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FUEL CELL ELECTROLYTE RESERVOIR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 16/198,178, which was filed on
Nov. 21, 2018.

BACKGROUND

[0002] Fuel cells generate electricity based on an electro-
chemical reaction between reactants such as hydrogen and
oxygen. Some fuel cells include a liquid electrolyte to
facilitate the electrochemical reaction. Phosphoric acid is
one example electrolyte.

[0003] A challenge presented by many phosphoric acid
fuel cells is maintaining a sufficient amount of phosphoric
acid over time. The useful lifetime of such a fuel cell
depends on the amount of phosphoric acid available and
how that is managed or maintained within the fuel cell
device.

[0004] In some known fuel cell devices, liquid electrolyte
condenses in the fuel manifolds and accumulates near a
lower end of the device. Some configurations include an
anode pressure plate that has a thickness that keeps the fuel
cells near the lower end from the space near the bottom of
the manifold where such acid may be retained. The pressure
plate thickness has to be large enough to prevent any
accumulated acid from reaching the cell stack assembly
because if it does, it will flood the fuel cell(s) closest to the
pressure plate resulting in a shutdown of the entire device.

SUMMARY

[0005] An illustrative example fuel cell device includes a
cell stack assembly of a plurality of fuel cells that each
include an anode and a cathode. A pressure plate is situated
near one end of the cell stack assembly. An intermediate
component is situated between the end of the cell stack
assembly and the pressure plate. The intermediate compo-
nent includes a porous material in at least two fluid reser-
voirs and a barrier between the two fluid reservoirs to
prevent fluid communication between the reservoirs.
[0006] In an example embodiment having one or more
features of the fuel cell device of the previous paragraph, the
porous material in each of the reservoirs comprises a porous
plate.

[0007] In an example embodiment having one or more
features of the fuel cell device of any of the previous
paragraphs, the porous plates have a thickness correspond-
ing to a depth of the fluid reservoirs.

[0008] In an example embodiment having one or more
features of the fuel cell device of any of the previous
paragraphs, the porous plates provide structural support
between the pressure plate and the cell stack assembly.
[0009] In an example embodiment having one or more
features of the fuel cell device of any of the previous
paragraphs, the intermediate component includes a first
opening on a first side of the intermediate component
adjacent the first side of the cell stack assembly, the first
opening is configured to allow liquid electrolyte to enter a
first one of the fluid reservoirs, the intermediate component
includes a second opening on a second side of the interme-
diate component adjacent the second side of the cell stack
assembly, the second opening is configured to allow liquid
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electrolyte to enter a second one of the fluid reservoirs, and
the barrier prevents fluid communication between the first
opening and the second opening.

[0010] An example embodiment having one or more fea-
tures of the fuel cell device of any of the previous paragraphs
includes a manifold configured to deliver the first and
second reactants to the fuel cells. The manifold includes a
first portion adjacent the first side of the intermediate
component, the first portion of the manifold contains the first
reactant, the manifold includes a second portion adjacent the
second side of the intermediate component, the second
portion of the manifold contains the second reactant, and the
barrier prevents fluid communication between the first and
second portions of the manifold.

[0011] In an example embodiment having one or more
features of the fuel cell device of any of the previous
paragraphs, the intermediate component comprises an elec-
trically conductive material that is configured to carry elec-
trical current from the cell stack assembly to a current
collector.

[0012] In an example embodiment having one or more
features of the fuel cell device of any of the previous
paragraphs, the electrically conductive material comprises
graphite.

[0013] In an example embodiment having one or more
features of the fuel cell device of any of the previous
paragraphs, the intermediate component comprises a spacer
having a height that includes a depth of the reservoirs and
the height establishes a space between an end of the cell
stack assembly and the pressure plate.

[0014] In an example embodiment having one or more
features of the fuel cell device of any of the previous
paragraphs, the intermediate component comprises a cooler
that is configured to carry coolant fluid through a portion of
the cooler and the fluid reservoirs are separate from the
portion of the cooler.

[0015] Various features and advantages of at least one
disclosed example embodiment will become apparent to
those skilled in the art from the following detailed descrip-
tion. The drawings that accompany the detailed description
can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 schematically illustrates an example fuel
cell device designed according to an embodiment of this
invention.

[0017] FIG. 2 illustrates an example intermediate compo-
nent, which is a spacer.

[0018] FIG. 3 illustrates another example intermediate
component, which is a spacer.

[0019] FIG. 4 schematically illustrates another example
intermediate component, which is a cooler.

