack assembly.

18.  The method of claim 17, wherein the electrically conductive structure is
at a common electric potential with the frame of the mechanism housing the

electrochemical cell stack assembly.

19.  The method of claim 14, further comprising:

disposing a first current collector at a first end of the first electrochemical cell

sub-stack, and

disposing a second current collector at a first end of the second

electrochemical cell sub-stack,

wherein the first current collector is at a higher electric potential than a frame
of a mechanism housing the electrochemical cell stack assembly and wherein the
second current collector is at a lower electric potential than the frame of the

mechanism housing the electrochemical cell stack assembly.

20. The electrochemical cell stack assembly of claim 4, wherein the manifold-

distribution plate is placed against the electrically conductive structure.

21. The electrochemical cell stack assembly of claim 20, wherein electrically
insulating material is interposed between the manifold distribution plate ends of the

first and second electrochemical cell sub-stacks.

22



11 Sep 2024

2019222995

22. The electrochemical cell stack assembly of claim 21, wherein the
electrically insulating material is interposed between the manifold distribution plate

and the electrically conductive structure.
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