DETAILED DESCRIPTION

[0020] Embodiments of this invention include an interme-
diate component, such as a spacer or a cooler, that can be
situated between a cell stack assembly and a pressure plate.
The intermediate component defines at least two reservoirs
for fluid, which are isolated from each other. With such an
intermediate component, cost savings can be realized by
requiring less material for the pressure plate and manifold or
by allowing for additional fuel cells to be added to the cell
stack assembly to provide higher efficiency or output.
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[0021] FIG. 1 schematically shows a fuel cell device 20
that may be incorporated into a fuel cell power plant. A cell
stack assembly 22 includes a plurality of fuel cells each
having an anode and a cathode. The fuel cells in this
example embodiment are phosphoric acid fuel cells that rely
upon phosphoric acid as a liquid electrolyte within a matrix
between the anode and cathode of each fuel cell. Some
embodiments include another liquid electrolyte.

[0022] The cell stack assembly 22 is maintained between
pressure plates 24 and 26 near opposite ends of the cell stack
assembly 22. A manifold 28 facilitates supplying reactants,
such as hydrogen and oxygen, to the cell stack assembly 22.
[0023] An intermediate component 30 is situated between
the pressure plate 26 and the adjacent end of the cell stack
assembly 22. In the example shown in FIG. 1, the interme-
diate component 30 is a spacer. The intermediate component
30 defines at least two reservoirs where fluid may accumu-
late between the cell stack assembly 22 and the pressure
plate 26. In the illustration, phosphoric acid is schematically
shown at 32 in a reservoir established by the intermediate
component 30. Additional phosphoric acid at 34 is retained
in a portion of the manifold 28 that is situated adjacent the
intermediate component 30.

[0024] FIG. 2 illustrates an example intermediate compo-
nent 30, which is a spacer 30a. A body of the spacer 30a has
a length [, a width W, and a height H. The length is greater
than the height and the width is greater than the height. In
the illustrated example, the length and width are approxi-
mately equal although that is not required. The height H
establishes a spacing between an end of the cell stack
assembly 22 and the pressure plate 26.

[0025] The spacer 30a comprises an electrically conduc-
tive material that carries electrical current from the fuel cells
of the cell stack assembly 22 to the pressure plate 26, which
acts as a current collector. The spacer 30q, in the illustrated
example, comprises graphite, which has the beneficial fea-
ture of reducing electrical resistance and, therefore, voltage
loss.

[0026] The spacer 30a has a plurality of ribs including
outer edge ribs 40 and at least one divider rib 42 that
collectively define at least two reservoirs 44 and 46. The
divider rib 42 isolates the reservoir 44 from the reservoir 46.
Fluid in either reservoir 44 or 46 is isolated from fluid in the
other reservoir.

[0027] The illustrated example includes additional ribs
that are referred to as strengthening ribs because they
provide additional strength to the spacer 30a and withstand
the forces urging the pressure plate 26 toward the end of the
cell stack assembly 22. Strengthening ribs 48 are situated
within the reservoir 44. The strengthening ribs 48 have a
thickness in the height direction of the spacer 30a that
corresponds to a depth of the reservoir 44. A plurality of
channels 50 are associated with at least some of the strength-
ening ribs 48 to allow for fluid within the reservoir 44 to flow
between and among cavities 52 that are defined by the
strengthening ribs 48 within the reservoir 44.

[0028] Similar strengthening ribs 54 are provided within
the reservoir 46. Channels or passages 56 are associated with
at least some of the strengthening ribs 54 to allow for fluid
communication among cavities 58 within the reservoir 46.
[0029] One of the outer edge ribs 40 includes at least one
channel 60 that allows fluid communication between the
reservoir 44 and a first portion of the manifold 28 where the
phosphoric acid is situated at 34 in FIG. 1, for example. An
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oppositely facing outer edge rib 40 includes at least one
channel 62 to allow for fluid communication between the
reservoir 46 and the adjacent portion of the manifold 28
where phosphoric acid 34 may accumulate.

[0030] In the illustrated example, phosphoric acid associ-
ated with a first fuel turn of the cell stack assembly 22
accumulates in a portion of the manifold adjacent the
channels 62, which allow such phosphoric acid to enter into
and accumulate within the reservoir 46. Phosphoric acid
associated with a second fuel turn can accumulate within the
portion of the manifold 28 adjacent channels 60 where such
phosphoric acid may accumulate within the reservoir 44.

[0031] The divider rib 42 is a barrier between the reser-
voirs 44 and 46 and the first and second fuel turns. The
divider rib 42, therefore, is a barrier that prevents fluid
communication between opposite sides of the spacer 30a.
Preventing such fluid movement across the entire spacer 30a
prevents one reactant or fuel, such as hydrogen, in one side
of the manifold 28 from moving into the opposite side of the
manifold 28 where the other reactant, such as oxygen, is
present. The barrier established by the divider rib 42 pre-
vents reactant mixing at the bottom of the cell stack assem-
bly 22 while allowing the spacer 30a to include the reser-
voirs 44 and 46 to receive and store or hold liquid electrolyte
that accumulates near the bottom of the fuel cell device 20
over time.

[0032] Another style of intermediate component 30, which
is a spacer 305, is shown in FIG. 3. This example spacer 305
includes porous material 70 within reservoirs 74 and 76 that
are defined within a frame 78 of the spacer 305. A barrier 80
separates the reservoirs 74 and 76.

[0033] One side of the spacer 305 includes an opening 82
in the frame to allow liquid electrolyte to be absorbed by the
porous material 70 in the reservoir 74. An opening 84 in an
opposite side of the frame 78 allows liquid electrolyte to
enter the reservoir 76 where it is absorbed and retained by
the porous material 70. The barrier 80 prevents any fluid
flow between the one side of the spacer 305, which includes
the opening 82, and the other side, which includes the
opening 84. The barrier 80 prevents any fluid flow between
the corresponding opposite sides of the manifold (28 in FIG.
1) so that the reactants of the first and second turns of the cell
stack assembly do not mix near the bottom of the stack.

[0034] The porous material 70 absorbs liquid electrolyte
that accumulates near the bottom of the cell stack assembly
22. In this example the spacer 305 is situated against a
current collector 88.

[0035] The porous material 70 in the illustrated embodi-
ment also provides structural support under the cell stack
assembly in addition to absorbing liquid electrolyte. The
porous material 70 has a thickness or height that corresponds
to a height or depth of the reservoirs 74 and 76. With a rigid
or firm porous material 70, the plurality of ribs included in
the embodiment shown in FIG. 2 are not necessary. In some
embodiments, the porous material 70 comprises a porous
graphite plate. Using a structurally supportive porous mate-
rial 70 increases the volume available for accumulating
liquid electrolyte rather than taking up some of that volume
with structural ribs.

[0036] Another feature of the porous material 70 in the
illustrated embodiment is that it is electrically conductive to
assist in transferring electrical current to the current collec-
tor 88.
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[0037] FIG. 4 shows another example intermediate com-
ponent 30, which is a cooler 30c¢ that includes coolant
carrying tubes 90 within one portion of the cooler 30c. The
cooler 30c¢ includes reservoirs 94 and 96 separated by a
barrier 98, which prevents fluid flow between the reservoirs
94 and 96 and between the sides of the manifold (28 in FIG.
1) in a manner similar to the barrier 80 and the dividing rib
42 described above.

[0038] The reservoirs 94, 96 are separated from the por-
tion of the cooler 30c¢ that includes the tubes 90 so that any
fluid in the reservoirs 94, 96 will not interfere with the
cooling properties of the cooler 30c.

[0039] A porous material 100, such as a porous graphite
plate, is included in the reservoirs 94 and 96 in this embodi-
ment. The porous material 100 has a thickness correspond-
ing to the depth or height of the reservoirs 94 and 96 and the
porous material 100 provides structural support to the cooler
30c.

[0040] There are several features of the illustrated
example embodiments that provide improvements compared
to previous fuel cell device designs. One aspect of utilizing
an intermediate component 30 for receiving and holding
liquid electrolyte is that it decreases the required thickness
of the pressure plate 26. The intermediate component 30
occupies space within the portion of the manifold 28 where
liquid electrolyte, such as phosphoric acid, may accumulate
to prevent the electrolyte from flooding the lower cells of the
cell stack assembly 22. The height H of the intermediate
component 30 is significantly less than the thickness or
height previously used for the pressure plate 26. This is
possible because the intermediate component 30 includes at
least the two reservoirs (e.g., 44 and 46, 74 and 76, 94 and
96) for retaining liquid electrolyte. Without those reservoirs,
the only location for phosphoric acid near the bottom of the
device 20 was between the manifold 28 and the pressure
plate. Instead of occupying over 150 mm of the bottom
portion of the manifold 28 with a larger pressure plate (or a
spacer if a spacer was present), the intermediate component
30 includes at least two reservoirs to retain liquid electrolyte
within the space occupied by the reservoirs. The height H of
the intermediate component 30, in some embodiments in
which the intermediate component 30 is a spacer, is less than
40 mm Some fuel cell power plants will benefit from a
spacer height of approximately 33 mm while other fuel cell
power plant configurations will benefit from a spacer having
a height H of approximately 23 mm Spacer heights between
35 mm and 20 mm are useful in many installations.

[0041] The decreased thickness or height of the interme-
diate component 30, compared to previous configurations
that relied upon a thicker pressure plate, provides on the
order of 75% or 80% space savings, which translates into a
more cost-effective fuel cell device. The additional space
previously occupied by a thicker pressure plate may now be
occupied with additional fuel cells in the cell stack assembly
22. This allows for providing greater efficiency and more
power output within the same packaging envelope occupied
by previous configurations. Alternatively, the size of the fuel
cell device 20 may be reduced, which provides material cost
savings by having a smaller manifold 28, smaller pressure
plate, and a smaller overall footprint or packaging size for a
fuel cell power plant. Either approach provides a lower
levelized cost of electricity (LCOE). This is significant
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because those skilled in the art are striving to be able to
reduce the cost of fuel cell power plants without sacrificing
performance.

[0042] The reservoirs of the intermediate component 30
allow for storing additional liquid electrolyte within a fuel
cell device, which can contribute to longer fuel cell life.
Although the liquid electrolyte that accumulates in the
reservoirs of the intermediate component 30 does not get
reintroduced to the fuel cells of the cell stack assembly 22,
the capacity of the reservoirs allows for providing more
liquid electrolyte in the fuel cell device 20 at installation.
Having more liquid electrolyte available when the device is
new is advantageous but may result in an increased or more
rapid accumulation of liquid electrolyte near the bottom of
the cell stack assembly 22. The reservoirs of the interme-
diate component 30 provide an effective way to manage such
accumulation near the bottom of the cell stack assembly 22
to avoid flooding the lowest cells of the stack.

[0043] The preceding description is exemplary rather than
limiting in nature. Variations and modifications to the dis-
closed examples may become apparent to those skilled in the
art that do not necessarily depart from the essence of this
invention. The scope of legal protection given to this inven-
tion can only be determined by studying the following
claims.

We claim:

1. A fuel cell device, comprising:

a cell stack assembly including a plurality of fuel cells that

each include an anode and a cathode;

a pressure plate near one end of the cell stack assembly;

and

an intermediate component between the end of the cell

stack assembly and the pressure plate, the intermediate
component including a porous material in at least two
reservoirs and a barrier that separates the at least two
fluid reservoirs, the barrier preventing fluid communi-
cation between the reservoirs and across the interme-
diate component from one side of the cell stack assem-
bly exposed to a first reactant to a second side of the cell
stack assembly exposed to a second reactant.

2. The fuel cell device of claim 1, wherein the porous
material in each of the reservoirs comprises a porous plate.

3. The fuel cell device of claim 2, wherein the porous
plates have a thickness corresponding to a depth of the fluid
reservoirs.

4. The fuel cell device of claim 3, wherein the porous
plates provide structural support between the pressure plate
and the cell stack assembly.

5. The fuel cell device of claim 1, wherein

the intermediate component includes a first opening on a

first side of the intermediate component adjacent the
first side of the cell stack assembly;

the first opening is configured to allow liquid electrolyte

to enter a first one of the fluid reservoirs;

the intermediate component includes a second opening on

a second side of the intermediate component adjacent
the second side of the cell stack assembly;

the second opening is configured to allow liquid electro-

lyte to enter a second one of the fluid reservoirs; and
the barrier prevents fluid communication between the first
opening and the second opening.

6. The fuel cell device of claim 5, comprising a manifold
configured to deliver the first and second reactants to the fuel
cells and wherein
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the manifold includes a first portion adjacent the first side

of the intermediate component;

the first portion of the manifold contains the first reactant;

the manifold includes a second portion adjacent the

second side of the intermediate component;

the second portion of the manifold contains the second

reactant; and

the barrier prevents fluid communication between the first

and second portions of the manifold.

7. The fuel cell device of claim 1, wherein the interme-
diate component comprises an electrically conductive mate-
rial that is configured to carry electrical current from the cell
stack assembly to a current collector.

8. The fuel cell device of claim 7, wherein the electrically
conductive material comprises graphite.

9. The fuel cell device of claim 1, wherein

the intermediate component comprises a spacer having a

height that includes a depth of the reservoirs; and

the height establishes a space between an end of the cell

stack assembly and the pressure plate.

10. The fuel cell device of claim 1, wherein

the intermediate component comprises a cooler that is

configured to carry coolant fluid through a portion of
the cooler; and

the fluid reservoirs are separate from the portion of the

cooler.
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